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ABSTRACT

The concept acquired brain injury (ABI) refersto conditions arisng postnatally owing to

trauma, infections, vascular catastrophes or malignancies. It has been reported that up to 50%
of children with ABI have cognitive sequelae, as brain injury during development not only
disrupts established functions, but aso affects functions that are till to emerge.

Defidts in atention, memory and executive functions ae the most common cognitive
dysfunctions after ABI and may have a mgor negative influence on academic and socid
adjustment. Neuropsychological measures can assess these dysfunctions and shortcomings in
academic and socid life, but there is a great need for new efficacious cognitive treatment
programmes.

The main ams of this thess were to evauae the direct and maintained effects of a specific
programme for cognitive training in children, and to evduate whether the effects of training
are trandferred to the children’ s daily life.

In Study | a computerized measure of attention and impulsvity, the Gordon Diagnogic
System (GDS) was vdidated. The GDS was used on a sample (N=71) of Swedish children
from the greater Stockholm area fulfilling the criteria for Attention Deficit Hyperactivity
Disorder (ADHD) according to the Diagnostic and Statisticd Manua for Menta Disorders
DSM-1V. The Children with ADHD had sgnificantly lower scores of correct responses on the
GDS as compared to controls (N=88). These scores were aso strongly associated with age.

In Study 11 the feaghility of a cognitive training programme, the Amsterdam memory and
atention training for children (Amat-c) was tested on children with traumatic brain injuries
(TBI).The results on severa neuropsychologicd tests improved. Parents and teachers ratings
indicated that the children learned drategies endbling them to improve their school
achievement and their sdf-image. The Amat-c method was modified to take into account the
experience ganed from the prdiminary results before launching a randomized controlled
study, which formed Study II1.

In Study 111 the immediate effects of the Ama-c programme were evauated. The training
group (N=18) as compared to controls (N=20) showed a significant improvement on complex
neuropsychologicd tests of attention and memory. Less effect was observed on more smple
tests of reaction time.

In Study IV the persgence of training induced effects was examined 6 months after
completion of the intervention, and an invedigaion whether demographic and cdlinica
variables influenced outcome. The essentid finding was that the dgnificant improvement in
complex attention and memory tasks reported in Study 11l perssted 6 months after completion
of the traning. No ggnificant influence of demogrephic or dinica variadles on outcome
could be detected. This result provided support for the robustness of the training programme
aswell asfor itsexternd vaidity.

In Study V the posshble trandfer of the previous podtive treatment, on the children’s daily life
was evauated usng behaviour rating scales for the parents, teachers and children. Teachers,
in paticular obsaved a ggnificant improvement in school performance as wel as on
atention and executive functions. Parents and children described a smilar trend. Less effect
was observed on socid behaviour.

Summary: The Gordon Diagnogic Sysem is an objective measue to assess attention
problems in children across ages. The Amat-c cognitive training method improved complex
atention and memory functions in children with ABI. The gains are maintained for a least 6
months following completion of the programme. Children learn to develop drategies and dedl
appropriately with a task, but do not improve speed of performance. The training effects seem
to trandfer to behavioura aspects like school performance, atention and executive functions,
but less obvioudy to social behaviour.
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1. GENERAL INTRODUCTION

One of the “mgor tasks’ of the developing child is to acquire an enormous quantity of new
information and a large number of new skills. The interruption of development caused by an
acquired bran injury (ABI) in childhood may have devadating intdlectua and socio-
emotiona  consequences (Koskeniemi et a. 1995, Taylor and Alden 1997, Edinger and
Biddle 2000, Ewing-Cobbs et al. 2004).

There has been a longstanding, widdy held belief, that damage to te brain early in life leads
to a better outcome than damage received later in life because of, children’s higher brain
plagticity and greater possbilities for brain reorganization (Kennard 1942). This opinion has
in the last decades been modified. Brain injury in children not only disupts established
functions but it may aso affect functions that are in the process of developing or that have yet
to emerge. Children who gppear to have fully recovered from brain injury may, over time,
demondtrate deterioration in  cognitive, socdo emotiond  and behaviourd  functioning
(Anderson et d. 1997, Anderson et d. 2000, Ewing-Cobbs et a. 1985, Benz et a. 1996).

Vdid neuropsychological assessment methods and evidence based cognitive rehabilitation
programmes especidly designed for children are needed if one is to be able to evauate the
eventual consequences, influence children’s recovery and prevent secondary effects after

ABI.

1.1Acquired brain injuries

Epidemiology
The concept acquired brain injuries (ABI) in children is defined as an injury to the centrd
nervous system (CNS) occurring during development, after the post neonatal period. The

most common cause of an ABI is trauma While most of these injuries are mild, with few

sequelae, children sudaining moderate to severe traumatic brain injury (TBI) may suffer



permanent cognitive and behavioura imparment. Other, non-traumatic causes for injury to
the brain during childhood are infections, brain tumours, vascular catastrophes, anoxia, and

other conditions affecting the central nervous system (CNS).

Traumatic brain injury

TBI is the most common cause of deeth in children and adolescence (case fatdity rate ranging
from 3 to 14 per 100 cases) and the incidence of children and adolescence being hospitalized
for TBI is 180/100.000 (Kraus 1995). In Sweden 7200 children and adolescents (age 0-19
years) are hospitalised every year because of head trauma (SBU 2000).

Emanuelson (1997) reported that 12 children/ 100.000 inhabitants have contusion-levd brain
injuy (concussions excluded) every year. Concusson is characterized by trandent loss of
consciousness (<30 minutes) with loss of awareness immediady following a head injury.
Contuson often includes a loss of consciousness from 30 minutes and longer. Typicd
locations for contusons are the frontal poles, the sub-frontal cortex and the anterior tempora
lobes. However, the most common subgroup condgds of children with mild or minor head
injury equivaent to concussion, which accounts for a least 90% of al head traumas (Kraus
1994, Emanudson 1997, Hawley 2004). Swedish data report an incidence of mild traumatic
brain injury varying from to 468/100.000 in the age group 0-17 years (Dahl et a. 2003), to
1000/100.000 (Falk et a. 2005).

The severity of traumatic brain injury (TBI) is graded according to the Glasgjow Coma Scae
into three groups of severity: mild TBI (corresponding to a GCS 13-15), Lack of
Consciousness (LOC<30 minutes) and Post Traumatic Amnesa (PTA< 1 hour), moderate
TBI with aGCS of 812, LOC variable ranging from 30 minutes to 24 hours, and a PTA of 1-
24 hours, and severe TBI with a GCS below 8, LOC of 6 hrs to one week, and PTA of 1-7

days or more than 7 days.
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Non- traumatic brain injuries

Mdignancies

In indudridized countries the inclusve annud incidence raes for paediatric mdignancies
vay from 110 to 150 cases per million children under 15 years of age (Stiller and Draper
1998). The most frequently occurring maignant diseeses in childhood are leukaemias,
condituting 1/3 of dl cases of maignancies in children younger than 15 years of age. The
second mogt common such maignant diseese is brain tumour, accounting for 1/4 of Al
paediatric cases (American Cancer Society 1997). Adrocytomas and  primitive
neuroectodermal tumour  (PNET)/medulloblastomas, comprisng about 50% and 20%
regpectively, of primary brain tumours, ae the most common histologica subgroups (Parkin
et al. 1988).

Although the mortdity rate has decreased the prevdence of Acute Lymphatic Leukaemia
(ALL) and brain tumours have according to some sudies, been reported to be increasng
(Bleyer et d. 1997, McNel et d. 2002, Ries et al. 1999). A trend for an increasing incidence
of childhood astrocytomas have been reveded in severd internationd registers (Blair and
Birch 1994, Bunin et a. 1996, Gurney et d. 1996, Hjdmars et a. 1999). The cause for this
trend is not known, but improvements and changes in diagnostic methods are often considered
the mog likdy explanation. In a study of the Nordic countries Hjalgrim et a. (2003) reported

that the incidence of ALL during the last 20 years has been stable.

CNS Infections
Meningitis is a rdaivey common childhood disorder characterized by inflammation of the
meningeal membranes. It has been reported that vird meningitis occurs annudly in

14/100.000/year in the 1-19 year-old age group (Khetsuriani et d. 2003). Bacteria meningitis
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has an annud incidence rate varying from 27 to 69/100.000 in the peediatric age group
(Feigin and Pearlman 1998).

Encephalitis occurs when a virus or another micro organism invades the brain, resulting in
acute inflammation of cerebra tissue possbly associated with neurond damage or desth
(Toltiz 1995). A more delayed, post-infectious demydination of white matter may aso occur.

The mortaity rate is 5 % for most forms of encephditis (Toltzis 1995). Herpes smplex virus
induced type | encephditis is one of the most common forms, it causes imparments in 1-
2/100.000, and is respongble for 5-10% of the 20.000 cases of encephalitis per year in the

U.S. (Gordon et a. 1990).

Stroke

Stroke is the common expresson for brain infarction and intracerebral bleeding. The
incidence rate for lethd and nontlethd intracerebra  haemorrhage and  subarachnoidal
haemorrhage in children under the age of 15 years has been estimated to 1.5/100.000

(Broderick et d. 1993).

Hypoxia/Anoxia

Hypoxia refers to oxygen deprivation within the brain (Adams, Victor 1993). Hypoxic
episodes may occur as a result of respiratory or cardiac falure. Near drowning has been
reported to occur in about 18.4/100.000 in children below 5 years of age in a study
representing the populations from the U.SA. (Ellis and Trent, 1985). The incidence of other,
more rare conditions, such as suffocation, choking and drangulation causng lethd anoxic
brain injury was reported to be and 0.7/100.000 in the age group below 15 years (Nixon et al.

1995).
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1.2 COGNITIVE CONSEQUENCES OF ACQUIRED BRAIN INJURY

Children with ABI frequently make a good physica recovery, and may agppear ouwardly to
have made a full recovery. The expectations of ther abiliies and behaviours are often
determined by this relatively hedthy appearance, despite the fact that they may exhibit
persisting significant cognitive and behaviourd disabilities (Johnson 1992).

Research evauding paediaric bran injury emphasises the importance of certain risk factors
that are related to the nature of the injury and the age of the person dflicted a the time at
which the injury occurred. Thus, for example, children with foca brain injuries may go on to
acquire many age appropriate abilities, and may be free from the deficits that are observed
following smilar injuries in adulthood (Taylor and Alden 1997). However, there is evidence
to suggest that there may be a “crowding effect” in these cases, thus, where one region of the
brain, needs to take on functions usudly subsumed by another pat, this may result in a
generd decrease in neuro-behavioura function (Anderson et d. 1997, Kolb 1995). On the
other hand, children sustaining a generdized cerebrd insult have been shown to undergo a
dower recovery and to have poorer outcomes than adults with smilar insults (Anderson and
Moore 1995, Anderson and Taylor 1997, Gronwall et d. 1997, Taylor and Alden 1997). Thus,
the age at the time of injury plays arole. The earlier the injury the smdler the store of learned
knowledge and skills, and the grester the likelihood of globa impairment (Dennis 1999,
Temple 1997). The timing of the CNS inault is particularly important in the immeture brain. If
the insult occurs during a sendtive or criticd developmentad period specific sructures or
functions may be disrupted (Anderson 2003). Indeed, the timing of the insult, the nature of the
injury, the stage of skills development and the socid context of the child interact to determine
the outcome for the child (Edinger et d. 1999, Ylvissker and Feeney 2002). This interaction
between development and brain injury is sometimes referred to as “growing into deficits’

(Mateer et d 1999). Furthermore, the preinjury cognitive profile of the child, the psycho-
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social context and family function are known to play an important role for recovery following

ABI in children (Anderson 2001).

Cognitive conseguences of traumatic brain injuries

Up to 50% of the children with moderate to severe traumatic brain injury (TBI) are reported
to have cognitive sequelae (Anderson et a. 2000, Brown et d. 1981, Klonoff et a. 1995)
while mild TBI seems to have less impact on intdlectud <kills dso in the acute recovery
phase (Anderson 2003).

Deficits in attention, memory and executive functions ae the most common cognitive
dysfunctions in children with TBI (Beers 1992, Donders 1993, Ewing-Cobbs et al. 1985,
Hawley et d. 2004, Kaufman et d. 1993, Klonoff et d. 1995) and may contribute to academic
falure (Catroppa and Anderson 2000, Goldstein and Levin 1985) In addition to which
increased problems in behaviour, and psychiaric disurbances after TBI are often found

(Cattelani et a. 1998, Perrott et al. 1991).

Cognitive consequences of malignancy

Of those children who are diagnosed with cancer up to 80 % are cured of their illness, but 50
% are at risk of acquiring cognitive dysfunctions (Fletcher and Copeland, 1988, Armstrong et
al. 1995, Parker et a. 1997, Mulhern et a.1992, Mulhern et d. 2004). Late neurocognitive
effects are defined as those occurring after the successful completion of medicd therapy,
usudly two or more years after the time a which the diagnods was made. It is generdly
assumed that late effects are chronic, if not progressve in their course (Mulhern and Butler
2004, Dennis e d.1996). The late neurocognitive core deficits, evident after cancer trestment
in childhood are dow processng speed, and problems with attention, memory, and executive

functions (Mulhern and Butler 2004). Children surviving brain tumours are a risk of severe
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deficits due in paticular to the continued use of cranid radiation thergpy (CRT) (Butler and
Copdand 1993, Ris and Noll 1994, Mulhern et a. 2004). Prdiminary results suggest a
reduction in the deveopment of norma agppearing white matter among patients with brain

tumour resection followed by CRT with or without chemotherapy (Mulhern et d. 1999).

Cognitive consequences of CNS infections

Approximately every third child with a CNS infection may exhibit neurologica sequelae or
cognitive impairment (Toltzis 1995).

As far as the cognitive consequences of encephalitis are concerned, the limited empirica
evidence to date suggests that subsequent to encephditis, children generdly function within
the average range, but obtain lower scores than controls, on tests of generd inteligence
(Rantala et al. 1991).

A lage-scde progpective cohort study of bacterial meningitis survivors in - Audrdia
(Anderson and Taylor 1999, Grimwood et a. 1995, 1996) showed that subtle neuro-
devedopmentd anomdies increased with the length of time Twedve years following illness
the post-meningitic group was a greater risk of imparment in intelectud, academic and

executive ability (Anderson et d. 2004).

Cognitive consegquences of stroke

The sequelae remaning after droke in childhood are highly vaiable. In a Danish study by
Engberg and Teasdde (1997), for example, the rate of disabling sequelae after cerebra
haemorrhage was (17%) in girls and (22 %) in boys, wherees Max et d. (2004) found that
children showed ggnificantly more atention dysfunction (46%) after sroke, which was
ggnificantly higher than for children with orthopedic problems (17%). The dtention

dysfunction was independent of leson volume or dte. The specific atention related core
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symptoms were inatention and apathy (Max et a. 2004). Furthermore, Chapman (2003)
found a dgnificant poorer outcome after stroke on language discourse for those aflicted with
aleson a an early age, as compared to later age at stroke. These findings dter the previoudy
exiding bdief in optimisic language outcomes after childhood droke (Feldman 1992).
However, no dte or dze of leson effects common to adult stroke has been identified in

children.

Cognitive conseguences of anoxiahypoxia

In a review of 55 articles from 1966-2000 relating to cognitive behavioura and academic
outcomes in children up to 14 years of age who had been exposed to chronic or ntermittent
hypoxia 78.2% reported an adverse effect. Of the 37 controlled studies 83.8% showed an

adverse effect on cognition (Bass et d. 2004).

1.3 COGNITIVE FUNCTIONS

The deveopment of cognitive functions during childhood is characterized by maturetion in a
number of different areas such as, attention, memory and executive functions. These functions
ae often conddered to be separate domains, dthough they actudly overlgp and interact in
complex ways that make it difficult to discuss one process without referring to some of the
others (Sohlberg and Mateer 2001). The neura circuitry sub-serving atention, memory and
executive functions is widdy shared and ae particularly vulnerable to disruption following

ABI in both children and adults (Finlayson and Garner 1994, Sohlberg and Mateer 2001).
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Attention

As Parasuraman (2000) points out “Attention is not a sngle entity, but the name given to a
finite set of brain processes that can interact mutudly, and with other brain processes, in the
performance of different perceptua, cognitive and motor tasks’. Aspects of dtention are
mediated by diverse brain regions, which ae linked by neurd networks, or functiond
sysdems. These regions progressvely mature during development, influencing the aitention
related capacities in children. Over the past two decades numerous models of attention related
systems have been proposed (Mirsky et al. 1991, Posner and Peterson 1990, 1992, Sturm et d.
1997). Regardiess of the theoreticd modd adopted, most models describe attention as an
integrated system, both cognitively and physiologicaly, involving a number of separate, but
interrelated components. These components include 1) the ability to sudain attention over
time (vigilance), 2) the ability to atend to stimuli sdectivdy, 3) the ability to dternate or
switch atention to stimuli or tasks and 4) the ability to divide atention to maintain more than
one ongoing process. Sohlberg and Mateer (1989) developed a modd of atention in which
atention was conddered to be a multidimensona cognitive capecity, which directly affects
new learning, memory, communication, problem solving, perception and mos of the other
dimensons of cognition. Attention was here consdered to be a hierarchicad function, where
lower leves of atention included basic functions such as focusng attention (with no
competing stimuli) and sudaining atention over time. Higher levels of attention, such as
sdective atention, and dternating or dividing attention, required lower levels of attention to
be intact. It has been hypothesised that these higher orders of attention are not only dependent
on the underlying functions but dso involve the &bility to disengage atention and inhibit
response. These higher orders of atention are dependent on the frontal regions of the brain

and overlap with some ahilities that have been termed executive functions.
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This model by Sohlberg and Mateer has served as the theoretica base for the Amat-c
cognitive training programme (Hendriks, 1996), evauated in the work conducted for this
thesis.

A more recent complex, hierarchicd and comparable theory on attention was proposed by
Fuster (2004). This theory encompasses an interaction between perceptual attention, working
memory and executive attention. Perceptual attention is the sdective processng of sensory
dimuli as a function of their physcd context. The sdectivity takes place a al Sages of
sensory processing and is enhanced by neurd influences that run in two directions bottom-up
and top-down control of atention. The bottom- up control derives largely from the physica
properties of the simuli and the physologicd properties of the sensory systems. The top-
down control, in contragt, is the modulation exerted by higher cortices upon the responses of
perceptud cognitive networks to sensory dimuli. In the execution of perceptudly guided
tasks the control comes from the prefrontal cortex. Fuster, assgns working memory the role of
atention focused on the internd representations of the cognitive content recently activated for
the performance of executive functions.

Findly, the highest level of executive attentional control depending on the highest and most
integrative stage in the hierarchy of cortical regionsis that performed by the prefronta cortex.

These theories of Sohlberg and Mateer (1989) and Fuster (2004) both am at an integrative
and hierarchica model where attention overlaps with memory and executive functions.

Developmenta research demondrates that young children have a limited attentional capacity,
reflecting the immaturity of the underlying neurd subdrates, for example unmyeinated axons
and developing frontal lobes (McKay et a. 1994, Ruff and Rothbarth 1996). The development
of atention is characterized by a sysemdtic increase in a child's ability to override innate
response tendencies, and replace them with more appropriate ones, in Stuations where it is

advantageous to do s0. These increases in atentional capacity depend on the ability to
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transmit information both within the cortex and via sub corticd-cortical connections. It is
argued that the development of these neurd networks occur in a set order, and within a set
time frame, with the poderior-anterior neurd network progressvely maturing but not being
fuly developed until late childhood (Klingberg et a. 1999). The developmentd differences
may be rdevant to the pattern of impairment seen after ABI during development, where sKills
edablished ealy on ae more consolidated and therefore less vulnerable, whils less

developed skills are at greater risk of impairment (Catroppa and Anderson, 2005).

Memory

Memory is the capacity to retain information about onesdlf and on€'s environment, the ability
to store the mentd traces of experience, of past events, and of learned facts.

Memory dso includes the knowledge tha we acquire, retrieve and utilize functions eg.
motor skills, perceptua and emotiona knowledge without conscious awvareness.

Many modds have been proposed to explain the process, by which information is registered,
encoded, stored and retrieved (McCarthy and Warrington 1990, Squire 1987, Tulving 1995).
The mgor components in these models are the sensory stores, where information enters the
gystem via the sense organs and is hdd, for a brief duration. Short- term memory associated
with retention over seconds to minutes and the concept of working memory a temporary
doring of information used to guide future actions and to the active mantenance of
information rdevant to an ongoing behaviour, as wall aslong -term memory in days or years
(Gazzaniga 2003). Memory is fundamentaly an associaive function (Fuser 2004).
According to the theory of Fuster (2004) memory condsts of the joint activation of the neurd
components of a large cognitive network of perceptuad and executive memory. These are
represented in overlapping networks of the neo-cortex in the occipital, tempord, parietal, and

fronta lobes, seem to be hierarchicaly organized by their content, and have been shown to
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play an important role in the formations of memory sructures (Fuster 2004, Kandel 2000).
Consequently, the networks of a memory can span wide corticd territories, from sensory
cortex (perceptud memory) to the highest conceptua cortex (executive memory) (See Color
Plate 1). The sub-corticd limbic structure (hippocampus) and cerebelum have a consolidating
and mediding function on these networks. During development are in paticular, the white
matter and the fronta lobes, progressively maturing and not fully developed until late
childhood (Rakic 1995, Dennis et a. 2000, Kandel 2000, Klingberg et a. 1999, Stuss and

Anderson 2004).

(Color Pate 1 from Fuster (2004) with permission)
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The badc biophysicd process a the root of memory formation is the modulation of
trangmisson of information across syngpses, the neura dements anatomicaly associating
cels with one another (Hebb 1949, Kandel 2000). Attention, rehearsd, repetition, and
practice are functions that strengthen the synapses of the memory networks of the cortex.

The consolidation or encoding of a memory on cdl levd condsts of syngptic modulation
under the assstance of these cognitive functions. According to Fuster (2004) the solidity of a
memory and its resstance to loss by corticd injury is depending on two structurd factors: the
grength of its synaptic connections, and the hierarchica ranking of its content. The greater
the consolidation of a memory, the greater its resstance to injury. Accordingly there is an
inverse relaionship between the hierarchicd rank of memory content and the vulnerability to
corticd injury. The lower the memory in hierarchy, the more vulnerdble it is to injury, the
higher the memory the more resstant it is. By gaining width of didribution memories gain
lidity.

These principles are of importance for understanding the cognitive consequences after ABI
and for developing cognitive training programmes. The nature of a memory deficit is
critically dependent on which regions of the brain are damaged and the extent to which they
ae uniqudy involved in one sysem or more generdly involved in multiple sygsems The
posshilities for rehabilitation will be dependent on wha components of a sysem are
damaged, how complete the damage is, and the extent to which other systems is preserved

(Glisky, 2002).

Executive functions

Executive function (EF) may be described as the centra executive component of the
information- processing system the component that directs attention, monitors activity, and

coordinates and integrates information and activity. Stuss (1992) provides an integrated mode
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of executive function, incuding a set of associated kills that dlow the individud to develop
gods, hold them in active memory, monitor performance and control for interference in order
to achieve those gods. This very broad definition may be operationdized to include three
separable, but integrated components. (1) attentional control: sdective and sustained attention
(2) cognitive flexibility: working memory, atentiond shift, sdf-monitoring, and conceptud
trander; (3) god stting: initiating, planning, problem solving and dtrategic behaviour.

The neura correlates of these executive functions of behaviour are supposed to be mediated
by the anterior association aress in the prefrontal cortex (Kande 2000). There is a growing
body of research that describes progressve improvement of executive functions through
childhood, parald to growth spurts in frontal lobe development (Yakoviev and Lecours 1967,
Giedd et a 1999, Stuss and Anderson 2004). Executive functions are by developmentd
psychologists often described as sdf regulation: setting and managing goas, planning,
organizing, initiing, inhibiting, sdf monitoring and controlling atention and  memory
(Ylvissker 2002). In educatiiona and cognitive psychology, the term metacognition is aso
commonly used to refer to sdf-regulation of learning (Ylvissker 2002). Children with
executive imparments often have grester difficulty in learning and regulaing ther socid
behaviour in school than their psychometrica testing predicts (Edinger 1997).

The interaction between attention, memory and executive function are mogt evident in the
context of ABI and commonly targeted in neurorehabilitation programs where the ability of

«f-regulation isafunctiond god.

13. PLASTICITY VERSUSVULNERABILITY

Environmental and other events can dter the organization of the norma and the injured bran,
a property of the brain referred to as plasticity (Kolb, 2003). Neuroimaging studies have

suggested that the damaged brain may undergo reorganization following injury, and animd
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research has demondgtrated plagticity in both the neocortex and hippocampus that appears to be
dimulated by functiond exercises and enriched environments associated with behaviourd
changes (Kandel 2000, Kolb 2003). In children the concept of plasticity needs to be
consdered in the light of the vulnerability of the ill developing immature brain. Platicity
and ealy vulnerability theories represent counteracting mechanisms. It could be possble that
different dructures sub-serve emerging <kills versus edablished ones. If an aea is
functiondly immature a the time of injury, deficits may not be obsarvable until the function
that is assumed to depend on that particular damaged region is expected to develop (Anderson
et a. 1999). In children, brain regions are not yet as dedicated to certain functions as they are
in adults. Despite high pladticity this leads to greater vulnerability when injured. With diffuse,
widespread, or bilaterd injury, the mechaniams for plagicity may not be avalable (Kolb
1995). It is dso possble that the sgnificant deficits associated with early brain injury are
rlated to the rapid development of many important skills during childhood. Ewing-Cobbs
and co-workers (2003) have suggested that these skills are more vulnerable when a brain
injury occurs a some ages than others because rates of <ill acquigtion vary with age. Ealy
inuy may disupt the acquidtion of basc competencies that provide the necessary
foundetions for |ater devel opment.

As a child moves through later childhood and adolescence, the nature of impairment comes to
resemble the adult picture more closdly, reflecting the more mature CNS, and the associated
reduction in plagticity/flexibility for recovery and reorganization (Anderson 2003).

One of the chdlenges is, that if neurd circuits are more plagtic a young age, the rehabilitation
conducted on children with ABI should be designed to facilitate these plastic changes. In
principle, there are two ways the bran might undergo plastic changes supporting recovery.

Firgly, through the reorganization of remaning drcuits indicating thet the nervous system
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can “do more with less’. Secondly, through the application of different trestments that
facilitates formation of new, functionally adequate synaptic connections (Kolb 2004).

A chdlenge for future rehdbilitators will be the identification of cognitive traning or
behaviourd therapy methods thet would influence development and reparative processes in

the injured brain (Ponsford 2004, Prigatano 1999, Sohlberg and Mateer 2001).

1.4. NEUROPSYCHOLOGICAL ASSESSMENTSIN CHILDREN

The primary gods of neuropsychologicd assessments in children are to provide information
about the integrity of the centra nervous system (CNS) (Lezak 2004).

A more specific god is to detect the neuro-behavioural strength and weeknesses of a
paticular child in order to contribute to appropricte rehabilitation and management
interventions. Another ongoing am is to evauate the efficacy of treetment and rehabilitation
interventions (Anderson 2001).  Neuropsychologicd assessment includes tests of cognitive
and intdlectud functioning involving different agpects of atertion, perception, visuo-
condructiona, memory and executive functions (Lezak 2004). There ae important
developmental issues, which need to be consdered when assessng the consequences of an
injury on the developing brain. It is important to diginguish between a brain-injury induced
deficit (meaning a persgtent impairment) and a delay or lag in devdopment (which entalls the
suppostion that a child may eventudly “catch up’) resultant from brain injury. A brain injury
may affect the onsst of a kill, the order of emergence of a skill, the manner in which a skill
develops and/or the degree of devdopment of a skill. It is likdy that the capacity for
functiond compensation may vary across brain regions and cognitive domains, and that
damage to multiple systems may interact to produce greater disability.

It is paticulaly important to assess adilities often, as skills during development change

rapidly and there are important interactions between development and injury effects.

25



To follow the development of these cognitive capacities it is important to have test devices
that are standardized, have the capacity to measure changes over time, and can be combined
with other psychometric assessments.

There were no available standardized and validated tests for gpecific measuring of aitentiona
capacities across ages in Sweden when embarking on the series of studies presented here.

The GDS is a computerized test device that had been standardized (Gordon 1988) in the U.S.
among 1400 norma American children between the ages of 4-16 years of age. This test is
easy administered and can be connected to computer. For the work presented in this thess,
the GDS was tested on Swedish children before being used as an objective instrument

evauating the effect of cognitive training.

1.5. ECOLOGICAL VALIDITY

The role of neuropsychologicd testing has changed with the development of brain-imaging
techniques because they dlow physicians to gather more precise information about lesion,
location and type of brain pathology (Long and Kibby 1995).

The focus of neuropsychology today are moving away from diagnogic questions to questions
about the patients everyday cognitive abilities and disabilities and to evduate the effects of
rehabilitation programs (Sbordone 1997, Wilson 1993). The tests, however, have not changed
accordingly. The same tests that were developed to answer diagnostic questions are now used
to answer questions about functioning in the red world. It is important to demondrate that
neuropsychologica tests have ecological validity. Two approaches to address the problem of
the ecologica vdidity of tests have been identified. The first concerns the degree to which the
cognitive demands of a test theoreticdly resemble the cognitive demands in the every day
environment (Franzen and Wilhdm 1996). The other approach used in ecologica validity

research refers to the degree to which exiding tests are empirically related to measures of
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every day functioning (Franzen and Wilhdm, 1996). This type of research involves the use of
datistica techniques to relate performance in traditional tests to measures of red- world
functioning, such as quedtionnaires, or dinica raings. As it is known that there is an
interaction between cognitive deficits and the environment to produce behaviour, both need to

be assessed if ecologica vdidity isto be demongrated (Goldstein 1995).

1.6. NEUROPSYCHOLOGICAL REHABILITATION

It is of importance to emphadse the fact tha brain injury affects cognitive, socid,
behaviourd, and emational functioning. As each of these domans interacts with others, they
need to be conddered smultaneoudy (Sohlberg and Mateer 2001). The gods of
neuropsychologica rehabilitation are to promote recovery and to work with the injured child
and hisher family to compensate for resdud deficits, to undersand and treat cognitive and
behaviourd imparments, to recognize the role of these imparments in functiond disabilities
and to monitor the impact on the role of the family and other socio-emotiond factors
(Prigatano 1999, Wilson 2003, Ylvisaker 1998). Working with the emoctiona reactions to
frugtration and loss is another integra part of effective treatment (Prigatano 1999, Sohlberg
and Mateer 2001). Parents play a key role in the rehabilitation gocess and educating parents
isan essentiad component of any rehabilitation program (Wilson 2003).

Asfor adults neuropsychologica rehabilitation in children is amultidisciplinary tesmwork.

The team involves physcians, neuropsychologists, physotherapists, occupationa therapists,
speech therapidts, play therapists, speciad educators and socia workers. These provide a range
of specidid interventions. The families of the children dso provide an active and important

role during rehabilitation.
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1.7. COGNITIVE REHABILITATION

Cognitive remediation, rehabilitation and retraining ae dl terms tha refer to sysematic
therapeutic efforts designed to improve cognitive functions (Cope, 1995, Carney 1999,
Cicerone 2000, Sohlberg & Mateer 2001, Ponsford 2004). Cognitive rehabilitation may
involve internally focused interventions meaning the direct process-specific traning of a
function, eg. like atention and/or memory traning as wdl as learning compensatory
techniques. Another aspect of interndly focused interventions often included in cognitive
rehabilitation programs involves fadlitation of indght and sdf-awareness with regard to
cognitive abilities, which includes ingruction in the use of meta-cognitive strategies.

Externally focused interventions, on the other hand, involve adapting to environmenta
demands, making environmenta modifications and the use of speciaised teaching Strategies.

Reviews of a large number of dudies on the effectiveness of cognitive rehabilitation for adults
after stroke or TBI provided support for severd forms of cognitive rehabilitation. For
exanple, a gedific podtive effect for atention traning in the pod-acute phase of
rehabilitation, and for compensatory memory training in mild memory imparments has been
found beneficid (Cappaet a. 1999, Cicerone et a. 2000).

The few exiding dudies on cognitive rehabilitation of children are based on smdl samples
and frequently include no control conditions (Mateer et a. 1999). Moreover, currently
avalable traning methods for children are often versons of materia desgned for adults
(Warschausky et ad. 1999). The Attention Process Training (APT) materids, based on the
hierarchicd modd of attention from Sohlberg and Mateer, is one such method developed for
adults (Sohlberg and Mateer 2001). Thomson (1995) reported notable gains in severd
psychometric measures of atention when usng APT in a preiminay sudy on children with
TBI. Kens e d. (1999) evduated a more child-oriented verson of this programme, caled

"Pay Attention,” and reveded that there was dgnificant improvement in children with ADHD
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Klingberg e d. (2002) showed enhanced performance in a controlled study on children with
ADHD with a computerized child directed process specific training for working memory.
Butler and Copeland (2002) reported postive effects with their broader cognitive remediation
program in apilot study on children surviving cancer.

The Amgerdam Memory and Attention Traning method for working with children (Amat-c)
is a cognitive training programme developed by Hendriks and co workers (Hendriks, 1996)
for children who had survived cancer. This training programme conssts of both internaly and
externdly interventions of cognitive rehabilitation. Following adgptations and modifications
this training programme is evauated in the present thess. A more detailed description of this

method will follow on pages 32-34.

29



2.AIMS

The overdl am of thisthess wasto apply atest of sustained attention and impulse control
on a Swedish population, assess cognitive functions and to evauate the effectiveness of a
cognitive traning programme on children with acquired brain injuries. The more specific

ams can be summarised as follows:

- To test the computerized measure known as the Gordon Diagnogtic Sysem (GDS) of

atention and impulsvity on Swedish children usng a group of children with ADHD and a

control group to provide a comparison.

- To test the feeshility of a cognitive traning programme on children with traumatic brain

injuries (TBI).

- To evduate the effectiveness after 17 weeks of cognitive training on children with ABI in a

randomized controlled study using a neuropsychologica test battery consisting of the GDS.

- To investigate the condgtency of the training effect, as wdl as to identify factors that might

influence outcome &t the follow up, conducted 6 months after the completed training.

- To evauae the trander of the training effects on behaviour usng behaviourd raing scaes

for parents, children and teachers.
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3. MATERIAL

3.1 Subjects

Study 1. In tota 71 children participated in Study |. They had a mean age of 10.5 years and
were referred from a centrd hospita unit (Astrid Lindgren Children’s Hospita), from one
outpatient unit and from a specidized locd team in the greater Stockholm areg; they fulfilled
the ADHD criteria according to DSM- V. A control group of 88 children, with a mean age of
10.2 years was recruited from norma schools and in the same areas as the clinical sample.

Study 1. Three children participated in Study 11. They were children with TBI who had been

followed at the Neuropaediatric Unit of the Agtrid Lindgren Children’s Hospital. See Table |

Table 1 Essential clinical features of 3 subjectsin Study |

Subjects Patient 1 Patient 2 Patient 3
Gender boy boy girl
Ageat injuryl/iliness |7.1years 7.1years 13.1years
Glasgow coma scale |3 - 11
Diagnosis/ Penetrating object I ntracer ebral Multiple contusions
Type of damage right hemisphere bleeding left
temporal lobe
Ageat start of 10.2 years 12.10 years 16.10 years
training
The children who paticipated in Studies 111, IV, V condsed of a sample of children

followed a the Neuropaediatric or the Oncology depatment of Astrid Lindgren Children's
Hospitd, Folke Bernadotte/ Academic Hospital of Uppsda or Lund Universty Hospita. The
criteria for incluson were: age> 9 years, ABI, 15 years having eapsed since the time of the

injury (TBI) or dnce the end of treatment (brain tumours), 1Q>70, performing 20% 1 SD or
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more below the age-appropriate average in the neuropsychologicad test battery of attention
and memory functions.

Excluson criteria were not spesking Swedish as the nadive language and pre-injury
Neuropsychiatric diagnoss.

All digble children from the participaing dinicd units who fulfilled the incudon criterias
were invited to paticipate in the study. Of the 53 digible children, the parents of 40 gave

their consent to ther child to paticipate. Two children with brain tumours eagpsed into

maignancy.

Table 2. Clinical data of the children in the training and control group in
StudiesllIl, 1V, and V

Training group Control group
n=18 n=20
M ean age, at time of 11.7 (2.3) 12.05 (2.6)
injury or diagnosis of
disease (agein years
and range)
Mean time to have
elapsed sinceinjury or 2.2 (1.0) 26 (1.2
termination of
treatment (years)
Boyd/girls 12/6 10/10
Diagnosis
Thi*(GCS” >8) 7 6
Thi (GCS<8) 5 3
Encephalitis 1 1
Anoxia 1 0
Brain malignancies 4 10
Irradiation therapy 4 6
Chemother apy 4 6
Pretest 1Q 95 94
Attention factor 82 82

a) Thi= Traumatic brain injury b) GCS= Glasgow Coma Scale
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2. 2 Methods

Gordon Diagnogtic Sysems

The Gordon Diagnostic System is a computerized test that was developed to measure impulse
control, atention, vigilance and digtractibility (Gordon, 1983). It was standardized in 1988 on
American children. Two specific subtests were used in the Study I, the Vigilance Test and the
Delay Task to messure the ability to sudain atention over time, sdf-regulation, and
inhibition, the ability to estimate time as wdl as the capacity to develop drategy and readiness

to respond to simuli. In Studies 11 and 1V, only the Vigilance Test was administered.

Cognitivetraining method

The intervention programme (Amat-c) was developed by Hendriks and coworkers (1996) at
the Emma Ziekenhuiss Amgerdam Medicd Center in the Netherlands. This programme is
based on a modified modd from Sohlberg and Mateer (1989), which differentiates attention
on three levels sudained attention, selective atention and mentd tracking. In the same way,
Hendriks et d. (1996) differentiated the memory processes on three levels corresponding to;
the sensory register, the short-teem or working memory and the long-teem memory. The
interaction between attention and memory is most evident a the leve of mentd tracking.
Menta tracking (Lezak 2004) is defined as “the ability to co-ordinate and integrate sustained
and selective attention, aswell asto divide, dternate and shift attention”.

The Amat-c method involves a combination of daily practice and games on the one hand, and
exerdses in gpecific atention and memory techniques on the other. Additiond behaviour
modification techniques ae incorporated in the programme. These techniques focus on
learning drategies for use in daly life and in the accomplishment of school tasks. Skills for
enhancing both visua and auditory moddities are trained. Daly exercises of 30 minutes

during 17 weeks, gradudly increase in terms of the levd of difficulty according to the three
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phases mentioned below. Children perform the exercises with a coach (teacher or parent) at
school or a home. Written ingtructions and a diary complement the exercises. Once a week
the child and hisher coach are seen a the hospitd for feedback and reinforcement. This
sesson provides the opportunity to give therapeutic intervention beyond that encompassed by
the specific traning tasks enadling the child to share hisher cognitive, emotiond and
behaviourd experiences. There are two versons of the Amat-c method, one for children

between 8 and 12 years of age and one for adolescents aged 13 or older.

First phase; training sustained attention

The traning techniques in this phase indude only one or two auditory or visud stimuli, with
only one response dternative. One example of this technique is ‘ligtening to the ticking of a
clock’, or ligening to the radio and registering sounds, it is intended to train the ability to
focusng atention conscioudy. The results are regigered in the diary. This diary can then
provide the basis for discusson during the weekly thergpeutic sesson a the hospitd. This
firdg phase of leaning to focus attention step by sep and to inhibit impulses adso

smultaneoudy acts as atime for establishing an dliance between trainer and child.

Second phase: training selective attention

During the second phase of the programme, responses have to be further inhibited or
activated. Didracting gimuli are introduced that have to be digtinguished from the reevant
simuli. The second part of the selective atention phase trains the child’ s ability to divide

his or her atention between different stimuli and dternate activation of responses. The
differences between rdevant and irrdevant gimuli have a higher levd of complexity in this

phase.
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One example of an exercise in this phase is the letter maze. The child has to track down
specific words one by one: find one word, cross it through and ignore al the other words or
combinations of letters. After the exercise, the child is asked to write down dl the different

ways in which he/she found the words, to increase the awareness of meta-cognitive Strategies.

Third phase: training mental tracking

The third and find phase of the training is a combination of mental tracking and training of
internal  compensatory  drategies for semantic and episodic memory. The overlapping
functions of attention and memory ae especidly clear in this phase and are trained in
combination. This phase includes verbd, visud and spatid memory exercises, darting with
smple encoding techniques, such as repetition, and then progressng into semantic encoding
drategies and finadly combining al the techniques and drategies. The children’'s capacity for
retrieva is traned by associaion, recognition, free recdl, cued recdl, as wel as recdl with
vanishing cues. The exacses ae mixed with interactive games that include incidenta
learning, visud imagery and semantic processing. Severd dimuli patterns are  processed
sequentidly. The children conscioudy learn to organise encoding in order to improve
retrievd by usng different conceptuad search drategies. In addition to memory techniques,
they learn sep- wise drategies how to ded with new information and with Stuations

demanding sdf- regulation i.e. executive functions.

M ethods of evaluation

Neuropsychologica test batteries

The effect of training was assessed with neuropsychological test batteries.
The tests described below were performed before the training commenced, directly after the

training had been completed (within 2 weeks), and then 6 months later.
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Neuropsychological test battery for Sudy 11
The feaghility of the cognitive training method in Study 1| was evaduated usng deven
neuropsychological tests. This particular test battery was sdected specificaly to replicate the

Dutch study (Hendriks 1996).

1. Sustained attention was assessed by the BourdonVos (Vos 1988) and Visud and Auditive
Reaction Time Tests (Alphers and Aldenkamp 1992).

2. Selective attention was assessed with the Stroop-Color and Word Test (Hammes 1978), the
Binary Choice Test (Alphers and Aldenkamp 1992), the Coding (Wechder 1991), and

the Trall Making Test A and B (K6nig 1993).

3. Mental tracking and memory functions were investigated with the Digit Span Test
(Wechder 1991), the 15-Word Test (Konig 1993), the Seashore Rhythm Test (Alphers and
Aldenkamp 1992) and the Rivermead Behavioural Memory Test (Wilson 1991).

4. Generd intellectua ability was assessed usng the Wechder Intdligence Scales for children
(Wechder 1991), but this was only assessed before the intervention and 6 months after

completion of the cognitive training which formed the basis for Study 111.

Neuropsychologica test batteries Study 111, and 1V

Based on the results from the pilot study, Study |, we excluded the Bourdon-Vos Test and the
Seashore Rhythms Test. The test battery then used in Studies Il and IV was extended to
include the Gordon Diagnogtic System (GDS) and the Rey-Ogerrieth Complex Figure Test

(RCFT).
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1. Sustained attention was assessed by the Visua and Auditory Reaction Time Tests (Alphers
and Aldenkamp 1992) and the GDS (Gordon 1988, El Sayed et . 1999).

The Visud and Auditory Resection Time Tests are computerised tests for smple auditory or
visud dimuli. The simulus exposure lagts until a push-button response is given. The inter-
dimulus intervd is varied & random from 2.5 to 4 seconds. The scores caculated represented
the totd time (in ms) for the identification tasks to be completed, and thus higher scores
indicate impaired performance.

The GDS is a computerized test including different attention requiring tasks. In this study the
Vigilance Test based upon continuous performance paradigm was used. The child is shown a
series of digits and told to respond only when a particular combination of numbers appear.
Digits appear for 200 milliseconds and are presented at a rate of one per second over a period

of 9 minutes. Correct responses and errors of commission are registered.

2. Selective attention was assessed with the Stroop-Colour and Word Test (Hammes 1978) the
Binary Choice Ted, (Alphers and Aldenkamp 1992) the Coding (Wechder 1991) and the
Trall Making Test (Reitan 1986, Konig 1993). The Stroop Test consdts of three stimuli cards
on which colour -related words are written first in black, and then as dgns in different colours
and lagtly in words describing colours printed with ink in a colour that is incongruent with the
word. Stroop scores were calculated as the number of correct words given, where higher
scores indicate better performance. The Binary Choice Test is a computerised Choice
Reaction Time Tedt. Either a red or a green hdf square-inch block is displayed in a random
sequence in either the left or the right half of the screen. The child is asked to push one of two
buttons on either side of the keyboard, corresponding to the postion of the coloured block on
the screen. The results are expressed as the number of correct responses and higher scores

indicate better performance.
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The Coding test is administered according to the WISC-III manud. The Tral Making Test
(TMT) includes two parts, A and B. Results are expressed in terms of the time taken for

completion (sec). Lower scoresindicate better performance.

3. Memory functions were investigated with the Digit Span Test (Wechder 1991), the 15
Word Test (Konig 1993), the Rey-Oderrieth Complex Figure recal (Spreen and Strauss
1991), and the Rivermead Behaviourd Memory Test (Wilson 1991).

Scores for the Digit Span were caculated as described in the WISC-III manud (Wechder
1991). In the 15 Word Test smple unrelated words were presented five imes. The task was,
after each presentation, to repeat as many words as possible in a free recdl condition after
each presentation. The score was the totad number of immediately recalled words. There was
adso a delayed free recal after 40 minutes. A separate score was caculated for the total
number of words remembered during the delayed recall.

In the RCFT recdl condition the children have to reproduce a complex geometrica design 30
minutes after copying it and without prior warning that they will be asked to do this. The
accuracy score is the number of remembered dements remembered and reflects the amount of
information retained over the time.

The Rivermead Behaviourd Memory Test (RBMT) includes mostly practicd tasks, such as
remembering a name asociated with a photograph, remembering where a hidden item s,
remembering an gppointment and a dory, face and picture recognition, remembering a new
route, both immediately and after a 10 minutes delay, ddivering a message during the route
recall task, aientation in both time and space, and knowing the date. The total memory score

is the sum of the test scores. Higher vaues indicate better performance.
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Generd intdlectud ability was assessed using the Wechder Intelligence Scades for Children
(Wechder 1991) before the intervention, and then at the follow-up (6 months after the training

was compl eted).

Behaviourd Rating Scales

In the Study Il we used the same rating scde as in the Dutch study (Hendriks 1996); namely
the Deasey-Spinetta Behaviour Rating Scale, (Deasey and Spinetta 1981) pre and post
traning. The quedtionnaire condgts of 38 items, for assessng leaning ability (11 items),
socid behaviour (12 items) and emotiond behaviour (15 items). The yesno answers were
coded for positive/negative behaviour respectively (yes=1, no=0).

To evauate the children and parents view of this method, we developed seven open questions.
The am was to find out how the method was perceived and what effect they thought it had on
the children’s attention and memory performance. Parents and children answered the
questions separately. They recounted what the children and the parents experienced usng the
method, whether the exercises were easy, whether it was possble to integrate the training into
daly life and whether the training had an effect on concentration, memory or other aspects of
behaviour. There were three dternative answers coded as very good =2, reatively good =1
and not a dl good =0. Both very good and relatively good were regarded as positive answers.

In Study V we gpplied a reduced verson of the Ansr Sysem (Levin 1992), the Ansula
Behaviour Rating Scae: again this was conducted before training, directly after completion of
traning and then 6 months after the training had been completed training. This instrument
congsts of questions regarding school performance, attention, executive functions and socid
behaviour. The questions asked of parents and teachers are identica, with 23 items assessing
school performance, 25 items focusng on attention and executive functions and 29 items on

0cid behaviour. The answvers are rated on a scale from 1 to 4, where the lower numbers
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represent negative answers and higher numbers postive ones. An additiond smplified form
of the questionnaire was specificdly developed for the children consding of 23 items
concerning school performance, attention and executive functions. The questionnaires were

answered a home or a school and were sent to the authors by mail.

Procedure

In Study | dl children were tested with the Vigilance Test and the Delay Task of the GDS. In
Study Il 3 children with TBI were tested with the neuropsychologicd test battery before and
after 20 weeks of interactive cognitive training. This training darted in September 1999 and
was completed in January 2000. Questionnaires about the method and the effect that it had on
the children’s behaviour were answered before and after the training by parents, teachers and
the children separatdy. In Study |l parents were informed about two different interactive
activities to be performed a home or a school. And it was explained that we were planning to
evauate whether these interactive activities could have an influence on their children's
attention and memory capecities. The parents were told that indructions for one activity
would be given by the authors (BB, IvH, and KA), but that the other activity would be fredy
chosen by the child and the person (parent or teacher) who would “coach” this joint activity.
The prerequisite was that the fredy chosen activity should be interactive; that is, no televison
or computer games were acceptable. The free activities could, for example, consst of playing
interactive games or doing sports.

The parents, teachers and children were not made aware that one of these activities was a
treatment method. After parents consent was obtained, the children were randomized to one
group or the other.

Children who were assigned to the group which recaived ingructions from the authors (BB,

IVH, and KA) henceforth referred to as the treatment group, registered daily their activities in
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a diary. Once a week a a one hour sesson, they vidted the hospitd together with ther
“coaches’ to get support, feed back and to receive new indructions. During this sesson aso
matters relaing to problems arising in everyday life could be discussed. The children in the
group with the fredy chosen interactive activities, which will be referred to as the control
group, registered their activities in a diary like the others and sent it back by mail every week.
This group was dso contacted by telephone each week Before and after trestment the children
were tested with the neuropsychologica test battery and parents, teachers and children
answered the behaviourd rating scaes (Levin 1992), about attentional capacities, memory
and executive functions as well as school and socid behaviour. Same coworkers did not
perform the neuropsychologicd evduation and the cognitive training. The firg traning group
(Study 11) started in autumn 1999 and the last training group (Study 1) finished in June 2003.

In Study 1V the children were reassessed 6 months after completing ther training with the
neuropsychologica battery. Parents, teachers and children again answered the same questiorns
relating to the behaviourd rating scde In Study V these behaviourd rating scales were
refrospectivdy andyzed usng an dtenative mixed datisicd mode to measure redive

effect.

The Karalinska Ingtitute Ethicd Committee gpproved of the studies.
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Statistical analysis

Study | The Student t-tet was used to compare the control and clinicd samples with the
Gordon dandardization group. Categoricd varigbles were anadysed with the chi-square test
for contingency tables and the Fisher's exact €. Corrdation coefficients were caculated and
multiple regresson andyses were performed with the Gordon Test results as the dependent
variable, and with gender, sample group and age as independent variables. We dso cdculated
the area under the receiver operating characteristics (ROC) curve for the predictive accuracy
of the Gordon Test results concerning the clinicd sample regarded as poditive cases and the
control sample as the negative cases.

Study 11 In this pilot sudy with such a reduced number of children (N=3) and the absence of
control conditions we only used descriptive Satigtics.

Study Il The differences in the test results before and after training were compared between
the two groups usng the Mann-Whitney non-parametric test, because of the non normd
digribution and heterogeneous variances. Explorative regresson andyss was peformed to
evauate potentialy important influences from other variables.

Study 1V An ANOVA modd was used to evauate the change in the test results of the two
groups after training and a the 6 months follow up. Even if the varidbles were not drictly
normally distributed, it was consdered that the ANOVA gave ressonable results, as non
parametric procedures are not easly applied to this design. Extra caution was therefore taken
in the interpretation of p-vaues jus beow the 5% ggnificance level. A regresson andyss,
similar to the one used in Study 111, was performed.

Study V. A mixed effect modd approach with group specific variances was found to be

appropriate (Brown and Prescott 1999, SAS 1999). A two factor modd including interaction
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was consgdered with treatment as the, ‘between-subjects factor’, and time (directly after
treetment and a 6 months follow up) as the ‘within-subjects factor’. The resduds from the
models were ingpected and found to be at least roughly symmetric and normaly distributed.

Owing to problematic randomization we were forced to redrict the analyses of the outcome
variadbles to intervads where both groups were reasonably represented at basdline. In this
respect, the analyss became conservative due to the low number of children and the shorter
pre-trestment intervas of the sum score.

An dterndive, unbiased eimate of the reldive effect of treatment on behaviour was created
to fulfil the following requirements:

a If the treetment has no effect, the expected mean vdue of the effect variable should be zero
(unbiased).

b. The possible outcome space should be the same for al subjects in the sample; however, the
outcome probabilities might differ between subjects.

Thus, the relative effect is caculated towards the lower sum score limit when a decrease is
observed (as is commonly done), and towards the upper sum score limit when an increase is
observed. In such a way, he rdative change will be in the range [-100%, 100], and a ‘no
trestment effect’ will have an expectation of zero. Furthermore, unreasonably large effects
arigng from low basdine vaues can thus be avoided and (the usudly strong) dependence on

the basdline vaue can be made dmost negligible.
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4. RESULTS

Study | Measurements of attention deficits and impulsivity: a Swedish study of the
Gordon Diagnostic System

The children with ADHD had sgnificantly lower scores on the Delay Task of the GDS, then
the controls and the American dandardization group from the Gordon study. The ADHD
group aso had a ggnificantly higher number of errors of commissons as compared to the
controls and the dandardization group. In addition, the ADHD group showed sgnificant
lower number of correct responses on the Vigilance task, than the control group and the
sandardization group (Figure 1). The GDS scores were not associated with gender, but were
srongly associated with age. The conclusions from this study were that this tool was vdid for
use on Swedish children and could be applied in studies assessng children's ability to focus
attention over time aswell asto evaduate the effect of interventions.

Figure 1. Number of correct responses on the Vigilance Test (GDS) for children with

ADHD (N=71) and for controls (N=88)
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Study 11 Attention and memory training in children with acquired brain injuries

All three children and their “coaches’ completed the training without interruptions. The
results showed an improvement in the neuropsychologica tests of sustained and sdective
atention as wel as in memory after training. Figure 2 describes the age-corrected composite
scores for sustained, sdlective attention and memory for each child before and after training.
Quedtionnaires filled in by parents and teachers indicated that, usng the Amat-c method, the
children were able to learn drategies that improved their school achievement and their sf-
image. On the basis of these results, and the seven open questions answered by the “coaches’
about how the method was perceived, the programme was modified. These modifications
made were:

1) The training period was reduced from 20 to 17 weeks to fit in with the Swedish school year
2) The levd of difficulty was individudized to adgpt the training to the children's different
levels of performance 3) A reward system was introduced to improve motivation and

4) Theam of exercises was clarified and the sequence of time visudized.

Figure 2. Neuropsychological performance in age corrected composite scores
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Study Il1- Beneficial effects of a cognitive training programme on children with
acquired brain injuriesdemonstrated in a controlled study

The treatment group (N=18) and controls (N=20) were assessed before and after training with
the modified verson of the Ama-c method. Directly after the cognitive training had been
completed, more complex neuropsychologicd tests of sustained attention, selective attention
(Figure 3), and memory-rdaed peformance (Figure 4) demondrated that sSgnificant
improvements had been made in the training group as compared to controls. This indicated
that the training programme had an effect on complex atention and memory functions (Table
3). Exploraive regresson andyss reveded that diagnoss patly might account for
someinfluence. However, further andyss with draified Man-Whitney test for diagnoss,

showed that the datisticaly significant trestment effect was confirmed.

Figure 3. Change in performance on Trail making Test B after training
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Figure 4. Change of number of recalled segments on the RCFT after training
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Study 1V A randomized controlled trial on children with acquired brain injury reveals
sustained favor able effects of cognitivetraining

The children were assessed 6 months after they had completed ther traning with a new
investigation that used the same test baitery as had been used before and immediately after
traning.

The traning group exhibited ggnificantly more perdstent improvement with respect to
atention and memory-related tasks in comparison to the control group (see Figures 4 and 5).
In addition, the earlier results that no effect had been made on smple Reaction Time Teds
were confirmed (Table 3). Results obtained with the WISC-III one year after the start of
traning showed a dgnificant improvement in the trestment group in comparison to the
controls on the freedom of didtractibility factor and the verbad comprehenson factor (Table

4).
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Table3 Neuropsychological performance pre, and post training and at 6 monthsfollow up
Treatment group (n=18)

Control group (n=20)

TEST PRE- POST POST 6 PRE POST POST 6 p<.05
TRAINING [ TRAINING | MONTHS J TRAINING | TRAINING [ MONTHS

AudRT? 359 340 319 400 350 348 ns
(319-442) (313442 (293-363) (347-356) (304-397) (299-405)

VisRT 368 34 375 400 373 370 ns
(350-44) (324-405) (347-419) (373-356) (334-397) (347-419)

Gordon 39 43 45 42 43 43 .<.001

corr P (3543 (40-45) (42-45) (39-43) (41-44) (41-49)

Gordon 5 3 1 3 2 2 0!

com® 27 (1-6) (1-5) (0-6) (1-4) (1-6)

Binary time | 426 359 375 429 412 403 ns
(335-482) (304-458) (337-426) (379-480) (335-457) (371-433)

Binary corr | 53 57 57 55 56 57 002
(42-58) (55-60) (55-58) (54-58) (51-58) (55-58)

TMTA(9)" | 40 29 A 31 32 36 ns
(28-60) (24-41) (28-41) (27-37) (25-46) (28-48)

TMT B(s) 110 72 70 89 83 0 .03
(88-139) (58-89) (58-87) (67-137) (58-119) (65-110)

Stroop 1 53 68 76 71 73 80 ns
(41-70) (54-81) (60-83) (60-90) (57-90) (71-92)

Stroop 2 45 53 51 45 50 55 ns
(37-52) (41-63) (44-61) (36-56) (41-56) (43-58)

Stroop 3 24 32 32 27 26 31 004
(20-40) (25-45) (27-46) (18-34) (20-38) (21-40)

Coding 385 41 4 43 39 44 .009
(29-43) (34-54) (3853 (32-49) (29-51) (34--56)

Digit span 115 14 13 10 11 1 ns
(8-13) (12-15) (11-16 9-12 (9-13) 9-13)

15word 36 45 48 43 46 48 .005
(32-47) (39-55) (45-60) (35-50) (41-50) (44-59)

15w recall 9 1 13 9 10 10. 01
(7-11) (8-14) (11-149) (7.5-112) (8-12) (9-13)

RCFTrecal® | 11 18 2 19 16 17 <.001
(922 (15-26) (17-27) (10-22) (10-25) (12-22)

Rivermead 52 64 65 60 58 53 <.001
(47-57) (60-66) (59-72) (52-62) (51-62) (49-59)

a) Reaction Time b) Gordon correct responses ¢) Gordon commission errors d) Traill Making

Test and €) Rey-Ogterrieth Complex Figure Test
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Figure 5. Performance on the Digit Span Test
pre, post and post 6 months after training
145
¥ -
135 ‘ e
4 - g
¢
.
[2]
5 125 R
o ’
o .
8
IS 115 / —\
=] 4
z
10.5
9.5
Pre Post Post 6 months
Figure 6. Preformance on the Rivermead Behavioural Memory Test
pre, post and post 6 months after training
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Table 4. Intdlectua performance before training and one year after sart of training.

Trestment Group Control group

TEST PRE POST PRE POST P- LEVEL
TRAINING | TRAINING | TRAINING | TRAINING

Full 1Q 95 101 95 93.5 P=.46
Wisc-111 (80-104) (88-109) (84-99.5) 88-105.5)
Verbd 101(85- 108(92- 100 (94- 97 (90-110) | P=.03*
factor 111) 114) 105)
Perceptual 96 (86-107) | 103 98 (92-105) | 100 (91- P=.49
organization (97_112) 112)
Attention 82(75-97) | 91(88-100) §(82(75-91) | 87(75-92) | P=.05*
factor
Speed of 80 (62-88) | 90(71-103) || 85 (68-95) | 89(78-97) | P=.25
processing
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Study V. Measuring effects on behaviour after cognitivetraining in children with
acquired brain injuries

The teachers of children in the training group described Sgnificant improvements in school
performance (17.9 %), expressed as Smple sum scores, directly after training, as compared to
the control group (1.3%). The teachers adso described attention and executive functions as
being markedly improved in the traning group (15 %) whereas the controls showed a dight
decrease (-4.5%) (Figure 7). Answers about socid behaviour showed a dightly postive
change (54 %) However, Figure 7 shows that children in the training group initidly hed
lower ratings, which were controlled for with a more redtricted andyss. The unbiased,
redricted analyss confirmed the systematic difference between the training and the control
group for school peformance, atention and executive functions, dthough just indicated for
socid behaviour (Table 5). The trends reveded by parents (Table 6) and the children’s

observations showed the same trend but without reaching the level of significance.

Tableb. Estimates (restricted) of relativetraining effect in % based on
teacher’sratings

After traning 6 mo follow-up
Quegtions Group mean SE n mean SE n p
School perfor- traning 123 46 13 173 44 15 012
mance (> 42)%  control 1.3 33 19 1.8 35 17
Attention and training 157 67 7 165 64° 8 .001
executive control -20 30 9 -35 30 9
functions
(45-65)
Socid behaviour  training 54 41 9 18 38 11 .100
(> 65) control -16 19 17 -34 20 15

FINumbers in this column are sum score limits before training.
POne extreme value (outlier) was deleted because it had alarge Cook’ s distance. This deletion
does not affect the p vaue but yidds a more reliable estimate of the training effect.
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Teachers ratings (sum scores) of school performance befor e training, immediately after
training, and at 6 month follow-up

Sum score

Fig. 7
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Table 6. Estimates (restricted) of relative training effect in % based on
parents ratings

After traning 6 m follow-up
Quedtions Group mean SE n mean SE n p
School perfor training 6.1 50 12 81 48 13 41
mance (45-75)  control 15 42 19 34 43 18
Attention and traning -56 64 9 -45 61 10 >.50
executivefunc-  control -36 29 20 -36 30 18
tions (> 45)
Socid behaviour  traning 56 32 13 70 31 14 11
(> 60) control 01 25 20 07 25 18

8 Numbersin this column are sum score limits before training
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5. GENERAL DISCUSSION

The main results of the present sat of studies were that the GDS test of sustained attention
(vigilance) and impulse control (dday task) could differentiate between a dinicd sample of
children with ADHD and contrals, and that the performance was strongly associated with age.
Furthermore, it was shown in a randomized controlled study that cognitive training with the
Amat-c method sgnificantly improved complex atention and memory functions in children
with ABI. These effects had been maintained 6 months after completed training. In contradt,
no influence was found of the traning on smple reection time tests. According to the
teecher’s ratings, a dgnificant pogtive change was obsarved in attention and executive
functions as well as in school peformance after training. Parents and children described the
same finding.

Thus, the overdl man result is thet this broad based cognitive training programme,
gpecificdly desgned for children, has an impact on their complex atention and memory
functions and that this improvement transfers to school performance.

Idedly, dl children in Study 1II should have been recruited and followed at the same clinic
and by the same invedtigators. However, to achieve sufficient Satistical power and be able to
compare two groups on repeated neuropsychologica measures, it was necessary to have 20
children in each group. This in order to fulfill the criteria for 85% power and an effect-gze of
1.00, with a dgnificance level of .05. Despite the condderable sze of the grester Stockholm
aea (1.8 millions), this was not possble The study was, therefore, expanded to include
children from the Children’s Clinic of Lund Universty Hospitd and Folke Bernadotte
Hemmet, Uppsda Universty Hospitd. This expanson only necesstated having one
additiond ingructor (BB) who ingdructed the children in both Uppsda and Lund. The “coach’

during the training could be a parent or a teacher, and the person sdected was not consistently
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ether the teacher or a parent throughout the group, but varied from child to child according to
what was possble From the overal results it can be concluded that the consistence of
coaches was not of crucid importance. The Amat-c method seems to tolerate this
incongstency in the coaches as long as the method is followed according to the indructions
given in the manud.

The series of studies presented here focused on the rehabilitation of cognitive imparments in
children with ABI irrespective of etiological subgroups within ABI. The incluson criteria’s of
the children were therefore primarily based on their cognitive profiles of performance on the
neuropsychological test bettery. Including clinicd and neuroimaging data into this process
would not improve the rdiadility as the corrdation between neuroimaging findings and
cognitive performance has been shown to be modest (Emanuelsson 1997). The few earlier
published gudies in children with ABI have focused on the process specific training within
the concept of cognitive rehabilitation (Thomson 1995, Kerns and Thomson 1998). Although
this gpproach is generdly effective in improving the child's peformance on tasks smilar to
the traning exercises, limited generdization to dissmilar tasks and everyday life functioning
has been a problem (Butler and Copeland 2002). Filot data from a more holistic approach of
cognitive training, the cognitive remediation programme (CRP) reported postive effects on
children surviving cancer, where drategy acquistion seemed to normalize sustained attention
in many subjects (Butler and Copeland 2002). Butler (1998) concluded in an earlier case
report that increased effort needed to be directed towards generdization strategies in order to
achieve maxima trestment gains. The broader CRP programme condsts of massed practice
with hierarchical  attention exercises supplemented  with meta-cognitive drategies and
cognitive behavioura interventions (Butler and Copeland 2002). Equaly to the CRP, the
Amat-c method consgs of hierarchicd graded atention and memory exercises, as well as

meta-cognitive drategies, but in contragt to the CRP the Amat-c is not specificdly designed to
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improve processng speed. Accordingly, less effect was seen on tasks that demanded
processing speed, implying that the Amat-c does not train speed of performance, but the
ability to develop drategies and dea correctly with a task. A samilar trend has been reported
in dudies on cognitive rehabilitetion in adults with TBI (Cicerone 2002, Ponsford and
Kinsala 1988), and epilepsies (Engelberts et d 2002).

The results suggest that attention could be brought under some degree of voluntary control by
sf-indructiond  procedures. Metacognitive drategies that is teaching children to monitor
ther own thinking, have received some of the strongest support in improving attentiona
processes in brain injured children (Brett and Laatsch 1998). One of the crucid questions
concerning cognitive training isif there is maintenance and trandfer of effects on dally life?

Sx months following completion of the traning with Ama-c, the treatment group
demondrated sgnificantly larger and more condstent gains in complex attention as well as on
memory tasks. To our knowledge this is the firg randomized controlled study and follow up
after sysemdic cognitive rehabilitation training in children with ABI demondrating direct
and maintaned pogtive influence on complex attention and memory tasks, as wdl as trander
to school behaviour, attention and executive functions.

Some of the exercises within the Amat-c training programme can be transferred to and used in
gtuations outsde the training sesson. In fact this is encouraged during the weekly sesson at
the hospitd, with the god that the children should become aware of new ways how to ded
with thar disablities and improve <Hf-regulaion. It is a chdlenge for rehabilitation
specidigsto find everyday routines, which can be used as effective generaization tasks.

In addition, the education and support provided by the daly contact with the chosen
educators, which is required, so that they can be effective facilitators for the training of

cognitive functionsiin red life is another important aspect.
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Teachers described a ggnificant change in the training group, in school behaviour, attention
and executive functions after cognitive training, indicating a possble trandfer effect. The
drategies contained in the Ama-c method are directed a how to deal with homework, how to
focus and remember information, how to compensate disabilities and foster sdf-regulation.
Wehmeyer et d. (2000) obsarved that few teachers have training in facilitating sdf-regulation
in their pupils. Bronson, (2000) highlighted the vaue of adult-child routines of guided joint
participation in childhood and of collaborative problem solving. He argues tha school-age
children benefit from routines in which the sdf-regulatory aspects of academic and daily tasks
ae made explict. These incude seting gods creating a plan, executing in drategic
behaviour and eva uating the outcome.

Parents and children reported the same trend of improved school behaviour, attention and
executive functions in the traning group. Parents of children with acquired brain injuries can
adso become effective ddiverers of gppropriately contextudized rehabilitetion services in
their home environment. This was demondrated in a randomized controlled study conducted
by Braga in Brazil (2000). Those children who were served indirectly by rehabilitation
specidids by means of the training given to their parents had better cognitive and physica
outcomes than those sarved directly by specidists in clinicd settings. Butler (2002) aso
dresses the importance of providing parents with additional problem solving and advocecy
skills to further drengthen the effectiveness of cognitive intervention.The Amat-c programme
is a “team” gpproach which involves children, parents and teachers and has, therefore, the
potentid to be an important insgrument for parents and teachers deding with children who

need to train their attention and memory functions.
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Conclusions and future research

In summary, dthough, based on reaivey smal samples, the dudies presented in this thess
suggest that there is a direct potentid benefit in children with ABI from cognitive training on
their cognitive functions as wdl as a mantaned effect 6 months after completion of the
traning. The combination of hierarchical practice to retran a dysfunction, and the adoption of
learning skills and drategy acquidtion, as well as the individud’'s weekly contact with a
professond and the active involvement of the parents and teachers dl contribue to the
renabilitative benefit. In addition, this effect transfers to behaviour a school, and to attention
related and executive functions.

A next gep to vdidate the theoretica and practica consequence of these studies could be to
tet the Amat-c method in larger groups of children from multiple rehabilitation units
Quedions that reman, concen the optima length of traning, the ided mode of
adminigration (individud or group), the timing (acute or post acute phase) the posshbility of
avoiding the need to trave great distances between the homes of the children and ther
families and rehabilitation units (usng the internet). Snce many children with ABI over time
show behaviourd dysfunctions and no effect from this training method was found on socid
measures, the Amat-c method could possbly be complemented by a cognitive behaviourd
modification approach. Furthermore, it could be of interet to evduate this cognitive

programme on other diagnostic groups with developmenta disturbances.
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