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Abstract

Background: Pediatric acquired brain injury (pABI) is associated with long-term cognitive, behavioral, social, and
emotional problems, which may affect the quality of life, school, and family functioning. Yet, there is a lack of
evidence-based community-centered rehabilitation programs for chronic pABI and these children do not
systematically receive comprehensive rehabilitation. The Child In Context Intervention (CICI) study is a pragmatic
randomized controlled trial (RCT) for children with chronic pABI, which aims to evaluate the effectiveness of an
individualized and goal-oriented intervention targeting everyday functioning of the child and family.

Methods: Children aged 6–16 years with MRI/CT-verified intracranial abnormalities will be included in the CICI
study if they have persistent self- or parent-reported cognitive, emotional, and/or behavioral challenges 1 year or
more after insult and attend school regularly. A total of 70 families will be randomized 1:1 to an intervention or a
control group. The intervention consists of seven family sessions, one parent seminar, and four school sessions
delivered over approximately 6 months. The parent seminar will be held in person, and the other sessions will
mainly be video based. The children’s and families’ self-reported major challenges in everyday life will be targeted
using SMART goals. Evidence-based strategies, when available, will be applied to achieve the goals, combined with
psychoeducation. Goal attainment scaling (GAS) will be used to evaluate goal attainment. Data is collected at
baseline and after approximately 6 and 9 months. External assessors are blinded to group allocation. Primary
outcomes are parent-reported brain injury symptoms in children and parenting self-efficacy at 9 months of follow-
up. Secondary outcomes include child-reported brain injury symptoms, quality of life, executive functioning in daily
life, parent emotional symptoms, family functioning, and unmet family health care needs. A process evaluation will
be conducted.
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Discussion: The current study provides an innovative approach to rehabilitation for children in the chronic phase
of ABI and their families. This complex intervention may contribute to the development of evidence-based, high-
quality rehabilitation for a large patient group, which is underrepresented in clinical research. It may also improve
collaboration between specialized rehabilitation facilities, schools, and local health care services. Inclusion for the
trial started in April 2021.

Trial registration: ClinicalTrials.gov NCT04798859. Registered on March 15, 2021

Keywords: Pediatric brain injury, Acquired brain injury, Goal-oriented, Family intervention, School, Community,
Health care needs, Parenting, Online treatment, Telerehabilitation

Introduction
Background
Acquired brain injury (ABI) is inflicted after birth due to
traumatic injury (e.g., falls, sports and traffic accidents,
or assault) or non-traumatic insult (such as stroke, en-
cephalitis, tumor, or hypoxia) and is the single most com-
mon cause of pediatric mortality and morbidity [1, 2].
Survivors frequently struggle with chronic cognitive, be-
havioral, social, and emotional problems, resulting in re-
duced everyday functioning and quality of life [3–5].
Pediatric ABI (pABI) often alters the pace and course of
central nervous system maturation, affecting the whole
life-course of the children involved [6, 7]. Thus, skills may
fail to develop normally and challenges may become in-
creasingly visible over time as societal demands and ex-
pectations increase [3, 6, 8]. Despite potentially severe
long-term consequences, children with ABI do not cur-
rently receive systematic comprehensive rehabilitation in
the chronic stage (more than 1 year after insult), resulting
in unmet health care needs [3, 9–13] and placing them at
risk for poor health outcomes and decreased quality of life.
The lack of rehabilitation in the chronic stage leaves us
with the paradox that symptom management for those
whose lives are the most affected by the insult — children
— is largely left to people without training in brain injury
rehabilitation — their parents or caregivers. This is par-
ticularly unfortunate as having a child with ABI can nega-
tively impact family functioning and parental mental
health, which are in turn important predictors for the
child’s functioning and well-being [14–17].
Similarly, teachers are left to manage the symptoms of

pABI in the school setting, despite a lack of knowledge
about pABI in schools [18, 19]. Alarmingly, many
teachers of children with ABI may not even be aware
that one of their students has suffered a brain injury/in-
sult [20, 21]. A lack of collaboration between the health
care and educational system [13, 22] may contribute to
this. As a result, children and adolescents with ABI are
under-identified for educational services and those who
receive educational services are often under-served [23,
24]. To make matters worse, brain injuries in children
tend to be “forgotten” over time in the educational

system [25], even though many of these children and ad-
olescents have persistent impairments and are in need of
long-term follow-up [13, 23, 25, 26].
There is no solid volume of evidence-based treatment

recommendations for cognitive rehabilitation after pABI,
as research on pediatric brain injury rehabilitation is
scarce. However, indirect interventions that aim to es-
tablish compensatory strategies and environmental adap-
tations to improve the children’s functional performance
are recommended, while the sole use of so-called direct
rehabilitation interventions, which focus on retraining of
cognitive and functional impairment, holds less promise
in the chronic stage [8, 27–35]. The few randomized
controlled trials (RCTs) testing post-pABI parenting/
family interventions indicate that problem-solving inter-
ventions are effective in reducing family conflict, enhan-
cing parental functioning, reducing parental stress and
psychological problems, and reducing internalizing and
externalizing behavior in children and adolescents with
ABI [36–41]. Despite the consensus that the complex
interplay between brain injury symptoms, family func-
tion, and the child’s environment necessitates inclusion
of the child’s family and school [29, 42], we are not
aware of any RCTs that target both of these important
environments in interventions directed towards chronic
pABI. A recent evidence-based description of general re-
habilitation describes effective rehabilitation as a com-
plex, person-centered process with a range of activities,
including but not limited to task practice, education, and
psychosocial support, delivered by an expert multidiscip-
linary team working within the biopsychosocial model of
illness [43]. Furthermore, as these children live with a
wide variety of pABI-related difficulties, effective re-
habilitation needs to be flexible and tailored to the indi-
vidual’s needs, monitored, and modified if needed [43].
Brain injury interventions which fulfill these require-
ments have until now only targeted the adult population
[44, 45], with research on pABI lagging behind.
The use of telerehabilitation, the delivery of rehabilita-

tion services via information and communication tech-
nologies, expands the access to rehabilitation services
and allows a higher frequency of rehabilitation services
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due to reduced cost and travel time [46] and thus holds
promise for patients with pABI. In fact, it may be particu-
larly suitable for patients with ABI as these are often severely
affected by fatigue, which makes travel particularly burden-
some. Furthermore, it offers a chance to increase the eco-
logical validity of rehabilitation. Sometimes, maladaptive
behavior or emotional reactions may be intense and highly
prevalent in the home environment but hard to observe in
the clinic. By allowing a more direct access to the home en-
vironment, telerehabilitation may be particularly suitable
when tailoring interventions to everyday life, compared to
rehabilitation delivered in a hospital setting. An effective
way of doing so is by identifying and working towards indi-
vidual rehabilitation goals for the child and parents, which
ensures the family’s place at the helm of decision-making
and increases their focus on the specific rehabilitation strat-
egies [47, 48]. Involving parents in goal-oriented interven-
tions has yielded promising results [8] and enhances
adherence to the treatment program and the feeling of rele-
vance that the treatment holds for the family [49].
The current study is modeled after two RCTs for

adults with TBI [44, 45] and has been adapted to the
pediatric brain injury population with a complex and in-
novative design to ensure a holistic approach.

Objectives and hypotheses
The main aim of the Child in Context Intervention
(CICI) is to enhance everyday functioning of children
with ABI in the chronic stage in the home and school
environment and to improve family life. We expect that
the intervention, compared to treatment as usual (TAU),
will result in reduced parent-reported brain injury symp-
tom severity in children (H1) and improved parental
self-efficacy (H2). We furthermore expect that the inter-
vention will result in lower levels of child-reported brain
injury symptoms (H3), fewer unmet health care needs in
the families (H4), and improved everyday executive func-
tioning (H5) and quality of life for children (H6). Im-
proved family functioning (H7), parental mental health
(H8), and finally, reduced child- and parent-reported se-
verity of the individually defined target outcome areas
(main pABI-related problems in daily life) (H9) are also
expected. Group differences will be evaluated approxi-
mately 6 months and 9months after baseline, with 9
months (T3) being the primary endpoint. In the treat-
ment group, we expect to see positive goal attainment
(H10), and high satisfaction of the participating stake-
holders (children, parents, teachers, and rehabilitation
professionals) with the intervention program (H11).

Methods
Study design
The present study is a two-group RCT with a mixed-
methods design. A total of 70 children and their families

will be randomly assigned to the CICI intervention or
control group. The intervention team includes the child,
parents (in an assumed minority of cases only one par-
ent), the child’s teacher, a therapist, and a special educa-
tion specialist. These will work in close collaboration
towards the goals of the participating child and family.
Most sessions, except for the parent seminar, will be de-
livered by videoconference, thus reducing the burden of
travel and time for the families and therapists. Assess-
ment will be performed at baseline (T1), approximately
6 months later (T2), and 9 months after baseline (T3).
The total duration of participation is 9 months. The day
of the baseline assessment is regarded as the time point
for inclusion. When preparing this protocol, we used the
SPIRIT reporting guidelines [50] and a figure with the
standard protocol items (SPIRIT) is presented in Fig. 1.
The SPIRIT checklist is available as an additional file
(Additional file 1).
Potentially eligible families will be invited by letter and

screened for inclusion by phone, following an established
screening protocol. All three therapists conduct the
screening, as it is not feasible for one person to follow
up all the phone calls. The baseline assessment (T1) will
include an interview with at least one parent including
anamnestic information and current use of healthcare
services, a brief cognitive screening of the child with the
Similarities and Matrix subtests from the Wechsler
Intelligence Scale for Children, Fifth edition (WISC-V)
[51] for estimating intellectual ability and questionnaires
for assessing (1) executive functions of the child in daily
life [52], (2) health-related quality of life of the child and
brain injury symptoms [53, 54], (3) emotional symptoms
of the parents [55, 56], (4) parenting self-efficacy [57],
(5) family functioning [58], and (6) unmet health care
needs [59] (Table 1). The baseline assessment will also
include identification of three main problems in daily
life, related to the child’s ABI. The main problems in
daily life will be reported by children, according to their
age and cognitive functioning, and their caregivers, and
rated individually on a 5-point Likert scale according to
the level of their burden. The families in the intervention
group will rate how helpful they expect the intervention
to be on a scale from 1 to 10 during sessions 1 and 3.
The intervention was developed according to the UK
Medical Research Council framework [60] and also com-
plies with the updated framework, as the CICI study
strives to be a solution for real-world practice [61]. The
CICI study will be carried out in close collaboration be-
tween the specialized health care system, Statped (the
Norwegian Service for Special Needs Education),
teachers, and local rehabilitation services. Senior scien-
tists will oversee 10% of family sessions to ensure adher-
ence to protocol. Due to the small sample size and as we
are documenting dates and times of the intervention, an
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external data protocol committee is not judged to be
necessary.
A feasibility study, using qualitative and quantitative

methods, was applied to evaluate inclusion criteria, feasi-
bility of the intervention, the technical solution, adher-
ence to the study protocol, the acceptability of the
intervention to children, parents and therapists, mechan-
ism of action, and outcome measures [62]. The current
manuscript describes the final study protocol after feasi-
bility testing.

Study setting
Baseline assessments will be conducted at Sunnaas Re-
habilitation Hospital (Bjørnemyrveien 11, 1453 Bjørnemyr,

Norway), which is one of the largest rehabilitation hospi-
tals in Northern Europe and the owner of the present
study. Intervention sessions will primarily be delivered by
videoconference, while the parent seminar will be held at
Sunnaas Rehabilitation Hospital or a conference center in
the same region. The study is conducted in close collabor-
ation with Oslo University Hospital and Statped, the
Norwegian Service for Special Needs Education.

Participants
The study population will consist of children with
ABI with persistent self- or parentally reported insult-
related cognitive, emotional, behavioral, and/or social
challenges.

Fig. 1 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)
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Inclusion criteria are:
– School-aged (6–16 years) children with clinical

ABI diagnosis and CT/MRI-verified insult-related
intracranial abnormalities or loss of conscious-
ness post-insult and verified neurological symp-
toms in cases where MRI could not be
administered. We anticipate to include children
with TBI, cerebrovascular incidents, anoxia, en-
cephalitis, brain tumors, and brain injury caused
by radiation.

– Time since insult at least 1 year.
– The children report ABI-related cognitive, emo-

tional, behavioral, and/or social problems that affect
everyday functioning and/or participation in activ-
ities with family, friends, school, and/or community,
and/or the parents report these symptoms on behalf
of the children.

– The children attend school regularly, with or
without insult-related adaptations.

– The family is able to actively participate in goal-
oriented work, including having Internet access and
speaking sufficient Norwegian. An exception can be
made for parents who speak English but are able to
understand and read study-related information in
Norwegian.

Exclusion criteria:
– Children with severe pre- or comorbid neurological

or neuropsychiatric disorders that would confound
assessment and/or treatment outcomes.

– Children with brain tumors or cancer in active
treatment or at great risk of relapse (unstable
condition).

– Children with severe psychiatric illness or injuries so
severe that they are in institutionalized care most of
the time.

– Parental severe psychiatric illness, drug abuse, or
indications of a history of or risk of domestic
violence.

Outcome measures
The primary outcome measures assess parent-rated se-
verity of children’s brain injury symptoms (Health and
Behavior Inventory, HBI) [54] and parenting self-efficacy
(Tool to measure Parenting Self-Efficacy, TOPSE) [57]
at T3. See Table 1 for an overview of all assessment
measures, respondents, and time points.

Randomization and allocation concealment
Participants will be randomly allocated in a 1:1 ratio
to either the intervention group or the control group
after completing the baseline (T1) assessment. A
Web-based block randomization will be generated by
an independent statistician prior to trial start-up to
ensure randomization and complete allocation con-
cealment. The allocation will be performed in Viedoc™
(Viedoc Technologies AB, Uppsala, Sweden), the elec-
tronic data capture system used in this study (see
below). The allocation sequence can be accessed by
neither the therapists nor the outcome assessors, only
by the study principal investigator. Randomly gener-
ated block sizes will be applied. Outcome assessors
blinded to group allocation will interview participants
and collect information on target outcome areas
(main pABI-related problems in daily life) at T2 and
T3. For apparent reasons, blinding of participants and
interventionists is not possible, but researchers will be
blinded to group allocation in the final database, as
the participants will be provided with new ID
numbers.

Table 1 Outcome measures, respondents, and time points

Outcome measure topic Name of measure Respondents Time points

Brain injury symptoms Health and Behavior Inventory (HBI) [54] Parents, children from 7 years T1, T2, T3

Parenting self-efficacy Tool to measure Parenting Self-Efficacy (TOPSE)1 [57] Parents T1, T2, T3

Executive functioning at home and
in school

Behavior Rating Inventory of Executive Function 2
(BRIEF-2) [52]

Parents, teachers, children from
11 years

T1, T2, T3

Children’s quality of life The Pediatric Quality of Life Inventory (PedsQL)1 [53] Parents, all children T1, T2, T3

Unmet healthcare needs of the family Family Needs Questionnaire (FNQ-P) [59] Parents T1, T2, T3

Parents’ symptoms of depression A brief depression severity measure (PHQ-9) [55] Parents T1, T2, T3

Parents’ symptoms of generalized anxiety A brief measure for assessing generalized anxiety
disorder (GAD-7) [56]

Parents T1, T2, T3

Main ABI-related problems in daily life Likert scale 1–4 Parents, all children T1, T2, T3

Participants’ evaluation of the intervention CICI Evaluation (custom made for the CICI study) Parents, all children, teachers,
therapists

T2

Goal attainment scaling The goal stairs 1–5 (custom made for the CICI study) Families with therapists T2
1Different versions are applied for different age groups
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Study interventions
Intervention layout
The intervention is inspired by a Norwegian
community-based intervention study for adults in the
chronic stage of TBI [44], which in turn was modeled
after a study by Winter and colleagues [45]. Several al-
terations were made to adapt the intervention to chil-
dren and families, e.g., including schools and Statped
(the Norwegian Service for Special Needs Education) in
establishing and following up school-related strategies
and including a parent seminar. A flowchart of the study
is presented in Fig. 2.
The intervention lasts for approximately 6 months and

consists of 12 sessions, whereof most will be videocon-
ferences, with the possibility of one to two home ses-
sions. Seven 1.5- to 2-h family sessions make up the
largest part of the intervention. They will be delivered
approximately every 2 to 3 weeks. During the interven-
tion, parents will participate in a 1-day seminar with
psychoeducation and experience sharing. For practical
reasons, parent seminars will be held in small groups
and on fixed dates. One classroom observation will be

carried out by a special needs educator before the first
of four school sessions, which will be held as three vid-
eoconferences and one phone call during the same 6
months as the family sessions and the parent seminar.
School sessions will be delivered with longer intervals
between family sessions. The last family session marks
the end of the intervention.
School and family sessions might be conducted in per-

son to accommodate the family’s specific needs, if feas-
ible according to local COVID-19 restrictions and
geographical location. Figure 3 provides an overview of
the intervention.

Intervention content
Family sessions
Families in the intervention group will, in collaboration
with their therapist, establish approximately one to five
SMART goals during family sessions. SMART goals will
be a main focus in the family sessions and will often, but
not always, be based on the target outcome areas (the
family’s main pABI-related problems in daily life), de-
pending on the wishes and needs of the family. SMART

Fig. 2 Flowchart of the CICI study
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goals are Specific, Measurable, Achievable, Realistic/
Relevant, and Timed [63]. For a quantifiable measure at
the end of the intervention (family session 7), goal at-
tainment scaling (GAS) [64] will be applied during goal
setting. Current recommendations for the use of GAS
will be followed [65]; however, for motivational purposes
for the children, a scaling from 1 to 5 will be presented,
instead of −2 to 2. Appropriate treatment strategies will
be discussed and defined for every SMART goal. Fam-
ilies will be encouraged to actively apply the strategies in
daily life during the intervention period. Experiences
with the strategies will be discussed during sessions and
strategies revised when necessary, but the goals and
GAS will not be changed after they have been defined.
As the literature on treatment of ABI-related challenges
in children in the chronic phase is scarce [6], the inter-
vention strategies will rely on the available evidence-
based recommendations existing for the pediatric popu-
lation [8, 27–30] as well as the evidence-based recom-
mendations given to the adult population, with age-
appropriate adaptations (i.e., Translating Evidence-Based
Recommendations into Practice [66]). In addition, thera-
pists will draw from the literature on children with

neurodevelopmental disorders and typically developing
children when choosing rehabilitation strategies, as sug-
gested by Slomine and colleagues [5]. A psychoeduca-
tional booklet with a biopsychosocial framework,
authored by therapists with long experience from work-
ing with children with ABI, will be provided to all partic-
ipants in the intervention group, including teachers. The
topics for the booklet were selected based on recent re-
search about the needs of children with ABI [47] and
relevant topics for parents were added. Users contrib-
uted feedback during the development of the booklet.
The booklet includes the following chapters with infor-
mation, advice, and links to useful Internet sites: com-
mon sequelae after pABI, cognitive difficulties, emotion
regulation, social functioning, fatigue, sleep, pain man-
agement, psychological well-being, stress management,
communication, parenting a child with ABI, and identity
after pABI. Relevant topics from the booklet will be dis-
cussed during sessions. Children contribute to the extent
they are able to. Care is taken to include the children in
the goal-related work as much as their age and cognitive
skills allow, to motivate them to share their experiences
with the strategies and to take part in adapting strategies

Fig. 3 Overview of the intervention sessions
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that do not work as well as intended. No concomitant
care or treatment is prohibited or will be retracted dur-
ing the trial.

School sessions
While the SMART goals are defined by the families in
collaboration with the therapist, relevant school-related
strategies to reach the goals will also be defined, closely
monitored and, when necessary, revised in school ses-
sions. Thus, schools will be expected to apply the estab-
lished goal strategies during the intervention period. For
instance, the goal for a child with fatigue to reduce tan-
trums at home cannot be solved by the family alone, but
also requires that the school and teachers understand fa-
tigue and provide an environment where the child can
learn and interact with peers without exhausting him-
self/herself. As an example, appropriate school strategies
for fatigue may include noise reduction in the classroom,
extra breaks for the child during the day, extra time to
complete tasks, and information to classmates to en-
hance understanding and reduce hurtful comments. In
addition to working with the strategies, teachers will re-
ceive psychoeducation about pediatric brain injury
within a biopsychosocial framework. Parents will be en-
couraged to participate in school sessions to optimize
home-school collaboration. Children are welcome to
participate in school sessions if they wish to. Primary
health care providers will be invited to attend school ses-
sions when relevant.

Parent seminar
In line with recent studies that highlight the importance
of including the children’s caregivers in the rehabilita-
tion process [6], and the need to discuss certain topics
without children present, a day-long parent seminar tar-
geting family functioning and parenting will be delivered.
Topics for the parent seminar include parents’ experi-
ences from working with SMART goals and strategies;
parenting after pABI with a particular focus on commu-
nication; changes in family dynamics and caring for sib-
lings after pABI; emotional reactions of the family after
pABI with a particular focus on feelings of guilt, grief,
and embarrassment; and self-care. The topics will be
followed up in family sessions if relevant to the goals set.
The parent seminar is inspired by interventions carried
out in studies recommended in several Cochrane reviews
[38, 67–72]. To heighten user involvement, a member of
the user organization who has a child with ABI will be
invited to participate in parent seminars.

Collaboration with local health care professionals
When families wish to invite health care professionals in
the municipality with whom they already have estab-
lished contact to collaborate in the study, these will be

asked to participate in some of the intervention sessions,
depending on the goals set. Involvement of local re-
sources, including schools, will ensure knowledge trans-
fer from specialized health care to the community. For
families who lack help from local health care profes-
sionals, the therapists will refer the child to a specialist
or support the family in seeking relevant help if judged
beneficial. The CICI study will keep track of participa-
tion of health care professionals in CICI sessions.

Therapists in the CICI study
Three experienced therapists, two neuropsychologists
and one pediatric nurse, will deliver the intervention, in
close collaboration with an experienced special needs
educator who will be in charge of the school sessions.
To ensure equal quality of interventions, the three thera-
pists will collaborate closely and frequently discuss
SMART goals, goal attainment scaling, and relevant
strategies for the goals with each other and with senior
researchers. The research group consists of experienced
health personnel, and the study has established proce-
dures to deal with unexpected adverse events or med-
ical/psychological issues in acute need of treatment. In
such cases, participants will be referred accordingly.

Treatment as usual
Children in the control group will receive their usual
health care and rehabilitation services (TAU). In
Norway, health care in the chronic phase of ABI is
largely provided by the municipalities, in cooperation
with the specialist health care system. As the provided
rehabilitation varies greatly depending on the needs of
the children and on the municipalities involved, parents
will be interviewed at all time points about the type and
amount of health care services provided for each child
participant in both groups. This will enable a compari-
son of service provision between the groups regarding
frequency, duration, and profession of the health care
professionals involved.

Technical solutions and data management
The videoconference solution is provided by the Norwegian
Health Net (join.nhn.no) and is delivered by Pexip. It is
encrypted and pin codes are used to access virtual meeting
rooms, which are locked after all participants have joined.
Therapists will use their work computers with an integrated
camera and participants use their own computer or tablet
with an integrated camera. Laptops can be lent to partici-
pants if they do not have a technical device that is suited
for videoconferences. To optimize sound, therapists will
use USB speakerphones and will lend speakerphones to
participants if the sound is judged suboptimal during ses-
sion 1. The videoconference solution is risk assessed and
approved for clinical use by Sunnaas Rehabilitation
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Hospital. Procedures for clinical use are developed and
therapists received training prior to the intervention.
Questionnaires will be sent to participants using Vie-

doc, a secure electronic data catching system developed
for clinical trials. Its homepage cannot be googled but
must be accessed with the correct Web address. Every
participant will get his/her own username and password
to use on their own smartphone, tablet, or computer.
The questionnaires will be available in Viedoc for a lim-
ited amount of time for each time point and every par-
ticipant can complete a questionnaire only once.
Questionnaires are not visible for people who are not
logged in and cannot be printed from Viedoc.
To ensure that the data set is as complete as possible,

the therapists will in turn be assigned administrative re-
sponsibility of follow-ups of all participants and a scien-
tist will be hired to assist.
Deidentified quantitative data will be stored in Viedoc

while recruitment is ongoing and the database on the re-
search server at Sunnaas Rehabilitation Hospital during
the latest stage of the study. The qualitative data (the
audio recordings of the interviews) will be stored in con-
trolled access folders on the same research server. Tapes
and transcripts will be kept locked at Sunnaas Rehabilita-
tion Hospital. All data will be securely contained for 5
years after the end of the project, on the electronic re-
search server at Sunnaas rehabilitation hospital, with re-
stricted access limited to the research group. Deidentified
individual clinical trial participant-level data (IPD) will not
be shared publicly due to privacy regulations. Important
protocol modifications will be reported to the Norwegian
Regional Committee for Medical and Health Research
Ethics and amendments will be made to the trial registry
(Clinicaltrials.gov).

Statistical analyses
Descriptive statistics will be used to depict demograph-
ics, insult characteristics, and service delivery at baseline
as well as acceptability in the intervention group.
Data will be analyzed with linear mixed models taking

into account the repeated measures design of the study.
All assessment points will be included in the analyses.
The main effect of time, treatment, and the interaction
between time and treatment will be assessed. The main
endpoint for the primary outcome is at T3 (9-month
follow-up). The analysis of primary interest in establish-
ing treatment efficacy is a time × group interaction in
the direction of the intervention group improving above
the levels of the control group at T3. Estimates of mean
between-group changes from T1 to T2 and T2 to T3
will also be provided. For primary outcomes, an alpha
level of p < 0.025 will be applied, as there are two pri-
mary outcome measures. A mixed model analysis uses

all the available data to compensate for the missing data
points. Thus, imputation techniques are not necessary.
Additional analyses including subgroup analyses will

be performed, e.g., to compare the effect of the interven-
tion on parent- and child-reported outcomes and out-
comes reported by different caregivers (e.g., mothers and
fathers). T-test analyses will be used for between-group
mean comparisons for normally distributed continuous
data, and Mann-Whitney U-tests for skewed data.
Kruskal-Wallis H will be used when more than two
groups are compared. Individual and treatment-related
predictors for goal attainment will be assessed by multi-
variable regression analysis in the intervention group.
An intention to treat model will be followed, using

data from all randomized participants, regardless of
whether they complete the intervention or not.

Sample size and power calculations
As the precise prevalence and incidence of pABI in
Norway is not known, we have established eligibility esti-
mates based on Norwegian and international research
regarding the largest subgroups to estimate. In the
greater Oslo region (South-Eastern health region), an es-
timated 105 children per year acquire a brain injury or
insult: approximately 35 acquire a TBI (mild TBI not
verified by CT or MRI excluded) [73, 74] approximately
22 suffer from cancer in the central nervous system [75],
approximately 48 children receive a diagnosis of enceph-
alitis [76, 77], and approximately 18 children experience
a stroke each year (perinatal stroke excluded) [78].
About one-third of the surviving children are expected
to experience unmet health care needs more than 1 year
after injury/insult [79, 80]. Thus, with a rough estimate
of 30 eligible children per year in the Oslo region, re-
cruitment for 2 years, including recruitment of children
whose injury/insult happened during the last 15 years,
the number of eligible families should be sufficient to
allow recruitment of 70 families. With an estimated at-
trition rate of 5–10%, based on our earlier TBI research,
around 64 participants are expected to complete all out-
come assessments, with 32 children in each intervention
arm. Children will be recruited from Sunnaas Rehabilita-
tion Hospital, Oslo University Hospital, Statped (the
Norwegian Service for Special Needs Education), and
through user organizations.
Effect size and power calculations were conducted

using G*Power [81]. Since there are two primary out-
comes, the calculation was conducted with an alpha level
of 0.025. Two-sided t-tests were used as the basis for the
analysis. With a statistical power of 0.8 and a sample size
70 (expected N = 64 after attrition), we will have an 80%
chance of detecting treatment effects of 0.8 (Cohen’s d).
Results from the feasibility study indicated the measures
to be sensitive to the CICI intervention, and a recent
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RCT [82] which studied the effects of a less intensive
and less complex intervention for children with mild
brain injury, found an effect on symptoms reported on
the HBI, with very large effect sizes. We are not aware
of pediatric studies that are directly comparable to the
current study.

Process evaluation
A process evaluation of the intervention is planned,
based on information from the children, parents,
teachers, and therapists. A combination of quantitative
and qualitative data will be used, in accordance with the
recommendations provided by the Medical Research
Council [83]. The participation rate, number of consul-
tations, length of sessions and preparation time, comple-
tion of the intervention in accordance with protocol, and
reasons for non-compliance will be assessed as a part of
the process evaluation. Approximately 10% of family ses-
sions will be overseen by a senior researcher to evaluate
treatment fidelity.

Dissemination plans
We aim to publish results from the study in inter-
national peer-reviewed journals of neuropsychology,
neurology, pediatrics, and brain injury rehabilitation. Ex-
periences with the study and its results will also be dis-
seminated in relevant expert forums, national and
international meetings, conferences, popular scientific
journals, and reports. The results will also be shared
with the user organization and its members through
their communication channels in print and on the Inter-
net/social media.

Discussion
The intervention targets the specific areas that are chal-
lenging for children and their families in everyday life. It
is a complex and innovative RCT that combines an indi-
vidualized goal-oriented approach with parenting groups
and school sessions, in line with current recommenda-
tions in pABI research [43]. Although many studies in-
clude only children with TBI, chronic symptoms of ABI
largely overlap with TBI symptoms and are highly het-
erogeneous and in equal need of rehabilitation. We have
thus chosen to include children with mixed etiologies.
As far as we know, this innovative RCT is the first of

its kind for several reasons. To our knowledge, it is the
first study to examine the effects of a comprehensive in-
dividualized and goal-oriented intervention for children
in the chronic stage of ABI using a robust study design
and standardized outcome measures. The study includes
not only children with ABI, but also parents and schools.
The combination of family and school intervention may
contribute to a shared understanding of the child’s
strengths and problems and enable parents and teachers

to work together towards specific goals. The intervention
is also expected to raise awareness of educators about
the effects of pABI on learning and behavior and may in-
crease the rate of special education services among the
participants. The intensity of the intervention, with
twelve sessions during approximately 6 months, enables
close monitoring of the strategies and swift adjustments
when necessary. In combination with the high degree of
patient involvement, the close monitoring and swift ad-
justments are expected to lead to a feeling of control
and self-efficacy in the participating children, parents,
and educators. Moreover, the individualized and goal-
oriented approach may provide participants with
problem-solving strategies that they could continue to
apply on everyday challenges after the end of the inter-
vention, heightening the possibility of long-term effects.
By also inviting local health care providers to attend
school sessions where information about pABI is pro-
vided, the intervention may contribute to an increased
knowledge transfer to primary health care, in addition to
schools.
The RCT design allows us to establish if the interven-

tion is effective shortly after treatment and at a 9-month
follow-up. As the intervention is individually tailored, it
might be applicable to other populations with neuro-
logical deficits or neurodevelopmental disorders, such as
patients with cerebral palsy and ADHD. Furthermore,
the study will provide insight into the use of videocon-
ference in an intervention with children, families, and
schools. Users will be involved throughout the project
period, providing contributions from a first-person per-
spective. Finally, children with pABI are a considerable
public health burden and effective rehabilitation might
offer considerable socioeconomic gains, as well as in-
creased quality of life for families. Provided effective, the
treatment delivery form and its content may provide a
model for future services to the pABI population. Given
that the study is provided at the largest rehabilitation fa-
cility in Norway, implementation of study findings will
be highly feasible.

Limitations
The CICI study is a pragmatic clinical trial; thus, blind-
ing of participants and therapists is not possible. How-
ever, outcome assessors will be blinded. Participants
might not be representative of the whole of Norway.
However, we recruit from multiple centers in the most
densely populated part of Norway, which increases ex-
ternal validity. Also, participants from other parts of the
country might be included at a later stage if recruitment
is slow. Due to the limited number of available partici-
pants and the limited timeframe, the sample size is not
considered very large, yet this will be one of the largest
studies of rehabilitation after pABI worldwide. Also due

Rohrer-Baumgartner et al. Trials          (2022) 23:169 Page 10 of 14



to the limited number of participants, a vast age range is
included, possibly concealing age effects.
The use of videoconference as the main channel of

communication between therapists and families may
prove challenging regarding optimally active involve-
ment of the children and adolescents. It is possible that
slight delays in picture and sound and the lack of rich
stimuli will make it more difficult for those with existing
communication or sensory integration problems to
interact optimally with the therapists. On the other
hand, not having to travel to the hospital for sessions
will enable more families to participate and is assumed
to be highly beneficial for children and adolescents with
fatigue, which will affect a substantial proportion of the
sample. Also, there is already some evidence that tele-
rehabilitation may work with children [84, 85], even
though more research is needed. Telerehabilitation in
general can contribute to a more equally distributed ser-
vice delivery, irrespective of geography, and reduced
costs by reducing travel time for therapists. Without tel-
ehealth, the extensive number of sessions in this study
would require more than three therapists. Furthermore,
the use of telerehabilitation will enable administration of
sessions despite the COVID-19 pandemic.
The intervention is individualized, which enables tai-

loring to specific pABI consequences for each family, in-
creasing the effect yet possibly decreasing comparability
of interventions across participants. However, the use of
standard tools to measure changes across several do-
mains will facilitate comparisons across participants. It
may nonetheless be difficult to isolate the active treat-
ment ingredients given the multipronged focus of the
intervention. Despite possible limitations, an individual-
ized, complex intervention seems to be the most sensible
approach for this population, as the consequences of
pABI are highly complex and affect children, their fam-
ilies, and schools in various ways depending on their
particular context and the interplay of a vast array of
biopsychosocial factors.

Trial status
Protocol version 3.0, protocol date March 15, 2021. Re-
cruitment for the RCT started in April 2021 and will
continue until the target sample size is reached, which is
expected to occur during the spring of 2023.
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