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Abstract

This particular Master’s Thesis aims to invesegabw executive functions are assessed
in children and adolescents with acquired braiarinjTo fulfill this objective the thesis is

split into two a Part A and a Part B, where Pai$ Aresented and written independently,

while Part B is outlined around Part A as a framdwand written to compliment Part A

and support the thesis as a whole.

The independent Part A is a review article or ngprecifically, it is a systematic literature
review. Part A aims to investigate a research queshat goesWhat methods are used

for the assessment of executive functions in @nlénd adolescents with ABI, and how do
they compare to each othérfising the existing literature on the subjectetature was
gathered from PsycNET and PubMed before thorouggrigened and then synthesized
into the article itself. Part A emphasizes the intgmace of assessment tools and methods
during the synthesis and discusses several toprcsecning assessment in general when
dealing with executive function in a pediatric ptgtion.

Meanwhile Part B introduces the thesis itself bgsenting the problem definition and sub-
sequently rationalizing the choices behind it. Latethe thesis Part B also covers theory
on traumatic brain injuries, stroke and brain tusndut in relation to the pediatric popula-
tion and executive functions, as well as examimiog secondary ADHD might relate to
the assessment of executive functions in childrehaaolescents with acquired brain inju-

ry.

Finally the thesis concludes that clinicians shaitdmpt to include some ecologically
valid measures as well as complementary measures agsessing the executive function
of children and adolescents with acquired braiarynjThe assessment tools BRIEF and
CKTA are highlighted as well-recommended measufexecutive functions for such a
purpose. It is also reported that all the most comiypes of acquired brain injuries are
associated with executive dysfunction, and thaedondary ADHD should appear post-

injury, a greater amount of executive impairmenbibe expected.
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Introduction

Problem definition

For this Master’s Thesis the overall goal is tineestigation of the existing research
that is available on the subject‘agsessment of executive functions in children and
adolescents with acquired brain injurie®ow there is actually a lot to take from
this subject | just presented, so there are somggho address about it. In a way it
can be considered a combination of four separaenfes” that have come together
to further pin-point an area of interest. The fokthese themes is that of ‘assess-
ment’, and its inclusion in the subject of the themakes the problem centered on
assessment and diagnosis rather than another cotheroe like treatment. In other
words, the thesis is interestedniowto spot and evaluate the problem in question.
The next theme is that of ‘executive function’, alihidefinesvhatthe psychological
problem is that | want to assess. If this thenquistogether with the first theme, we
have the combined theme of ‘assessment of exeduiination’. This opens up the
thesis to investigate the various methods, toadiscamsiderations required to assess

executive functions.

The two remaining themes can both be regardedeasris which help pin-point the
sample or population of interest for the subjeChildren and adolescents’ make up
the third theme. This theme is obviously pin-paigtivhothe population in question
is regarding the subject. The fourth and final teeéatquired brain injuries’ is a dis-
order and could thus be interpreted as definingphlpm in the subject, however, in
the context of this thesis, it is instead a deseerequirement accompanying the
theme regarding the population of interest. To syl define the problem byow
the problem in the population is assessdtitthe problem is, andthothe popula-
tion is. And this creates the subject that comessuassessment of executive func-

tions in children and adolescents’.

The exact definitions and ramifications of the terexecutive functions’, ‘acquired
brain injuries’ and ‘children and adolescents’ lafe somewhat ambiguous for now

on purpose, since that already in their natureimipisychological literature and re-
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search. Within the confines of the systematicditigre review article of Part A, some
of these terms will be defined as to what theyieatad handled accordingly.

Rationale for thesis subject choice

Assessment of executive functions (EFs) is worilenb investigate because execu-
tive functions consist of a wide array of cognitiuactions that are required for in-
dependent and self-directed behavior (Lezak, HamgBigler & Tranel, 2012, p.
37). When EFs are significantly impaired, indivituanight lose their ability to re-
spond in an adaptive manner, fail to regulate bibi their emotion and behavior,
lose their social skills, or other problems mighsa (Capilla et al., 2004, p. 379;
Lezak, Howieson, Bigler & Tranel, 2012, p. 666).edmng issue working with EFs is
that, the term ‘executive function’ can cover adbtognitive abilities, and the scope
of how much it covers in its definition has metyéttle to no agreement (Capilla et
al., 2004, p. 379). In other words, it is an umlarétrm that is conceptualized differ-
ently depending on the researcher. What is agrped i$ that impairment of execu-
tive functions often leads to problems that cardciféll aspects of behavior (Capilla
et al., 2004, pp. 379-380; Lezak, Howieson, Biglérranel, 2012, p. 37). Iltis a

very complex topic to deal with for those reasdng,also an interesting one.

The reason why the pediatric population consistinchildren and adolescents are of
special interest is because of their relation tot only are the EFs still develop-
ing throughout the entirety of both childhood addlascence, but EFs are also im-
portant functions for learning and future developtrisoth at home, in school and
social situations (Capilla et al., 2004, pp. 38@:38ilboa et al., 2019, p. 1360;
Lezak, Howieson, Bigler & Tranel, 2012, p. 37; Sioenet al., 2005, p. 651). There-
fore impairment in EFs could have grave consequefarechildren since they are

still developing, and because those very execshils are being used for develop-
ment themselves. Additionally, working with a ped@population was also to satis-

fy a personal motivation to prepare myself for éeptial future working in PPR.

As for the interest in acquired brain injuries (ARBlthe first reason is similar to that
of EF. ABI is likewise an umbrella-term coveringvale array of different types of
brain damage, and is also used differently in veristudies and research papers
(Teasell et al., 2007, p. 180). ABI also bringstaro relevant aspect to the subject

regarding not only the population in question, &lgb to the aspect of EFs as they
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are also known as “frontal lobe functions”, andcsiBl may implicate related
brain regions or the frontal lobe (Capilla et 2004, p. 377). Finally the more per-
sonal reasons for focusing on ABI were to be mpexgic with my problem defini-
tion and also to better integrate my own field xppertise, which comes from a more
medicinal and neuropsychological background estabd throughout my education-

al history.

In the systematic literature review of Part A, ubject of interest is generally the
same as the rest of the thesis, but it is chanlggtlyg to be directed more at investi-
gating methods and assessment tools specificdlig. Slight change in the expres-
sion of the thesis subject is to reflect the aspégathering existing literature
through the means of a systematic literature revigwe rationale for focusing even
more on methods and assessment tools in the as@ddoth out of self-interest in
neuropsychological testing and to gain better imsigto various existing tools and

their development.

Research question

The following research question is primarily diextat the systematic review article
in Part A. Meanwhile, Part B mostly takes a stepywom being directly concerned
with the tools of assessment and instead explopss more in line with the subject

mentioned in the problem definition, which is stdlevant for the majority of the

research question.

What methods are used for the assessment of exetutictions in
children and adolescents with ABI, and how do tteypare to each

other?

Structure and method of thesis

This Master’s Thesis consists of a two-part widntFA relating to a central system-
atic literature review article and a Part B relgtihe remaining framework around
the thesis. Part A is only made up of the systemidtirature review article itself.
This part of the thesis was also the first patig¢avritten, so that Part B could be
written subsequently and support the article. heotvords, the article in Part A is
the central piece of the thesis, while Part B asta sort of supporting framework.

To make the article in Part A, a systematic literatsearch was performed, while
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using the free browser version of EndNote to mdgumaanage and screen citations
before synthesizing the final selection of studigss process is explained in much
greater detail in the systematic literature revieself to maintain as much transpar-
ency possible. However, one thing that is not noeidl in that explanation is that
during the screening process, articles with paa¢for Part B were also identified
and put into a separate group in the citation mandpart B of the thesis consists of
this introductory section before the review artiead the following sections, about
common types of ABI and secondary ADHD, that apdtar the review article.
While plenty of notes were written throughout tliegess, it wasn’t until after fin-
ishing the systematic literature review of Parhattl began writing the sections of
Part B. During the writing of Part B, plenty ofdiature was manually looked up, but
the majority of it was not used as references. &hesreferenced articles were not

included in the curriculum.
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Part A — Systematic Literature Review on the Assessment of
Executive Function in Children and Adolescents with ABI

Abstract

Objective:This systematic literature review aims to invegegand discuss existing
literature on methods and tools about the assessvherecutive functions (EF) in
children and adolescents with acquired brain infé#gl). This review was done as
part of a 18 semester Master’s thesis in psychology.

Methods:Literature on the assessment of EF in childrenaaladescents with ABI
was gathered from PsycNET and PubMed. This liteeasubsequently went through
a thorough screening process to select and synthts articles most relevant to the
objective.

ResultsOut of a total 1338 references, 43 articles welecssd for the review. Sev-
eral questionnaires, performance-based measurasglveality (VR) measures and
other measures were identified and information ngigg each tool was compiled.
Conclusion:Currently available literature suggests that mezswith good ecologi-
cal validity are preferred in the assessment ofrghildren and adolescents with
ABIl. Recommended measures include the BehavionRdtiventory of Executive
Function (BRIEF) and the Children’s Kitchen Tasks@ssment (CKTA). Other
promising EF measures are reported warranting stoies regarding pediatric
ABI.

Introduction

Whether it is physical trauma from a car-crastgxitation from dangerous sub-
stances or something else entirely, modern medamadetechnology has greatly in-
creased the survival rate of those involved in saudnts. As mortality rates de-
crease, it is quite natural to increase our awaenéany residual injuries or deficits
that may follow any sort of injury (Horton, SoperReynolds, 2010). This line of
thought especially holds true when considering meduwrain injuries or ‘ABI’ for
short.

One aspect to this lies in the epidemiology of A&t is one of the leading causes

of mortalities and long term disabilities amongldien and adolescents (Gilboa et
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al., 2015; Teasell et al., 2007), as well as amanmg adults (Gilboa et al., 2015;
Tibeek et al., 2017). As a leading cause of deathd@sability, the magnitude of
ABI's burden on society is undeniably a seriousiéss o give us an idea of its mag-
nitude, one study, by Mar et al. (2011), invesegahe economics behind ABI
treatment in two regions of Spain (which were tlsdie Country and Navarra) and
estimated that the costs for treating ABI patiemse equivalent to around 10.4 and
11.7% of the total public health expenditures mtivo regions. Cost per individual
patients were also estimated to be around a me@R10040, which in comparison is
less than the average cost for Alzheimer patidnismore than the average cost for
AIDS or degenerative ataxia patients (Mar et @11).

The other aspect as to why residual deficits cabgetBl are so important to be
aware of is the potential impairments in futureelepment for the patient, especial-
ly in the pediatric population. Childhood ABI halseen shown to disrupt later de-
velopment of various cognitive and linguistic fuoats, as well as impeding long-
term academic achievement and social success (Madi)@®016; Gilboa et al.,
2019). One of the reasons for this is that childhA&I can often be associated with
residual deficits in executive function, whichypically a result of damage to the
frontal regions of the brain, such as the dorscddfgrefrontal cortex (Gilboa et al.,
2019; McAllister, 2011). Executive functions, or&Efér short, can be considered a
wide range of higher-order cognitive processelinkg core abilities important for
performing complex tasks, learning and self-consath as; planning, inhibition,
attention, working memory and flexible thinking (a et al., 2019; Lezak, Howie-
son, Bigler & Tranel, 2012; McAllister, 2011). & easy to understand why the im-
pairment of such skills will significantly decrease future development and quality
of life when sustained during childhood. The apitd understand, perform and plan
complex tasks is essential to properly follow instion during everyday life and
lessons during school. Likewise, if a child hasible with attention or working
memory, it will be a lot more difficult to retaiheé presented knowledge, thus dimin-
ishing the child’s ability to learn properly. Meahike, if the child is impaired in
terms of self-control, the lack of emotional anddehavioral inhibition can lead to
inappropriate behavior that disrupts that particalasironment. Such disruptions can
cause disturbances in both academic and socialgethat can be auxiliary in caus-

10
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ing the long-term impediments in both academic somal success, as mentioned

earlier in this paragraph.

Besides the many problems that may arise due tm#mgy potential residual deficits
of executive dysfunction, these deficits are alsbaonsidered rare in the context of
brain injuries, but are in fact among some of tbgnitive domains typically im-
paired (McAllister, 2011). According to a study $gsma, Slomine, Ding & McCar-
thy (2008) it was found that, somewhere between uB38% of children with trau-
matic brain injury (TBI) and aged between 5 to #ang, had reported significant
executive dysfunction within the first year aftejury. When combining both the
occurrence and the implications for future develeptrand everyday interactions
that pediatric ABI represents, it becomes incregigiapparent that the assessment of
EFs is a vital part of neuropsychological assessmben dealing with the pediatric
ABI population (Gilboa et al., 2019; Johnson, Demdagalorio, 2009; MacDonald,
2016; Teasell et al., 2006). Additionally, the depenent of measures specifically
targeted at assessing pediatric ABI, can be coreside relatively new area of re-
search (MacDonald, 2016).

The objective of this study is to systematicallyiew the existing literature involv-
ing the assessment of EFs in both children andeadehts that have sustained an
ABI. A heavy emphasis is laid upon the assessmamtob this objective. While in-
terventions and rehabilitation is definitely a gal@spect when it comes to EFs in
pediatric ABI, this study has been focused on tiiteai phase of assessment. The
research question that this study aims to ansveéeand, can be summarized as being
concerned with the methods and tools that are issdéte assessment of EFs in chil-
dren and adolescents with ABI, and how those metlcochpare to each other. An
important distinction of this research questiothi it is specifically concerned with
“assessment of children and adolescents” and nuilgiABI sustained within child-
hood, which otherwise would have included assessofeadults who sustained pe-
diatric ABI long ago. By reviewing what methods dodls have been studied for the
assessment of EFs in children and adolescentsARthit will provide us with a
platform that can act as the basis for a discussi@everal topics and questions.
What are the preferred methods and tools usedsgmsaing EFs in the pediatric ABI
population? What are the advantages and disadwemtdgjuestionnaires and per-
formance-based measures respectively? How does#essment of EFs in pediatric

11
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ABI translate to the environment of everyday lifelachool? These questions are
among some of the topics that this study aimsweshgate based on the existing
literature. The study also aims to explore theab#on of existing literature, to see
if there are some areas where research might shmwige or is in need of more

future research.

Definition for ABI in this article

For the sake of transparency, | will be providandefinition for the term ABI and its
use in this research paper. The explanation for tisyis necessary, is because the
term ABI is a loosely defined umbrella term, whioleans that it is a term that en-
compasses a wide array of different types of iegito the brain, but the exact spec-
trum that it covers is not universally used in asistent manner (Chiavaroli et al.,
2016; Teasell et al., 2007). In some instancesi8Rlso referred to as acquired
brain damage or ABD for short (Mar et al., 20119r the sake of consistency, this
article will stick to using ‘ABI’, since it is thenore commonly used term encoun-
tered during the process of making this review, @sd because it better falls in line

with similar terms like that of TBI.

The definition of acquired brain injury used inglaper boils down to encompass-
ing any injuries to the brain that aren’t heredifaongenital or degenerative. This
definition means that ABI only includes injuriestlare ‘acquired’, therefore infer-
ring a previous state of being neurologically in{@easell et al., 2007). Additional-
ly, since this definition needs the brain injuryo® non-congenital, that implies that
the brain injury has to occur after birth (Gilbdaak, 2015; Teasell et al., 2007).
There are many types of injuries to the brain wiiicthis description, but they can

generally be split into two types of origins (Chaawli et al., 2016).

The first type of origin consists of injuries oftlraumatic types, which are the ones
commonly referred to as TBIs. Injuries of the T#bd¢ are by far the most common
among the pediatric population (Johnson, DeMattado60, 2009). Common causes
for TBI include car accidents, sports accidentds nd physical violence (Chiava-
roli et al., 2016; Nolin et al., 2012), which aflrcfall into the definition of ‘an acute,
external force acting on the head, leading to aiten of consciousness’ (Wilson,
Donders & Nguyen, 2011). TBIs are also classifireterms of severity. The severity

can be classified as either mild, moderate or sewehich is usually done using the

12
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Glasgow Coma Scale (GCS) as it is the most widsddiglobal measure for this
classification (Johnson, DeMatt & Salorio, 2009a3el| et al., 2007).

The second type of origin consists of the non-traticrbrain injuries, which can be
caused by a plethora of different diseases or $sagdong as it falls within the defi-
nition. Some examples of causes for non-trauma#mbnjuries are intoxication,
infection, tumors, focal brain lesions, cerebrowvdacdiseases, metabolic diseases,
anoxia or stroke (Chiavaroli et al., 2016; Gilboale 2015; Johnson, DeMatt &
Salorio, 2009; Mar et al., 2011; Teasell et alQ20Tibaek et al., 2017), of which
stroke is the most common cause (Mar et al., 2HdWywever, while stroke is a very
common cause for non-traumatic ABI in adults, itasisiderably rarer in the pediat-
ric population (Tsze & Valente, 2011).

Methods

This systematic literature review was conductedacordance with some of the rec-
ommendations provided by the ‘PRISMA 2009 Check{Mbher, Liberati, Tetzlaff,
Altman & PRISMA Group, 2009). This checklist wagdsmore as an inspiration or
a guideline rather than a literal step-by-steprutsion. So for the sake of transpar-

ency, the conducted procedure will be describetbtighly in this section.

Literature Search Strategy

For this review, only two databases were usedhi®isystematic literature search,
which were PsycNET and PubMed. Both searches waited to only include arti-
cles with a publication date between January 19@0February 2021, with the last
search and citation retrieved on February 22, 208&.search was limited with fil-
ters to only show ‘Peer-Reviewed’ results on PsyENkhile the PubMed search
was limited to only show ‘Free full text’ article&s for the search words used, they
can be grouped into five separate search striredgdbether make up the full search
query. These groupings have been named Functiompl8aCause, Relevance and
Exclude to highlight each search string’s intenfikering purpose for the search
query. The first string, ‘Function’, was ["Execugifunction*” OR attention OR fo-
cus OR “problem solving” OR planning OR “theorymind” OR “working
memory” OR inhibition OR “emotional regulation” Odelf-regulation OR “decision

making” OR decision-making OR “emotional controlRGelf-restraint OR “social

13
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skills” OR “short term memory” OR flexibility OR léxible thinking”] to ensure that
articles in the search query involved either EElosely related functions. The sec-
ond string, ‘Sample’, was [AND child* OR kids OR@dscen* OR toddler* OR
juvenile OR teen* OR infant OR youth*] so that mpsrticles involving the appro-
priate age group would appear in the search qUéy third search string, ‘Cause’,
was [AND ABI OR “acquired brain injur*” OR TBI ORtfaumatic brain injur*” OR
concussion OR “brain injur*” OR “cranial injur*” ORIntracranial injur*” OR

“brain damage”] on PubMed, but on PsycNET, adddl@earch words were added
to this search string, which were [OR stroke ORaiibitumor” OR “oxygen depriva-
tion” OR drowning OR “anoxic episode*” OR poisoni@R “alcohol abuse” OR
“substance abuse” OR “drug abuse”]. The purposbethird search string was for
the search query to primarily find articles related\BI. The fourth search string,
‘Relevance’, was [AND assess* OR evaluat* OR t€3R exam*] to help filter out
articles not involving anything relevant to assesstor testing. The last search
string, ‘Exclude’, was [NOT congenital OR neurodegti*] to help exclude arti-
cles involving the types of brain injuries thatmat fit the same definition of ABI as

used in this review.

All five search strings were set to search throUgghe/Abstract’ on PubMed and
through ‘Keywords’ on PsycNET with the exceptiortloé Relevance search string
for PsycNET, which was set to search through ‘Argtd*. Overall both the Cause
and Relevance search strings were stricter whethars@®ubMed. The reason behind
using a stricter search strategy for the PubMedlaeste, in comparison to the
PsycNET database, was because PubMed as a databssas many articles that
aren’t directly related to the more psychologitemes like EF and cognitive as-

sessment tools.

The full search query generated a total of 1.338lte of which 880 results were
generated by PsycNET, and 459 results were geddmgtBubMed. A few variations
of the above-mentioned search query were also ohitredly before making a final
choice for the search query used for this reviele gurrent search query was cho-
sen primarily because the amount of generatedtsesere deemed neither too strict
and also still manageable for a single person toually screen during the amount of
available time, considering this review articlgp&t of a Master’s thesis. After com-
pleting the database search, all citations weremag from each database to a folder

14
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and subsequently imported to a reference managerréfference manager used was
a free browser version of EndNote. One citatiomffdubMed could not be imported
to EndNote due to technical difficulties, which wassumably because the citation

in question had hundreds of authors attached Thérefore, the final amount of

obtainable references gathered before the screpningss was 1.338 citations.

Literature Screening Process

When performing the screening of the gathereddlitee, the process was divided
into four different stages to both structuralize grocess and maintain clarity over
previous steps taken during the entire screenioggss. These stages were made
into groupings on EndNote and consisted of theaininscreened literature, litera-
ture after initial screening, literature after ast screening and lastly literature after
a full text screening. As such each group signiffeglremaining literature before and

after each phase of the screening process.

In the first initial screening phase of the scragrprocess, the purpose was first of
all to look through the literature and remove anplctate articles that were retrieved
from both databases. This was done by going througlentire list first sorted by
author and then manually removing any duplicatesentered. Afterwards the same
procedure was then repeated, but sorted by titlesphabetical order, while noting
down and being aware of any titles that startett gatme kind of symbol (e.§.or

[), to check if they would appear again later with@symbol during the screening.
In cases where one of the duplicated articles wasgpdated version of the original
article, only the more up-to-date version was kBpsides duplicates, erratum, cor-
rigendum and reply articles were also removed duite initial screening. However,
these were kept in another separate folder, jusase their respective article was
selected later on. During this initial screeninggd, 71 records were removed leav-

ing 1.267 articles for the next screening phase.

The next screening phase was the abstract screghasg. As the name suggests, all
1.267 abstracts were manually screened one byootketérmine eligibility for inclu-
sion. Eligibility for inclusion was judged accordito several inclusion and exclu-
sion criteria, which were decided upon before th&ract screening began. The first
inclusion criterion was that the article had todiwe children or adolescents aged

somewhere between 0 and 18 years. That beingiktid,age-range of a sample

15
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was something like 5 to 20 years, it was still pted as long as the majority of the
sample wasn’t over 18 years old. If an article atsmlved adults on top of children
and adolescents in their sample, the article woulg still be included if the pediat-
ric population of the sample were a part of themuddjective of the study and if they
were analytically separable from the adult popalabf the sample. It is important to
once again note, that this age-of-sample criteésaeferring to the sample’s age-at-
testing or age-of-assessment and not their aggtatyj since the assessment of chil-
dren and adolescents itself is an important patti@tresearch question for this re-
view. Along the first inclusion criterion regardiagticle samples, an exclusion crite-
rion was also made. This exclusion criterion regey@rticle samples said to exclude
any non-human samples like rats, monkeys or etceShe review is working with
the assessment of a complicated construct likehgfe is no need to add further
complexion. Besides, in my opinion it seems doulitfat many inferences could be
made between the assessment itself of humans andlanvhen involving higher-

order cognitive functions life EFs.

Another essential inclusion criterion is that tinécée needs to involve children or
adolescents with ABI according to the definitiorddor this review. As such, it was
likewise an exclusion criterion if the article wasout ABI caused by hereditary,
congenital or degenerative issues. Additionallyretyebeing exposed to the typical
causes of ABI was not sufficient for this inclusicniterion. To qualify for inclusion,
children or adolescents had to have been diagressbdving ABI in some way,
whether that involved deterioration of cognitivlypical, social or regulatory skills,
evidence through imaging technology or somethisg,adidn’t matter. This meant
that something like an article involving substaabese, which can lead to ABI,

wouldn’t be included unless ABI was documentedant pf the main focus.

The last inclusion criterion was that the articéelio involve assessment of EFs as a
topic or aim. Simply performing an assessment veasufficient to qualify for this
criterion. Assessment had to be discussed, evalwatested in some fashion, mean-
ing that the assessment itself was part of a pyirmasecondary objective, and not
just a tool to reach a different objective. Theeassnent method or tool in question
also had to be used for the purpose of saying sontgeabout EFs specifically.

While skills like problem solving are closely raddtto EFs (Drigas & Karyotaki,
2019), unless the article properly addresses EFdation to the objective, articles
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about such skills or function were not includedisTIdriterion of assessment was
applied in a very strict fashion during the scragmrocess and this led to a lot of
articles from PubMed about sports- and substambeced ABI to be excluded.

From just the abstracts it was sometimes harddggwhether articles actually fit
these inclusion and exclusion criteria. In thesesavhere | wasn’t sure whether to
include an article or not, the general rule wasmetude it for the next screening
phase. Since this review was part of an independester’s thesis, the screening
was done by a single person, which meant therenwareed for any strategies to
reach a consensus when judging eligibility. Duting abstract screening phase
1.169 articles were excluded leaving 98 articledlie next and final screening

phase.

The last screening phase was the full text screggoimase. In this screening phase the
intention was to read all 98 articles to once agadge their eligibility for being in-
cluded in this review. Unfortunately 2 articlesrfrd?>sycNET, which were promising
according to their abstracts and titles, didn’tdhany available access to an online
full text or PDF. The other 96 articles were rateé without issue. The screening of
the 96 remaining articles started with a skim regdin this skim reading, articles
were judged by the same inclusion and exclusideraias in the abstract screening
phase. Articles were also judged slightly in teohgheir quality during the skim
reading, like for example if their relevant samgitee was way too small in relation
to the type of study it was, though the vast mgjaf exclusions were made based
on the inclusion and exclusion criteria. After gkm reading 48 of 96 articles were
excluded leaving another 48 articles. These 48lastwere then read once more but
thoroughly this time, while also taking notes ta-point anything relevant to the
research question during the reading. During tiesdugh reading, where reading to
comprehend and take proper notes were the priroansf articles were still being
judged for eligibility, and so 5 more articles wepecluded during this part of the full
text screening phase. With the conclusion of tleahgh reading the entire literature
screening process was over and 43 articles remairtbé final literature selection.

Synthesis of Literature

By making thorough notes during the reading offthietext screening phase, get-

ting an overview of relevant information and topicseach article aided greatly in
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the process of synthesizing literature afterwafti® notes for each of the 43 articles
were labeled to indicate the type of study and whlatvancy they had to the research
question. These notes generally consisted of wrdiown a description of the article
and its aim, along with notes on background infdromg methods & results, discus-
sion & conclusion, and lastly what the key poimtsake away were. The resulting
compilation of notes took up over 39 pages, andofi@n referred to during the syn-
thesis of the gathered literature and when navigatirough the selected articles for
more information. The synthesis itself didn’t adh&y any particular guidelines or
checklists. Instead relevant information was magsinthesized and grouped in
accordance to the respective method, tool or topic.

Results

The performed screening of literature resultethenPRISMA flow diagram, which
can be seen below Fig. 1. Of these 43 selected articles, the vast majofiptticles

were concerned with one or more specific measurenterassess EFs or specific

Records retrieved from Records retrieved from
PsycNET PubMed
(n = 880) (n = 458)
Total records retrieved from
Records excluded
Databases —> (n=71)
(n = 1.338)
Initial Screening Phase: Records after removal of Records excluded for not
duplicates, erratum, corrigendum and reply articles P meeting inclusion criteria
(n=1.267) (n =1.169)
Abstract Screening Phase: Articles after assessing Full-text articles excluded for
eligibility of article abstracts e due to eligibility or quality
(n=198) (n=53)
Full-Text Screening Phase: Articles after assessing Full-text articles excluded
eligibility during screening of full-text articles | during thorough reading
(n=48) (n=5)
Articles selected Fig. 1 - PRISMA Flow |
for synthesis i Diagram of the systematic
(n = 43) i literature selection process.

18



Aalborg Universitet 28-05-2021

executive constructs, while 10 articles were latb@le being concerned with assess-
ment in general, rather than specific tools. Betwi» many articles on measures of
EF, the Behavior Rating Inventory of Executive Riot (BRIEF) was the most
common measure of interest, being part of the pyrobjective in 12 different arti-
cles, whereas the next most common measure oésttesas the Children’s Kitchen
Task Assessment (CKTA), which was part of the prinadbjective in 4 different
articles. Besides these tools, other questionngerformance-based measures, neu-
ropsychological test batteries and even virtuditsesks were also among the se-

lected articles included in this review.

In this results section, key points relevant torsearch question are presented for
each of the assessment tools that were activetiyestwvithin the selected literature.
The results will be presented in the following ard@uestionnaires and Rating
Scales> various performance-based measupe¥R Tasks> Test Batteries.
Common or interesting topics from the selectedditge that are relevant to the re-

search question will be brought up and discussédamliscussion section.

BRIEF is a widely used questionnaire when assessiagutive function in children,
and especially when dealing with conditions of eed@mental or congenital nature,
and of course also when dealing with acquired braditions (Chevignard et al.,
2017), and generally in the context of TBI (Howaegthal., 2013). In general, BRIEF
is a ‘rating scale’ measure that requires the anag®f many questions or items by
a certain individual, where both the items, numdfatems and even the individual
who answers, depends on which version of BRIES&IuAmong the 12 articles
which have BRIEF as part of their main objectiveof them included the standard
parental rating version BRIEF-Parent, where themaof the child or adolescent
completes the questionnaire (Chevignard et al.72@bnklin, Salorio & Slomine,
2008; de Vries et al., 2018; Di Lorenzo, Desroch&¥estmacott, 2021; Donders,
DenBraber & Vos, 2010; Donders & DeWit, 2017; Hothaet al., 2013; Roche et
al., 2020; Wilson, Donders & Nguyen, 2011). Thestaurct validity of the BRIEF-
Parent version is strongly supported by Donders\Hdaber & Vos (2010) using a
two-factorial model, while several of the articlegoport BRIEF-Parent’s sensitivity
to EF impairments in children and adolescents Wilh either through statistical
analysis (Mangeot et al., 2002; Roche et al., 202i@zen & Pigott, 2002) or
through referencing previous studies (Conklin, 8al& Slomine, 2008; Di Lo-
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renzo, Desrocher & Westmacott, 2021; Donders & De®l17; Howarth et al.,
2013; Roche et al., 2020; Vriezen & Pigott, 2002¢anwhile, when the rating scale
measure BRIEF was investigated for association patfiormance-based EF tasks,
mixed results were found between studies. Mangedat €002) found a modest
relationship between BRIEF and performance-baseth8ls for pediatric TBI pa-
tients, Di Lorenzo, Desrocher & Westmacott (20210 &riezen & Pigott (2002)
found low-moderate correlations, while de Vriesle{2018) reported no significant
correlations at all between BRIEF-Parent and EkstaSonklin Solorio & Slomine
(2008) looked at the association between the wgrikiemory index (WM-index) of
BRIEF-Parent and working memory tasks specifichilyalso found no associations.
Despite the lack of association Conklin Solorio i&r8ine (2008), Di Lorenzo,
Desrocher & Westmacott (2021), and Howarth et24118) report that the WM-
index of BRIEF-Parent might be sensitive to workmgmory deficits in TBI and
pediatric brain tumor survivor (PBTS) patients.

The teacher rating form, BRIEF-Teacher, was indluideaddition to BRIEF-Parent
in 3 of the 12 BRIEF articles. All 3 of these seslcompared BRIEF-Teach ratings
to BRIEF-Parent ratings as part of their objectiaed they all found that, while not
significantly different statistically, BRIEF-Teaaheating scores tended to be slightly
higher than BRIEF-Parent ratings (Chevignard et28l17; de Vries et al., 2018; Di
Lorenzo, Desrocher & Westmacott, 2021). BRIEF-Teaetnas also compared with
EF tasks in 2 of these studies, with de Vries .et28118) reporting significant corre-
lations between the BRIEF-Teacher WM-index and isg\EeF tasks, while Di Lo-
renzo, Desrocher & Westmacott (2021) reported S8aanit correlations for several
BRIEF-Teacher indexes, including the WM-index.

The last version of BRIEF present in the seledteddture was the self-rating form
BRIEF-SR. BRIEF-SR was included in 2 of the 12 BRHtticles. In Byerly &
Donders (2013), adolescents with TBI were in gdrfetand to provide less severe
self-ratings when compared relatively to their perfance on a neuropsychological
laboratory test called ‘Tower of London’ (TOL), thindicating deficits in self-
awareness. Byerly & Donders (2013) concluded tiiEF-SR is questionable to
use for the assessment of EF, but may be clinicealful in giving insights into ado-
lescents’ level of self-awareness. Level of agredgrbetween BRIEF-Parent and
BRIEF-SR was examined in Wilson, Donders & Nguy2®i{) and found that pa-
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rental ratings of executive dysfunction were ovdrgher than self-ratings, with
higher injury severity being associated to largéerences in metacognitive abilities

between the two rating forms.

The Child Behavior Checklist (CBCL) is a widely dggarental rating questionnaire
for assessing children and adolescents’ emotiampaychosocial adjustment, and
includes scales about social and attentional prebl@onders & DeWit, 2017). Ac-
cording to Vriezen & Pigott (2000) performance ba Attention Problems scale of
CBCL is not indicative of the greater attentionadtdems in children with moderate
to severe brain injuries, due to performance bwiitigin one standard deviation of
the normative mean. This may stand as evidencastgati least the sensitivity of the
Attention Problems scale of CBCL. Meanwhile, in ders & DeWit (2017), the
CBCL was compared to the BRIEF-Parent questiontainevestigate the agreement
and possible overlap/distinction between the twestjonnaires. The study found
that CBCL and BRIEF were in agreement in aroundt3obevery 4 cases when
completed by parents of children with mild TBI, whisuggests a complementary
relationship between the two measures accordingdPs & DeWit, 2017).

The Questionaire of Executive Functioning (QERnsther questionnaire studied
among the selected articles. In Geurten et al.@26hildren with moderate to severe
TBI were administered a self-rating form of QEF Metone of their parents complet-
ed a parental rating form of QEF, for the purpdsevaluating the self-awareness of
executive dysfunction in these children and to eatsd convergent validity of QEF.
The study found mixed results for convergent vafidiut overall the results sug-
gested that QEF is a valid tool for both assessk&gutive function and self-
awareness, as its ability to distinguish betweeldie@n with TBI and controls
showed significant differences in both self-ratargl parental rating forms, but

mostly the parental rating (Geurten et al., 2016).

The Children’s Category Test (CCT) is an individyaldministered neuropsycho-
logical test in a booklet format that consistsved tevels, where level one (CCT-1)
is used on children aged 5 to 8 years and level(@@r-2) is used on children aged
9 to 16 years (Allen, Knatz & Mayfield, 2006; Bellsllen & Mayfield, 2008). In

the study by Allen, Knatz & Mayfield (2006) the CTis reported to be a valid

instrument that is significantly sensitive to sevé&Bl in children, but not particular-
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ly sensitive in mild to moderate cases. MeanwHmil8¢ello, Allen & Mayfield (2008)
the CCT-2 is reported to also be a valid tool, hesveit was not found to be signifi-

cantly sensitive to any severity of TBI, and thasen for this was unclear.

The Comprehensive Trail Making Test (CTMT) was dddgrom the classic Trail
Making Test (TMT) to include children into standaation by making 1-5 levels of
trails rather than just A and B (Bauman Johnsa.ef010). The validity of CTMT

as an assessment tool of EFs on children with nabeléo severe TBI is supported
because Bauman Johnson et al. (2010) demonsttaded sensitivity and good
overall utility. The study worked with children abbetween 11 to 19 years, but sug-
gests future research repeating the objective asetljounger than 11 years (Bauman
Johnson et al., 2010).

The Children’s Color Trails Test (CCTT) is anotlhelaptation of TMT, but the
CCTT was designed to specifically measure sustarisedl attention, sequencing,
psychomotor speed and cognitive flexibility (LIoteret al., 2009). In the second
study of the article Llorente et al. (2009), théhaus study the factorial validity of
CCTT in a large sample of children with TBI andogpsupporting evidence for
CCTT as a measure of attention and emerging execsitills like cognitive flexibil-

ity and inhibition.

Digit Span is another classic EF measure like TR its sensitivity to pediatric
TBI was examined in two of the selected literatantecles (Vriezen & Pigott, 2000;
Warschausky, Kewman & Selim, 1996). In Vriezen &dt (2000), several atten-
tional measures including Digit Span were examioedensitivity to moderate to
severe TBI in children, but results did not suppertsitivity of Digit Span to the
sample. Likewise in Warschausky, Kewman & Selim9@)9 which investigated
sensitivity to pediatric TBI in Digit Span, perfoamce of children with TBI did not
significantly differ from performance of the contgyoup. While non-significant the
TBI group did perform poorer overall and made memers (Warschausky, Kewman
& Selim, 1996).

The Children’s Kitchen Task Assessment (CKTA) issencommonly referred to as
the Children’s Cooking Task or CCT for short. T@@vconfusing this measure with
the Children’s Category Task, which is also ablated as CCT, the alternate name

and abbreviation of CKTA will be used instead. Timesasure was specifically de-
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veloped as an open-ended naturalistic task medrd tseful for assessing EF in
children with TBI (Chevignard et al., 2009). Chawgd et al. (2010) shows evi-
dence for CCT as a sensitive tool for the assedsofidtt in children capable of
distinguishing TBI patients. It is also a sensitmeasure to self-awareness and pro-
spective memory in children with ABI (Krasny-Paagtial., 2015; Krasny-Pacini et
al., 2017).

The Tinker Toy Test is another measure of EF seadib pediatric TBI, and it in-
volves instructing a patient to independently cardtsomething specific from toy-
like parts and pieces (Roberts et al., 1995). PPexdoce on the Tinker Toy Test was
significantly correlated with intelligence scor@&woperts et al., 1995).

In the article Shanahan, McAllister & Curtin (201yo case studies were presented
to illustrate the clinical utility of the Party Plaing Task (PPT) on individuals with
severe pediatric TBI. PPT is a non-standard EFsassent tool where the individual
has to organize an imaginary party under severatcaints. PPT was shown to be
useful for assessing the EFs of the two casesestadid detecting even subtle EF
changes (Shanahan, McAllister & Curtin, 2011).

Porteus Maze Test (PMT) is a visually guided ma&zering task developed to eval-
uate planning ability (Levin, Song, Ewing-Cobbs &berson, 2001). Results from
Levin, Song, Ewing-Cobbs & Roberson (2001) supptuse of PMT as a measure
of planning, because it was sensitive to sevefifyRl and volume of lesions in the
children who participated. The authors also sugiyggte studies to investigate if
inhibition displayed during PMT can be associatétth welf-regulatory inhibition of
behavior, which as previously stated in this reviewart of EF (Levin, Song,
Ewing-Cobbs & Roberson, 2001).

In Timmermans & Christensen (1991) attentionalaefin pediatric TBI were stud-
ied using Gordon Diagnostic System (GDS), whicansatypical measure of atten-
tion performed on a small device or computer, cxiimgg of a CPT and Direct-
Reinforcement-of-Latency task. The majority of #aenple with pediatric TBI
scored within normal limits on the GDS, and onlg ®©PT part of the measure
showed concurrent validity with other attentionaasures (Timmermans & Chris-

tensen, 1991). Because of the supportive evidearahé validity of the CPT part of

23



Aalborg Universitet 28-05-2021

the measure, GDS may still be of some use in @inest batteries concerning sus-
tained attention or vigilance (Timmermans & Chmsien, 1991).

The Student version of Functional Assessment ob&drReasoning and Executive
Strategies (S-FAVRES) is a measure of higher lewghitive-communication func-
tions specifically designed for adolescents withl ABd consists of four verbal rea-
soning tasks about novel and ecologically validatibns (MacDonald, 2016). S-
FAVRES is sensitive to ABI in adolescents in alifgcores just as designed, how-
ever when MacDonald (2016) compared the concuua@idity of S-FAVRES to

relevant indexes of BRIEF, no significant corredas were found.

Among the selected literature articles for thiseevwere four different studies that
deal with various virtual reality (VR) assessmeamtis. The first of these studies in-
volved the only non-immersive VR assessment toaranthe four VR measures
called Jansari Assessment of Executive Functides-(F), which as the name im-
plies is used to assess EFs (Gilboa et al., 20¥Bgn tested for validity and feasibil-
ity in children with ABI, JEF-€ was shown to be a cheap and feasible tool because
it was playful and easy to administer, but also ¢@old discriminant validity since
children with ABI performed significantly worse thaontrols (Gilboa et al., 2019).
Additionally, the JEF-€ wasn't significantly correlated with various otheeasures

of EF, including BRIEF (Gilboa et al., 2019).

The second VR measure is the Virtual Shopping Tddkall) and is the only semi-
immersive VR assessment tool among the four VR oreagErez et al., 2013).
VMall is sensitive to severe TBI in children asstigroup has a poorer performance
than controls (Erez et al., 2013). In Erez et201@) children also reported through a
feedback questionnaire that the VMall task wasyatte and motivating, which
makes the authors conclude that VMall might haviemttal for use for repeated as-

sessment or intervention in children with TBI.

The last two VR measures are fully-immersive VReasment tools. The first one of
these two is the Virtual Classroom (VC) which waseloped as an ecological
measure of attentional skills in children (Gilbdak, 2015). Gilboa et al. (2015)
studied the validity and utility of VC on childrevith ABI, and their results indicate
that VC works as an ecologically valid and sensitiveasure of attentional skills in
pediatric ABI. Concurrent validity was also suppeorsince VC had significant cor-
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relations with other measures of attention, andw&s also correlated with injury
severity and age (Gilboa et al., 2015).

The last VR measure is a fully-immersive VR assesgrtool called ClinicaVR:
Classroom-CPT developed as a continuous perforntastéCPT) measure of atten-
tion and inhibition based on an identical non-VRsuen called VIGIL-CPT (Nolin

et al., 2012). In Nolin et al. (2012) the ClinicaV®assroom-CPT and VIGIL-CPT
were administered to adolescents with mild TBI freport-related concussions to
study validity and usability. Results found Clilda: Classroom-CPT to be sensi-
tive enough to even detect the subtle effects oftsgoncussions and also to be
more ecologically valid than the original non-VRsien (Nolin et al., 2012). Sever-
al participants did, however, report getting cymasess, but there was no correla-

tion between cybersickness and virtual test sddebn et al., 2012).

A validity study of the Immediate Post-Concussiss@ssment and Cognitive Test-
ing (IMPACT), a computerized test battery develofjpedissessing attention,
memory and processing speed, was also present aimosglected literature
(Conklin et al., 2013). Sensitivity to cognitivedaeffects for PBTS patients was ex-
amined and supported through worse performanc8irSRyroup in comparison to
two different control group (Conklin et al., 2013)ditionally some ImMPACT sub-
tests were significantly correlated with similarasares, indicating a degree of con-
vergent validity behind the test battery (Conklirak, 2013).

Discussion

Based on the selected literature in this revigevg, difficult to properly compare the
various assessment tools and measures of EF troreta ABI. This is not just be-
cause of the skewed distribution of what measuaeh article investigates, but more
of an issue rooted in the nature of ABI itself. Asntioned during the earlier section
defining ABI, ABI is an umbrella term and can thesthe consequence of a wide
variety of causes and impact different areas obtla@. Therefore it is quite natural
that ABI can likewise produce a wide array of soratwnpredictable impairments
affecting the patient physically, psychologicallyr@urocognitively (Teasell et al.,
2007). Since the injury profiles for each person ba very different in ABI, the fol-
lowing impairments or sequelae aren’t consistedteach individual ABI patient

may display symptoms in completely different donsadn constructs (McAllister,

25



Aalborg Universitet 28-05-2021

2011; Teasell et al., 2007). This is also one efrdasons that the vast majority of
the articles selected for this review involve TBiipnts alone, rather than ABI pa-
tients (Teasell et al., 2007). Additionally, whil&I can be quite complex, it is at the
same time rather predictable in many cases of sis®#d, since the injury profile
often primarily depends on the location and trajgcof the brain damage involved
(McAllister, 2011). However, this predictability it as reliable as one might think,
since pediatric TBI can commonly occur as diffusarbinjuries rather than just be-
ing located at a particular region of the braini€Zen & Pigott, 2002). Therefore one
should be careful with their predictions basedrairbimaging techniques since inju-
ries and not exclude the possibility of impairmantsther regions than the one no-

ticeably damaged.

When considering these kinds of complexities itdmees apparent that we can’t
simply identify or attribute a patient’'s executivepairments following ABI by
marking them off a checklist and call it a dayfalow the monotonous guideline

for assessment. This predicament isn’t really uaifpu ABI, since a lot of injuries
and diseases also depend on identifying severainmmsymptoms to properly diag-
nose, despite those symptoms not being univers#héb particular patient group
due to injuries and diseases having some degre&riety between patients. The
difference here is that the amount of variety thatumbrella term ABI encompass is
a lot larger than that of most other types of igsiand diseases. This is still the case
when we’re just looking at solely the EFs, whererére a lot of different executive
abilities that could be impaired, and on top ot titeghas also been seen many times
that these impairments following ABI can sometimppear immediately after inju-
ry, while others develop over time or instead hirfdéure growth (Horton Jr, Soper
& Reynolds, 2010). Therefore every one of the assest tools for measuring EFs
present in the selected literature should not dggd based on their value as an in-
dependent measure, but rather their clinical p@tkas one of several measures, in
the context of the assessment of suspected exealsfunction in pediatric ABI.

When reviewing the selected literature, anotherortgmt aspect regarding the quali-
ty and usability for assessment of EF in pedigiis¢ became apparent. This aspect
concerns both what types of measures there assgmssing EFs in pediatric ABI,
and to what degree different types of assessmels &atually measure the same
cognitive skills or if they rather measure simitanstructs. When looking at the var-
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lous assessment tools independently, the typesefsament tool will usually fall
within one of three broad categories, which argtligé classic ‘pen-and-paper’ per-
formance-based measures usually done in an offiaboratory setting, (2) rating
scales and questionnaires that are completed byxg pr sometimes the patient
themselves, (3) observational performance-basedunesiusually set in a natural or
simulated environment (Chevignard et al., 2012sEngroupings should be quite
helpful to fully understand the prominent topicegblogical validity which appeared
relatively frequent among the reviewed articlesoligical validity of assessment
tools played an important part in some of theselastregarding whether measures
of EF skills were also applicable to the contex¢wéryday life settings, which is the
primary context of concern during clinical pract{€hevignard et al., 2009; Chevi-
gnard, Catroppa, Galvin & Anderson, 2010; Chevidredral., 2017; Krasny-Pacini,
Servant, Alzieu & Chevignard, 2017; Gilboa et 2015; Nolin et al., 2012).

For the ‘pen-and-paper’ performance-based measategory we might look at
something like Digit Span, Wisconsin Card SortiregsfT(WCST), Verbal Fluency
tests or TMT as examples of EF measures, whichisrally performed in a clinical
setting and administered in a highly standardizag (irivitzky et al., 2019;
Vriezen & Pigott, 2002). While assessment toolhsasthese have been proven
valid in their ability to measure constructs of Btgse constructs might not be ap-
propriate to generalize to an everyday life con{€ttevignard et al., 2009; Chevi-
gnard et al., 2012; Gilboa et al., 2015; Krasnyiiaat al., 2017). In fact there al-
ready exists prior evidence that indicates thdtlodm with frontal-lobe injuries can
exhibit a good performance as if unimpaired onddatized performance-based
measures of EF, despite showing major executivieitéein their everyday life and
school environments (Chevignard, Catroppa, Galvidr&lerson, 2010; Vriezen &
Pigott, 2002).

Meanwhile, the rating scales and questionnairegoayas literally completed in ac-
cordance to the observations and judgements aixy@r the individual themselves,
based upon the child’s actual ‘real world’ funcimpin their everyday life or/and
school setting, without the structure provided lnfimical setting or standardized
approach (Chevignard et al., 2012; Krivitzky ef 2019). In other words, rating
scales and questionnaires are expected to havesbajbgical validity. For this rea-
son assessment tools of this category are alsmaine approach taken when as-
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sessing impairments that affect a child’s everyoayavior, like that of executive
deficits (Chevignard et al., 2017). The lack ofisture and standardization certainly
makes these kinds of measures more realistic asidgical. However, that lack of

structure also means we aren’t guaranteed to sdentlts of the child’s abilities.

Lastly there’s the category of observational perfance-based measures. These
tasks will simulate a somewhat natural environnagat then through direct observa-
tion the examiner will measure the child’s abibtizased upon their performance
(Chevignard et al., 2012). As such the ecologiedibity of this type of measure will
almost strictly hinge upon how well the simulatedural environment allows for the
child to exhibit those same ‘real-world’ behavidfghis simulated environment
under controlled conditions is done well enougk,@bological validity can become
good enough to allow generalizations to be madetabe child’s natural ‘real-
world’ scenarios (Chevignard et al., 2012; Gilbbale 2015). In that sense, assess-
ment tools belonging to the observational perforceanased measure category, has
the potential to be the most ecologically valid mweas. Then again, developing such
assessment tools capable of evoking and measiengpmplexities of ‘real-world’
behaviors is no easy task, so measures in thigaatéend to be the most time-

consuming and least feasible to clinically admarigChevignard et al., 2012).

In the three articles Vriezen & Pigott (2002), deeg et al. (2018) and Krivitzky et
al. (2019), which are among the selected literaforéhis review, the main objective
of these articles was to investigate the relatigmbbtween the BRIEF-Parent ques-
tionnaire and several performance-based measuiesfAll three articles were
consistent in their findings about the relationdmgtween BRIEF-Parent and per-
formance-based measures, since none of them fowentsld to be significantly cor-
related (de Vries et al., 2018; Krivitzky et alg1®; Vriezen & Pigott, 2002). In other
words, a child who is poorly rated on BRIEF isrécessarily expected to perform
poorly on performance-based EF tasks as well,&® it no significantly noticeable
association between the two performances accotditigese results. One possible
explanation given for the lack of significant cdateons between the two is that
while they may assess the same executive abilihey,probably don’t assess the
exact same underlying constructs related to thadadio, in part due to the measuring
of behavior manifesting in different contexts (Ktaky et al., 2019). Another exist-

ing hypothesis on the relationship between theisabat performance-based EF
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tasks will measure the executive dysfunction presenile questionnaires and rating
scales will instead be measuring how the execulygfunction manifests as conse-

guences in everyday life (de Vries et al., 2018) Problem | see with this interpre-
tation is that, one would at the very least exgeate modest correlations if that

were the case, which is very much not in line withat is seen in the literature.

The lack of ecological validity for the ‘pen-andges’ performance-based measures,
combined with the lack of correlation to ratinglssaand questionnaires, means that
they could be considered ill-suited as the standedsure for assessing everyday
difficulties in EFs associated with ABI (Chevignatlal., 2012; Gilboa et al., 2015).
Despite this, studies still seem to agree thatguaimix of both behavioral ratings
and performance-based measures is the ideal meftted assessing executive dys-
function in children with ABI, since the assessmeols of different categories pro-
vide different and therefore non-redundant infoiiorabn the subject’s EF skills (de
Vries et al., 2018; Krivitzky et al., 2019; Vriez&nPigott, 2002). Considering the
uncertainties and complexities of ABI, it does iedeseem rational to make use of
multiple different sources in assessment to gaiomaplete picture. Additionally, the
classic ‘pen-and-paper’ performance-based meabkarastheir advantages in being
highly structured and also tend to be some of thstrieasible and easy tasks to im-
plement into clinical assessment in general (Chreang et al., 2012). Another aspect
to consider is that, while the ‘pen-and-paper’ sasikck ecological validity for every-
day life, their structuralized context often tebis limits of a child’s cognitive skills
and avoid ceiling effects. This could be said teimeilar to an exam context in a
school setting. Evidence that is potentially sugigerto this small hypothesis can be
found in de Vries et al. (2018), where the BRIERadleer form was also included in
the comparison between rating scales and perforeabased EF tasks in pediatric
ABI, but on the other hand, both Di Lorenzo, Desrc& Westmacott (2021) and
Krivitzky et al. (2019) report mixed results. Res#aon whether the relationship for
teacher rating scales and performance-based E& wdstn assessing pediatric ABI

seems to have potential as future research.

Out of all the measures of EF to discuss in thiseie, the BRIEF questionnaire was

definitely the most well documented assessmentitoible context of pediatric ABI
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with plenty of supportive evidence. This same tegevas seen in a review by
Chevignard et al. (2012) where BRIEF was also iteylaio be the preferred rating
measure for children and adolescents with ABI. @ersg the vast supportive evi-
dence, high ecological validity and versatilitynaving multiple rating forms, the
popularity of BRIEF for assessing EFs in pediaf&i] is understandable. While
BRIEF-Parent was the most commonly used versienBRIEF-Teacher rating
seems to be the slightly more valid and accuratesome of the two based on the
literature (Chevignard et al., 2017; de Vries et2018; Di Lorenzo, Desrocher &
Westmacott, 2021). Despite being slightly supestomeasuring EFs in children the
BRIEF-Teacher might not be better for clinical giree. This is because the BRIEF-
Teacher seems to lack feasibility comparativelpRIEF-Parent. As an example, in
Chevignard et al. (2017) a sample of 194 childré&h severe TBI, 193 children had
a caregiver complete the BRIEF-Parent, while ol@yRildren had a teacher com-
plete the BRIEF-Teacher. Teachers seem to berada likely to refuse completing
questionnaires than the child’s own caregiver, theeasing feasibility in clinical
practice. Meanwhile BRIEF-SR is the least desiralbléne forms for assessing EFs
in pediatric ABI, unless the clinician wants to exae self-awareness specifically
(Byerly & Donders, 2013). The other two questionesin this review, CBCL and
QEF may also have their uses but with mixed reseafisrted for these, BRIEF
would be the preferred choice of questionnairesc&CBCL was found to provide
some distinct and complementary information to BRiEshould be reasonable to
also use both questionnaires during an assessihERtio pediatric ABI (Donders &
DeWit, 2017).

When reviewing the various performance-based assggdo0ls, the tools | initially
found to be promising were CCT-1, CTMT, CCTT and BMecause these EF
measures were all reported valid measures in pedidB| but also because they are
similar to traditional neuropsychological assessn@wis in their clinical feasibility
and standardized structure (Allen, Knatz & Mayfje2006; Bauman Johnson et al.,
2010; Levin, Song, Ewing-Cobbs & Roberson, 200bydhte et al., 2009). Unex-
pectedly both CCT-2 and Digit Span were not founté significantly sensitive to
TBI at any injury severity in the literature, despCCT-2 simply being a harder ver-
sion of CCT-1 for older children and Digit Spanrigesuch a widely used and valid
measure of EF (Bello, Allen & Mayfield, 2008; Vrmz & Pigott, 2000; War-
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schausky, Kewman & Selim, 1996). Children with aé&dc TBI did perform worse
on both CCT-2 and Digit Span compared to controlthey might still be worth-

while measures in the assessment of EFs in pexlrii.

Tinker Toy Test and S-FAVRES are also worth highiigg. S-FAVRES was highly
sensitive to adolescents with ABI, was ecologicaliid and as a verbal reasoning
task, it should have relatively good feasibilityartlinical setting (MacDonald,
2016). Likewise the Tinker Toy Test received supigerevidence for sensitivity in
pediatric TBI and good feasibility as it is a plalyfask, which only takes 10 minutes
to administer (Roberts et al., 1995). One smaktioral problem for the Tinker Toy
Test’s clinical feasibility that e is that it wiléquire carrying a container for the
Tinker Toys, but such a problem can be circumvemtesveral ways.

For observational performance-based measuresithalage naturalistic environ-
ments without VR the CKTA seems to be the preferabbice. Its validity as a
measure was well documented in this review witly seipportive evidence in 4 arti-
cles, showing its utility for both pediatric TBI@\BI (Chevignard et al., 2009;
Chevignard et al., 2010; Krasny-Pacini et al., 2Klrasny-Pacini et al., 2017). PPT
also showed promise as an observational perforraased measure of EF, but only
an article with two case studies was among thetalditerature in this review
(Shanahan, McAllister & Curtin, 2011). Future rasbaloing statistical analysis on
PPT with a larger sample would be ideal. Both esthmeasures also have the
weakness of being very time-consuming to administer are therefore less clinical-

ly feasible.

All VR measures in this review were found to bessire to TBI or ABI (Erez et al.,
2013; Gilboa et al., 2015; Gilboa et al., 2019;iNet al., 2012). Among these were
the JEF-€ from Gilboa et al. (2019) and the ClinicaVR: Clagsn-CPT from Nolin
et al. (2012), which use a non-immersive and gfutimersive VR environment
respectively. A non-immersive VR environment likethe JEF-€ refers to when
there is only a virtual or simulated environmerside the computer screen, which in
essence is just like a simple computer game cdetrbly the mouse (Gilboa et al.,
2019). Meanwhile a fully-immersive VR environmeetars to when the subject is
wearing a head mounted display (HMD) and is vigudiltecting themselves within

the virtual environment as if they were actuallgrdn Both immersion types were
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reported as having good ecological validity (Gilleal., 2019; Nolin et al., 2012),
however, one can't help but wonder if the fully-imarsive VR measures are signifi-
cantly better in this area and therefore be théemexd type despite occasional cyber-
sickness. With 6-minute tests like ClinicaVR: Classn-CPT, fully-immersive VR
measures are clinically feasible and completedrbefgbersickness can become an
issue (Nolin et al., 2012).

Measures of EF generally had more difficulty wigmsitivity for mild TBI (mTBI)

in this review (Landry-Roy et al., 2008; Malliardefmelinger, 2009). Considering
the relationship between injury severity and ERaiksf it is no surprise. When as-
sessing pediatric mTBI, it might be beneficialnolude measures of other deficits
like sleep problems (Landry-Roy et al., 2008) dsteumotor signs (Crasta, Slomine,
Mahone & Suskauer, 2020), which have also beerdinkith EF deficits.

Conclusion

In conclusion, this systematic literature revieurid several articles that covered
the methods and tools used for the assessmentsohEfhildren and adolescents
with ABI. A common preference in the reviewed descwas to choose measures of
EF that were developed with ecological validitymmd, as these measures tended to
be sensitive to executive deficits following ped@ABI. Of particular note was the
BRIEF questionnaire as the preferred and most dadlimented tool among the
selected literature. When performing an assessaoidff on a child or adolescent
with ABI, the use of the BRIEF-Parent (or BRIEF-Tkar if available) question-
naire is recommended. The use of multiple diffeeamd complementary EF
measures is also recommended due to the naturé déficits following ABI being
somewhat unpredictable. The observational perfocedrased CKTA was another
noteworthy measure to recommend if it is clinicédégsible given it is a time-
consuming tool. Other promising tools included CCTGTMT, CCTT, PMT, Tinker
Toy Test S-FAVRES and PPT, but more studies orethesasures would be pre-
ferred before stronger recommendations can be dorehe assessment of EF in
children and adolescents. Lastly the same canidlebaut the VR measures JEF-
C®°, VMall, VC and ClinicaVR: Classroom-CPT, showingmise for VR's role in

the development of future ecologically valid measur
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Part B - Framing piece (heading title TBD)

In this section of Part B in the Master's Thesigiill cover theory relevant for un-
derstanding ABI in relation to the assessment of [EF also cover a topic that
caught my attention during the process of writing $ystematic literature review for
Part A. Technically the introductory section, whislas before Part A, also belongs
to Part B of the Master’'s Thesis, however it is tbikowing sections of the thesis
that will fulfil purpose of framing the researchchkground attached to the subject or
problem definition of the thesis.

Common types of ABI

As mentioned in Systematic Literature Review att Raof the Master’s Thesis,
ABI is an umbrella term that encompasses many plessauses. While this article
was centered on assessment of EF in children avidsa@nts with ABI, in clinical
practice you probably wouldn’t ever initiate anesssment with the perspective of
ABI, since ABI isn't really a very precise term foausality. Instead it makes more
sense to plan the assessment in accordance toegpneaise cause like TBI, stroke,
anoxia, intoxication or whatever the clinician asgs the cause of the injury was.
This is important because different pediatric bidisorders will subsequently result
in distinct patterns of EF deficits (Araujo et &Q17, p. 529). In the following sec-
tion, 1 will go more into depth with TBI and menticome other common types of
ABI that are still in line with the criteria listad the definition previously given in
Part A of the Master’s Thesis.

Traumatic Brain Injuries

As the most common cause of brain damage amoifdyehiand adolescents
(Lezak, Howieson, Bigler & Tranel, 2012, p. 18®veell as the most common
cause of trauma fatality during childhood and yoadglthood in industrialized soci-
eties (Cupi, Cordaro, Cuzzocrea & Impellizzeri, @0@. 1; Heather et al., 2013, p.
1), traumatic brain injury (TBI) can be considetbd primary cause for ABI in the
pediatric and young adult population. Brain injgribat fall within the category of
TBI are defined as temporary or permanent structlamaage sustained to the brain
as a result of some source of external physicakfeausing an impact or sudden

change in velocity due to acceleration or decealamgCupi, Cordaro, Cuzzocrea &
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Impellizzeri, 2020, p. 1; Lezak, Howieson, Biglerf&anel, 2012, p. 180). Accord-
ing to a study of TBI mortality among children aadblescents aged 0-19 years from
the United States, the three leading causes offid@tality were unintentional
transport crashes, suicide and homicide by fired@heng et al., 2020, p. 95). The
highest mortality rates were found among male adelets aged between 15-19
years old (Cheng et al., 2020, p. 94).

TBIs are also sometimes referred to as ‘head egubecause clinical practice
makes a distinction between two classificationgareimg the state of the skull post
trauma (Cupi, Cordaro, Cuzzocrea & Impellizzeri2@0p. 1; Lezak, Howieson,
Bigler & Tranel, 2012, p. 180). The first class#imn is closed head injury (CHI),
which is the more frequent of the two classificaion childhood and adolescence,
and will usually result from cases of blunt trauliRa transport accidents, assaults
and falls (Cupi, Cordaro, Cuzzocrea & Impellizz€020, p. 1; Lezak, Howieson,
Bigler & Tranel, 2012, p. 180; Yeates, 2000, p..9%¥hen TBI is classified as a CHI,
the ‘closed’ refers to the state of skull beingatt and therefore not exposing the
brain, but it does not necessarily mean the skulhrdamaged (Lezak, Howieson,
Bigler & Tranel, 2012, pp. 180,193). So even if §rfragments are broken off or the
skull slightly fractures, it is still consideredCl as long as the skull isn’'t breached.
To properly understand how the brain is damagee@utiebse circumstances there
are some biomechanical forces to explain. Firdtespotential damage caused by
‘contact force’, which refers to the mechanicakts present upon impact that mold
and push the skull inwards towards the brain caugotential tissue damage (Lezak,
Howieson, Bigler & Tranel, 2012, p. 194). This kiofdforce requires the head to
come into collision with something to create theatt. If someone were to hit you
hard in the back of your head with a baseball d@tfact forces would be the pre-
dominant cause of any potential brain injuries. #eo biomechanical force that can
cause CHlI is ‘inertial forces’, which refer to thiechanical forces present during
sudden changes in accelerations or deceleratigauasody resists the change in
velocity, creating shock waves causing the braimowe violently and possibly col-
lide with the inside of your skull (Lezak, Howiesdigler & Tranel, 2012, pp. 194-
195). Probably the best example of this is wherirgaitting in a car, when the
driver suddenly kicks the brakes and you feel yelfigetting thrown forward. These

inertial forces can greatly strain the brain aebutar level and brain damage (Lezak,
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Howieson, Bigler & Tranel, 2012, p. 195). As thepgous example implies, inertial
forces can cause CHI during a car crash when yead s flung forward which vio-
lently causes pressure on the brain through shaskesv Considering the biome-
chanics behind CHiIs it becomes abundantly clear @Hi/tend to produce more
generalized or diffuse brain injuries (Lezak, Hosae, Bigler & Tranel, 2012, p.

193). Since shock waves are sent through the dmtaiea and causing strain wherev-
er, it is hard to predict exactly which parts of thrain have sustained tissue damage.
One last thing to note about the biomechanics of i€khat these types of brain inju-
ries are related to age, because of how the théskakthe skull varies with age
(Lezak, Howieson, Bigler & Tranel, 2012, p. 194).

When dealing with CHIs the term ‘contusion’ is usedefer to the focal part of the
brain injury (Lezak, Howieson, Bigler & Tranel, Z01p. 195). Rather contusions
can be thought of as referring to where the baessentially bruised due to being
flung around in the cranium. The frontal lobe df tirain is a common site for contu-
sions when they appear, due to the placement dfdheal region and the cranial
shape surrounding the brain (Lezak, Howieson, Bigl&ranel, 2012, pp. 195,201).
Some other useful terms are ‘coup’ and ‘contrecoGpup refers to the point of im-
pact for the brain injury (Lezak, Howieson, Big&iranel, 2012, p. 195). In the
baseball bat example, the coup would be right wherdoat struck the skull. Mean-
while a contrecoup refers to when the brain boubtedise opposite side of the coup
and sustains a contusion upon impact (Lezak, HomieBigler & Tranel, 2012, pp.
195,201).

The second classification is penetrating head ynjBiHl), and is commonly caused
by stabbing or gunfire piercing through the sk@upi, Cordaro, Cuzzocrea & Im-
pellizzeri, 2020, p. 1; Lezak, Howieson, Bigler &hel, 2012, pp. 180,188). The
PHI classification refers to head injuries thatgteste the skull and therefore expos-
es an entryway to the brain, which is why it ioademetimes referred to as ‘open
head injuries’ (Lezak, Howieson, Bigler & TraneQ12, p. 180). Injuries belonging
to the PHI classification are often associated wiithespread damage in the brain
caused by bone fragments (Lezak, Howieson, Bigl@r&nel, 2012, p. 188). Since
the cranial structure of the skull is penetrated lareached in PHIs, the fragments of
broken bone, which originated from the location vehide skull was shattered, are

scattered and driven further into the brain. Beedridl requires the skull to be
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breached as per its definition, it can generallgdeasidered more violent than CHI
In most cases, since it takes considerable foreehave this. PHI also often in-
volves a foreign object penetrating and mangliregtissue of the brain, but some-
times a tangential injury can occur, where the dljés the skull at an angle and
glances off, leaving the skull fractured open (lezdowieson, Bigler & Tranel,
2012, p. 188). Generally the damage that PHI itsflan the brain primarily depends
on the trajectory of the bone fragments and theattihat penetrates the skull. These
trajectories and what regions of the brain the lasough are heavily related to
behavioral outcomes and should therefore be coregsidaoroughly when putting
together a prediction of the neuropsychologicatonte (Lezak, Howieson, Bigler &
Tranel, 2012, p. 188). Such information can alsatly aid the clinician in choosing
which measures are appropriate for screening ssebsasent. If the object-
trajectories are going through the dorsolateralrpntéal cortex as an example, we
would know to make sure to include EF measurekardiagnostic investigation
(McAllister, 2011, pp. 291-292). But these objaeidctories aren’t the only thing
that may damage the brain during PHI. When an ¢ipecetrates the skull and col-
lides with the brain tissue, it not only mangles #nea of collision, but also transfers
momentum. If a significant amount of force is tr@nsed to the brain upon collision
this way, it will result in a shock waves and presseffects strong enough to dam-
age the brain (Lezak, Howieson, Bigler & Tranell20p. 191). Brain damage sus-
tained in this fashion can be more widespread apdedlictable. Such diffuse dam-
age is comparable to what happens during CHI (Ledakvieson, Bigler & Tranel,
2012, pp. 191,194-195). When considering all ther&tteristics of PHI, it should be
no wonder that the mortality rate is much highantith CHI (Lezak, Howieson,
Bigler & Tranel, 2012, p. 188). Combining the loveexcurrence and the much high-
er mortality rate of PHI, tells us that PHI patenmtill be relatively rarer than CHI
patients.

When a person sustains and survives a TBI, theaksasa risk that the patient can
suffer a secondary or delayed injury to the bragrzék, Howieson, Bigler & Tranel,
2012, p. 180). As shock waves travel through tlanbaind jumble it around, plenty
of things can go wrong and set up the right coadgifor additional brain damage to
develop. Torn brain tissue, high intercranial puesscerebral swelling or other issue

can cause a variety of issues like hypoxia, ischemnieven infections, which can
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evolve over time and cascade out of control (Lekatyieson, Bigler & Tranel,
2012, p. 200; McAllister, 2011, pp. 290-291). Theseondary or delayed injuries
can in some instances be a bigger problem thaimitied TBI itself, so it is very
important to monitor and characterize the injuryewliealing with TBI (Lezak,
Howieson, Bigler & Tranel, 2012, pp. 180-181). Timakes follow-ups crucial when
dealing with TBI, as delayed secondary injurieslddne overlooked otherwise, leav-

ing them to possibly spiral out of control and @usyriad of issues or even death.

TBIs can come in three varying degrees of sevéaiyy mild to moderate to severe,
which, as mentioned in Part A of the thesis, arallg defined using scores from the
Glasgow Coma Scale (GCS) as a predictive measemak, Howieson, Bigler &
Tranel, 2012, pp. 183,184; Teasell et al., 200708). These degrees of severity are
divided so that GCS scores from 13-15 are clask#gemild, GCS scores from 9-12
are classified as moderate and lastly GCS scaves 3-8 are classified as severe
(Heather et al., 2013, p. 2; Johnson, DeMatt & §&@|@009, p. 124). In the most
severe cases of TBI, we’re looking at cases, wtierenajority of the brain has been
injured beyond repair, leading to either prolongetha or a vegetative state, if not
death (Lezak, Howieson, Bigler & Tranel, 2012, 2)L On the other end of the
spectrum, involving the mildest cases of TBI, wehstead looking at cases where
temporary neurological changes like feeling dageshriented or confused only last
for a brief moment and the brain is left intact £ak, Howieson, Bigler & Tranel,
2012, p. 182; Prince & Bruhns, 2017, pp. 1-2). Wheh only fulfills around the
minimal requirements for being considered a brajary, it is sometimes classified
as a concussion (Lezak, Howieson, Bigler & Tragel,2, p. 183). For that reason
concussions can be considered a mild form of TBi determining the exact details
about what qualifies as a concussion has been itteawubstantial amount of con-
troversy (Lezak, Howieson, Bigler & Tranel, 2019, 480,183; Prince & Bruhns,
2017, p. 2).

Severity classification is also used to predict DBtcomes as research have found it
to be related to both behavioral and neuropsychcdbgutcomes (Lezak, Howieson,
Bigler & Tranel, 2012, p. 182; Johnson, DeMatt 8dsi@, 2009, p. 124). As one
might expect, a higher degree of severity will dlyuasult in more cognitive defi-
cits. When mild TBI (mTBI) results in cognitive dusiction, it will most commonly
be domains related to EFs like attention, memamyggssing speed, and/or EFs
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themselves, of which attentional deficits are thesttommon (Lezak, Howieson,
Bigler & Tranel, 2012, p. 209; Prince & Bruhns, Z0p. 5). Meanwhile on the other
end of the spectrum, a classification of severeI®lll predict EF outcomes such

as deficits in working & prospective memory, cripgl deficits in self-awareness,
impaired inhibition leading to inappropriate or iakgive behavior, and great difficul-
ty with social context, as common outcomes of etteewysfunction (Lezak, How-
ieson, Bigler & Tranel, 2012, pp. 212-215; Johndadelatt & Salorio, 2009, p.

125). But outcome predictions are only predicti@wsthese EF deficits may not ap-
pear, yet they can be useful in combination wifjbrintype and other characteristics
to assist the clinician in making the most appraggrneuropsychological assessment.

Ischemic and Hemorrhagic Stroke

Cerebrovascular disorders (CVD) are diseasesratittons that affect the cerebral
circulation somehow, and the most common of thesg@oplexy or commonly
known by the term ‘stroke’ (Lezak, Howieson, Big&iTranel, 2012, p. 229). As
mentioned in Part A of the Master’s Thesis, striskeonsiderably rarer among chil-
dren and adolescents compared to adults. Despitestinoke still has around the
same incidence rate as brain tumors (BT) amongdremland is a leading cause of
childhood mortalities, and this incidence rate @ases exponentially with age be-
yond adolescence (Lezak, Howieson, Bigler & TraBel 2, p. 230; Long et al.,
2011a, p. 279).

The way that stroke damages the brain tissue asigftir infarctions blocking the
normal flow of blood to the brain, and thereforarging the brain tissue, since it
cannot receive a sufficient amount of oxygen oriant (Lezak, Howieson, Bigler &
Tranel, 2012, p. 230; Rivella & Viterbori, 2021,209). If the blockade is not re-
moved in time, the nervous tissue will quickly dedg and the damage will become
irreversible, so time is of the essence when dgailith stroke. When someone has a
stroke, it is generally either an ischemic stroka bemorrhagic stroke. Ischemic
stroke is the more common of the two making up add®i7% of all cases of stroke,
and it is categorized by the something obstrudtiregblood vessel, typically caused
by a ‘thrombosis’, which is the forming of a blooldt in the blood vessel (Lezak,
Howieson, Bigler & Tranel, 2012, p. 231). Basicatlis like the brains blood vessels
are pipes that get clogged up with coagulated b&rmtimore. An analogy could be
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made with military logistics of a supply line semglifood to some troops. If the sup-
ply line is cut off, the troops will not receiveargh food, just like the brain tissue
won't get sufficient oxygen or nutrients withoubper blood flow. And if the supply
line cannot be reestablished in time, some peopletart to starve and die, leading
to an irreversible loss of troops. Reestablishirgggupply line later, won'’t bring
people back from the dead, just like how restoriagmal blood flow won’t regener-

ate dead brain tissue.

Hemorrhagic stroke is less common than ischemakstrbut it is a lot more deadly
in comparison, as it has a high mortality rate @lezHowieson, Bigler & Tranel,
2012, pp. 231,234). What categorizes a stroke m®hibagic is the rupturing of a
weakened blood vessel wall, which subsequently sdaat the blood will spill out
into the surrounding area of the brain (Lezak, Hson, Bigler & Tranel, 2012, p.
234). As the blood leaks out and fills up the aeaund the rupture, it starts occupy-
ing that space. As the leaking blood increase®inme, the pressure on the brain

will keep increasing and eventually damage it.

Children with a history of stroke tend to have sdafedeficits in areas such as inhi-
bition, cognitive flexibility and working memorynaop of exhibiting deficits in
everyday aspects of EF (Long et al., 2011a, p. P86g et al., 2011b, p. 973; Rivel-
la & Viterbori, 2021, p. 210). Childhood stroke plsys a wide range of EF deficits
comparatively to normative data, and the impairnghttend to be evident on both
performance-based cognitive measures of EF anthratiales (Long et al., 2011b, p.
982). Specifically for the rating scales, Long le{2011b, pp. 974,983) used BRIEF-
Parent and BRIEF-Teacher on children aged 10-16yeigh a history of stroke,
either ischemic or hemorrhagic, and they found wtate both ratings revealed sig-
nificant impairments in EF, the BRIEF-Teacher rgsinvere consistently higher than
parental ratings. These findings on the relatidwben parent and teacher ratings for
stroke are in agreement with the similar findingsvpusly mentioned for TBI in

Part A of the Master’s Thesis.

Childhood stroke can be unpredictable regarding haffects EF, since it can dis-
play a wide range of deficits. In Rivella & Vitend@2021, p. 219), inhibition was
found to be the most vulnerable domain of EF dudni¢phood stroke. To somewhat

predict the amount of EF deficits in childhood k&pit is instead good to take both
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lesion location and lesion size into account. Biflesions will often show some EF
deficits and in cases of larger diffuse lesiony tten often display the same deficits
as smaller focal lesions in the frontal lobe (Lat@l., 2011b, p. 984; Rivella &
Viterbori, 2021, p. 223). Meanwhile more focal caeéchildhood stroke are associ-
ated with significantly greater impairments of ERem located in the frontal regions,
as well as the cortical and subcortical regionthefbrain (Long et al., 2011a, p. 286;
Rivella & Viterbori, 2021, pp. 222-224). Additiomal cases of combined cortical
and subcortical lesions were worse, in terms otettee dysfunction, than if the
lesion was only in one of the two areas (Rivell&igerbori, 2021, p. 222). Then
again, it isn’t really a surprise that the more dgmthere is to regions connected to
executive function, the worse the impairment ofgeks. On this same line of
thought, lesion size have also been found to b&fgigntly associated with the
amount of EF deficits, with larger lesion size &g in more severe executive dys-
function (Long et al., 2011b, p. 984; Rivella & ®fibori, 2021, p. 223). One im-
portant thing to note about the lesion locationdiadicting outcome in stroke is that
non-frontal lesions can also contribute to exeeutlysfunction in children (Araujo
et al., 2017, p. 535; Rivella & Viterbori, 2021,224). Additionally, some functional
neuroimaging studies have also found that whem @l perform tasks requiring EF
skills, their brain activation during performandetite tasks is more diffuse when
compared with the brain activation in adults (Latal., 2011b, p. 973). These neu-
roimaging differences combined with the executiysfdnction following non-

frontal lesions are possibly indicative that exa@iprocesses are more diffusely
involved with the brain during childhood, makingetprediction of executive im-
pairments in stroke even more complex for the gadipopulation (Long et al.,
20114, p. 286; Long et al., 2011b, p. 973). Araaijal. (2017, p. 536) suggests that
clinicians be careful and include a thorough aseess of EFs when dealing with

non-frontal lesions in children.

Pediatric Brain Tumors

In the pediatric population, the most common lmeafor solid tumors is in the

brain in the form of brain tumors, which are them® most common type of child-
hood cancer (de Vries et al., 2018, p. 845; Desjaret al., 2020, p. 83; Wolfe et al.,
2013, p. 370). The survival rate for pediatric braimors have increased substantial-

ly in the past several decades, which in turn meanbkave a lot more pediatric brain
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tumor survivors (PBTSs), and increasing the awa®néthe cognitive impairments
that may follow (de Vries et al., 2018, pp. 844-8Rbche et al., 2020, p. 583; Wolfe
et al., 2013, pp. 370-371). As for these cognitmpairments that are present in
PBTSs, they frequently include various deficit&ifr and have been shown to appear
in all main tumor types (Desjardins et al., 202083 Roche et al., 2020, p. 583;
Wolfe et al., 2013, p. 371). Executive dysfunctistherefore important to assess in
PBTS and not just once. Pediatric brain tumoro&en followed by cognitive im-
pairment developing later depending on variables si$ location of the brain tumor

or treatment received (de Vries et al., 2018, )34

Secondary ADHD

Attention-deficit/hyperactivity disorder (ADHD) & common disorder often studied
in children because of how it affects developmafdrfel, Nikolas & Nigg, 2007, p.
1437). It is well known that ADHD causes impairngeimt domains such as attention
and behavioral inhibition, which are EF deficitsgitel, Nikolas & Nigg, 2007, p.
1437; Ornstein et al., 2013, pp. 2, 8; Slomind.e2805, p. 645). Attention and be-
havioral inhibition are similarly common EF defggeen in TBI (Ornstein et al.,
2013, p. 8; Slomine et al., 2005, p. 645). Howed&HD is a neurodevelopmental
disorder and does not fit with the ABI definitioor fseveral reasons. Despite this,
secondary ADHD is still relevant to consider whesessing EF in children or ado-
lescents with ABI. When children and adolescenstasn TBI, there is reportedly a
risk of developing psychiatric disorders, of whisBHD is one of them that is of
importance to the individual’s future developmend &Fs (Ornstein et al., 2013, p.
1; Ornstein et al., 2014, p. 972). When ADHD issmlas a consequence of another
issue, it is referred to as secondary ADHD (S-ADHD)indicate that it did not exist
prior to the cause and wasn't of a congenital oedliéary nature (Ornstein et al.,
2013, p. 1; Ornstein et al., 2014, p. 972). Itba@sn reported that S-ADHD is devel-
oped post-injury in around 15-20% of children wiistain pediatric TBI, but these
findings are suspected to have been overrepres@dtadtein et al., 2014, p. 972).
Regardless of the exact percentages, since S-ABHIrommon occurrence post-
injury to pediatric TBI, it will be something to &p in mind during the assessment of
EF.
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Now it has been presented that both TBI and stan&keassociated with deficits in
EF, as well as ADHD also being associated withaitsfin EF. This leaves the inter-
esting question of whether the post-injury additwdrBs-ADHD will further increase
the impairments of EFs in pediatric TBI or if thE Enpairments that they bring will
overlap, showing no significant difference in extageidysfunction in pediatric TBI
with or without S-ADHD. To begin with, children wvaithe regular premorbid ADHD
have been shown to exhibit more problems in soreewgie domains like emotion-
al dysregulation, socials skills and aggressioan tivhat is exhibited in those do-
mains for pediatric TBI that is without the S-ADHIDst-injury (Slomine et al.,
2005, p. 646). When pediatric TBI accompanied bAT84D was compared in a
study to both premorbid ADHD and TBI without S-ADHDwas found that the
group consisting of pediatric TBI with S-ADHD shaodveo significant differences to
the premorbid ADHD group regarding the previousgmmoned executive domains
and general intellectual functioning (Ornsteinlet2013, p. 3; Slomine et al., 2005,
p. 646). In other words pediatric TBI accompanigdSBADHD seems to result in
worse EF outcomes than when pediatric TBI is wittB*ADHD. Importantly for
children’s development, memory and learning wese almong the domains that
were increasingly impaired when S-ADHD was pre¢8famine et al., 2005, p.
651). With all these findings in mind, it become#dent that the possibility of pedi-
atric TBI being accompanied by S-ADHD is a cruci@hcern during assessment,
since the presence of S-ADHD can lead to increampdirment in EFs that are es-
sential for attention, learning and inhibition. BEs TBI, several studies have also
investigated pediatric stroke and its relation t&[3HD regarding EF outcomes, and
found similar findings, where the presence of S-ADWas associated with a signif-
icant increase of impairments in EFs for pediagtioke (Rivella & Viterbori, 2021,
p. 219). Therefore clinicians need to be wary ddtpojury S-ADHD in pediatric
stroke as well, since it will also affect the degod EF impairment observed.
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Conclusion

Before coming to any conclusions about the assasisaf EF in children and ado-
lescents with ABI, it is important to realize wipatrt of the problem definition or
objective is being referred to. Since EF and ABhbare umbrella terms that encom-
pass a wide array of cognitive abilities and typelsrain injuries respectively, most
conclusions won’t be generalizable to the entiecspm of EF or ABI. Frankly, the
can be said about children and adolescents, becdhssy much EF develops over
time in this the pediatric period and also becaidew ABI can affect the individu-
al differently due to the development and varyitagspcity of the brain. In other
words, you could say the there’s almost too mamialsbes to make any generalized
conclusions, so most conclusions must instead éafsgl as to which EF skills,
which type of ABI and what age group are involviedhindsight this seems ex-
tremely obvious, but it is an issue that hadn’tlyeerossed my mind prior to writing

this Master’s Thesis.

There were two conclusions from this thesis tHatihd to be very generalizable,
which came from the systematic literature reviewaft A. In many of the reviewed
articles there was an emphasis and preferencesiiog measures of EF that had a
high ecological validity. This most likely has to dith how most types of executive
dysfunction will typically affect all aspects oftievior. Since ecologically valid
tasks allow for more natural environments, behabiaspects of impairments can be
measured, regardless of the type of executive dgsifin, and therefore it can be
somewhat generalized to ABI. So it seems fair toactiale that assessment of EF in
pediatric ABI should include ecologically valid nseges if possible. It was also con-
cluded in the review that during assessment ofrgbediatric ABI, the use of multi-
ple measures of EF that are complementary ratlerrddundant was highly rec-

ommended as well.

Part A also contained several more specific commhss First off the questionnaire
BRIEF was preferred by many and was well-documeasea useful assessment tool
sensitive to EF deficits in pediatric ABI. Additialty, the teacher rating form of
BRIEF seems to be the most effective, but the pdoem was by far the most feasi-
ble. The CKTA was also repeatedly reported as fuliard sensitive measure for

assessing EF in pediatric ABI, but also time-consgmOther measures were also
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shown to be promising in Part A, but without mangdses supporting them, it seems
too hasty to recommend them. So based on the gdth&srature in the review, | can
conclude that the inclusion of the BRIEF questiormand the CKTA are highly
recommended for assessing EFs in children and saioles with ABI. Lastly, Part A
also reported several promising VR measures. Ag-iimimersive VR is becoming
more commonplace in entertainment, education asesament, | suggest future
studies to further investigate the potential ohgsVR to measure EFs due to their

high ecological validity.

Based on the theoretical background provided orcdinemon types of ABI, | can
conclude that all of the most common types of AHI typically lead to executive
dysfunction of some kind and especially in the pedi population, where the re-
gions that govern executive function aren’t yetastralized to the frontal lobe as in
adults. With how common EF deficits are in the @asi types of pediatric ABI, thor-
ough assessment of EF seems to be almost mandaaden into account with how
EF deficits might impair children and adolescentsife development, this statement
only become more evident. Finally, Part B also cegi¢he topic of ABI with sec-
ondary ADHD post-injury and its relation to EF aé&f. Here | can conclude that the
presence of S-ADHD is associated with worse exeewtutcomes in both pediatric
TBI and pediatric stroke. Therefore it is recommeghthat clinician be wary of pos-
sible S-ADHD after ABI, and include these consitierss during assessment.
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