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ABSTRACT

This thesis examined the consequences mild Traumatic Brain Injury (TBI) has on
neuropsychological measures of attention two weeks after injury, using the Cambridge
Neuropsychological Test Automated Battery (CANTAB). Most studies report attention to be
impaired after mild TBI. Moreover, attention might be more impaired in patients with
findings on neuroimaging, characterized as having a complicated mild TBI, because networks
controlling attention are widespread in the brain and axonal injuries like traumatic axonal
injury are suggested pathophysiology after mild TBI. Mild TBI patients do also often report
psychological complaints. Psychological and other mild TBI comorbid factors make it
difficult to determine the effect neuropathology has on neuropsychological performance. The
CANTAB is potentially better suited to assess neuropsychological functioning after mild TBI,
since traditional neuropsychological measures have been criticized. It was hypothesized that
1) Mild TBI patients would perform worse on neuropsychological measures of attention and
report more distress on selected self-reported measures than healthy matched controls 2 weeks
after injury. 1) That complicated mild TBI patients would perform worse on
neuropsychological measures of attention than uncomplicated mild TBI patients and healthy
matched controls 2 weeks after injury. A final sample of 62 patients with mild TBI and 49
healthy matched controls were compared on performance in the CANTAB analyzed with
multivariate and univariate analysis. The participants answered questionnaires assessing self-
reported symptoms, these were analyzed with univariate measures. All patients were
examined with MRI at 3 Tesla within 72 hours after injury. There was no statistical
significant difference between patients with mild TBI and matched healthy controls on
measures of attention. CT and MRI results identified 7 patients with complicated mild TBI, a
group too small to analyze statistically. The patients reported significantly more complaints
on concentration, memory and pain compared to controls. It was concluded that the sample in
this thesis was representative for the mild TBI population and that although some patients
reported complaints on some self-reported measures, most patients with mild TBI show good

neuropsychological outcome of attention two weeks after injury.
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INTRODUCTION

Traumatic brain injury (TBI) can be defined as a brain injury caused by an external
mechanical force that can be evidenced by alterations in brain function or other evidence of
brain pathology (Menon et al., 2010). In Norway the incidence rate of hospitalized TBI has
been reported to be 83.3/100 000 and 86% of hospitalized TBIs are categorized as mild. Falls
and motor vehicle accidents are the most common causes of TBI (Andelic et al., 2008).
Although there is evidence for neuropsychological impairments following TBI (Dikmen et al.,
2009, Mathias and Wheaton, 2007, Skandsen et al., 2010a), the consequences of mild TBI
have been debated (Dikmen et al., 2009, Ruff, 2011). The debate involves whether the
cognitive problems following mild TBI are mainly caused by brain injury or caused by other
psychological and physical factors. Attention deficits are often reported as one of the
neuropsychological impairments following mild TBI, especially in the acute stage (Carroll et
al., 2014, Ruff, 2011), the period up until two weeks after injury (Eierud et al., 2014). Some
patients diagnosed with mild TBI also report persisting symptoms beyond the acute stage
(Ponsford et al., 2000). In the heterogeneous patient group with mild TBI, there is a small
subgroup of patients with abnormalities on Computerized Tomography (CT) or Magnetic
Resonance Imaging (MRI). It is logical to assume that the patients with abnormalities on
neuroimaging perform worse on measures of attention than the larger group of patients
without abnormalities; however the results are mixed (lverson et al., 2012, Panenka et al.,
2015).

Diagnosing mild TBI

TBI is frequently classified by severity based on the Glasgow coma scale (GCS)
which assesses eye, verbal and motor responses (Teasdale and Jennett, 1974). GCS scores
vary between 3 (deep coma) and 15 (oriented and alert) and it is common to use the GCS
score to classify TBI into mild, moderate and severe (Teasdale et al., 2014). Other
characteristics applied in the classification of TBI is the period of altered or complete loss of
consciousness (LOC) or signs of altered brain function like post traumatic amnesia (PTA)
(Marshman et al., 2013). A widely accepted definition of mild TBI is a LOC (if present) <30
minutes, PTA (if present) < 24 hours and a GCS score between 13 and 15 (Mild Traumatic
Brain Injury Committee). However, some diagnostic criteria like confusion/disorientation and
transient neurologic deficits may be difficult to capture. Verification of LOC and PTA can be

difficult in situations where patients are intoxicated or in situations when there are no



witnesses to the accident. Therefore a careful clinical interview is often necessary for
diagnosis of TBI (Menon et al., 2010). Neuroimaging is not useful as a diagnostic tool for
mild TBI. Rather it is used to check for hematomas and to rule out complications from more
severe injuries. CT is the standard imaging modality in the emergency department, but there is
a growing interest in using MRI in mild TBI-research (Eierud et al., 2014). In the literature
patients with findings on CT or MRI are often characterized as complicated mild TBI, while
those who do not have findings, are characterized as uncomplicated mild TBI (Iverson et al.,
2012)

Neuropathology of mild TBI

The frontal and anterior cortices are assumed to be vulnerable to cortical contusion.
Likewise, axonal bundles are vulnerable to rotational and linear forces which may lead to
traumatic axonal injury (Eierud et al., 2014). Axonal damage resulting from rotational,
acceleration or deceleration forces is termed traumatic axonal injury or diffuse axonal injury
and has long been found in patients with TBI (Skandsen et al., 2010b). Neuronal damage in
mild TBI is usually not linked to macroscopic damage. Conversely, the pathophysiological
process in mild TBI has been linked to microstructural damage, which refers to physical
changes not visible in CT or MRI. The pathophysiological process following mild TBI has
been described as a neurometabolic cascade of events. These mechanisms can cause an
imbalance in ionic flux leading to excessive glutamate release (Giza and Hovda, 2014).
Excessive glutamate can induce neurotoxcicity where multiple intra- and extracellular events
leads to an energy crisis in neurons which eventually may cause cell death (Giza and Hovda,
2014, Wang and Qin, 2010). Cell death, however, is not an inevitable consequence in mild
TBI. On the contrary, axonal damage has been found to lead to shrinkage and atrophy of the
damaged neuron (Singleton et al., 2002). Still, such severely damaged neurons are assumed to
not be capable of normal functioning (Giza and Hovda, 2014). Neuroinflammation is
inflammatory responses within the brain and includes activation of cells such as microglia and
increased production of inflammatory mediators such as cytokines. Inflammatory responses
both within the brain and outside the brain might contribute to abnormal functioning
following mild TBI, responses that are independent of cell death (Rathbone et al., 2015).

Axonal injury implies damage to neural networks and this type of damage has been
linked to reduced neuropsychological performance in patients with moderate and severe TBI

(Giza and Hovda, 2014, Skandsen et al., 2010a). Pathways in neuronal networks are



dependent on axon integrity for normal functioning (Bigler, 2013). In recent years there have
been interests in identifying traumatic axonal injury in patients with mild TBI. Though less
frequent than in more severe cases, traumatic axonal injury has also been identified in patients
with mild TBI (Yuh et al., 2013).

In addition to axonal injury, altered synapses and neurotransmission are common
pathophysiology after mild TBI. Axonal injury and impaired neurotransmission following
mild TBI have been suggested to be linked to acute neuropsychological impairments like
slowed processing and slowed reaction time, in addition to a general reduction in
neuropsychological performance (Giza and Hovda, 2014). Inflammatory responses within the
brain and outside the brain that follows a mild TBI have in recent years been linked to
reduced neuropsychological performance after injury. The association between inflammation
and reduced neuropsychological performance has not been closely examined in humans, but
are supported by evidence in animal models. Inflammatory responses after a mild TBI are not
visible on neuroimaging (Rathbone et al., 2015). Traumatic axonal injury and other lesion
types are, however, better detectable with newer imaging techniques and in recent years there
has been a growing interest in linking neuropsychological performance to neuroimaging
results (Eierud et al., 2014).

Neuroimaging

Microstructural damage associated with mild TBI is not detectable with CT (Giza and
Hovda, 2014). Hence, it is not common for patients with mild TBI to have findings on CT
imaging (Carroll et al., 2004), and most mild TBI patients fall in the uncomplicated mild TBI
category (Iverson et al., 2012). Still, there are studies reporting a minority of patients with
mild TBI with lesions visible on CT (lverson et al., 1999, Sadowski-Cron et al., 2006,
Stulemeijer et al., 2008, de Guise et al., 2010, Dagher et al., 2013, Kumar et al., 2014).
Traumatic axonal injury, but also other lesion types, are better depicted by MRI than CT
(Ashikaga et al., 1997, Mittl et al., 1994). In a recent study 28% of 98 patients diagnosed with
mild TBI and normal CT had abnormalities in MRI (Yuh et al., 2013).

MRI sequences such as those based on Fluid-attenuated inversion-recovery (FLAIR) is
more sensitive than CT and standard MRI T2 weighted spin echo sequences in detecting
smaller lesions, such as traumatic axonal injury (Ashikaga et al., 1997). Adding
Susceptibility-weighted imaging (SWI1) and Diffusion weighted imaging (DWI1) to the MRI

sequence increased the sensitivity even more (Edlow and Wu, 2012, Spitz et al., 2013a).
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Especially the sensitivity of SWI can be improved by increasing the magnetic field strength
from 1.5T to 3T (Spitz et al., 2013a). Sequences with FLAIR, SWI and DWI are now
standard in many hospitals (Edlow and Wu, 2012). Other diffusion MRI sequences like
diffusion tensor imaging (DTI) are also much used in TBI research to investigate white-matter
microstructure (Eierud et al., 2014), such sequences will, however, not be analyzed in this

thesis.

Even though MRI has been suggested as a diagnostic tool for mild TBI (Uchino et al.,
2001, Voller et al., 2001), it has been disregarded because MRI is not readily available, takes
longer time, and is more expensive than CT (Wallesch et al., 2001). However, MRI findings
can still give a better picture of the underlying neuropathology and consequences of mild TBI
than CT, especially when related to neuropsychological findings, and are therefore often used
along with standard CT in TBI research (Eierud et al., 2014).

Complicated mild TBI

By increasing the sensitivity for detecting lesions in newer imaging techniques
patients previously categorized as uncomplicated now can be categorized as complicated
(Iverson et al., 2012). The WHO Collaborative Task Force has reported an association
between disability and complicated mild TBI (Carroll et al., 2004, Carroll et al., 2014).
Furthermore, patients with complicated mild TBI have been found to perform worse than
patients with uncomplicated mild TBI on neuropsychological measures (Borgaro et al., 2003,
Iverson, 2006a, Kurca et al., 2006, Lange et al., 2009). Conversely, in two more recent studies
there was no significant difference in neuropsychological performance between complicated
and uncomplicated groups, identified with both CT and MRI (lverson et al., 2012, Panenka et
al., 2015). Still patients with complicated mild TBI have been compared and found to have
similar neuropsychological outcome as patients with moderate TBI one year after injury
(Kashluba et al., 2008). Overall the literature appears to support a negative relationship
between a complicated mild TBI and neuropsychological performance, though the effect

seems small (Panenka et al., 2015).

With newer and more sensitive techniques more complicated mild TBI patients can be
identified (lverson et al., 2012), enabling comparison between large enough samples of
patients with uncomplicated and complicated mild TBI on neuropsychological measures. In
the mild TBI literature one of the neuropsychological domains often reported as being

affected by injury is attention (Carroll et al., 2014). Assessment of attention is a good
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candidate for mild TBI studies because attention-networks are widespread between several
brain areas (Petersen and Posner, 2012) and axonal dysfunctions are among the most common
pathophysiologies after a mild TBI (Giza and Hovda, 2014). Moreover, frontal areas might be
more vulnerable to damage after a mild TBI (Eierud et al., 2014), areas that are associated

with neuropsychological attention-performance (Cohen, 2014).
Attention

In the acute stage of mild TBI neuropsychological performance scores on attention are
lower for patient groups with mild TBI compared to control groups (Ruff, 2011). In 1890
William James defined attention in the “Principles of Psychology”: “It (attention) is the
taking possession of the mind, in clear and vivid form, of one out of what seem several
simultaneously possible objects or trains of thought (...). It implies withdrawal from some
things in order to deal effectively with others” (James, 1890, pp. 403-404). This definition is
still being used by authors today (Cohen, 2014). TBI patients with attention deficits usually
experience impairments in efficient and flexible processing of the environment. In order to
describe how attention is affected after TBI, attention is often quite arbitrary divided into sub-
elements or component processes in the literature (Williamson et al., 1996).

In “The Neuropsychology of attention” Ronald A. Cohen reviews Yyears of research to
implement an integrated theory of attention. Cohen describes attention as consisting of four
elements; 1) sensory selective attention, 1) Focused attention — capacity, I11) Executive
attention and V) sustained attention. These attention-processes are interrelated and can often
occur in a temporal sequence. This is evident by the fact that most tasks require all forms of
attention, where in certain situations some elements are more important than others (Cohen,
2014).

At an early stage in information processing certain stimuli are prioritized over others
and are the subject for further processing. This process is called sensory selective attention
and is a covert and relatively automatic process (Cohen, 2014). Sensory selective attention
involves both a selection of modality and location (in the environment) (Petersen and Posner,
2012). Shiffrin and Schneider divided attention into automatic and controlled attention
(Shiffrin and Schneider, 1984). Similarly, Donald Stuss and his colleges made a distinction
between top-down attention processing and bottom-up attention processing (Stuss et al., 1995,
Stuss, 2006). In this sense, sensory selective attention is an automatic process that is the

subject to bottom-up processing (Cohen, 2014). The automaticity of sensory selective
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attention is evident from the “cocktail phenomenon”, where a person’s attention can be
automatically redirected if the person’s name is mentioned in an unattended conversation
across the room (Wood and Cowan, 1995). A person can also voluntary select what to attend
to, this volitional selection, however, involves a shift into more controlled processing, which

introduces more demand for focused attention (Cohen, 2014).

Focused attention requires more controlled top-down processing than sensory selective
attention. The focus of attention varies in intensity and as the task demands increase, more
controlled processing is required and the focus becomes more intense (Cohen, 2014). Focused
attention is closely linked to the capacity of attention, which refers to the maximal amount of
information processing possible at a given time (Kahneman, 1973). Consequently, the
attention-capacity and the degree of focus of attention is limited (Cohen, 2014). This
limitation is due to the nature of controlled attention, which is processed serially as oposed to
automatic attention which can be processed in parallel (Sternberg and Mio, 2009). Working
memory (Baddeley, 1986) is therefore important for controlled focused attention (Cohen,
2014, Willmott et al., 2009), because working memory is an active controlled process
involving rehearsal and manipulation of temporary stored information, it is affected by load
and requires high levels of focused attention (Cohen, 2014). The focused attention is also
restraint when attention is allocated to more than one task at a time, which is called divided
attention (Cohen, 2014, Williamson et al., 1996).

In addition to requiring more focused attention, controlled processing also increases
the demand for executive-attention (Cohen, 2014). Conscious attention is believed to be under
the control of a central executive originally introduced by (Shallice, 1982). As mentioned
earlier, volitional selection involves a shift to more controlled processing. When the selection
of attention enters the awareness it is the subject to conscious processing that is controlled by
the executive-attention (Cohen, 2014). The executive-attention is in this way similar to the
concept of cognitive control. Cognitive control involves goal directed behavior that is
controlled by top down processes (Miller and Cohen, 2001). Similarly, the broader term
executive functions involve goal-directed complex processing consisting of several sub-
processes (Elliott, 2003). The terms executive functioning, cognitive control and attention are
often used to describe similar processes, and the line between them is not sharply drawn
(Williamson et al., 1996). Executive functions like abstraction, planning and organization are

not directly related to attention, though they certainly require a substantial amount of focused



attention. While functions like selection, initiation, sequencing, maintenance, intention and

switching often are categorized as functions of executive-attention (Cohen, 2014).

When demands for sensory selective attention, focused attention and executive
attention acts over time, the need for sustained attention increases (Cohen, 2014). Sustained
attention is the ability to maintain attention over a period of time (Williamson et al., 1996), is
therefore temporal in nature and is in this way separated from the other elements of attention
(Cohen, 2014). A great deal of arousal is necessary to maintain alertness and optimal
vigilance in tasks requiring sustained attention (Petersen and Posner, 2012, Cohen, 2014). The
demand for sustained attention varies according to which process of attention that is required
for the task. Controlled processes like focused attention and executive attention, pose more
strain on sustained attention than automatic processes like sensory selective attention. Most
tasks require all forms of attention, where some processes are more important than others in

certain situations (Cohen, 2014).
Neural correlate of attention

The elements of attention can work both in sequence and in parallel and these
processes are distributed between several brain regions and have both distinct and shared
functional neural correlates. Arousal and alertness is important for maintenance of attention,
hence, sustained attention (Cohen, 2014). Specifically projections originating in the locus
coerelus in the brainstem that contain the neuromodulator norepinephrine (NE) has an
important role in this type of maintenance (Richardson et al., 2013). NE neurons have major
projections to frontal and parietal areas and are important for sustaining vigilance (Petersen
and Posner, 2012) and switching of attention to different tasks (Petersen and Posner, 2012,
Richardson et al., 2013). Alertness provided by the NE network is important for optimal
performance in complex tasks (Fan et al., 2009). The neuromodualtor Acetylcholine, with
projections orginating in the basal forebrain, are important for orienting attention towards
sensory stimuli. The orienting of attention (sensory selective attention) is controlled by a
dorsal network involving the superior parietal lobe and the frontal eye fields, as well as a
ventral network consisting of the ventral frontal cortex and the temporoparietal junction
(Petersen and Posner, 2012). These networks are involved in bottom up automatic attention
that occur in the early stage of attention processing (Cohen, 2014). Improved sensory

attention might be caused by synchronization of the acitivity in the dorsal and the ventral



orienting networks. In this way the networks can increase the sensitivity of sensory modalities

and allow for faster responses (Petersen and Posner, 2012).

When processing demands incease in complex tasks involving focused attention and
executive attention, functional neuroimaging studies show increased activation in the anterior
cingulate cortex (ACC) and the dorsolateral prefrontal cortex (DLPFC) (Cohen, 2014).
Cogntive control therories argue for a single control system, where the prefrontal cortex
provide the top down control signals (Miller and Cohen, 2001). There appears, however, to be
evidence for two such controlling networks that are involved in the control of attention. The
ACC and the DLPFC might be involved in two different, but related networks that pose top
down control over tasks involving focused and executive attention; the cingulo-opercular
network and the frontoparietal network. The cingulo-opercular network provides top down
maintenance of controlled attention. In contrast, the frontoparietal network is thought to
control swithing, initiation and adjustments of tasks involving controlled attention (Petersen
and Posner, 2012).

Neuropsychological assessment of attention

Compared to healthy persons, patients with brain injury usually make more mistakes
and have longer reaction times on neuropsychological tests of attention. Moreover, they tend
to perform worse as the complexity of the task increases (Cohen, 2014). A wide range of
different neuropsychological tests have been used to assess deficits in attention in patients
sustaining a mild TBI (Eierud et al., 2014). Conflict tasks are often being used to assess
focused attention and executive attention (Cohen, 2014). In conflict tasks, such as those
assessing the classical Stroop effect, reaction times are reduced on incongruent trials
compared to congruent trials (Petersen and Posner, 2012). In incongruent trials in the Stroop
test for example, participants must name the ink color of a word that indicates another color
(e.g. the word RED written in blue ink color) (Sternberg and Mio, 2009). Hence, conflicting
information on incongruent trials prolongs the decision making process. Performance on
conflict tasks have been used to assess individual differences in the efficiency of attention

networks (Petersen and Posner, 2012).

Tasks that require working memory have been one of the main methods of assessing
focused attention (Cohen, 2014). Traditionally, working memory has been assessed with tests

like the letter span, word span, digit span (Mathias and Wheaton, 2007) and N-back



(McAllister et al., 2001). Most of these tasks measure the amount of items participants can
successfully recall, e.g. in the digit span participants are presented an increased number of
digits, the number of digits the participants can recall quantifies the working memory capacity
and hence the capacity of focused attention (Mathias and Wheaton, 2007). Functional
neuroimaging has related working-memory tasks to the DLPFC (Eierud et al., 2014) and
parietal regions (McAllister et al., 2001) implicating such task in the frontoparietal attention

network.

Neuropsychological tasks that require sensory selective attention, focused attention
and executive attention over time depended on sustained attention. Hence, sustained attention
is often assessed with neuropsychological tests that continue over time (Cohen, 2014). Visual
search tasks have been used to assess sustained attention in TBI-research. In visual search
participants are asked to search for a target hidden among distractors (Mathias and Wheaton,
2007). Performance in neuropsychological tasks assessing sustained attention requires
participants to maintain a high level of arousal and alertness (Cohen, 2014). Hence, sustained
attention-tasks require normal functioning of the NE-network, in addition to requiring normal
functioning of the other attention networks, as sustained attention implement all the other

elements of attention over time (Petersen and Posner, 2012).

Without a unified theory of attention, many studies rely on different definitions of
attention with its different sub-elements (Cohen, 2014). Moreover most of the mentioned
traditional pen and paper neuropsychological tests have been criticized as being insensitive,
non-specific and lacking ecological validity. Improved approaches have been proposed. In
recent years there has been an increasing interest in using computerized neuropsychological
tests in both research and clinical practice (Eierud et al., 2014). One increasingly popular
computerized neuropsychological test-battery is the Cambridge Neuropsychological Test
Automated Battery (CANTAB). This test battery consists of a series of nonverbal tests of
cognition including attention (Smith et al., 2013). The CANTAB has been shown to be
sensitive in detecting neuropsychological changes in both normal and neurological
populations (De Luca et al., 2003, Mehta et al., 2000). Most studies rely on different
neuropsychological test-batteries, and at this point, there does not seem to be any consistency
in test-batteries used for neuropsychological testing in TBI-research. More sensitive,
standardized assessments that are specially adapted to mild TBI are needed to further reduce
the limitations of studies focusing on traditional neuropsychological measures (Eierud et al.,
2014).



Deficits in attention following mild TBI

The controlled processes of attention, executive control and focused attention, are
more affected following mild TBI than automatic processes like sensory selecitve attention
(Cohen, 2014). A patient with neglect syndrome, for example, does not recognize an area in
the visual field, dispite intact sensory systems, this syndrome involves sensory selective
attention and is not common following mild TBI (Williamson et al., 1996). Conversely, TBI-
related attention deficits involve controlled attention processes (Cohen, 2014), involving the
cingulo-opercular network and the frontoparietal network. The aurosal pathways and
orienting pathways (sensory selective pathways) does, however, provide an important
fundament for efficient processing of attention (Petersen and Posner, 2012). Distruption of
any of the networks of attention, e.g. due to traumatic axonal injury, might therefore

contribute to impairment in neuropsycholgical performance following mild TBI.

There is some evidence indicating that neuropsychological deficits can occur also in

the absence of strucutral brain changes visible on CT, conventional MRI (Carroll et al., 2014)
and even more sensitive MRI sequences including DTI (Bigler, 2013). These findings suggest
that attention deficts, might be caused by strucutral changes too small to be visualized on
neuroimaging, neurinflammatory responses, or psychological factors (Rathbone et al., 2015).
These mechanisms, however, also applies to patients with complicated mild TBI, and one
could hypothesise that patients with injury related brain changes visible on neuroimaging,
especially changes related to networks of attention, would show more deficits in attention

compared to other patients with mild TBI without findings on neuroimaging.

Most studies observe specific attention deficits in the acute stage following a mild TBI
(Halterman et al., 2006, Kwok et al., 2008, Landre et al., 2006, Malojcic et al., 2008, Mathias
et al., 2004, Pare et al., 2009, McAllister et al., 2001). These studies vary however in the types
of elements of attention that are reported to be affected after a mild TBI. One study reported
mild TBI patients to have reductions in sustained attention and executive attention, but not in
focused attention assessed with divided attention tasks (Mathias et al., 2004). Another study
reported reductions in sustained attention and focused attention, assessed with working
memory tasks, but not in executive attention assessed with duration of decision making
(Malojcic et al., 2008). Conversely, one study did not find any difference between healthy
control participants and patients with mild TBI on measures sustained attention and focused

attention assessed with both divided attention task and working memory tasks (Heitger et al.,
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2006). In studies on sports injured athletes with mild TBI there are evidence for impairments
in attention in the first hours and days after injury, and attention impairments in sports related
mild TBIs usually improve within the first days after injury (Ruff, 2011). Sports related mild
TBI are often seen as less severe than mild TBI caused by e.qg. falls and motor vehicle
accidents (Ruff, 2011, Bigler, 2008).

These findings add further complexity and diversity to the mild TBI. Methodological
differences and theoretical differences between studies using neuropsychological tests in TBI
research makes it difficult to compare them (Carroll et al., 2014, Mathias and Wheaton,
2007). A recent systematic review investigated neuropsychological outcome in the acute stage
in mild TBI patients. Although most studies found reduced neuropsychological performance
in mild TBI patients, the type of deficits and magnitude of these varies across studies (Carroll
et al., 2014). Moreover, the majority of patients with mild TBI appear to recover from

neuropsychological impairment during the acute period (Bigler, 2008).
Post-concussion symptoms

There is a debate whether the impairment in attention that have been observed
following mild TBI is caused by structural brain damage caused by the head trauma or other
physical and psychological factors (Ruff, 2011). Self-reported problems with attention are
along with self-reported somatic, emotional and other self-reported neuropsychological
deficits, referred to as post-concussion symptoms. Common post-concussion symptoms are
listed in table 1.

Post-concussion symptoms (table adapted from Al Sayegh et al. 2010)(Al Sayegh et al., 2010)

Physical Cognitive Emotional
Headache Memory deficits Irritability
Dizzyness Attention/concentration deficits ~ Depression
Fatigue Executive function deficits Anxiety

Visual disturbances
Noise sensitivity
Light sensitivity

Insomnia

Objectively measured neuropsychological impairment following mild TBI cannot be
solely explained by neuropathological damage (Pare et al., 2009). It is possible that

neuropsychological impairments are caused by physical and emotional post-concussive
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factors (Carroll, 2004). However other factors like pain, acute stress-disorder, prior health and
compensation/litigation issues might also affect both reported symptoms and objectively
measured neuropsychological impairment (Al Sayegh et al., 2010, Ponsford et al., 2011).
Post-concussion symptoms have also been reported following other acute traumas without
head injury (Meares et al., 2011), indicating that post-concussive symptoms are not exclusive
to mild TBI, and that it is the injury itself that causes post-concussive symptoms (Carroll et
al., 2014). Especially factors like pain, anxiety, depression, post-traumatic stress and litigation
are factors that are associated with subjective symptoms following most acute traumas
(Cassidy et al., 2014).

Conversely, one study comparing patients with mild TBI with patients sustaining other
acute traumas found the patients with mild TBI to have significantly more impairment in
attention, but not to report more post-concussive symptoms than the trauma controls (Landre
et al., 2006). This study potentially controls for the contributions of acute post-concussion
factors on attention outcome. However, it is difficult to determine whether the injury severity
in the two groups was similar (Carroll et al., 2014). Post-concussion symptoms have been
linked to mechanical injuries to the brain like traumatic axonal injury (Maruta et al., 2010).
Therefore it is possible that patients with complicated mild TBI might be more vulnerable to
post-concussion symptoms than patients with injuries to other parts of the body, as well as
patients with uncomplicated mild TBI. However studies examining the correlation between
traumatic axonal injury and post-concussion symptoms are mixed (Panenka et al., 2015), and
one study did not find patients with complicated mild TBI to report more post-concussive
symptoms than uncomplicated mild TBI patients (McCauley et al., 2001). Most cases of mild
TBI are not associated with findings on neuroimaging (Carroll et al., 2014). Therefore it is
possible that most post-concussive symptoms are either caused by factors too small to be
detected on neuroimaging or by other factors, such as inflammatory responses or
psychological factors (Rathbone et al., 2015). Either way, to identify the role mild TBI related
brain injuries plays on attention it is therefore important consider post-concussive symptoms,
prior health, pain and other mild TBI comorbid factors (Ruff, 2011).

Aims

The purpose of this thesis is to assess attention and self-reported outcomes two weeks
after a mild TBI, to investigate whether 2 weeks outcome of mild TBI can be related to brain

injury visible on neuroimaging and to assess the usefulness of the CANTAB in assessing
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attention functions after mild TBI. It was hypothesized that 1) Mild TBI patients will perform
worse on neuropsychological measures of attention and report more distress on self-reported
measures of memory, concentration, depression, anxiety, somatization, sleep, pain and fatigue
than healthy matched controls 2 weeks after injury. 11) That complicated mild TBI patients
will perform worse on neuropsychological measures of attention than uncomplicated mild

TBI patients and healthy matched controls 2 weeks after injury
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METHODS

Participants

Out of all patients eligible for inclusion in this thesis 32% consented to participate in
the project with MRI and neuropsychological testing (See Appendix), leaving 76 patients with
mild TBI that were admitted to St. Olavs Hospital department of neurosurgery or admitted to
Trondheim municipal clinic. Mild TBI patients were included if they I) were between 16 and
60 years old I1) were speaking Norwegian and living in Norway, 1V) had not sustained a
moderate or severe TBI, V) had not sustained a prior complicated mild TBI, VI) did not have
any contradictions for MR and V1) did not have any severe psychiatric, neurological or
medical disease. Primary endpoints, demographic variables and injury related information
were registered. The severity of the TBI was measured by the Glasgow Coma Scale (GCS),
Post traumatic amnesia (PTA) and level of consciousness (LOC). For the TBI to be classified
as mild the patients had a GCS score between 13 and 15, PTA for not more than 24 hours and

a LOC no longer than 30 minutes. Injury characteristics of patients are presented in table 1.

A total of 52 participants were recruited for the control group. Participants for the
control group were recruited from friends and family of the patients, employees working at St.
Olavs Hospital, students at St. Olavs Hospital and friends and family of employees and
students at St.Olavs Hospital. The participants were matched with the patient group in terms
of age, gender and length of education. Years of education was categorized into low (10-13
years), medium (14-16 years) and high (17-18 years). A comparison of demographic variables
between the patient group and control group are listed in table 2.

Persons were included in the control group if they I) were between 16 and 60 years
old, I) were fluent in Norwegian and living in Norway, 111) did not have any contradictions
for MRI and 1V) did not have any severe psychiatric, neurological or medical disease. The
recruitment of participants for the control group was done in a two-stage process. Participants
in the control group in the present thesis compromise the participants recruited in the first
stage. More participants will be recruited in the next stage as a part of a bigger project at
NTNU and St. Olavs hospital.
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Table 1: Patient characteristics, n=76

Variable
Number of patients Percent
GCS score
13 2 2%
14 16 21%
15 53 70%
Unknown 5 7%
PTA duration
No PTA 1 1%
<1 hour 45 59%
1 hour - 24 hours 25 32%
PTA, but unknown duration 3 4%
Unknown 2 3%
LOC duration
No LOC 10 13%
<5min 30 39%
5-15 min 8 11%
15-30 min - -
> 30 min - -
Unknown 28 37%
Injury mechanism
Fall 29 38%
Motor Vehicle accident 8 10%
Bike accident 16 21%
Violence 6 8%
Other 16 21%
Missing 1 1%
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Table 2: List of demographic variables: Patient group and control group

Variable Number of patients with mild TBI Number of healthy controls
(%) Controls (%)
Gender
Men 46 (61%) 26 (50%)
Women 30 (39%) 26(50%)
Education
Low education 38 (50%) 16 (31%)
Medium education 24 (31%) 24 (46%)
High education 14 (19%) 12 (23%)
Age
Mean (SD) 32.08 (13,22) 28.33(9,51)
15-19 years 11 (14%) 6 (11%)
20-29 years 27 (35%) 32 (62%)
30-39 years 16 (21%) 6 (12%)
40-49 years 9 (12%) 5 (9%)
50+ years 13 (17%) 3 (6%)
Prior uncomplicated mild TBI
0 41 (54%) 37 (71%)
1 27 (35%) 13 (25%)
2 5 (6%) 2 (4%)
3 3 (4%) 0

Education: low =10-13 years, medium =14-16 years, high=17-18 years

Procedure

Data collection took place between April 2014 and January 2014. The patients either
received information about the study personally, at the hospital or received a telephone call as
soon as possible after being discharged from the hospital. The patients provided their written
consent either after the information about the study was given or at the first assessment.
Exclusion for the study was performed on basis of information in the first meeting at the
hospital or during a phone call. Some patients were excluded from the study following the
first meeting after being screened with a short check list. This was to avoid unnecessary MRI

and testing for patients that had to be excluded.

In the patient group MRI was performed within 72 hours after injury. Two weeks after
their injury the patients were tested with neuropsychological tests. The control group was
tested with neuropsychological tests first and MRI at the same day. Every participant received
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a gift certificate (500 NOK/59.6 EUR) for each attendance that included neuropsychological
testing. Prior to arrival, the participants had filled out questionnaires handed out during the
recruitment. Participants who did not fill out questionnaires prior to arrival were asked to
answer the questionnaires after neuropsychological testing. Blood samples of all participants
(both patient group and control group) were collected upon arrival. These will be analyzed to
identify protein biomarkers relevant for another project. Following blood samples the
participants conducted neuropsychological tests. Some participants underwent

neuropsychological testing before the blood samples were collected.

Assessments

Neuropsychological tests

The computerized neuropsychological test battery CANTAB was used to assess
neuropsychological performance. The testing were conducted by a psychologist and 5
students trained by the psychologist, including the author of this thesis. Subtests in CANTAB
are categorized according to function. Functions relevant for the present thesis is attention and
executive function which involves the subtests: “Rapid Visual Information Processing”,

“Spatial Span”, “Spatial Working Memory” and “Attention Switching Task”
Rapid Visual Information Processing

Rapid Visual Information Processing is a measure of sustained attention. In a box in
the middle of the screen numbers from 2-9 rapidly switches in a rate of 100 numbers per
minute. The participants must look for a sequence of three numbers, 3, 5, and 7. Whenever
the number 7 is shown after 3 and 5 the participants are asked to press a button. Two
additional number sequences are added, 2-4-6 and 4-6-8. The participants are asked to press
the button when the last number in one of the three number sequences is shown. The test last
for 4 minutes and the participants are asked to respond as quickly as possible and at the same
time try not to make any mistakes. The outcome measures “RVPA” is a measure of the
participants signal detection sensitivity; it quantifies how good the participants are at

detecting the target sequences.
Spatial Span

This subtest assesses working memory capacity and is a measure of focused attention.

The participants are asked to look at white boxes at the screen. The boxes will sequentially
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change color and the participants must try to remember in what sequence the boxes changed
color. After every box in each trial has changed color, the participants will hear a sound to
indicate that they can start to press the boxes in the same order they changed color. In the first
trial 2 boxes change color, the number of boxes will increase gradually up to 9 boxes or until
the participants fail to push the correct boxes a given number of times. In this subtest the
outcome measure “Span length” is a measure of the longest sequence of boxes the participants

can successfully recall.
Spatial Working Memory

The test requires manipulation of visuospatial information and retention and assesses
executive attention and focused attention. Colored boxes appear on the screen. The
participants must look for blue symbols that are hid inside the boxes. Only one symbol will be
hid at a time. When the participants find a blue symbol they must move them over to a black
column on the right side of the screen. When a blue symbol is found the same box will never
hide another blue symbol, so the participants must remember in which boxes they have found
symbols. The number of boxes will increase gradually from 4 to 6 to 8. The outcome measure
“Total error” is a measure of how many times the participants revisited a box where a blue

symbol already had been found.
Attention Switching Task

This test measures the participants’ ability to switch attention and assesses executive
attention and focused attention. Since the test lasts for an amount of time it also gives a
measure of sustained attention. Arrows appear on the screen that will point either to the left or
right. Before each problem there will be a heading on the top of the screen saying “Which
direction?” or “Which Side?”. If the problem is “which direction?” the participants must push
the button on the side the arrow is pointing towards, the left button if the arrow is pointing left
or the right button if the arrow is pointing right. If the heading on the screen is saying “which
side?” the participants must push the button on the side of the screen the arrow appears. If the
arrow is on the left side they push the left button, if the arrow is on the right side they push the
right button. The participants learns each rule separately first, before they are tested with both
rules, switching at random. The attention switching task provide the outcome measure
“Congruency cost”. “Congruency cost” measures the difference in response time on

congruent and incongruent trials. If the arrow is located at the same side as it point to, the trial
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Is congruent. If the arrow is located on the opposite side as it points to, the trial is

incongruent.

The participants did also go through other subtests in CANTAB and other pen and
paper neuropsychological test, including the Trailmaking Test A and B, auditory verbal
learning test and verbal fluency in addition to selected items from Wechsler Abbreviated
Scale of Intelligence and the Wechsler Adult Intelligence Scale as a part of a bigger project at
St.Olavs Hospital. These tests are not relevant for this thesis, and will not be described here.

The duration of the neuropsychological assessment was approximately 2 hours.
Questionnaires

The patients were asked to fill out questionnaires about their functioning before their
injury. These questionnaires included symptoms check for ADHD, questions about headache,
questions about alcohol use, questions about personal characteristics, a life orientation test,
questions about life events, problems the last 12 months and a resilience scale for adults. In
addition the participants were asked to fill out questionnaires about their functioning two
weeks after their injury. These questionnaires included selected items form the Rivermead
Post Concussion Symptom Questionnaire, Epwoth Sleepiness Scale, Brief Symptom
Inventory 18 and the Fatigue Severity Scale. Questionnaires about functioning two weeks
after injury are relevant for analysis in this thesis. Of the premorbid questionnaires only the

ADHD questionnaire was relevant, and was used for descriptive purposes.
Symptom check-list ADHD

This check-list consists of 18 questions divided into two parts, A and B. The first six
questions make up part A and are the questions that predict ADHD best. Only part A will be
used in this thesis. Items are rated on a five-point scale. Participants get a score based on how
they rate themselves on these questions that either indicates ADHD or not (Kessler et al.,
2005).

The Epworth Sleepiness Scale

The Epworth sleepiness scale consists of 8 items measuring self-reported sleepiness.
The 8 items represents real life situations where the participants must rate their chance of
dozing off using a four point scale, 0-3. Total score indicates the extent of self-reported sleep

propensity. Total score values above 11 is an indicator of increased sleepiness (Johns,
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1991).The Norwegian version of the Epworth sleepiness scale has high reliability (Beiske et
al., 2009) and high validity (Pallesen et al., 2007).

The Brief Symptom Inventory 18 (BSI 18)

BSI-18 measure self-reported psychological distress with 18 items, each of which
rated at a five point scale, 0-4. Total score measures self-reported general psychological
distress. The items can be subdivided into the domains anxiety, depression and somatization,
consisting of 6 items each (Andreu et al., 2008), as well as measuring general psychological
distress (Derogatis, 2000). BSI-18 has been found to be valid and reliable in assessing
psychiatric changes in patients (Andreu et al., 2008). Clinical significant psychological

distress is defined as a T-score above 63 in one of the subdomains (Derogatis, 2000).
The Fatigue Severity Scale

The fatigue severity scale measures self-reported feelings of fatigue with 9 items rated
at a 7 point scale, 1-7. Higher scores indicate subjective feelings of fatigue. Total score gives
the participants subjective fatigue score and scores over 36 is defined as clinical significant
fatigue (Krupp et al., 1989). The fatigue severity scale has been found to be sensitive to
detecting fatigue following TBI (Ziino and Ponsford, 2005)

Rivermead Post Concussion Symptom Questionnaire (RPCSQ)

RPCSQ measures self-reported symptoms of concussion including headache,
dizziness, memory, nausea and attention. It includes 16 items rated at a five-point scale, 0-4.
The RPCSQ has been reported to have; high internal consistency, high split half reliability
and high validity (Sullivan and Garden, 2011). Two items concerning memory and

concentration were selected for comparison between patients and controls.
The British Colombia Post Concussion Symptom Inventory (BC-PSI)

In the BC-PSI participants rates post-concussive symptoms in frequency and intensity
the past two weeks. Both frequency and intensity are rated at a six-point scale, 0-5. Higher
scores indicate higher frequency and higher intensity (lverson, 2006b). BC-PSI has been
reported as having; high internal consistency, high split half-reliability and high validity
(Sullivan and Garden, 2011).

Controls were asked to fill out the same questionnaires as the patients, except that the

controls did not receive the RPCSQ. In the main study, where the data used in this thesis were
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gathered from, self-reported post-concussion symptoms are assessed with the BC-PSI at 3
month follow up. At 3 month follow up both the patient group and the control group are asked
to fill out the BC-PSI. Since the control group did not receive the RPCSQ at the 2 week
assessment, self-reported memory and concentration for the control group were selected from
two items from the BC-PSI the controls filled out at the 3 month follow up. Hence, two
different questionnaires had to be used to compare the patient group and control group on
self-reported measures of concentration and memory. The BC-PSI and the RPCSQ have been
compared and has been found to have a significant moderate positive correlation (0.78)
(Sullivan and Garden, 2011). To analyze the questions the scales were recalculated to enable
comparison. The RPCSQ used the question “Compared with before the accident, do you now
(i.e., over the last 24 hours) suffer from: “Poor concentration”/’Poor memory”. RPCSQ
defines each number in the scale as: 0: Not experienced at all, 1: No more of a problem, 2: A
mild problem, 3: A moderate problem and 4: A severe problem. The BC-PSI asks the
participants to “Grade your symptom on how much you suffer from, the last two weeks
included today: “Poor concentration”/”’Poor memory”. The intensity scale in the BC-PSI is
the most comparable to the RPCSQ and the number in the scale are defined as: 0: No
complaints, 1: Barely noticeable, 2: A mild problem, 3: A moderate problem, 4: A serious
problem and 5: A severe problem. Alternative 4 and 5 was combined to enable comparison
with the RPCQ.

Patients were interviewed during the first meeting at the hospital. Questions relevant
for this thesis were questions about work, prior TBI and injury mechanism. At the first
assessment patients were asked about sick leave, medications, sleep the night prior to testing,
pain at the test day and food intake prior to neuropsychological testing. The question about
pain provided a measure that was analyzed along with the other self-reported measures.
Participants were asked to rate their pain on a scale of 0-100. Controls received similar

questions at the day of the neuropsychological testing.
MR Imaging

Patients and controls were examined with MRI using a 3 Tesla system (Siemens
Skyra) and a protocol consisting of clinical sequences: T1, T2, fluid-attenuated inversion
recovery (FLAIR), susceptibility weighted imaging (SWI) and diffusion-weighted imaging
(DWI), as well as Diffusion Tensor Imaging (DTI) and Diffusional Kurtosis Imaging (DKI).

The DTI and DKI images were not relevant for this thesis. The examination lasted for about
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45 minutes. Patients were examined within 72 hours after injury. A neuroradiologist inspected
the images and in case of intracranial traumatic findings, the patients were categorized as

having a complicated mild TBI.
Ethics

With extensive testing some patients might perceive their symptoms as more severe
than they normally would. However it is likely that patients will find it comforting to be taken
care of at the hospital. MRI scans were reviewed by a neuroradiologist and in the case of
incidental findings a specialist in brain injury rehabilitation made a decision of further action.
None of the methods used in the thesis pose any harm for the participants. Participants got
sufficient information to give a written consent. The project is approved by the regional
committee for medical research ethics (REK).

Statistics

IBM SPSS 20.0 was used for analysis. Chi-square tests were used to investigate the
similarity between the patient and control group on the matched variables gender and length
of education. An independent sample T-test was used to investigate possible differences in
mean age between the patient group and control group. Pearson product-moment correlation
was applied to investigate the relationship between age and CANTAB results and between
length of education and CANTAB results.

A 3x4 one way between-groups multivariate analysis of variance (MANOVA) was
performed to investigate group differences in neuropsychological measures of attention. The
selected outcome measures: “RVP: RVPA”, “SSP: Span length”, “SWM: Total error” and
“AST: Congruency cost” was used as dependent variables. The groups complicated mild TBI,
uncomplicated mild TBI and healthy controls were used as fixed factors. Preliminary
assumption testing for linearity, normality, univariate and multivariate outliers,
mulitcollinearity and homogeneity of variance —covariance matrices was conducted. Z-scores
for both the control group and the patient group were calculated to identify possible univariate
outliers. Univariate results for the differences in mean between CANTAB outcome measures
for patients and control was also reported. These results were however treated with caution as
the familywise error, risk of type I error, increases with repeated univariate measures (Field,
2013).
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Independent sample t-tests were used to analyze the mean difference between patients
and controls in self-reported depression, anxiety, somatization, fatigue, memory, attention and
sleepiness. Preliminary assumption testing for linearity and normality was conducted.
Normality was assessed by using the Kolmogorov-Smirnov test, calculating Z-scores for both
the control group and the patient group and by looking at normal QQ-plots. In case of non-
normality a Mann Whitney U test was used to analyze the median difference in the self-
reported measures. A Bonferroni correction according to number of tests was performed to

reduce the family wise error.

T-scores for the depression, anxiety and somatization scores were calculated to
identify participants over clinical cut off. The fatigue, sleepiness, depression, anxiety and
somatization scores were categorized into over and under clinical cut off. 2x2 Chi-square tests
were used to investigate if there were any difference in distribution of patients over clinical
cut-off between the patient group and control group. For scores that were small with expected

values under 5 in any cell, exact z pooled tests was conducted.
Adjustments

The patient group and the control group were, as a part of a bigger cohort study at St.
Olavs Hospital, matched in terms of gender, length of education and age. The inclusion of
control participants for the control group was not completed by the time the present thesis was
written. Patients and controls are therefore not perfectly matched. There were 13 patients over
50 years, and 3 controls over 50 years. Additionally 2 out of 5 extreme outliers in the
CANTAB results (Z-score over 3.29) were scored by patients over 50 years. A Pearson
product-moment correlation was applied to investigate the relationship between age and
CANTAB results. There were small to moderate correlations between three out of four
CANTAB results and age (Table 4).

Since there was a different distribution of persons over 50 years of age in the control
group and the patient group, some of these persons tended to score in the lower end of the
distribution in several of the CANTAB tests and three CANTAB dependent variables were

correlated with age, participants over 50 years of age were excluded from the thesis.
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Table 3: Group characteristics: Patient and control group, participants <50 years old excluded, (N=111,

n patients= 62, n controls = 49).

Variable

Gender
Men
Women
Education
Low education
Medium education
High education
Age
Mean (SD)
15-19 years
20-29 years
30-39 years
40-49 years
Prior uncomplicated TBI
0
1
2
3
Over cut off for ADHD
Yes
No
Missing
Work
Yes
No
Student

Admitted/Not admitted
Inpatient

Outpatient

Mild TBI
N (%)

39 (63%)
23(37%)

32 (52%)
18 (29%)
12 (19%)

27.7 (9.8)
11 (18%)
26 (42%)
16 (26%)
9 (14%)

32 (52%)
22 (35%)
5 (8%)
3 (5%)

7 (11%)
49 (79%)
6 (10%)

32 (52%)
3 (4%)
27 (44%)

18
44

Controls
N (%)

25 (51%)
24(49%)

16 (33%)
23 (47%)
10(20%)

26.7 (7.1)
6 (12%)
32 (65%)
6 (12%)
5 (10%)

34 (69%)
13 (27%)
2 (4%)
0

6 (12%)
35 (71%)
8 (16%)

28 (57%)
3 (6%)
18 (37%)

29%
71%

P=0.20

P=10.09

P=0.641

Education: low =10-13 years, medium =14-16 years, high=17-18 years
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RESULTS

Overview of the patient and control group without participants over 50 years old is
listed in table 3. After removing persons over 50 years old, the mean age was more similar
between the groups. An independent samples t-test showed no significant difference in mean
age between the mild TBI group (M= 27.48, SD=9.72) and healthy controls (M=26.73,
SD=7.13: 1(108.4) = 0.47, p=0.641, two tailed). There were no statistical difference between
the distribution of gender between the patient and control group, (x*1, N= 111=1.134 p=0.29
phi=0.21) and no significant difference in the distribution of length of education between the
patient and the control group (x?1,N= 111=4.67 p=0.097 Cramer’s V= 0.205). A Pearson
product-moment correlation coefficient revealed no significant correlations between length of
education and CANTAB dependent variables (table 5). It was therefore not performed any

further adjustments.

Table 4: Pearson correlation between age and CANTAB dependent variables

Variable AST: Congruency  RVP: RVPA SSP: Span Length  SWM: Total errors
Cost
Age r=0.23** r=-0.11 r=-0.48** r=0.36**

* Correlation significant at 0.05 level, ** Correlation significant at the 0.01 level

Table 5: Pearson correlation between length of education and CANTAB dependent variables

Variable AST: Congruency  RVP: RVPA SSP: Span Length  SWM: Total errors
Cost
Length of education r=0.08 r=-0.19 r=-0.08 r=0.03

Imaging results

A total of 7 out of 62 patients (11%) with mild TBI had intracranial lesions visible on
MRI or CT. One of these patients had a visible intracranial lesion on CT, but did not complete
the MRI. 6 patients had therefore intracranial lesions on both MRI and CT. None of the
patients that were older than 50 years had intracranial lesions on CT or MRI. Hence, 7 out of
62 patients were qualified for the complicated mild TBI group. A sample size of 7 was
considered too low to make up a group for analysis. Z-scores for the CANTAB scores for
both the patient group and the control group were calculated as a part of preliminary analysis.
The CANTAB Z-scores for the patients with complicated mild TBI, obtained from the mild

27



TBI patients CANTAB Z-scores, were decided to be reported to look for trends in the
neuropsychological measures of attention. CANTAB z-scores for patients with complicated
mild TBI are listed in table 6.

Table 6: CANTAB Z-scores complicated mild TBI patients (n=7)

Patient Z-score AST: Z-score Z-score SSP:  Z-score SWM: GCS PTA LOC
Congruency RVP: Span Length  Total errors
cost RVPA
1 -0.200 1.167 0.122 -0.355 15 1 hour - 24 hours <5 min
2 -0.971 1.122 0.122 -0.769 15 <1 hour <5 min
3 -0.763 -1,877 0.123 0.676 13 1 hour - 24 hours ~ 5-15 min
4 -0.113 -0.392 -1.197 -0.493 15 1 hour - 24 hours ~ Unknown
5 1.629 0.137 0.122 -0.906 15 1 hour - 24 hours ~ Unknown
6 0.588 0.472 0.783 0.126 15 <1 hour 5-15 min
7 -1.046 -1.357 -0.537 -0.356 14 1 hour - 24 hours ~ 5-15 min

Most of the mild TBI patients with findings on CT or MRI had Z-scores that indicated
that they did not differ from other mild TBI patients. One patient had a low z-score on “RVP:
RVPA” (-1,877), indicating poorer signal detection sensitivity. Another patient had a high
score on AST: Congruency cost (1.629) indicating slower responses on incongruent trials
(faster responses on congruent trials). These scores did not, however, indicate a significant
difference (+/- Z-score of 1.96). 5 out of 7 patients with complicated mild TBI had PTA
duration between 1 hour and 24 hours and 3 out of 7 patients with complicated mild TBI had

LOC duration between 5 and 15 minutes.

Because the complicated mild TBI group was so small the analysis of the CANTAB
results was performed between the patient and the control group using a 2x4 multivariate
analysis (MANOVA).

CANTAB Results

No serious preliminary assumptions for the MANOVA were violated. Scatter-plot
matrices between each pair of the dependent variables indicated linear relationships. The
dependent variables were skewed and kurtotic. AST: Congruency Cost and SSP: Span length
skewness and kurtosis did not differ significantly from normality (skewness and kurtosis z-

scores between -1.96 and 1.96) and had normal QQ-plots. The dependent variables RVP:
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RVPA and SWM: total errors had skewness and kurtosis scores that differed significantly
from normality (skewness and kurtosis z-scores outside -1.96 and 1.96). These violations of
normality were considered as minor, as MANOVA is robust to violations of normality
(Pallant, 2010). Preliminary assumption testing for univariate outliers identified three scores
characterized as extreme outliers (z-score > 3.20). Extreme outliers were winsorized into the
highest score that was not an outlier. One multivariate outlier was identified using
Mahalanobis distance, belonging to a patient, this participant was removed from the

multivariate analysis.

Pearson product moment correlation coefficient showed appropriate statistical
significant correlations between the dependent variables (Table 7). The Box’s Test of
Equality of Covariance Matrices was significant and hence, the assumption of homogeneity of
variance-covariance was not violated. Because of different distribution of participants in the
patient group (n= 62) and the control group (n=49) Pillai’s trace was the preferred statistic as

it is robust to unequal n-values (Pallant, 2010).

Table 7: Pearson correlation between the dependent variables

Variable AST: Congruency  RVP: RVPA SSP: Span Length  SWM: Total errors
Cost

AST: Congruency Cost r=1 r=-0.34** r=-0.38** r=0.21*

RVP: RVPA r=1 r=0.28** r=-0.18*

SSP: Span Length r=1 r=-0.35**

SWM: Total errors r=1

* Correlation significant at 0.05 level, ** Correlation significant at the 0.01 level
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Table 8: Multivariate and univariate analysis of CANTAB variables

] 95% Cl of Effect
Variable MANOVA Group n Mean (SD) )
means size: np2
F (0,607,)=, P= 0,658, np2= 0,22

AST: MildTBI 62 94.33(72.52) 74.57-114.09 0.176 0.017

Congruency Control 49 73.89(85.51) 51.66-96.12

cost

RVP:RVPA MildTBI 62 0.91 (0.05) 0.903-0,929 0.975 0.000
Control 49 0.91(0.04) 0.902-0,930

SSP: Span MildTBI 62 6.97 (1.42) 6.61-7.33 0.522 0.004

Length Control 49 7.14(1.43) 6.74-7.55

SWM: Total MildTBI 62 9.63(10.17) 6.96-12.30 0.793 0.001

errors Control 49 10.16 (11.13) 7.16-13.16

AST: the Attention Switching Task. RVP, Raprid Visual Information Processing, SSP, Spatial Span, SWM, Spatial

working memory

np2: Partial eta squared, variance explained by the four dependent variables

There were no statistical significant differences between the mild TBI group and the

control group regarding the combined dependent variables, (F (5.105) = 0.537; Pillai’s Trace

= 0.748; Partial eta squared = 0.02). None of the dependent variables reached statistical

significance when looked at separately (univariate results). The CANTAB results were highly

similar for the patient and control group, there was however a small tendency for the control

group (M=94.33, SD=72.52) to respond faster on incongruent trials than the patient group
(M=73.89 SD= 85.51) on the Attention Switching Task, but this difference was not

significant.
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Self-report results

Preliminary analysis showed that Fatigue Severity Index scale scores had kurtosis and
skewness z-scores that did not differ significantly from normality for the mild TBI group and
the control group (z-scores within z-scores of -1.96 and 1.96). In addition the Kolmogorov-
Smirnov test was not significant for both the mild TBI group (p=0.068) and the control group
(p=0.198) at a 0.05 significance level. Histograms and normal QQ-plots looked approximately
normal. Therefore was the assumption of normality met for the fatigue scores. The scores for
somatization, anxiety, and depression measured with the Brief Symptom Inventory 18 had
skewness and kurtosis z-scores that differed significantly from normality, except the control
group’s kurtosis z-value on the anxiety score. All of these scores had significant Kolmogorov-
Smirnov tests for both the mild TBI group and control group. Histograms and normal QQ-
plots did not look normally distributed. The Epworth sleepiness scale scores had according to
the skewness and kurtosis z-scores, the Komologorov-Smirnov test, histograms and normal
QQ-plots normally distributed data for the control group, but not the patient group. Memory
and Concentration scores obtained from the Rivermead Post Concussion Symptom Inventory
and the British Columbia Post Concussion Symptom Inventory as well as the pain measures

was not normally distributed.

Differences between the mild TBI group and control group regarding self-reported
fatigue was analyzed using an Independent samples T-test. Differences between the mild TBI
group on self-reported anxiety, depression, somatization, memory, attention, sleepiness and
pain were analyzed using Mann Whitney U tests. Due to multiple comparisons a Bonferroni
correction according to number of measures was performed, the new significance level was
set at 0,006. Differences between the patients and controls in distribution over and under
clinical cut-off were investigated using 2x2-Chi-square tests for the self-reported variables
fatigue, sleepiness and somatization, and with exact z pooled tests for the depression and

anxiety cut of scores, as these scores had cells with expected value less than five.
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Table 9: Analysis of self-reported measures.

Variable Group N Mean(SD)/ P Effect Partcipants  Chi-squre over
Median (IR) size over cut- cut off/ under
np2/r off (%) cut off

Fatigue Mild TBI 56 M: 30.23(12.59) 0.16 np2=0.01 16

Control 41 M:26.88 (10.15) 8 p=0.43
Sleepiness Mild TBI 57 Md: 5.00 (15) 0.95 r=-0.007 15

Control 34 Md: 5.50 (10) 4 p=0.16
Somatization ~ Mild TBI 56 Md: 0.0 (5) 0.01 r=-0.26 12

Control 34 Md: 0.0 (2) 1 p=0.094
Depression Mild TBI 56 Md: 0.0 (2) 0.45 r=-0.078 5

Control 34 Md: 0.0 (4) 4 p=0.344
Anxiety Mild TBI 56 Md: 0.0 (3) 0.13 r=-0.160 9

Control 34 Md: 0.0 (2) 1 p=0.051
Memory Mild TBI 55 Md: 0.0 (2) 0.002*  r=-0.32

Control 38 Md: 0.0 (0)

Concentration Mild TBI 54 Md: 1,00 (2) 0.000*  r=-0.39
Control 38 Md: 0.00 (0)

Pain Mild TBI 61 Md: 5.0 (30) 0.000* r=-0.42
Control 49 Md: 0.0 (0)

* Significant at the 0.006 level.
SD= Standard Deviation, IR=Interquartile Range, np2= patial eta squared, r= 0.1 small effect, 0.3 medium

effect, 0.5 large effect

There was a statistical significant difference between mild TBI patients and healthy
controls in self-reported measures of memory, concentration and pain and all the significant
results had medium effect sizes. There was no statistical significant difference in fatigue
scores for mild TBI patients and healthy controls conducted with an independent samples t-
test. There were no statistical significant difference between mild TBI patients and healthy
controls on self-reported measures of sleepiness, depression, somatization and anxiety

conducted with Mann Whitney U tests.

The distribution of participants over and under the clinical cut-off value was not
significant for any of the self-reported measures. There was, however, a non-significant
tendency for patients to report more scores over cut-off for somatization and anxiety

compared to controls.
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DISCUSSION

The aim of this thesis was to investigate the effects of mild TBI on neuropsychological
measures of attention 2 weeks after injury, and to investigate if possible impaired
performance on measures of attention could be related to brain injuries visible on
neuroimaging, and to assess the usefulness of the CANTAB in detecting impairments in
attention after mild TBI. Specifically to assess whether patients with mild TBI would perform
worse than healthy controls on neuropsychological measures of attention, and to assess
whether patients with abnormalities on neuroimaging, i.e. complicated mild TBI, would
perform worse than patients without such findings. In addition were self-reported measures on
depression, anxiety, somatization, sleep, pain and fatigue compared between the patients with
mild TBI and healthy controls to assess whether patients reported more complaints on self-

reported measures.

Based on the results obtained in this thesis the hypotheses were not supported. There
was no significant difference in neuropsychological performance on attention between mild
TBI patients and control persons neither in multivariate nor univariate analysis. The group of
patients with complicated mild TBI (7 out of 76 patients) was not large enough to statistically
analyze whether complicated mild TBI patients perform worse than uncomplicated mild TBI
patients and healthy controls on neuropsychological measures of attention. Though mild TBI
patients did not score significantly worse on neuropsychological measures of attention; the
mild TBI patients reported significantly more problems with concentration, memory and pain
than controls on self-report measures. There was no significant difference between patients
and controls on self-reported fatigue, sleepiness, depression, somatization and anxiety, though

the patient group had a tendency to report more problems with somatization than the control

group.
Neuropsychological performance on measures of attention

There was no statistical difference in performance on measures of attention between
control persons and mild TBI patients two weeks after injury. This was surprising, and not
consistent with recent reviews reporting that most mild TBI studies find impairments in
neuropsychological measures of attention in the acute stage (Carroll et al., 2014, Ruff, 2011).
Specific impairments of attention have been found in focused attention (Halterman et al.,
2006, Kwok et al., 2008, Malojcic et al., 2008, Mathias et al., 2004, Pare et al., 2009, Landre
et al., 2006), executive attention (Halterman et al., 2006, Landre et al., 2006, Mathias et al.,
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2004) and sustained attention (Kwok et al., 2008, Malojcic et al., 2008, Landre et al., 2006).
However, some of these studies also found non-significant results on other specific elements
of attention, and it varied across studies which type of attention-element that was affected.
Some of these studies are less comparable with this thesis, Kwok et al. (2008) included only
patients with findings on CT, Malojcic et al. (2008) performed neuropsychological
assessment from 6 to 155 days after injury and Halterman et al. (2006) included few patients,

with injuries mostly caused by sports injuries.

Most patients included in this thesis had GCS scores of 15 (68%), 16 patients had GCS
scores of 14 (21%) and only 2 patients had GCS scores of 13 (2.6%). Most patients also
scored in the lowest category of PTA and LOC duration. This distribution of injury severity is
typical for patients with mild TBI (Meares et al., 2008). Moreover, the sample of patients with
mild TBI in this thesis is consistent with previous studies along demographic variables like
age, gender and education; most patients are young, have low education and there are more
men than women in the sample, which are common characteristics representing patients with
mild TBI (Heitger et al., 2006). We believe that the sample in this thesis is fairly
representative for the population of patients with mild TBI. Some of the patients recruited
were difficult to get a hold of and some patients did not want to participate, therefore there

were some patients with mild TBI that did not participate in this thesis (see Appendix).

Five previous studies investigated differences between patients with mild TBI and
controls on neuropsychological measures of attention, and recruited patient groups with
comparable injury severity as the patients used in this thesis (Landre et al., 2006, Pare et al.,
2009, Heitger et al., 2006, Meares et al., 2008, Mathias et al., 2004). However, these studies
obtained different results from one another. Two studies found patients with mild TBI to have
impairments in attention at approximately 1 week after injury (Pare et al., 2009, Landre et al.,
2006). Pare et al. (2009) found patients with mild TBI to perform significantly worse than
healthy controls on measures of focused attention assessed with divided attention tasks,
patients had, however, significantly shorter education than controls, which is a possible
confounder to the results in this study. Landre et al. (2006) found patients with mild TBI to
perform significantly worse than patients with other traumatic injuries on measures of
sustained attention, focused attention assessed with vigilance tasks and executive attention
assessed with distractibility tasks. Mathias et al. (2004) compared mild TBI patients to
matched healthy controls 4 weeks after injury and found mild TBI patients to perform

significantly poorer on measures of sustained attention and executive attention assessed with
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switching tasks while focused attention assessed with divided attention tasks was intact
(Mathias et al., 2004).

The findings in this thesis are in line, however, with the results obtained by Heitger et
al. (2006) and Meares et al. (2008). Similar to Landre et al. (2006), Meares et al. (2008)
compared patients with mild TBI to patients with other traumatic injuries. As opposed to the
results obtained by Landre et al. (2006), Meares et al. (2008) found no significance difference
between patients with mild TBI and patients with other traumatic injuries on measures of
focused attention assessed with working memory tasks. The study by Meares et al. (2008) is
also superior to the other previous studies in terms of sample size (N=175). Heitger et al.
(2006) compared patients with mild TBI to healthy matched controls and found, similar to
this thesis, no difference between patients with mild TBI and controls on measures of
sustained attention and focused attention assessed with both divided attention tasks and

working memory tasks 1 week after injury.

The patients in this thesis were tested two weeks after injury. It is possible that patients
in this thesis recovered from potential neuropsychological impairments by this time. Most
synaptic reorganization following injury occurs during the acute stage (Povlishock and Katz,
2005), and the majority of mild TBI patients recover from acute symptoms after minutes,
hours and days post-injury (Bigler, 2008). Schretlen and Shapiro (2003) studied the
neuropsychological effects of TBI in a meta-analysis. The authors found a moderate effect
size (d-pooled -0.41) of patients with mild TBI tested during the first six days after injury
compared to matched controls. This effect size was trivial beyond 1 month after injury (d-
pooled -0.08) indicating that most patients with mild TBI recover from neuropsychological

impairments by this point (Schretlen and Shapiro, 2003).

Landre et al. (2006) suggested a relationship between injury mechanism and recovery
pattern after mild TBI. For example, sports related mild TBI appear to be less severe than
mild TBI caused by other mechanisms like falls or motor vehicle accidents (Bigler, 2008). In
this thesis most mild TBIs were caused by falls (37%), bike accidents (20%) and other causes
(20%). Bigler (2008) argued for some evolutionary aspects of mild TBI. Genes that have
promoted positive recovery after mild TBI have likely been passed down. These mechanisms
would, however, only be applicable to causes of mild TBI that also occurred prior to the
modern area like falls, combat, fist-fights etc. and not to accidents in newer times, occurring

in high speeds, such as motor vehicle accidents (Bigler, 2008). Based on this, one could
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speculate that “newer” forms of injury like motor vehicle accidents might cause worse
outcome for patients with mild TBI. This is supported by a recent systematic review that
linked motor vehicle accidents to worse outcome after a mild TBI (Cassidy et al., 2014). Mild
TBI caused by motor vehicle accidents accounted for 10% of the total injury mechanisms in
this thesis. Moreover, several of the patients with mild TBI that had “Other” causes of mild
TBI, experienced sports related mild TBIs.

It is a possibility that there was a larger proportion of patients with injury mechanisms
that are not as severe included in this thesis compared to previous studies. Mathias et al.
(2004) included patients with mild TBI caused by motor vehicle accident, falls, assaults and
other causes. The authors did not, however, report how many participants that were included
in each category of injury mechanism. Landre et al. (2006) found non-sports injured patients
with mild TBI to perform significantly worse on measures of attention than patients with
other trauma injuries. It is, however, noteworthy that only 37 patients with mild TBI were
recruited over a two year period in the study by Landre et al. (2006), which makes a selection
bias likely. Additionally, it is difficult to determine whether the injury severity was similar in
the two patient groups. Meares et al. (2008) had similar samples of both patients with mild
TBI and patients with other traumas as Landre et al. (2006). Meares et al. (2008) had however
a much larger sample of patients in both patient groups than Landre et al (2006) and did not
find any significance difference in measures of attention. The majority of injuries in the study
by Meares et al. (2008) were caused by motor vehicle accidents (81% mild TBI, 74% in other
traumas). Therefore one would expect patients with mild TBI to perform worse than other
trauma patients, if motor vehicle accidents causing mild TBIs are more severe. Conversely,

the authors did not find any difference between the two patient groups.
Self-reported measures

In this thesis the patients with mild TBI reported significantly more complaints on the
self-reported measures on memory, concentration and pain compared to healthy controls. The
patients did not differ from control persons on self-reported measures of depression, anxiety,
somatization, fatigue and sleepiness. Moreover, there was no significant difference between
patients and controls in distribution of values above clinical cut-off values in any of these
measures. There was, however, a tendency for patients to report more values above clinical
cut-off on measures of anxiety and somatization compared to controls. It is noteworthy that

mild TBI patients reported more complaints with concentration and memory given that mild
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TBI patients did not perform significantly worse than controls on neuropsychological
measures of attention in this thesis. Potential slowed processing and reduced
neuropsychological functioning after a TBI might be compensated by greater effort (Cohen,
2014). Therefore it is possible that the patients with mild TBI included in this thesis had some
neuropsychological impairment, but were able to compensate with greater effort and enhance
their performance. These findings might indicate that the CANTAB subtests assessing
attention, used in this thesis, are not complex enough, as neuropsychological tasks, must be
sufficiently complex for the effort not to matter (Cohen, 2014). However, most CANTAB
subtests used in this thesis appear to be sensitive enough in detecting impairments in attention
(see discussion below). Additionally, there are some limitations to the self-reported measures
on concentration and memory as these measures are assessed with two different

questionnaires for the patient group and control group (Strength and limitation section below).

Factors like pain have been suggested to contribute to self-reported post-concussive
symptoms like concentration and memory, as well as observed neuropsychological
impairments (Ponsford et al., 2011). In this thesis the patients with mild TBI reported
significantly more complaints with pain, as well as a tendency towards more complaints with
somatization compared to controls. These symptoms might therefore contribute to the
increased self-reported complaints on concentration and memory, experienced by the patients
with mild TBI. Pain after mild TBI has been linked to prolonged post-concussion symptoms
(Bigler, 2008). Additionally, possible compensation mechanisms like increased effort might
be contributors to the fatigue and poorer emotional long term outcome seen in some patients
after mild TBI (Cohen, 2014). Therefore it is important to follow up the group of patients in
this thesis to assess whether the pain persist beyond the acute phase and to assess further
emotional changes. This will be done as a part of the main project, where patients will be re-

assessed both at 3 months and 1 year after injury.

Although there was no statistical significant difference between patients with mild TBI
and healthy controls on self-reported measures on sleepiness, fatigue, anxiety, depression and
somatization, some patients reported over normal cut-off values on these self-reported
measures. Scores above these cut-off values indicates clinical significance. 12 patients
reported over normal cut off for somatization, 9 patients reported over normal cut off for
anxiety, 16 patients reported over normal cut off for fatigue, 15 patients reported over normal
cut off for sleepiness and 5 patients over normal cut off for depression. Therefore it might be

a subpopulation of patients included in this thesis that have symptoms indicating post-
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concussion symptoms. Bigler (2008) argued that total group effects can wash out clinical
important symptoms, and a better solution is to compare symptomatic vs. non-symptomatic
patients with mild TBI on neuropsychological tests. Studies that use this solution usually find
symptomatic patients to perform worse on neuropsychological tests compared to non-
symptomatic patients (Bigler, 2008). However, in this thesis there does not seem to be a
relationship between the self-reported measures, e.g. those who score above cut-off for fatigue
does not score above the cut-off for anxiety. 1 patient scored above cut-off on 4 measures, 4
patients scored above cut off on 3 measures, 11 patients scored above cut-off on 2 measures
and 18 patients scored above cut off only on one measure. Additionally, some of the healthy
controls also scored above clinical cut off in some of the self-reported measures and there was
no significant difference between patients and controls on the distribution of scores above cut-
off for any of the self-reported measures. Based on the low number of patients above clinical
cut-off on the different self-reported measures and that some healthy controls also scored
above clinical cut-off in some measures, it is difficult to relate these findings solely to the
head impact. Still it is possible that the post-concussion symptoms experienced by some
patients with mild TBI in this thesis might be related to the injury itself, as factors such as
anxiety, pain, somatization and sleepiness are common after other acute traumas (Cassidy et
al., 2014).

The studies by Landre et al. (2006) and Meares et al. (2008) both found patients with
mild TBI not to report more post-concussive symptoms than patients with other traumas. The
use of patients with other traumas can potentially specify the effects a mild TBI have on
outcome after injury and the sensitivity of neuropsychological testing does not appear to be
reduced when using trauma controls (Schretlen and Shapiro, 2003). The studies by Landre et
al. (2006) and Meares et al. (2008) are however, as discussed above, different in findings of
attention outcome after injury. Although injury related factors certainly can affect
neuropsychological performance after injury (Meares et al., 2008), the performance might

also be related to factors specific to mild TBI (Landre et al., 2006).
Complicated mild TBI

Despite the superior sensitivity of MR over CT, only 6 out of 76 patients had
abnormal MRI findings in this thesis and in all of these cases, there were also intracranial
findings in the CT scan. One patient had visible intracranial lesions on CT, but did not

complete the MRI. Leaving 7 patients characterized with a complicated mild TBI. MRI
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including the sequences Fluid-attenuated inversion-recovery (FLAIR) Susceptibility-weighted
imaging (SWI) and Diffusion weighted imaging (DWI) has been reported to be most sensitive
in detecting brain changes following a mild TBI (Edlow and Wu, 2012, Spitz et al., 2013a).
And axonal injuries often associated with mild TBI are better depicted by MRI than CT
(Ashikaga et al., 1997, Mittl et al., 1994). Patients previously characterized as uncomplicated
might be identified with visible lesions on MRI, that were not visible with CT (lverson et al.,
2012), evident by a study by Yuh et al. (2013) where 28% of mild TBI patients with normal
CT had visible lesions on MRI. Iverson et al. (2012) identified 12 out of 47 (25%) mild TBI
patients with abnormal MRI 3 weeks after injury. Based on these previous findings it was
expected that in this thesis, earlier MRI conducted 72 hours after injury, would generate a
larger subgroup of mild TBI patients with abnormal MRI findings. However, as seen in other
studies the amount of mild TBI patients with abnormal findings on neuroimaging varies
between large subgroups of complicated patients (Iverson et al., 1999, Lange et al., 2005,
Dagher et al., 2013) and smaller subgroups (Borgaro et al., 2003, Iverson et al., 2012, Lange
et al., 2009, Sadowski-Cron et al., 2006). The proportion of complicated patients is often
found to be around 10-30% of the mild TBI patients (Iverson et al., 1999, Lange et al., 2005,
Iverson et al., 2012, Sadowski-Cron et al., 2006, Stulemeijer et al., 2008, de Guise et al.,
2010), (see Panenka et al. (2015) for a full table of studies comparing complicated and

uncomplicated mild TBI patients).

The variation in proportion of patients with complicated mild TBI identified in
previous studies might be due to different sampling procedures, leading some studies to
include patients with more severe injuries. In this thesis patients were recruited from St. Olavs
Hospital department of neurosurgery (29%) and patients admitted to Trondheim municipal
clinic (71%). Patients with mild TBI that are hospitalized in acute care settings and patients
with mild TBI that are recruited from outpatient clinics are significantly different from one
another in terms of injury severity. Inpatients with mild TBI have a higher probability of
having a complicated mild TBI, as well as lower GCS scores, longer LOC and PTA duration
(Dagher et al., 2013). In this thesis five out of seven patients with complicated mild TBI had
PTA duration between 1 hour and 24 hours. Most patients with mild TBI in this thesis had
PTA duration less than an hour (58%). Additionally 3 out of seven complicated patients had
LOC duration of 5-15 minutes, whereas the most common LOC duration in this thesis was <
5 minutes (38%). This might indicate that patients with complicated mild TBI in this thesis

had more severe injuries than the other patients with mild TBI. In the study by Yuh et al.
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(2013) there were a high proportion of motor vehicle accidents. This might explain the
difference in number of patients with complicated mild TBI identified in this thesis compared

to other studies.

Previous findings on neuropsychological outcome after complicated mild TBI are
mixed (Borgaro et al., 2003, Iverson, 2006a, Iverson et al., 2012, Kurca et al., 2006, Panenka
et al., 2015). Some of the studies report complicated mild TBI patients to perform worse than
uncomplicated mild TBI patients (Borgaro et al., 2003, Iverson, 2006a, Kurca et al., 2006).
The sample size in some of these studies were, however, quite low (Borgaro et al., 2003,
Kurca et al., 2006). Especially the numbers of participants included in the complicated groups
were low. Only Iverson (2006a) had a sample size considered large enough (50 patients in
each group). Two recent studies found no difference between complicated mild TBI patients
and uncomplicated mild TBI patients on neuropsychological measures (Iverson et al., 2012,
Panenka et al., 2015). As pointed out by Panenka et al. (2015) the different findings might be
due to different sampling of patients. The patients in the study by Panenka et al. (2015) were,
similarly to most patients in this thesis, sampled from a hospital’s emergency department. The
criteria for mild TBI were, however, more rigorous in the study by Panenka et al. (2015) than
in this thesis, e.g. LOC had to be witnessed. None of the complicated mild TBI patients in this
thesis have CANTAB subtest Z-scores that indicate deviation from the rest of the mild TBI
sample (None over a z-score of +/- 1.96). Though the sample of complicated mild TBI
patients in this thesis is too small to generalize and to statistically analyze; the trend among
the complicated mild TBI patients in this sample are similar to the findings of Panenka et al.
(2015) and Iverson et al. (2012)

Panenka et al. (2015) provided several arguments for the lack of significant difference
between the complicated and uncomplicated mild TBI patients. Including spontaneous
biological recovery, that complicated mild TBI patients receive more reassurance by medical
staff than uncomplicated mild TBI patients and that the categorization of complicated mild
TBI might be too broad. In this thesis mild TBI patients did not differ significantly from
healthy controls on neuropsychological measures of attention. Based on this, it can be argued
that a potential draw back with the studies of Panenka et al. (2015) and Iverson et al. (2012) is
that they did not include a control group in addition to the two mild TBI patient groups used.
As already argued, there might be several factors causing mild TBI patients to perform
similarly to healthy controls on neuropsychological measures. To ensure that the mild TBI
patients in the studies by Iverson et al. (2012) and Panenka et al. (2015) had
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neuropsychological deficits, the patients could have been compared to healthy controls or

trauma controls.

Specific tracing of damages that are specific to neuropsychological performance might
be a better strategy to categorize brain based etiology following mild TBI. Diffusion MRI
sequences like diffusion tensor imaging (DTI) is an imaging technique that are increasingly
popular in the TBI-literature in investigating white matter microstructure (Eierud et al., 2014,
Shenton et al., 2012). Studies using DTI has linked white matter tracts to neuropsychological
functioning (Little et al., 2010, Lo et al., 2009, Mayer et al., 2010, Niogi et al., 2008, Spitz et
al., 2013b). Even in less severe cases of mild TBI, like sports related mild TBI, DT have
been shown to detect significant neuropathological injuries (Bigler, 2013). And specific
tracing of white matter tracts might be important, because traumatic axonal injuries can also
be present without known neuropsychological impairments (Bigler, 2008). However, the
locations investigated and the nature of the damage in DTI-studies after mild TBI varies.
Additionally there is a lack of longitudinal studies assessing how those who recover from

mild TBI deviate from those who do not recover (Shenton et al., 2012).
Neuropsychological tests: The CANTAB

This thesis is the first attempt at using the CANTAB to assess impairments of attention
in the acute stage following mild TBI. Subtests in the CANTAB have been found to be only
moderately correlated with different traditional pen and paper neuropsychological tests, and
appears to be better suited to measure general neuropsychological ability than
neuropsychological subtypes like attention and executive functioning (Smith et al., 2013).
Traditional pen and paper neuropsychological tests have, however, been criticized as being
non-specific (Eierud et al., 2014) and without any standardized tests for neuropsychological
assessment, it is difficult to conclude that the CANTAB is not specific for neuropsychological
sub-modalities like attention. Moreover, the CANTAB have been widely used to assess
neuropsychological performance on a variety of psychiatric, neurodevelopmental, metabolic
and neurodegenerative diseases, and has been found to be sensitive in detecting impairments

in neuropsychological domains, including attention (Wild and Musser, 2014).

The attention elements assessed by the CANTAB subtests assess different, but related
aspects of attention (Cohen, 2014). One possible explanation for the lack of difference
between mild TBI patients and controls in this thesis could be that the selected CANTAB

subtests might not be sensitive enough in detecting differences. Tasks assessing attention
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must be sufficiently effortful and complex to identify TBI-related impairments of attention
(Cohen, 2014, Bigler, 2008). In this thesis four CANTAB subtests assessing attention were

used, from these tests four outcome measures were selected, one for each test.

The CANTAB subtest Spatial Span is a test of working memory capacity and focused
attention. The outcome measure “Spatial Span: Span length” was selected from this subtest.
The maximal possible sequence possible to recall in this subtest is 9 sequences. A total of 12
of the participants in the control group and 10 patients reached this level, indicating a ceiling
effect. It might have been possible to see larger differences between mild TBI patients and
controls if the number of sequences possible to reach were greater. However the scores on this
measure were approximately normally distributed for both the control group and the patient
group. Furthermore the “SSP: Span Length” have been found sensitive in detecting attention
deficits in patients with Attention deficits hyperactivity disorder (ADHD) (Gau and Huang,
2014). Therefore the test might be sufficiently sensitive in detecting working memory

capacity and focused attention.

The rapid visual information processing task lasts for 4 minutes and requires high
effort to hit sequences at the correct time. “Rapid Visual Information Processing: RVPA” is
an outcome measure that assesses the participants signal detection sensitivity, and is a
measure of sustained attention. The measure ranges from 0-1, where 1 indicates perfect signal
detection; hits on each target sequence, and no hits on non-target sequences. One patient
scored a perfect score on this measure. The “RVP: RVPA” outcome measure has been proven
sensitive to pharmacological manipulation (Wild and Musser, 2014) and detecting attention
deficits in ADHD (Gau and Huang, 2014).

The outcome measure “Spatial Working Memory: total errors” is a measure of the
number of times the participants revisited a box were a blue symbol already had been found.
The test assesses executive function and focused attention by requiring retention and
manipulation of visuospatial information. All together 21 participants, 10 mild TBI patients
and 11 controls, made zero mistakes on the SWM task; such a high number of participants
might indicate a ceiling effect. “Spatial Working Memory: total errors” have been found to be
sensitive in detecting impairments in people with ADHD compared to people without ADHD
(Wild and Musser, 2014). The high number of participants in this thesis with zero mistakes
might therefore be due to other causes than the complexity of the task.
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The Attention switching task (AST) is a conflict task that requires executive attention
and focused attention. “AST: Congruency Cost” is the outcome measure that might be the
most sensitive measure at detecting impairments in attention used in this thesis. It measures
the response latency difference in congruent and incongruent trials. Hence, the attention
switching task is similar to other conflict tasks previously used to assess executive attention
and focused attention (Cohen, 2014). Most participants scored a positive score on this
measure, indicating faster responses on congruent trials than incongruent trials. In the AST
there was a small tendency for the patient group to respond slower on incongruent trials
(M=73.89) than the control group (M=94.33), measured by the “AST: Congruency Cost”
outcome measure, this difference was, however, not significant. It is a possibility that a type Il
error was made in this test. The effect size of np2=0.017 indicates, however, that only 1.7% of
the variation in the dependent variable “AST: Congruency Cost” can be explained by the
independent variable mild TBI or control. Therefore it is not likely that a type Il error was

made.

The CANTAB provide several outcome measures for each subtest. The selected
measures are however the measures that seemed most appropriate after careful review of each
measure. Though unlikely, there is a possibility that other measures and other subtests might
be more sensitive. However, based on previous studies using the CANTAB (Wild and
Musser, 2014, Gau and Huang, 2014) and the similarity between the CANTAB tests and well-
known neuropsychological tests (e.g. AST and traditional conflict tasks), the CANTAB

subtest appear to be sufficiently sensitive.
Strengths and Limitations

There are some limitations to this thesis. Due to unsuccessful matching of the control
group to the patients group, participants that were older than 50 years were excluded from this
thesis. There was a larger amount of patients older than 50 years in the patients group than in
the control group. Additionally, there was a significant moderate negative correlation between
age and CANTAB results. Older participants with frontal lobe damage have previously been
found to have a slower rehabilitation period compared to younger patients (Cohen, 2014)
Moreover, older age has been shown as a predictor for worse outcome following mild TBI
(Lingsma et al., 2015). However, age is also negatively correlated to performance on the
CANTAB (Wild and Musser, 2014). Therefore it is difficult to conclude whether the tendency
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for worse neuropsychological outcome due to age can be related to mild TBI, or that older

participants are more unfamiliar with computers.

Motivation might affect results on neuropsychological testing. Patients with mild TBI
might perform better when exposed to external motivation (Keller et al., 2000). It is possible
that the mild TBI patients got more encouragement from examiners than the controls.
Furthermore, mild TBI patients might have a higher motivation to perform on the
neuropsychological assessments to overcome possible neuropsychological deficits and hence,
put more effort into the tasks than the controls. The potential confounder of external
motivation could have been solved with blinding the test-session for the examiners. This
solution would, however, not been practical and difficult to carry out. Moreover,
neuropsychological tests were conducted by six different persons. It is possible that the
participants perform differently depending on the person in charge of testing (e.g. due to

different motivational skills).

Three of the dependent variables used in this thesis were not normally distributed.
MAOVA is robust to violations of normality, this robustness, however, is dependent on the
sample size. The minimum amount of cases in each cell required in a MANOVA is 3 (Pallant,
2010), in this thesis there are eight cells (The independent variables, patients with mild TBI
and healthy controls, have four cells each), hence the sample size of 111 (controls and
patients after participants over 50 are removed), is above this required number. It has been
argued that a sample size of 20 in each cell should ensure robustness (Pallant, 2010), the
sample size distributed between the MANOVA cells in this thesis is 13, and falls short of this
goal. One might therefore argue that the sample size in this thesis might not be large enough
for the MANOVA to be robust to violations of normality.

In spite of this, the sample size in this thesis is also a potential strength. Especially the
number of patients recruited in this thesis is larger compared to previous similar studies. The
number of patients with mild TBI recruited in previous studies assessing post injury
disturbance of attention ranges from 20 (Halterman et al., 2006) to 40 (Mathias et al., 2004),
and only Meares et al. (2008) included more patients with mild TBI (n=90) than patients
recruited in this thesis. Mild TBI patients groups consist of a highly heterogeneous group of
people in regards of neuropsychological outcome (Bigler, 2008), it is therefore important to
include a large enough sample of patients in mild TBI research.
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In this thesis, there were a high proportion of patients enrolled from the outpatient
clinic (71%), which represents the real clinical pathway for the majority of patients with mild
TBI (Luoto et al., 2013). Moreover, around 30% of all consecutive patients with mild TBI,
consented to participate in this thesis, which is a higher participation than what is common in
the mild TBI literature (Luoto et al., 2013). Hence we believe that this sample is reasonably
representative for the age group that was studied.

Another limitation to this thesis is the lack of questionnaires handed in. Especially
there was a lack of questionnaires from the controls, making the amount of self-reported data
from the controls small compared to the patient group. There should have been a better follow
up, to ensure that every participant delivered their questionnaires either before the test session
or after. Proper precautions have been made, so that participants hands-in their questionnaires

for the rest of the main study the data for this thesis is collected from.

Moreover, some of the self-reported data analyzed in this thesis might be less valid in
comparing patients with mild TBI to control persons than those used in other studies. The
patients and controls filled out two different questionnaires assessing self-reported
concentration and memory, the Rivermead Post Concussion Symptom Questionnaire
(RPCSQ) and the British Colombia Post Concussion Symptom Inventory (BC-PSI). The scale
in the BC-PSI was recalculated to match the scale in the RPCSQ. Although the questions used
by these two questionnaires were similar, the RPCSQ asked about complaints in the last 24
hours, while the BC-PSI asked about complaints in the last two weeks including the last 24
hours. It is possible that these two questions assess similar, but different aspects. Moreover
the two questionnaires are only moderately positively correlated (Sullivan and Garden, 2011).
The sub items assessing concentration and memory might, however, be more related to each

other than the full questionnaires were.

Additionally, the measure of pain used in this thesis might be less sensitive than more
standardized measures of pain used in previous studies. Still, this measure was able to
differentiate between patients and controls on self-reported pain two weeks after injury.
Furthermore, there are some issues regarding self-reported symptoms assessed with
guestionnaires. Patients have been found to overreport symptoms when answering
questionnaires. This overendorsement might be due to such factors as misattribution of
symptoms, expectation of symptoms as well as the nocebo effect (lverson et al., 2010). Some

previous studies also find compensation and litigation issues to be potential confounders to
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both self-reported symptoms and neuropsychological impairments after mild TBI (Al Sayegh
et al., 2010). Patients included in this thesis do not rely solely on insurance and compensation
as the health care in Norway is free. Hence, the self-reported measures in this thesis might be
more reliable than self-reported measures in studies conducted in other countries, e.g. the
United States. Other factors related to overendorsement of symptoms can, however, not be
ruled-out in this thesis.

Conclusion

This thesis examined neuropsychological functioning of attention in the acute stage
after mild TBI. Based on previous research it was expected that patients with mild TBI would
perform worse on neuropsychological measures of attention and report more complaints on
self-reported measures compared to healthy controls. Additionally, it was expected that a
subpopulation of patients would have abnormal findings on CT or MRI. There was no
evidence for impairments in neuropsychological measures of attention two weeks after mild
TBI when comparing patients to matched controls. Only 7 patients had abnormal findings on
neuroimaging visible on CT or MRI, z-scores among these patients did not differ from the
other patients with mild TBI. The patient group and control group did not differ on self-
reported measures of depression, anxiety, somatization, fatigue and sleepiness, although
seemingly more patients reported complaints over clinical cut-off values. Patients with mild
TBI reported significantly more complaints with concentration, memory and pain compared
to controls. The sample of patients in this thesis appeared to be reasonably representative for
the mild TBI population and the CANTAB appeared to be sufficiently sensitive in detecting

possible impairments of attention.

The results in this thesis, therefore, indicates that most patients have a good clinical
outcome two weeks after a mild TBI, and that the neuropsychological attention-performance
of patients in this thesis represents the performance of most patients with mild TBI. Patients
reporting complaints on measures of pain as well as those reporting over clinical cut-off
values on emotional and somatic measures need further follow up. Moreover, patients
reporting complaints on memory and concentration can benefit from information about the
lack of demonstrable neuropsychological impairment obtained in this thesis. More
longitudinal studies including more sensitive imaging techniques and large samples of

patients with mild TBI is needed to identify patients at risk of persistent disabilities.

46



References:

AL SAYEGH, A., SANDFORD, D. & CARSON, A. J. 2010. Psychological approaches to treatment of
postconcussion syndrome: a systematic review. J Neurol Neurosurg Psychiatry, 81, 1128-34.

ANDELIC, N., SIGURDARDOTTIR, S., BRUNBORG, C. & ROE, C. 2008. Incidence of hospital-treated
traumatic brain injury in the Oslo population. Neuroepidemiology, 30, 120-8.

ANDREU, Y., GALDON, M. J., DURA, E., FERRANDO, M., MURGUI, S., GARCIA, A. & IBANEZ, E. 2008.
Psychometric properties of the Brief Symptoms Inventory-18 (Bsi-18) in a Spanish sample of
outpatients with psychiatric disorders. Psicothema, 20, 844-50.

ASHIKAGA, R., ARAKI, Y. & ISHIDA, O. 1997. MRI of head injury using FLAIR. Neuroradiology, 39, 239-
42.

BADDELEY, A. D. 1986. Working memory, Oxford, Clarendon Press.

BEISKE, K. K., KJELSBERG, F. N., RUUD, E. A. & STAVEM, K. 2009. Reliability and validity of a
Norwegian version of the Epworth sleepiness scale. Sleep Breath, 13, 65-72.

BIGLER, E. D. 2008. Neuropsychology and clinical neuroscience of persistent post-concussive
syndrome. J Int Neuropsychol Soc, 14, 1-22.

BIGLER, E. D. 2013. Neuroimaging biomarkers in mild traumatic brain injury (mTBI). Neuropsychol
Rev, 23, 169-209.

BORGARO, S. R., PRIGATANO, G. P., KWASNICA, C. & REXER, J. L. 2003. Cognitive and affective
sequelae in complicated and uncomplicated mild traumatic brain injury. Brain Inj, 17, 189-98.

CARROLL, L. J., CASSIDY, J. D., CANCELLIERE, C., COTE, P., HINCAPIE, C. A., KRISTMAN, V. L., HOLM, L.
W., BORG, J., NYGREN-DE BOUSSARD, C. & HARTVIGSEN, J. 2014. Systematic review of the
prognosis after mild traumatic brain injury in adults: cognitive, psychiatric, and mortality
outcomes: results of the International Collaboration on Mild Traumatic Brain Injury
Prognosis. Arch Phys Med Rehabil, 95, S152-73.

CARROLL, L. J., CASSIDY, J. D., PELOSO, P. M., BORG, J., VON HOLST, H., HOLM, L., PANIAK, C. & PEPIN,
M. 2004. Prognosis for mild traumatic brain injury: results of the WHO Collaborating Centre
Task Force on Mild Traumatic Brain Injury. J Rehabil Med, 84-105.

CASSIDY, J. D., CANCELLIERE, C., CARROLL, L. J., COTE, P., HINCAPIE, C. A., HOLM, L. W., HARTVIGSEN,
J., DONOVAN, J., NYGREN-DE BOUSSARD, C., KRISTMAN, V. L. & BORG, J. 2014. Systematic
review of self-reported prognosis in adults after mild traumatic brain injury: results of the
International Collaboration on Mild Traumatic Brain Injury Prognosis. Arch Phys Med Rehabil,
95, 5132-51.

COHEN, R. A. 2014. The Neuropsychology of Attention, Boston, MA, Springer US.

DAGHER, J. H., RICHARD-DENIS, A., LAMOUREUX, J., DE GUISE, E. & FEYZ, M. 2013. Acute global
outcome in patients with mild uncomplicated and complicated traumatic brain injury. Brain
Inj, 27, 189-99.

DE GUISE, E., LEPAGE, J. F., TINAWI, S., LEBLANC, J., DAGHER, J., LAMOUREUX, J. & FEYZ, M. 2010.
Comprehensive clinical picture of patients with complicated vs uncomplicated mild traumatic
brain injury. Clin Neuropsychol, 24, 1113-30.

DE LUCA, C. R., WOOD, S. J., ANDERSON, V., BUCHANAN, J. A., PROFFITT, T. M., MAHONY, K. &
PANTELIS, C. 2003. Normative data from the CANTAB. |: development of executive function
over the lifespan. J Clin Exp Neuropsychol, 25, 242-54.

DEROGATIS, L. R. 2000. Brief Symptom Inventory (BSI)-18. Administration, scoring and procedures
manual. Minneapolis: NCS Pearson, Inc.

DIKMEN, S. S., CORRIGAN, J. D., LEVIN, H. S., MACHAMER, J., STIERS, W. & WEISSKOPF, M. G. 2009.
Cognitive outcome following traumatic brain injury. J Head Trauma Rehabil, 24, 430-8.

EDLOW, B. L. & WU, 0. 2012. Advanced neuroimaging in traumatic brain injury. Semin Neurol, 32,
374-400.

EIERUD, C., CRADDOCK, R. C., FLETCHER, S., AULAKH, M., KING-CASAS, B., KUEHL, D. & LACONTE, S.
M. 2014. Neuroimaging after mild traumatic brain injury: Review and meta-analysis.
Neuroimage Clin, 4, 283-94.

47



ELLIOTT, R. 2003. Executive functions and their disorders. Br Med Bull, 65, 49-59.

FAN, J., GU, X., GUISE, K. G., LIU, X., FOSSELLA, J., WANG, H. & POSNER, M. I. 2009. Testing the
behavioral interaction and integration of attentional networks. Brain Cogn, 70, 209-20.

FIELD, A. 2013. Discovering statistics using IBM SPSS statistics: and sex and drugs and rock 'n' roll, Los
Angeles, SAGE.

GAU, S. S. & HUANG, W. L. 2014. Rapid visual information processing as a cognitive endophenotype
of attention deficit hyperactivity disorder. Psychol Med, 44, 435-46.

GIZA, C. C. & HOVDA, D. A. 2014. The new neurometabolic cascade of concussion. Neurosurgery, 75
Suppl 4, S24-33.

HALTERMAN, C. I., LANGAN, J., DREW, A., RODRIGUEZ, E., OSTERNIG, L. R., CHOU, L. S. & VAN
DONKELAAR, P. 2006. Tracking the recovery of visuospatial attention deficits in mild
traumatic brain injury. Brain, 129, 747-53.

HEITGER, M. H., JONES, R. D., DALRYMPLE-ALFORD, J. C., FRAMPTON, C. M., ARDAGH, M. W. &
ANDERSON, T. J. 2006. Motor deficits and recovery during the first year following mild closed
head injury. Brain Inj, 20, 807-24.

IVERSON, G. L. 2006a. Complicated vs uncomplicated mild traumatic brain injury: acute
neuropsychological outcome. Brain Inj, 20, 1335-44.

IVERSON, G. L. 2006b. Misdiagnosis of the persistent postconcussion syndrome in patients with
depression. Arch Clin Neuropsychol, 21, 303-10.

IVERSON, G. L., BROOKS, B. L., ASHTON, V. L. & LANGE, R. T. 2010. Interview versus questionnaire
symptom reporting in people with the postconcussion syndrome. J Head Trauma Rehabil, 25,
23-30.

IVERSON, G. L., FRANZEN, M. D. & LOVELL, M. R. 1999. Normative comparisons for the controlled oral
word association test following acute traumatic brain injury. Clin Neuropsychol, 13, 437-41.

IVERSON, G. L., LANGE, R. T., WALJAS, M., LIIMATAINEN, S., DASTIDAR, P., HARTIKAINEN, K. M.,
SOIMAKALLIO, S. & OHMAN, J. 2012. Outcome from Complicated versus Uncomplicated Mild
Traumatic Brain Injury. Rehabil Res Pract, 2012, 415740.

JAMES, W. 1890. The principles of psychology, London, MacMillan.

JOHNS, M. W. 1991. A new method for measuring daytime sleepiness: the Epworth sleepiness scale.
Sleep, 14, 540-5.

KAHNEMAN, D. 1973. Attention and effort, Englewood Cliffs, N.J., Prentice-Hall.

KASHLUBA, S., HANKS, R. A., CASEY, J. E. & MILLIS, S. R. 2008. Neuropsychologic and functional
outcome after complicated mild traumatic brain injury. Arch Phys Med Rehabil, 89, 904-11.

KELLER, M., HILTBRUNNER, B., DILL, C. & KESSELRING, J. 2000. Reversible neuropsychological deficits
after mild traumatic brain injury. J Neurol Neurosurg Psychiatry, 68, 761-4.

KESSLER, R. C., ADLER, L., AMES, M., DEMLER, O., FARAONE, S., HIRIPI, E., HOWES, M. J,, JIN, R.,
SECNIK, K., SPENCER, T., USTUN, T. B. & WALTERS, E. E. 2005. The World Health Organization
Adult ADHD Self-Report Scale (ASRS): a short screening scale for use in the general
population. Psychol Med, 35, 245-56.

KRUPP, L. B., LAROCCA, N. G., MUIR-NASH, J. & STEINBERG, A. D. 1989. The fatigue severity scale.
Application to patients with multiple sclerosis and systemic lupus erythematosus. Arch
Neurol, 46,1121-3.

KUMAR, R. G., BRACKEN, M. B., CLARK, A. N., NICK, T. G., MELGUIZO, M. S. & SANDER, A. M. 2014.
Relationship of preinjury depressive symptoms to outcomes 3 mos after complicated and
uncomplicated mild traumatic brain injury. Am J Phys Med Rehabil, 93, 687-702.

KURCA, E., SIVAK, S. & KUCERA, P. 2006. Impaired cognitive functions in mild traumatic brain injury
patients with normal and pathologic magnetic resonance imaging. Neuroradiology, 48, 661-9.

KWOK, F. Y., LEE, T. M., LEUNG, C. H. & POON, W. S. 2008. Changes of cognitive functioning following
mild traumatic brain injury over a 3-month period. Brain Inj, 22, 740-51.

LANDRE, N., POPPE, C. J., DAVIS, N., SCHMAUS, B. & HOBBS, S. E. 2006. Cognitive functioning and
postconcussive symptoms in trauma patients with and without mild TBI. Arch Clin
Neuropsychol, 21, 255-73.

48



LANGE, R. T., IVERSON, G. L. & FRANZEN, M. D. 2009. Neuropsychological functioning following
complicated vs. uncomplicated mild traumatic brain injury. Brain Inj, 23, 83-91.

LANGE, R. T., IVERSON, G. L., ZAKRZEWSKI, M. J., ETHEL-KING, P. E. & FRANZEN, M. D. 2005.
Interpreting the trail making test following traumatic brain injury: comparison of traditional
time scores and derived indices. J Clin Exp Neuropsychol, 27, 897-906.

LINGSMA, H. F., YUE, J. K., MAAS, A. |., STEYERBERG, E. W., MANLEY, G. T., COOPER, S. R., DAMS-
O'CONNOR, K., GORDON, W. A., MENON, D. K., MUKHERIJEE, P., OKONKWO, D. 0., PUCCIO,
A. M., SCHNYER, D. M., VALADKA, A. B., VASSAR, M. J. & YUH, E. L. 2015. Outcome prediction
after mild and complicated mild traumatic brain injury: external validation of existing models
and identification of new predictors using the TRACK-TBI pilot study. J Neurotrauma, 32, 83-
94.

LITTLE, D. M., KRAUS, M. F., JOSEPH, J., GEARY, E. K., SUSMARAS, T., ZHOU, X. J., PLISKIN, N. &
GORELICK, P. B. 2010. Thalamic integrity underlies executive dysfunction in traumatic brain
injury. Neurology, 74, 558-64.

LO, C., SHIFTEH, K., GOLD, T., BELLO, J. A. & LIPTON, M. L. 2009. Diffusion tensor imaging
abnormalities in patients with mild traumatic brain injury and neurocognitive impairment. J
Comput Assist Tomogr, 33, 293-7.

LUOTO, T. M., TENOVUO, 0., KATAJA, A., BRANDER, A., OHMAN, J. & IVERSON, G. L. 2013. Who gets
recruited in mild traumatic brain injury research? J Neurotrauma, 30, 11-6.

MALOIJCIC, B., MUBRIN, Z., CORIC, B., SUSNIC, M. & SPILICH, G. J. 2008. Consequences of mild
traumatic brain injury on information processing assessed with attention and short-term
memory tasks. J Neurotrauma, 25, 30-7.

MARSHMAN, L. A., JAKABEK, D., HENNESSY, M., QUIRK, F. & GUAZZO, E. P. 2013. Post-traumatic
amnesia. J Clin Neurosci, 20, 1475-81.

MARUTA, J., LEE, S. W., JACOBS, E. F. & GHAJAR, J. 2010. A unified science of concussion. Ann N Y
Acad Sci, 1208, 58-66.

MATHIAS, J. L., BEALL, J. A. & BIGLER, E. D. 2004. Neuropsychological and information processing
deficits following mild traumatic brain injury. J Int Neuropsychol Soc, 10, 286-97.

MATHIAS, J. L. & WHEATON, P. 2007. Changes in attention and information-processing speed
following severe traumatic brain injury: a meta-analytic review. Neuropsychology, 21, 212-
23.

MAVYER, A. R., LING, J., MANNELL, M. V., GASPAROVIC, C., PHILLIPS, J. P., DOEZEMA, D., REICHARD, R.
& YEO, R. A. 2010. A prospective diffusion tensor imaging study in mild traumatic brain
injury. Neurology, 74, 643-50.

MCALLISTER, T. W., SPARLING, M. B., FLASHMAN, L. A., GUERIN, S. J., MAMOURIAN, A. C. & SAYKIN,
A. ). 2001. Differential working memory load effects after mild traumatic brain injury.
Neuroimage, 14, 1004-12.

MCCAULEY, S. R., BOAKE, C., LEVIN, H. S., CONTANT, C. F. & SONG, J. X. 2001. Postconcussional
disorder following mild to moderate traumatic brain injury: anxiety, depression, and social
support as risk factors and comorbidities. J Clin Exp Neuropsychol, 23, 792-808.

MEARES, S., SHORES, E. A., TAYLOR, A. J., BATCHELOR, J., BRYANT, R. A., BAGULEY, I. J.,, CHAPMAN, J.,
GURKA, J., DAWSON, K., CAPON, L. & MAROSSZEKY, J. E. 2008. Mild traumatic brain injury
does not predict acute postconcussion syndrome. J Neurol Neurosurg Psychiatry, 79, 300-6.

MEARES, S., SHORES, E. A., TAYLOR, A. J., BATCHELOR, J., BRYANT, R. A., BAGULEY, I. J., CHAPMAN, J.,
GURKA, J. & MAROSSZEKY, J. E. 2011. The prospective course of postconcussion syndrome:
the role of mild traumatic brain injury. Neuropsychology, 25, 454-65.

MEHTA, M. A., CALLOWAY, P. & SAHAKIAN, B. J. 2000. Amelioration of specific working memory
deficits by methylphenidate in a case of adult attention deficit/hyperactivity disorder. J
Psychopharmacol, 14, 299-302.

MENON, D. K., SCHWAB, K., WRIGHT, D. W. & MAAS, A. I. 2010. Position statement: definition of
traumatic brain injury. Arch Phys Med Rehabil, 91, 1637-40.

49



MILD TRAUMATIC BRAIN INJURY COMMITTEE, M. T. B. I. American Congress of Rehabilitation
Medicine, Head Injury Interdisciplinary Special Interest Group.(1993). Definition of mild
traumatic brain injury. Journal of Head Trauma Rehabilitation, 8, 86-87.

MILLER, E. K. & COHEN, J. D. 2001. An integrative theory of prefrontal cortex function. Annu Rev
Neurosci, 24, 167-202.

MITTL, R. L., GROSSMAN, R. I., HIEHLE, J. F., HURST, R. W., KAUDER, D. R., GENNARELLI, T. A. &
ALBURGER, G. W. 1994. Prevalence of MR evidence of diffuse axonal injury in patients with
mild head injury and normal head CT findings. AINR Am J Neuroradiol, 15, 1583-9.

NIOGI, S. N., MUKHERIEE, P., GHAJAR, J., JOHNSON, C. E., KOLSTER, R., LEE, H., SUH, M.,
ZIMMERMAN, R. D., MANLEY, G. T. & MCCANDLISS, B. D. 2008. Structural dissociation of
attentional control and memory in adults with and without mild traumatic brain injury. Brain,
131, 3209-21.

PALLANT, J. 2010. SPSS survival manual: a step by step guide to data analysis using SPSS,
Maidenhead, McGraw-Hill.

PALLESEN, S., NORDHUS, I. H., OMVIK, S., SIVERTSEN, B., TELL, G. S. & BJORVATN, B. 2007. Prevalence
and risk factors of subjective sleepiness in the general adult population. Sleep, 30, 619-24.

PANENKA, W. J., LANGE, R. T., BOUIX, S., SHEWCHUK, J. R., HERAN, M. K., BRUBACHER, J. R., ECKBO,
R., SHENTON, M. E. & IVERSON, G. L. 2015. Neuropsychological Outcome and Diffusion
Tensor Imaging in Complicated versus Uncomplicated Mild Traumatic Brain Injury. PLoS One,
10, e0122746.

PARE, N., RABIN, L. A, FOGEL, J. & PEPIN, M. 2009. Mild traumatic brain injury and its sequelae:
characterisation of divided attention deficits. Neuropsychol Rehabil, 19, 110-37.

PETERSEN, S. E. & POSNER, M. I. 2012. The attention system of the human brain: 20 years after. Annu
Rev Neurosci, 35, 73-89.

PONSFORD, J., CAMERON, P., FITZGERALD, M., GRANT, M. & MIKOCKA-WALUS, A. 2011. Long-term
outcomes after uncomplicated mild traumatic brain injury: a comparison with trauma
controls. J Neurotrauma, 28, 937-46.

PONSFORD, J., WILLMOTT, C., ROTHWELL, A., CAMERON, P., KELLY, A. M., NELMS, R., CURRAN, C. &
NG, K. 2000. Factors influencing outcome following mild traumatic brain injury in adults. J Int
Neuropsychol Soc, 6, 568-79.

POVLISHOCK, J. T. & KATZ, D. I. 2005. Update of neuropathology and neurological recovery after
traumatic brain injury. J Head Trauma Rehabil, 20, 76-94.

RATHBONE, A. T., THARMARADINAM, S., JIANG, S., RATHBONE, M. P. & KUMBHARE, D. A. 2015. A
review of the neuro- and systemic inflammatory responses in post concussion symptoms:
Introduction of the "post-inflammatory brain syndrome" PIBS. Brain Behav Immun, 46, 1-16.

RICHARDSON, G. B., ASTON-JONES & SAPER, C., B. (2013) The Modulatory Functions of the Brain
stem in KANDEL, E. R. & MACK, S. 2013. Principles of neural science, 5" Ed. New York,
McGraw-Hill Medical, p1039-1055

RUFF, R. M. 2011. Mild traumatic brain injury and neural recovery: rethinking the debate.
NeuroRehabilitation, 28, 167-80.

SADOWSKI-CRON, C., SCHNEIDER, J., SENN, P., RADANOV, B. P., BALLINARI, P. & ZIMMERMANN, H.
2006. Patients with mild traumatic brain injury: immediate and long-term outcome
compared to intra-cranial injuries on CT scan. Brain Inj, 20, 1131-7.

SCHRETLEN, D. J. & SHAPIRO, A. M. 2003. A quantitative review of the effects of traumatic brain
injury on cognitive functioning. Int Rev Psychiatry, 15, 341-9.

SHALLICE, T. 1982. Specific impairments of planning. Philosophical Transactions of the Royal Society
of London. B, Biological Sciences, 298, 199-209.

SHENTON, M. E., HAMODA, H. M., SCHNEIDERMAN, J. S., BOUIX, S., PASTERNAK, O., RATHI, Y., VU,
M. A., PUROHIT, M. P., HELMER, K., KOERTE, I., LIN, A. P., WESTIN, C. F., KIKINIS, R., KUBICKI,
M., STERN, R. A. & ZAFONTE, R. 2012. A review of magnetic resonance imaging and diffusion
tensor imaging findings in mild traumatic brain injury. Brain Imaging Behav, 6, 137-92.

50



SHIFFRIN, R. M. & SCHNEIDER, W. 1984. Automatic and controlled processing revisited. Psychol Rev,
91, 269-76.

SINGLETON, R. H., ZHU, J., STONE, J. R. & POVLISHOCK, J. T. 2002. Traumatically induced axotomy
adjacent to the soma does not result in acute neuronal death. J Neurosci, 22, 791-802.

SKANDSEN, T., FINNANGER, T. G., ANDERSSON, S., LYDERSEN, S., BRUNNER, J. F. & VIK, A. 2010a.
Cognitive impairment 3 months after moderate and severe traumatic brain injury: a
prospective follow-up study. Arch Phys Med Rehabil, 91, 1904-13.

SKANDSEN, T., KVISTAD, K. A., SOLHEIM, O., STRAND, I. H., FOLVIK, M. & VIK, A. 2010b. Prevalence
and impact of diffuse axonal injury in patients with moderate and severe head injury: a
cohort study of early magnetic resonance imaging findings and 1-year outcome. J Neurosurg,
113, 556-63.

SMITH, P. J., NEED, A. C., CIRULLI, E. T., CHIBA-FALEK, O. & ATTIX, D. K. 2013. A comparison of the
Cambridge Automated Neuropsychological Test Battery (CANTAB) with "traditional"
neuropsychological testing instruments. J Clin Exp Neuropsychol, 35, 319-28.

SPITZ, G., MALLER, J. J., NG, A., O'SULLIVAN, R., FERRIS, N. J. & PONSFORD, J. L. 2013a. Detecting
lesions after traumatic brain injury using susceptibility weighted imaging: a comparison with
fluid-attenuated inversion recovery and correlation with clinical outcome. J Neurotrauma,
30, 2038-50.

SPITZ, G., MALLER, J. J., O'SULLIVAN, R. & PONSFORD, J. L. 2013b. White matter integrity following
traumatic brain injury: the association with severity of injury and cognitive functioning. Brain
Topogr, 26, 648-60.

STERNBERG, R. J. & MIO, J. 2009. Cognitive psychology, Belmont, Cal., Thomson Wadsworth.

STULEMEIJER, M., VAN DER WEREF, S., BORM, G. F. & VOS, P. E. 2008. Early prediction of favourable
recovery 6 months after mild traumatic brain injury. J Neurol Neurosurg Psychiatry, 79, 936-
42.

STUSS, D. T. 2006. Frontal lobes and attention: processes and networks, fractionation and
integration. J Int Neuropsychol Soc, 12, 261-71.

STUSS, D. T., SHALLICE, T., ALEXANDER, M. P. & PICTON, T. W. 1995. A multidisciplinary approach to
anterior attentional functions. Ann N Y Acad Sci, 769, 191-211.

SULLIVAN, K. & GARDEN, N. 2011. A comparison of the psychometric properties of 4 postconcussion
syndrome measures in a nonclinical sample. J Head Trauma Rehabil, 26, 170-6.

TEASDALE, G. & JENNETT, B. 1974. Assessment of coma and impaired consciousness. A practical
scale. Lancet, 2, 81-4.

TEASDALE, G., MAAS, A., LECKY, F., MANLEY, G., STOCCHETTI, N. & MURRAY, G. 2014. The Glasgow
Coma Scale at 40 years: standing the test of time. Lancet Neurol, 13, 844-54.

UCHINO, Y., OKIMURA, Y., TANAKA, M., SAEKI, N. & YAMAURA, A. 2001. Computed tomography and
magnetic resonance imaging of mild head injury--is it appropriate to classify patients with
Glasgow Coma Scale score of 13 to 15 as "mild injury"? Acta Neurochir (Wien), 143, 1031-7.

VOLLER, B., AUFF, E., SCHNIDER, P. & AICHNER, F. 2001. To do or not to do? Magnetic resonance
imaging in mild traumatic brain injury. Brain Inj, 15, 107-15.

WALLESCH, C. W., CURIO, N., GALAZKY, I., JOST, S. & SYNOWITZ, H. 2001. The neuropsychology of
blunt head injury in the early postacute stage: effects of focal lesions and diffuse axonal
injury. J Neurotrauma, 18, 11-20.

WANG, Y. & QIN, Z. H. 2010. Molecular and cellular mechanisms of excitotoxic neuronal death.
Apoptosis, 15, 1382-402.

WILD, K. V. & MUSSER, E. D. 2014. The Cambridge Neuropsychological Test Automated Battery in the
Assessment of Executive Functioning. Handbook of Executive Functioning. Springer.

WILLIAMSON, D. J., SCOTT, J. G. & ADAMS, R. L. 1996. Traumatic brain injury in ADAMS, R. L.
Neuropsychology for clinical practice: etiology, assessment, and treatment of common
neurological disorders, Washington, DC, American Psychological Association, p 9-64.

WILLMOTT, C., PONSFORD, J., HOCKING, C. & SCHONBERGER, M. 2009. Factors contributing to
attentional impairments after traumatic brain injury. Neuropsychology, 23, 424-32.

51



WOOD, N. & COWAN, N. 1995. The cocktail party phenomenon revisited: how frequent are attention
shifts to one's name in an irrelevant auditory channel? J Exp Psychol Learn Mem Cogn, 21,
255-60.

YUH, E. L., MUKHERIEE, P., LINGSMA, H. F., YUE, J. K., FERGUSON, A. R., GORDON, W. A., VALADKA, A.
B., SCHNYER, D. M., OKONKWO, D. O., MAAS, A. I. & MANLEY, G. T. 2013. Magnetic
resonance imaging improves 3-month outcome prediction in mild traumatic brain injury. Ann
Neurol, 73, 224-35.

ZIINO, C. & PONSFORD, J. 2005. Measurement and prediction of subjective fatigue following
traumatic brain injury. J Int Neuropsychol Soc, 11, 416-25.

52



Appendix
In the main project, a list of consecutive head CTs performed is screened daily.

For 6 of the 9 months this master project lasted, this log is complete:

All patients with Head injury, a total of 301 Head CTs were performed

Criteria for mild TBI not met 151

Did not speak Norwegian = 16

Presented at the hospital 48 hours after injury = 8

Other major trauma =1

Leaving 134 patients eligible for inclusion

Refused to participate in either way = 6

Excluded due to substance abuse or other injury/disease =19

Wished to participate in questionnaires and interviews = 20

Patients that were not reachable =9

Not enrolled for unknown reasons = 12

43 patients consented to participate in the thesis

32% of patients eligible for inclusion
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