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ABSTRACT

Aphasia, a disorder of spoken and/or written language, is a significant aftermath of
stroke affecting more than a third of all stroke survivors. Many stroke survivors
continue to have language deficits greater than six months post-stroke. Numerous
studies over the span of more than a decade have shown that transcranial magnetic
stimulation (TMS) can facilitate language recovery for patients who suffer from aphasia
due to stroke. Transcranial magnetic stimulation creates a fluxing magnetic field, which
allows for the generation of weak currents in underlying cortical neurons, causing them
to depolarize. Depending on the intensity, frequency and duration of stimulation, TMS
can cause decreases or increases in cortical excitability beyond the period of stimulation

aiming to facilitate language abilities.

The research reported in this thesis is the first of its kind in Cyprus. Specifically, the aim
was to investigate the effectiveness of neuronavigated repetitive TMS (rTMS) as a
standalone treatment for chronic aphasia post-stroke. A single subject experimental
design (SSED) methodology preceded by a pilot study confirming the fidelity of trial
procedures and patient acceptability of TMS was adopted.

Findings revealed that rTMS over the right pars triangularis (pTr) shows promise to
promote neuroplasticity in patients suffering from chronic post-stroke aphasia.
Behavioural changes included trends towards improvement in verbal comprehension,
expressive language, naming and reading abilities. There was one case that showed
significant improvement in spoken comprehension and reading performance. Regarding
functional communication, the total number of narrative words increased in three
participants and decreased in one participant post-treatment. Quality of life (QoL) did
not significantly change as a result of the treatment. Further research exploring
individualized TMS protocols for post-stroke aphasia rehabilitation is strongly
recommended with the aspiration that TMS will be used as a standard treatment

modality in clinical practice in the near future.

Keywords: stroke, aphasia, rTMS, cTBS, systematic review
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CHAPTER 1: Introduction

The research presented in this thesis explores the effectiveness of repetitive
Transcranial Magnetic Stimulation (rTMS) for improvement of language deficits in
patients with chronic aphasia post-stroke. Stroke can occur at any point in a person’s
life and represents a clinically impactful disorder that affects every day functioning,
quality of life (QoL) and often even survival. Moreover, the physical consequences of
stroke are long-term and have a profound impact on the mental, emotional and
physical status of the victim and his/her caregiver. Finally, stroke places a large

burden on rehabilitation services and on society (Feigin et al., 2003).

Stroke is the second most prevalent cause of death and the third leading cause of
disability (WHO, 2012). It is an evolving process and not a temporary event (Elkind,
2009). An in-depth understanding of the physical, biochemical and mechanical
processes responsible for the instigation and development of stroke is of paramount
importance for stroke prevention and treatment. In a recent review (Feigin et al.,
2016) it was reported that above 90% of the stroke burden is attributed to modifiable
risk factors and taking control of behavioural and metabolic risk factors may thwart
more than 75% of the global stroke burden. Developments in stroke strategic planning
regarding minimizing and managing the burden of stroke, raising stroke awareness
and on the implementation of the best practices regarding blood pressure and atrial
fibrillation screening in primary care, may all contribute to stroke prevention (Karnad,
Pannelay, Boshnakova, Lovell & Cook, 2018).

In the context of the current research, the efficacy of therapy programmes for chronic
post-stroke aphasia can be enhanced by non-invasive brain stimulation (NIBS) that
targets specific brain areas. One such intervention is rTMS which influences cortical
activity from outside of the skull and has the potential to improve language abilities of

stroke survivors.



1.1 Stroke: Types, Classification, Epidemiology and Clinical Picture

of Patients

Stroke is a heterogeneous medical condition including several types that differ in risk
factor profiles, management and outcomes (Sudlow & Warlow, 1997). There are three
main types of stroke; ischaemic, primary intracerebral hemorrhagic and, subarachnoid
haemorrhagic (Tsai, Thomas & Sudlow, 2013; Feigin et al., 2006). Stroke may
happen in cortical and/or subcortical brain areas and/or within the spinal cord
(Donnan et al., 2002). Arteries but also the cerebral venous system may be affected
(Ekici et al., 2013) and cause intracerebral hemorrhages (ICH) that are often linked to
worse outcomes (Girot et al., 2007). Transient decrease in blood supply to the central
nervous system (CNS) is associated with transient ischemic attack (TIA). Transient
episodes of neurologic disturbance are not linked to persistent cerebral infarction
(Albers et al., 2002).

Stroke classification gives information about the location of brain lesion, extent of
damage, underlying causes and prognosis. This can inform decision making and
enhance grouping and examination of stroke subtypes in epidemiological studies. So
far, various stroke classification systems have been developed. The 'Bamford' or
'‘Oxford" stroke classification system relies on the combination of symptoms that are
presented in each stroke episode. Limb weakness, visual disturbance and higher
cortical dysfunction (e.g. aphasia) are the three main categories of stroke symptoms
(Wardlaw et al.,, 1996). The American Heart Association Stroke Outcome
Classification (AHA.SOC) is a reliable, valid and globally established classification
system that precisely describes stroke related neurological impairments, disabilities,
and handicaps (Kelly-Hayes et al., 1998).

Several epidemiological studies have explored incidence and prevalence rates, risk
factors and causes of stroke in different populations (see Appendices 1 & 2). Around
80% of strokes are ischaemic in nature and 20% are due to primary haemorrhage
(Markus, 2012; Warlow et al., 2001).



Differential diagnosis between ischemic and hemorrhagic stroke is difficult as both
have similar clinical symptomatology (Ronning et al., 2008). The clinical
manifestation of ischemic stroke involves motor (hemiparesis) and sensory
(hemisensory loss) problems, aphasia, ophthalmoplegia and visual fields cuts
(Runchey & McGee, 2010). Hemorrhagic stroke presents with severe headaches
(Ronning et al., 2008), vomiting (Qureshi et al., 2001), neck stiffness, progressive
deterioration, bilateral Babinski signs and coma (Runchey & McGee, 2010). People
presenting with stroke symptoms should seek medical care immediately as prompt
stroke treatment reduces brain damage and disability, prevents life-threatening

complications, and helps patients regain functioning.

1.2 Stroke: Pathophysiological Processes

Stroke pathophysiology, both at the macro tissue level (cerebral blood flow, ischemic
penumbra and, window of opportunity) and the microcellular level (development of
microcirculatory disturbances) is intricate and its examination is done at the level of

ischemia and hemorrhage as described below.

1.2.1 Ischemic Stroke
Ischemic stroke includes various subtypes, each subtype presenting with different
pathophysiological mechanisms (Jerrard-Dune et al., 2003). Particularly, it involves
atherothrombotic, embolic, lacunar, other determined and undetermined subtypes
(Sudlow & Warlow, 1997); large vessel disease stroke, small vessel disease stroke
and cardioembolic stroke being the commonest subtypes (Jerrard-Dune et al., 2003).
Transient ischemic attack and ischemic stroke share the same pathophysiology
(Elkind, 2009; Herderschee et al., 1992). Ischemic strokes result from embolism,
thrombosis or systemic hypoperfusion (Tan & Martin, 2012). Unlike thrombosis,
embolism is not linked to vascular problems inherent to the infarcted vessels (Tan &
Martin, 2012) and may impact on various areas within different vascular sites (Ropper
& Samuels, 2009). Systemic hypoperfusion drops cerebral perfusion pressures that in

turn cause generalized brain ischemia (Tan & Martin, 2012).

Blood contains oxygen and glucose needed for normal brain function. Drop of
cerebral blood flow (CBF) below 15 to 18mL/100g of brain/minute, causes the brain
3



to make efforts to preserve energy stores by reducing synaptic activity (Toole, 1999),
leading to brain neurologic deficits (Tintinalli, Kelen & Stapczynski, 2004). Drop of
CBF below 10mL/100g of brain/minute leads to a cascade of events that result in
death (Toole, 1999). Donaghy (2009) outlines how neurophysiologic and functional
changes caused by hypoperfusion can reversibly or irreversibly affect brain function.
In the event of transient ischemia, brain can possibly recover its function. However,
increasing ischemia causes progressive cell damage due to decreased energy
consumption and blood supply. Protein synthesis is disturbed and ineffective
anaerobic metabolism of glucose follows. As a result, lactate production increases, pH
inside and outside of cells decreases, phosphocreatine and ATP synthesis become
disturbed and production of energy fails. Then, all energy dependent cell membrane
functions (e.g. cellular transport and neurotransmission) fail, causing cytotoxic and
vasogenic edemas (occurring hours after stroke initiation). Those edemas cause
cerebral swelling that may in turn cause brain herniation and possibly death. There is
evidence that the mechanisms associated with ischemic cell death may differ between
white and gray matter (Xing et al., 2012).

Furthermore, neurotoxic neurotransmitters, free oxygen radicals, lipid peroxides and
nitric oxides are produced causing further cell damage (Donaghy, 2009). Glutamate,
which is the major excitatory neurotransmitter in the brain, gathers in the extracellular
space following ischemia, activating its receptors (Martin & Wang, 2010). Glutamate
receptors encourage an inordinate calcium influx that stimulates i) catabolic processes
(Xing et al., 2012), ii) sodium and water influx with accompanying cell swelling and
edema and iii) shrinking of the extracellular space (Lipton, 1999). Also, in the
affected hemisphere, the balance between excitatory and inhibitory synaptic activity is
disturbed causing a shift towards excitation and activity reduction in local inhibitory
circuits (Di Pino, 2014).

Ischemia is linked to several compensative processes (i.e. local vasodilatation,
opening of cerebral collateral vessels and increase of the extraction of oxygen and
glucose from blood) to provide protection to the affected brain areas (Tan & Martin,
2012). Apart from compensatory mechanisms, the brain also exhibits protective

mechanisms that are as complex as the damage processes caused by ischemia

4



(Dirnagl, 2012). Brain immune cells (i.e. microglia and dendritic cells) and blood
immune cells (i.e. neutrophils, macrophages, lymphocytes) are aroused to assist the
injured brain (ladecola & Anrather, 2011). A large body of research suggests that the
activation of glial cells induces brain inflammation (e.g. ladecola & Anrather, 2011;
Woodruff et al., 2011) particularly in the ischemic penumbra (the viable ischemic
tissue around the ischemic site that might be salvageable) (Gelderblom et al., 2009).
Nevertheless, in ischemia, the pathophysiological significance of microglia (Xing et
al., 2012) and lymphocyte brain infiltration (Woodruff et al., 2011) remains unclear.

The ischemic penumbra is maintained by blood supply from collateral vessels. It
mounts up to almost half of the total lesion volume during the initial stages of
ischemia (Ginsberg, 1997). It is pretty essential as it can encourage recovery or cause
irreparable neuronal cell death (Fisher, 2004). Cellular integrity and function are
preserved in the penumbra if CBF is restored quickly (McElveen & Macko, 2008).
This may be linked to penumbra induced recovery (Donaghy, 2009). There is
evidence that many neurons may stay vital for many hours or days post ischemia in
the ischemic penumbra and hence, recovery may be doable for some time post-stroke
onset (Woodruff et al., 2011). In addition to its protective role, restoration of CBF can
also have detrimental effects to the brain. Particularly, free radicals may develop, the
blood-brain barrier integrity may be compromised (Woodruff et al., 2011; del Zoppo
& Hallenbeck, 2000) and programmed neural death and autophagy can still continue

happening (Xing et al., 2012).

1.2.2 Hemorrhagic Stroke
According to the anatomical area of the hematoma, intracranial hemorrhage is divided
into four types: extradural, subdural, intracerebral and subarachnoid. The somewhat
arbitrary distinction between intracranial bleeding (extradural and subdural) and
hemorrhagic stroke (intracerebral and subarachnoid) may be unwarranted as all four
entities may overlap (Liebeskind, 2010). In a hemorrhagic stroke, large or small
arteries rupture and blood that outflows from them pushes against, and compresses
adjacent tissues causing them ischemia, bloat and necrosis (Frizzell, 2005). During the
initial stages, reflex mechanisms are stimulated to protect blood perfusion, but

restoration of normal CBF ultimately fails due to secondary dysfunction of cerebral
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flow autoregulation leading to ischemia, hypoxia and finally neuronal cell death
(Liebeskind, 2010). After the initial injury of brain tissue due to mechanical

compression from blood, a cascade of events is initiated.

In intracerebral hemorrhage, inflammation (Wang, 2010), red cell lysis and iron
deposition (Hua, Keep, Hoff & Xi, 2007) and, local and distant ischemic lesions
(Prabhakaran & Naidech, 2012) are all observed around the hematoma. Within 48
hours of hemorrhage onset, macrophages start phagocytize blood and necrotic tissue
(Frizzell, 2005). Amongst other pathophysiological mechanisms, oxidative stress and
neuronal cell apoptosis may disrupt the blood-brain barrier (BBB) and cause brain
oedema and hydrocephalus leading to increased intracranial pressures (Ziai, 2013).
Elevated pressures in local tissue increase pressures in the capillaries which in turn
cause a decrease in regional cerebral flow and even if this occurs towards ischemic
limits, such regional tissue is not completely deprived of oxygen or glucose due to

metabolic autoregulation (Ronning et al., 2008).

Immediately after a subarachnoid hemorrhage, stimulated signaling cascades cause
inflammation,  oxidative  stress, BBB  disruption  (through  numerous
pathophysiological mechanisms), disruption of homeostasis of ion gradients and
channels, excitotoxicity, microcirculatory dysfunction, microthrombosis, and cortical
spreading depolarization, all lasting up to 72 hours (Reis et al., 2017). Later events
include i) cerebral vasospasm causing cerebral ischemia and infarction (Macdonald,
Pluta & Zhang, 2007) and ii) vasospasm in deep cerebral veins (Dai et al., 2012).
Rolling and adherent platelets and leukocytes that increase in number and size cause
microthromboses and microvascular stases (Friedrich, Mdller, Feiler, Scholler &
Plesnila, 2012). Globalized brain oedema (Chen et al., 2014), hydrocephalus (Shah &
Komotar, 2013) and subsequent cerebral hypoperfusion (Csokay, Pataki, Nagy &
Belan, 2002) are also noticed.

1.3 Post-stroke Aphasia Epidemiology
Stroke is the second leading cause of mortality and the most frequent cause of

disability with an incidence of approximately 200/100,000 internationally (Heiss &



Thiel, 2016). In addition to stroke induced physical impairments, many stroke

survivors experience problems in cognition, swallowing and communication.

Aphasia is an acquired communication disorder resulting from damage to brain areas
responsible for language. Aphasia can partially or totally affect the production or
comprehension of speech and the ability to read and/or write. The severity of aphasia
can range from mild to severe. That is, some people with aphasia (PWA) may have
only occasional difficulties in finding the right words while speaking (i.e. mild
anomia), whilst others may have trouble understanding and/or conveying basic

messages.

In a recent systematic review of 248 papers and subsequent meta-analysis, it was
found that reported post-stroke aphasia frequencies vary and depend on stroke type
(ischemic vs hemorrhagic) and setting (e.g. emergency and rehabilitation centers)
(Flowers et al., 2016). Aphasia, as a significant consequent of stroke affects more than
a third of all stroke survivors (Heiss & Thiel, 2016; Dickey et al., 2010). There is
extensive research showing that PWA engage poorly with their families, peers and
community members, leading to social isolation and/or clinical depression (Davidson
et al., 2008). Aphasia is associated with serious limitations in activities of daily living
(e.g., reading information, shopping, using the phone, handling money), loss of
independence (e.g., looking after households, paying bills and returning to work) and
participation in social activities (Northcott, Marshall & Hilari, 2016). If aphasia does
not improve over time and becomes chronic, it leads to long-term disability
(Gialanella, Bertolinelli, Lissi, & Prometti, 2011), increased societal burden
(Northcott et al., 2016), family carer strain (Kniepmann & Cupler, 2014) and poor
quality of life (QoL) (Hilari, Needle & Harrison, 2012).

1.4 Aphasia Syndromes and Fluency of Speech

Aphasia is a broad term as there are many different presentations and severities of the

disorder. Over 20 different aphasia classifications have been introduced since Broca’s

first report on language disturbance associated with brain damage in 1863 (Ardila,

2010). In Western countries, Luria’s and the Neoassociationist classifications of the

aphasias are generally accepted (Basso, 2003). According to the clinical classification
7



system aphasic syndromes are classified into two main groups; fluent and non-fluent
aphasia with their subdivisions (table 1-1). This system is widely used in both
research and clinical settings and underscores the critical value of fluency in the
diagnostic classification of aphasias. However, judging fluency is a complex task that
depends on the perceptions of listeners on fluency. Recovery from aphasia is a
dynamic process and very often it is observed that one type of aphasia evolves to
another (Klebic, Salihovic, Softic & Salihovic, 2011; McDermott, Horner & Delong,
1996).



Table 1-1: Clinical Classification of Aphasias

Motor

Aphasia Expressive Auditory Repetition Naming Reading | Neuroanatomical correlates

Syndrome Speech Comprehension

Non fluent

Aphasias

Global N L L L Y Extensive lesions that impact on anterior and posterior
left hemispheric sites, including Broca’s and
Wernicke’s areas.

Mixed Y L Normal L L Isolation of the perisylvian fissure area by extensive

Transcortical dominant hemispheric lesion - Large lesions affecting
anterior and posterior left hemispheric regions, sparing
the arcuate fasciculus. Most commonly the cause is
ischemia.

Broca’s 1 | / Normal (N W7l 1/ Anterior lesion in the dominant hemisphere - Left

Normal | frontal and parietal lobes, insula and white matter

below these cortical areas may be included as well.
Lesion anterior to central sulcus causes milder (more
transient) language difficulties and better language
recovery. Posterior perisylvian fissure structures are
spared. Most commonly caused by an infarct of the
superior division of middle superior artery (MCA).

Transcortical WLl | / Normal Normal I Normal | Lesions observed in the dominant frontal lobe that can

reflect dorsolateral damage anterior or superior to
Broca’s area. Lesions may include mesial left frontal
areas associated with the anterior cingulate and
supplementary motor area. Posterior perisylvian fissure
structures are spared. Lesions may reflect damage of
the dominant hemisphere, thalamus or basal ganglia.
Usual etiology is infarct of left anterior cerebral artery
(ACA) or anterior segment of the superior division of
the middle superior artery (MCA).




Aphemia /
pure word
mutism

Mute — can
only write

Normal

Normal

Mute —
able to
write

Normal

Distinct lesion of the dominant (left) frontal lobe
affecting Broca’s area.

Fluent
Aphasias

Wernicke’s

Fluent but
unintelligible

U

HH

WL

HH

Lesion of the dominant inferior perisylvian fissure
(superior temporal lobe) that usually extends
superiorly to the parietal region impacting on the
supramarginal gyrus. Anterior perisylvian fissure
structures are spared. Usual etiology is infarct of left
inferior division of the middle cerebral artery (MCA).

Transcortical
sensory

Fluent but
unintelligible

W

Normal

A

W

Lesion of the dominant temporoparietal-occipital
region, or less frequently, the parieto-occipital area.
The cerebral tissue affected is posterior (and often
mesial) to Wernicke’s area. Structures anterior to
Wernicke’s area are spared. Usual etiology is
infarction of watershed zone between the inferior
MCA territory and posterior cerebral artery (PCA)
territory. Another usual lesion concerns damage to the
basal ganglia or thalamus of the dominant hemisphere.
Neurodegenerative  conditions (e.g.  Alzheimer’s
disease), may be associated with language impairment
reflecting a transcortical sensory aphasia.

Conduction

Fluent but
unintelligible

Normal

HH

VI

Normal

Lesion of dominant temporoparietal regions,
particularly the supramarginal gyrus and underlying
white matter, such that the arcuate fasciculus is
damaged. Wernicke’s area and anterior structures are
spared. Usual etiology is infarction of a limb of the
inferior MCA territory.

Anomic

Intact with
meaningful

Normal

Normal

U

Normal

Apart from acute, isolated anomic aphasia, there is
little localizing value. In acute isolated onset of anomic
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speech
content

aphasia, lesion is usually in the dominant (left)
hemisphere outside the perisylvian language area, in
the inferior temporal area or angular gyrus of the
parietal lobe area.

Key 1. |=minimal impairment; | |=moderate impairment; | | |=severe impairment

Key 2. Table adapted from Schoenberg, M. R., & Scott, J. G. (2011). Aphasia Syndromes. In M. R. Schoenberg, & J. G. Scott (Eds). The Little Black

Book of Neuropsychology: A Syndrome-Based Approach (267-292). Boston, MA: Springer.
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Non-fluent aphasias include five aphasic syndromes that all share a common speech

deficit; that is, non-fluent speech. Schoenberg and Scott (2011) outline language

deficits of those syndromes as follows:

i)

In global aphasia, speech is non-fluent and, oral and reading comprehension,
repetition, naming and writing are all impaired. Memory problems, right
hemiparesis, right visual field defect, Gerstmann’s syndrome, hemianesthesia,
visual agnosias and apraxias are all possible comorbid conditions. It typically
evolves to Broca’s aphasia.

In mixed transcortical aphasia, oral and reading comprehension, naming and
writing are impaired but, repetition is intact. Gersmann’s syndrome, right
hemiparesis, right visual field defect, right hemianesthesia, memory issues, visual
agnosias and apraxias are all frequent comorbid conditions. Its prognosis is
variable. Patients with vascular aetiology may evolve to either Broca’s or anomic

aphasia.

i) In Broca’s aphasia, fluency, repetition, naming and writing are all impaired.

However, oral and reading comprehension is intact or mildly affected. Right
hemiparesis, apraxias and/or verbal memory are frequent comorbid conditions. Its
prognosis is also variable — patients with vascular aetiology frequently improve to

anomic aphasia with mild fluency problems.

Iv) Transcortical motor aphasia presents with impaired fluency, naming and writing.

Oral and reading comprehension and repetition are preserved. Comorbid
conditions may include apraxias, memory impairments, executive dysfunction,
perseveration and behavioral apathy. Other comorbidities depend on the location
of the lesion: right upper extremity weakness in left frontal dorsolateral lesions
and right lower extremity weakness in medial frontal lesions. Patients with
vascular aetiology may evolve to anomic aphasia or symptoms can almost resolve.
Aphemia/pure word mutism is characterized by an inability to articulate, leading
to slow and very effortful speech. Severely affected patients are totally mute. In
milder forms, aphemia can sound as if the patient is attempting to speak in an
unusual accent. Comprehension, repetition, naming and writing are completely

preserved. Paraphasias and mild dysnomia are occasionally observed.
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Fluent aphasias reflect (almost) intact verbal fluency and include four aphasic
syndromes (Schoenberg & Scott, 2011):

In Wernicke’s aphasia, speech is fluent but unintelligible, writing is often fluent
with identifiable letters but unintelligible content; oral and reading
comprehension, repetition and naming are all impaired. Wernicke’s aphasia can
present without any other obvious neurological symptoms or with anosognosia,
Gerstmann’s syndrome, right homonymous visual field deficit, memory deficits
and/or visuoconstructional apraxia. Its prognosis is variable. Wernicke’s aphasia
with vascular etiology often shows comprehension improvement and may evolve
to either conduction- or transcortical sensory aphasia, and in patients with
significant improvement it may evolve in anomic aphasia.

Transcortical sensory aphasia presents with rapid and effortless speech fluency
with unintelligible content due to paraphasias and neologisms. Compared to
Wernicke’s aphasia, oral and reading comprehension is less impaired. Repetition
Is intact, naming is impaired, and writing is usually fluent with identifiable letters
but unintelligible content. Common comorbid conditions include right visual field
loss, right hemianesthesia and constructional apraxia. The prognosis varies as with
Wernicke’s aphasia. In cases with vascular aetiology, comprehension improves

and Wernicke’s aphasia evolves to anomic aphasia and sometimes nearly resolves.

Iii) In conduction aphasia, speech is rapid, fluent and difficult to understand (because

of phonemic paraphasias and pauses resulting from naming errors), but is more
meaningful and intelligible compared to speech of transcortical sensory- or
Wernicke’s aphasia. Verbal and written comprehension is intact for conversational
speech. Repetition and naming are markedly impaired. Writing is fluent but
sometimes difficult to understand due to paraphasias. Comorbid conditions
include right hemianesthesia and apraxia, some right facial weakness, acalculia
and rarely hemiparesis. The prognosis varies from evolution to anomic aphasia to

complete recovery.

iv) Anomic aphasia presents with intact fluency with meaningful speech content and

circumlocutions due to word finding difficulties. Comprehension, repetition,
naming and writing are intact. Frequent comorbid conditions include Gerstmann’s
syndrome, limb apraxia and acalculia while its prognosis is variable. Anomic

aphasia is the end phase of recovery from other, mild to moderate, aphasia types.
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1.5 The Role of Broca’s area in Language

The inferior frontal gyrus is delimited by the inferior frontal sulcus (ifs) dorsally, and
the anterior part of the lateral (Sylvian) fissure ventrally. Three distinct parts of the
inferior frontal gyrus can be recognized: the pars orbitalis (pOr), the pars triangularis
(pTr) and the pars opercularis (pOp). In Brodmann's cytoarchitectonic map,
Brodmann area (BA) 44 corresponds to pOp and BA45 to pTr. In the dominant
(usually left) hemisphere, BA44 and BA45 constitute Broca’s motor speech centre
(Petrides, 2013; Jacobson & Marcus, 2008). However, some researchers suggest a
more extended language production system. Ardila, Bernal and Rosselli (2016)
suggest a “Broca’s complex” that in addition to left BA44 and BAA45, it includes left
BA46, BA47, partially BA6 (mainly its mesial supplementary motor area) and
extends subcortically towards basal ganglia and thalamus. Kadis et al. (2016) refer to
an expressive language network; Bernal, Ardila and Rosselli (2015) to a Broca’s
network; Lemaire et al. (2013) to an extended Broca’s area and; Hagoort (2006) to a
“Broca’s complex,” involving BA44, BA45 and BA47. Figure 1-1 shows BAs in the
Brodmann’s Interactive Connectivity Map (Bernal, Broce & Ardila, n.d.). In addition
to Broca’s area itself, subcortical association fibers are considerably important for
language production. In particular, Jacobson and Marcus (2008) cite that the arcuate
fasciculus, an extension of the superior longitudinal fasciculus that interconnects the
superior and lateral frontal, parietal, temporal, and occipital areas, passes through the
subcortical white matter of supramarginal and angular gyri and connects Wernicke’s
with Broca’s area. This connection must be made if a heard sentence is to be repeated.

There is a large body of literature on the role of Broca’s area in language (e.g. verbal
fluency, grammatical processing and lexical inflection, processing of metaphors,
reasoning process, etc.) memory (e.g. working, non-verbal, declarative, etc.), motor
functions (e.g. mirror neurons for expressive movements) and many other functions
(e.g. music enjoyment, object manipulation, solving arithmetical tasks, etc.). What is
well established so far is that anterior lesions cause non-fluent, Broca’s-like aphasias

and posterior lesions cause fluent, Wernicke’s types of aphasias.
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In the aphasia literature, it is assumed that a lesion in Broca’s area is responsible for
the clinical description of a Broca’s aphasia (Jacobson & Marcus, 2008; Damasio &
Geschwind, 1984; Goldstein, 1948). Also, stimulation of Broca’s areas causes arrest
of speech with occasional simple vocalizations (Jacobson & Marcus, 2008).
Nonetheless, it has been suggested that lesions to Broca’s area alone do not cause
persisting Broca ’s aphasia (e.g., Willmes & Poeck, 1993; Basso, Lecours, Moraschini
& Vanier, 1985). Computerized axial tomography (CT) findings corroborate such
findings. In particular, restricted damage to Broca’s area is not enough to cause the
“classical” Broca’s aphasia and extension of the lesion to the lower motor cortex,
insula, and subjacent subcortical and periventricular white matter is needed for
Broca’s aphasia symptomatology (Benson & Ardila, 1996; Alexander et al., 1990).

Figure 1-1: Brodmann’s Interactive Connectivity Map (Bernal, Broce & Ardila, n.d.)
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1.6 Spontaneous Recovery of Communication Deficits post-Stroke

After a stroke, the brain itself tries to compensate and/or repair its disrupted networks.
Mechanisms of neuroplasticity become active within seconds or even months after the
onset of the damage. The different mechanisms involved in neuroplasticity and the

time course and characteristics of each are reported in table 1-2.

Table 1-2: Mechanisms of Neuroplasticity relating to Brain Recovery

Mechanism Time course & Characteristics
Compensatory activation increase e seconds to minutes
e increased release of neurotransmitters
Disinhibition e minutes to hours

e recruitment of alternative neuronal networks
(“silent synapses™) normally not employed for
the specific brain function represented by a
damaged area

Denervation hypersensitivity e hours
e compensatory upregulation of postsynaptic
neurotransmitter receptors

Stem cell migration e days to weeks

e existence and migration abilities of human stem
cells have been demonstrated

e functional relevance remains to be determined

Regeneration e weeks to months

e axonal sprouting and rerouting of dendrites from
surviving neurons

e regeneration of axons from damaged neurons
remains to be demonstrated in the human brain

Note. Adapted from “The pathophysiology of post-stroke aphasia: A network approach” by
A. Thiel and A. Zumbansen, 2016, Restorative Neurology and Neuroscience, 34, p. 510.

The acute phase of stroke is usually defined as the first one to three weeks post stoke,
the subacute phase is the period right after the acute phase and spans until the chronic
phase that starts six months post-stroke (Lefaucheur et al., 2014). Even though the
course of recovery is different for every patient, particular stages in the recovery
process are common. Some degree of spontaneous recovery is usually observed in all
patients in weeks to months post-stroke (Cramer, 2008). Nonetheless, even though the
majority of language recovery takes place within the first 3 months post-stroke, a
substantial number of patients continue to exhibit language gains for months or even
years afterwards (Kertesz, 1988). Nevertheless, the chronic stage is characterized by a

remarkable slowing in the rate of spontaneous (natural) functional recovery
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(Lefaucheur et al., 2014). Aphasia types also play a significant role in the pattern of
spontaneous recovery. Global aphasia often shows late recovery, transcortical aphasia
has the fastest recovery rate and Broca’s aphasia has the highest recovery rate
(Cramer, 2008).

Three main theoretical models of language related brain reorganization post-stroke
have been suggested so far. In the healthy brain, according to the “interhemispheric
competition model”, there exists a mutual and balanced inhibition between the two
hemispheres (Di Pino et al., 2014). Stroke induced damage to one hemisphere disrupts
this balance leading to reduced inhibition to the unaffected hemisphere. The
unaffected hemisphere in turn causes increased inhibition to the affected hemisphere.
Eventually, activity is decreased in the left hemisphere and increased in the right
hemisphere. It has been reported that the observed activation in homologue areas is
deleterious to recovery (e.g. Szaflarski et al., 2013; Postman-Caucheteux et al., 2010;
Thiel et al., 2006). The second model is called “vicariation model”. According to this
model, activity in residual, unaffected homologue hemispheric areas may contribute
to functional recovery for lost functions supported by damaged areas (Di Pino et al.,
2014; Tillema et al., 2008; Musso et al., 1999; Thulborn, Carpenter & Just, 1999).
However, it has been also suggested that the observed right hemispheric activation is
a passive event reflecting stroke induced reduced interhemispheric inhibition (Murase,
Duque, Mazzocchio & Cohen, 2004). More recently, it was reported that the exact
function served by the observed increase in activity in homologous brain areas
remains to be clarified (Xing et al., 2016). The third model suggests that perilesional
regions of the left hemisphere are recruited to subserve the reorganization of language
networks (Norise & Hamilton, 2017). Overall, a number of brain mapping stroke
studies report that language related brain-reorganization is a dynamic process showing
activation shifts over time. Specifically, in the early stages, cortical activity is initially
reduced at the site of the lesion and as time passes it increases again (Nhan et al.
2003; Marshall et al., 2000). This suggests that the left hemisphere remains best
equipped to sustain effective language functions (Thompson & den Ouden, 2008).
Indeed, it has been reported that spontaneous recovery outcomes are correlated to the
degree of activity in the brain area responsible for the expected behaviour (Cramer,

2008). Owverall, shifts in representational brain maps (somatotopic shifts) are
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postulated due to increased activation of i) proximate brain regions that surround the
damaged area (perilesional regions activity) (Cornelissen et al., 2003; Warburton,
Price, Swinburn & Wise, 1999) -it is believed that the volume of this periinfarct tissue
is directly connected to final clinical behavioural outcomes (Furlan et al., 1996); ii)
distributed networks that are connected to the damaged area (Tombari et al., 2004;
Cao et al., 1999) and; iii) right hemispheric areas homologous to left damaged areas

involved in language processes (Thompson & den Ouden, 2008).

Optimal recovery is also dependent on other parameters as well, such as the extent
and location of the lesion, the type of language deficits and duration since stroke onset
(Anglade, Thiel & Ansaldo, 2014). In addition to spontaneous recovery mechanisms
relevant to brain activation shifts between the two hemispheres, speech and language

therapy (SLT) also plays an important role in aphasia recovery.

1.7 Effectiveness of Speech and Language Therapy (SLT) for
Aphasia post-Stroke

Currently, there are no available treatments that allow repair of damaged brain tissues
(Di Pino et al., 2014). Although pharmacological approaches aiming at correction of
neurotransmitter disruptions could enhance language skills and become even more
efficacious, no medications are approved for aphasia treatment even though a fair
number of agents have been tested for such purposes (Saxena & Hillis, 2017).

Thus, any attempts to restore functional ability comes from rehabilitation scientists
(e.g. speech-language therapists and physiotherapists). What troubles speech-language
therapists or other rehabilitation specialists is whether the afflicted PWA will be able
to speak and/or understand language normally again. There are many theoretical SLT
approaches that speech and language therapists can follow when treating aphasia.
However, not all therapeutics schemas are equal as they differ in several therapy
regimens as follows: i) timing (early vs delayed delivery), intensity, duration,
frequency; ii) delivery approach (e.g. volunteer-facilitated SLT (Meinzer, Streiftau &
Rockstroh, 2007), computer-facilitated SLT (Cherney, 2010), and group SLT

(Pulvermuller et al., 2001)) and; iii) theoretical approach (e.g. constraint induced
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language therapy (CILT) (Wilssens et al., 2015; Pulvermuller 2001), semantic and
phonological therapy (Wilssens et al., 2015), melodic intonation therapy (der Meulen
et al., 2016), verb versus preposition therapies (Crerar, Ellis & Dean, 1996)). Such
huge variability troubles researchers regarding the exploration of the neuroplastic
effects of language treatment as all the above factors may relate, to different extents,
to the mechanisms engaged in the observed language changes. Also, there are
additional factors that complicate the interpretation of the effectiveness of SLT even
more. First, the aphasic population is heterogeneous in terms of language impairment
profiles. Second, some patients receive social support interventions (e.g. creative
interventions such as dance or music) in conjunction with SLT and this way they
practice their language skills even more. Third, pharmacological interventions and/or
other non-invasive neuromodulation therapies (e.g. Transcranial Magnetic Stimulation
(TMS) or Transcranial Direct Current Stimulation (tDCS) that are often used as
adjuncts to SLT, are probably influencing its (SLT) effectiveness. Also, the language
outcome measures used for pre- and post-therapy evaluation vary across studies. The
effectiveness of an intervention should reflect communication abilities in real world
settings (i.e. functional communication). Discourse analysis is a key tool for such
purposes, but it is rarely reported in the literature as a primary outcome measure.
Given the lack of functional communication evaluation tools, most studies use
secondary outcome measures as primary outcome measures. Secondary outcome
measures include formal measures of receptive (oral, written and gestural) language,
expressive (oral, written and gestural) language and overall aphasia severity level
language batteries. Last but not least, many patients either withdraw from their
allocated interventions or do not participate in follow-up examinations. This makes
the analysis of the effectiveness of treatments problematic, given that the number of
participants across studies is usually small. Nevertheless, even though current
evidence is inconclusive with regards to the optimal time for initiation of SLT in
PWA post-stroke (Nouwens et al., 2015); SLT remains the gold standard treatment for
aphasia and the general consensus is that it improves language skills in all aphasia
severities and stages post-stroke even if many patients are finally left with residual
deficits (Saxena & Hillis, 2017). Crucially, intensive therapy over short periods is
considered superior to less intensive therapy over a prolonged time (Cherney, 2012).
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Speech and language therapy aims at either restoration of language functions or
compensation. Compensation is usually necessary in chronic, severely affected PWA
who appear resistant to therapy, or when language performance has reached a plateau
and SLT does not seem to benefit the person with aphasia. This type of treatment
focuses on new verbal, nonverbal or alternative methods of communication (Rose,
2012). Both approaches (restoration and compensation) have shown positive results in
all aphasia stages post-stroke (Geranmayeh, Brownsett & Wise, 2014; Varley, 2011)
while the efficacy of SLT has been mostly explored in chronic aphasia (Nouwens et
al., 2015).

Brady et al. (2016) performed a Cochrane Systematic Review (CSR) to investigate the
effectiveness of SLT for aphasia post-stroke. They analysed and synthesized data
from 57 trials (3002 participants in total) and came to several conclusions reported
below. Generally, comparisons were based on a small number of trials involving few
participants (usually less than 20 PWA).

e Compared to PWA that did not receive any SLT, PWA that underwent SLT had
better scores on functional communication, receptive and expressive language,
reading and writing measures.

e Further research is needed to confirm that social support interventions can be
advantageous for improvement of certain language skills (e.g. conversation).

e There was no evidence of a difference between direct SLT provided by
professionals and SLT facilitated by volunteers or computers.

e There is some evidence that high intensity SLT is more beneficial than low
intensity SLT. Similarly, there is some evidence that high therapy doses (between
60 and 208 hours of therapy) compared to lower SLT doses (ranging from five to
78 hours) is more beneficial but differences were significant based on results from
one single trial with a small number of participants. However, high intensity and
high dose interventions may not be acceptable to all PWA.

e There is no evidence that different theoretical approaches (e.g. CILT vs semantic
therapy), yield different language outcomes. Therefore, additional data are needed
to prove that popular SLT approaches (e.g. functional SLT or CILT) are superior

to conventional SLT.
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In conclusion, further research is required to establish the optimum approach,

duration, frequency and format of SLT for PWA.

Aphasia spontaneously improves during the first four weeks post-stroke in one-third
of patients and in almost half of afflicted individuals during the first six months (Heiss
& Thiel, 2016). Even though aphasia rehabilitation leads to considerable improvement
in communication (Brady et al., 2016; Brady, Kelly, Godwin, Enderby & Campbell,
2012), 43% of patients that undergo aphasia rehabilitation still present with aphasia 18
months post-stroke (Laska et al., 2001). Therefore, improved and additional treatment

strategies are required to improve recovery of language functions.

1.8 Transcranial Magnetic Stimulation (TMS) in post-Stroke
Aphasia Rehabilitation

The principle aim of aphasia rehabilitation is to enhance the recovery of speech and
language functions after brain injury. Neuronal regeneration is limited in the adult
nervous system and functional recovery is expected to occur via neuroplastic
processes. Neuroplastic processes depict complex neuronal adaptations/modifications
in neural pathways and synapses resulting from changes in behavior, intrinsic or
extrinsic environment, or injury (Cramer et al. 2011). Such changes/adaptations are
controlled by the synergic action of neurons and other brain cells (e.g. glial, immune,
endothelial) (Lenz, Miiller-Dahlhaus & Vlachos, 2016). Enduring changes in the
efficiency of synaptic transmission, including both long-term depression (LTD) and
long-term potentiation (LTP) constitute the basis of neuroplasticity (Huang &
Rothwell, 2007).

Transcranial magnetic stimulation (TMS) is a NIBS technique that is used to enhance
neuroplasticity. It has shown exploratory potential for post-stroke aphasia
neurorehabilitation (Keser, & Francisco, 2016). In TMS, a coil is placed on the skull,
right above discrete brain regions identified via various methods (e.g. neuronavigated
TMS or 10-20 EEG (electroencephalogram) international system). Then, the coil
passes magnetic pulses to the target area. Those pulses induce weak electrical

currents, via electromagnetic conduction, in the target neural tissue. These electrical
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currents in turn stimulate the targeted brain cells. Depending on the intensity,
frequency and duration of stimulation, TMS can cause temporary decreases or
increases in cortical excitability. When multiple TMS stimuli are delivered in trains,
this is referred to as repetitive TMS (rTMS). Low frequencies of rTMS (below 5 Hz)
may suppress excitability of the cortex, while higher rTMS frequencies (5-20 Hz) may
increase cortical excitability (Kobayashi & Pascual-Leone 2003). Transcranial
magnetic stimulation and other NIBS protocols can affect brain excitability beyond
the period of stimulation and such effects may reflect basic synaptic mechanisms,
such as LTP and/or LTD plasticity (Huang et al., 2017). Nonetheless, there is little
consensus for their practicality in health service settings given the effects and benefits
vary widely within and between individuals (Hamada, Murasel, Hasan, Balaratham &
Rothwell, 2013).

In rehabilitation of aphasia post-stroke, the standard protocol is inhibitory rTMS
applied to specific brain regions of the right hemisphere to enhance language activity
of the undamaged left hemispheric brain regions by suppressing competing
homologue language activation, or simply by diminishing inhibitory processes in the
right hemisphere. Most conservative studies have used rTMS of 1-4 Hz to inhibit
increased activation of the homologous BA45 and other frontotemporal regions
(Priyanka, Shah-Basak & Hamilton, 2016) and upper temporal areas (e.g. Abo et al.,
2012; Kindler et al., 2012; Naeser et al., 2005). Over the last few years, positive
effects of low frequency (1-Hz) rTMS over the right pTr of the IFG has been reported
to improve language function in individuals with aphasia in the sub-acute (Rubi-
Fessen et al., 2015; Weiduschat et al., 2011; Thiel et al., 2006) or chronic phase post-
stroke (Martin et al., 2004).

Furthermore, other studies have demonstrated that excitatory rTMS over the damaged
hemisphere induces improvements in aphasia post-stroke. Szaflarski et al. (2011)
found that patients treated with excitatory rTMS applied to the affected Broca’s area
improved in semantic fluency and also, they were able to form more to-the-target
words when prompted with a semantic category. The researchers also noticed that
such improvements correlated with increased language lateralization in the left

hemisphere. Significant improvement following rTMS treatment, either inhibitory or
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excitatory, is reported in the literature for naming accuracy (Thiel et al., 2006);
auditory comprehension (Kakuda, Abo, Momosaki & Morooka, 2011); spontaneous
speech (Naeser et al., 2012) and fluency (Abo et al., 2012).

Nonetheless, there are many inconsistencies between the above and other studies in
several domains: (i) numbers of participants; (ii) different protocols have been applied
(inhibitory vs excitatory rTMS, inhibitory together with excitatory rTMS); (iii)
variability in the anatomic sites of stimulation, (iv) different methods of localization
of stimulation sites (e.g. 10-20 international system vs frameless stereotactic
neuronavigation systems); (v) outcome measures varied widely across studies making
the results difficult to compare; (vi) type and intensity of SLT and; (vii) few studies
included ecological language measures, making it unclear whether improved
performance carried over into everyday communication abilities and consequently the

individual’s quality of life (QoL).

1.9 Theta Burst Stimulation (TBS): An alternative form of Brain

Stimulation

Theta burst stimulation is a recent rTMS paradigm used for transient alteration of
cortical excitability in the human brain. It was first introduced by Huang et al. in 2005
and was developed in animal experiments to mimic the normal pattern of neuronal
firing in the hippocampus of the rodent (Huang & Rothwell, 2007). Rodent studies
(slice and in vivo) have revealed that when pyramidal cells in the hippocampus are
stimulated with bursts in the theta frequency range, LTP can be elicited (Staubli and
Lynch, 1987; Larson, Wong & Lynch, 1986). Research in humans has revealed that
TBS protocols appear to cause sustained changes in cortical activity that last over the
duration of TMS conditioning and this has lead to the assumption that the underlying
processes that support those changes are LTP and LTD (Oberman, Edwards, Eldaief
& Pascual-Leone, 2011; Huang, Chen, Rothwell & Wen, 2007).

Theta burst stimulation protocols refer to repetitive application of short rTMS bursts
at high frequency and low intensity interleaved by short pauses of no stimulation. In

the basic TBS pattern of rTMS, a burst containing three pulses delivered at a
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frequency of 50 Hz (i.e. 20 ms between each stimulus) is given every 200 ms (i.e. at 5
Hz) at 80% of individual active motor threshold (AMT) (Huang & Rothwell, 2007;
Huang et al., 2005). The AMT represents membrane related cortical excitability of
cortical axons; hence, it is considered an indicator of relative cortical excitability. It is
defined as the minimum amount of machine output necessary to elicit a motor
response in an individual in at least 50% of all attempts. Huang et al. (2005)
investigated the effects of three different stimulation TBS paradigms on the human
motor cortex. In particular, they assessed the time course of changes in motor evoked
potential (MEP) size elicited from the contralateral first dorsal interosseous (FDI)
muscle. In all three paradigms, a total of 600 pulses at an intensity of 80% AMT were
given on different days to the primary motor cortex to the same people. The first
paradigm, called “intermittent TBS” (iTBS), included the basic pattern delivered in a
short train lasting for 2 seconds (secs) (i.e. 10 bursts in total), repeated every 10 secs
for 20 cycles for a total of 600 pulses. The second paradigm, the so called “continuous
TBS” (cTBS) delivers the basic TBS pattern in a continuous, uninterrupted train
lasting for a total of 40 secs (i.e. 200 bursts with a total 600 pulses). In the third
paradigm, intermediate TBS” (imTBS), a 5 secs train (i.e. 25 bursts) of the basic
pattern is repeated every 15 secs for eight cycles (i.e. a total of 600 pulses). The
researchers demonstrated that in the iTBS pattern, MEP size was facilitated for about
15 minutes; in the cTBS, an important reduction of MEP size was observed lasting for

almost 60 minutes and; imTBS did not produce any changes in MEP size.

Compared to low frequency rTMS, TBS effects are observed after only secs or a few
minutes of conditioning and this is a lot quicker than other rTMS paradigms in
humans that require a) much longer periods of conditioning and b) higher stimulus
intensities in order to elicit changes in cortical excitability similar to those observed in
TBS (Huang & Rothwell, 2007).

Studies using TBS paradigms provide evidence that this quick NIBS protocol induces

positive functional language changes (e.g. Griffis, Nenert, Allendorfer & Szaflarski,
2016; Vuksanovic et al., 2015; Szaflarski et al., 2011).
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1.10 Repetitive TMS (rTMS) Safety Issues

Even if TMS is considered to be safe when applied within updated safety guidelines
(Rossi et al., 2009), it can still cause adverse side effects. The most perilous acute risk
is a seizure that can happen during conditioning and less dangerous but more common
side effects of rTMS include headache and neck pain (Oberman et al., 2011). Reports
of adverse events motivated researchers to update prior guidelines (Wassermann,
1998), producing a Consensus Statement reached at the Sienna Meeting (Rossi et al.,
2009). This statement involves information about asynchronous trains, such as TBS,
but does not include recommendations for parameters such as maximum duration or
intensity of such type of conditioning. In 2011, Oberman and colleagues reviewed the
adverse effects related to TBS and concluded that even though TBS’s safety profile is
similar to that of other rTMS paradigms, it has, theoretically, the potential to cause a
higher risk of seizures as it delivers high frequency bursts. Since TBS is a relatively
new method, it should be used with caution.

1.11 Repetitive TMS induced Neural Plasticity: Principles and

Mechanisms of Action
In 1831, Michael Faraday established that a time-varying current produces a magnetic
field, which in turn can induce an electric field and hence a secondary current within a
nearby conducting medium (Lefaucheur et al., 2014). Transcranial magnetic
stimulation was first introduced 150 years later (Barker, Jalinous & Freeston, 1985);
and it is now used in many countries around the world for research and clinical
purposes. The TMS circuit consists of several parts. A high voltage power supply with
AC (alternating current) and DC (direct current)-AC transformer and amplifier is
connected to, and charges, a capacitor or bank of capacitors. The capacitors rapidly
produce a brief discharge current of several thousand amperes that flows, via an
electronic switch, through the TMS coil (consisting of multiple wound copper wires)
to create a brief time-varying magnetic pulse with field strengths up to several Teslas.
During the discharge cycle, the TMS circuit behaves like a resistor-inductor-capacitor
(RLC) circuit, where R, L and C are the total values of resistance, inductance and

capacitance, respectively, in the circuit (Roth, Padberg & Zangen, 2007).
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The TMS caoil, through electromagnetic induction, induces weak and brief electric
currents in the brain (figure 1-2) that are analogous to the rate of change of the current
in the coil (Roth et al., 2007). Specifically, an electric field is generated in every point
in space -source for electric field A- with the direction perpendicular to the magnetic
field and the amplitude proportional to the time rate of change of the magnetic vector
potential (Roth et al., 2007). The air and skull are almost complete insulators, whilst
brain tissue has conducting properties and thence, the magnetic vector potential
induces accumulation of electric charge at the brain surface -source for electric field
B-. Sources for electric field A and B are opposed to each other and consequently
reduce the total electric field (Roth et al., 2007). The amount of surface charge
produced and thus the extent of action of the current in the brain tissue depends on
many biological and physical parameters such as the magnetic pulse waveform, the
intensity, frequency and pattern of stimulation, the type and orientation of coil, the
distance between coil and brain and, the respective orientation of the current lines and
excitable neuronal elements into the brain (Lefaucheur et al., 2014). Large “‘circular’’
coils (Cc) have a wide action radius, but for focal stimulation, the *‘figure-of-eight’’
coil (f8c), reduces the stimulation zone to a few square cm. The f8c (figure 1-3) was

used in the current research and is described in further detail below.
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Figure 1-2: Transcranial Magnetic Stimulation Electromagnetic Induction
(Retrieved from: https://psychscenehub.com/psychinsights/transcranial-magnetic-stimulation-
depression-case-study/)

Figure 1-3: Figure of 8 coil
(Retrieved from: http://www.icarelifemedical.com/products/magstim/)
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The vast majority of TMS data is derived from studies in the primary motor cortex
(M1). Single pulse TMS require monophasic (unidirectional) magnetic pulses, whilst
rTMS usually requires a biphasic (bi-directional) stimulus waveform (Sommer et al.,
2006). Monophasic rTMS activates a relatively uniform population of neurons
compared to biphasic rTMS that generates a more complex pattern of neural
activation (Arai et al., 2005). When the handle of f8c is oriented parallel to the
interhemispheric midline (postero-anterior direction), motor cortex TMS activates the
pyramidal tract only indirectly through interneurons (Sakai et al., 1997). When the
handle of an f8c is oriented perpendicular to the interhemispheric midline (latero-
medial direction) both interneurons and pyramidal neurons are activated (Di Lazzaro
et al., 2003). The lowest intensity threshold to elicit MEPs in the M1 is achieved when
the stimulus creates a postero-anterior current that is orthogonal to the central sulcus
(i.e. the handle of the f8c oriented 45° posteriorly and laterally) (Di Lazzaro,
Ziemann, Roger & Lemon, 2008), but the reverse orientation (antero-posterior) makes
the latency time increase by several milliseconds (Lefaucheur et al., 2014) and is
considered better for inducing motor cortex plasticity (Sommer et al., 2013). To
optimize the effects of TMS it is suggested to maximise the strength of the electric
field perpendicular to the targeted area (for all cortical surface areas) (Janssen,
Oostendorp & Stegeman, 2015).

Results on MEP measurements in healthy people have led to the consensus that low
frequency stimulation (< 1 Hz) induces inhibition, whereas high frequencies (> 5 Hz)
induce excitation (Lefaucheur et al., 2014). Nonetheless, this dichotomy is not 100%
correct as there is evidence that both conditions can have mixed excitatory and
inhibitory results (Houdayer et al., 2008). For instance, doubling the duration of
stimulation on the motor cortex can reverse excitation to inhibition and vice versa
(Gamboa, Antal, Moliadze & Paulus, 2010).

It is assumed that rTMS after-effects (excitation and inhibition) represent changes in
synaptic efficacy (LTP/LTD) (Lenz et al., 2016). However, as all of this evidence is
indirect because it is obtained at the systems- and not cellular level, it cannot be
definitely assumed that the underlying mechanisms of action of NIBS in humans are

indeed LTP/LTD (Huang et al., 2017). Synaptic plasticity refers to activity-dependent
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changes of synaptic efficiency, such as LTP or LTD, and the final effect —either LTD
or LTP-is at least partly caused by the subsequent signaling cascades that take place
after Ca®" influx in post-synaptic neurons (Hamada & Rothwell, 2016). In addition to
the activation of L-type voltage-gated calcium channels (L-VGCCs), voltage-gated
sodium channels (VGSCs) and N-methyl-D-aspartate receptors (NMDARS), brain-
derived neurotrophic factor (BDNF) and cyclic adenosine monophosphate (CAMP)
dependent signalling pathways have been identified to play a crucial role in synaptic
plasticity (Lenz et al., 2016). Brain-derived neurotrophic factor is highly expressed in
the central nervous system (CNS), is the most abundant neurotrophic factor in the
brain and has been reported to modulate NMDAR-dependent LTP and LTD related
processes in animals (Uhm et al., 2015). An important role in neuroplasticity is also
attributed to a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors
(AMPARs), catecholamines, GABA, acetylcholine, cytokines and hormones, and
metaplasticity (Abraham, 2008). Metaplasticity is a higher form of plasticity and
manifests as a change in the ability to induce subsequent synaptic plasticity. There is
evidence that metaplasticity induced by previous synaptic or cellular activity can
modulate the capacity for subsequent neuroplastic changes (Turrigiano & Nelson,
2004). Also, molecular reorganization of dendritic spines and postsynaptic densities,
presynaptic mechanisms, and remodelling of the cytoskeleton have been reported in
the context of neuroplasticity related processes (Lenz et al., 2016). The after-effects of
rTMS are consistent with the induction of a mixture of distinct modifications (either
LTD or LTP) on many different synapses but, the origin of such neuroplastic changes
is unknown and it is likely to be determined by a complex interaction of all the
aforementioned factors (Hamada & Rothwell, 2016). Moreover, age, gender, genetics
and epigenetics may also play a role in the biological and clinical effects of this

neuromodulation modality (Lefaucheur et al., 2014).

However, as mentioned previously the effects of TMS on individual neurons are
largely unknown (Dayan et al., 2013) and. On this basis, further research is needed to
elucidate how structural and functional properties of individual neurons and local
networks are related to the effects of single pulse and rTMS (Lenz et al., 2016). Also,
there is evidence that the genetic profile can also give insight into effective rTMS

protocols for specific groups of people. For instance, a recent study in healthy
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participants reported that supra-threshold rTMS intensity could be the most effective
rTMS protocol for people with the BDNF Val/Val genotype, and that rTMS intensity
may not relate to cortical excitability for people with the BDNF Val66Met
polymorphism (Hwang et al., 2015). To date, no study has investigated the possibility
of developing personalized rTMS protocols in stroke patients according to their
BDNF genotype (Uhm et al., 2015). Crucially, the effects of TMS on non-neuronal
cells (i.e. endothelial cells, immune cells, astrocytes, microglia, oligodendrocytes) are
not known either (Lenz et al., 2016). In clinical populations, the evidence on the
cellular and molecular mechanisms that underpin rTMS based therapies is
inconclusive (Muller-Dahlaus & Vlachos, 2013). What complicates the elucidation of
such mechanisms in those populations even more is that in chronic patients, when
prolonged therapeutic effects (i.e. up to several months) are observed, placebo effects
should be taken into consideration (Lefaucheur et al., 2014). Placebo effect is related
to a complex mixture of neurobiological effects, including the release of several
neurotransmitters and also involves the activation of a wide neuronal network where

the prefrontal brain areas seem to play an essential role (Krummenacher et al., 2010).

In clinical practice, the dose of rTMS stimulation is configured according to a percent
of AMT/RMT. These measurements assess the excitability of the motor cortex, but
thresholds for neural depolarization in other cortical areas is unknown (Keck, 2007).
Also, the mixture of LTD and LTP effects on synapses measured by MEP behavioural
changes is highly variable across individuals, showing that it would be an
oversimplification to describe the rTMS after-effects as LTD or LTP-like plasticity
solely based on MEP modifications (Hamada & Rothwell, 2016). However, MEP
measurements provide an objective and useful way to measure cortical excitability
(Hamada & Rothwell, 2016). It has been alleged that increases in MEP observed after
excitatory rTMS might indirectly relate to a decrease of y-aminobutyric acid (GABA)
mediated inhibition (i.e. inhibition of inhibition), rather than direct enhancement of
excitation (Ziemann, 2004). On the other hand, inhibitory rTMS may enhance
inhibition probably via GABA-B transmission leading to lengthening of the duration
of inhibition in healthy people (Daskalakis et al., 2006) and patients with movement
problems (Borich, Arora & Kimberley, 2009).
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Finally, there is some evidence that the rTMS after-effects may not be due to
plasticity effects of cortical synapses. In particular, in a large sample of 56 healthy
individuals it was shown that the concept of inhibitory effects of cTBS and excitatory
effects of iTBS on MEP size is greatly variable and depends on differences in the

interneuronal cortical networks that are recruited during TMS (Hamada et al., 2013).

Despite numerous clinical studies that have explored the therapeutic potential of
rTMS in several neurological disorders, the cellular and molecular mechanisms
responsible for the after-effects of rTMS are largely unknown. Therefore, more
research is needed to allow a deeper understanding of rTMS induced neural plasticity.
In addition, biomarkers of good and non-responders to brain stimulation treatments
need to be investigated and established as previous trials (e.g. Seniow et al., 2013;
Martin et al., 2009) have reported that not all patients with aphasia respond to rTMS.
This will lead to individually tailored rTMS protocols and increased treatment
efficacy (Kubis, 2016).

1.12 Rationale for the Study, Aim and Objectives

The aim of this study was to measure the effectiveness of rTMS as a standalone
treatment for chronic post-stroke induced aphasia. Aphasia is considered chronic
when it lasts for over six months post aphasia onset and; there is a remarkable slowing
in the rate of spontaneous functional recovery at this stage of recovery (Lefaucheur et
al., 2014). Hence, it is assumed that if an individual with aphasia undergoes targeted
language treatment after the 6-month period, then the possibilities for a change in
language performance attributable to treatment per se are increased. That is the
rationale for exploring changes in language performance only in chronic aphasia post-

stroke in this study.

There are several reasons why TMS was used as a standalone treatment in this
research. First, there is already research supporting that TMS in conjunction with SLT
leads to language gains in post-stroke aphasia (e.g. Hu et al., 2018; Rubi-Fessen et al.,
2015; Heiss et al., 2013). Nonetheless, there are significant inconsistencies between
studies with regards to the type and intensity of SLT that is used as adjunct to TMS
(see chapter 3). Even though, SLT improves language skills in all aphasia severities
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and stages (Saxena & Hillis, 2017), the optimum time for SLT initiation (Nouwens et
al., 2015) and the optimal approach, duration, frequency and format of SLT (Brady et
al., 2016) are yet to be established. Also, it has been reported that the benefit offered
by SLT declines over weeks to months and crucially, there is little convincing
evidence that the addition of SLT is a significant determinant of response to TMS for
aphasia rehabilitation (Coslett, 2016). So far, only two randomized control trials
(RCTs) (i.e. Barwood et al., 2013; Medina et al., 2012) have investigated the effects
of TMS as a standalone treatment for chronic aphasia post-stroke. Barwood et al.
(2012) found improvements in naming, repetition, length of utterances and picture
description tasks (i.e. picture description complexity and length of utterance) up to 12
months post-TMS. Medina et al. (2012) found an increase in the number of closed-
class words of discourse productivity two months post-TMS. Those two studies
provide evidence that TMS as a standalone treatment can lead to long-term language
improvements in several language domains in people with chronic aphasia post-

stroke.

The objectives of this thesis were:

v To explore whether continuous Theta Burst Stimulation (cTBS) (independent
variable, 1V) could modify performance on language tests (dependent
variables, DV) one day (short-term) and/or two months (long-term) post
treatment when administered for 10 consecutive days over the right pars
triangularis (pTr) of individuals with chronic post-stroke aphasia;

v To explore whether 1 Hz (low frequency) rTMS (independent variable, 1V)
could modify performance on language tests (dependent variables, DV) one
day (short-term) and/or two months (long-term) post treatment when
administered for 10 consecutive days over the right pars triangularis (pTr) of
individuals with chronic post-stroke aphasia;

v" To explore whether the above protocols (i.e. cTBS & 1 Hz rTMS) could bring
about similar changes in language performance in the sample under

investigation.
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The two protocols that were explored in this thesis exert the same effects on the brain
(i.e. neuronal suppression). However, cTBS has a duration of only 40 secs, whereas 1
Hz rTMS has a 20 min duration. As both protocols exert the same effects on brain
neurons, it would be wise to explore whether both protocols also bring about the same
changes in language performance in post-stroke aphasia. If this is proved to be true,
then the short in duration (40 secs) cTBS may outplace the long in duration (20 min) 1
Hz rTMS.

1.13 Chapter Summary

Aphasia is a serious stroke sequela that necessitates a deep understanding of the
functional neuroanatomy of language. Interventions that target brain areas that are
responsible for language functions may enhance recovery and facilitate rehabilitation.
Transcranial magnetic stimulation is a non-invasive treatment modality that has the
potential to bring about language changes in patients with induced aphasia post-
stroke. However, its effectiveness as a standalone intervention for post-stroke aphasia
rehabilitation has not been extensively investigated. The aim of the research presented
in this thesis was to measure the effectiveness of rTMS as a standalone treatment for
chronic post-stroke induced aphasia.
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CHAPTER 2: Evaluating the quality of conduct of systematic
reviews on the application of transcranial magnetic stimulation
(TMS) for post-stroke aphasia rehabilitation [under review,
Aphasiology]
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Introduction

Aphasia, an acquired communication disorder, afflicts more than one third of all
stroke survivors (Heiss & Thiel, 2016). To date, there are no treatments enabling
reparation of the brain damage (Di Pino et al., 2014). Pharmacological treatments for
common aphasia symptoms (e.g. anomia) have been trialled, but no medication has
yet been approved (see Saxena & Hillis, 2017 and references within). Traditional
speech and language therapy (SLT) methods robustly remain the gold standard for
aphasia rehabilitation (Breitenstein et al., 2017). Intensive and targeted SLT
intervention improves language abilities for all aphasia types irrespective of time post-
onset and aphasia severity (Saxena & Hillis, 2017). Nevertheless, there is an urgent
need for further research to establish the best treatment approach or type of therapy, in
relation to three key treatment components (Brady et al., 2016): frequency (how
often), duration (how long for) and dosage (how much).

In recent years, brain stimulation techniques have also been applied to stroke patients
with aphasia to facilitate language recovery. Transcranial magnetic stimulation (TMS)
Is one type of noninvasive brain stimulation (NIBS) technique used in the evolving
field of neurostimulation protocols for stroke rehabilitation (Cappa, 2011). Variations

in TMS methods with regards to intensity, frequency and duration of the stimulation,
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can yield temporary decreases or increases in excitability of the affected brain area.
For post-stroke aphasia rehabilitation, repetitive TMS (rTMS) protocols have been
explored for their potential to induce changes in brain activity that last beyond the
period of stimulation. Such effects could reflect basic synaptic mechanisms, such as
long-term potentiation (LTP) (i.e. persistent strengthening of synapses) and/or long-
term depression (LTD) (i.e. long-lasting decrease in synaptic strength) plasticity
(Huang et al., 2017). In general terms, excitatory (high-frequency, 5-20 Hz) rTMS
increases cortical excitability, whereas inhibitory (low-frequency, below 5 Hz) rTMS

suppresses brain activity.

New research has revealed that applying excitatory rTMS over the lesioned left
hemisphere improves language functions in individuals with post-stroke aphasia.
Szaflarski et al. (2011) applied functional Magnetic Resonance Imaging (fMRI)
guided excitatory theta burst stimulation® (TBS) to residual Broca’s area of the left
hemisphere in eight patients with chronic or moderate aphasia and found significant
improvements in semantic fluency (p=.028), and an overall trend towards
improvement in communication (p=.075) which were associated with stronger
language lateralization to the left (dominant) hemisphere. This last finding was
supported by another excitatory (to the left hemisphere) TBS study (Griffis, Nenert,
Allendorfer & Szaflarski, 2016). Also, Vuksanovic et al. (2015) applied inhibitory
TBS over the right Broca’s homologue and immediately after excitatory TBS over the
left Broca’s area. The authors reported improvement in several linguistic domains,
most notably in propositional speech, semantic fluency, and for cognitive skills such

as short-term verbal memory, and verbal learning.

However, the rTMS protocol that has been examined the most and has demonstrated
good potential for post-stroke aphasia recovery is inhibitory rTMS over the
homologue frontal language areas in the right hemisphere (e.g. Rubi-Fessen et al.,
2015; Abo et al., 2012; Naeser et al., 2012; Weiduschat et al., 2011). The reported

language gains are diverse and concern auditory and reading comprehension,

1 TBS refers to a rTMS protocol where pulses are applied in bursts of three, delivered at a frequency of
50 Hz and an inter-burst interval of 200 ms (5 Hz).
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repetition, naming and spontaneous speech. In several studies, rTMS was combined
also with SLT (e.g. Rubi-Fessen et al., 2015; Seniow et al., 2013) as an adjunct
treatment to maximize therapy effects.

Prior to conceptualizing new rTMS studies in the area of post-stroke aphasia
rehabilitation, it is important to critically appraise the existing literature on the topic.
This will allow future researchers and rehabilitation practitioners to identify gaps that
require further investigation. Systematic reviews aim to address these problems by
identifying, critically evaluating and integrating the findings of all relevant, high-
quality individual studies on the topic. In fact, systematic reviews are considered
rigorous, transparent and comprehensive summaries of the best available evidence on
what works (Hanley & Winter, 2013). Yet, conducting a systematic review is a
resource-intensive process which involves a number of practical challenges. In
particular, the way in which systematic reviews are planned and conducted can be
subject to a range of biases that can compromise the quality of the systematic review
and the reliability of the findings (Shea et al., 2017).

The aim of the present study was to analytically evaluate the quality of the evidence

on the effects of TMS as a treatment method (standalone or adjunct) for stroke-

induced aphasia in published systematic reviews on the topic. The AMSTAR 2 (A

Measurement Tool to Assess Systematic Reviews) (Shea et al., 2017) instrument was

used to evaluate the published research. The AMSTAR 2 is a critical appraisal tool

used to evaluate the quality of conduct of systematic reviews for healthcare

interventions with the primary goal to help researchers, clinicians and policy-makers

to distinguish high quality reviews.

The research questions that further drove this study were three-fold:

1. What is the quality of conduct of systematic reviews on the application of TMS in
post-stroke aphasia rehabilitation based on the AMSTAR 2?

2. Are the reported effects of rTMS on post-stroke aphasia recovery consistent across
the systematic reviews?

3. Is there strong and reliable evidence regarding the positive effects of rTMS for
post-stroke aphasia rehabilitation based on the results of the systematic reviews?
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Below we report the process followed to identify and critically appraise published

systematic reviews on the topic.

Methods

Requirements for inclusion

The present review was based on guidelines following the Cochrane Handbook on

Overviews of Reviews (Becker & Oxman, 2008, pp. 607-631). Only published

systematic reviews on RCTs focusing on the effectiveness of rTMS for post-stroke

aphasia rehabilitation were included. Systematic review articles could also be
published in languages beyond English known to the authors (e.g., Greek, French or

Italian). For a systematic review to be eligible for evaluation, the trials reported in the

review had to fulfil a number of predetermined criteria as reported below:

e participants of trials had to be stroke survivors defined within a post-stroke stage
(acute/subacute/chronic);

e the interventions applied had to focus on TMS with and/or without SLT;

e the outcome measures used must have included standardised tests for the
assessment of aphasia severity and/or assessment of receptive and expressive
language skills with and/or without functional communication abilities;

¢ the control groups had to have been sham or placebo groups.

Reviews that reported case studies or case series and open label trials were excluded

as were studies focussing on other types of NIBS other than TMS, (e.g., on

transcranial direct current stimulation (tDCS)).

Search methods and selection of studies

The search was conducted on the 27th July 2017 for all articles published to that date
and a three-step search process was followed. First, a search was performed in
databases specific to systematic reviews recommended by internationally respected
resources for the conduct of systematic reviews (Cochrane Handbook, Becker &
Oxman, 2008):

e Campbell Library of Systematic Reviews

e Cochrane Database of Systematic Reviews

e Database of Abstracts of Reviews of Effects
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The search terms that were used were (“TMS"™ OR "brain stimulation™) AND
"aphasia". It was anticipated that only a small number of reviews would be identified
and therefore broad terms were used in this first search. Second, articles published
with the 27" of July 2017 as a cut-off date in Scopus, CINAHL and PubMed were
reviewed. All identified records were screened, by two independent researchers, at
title and abstract level using the pre-defined eligibility criteria. Third, all reference
lists of the included articles were screened for eligibility. Full texts of all articles

meeting the eligibility criteria were retrieved for evaluation by the authors.

Instrument for the assessment of the quality of conduct

To assess the quality of conduct of the included systematic reviews, the AMSTAR 2
instrument (Shea et al., 2017) reported in the appendix was used. The instrument
encompasses ten domains with 16 items (questions) in total. The domains can be
broadly grouped into 3 main areas: (i) quality of reporting; (ii) risk of bias and (iii)
methodological quality. In general, the AMSTAR 2 is considered to have adequate
content validity, inter-rater reliability and usability (Shea et al., 2017, p. 3) for

measuring the quality of conduct of systematic reviews.

The overall confidence rating (high, moderate, low and critically low) applied to the
conduct of a systematic review depend on the number of critical and non-critical
weaknesses identified after addressing each question in the AMSTAR 2 instrument. A
“yes” answer to a question/item from the instrument is a positive response to
adherence to the standard (no weakness); a “no” answer means that no information is
provided to rate an item (equals a weakness) and; a “partial yes” refers to instances
where it is considered worthwhile to identify partial adherence to the standard, and
this is not taken into account when rating overall confidence in the results of the

review.
Critical weaknesses in the conduct of systematic reviews of RCTs have been

identified by Shea et al. (2017, p. 5) as the following (AMSTAR 2 item in
parenthesis):
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Not providing an explicit statement that the review methods (protocol) were
established before commencement of the review (item 2)

Not conducting an adequate literature search (item 4)

Not providing a justification for excluding individual studies (item 7)

Not using a satisfactory technique for assessing the risk of bias (ROB) from
individual studies being included in the review (item 9)

Not using appropriate methods for the meta-analysis (item 11)

Not taking into consideration the risk of bias when interpreting the results of
the review (item 13)

Not carrying out an assessment for the presence of publication bias, and its

potential impact on the results of the review (item 15)

For the purposes of our study we also considered the following items as critical

weaknesses:

Not reporting the components of PICO (population, intervention, comparison,
outcome) (item1)

Not performing study selection and data extraction in duplicate (items 5 & 6
respectively)

Not describing in detail the included studies (item 8)

Not assessing the potential impact of ROB of a meta-analysis (item 12)

Not giving a satisfactory explanation for heterogeneity (item14)

Not reporting any potential sources of conflict or interest, including any

funding received for conducting the review (item 16).

We followed the AMSTAR recommendations and considered “not reporting the

selection of study designs for inclusion” (item 3) and “source of funding” (item 10) as

non critical weaknesses.

The overall confidence rating is high when none or one non-critical weakness is

identified; moderate with more than one non-critical weaknesses; low with one critical

weakness with/without non-critical weaknesses and; critically low with more than one

critical weakness with/without non-critical weaknesses.
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To our knowledge this is the first time the AMSTAR 2 has been used to measure the
quality of conduct of systematic reviews on stimulation intervention in aphasia
recovery, specifically the application of rTMS, the most extensively applied non-
invasive brain stimulation method to date, in cognitive neuroscience (Parkin, Eichtiari
& Walsh, 2015).

Results

Search results

Overall 274 entries (after duplicates were removed) were identified and screened at
title and abstract level. Table 1 reports the search strategies followed for PubMed,
CINAHL and Scopus.

Table 1. Search strategies used to access relevant systematic reviews from each
database on the application of transcranial magnetic stimulation (TMS) for post-

stroke aphasia rehabilitation.

((aphasia[Title/Abstract] OR "Aphasia“[Majr])) AND ("Transcranial
Magnetic Stimulation”[Majr] OR "transcranial magnetic
stimulation[Title/Abstract] OR TMS[Title/Abstract] OR "theta burst
stimulation” OR TBS))) NOT ("transcranial direct current stimulation” OR

PubMed | TDCS)
(MM "Aphasia™) OR TI aphasia OR AB aphasia) AND (MM "Transcranial
Magnetic Stimulation™) OR TI ( transcranial magnetic stimulation OR TMS
OR theta burst stimulation or TBS) OR AB (transcranial magnetic stimulation
OR TMS OR theta burst stimulation or TBS ) NOT (transcranial direct

CINAHL | current stimulation OR TDCS)
(TITLE-ABS-KEY (aphasia) AND TITLE-ABS-KEY ("transcranial magnetic
stimulation”) OR TMS OR "theta burst stimulation® OR TBS ) AND
NOT TITLE-ABS-KEY

Scopus ( "transcranial direct current stimulation” OR TDCS )

Fifteen (15) articles were selected for full-text analysis and, four articles were finally
included in the review according to the eligibility criteria reported in figure 1. Studies
that were excluded and a justification for their exclusion from the analysis is reported
in Table 2.
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Eligibility Screening Identification

Included

Records identified through database
searching (Scopus (251), CINAHL (48)
and Pubmed (120)

Review of Specific
Databases (4)

'

|

(n=274)

Records after duplicates removed

level
{n=274)

Records screened at title and abstract

Records excluded
(n=259)
*  No Reviews
® Mo stroke related aphasia
Reviews
® No English, French or Italian

Y

papers

Full-text articles assessed for
eligibility
(n= 15}

v

Studies included in
gualitative synthesis
(n=4)

Full-text articles excluded, with reasons
(n=11)

1 paper in Polish

1 paper in Chinese

1 Systematic Review on the efficacy of

aphasia treatments

5 non-Systematic Reviews

1 Systematic Review that included 1 case

seriesand 1

case control (normal controls) study & &

out of the 13 included papers have been

discredited for academic fraud

1 Systematic Review that included &, out of

a total of 12 studies, open label studies and

3 out of the 12 included papers that have

been discredited for academic fraud

1 Systematic Review that includes various

study designs and 2 Meta-analyses

Figure 1. PRISMA flowchart used to identify studies to be included in the qualitative

analysis
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Table 2. A list of the research articles excluded from the analysis, and the justification for their exclusion.

List of excluded articles

Justification for exclusion

1. Allen, L., Mehta, S., Andrew McClure, J., & Teasell, R. (2012). Therapeutic Interventions for Aphasia Initiated | Systematic Review on the efficacy of general aphasia
More than Six Months Post-stroke: A Review of the Evidence. Topics in Stroke Rehabilitation, 19(6), 523-535. | treatments
2. Gallletta, E. E., Rao, P. R., & Barrett, A. M. (2011). Transcranial Magnetic Stimulation (TMS): Potential
Progress for Language Improvement in Aphasia. Topics in Stroke Rehabilitation, 18(2), 87-91. Not a Systematic Review
3. Heiss, W.-D., & Thiel, A. (2012). Is transcranial magnetic stimulation an effective therapy for aphasia? Clinical
Practice, 9(4), 473-482. Not a Systematic Review
Systematic Review that included 1 case series and 1 case
control (normal controls) study &
4. Kapoor, A. (2017). Repetitive transcranial magnetic stimulation therapy for post-stroke non-fluent aphasia: A | 6 out of the 13 included papers have been discredited for
critical review. Topics in Stroke Rehabilitation, 24(7), 547-553. academic fraud
5. Lefaucheur, J. P. (2006). Stroke recovery can be enhanced by using repetitive transcranial magnetic stimulation
(rTMS). Neurophysiologie Clinique, 36(3), 105-115. Not a Systematic Review
6. Martin, P. I., Naeser, M. A., Ho, M., Treglia, E., Kaplan, E., Baker, E. H., & Pascual-Leone, A. (2009). Research
with transcranial magnetic stimulation in the treatment of aphasia. Current Neurology and Neuroscience
Reports, 9(6), 451-458. Not a Systematic Review
7. Mendoza, J. A, Silva, F. A, Yovana, M., Rueda, L. C., Alberto, L., & Romero, L. (2016). Repetitive
Transcranial Magnetic Stimulation in Aphasia and Communication Impairment in Post-Stroke : Systematic | Systematic Review including
Review of Literature. Journal of Neurology & Translational Neuroscience, 4(3), 1070. various study designs and 2 meta-analyses
8. Naeser, M. A., Martin, P. I, Treglia, E., Ho, M., Kaplan, E., Bashir, S., ... Pascual-Leone, A. (2010). Research
with rTMS in the treatment of aphasia. Restorative Neurology and Neuroscience, 28(4), 511-529. Not a Systematic Review
9. Waldowski, K., Seniéw, J., Bilik, M., & Cztonkowska, A. (2009). Transcranial magnetic stimulation in the
therapy of selected post-stroke cognitive deficits: aphasia and visuospatial hemineglect. Neurologia i
Neurochirurgia Polska, 43(5), 460-469. Paper written in Polish
10. Wang, P., Zhang, J., Yu, J., Zhang, B., Gu, S., Yang, L., ... He, C. (2014). Elects of Repetitive Transcranial
Magnetic Stimulation on Stroke Patients with Aphasia: A Systematic Review. Chinese Journal of Evidence-
Based Medicine, 14(12), 1497-1503. Paper written in Chinese
A systematic review that included 12 studies: 6 open label
11. Wong, I. S. Y., & Tsang, H. W. H. (2012). A review on the effectiveness of repetitive transcranial magnetic | studies and 3 studies that have been discredited for

stimulation (rTMS) on post-stroke aphasia. Reviews in the Neurosciences, 24(1), 105-114.

academic fraud
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Characteristics of the systematic reviews

Up until July 2017, four systematic reviews have explored the effects of low
frequency rTMS for post-stroke aphasia rehabilitation. The research has come from
three different countries: Brazil (Gadenz, Moreira, Capobianco & Cassol, 2015) China
(Ren et al., 2014; Yi et al., 2015; Li, Qu, Yuan & Du, 2015) and Italy (Sebastianelli et
al., 2017). Furthermore, meta-analyses was performed to explore the effects of rTMS
on post-stroke aphasia in two systematic reviews (Li et al., 2015; Ren et al., 2014);
while for the other two systematic reviews, one had a primary focus on
communication and deglutition disorders (Gadenz et al., 2015) and one focussed on
general stroke motor deficits (hand/arm/leg motor impairment, spasticity, aphasia,
visuospatial neglect and dysphagia) (Sebastianelli et al., 2017). Nonetheless, the
studies of Gadenz et al. (2015) and Sebastianelli et al. (2017) were included in the
analysis as results on the effects of rTMS on post-stroke aphasia were individually
described. The characteristics of each systematic review is described in detail in table
3.
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Table 3. Detailed summary of the method and results of the research studies on the application of rTMS in post-stroke aphasia

rehabilitation included in each systematic review.

Systematic Type | Total number of | Stroke Experiment Intervention Control Outcome Major findings Side
review studies & timeline al groups Measures on recovery of effects
(references) participants and groups language abilities
aphasia
type
Gadenz,etal. | RCTs | -4 studies -Subacute | -Between 6- | -All applied -Between 4- | -1 study -1 study: None
(2015) -54 adult patients | -Different | 20 post- -1 Hz rTMS, 20 used the improvement in
in total receiving | aphasia- | stroke 90% RMT individuals BDAE repetition in severe
real rTMS types individuals -20-30 min per with post- -2 studies aphasia 15 weeks
-52 adult patients | -All with | with day stroke used the post treatment,
in total receiving | leftH aphasia -8-15 sessions aphasia AAT -1 study: overall
sham rTMS lesions -MA range: | -Use of the receiving -1 study improvement in AAT
-All right-handed | stroke 61.8-69.8 figure-of-8 coil sham rTMS | used the scores and naming
-Mainly years -Stimulation -MA range: CPNT & the | -1 study:
ischemic | -Between 0- | over Broca's 59.7-71.2 ASRS of the | improvement in
2 dropouts homologue years BDAE naming reaction
-Between 0-4 time in patients with
dropouts anterior lesions 15

weeks post
treatment

-1 study: overall
improvement in AAT
scores but not in
subtests
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Li, etal. RCTs | -4 studies -Chronic | -Between 6- | -All studies -Between 6- | -1 study -Data synthesis None
(2015) -74 adults -All 33 post- applied 23 post- used the showed that 1 Hz
in total receiving | aphasia stroke -1 Hz rTMS, stroke BDAE rTMS was beneficial
real rITMS types aphasic 90% RMT aphasic -1 study for improvement in
-63 adults in total individuals -10-30 min per individuals used the naming and changes
receiving sham day -Received AAT & the | in brain excitability
rTMS -10-15 sessions, sham rTMS | AVI
-Most participants -Stimulation of -With SLT -1 StUdy
were right handed the_right pTr (3) used the
-MA range: -With SLT (3) -Without PNT & the
60.7-68.8 years -Without SLT (1) | SLT (1) CCAT
-1 study
used the
BDAE &
the BNT
Ren et al. RCTs | -7 studies -Acute, -Between 6- | -All studies -Between 4- | -3 studies -Data synthesis None
(2014) -83 adults Subacute, | 19 post- applied 19 post- used showed that 1 Hz
in total receiving | Chronic stroke -1 Hz rTMS stroke the AAT ITMS
real rTMS -All with | aphasic 90% RMT individuals -1 study was beneficial for
-77 adults left H individuals -Between 20-30 with aphasia | used the post-stroke patients
receiving sham ischemic | -MArange: | min per day -Received AAT regarding severity of
rTMS lesion 60.8-69.8 -Between 10-15 sham rTMS subtestand | aphasia, naming,
-All right-handed years sessions, stimulation total score writing, repetition
-Stimulation of over the -1 study and receptive
the right PTr, vertex used the language.
-Use of the CPNT -Follow-up data
figure-of-8 coil -1 study reported from 3 of
-With SLT (6) used the the studies (2 trials
-Without SLT (1) BDAE followed patients up
-1 study at 15 weeks post-
used the treatment &
BNT, the
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BDAE and

1 study followed up

a picture at 2, 8, & 12 months
naming post-treatment)
inventory suggest long-term
positive effects of
rTMS on naming &
repetition.
Sebastianelli RCTs | -11 studies -Acute, -Between 6- | -10 studies -Post-stroke -2 studies -Improvement in Not
et al. (2017) -155 adults Subacute, | 33 post- applied 1 Hz aphasic used the global aphasia test reported
-Received real Chronic, | stroke rTMS, individuals AAT scores, picture
rTMS -All aphasic 90% RMT for received -1 study naming and naming
-Most were right- | aphasia individuals -20-30 min per sham rTMS | used the accuracy, reaction
handed types -MA range: | day for CCAT time, functional
-LeftH 60.08-69.8 -10-15 sessions communication &
lesion years -Over the right auditory
-1 study did | pTr/right Broca's comprehension
not report homologue,
MA -1 study applied 1

Hz rTMS at 110%
RMT, 1000
pulses over the
right IFG
followed by 20
Hz 10 trains of 5
secs with 30 secs
inter-train interval
over the left IFG
followed by SLT
for 10 days

Key: RCTs: Randomized Control Trials; RMT: Resting Motor Threshold; LF: low frequency; pTr: pars triangularis; IFG: inferior frontal gyrus; BDAE: Boston
Diagnostic Aphasia Examination; AAT: Aachen Aphasia Test; CPNT: Computerized Picture Naming Test; ASRS: Aphasia Severity Rating Scale; AVI: Activation
Volume Indices; PNT: Picture Naming Test; CCAT: Concise Chinese Aphasia Test; BNT: Boston Naming Test; H: hemisphere; MA: mean age
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In total, 26 RCT studies were reviewed in the 4 systematic reviews, but 14 of those
studies were duplicates, leaving 12 original studies that included, in total, 174

participants with post-stroke aphasia who received rTMS for aphasia rehabilitation.

Procedure to evaluate the quality of the conduct of each systematic review

The criteria from the AMSTAR 2 instrument were considered for the evaluation of
each systematic review, and the appraisal team (authors) recorded their judgements
and rankings privately. The AMSTAR 2 guidance document was consulted for
interpreting weaknesses detected in critical and non-critical items. The rankings were
later aggregated and any differences of opinion during the whole process were
discussed until a consensus was reached to derive the team judgement for each
systematic review. The results are reported in table 4 and reveal that the studies of
Gadenz et al., (2015), Sebastianelli et al. (2017) and Ren et al. (2014) include more
than one critical weakness. On the other hand, Li et al., (2015) had one critical

weakness.
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Table 4. Results on the methodological quality of the four systematic reviews reporting the application of rTMS in aphasia recovery

based on the AMSTAR 2 checklist.

Systematic review

AMSTAR 2 — Checklist
16 questions

Gadenz, et al. (2015)

Li, et al. (2015)

Ren et al. (2014)

Sebastianelli et al.
(2017)

Yes | Partial | No | No
Yes meta-
analysis

Yes

Partial
Yes

No

No
meta-
analysis

Yes | Partial | No | No
Yes meta-
analysis

Yes

Partial
Yes

No

No
meta-analysis

1. Did the research questions and inclusion criteria for
the review include the components of PICO? (critical)

2. Did the report of the review contain an explicit
statement that the review methods were
established prior to the conduct of the review and did
the report justify any significant deviations
from the protocol? (critical)

3. Did the review authors explain their selection of
the study designs for inclusion in the review? (non-
critical)

4. Did the review authors use a comprehensive
literature search strategy? (critical)

5. Did the review authors perform study selection in
duplicate? (critical)

6. Did the review authors perform data extraction in
duplicate? (critical)

7. Did the review authors provide a list of excluded
studies and justify the exclusions? (critical)

8. Did the review authors describe the included
studies in adequate detail? (critical)
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9. Did the review authors use a satisfactory technique X X X x
for assessing the risk of
bias (RoB) in individual studies that were included in
the review? (critical)

10. Did the review authors report on the sources of X X X X
funding for the studies included in the review? (non-
critical)

11. If meta-analysis was performed did the review x x X X
authors use appropriate methods for statistical
combination of results? (critical)

12. If meta-analysis was performed, did the review X x X X
authors  assess  the  potential impact  of
RoB in individual studies on the results of the meta-
analysis or other evidence synthesis? (critical)

13. Did the review authors account for RoB in | x X X X
individual studies when interpreting/ discussing
the results of the review? (critical)

14. Did the review authors provide a satisfactory | x x X X
explanation for, and discussion of, any heterogeneity
observed in the results of the review? (critical)

15. If they performed quantitative synthesis, did the x x X X
review authors carry out an  adequate
investigation of publication bias (small study bias)
and discuss its likely impact on the results of the
review? (critical)

16. Did the review authors report any potential | x x x x
sources of conflict of interest, including any funding
they received for conducting the review? (critical)

Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tugwell P, Welch V, Kristjansson E, Henry DA. AMSTAR 2: a critical appraisal tool for systematic
reviews that include randomised or non-randomised studies of healthcare interventions, or both. BMJ. 2017 Sep 21;358:j4008.
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The findings suggest that the overall confidence in the quality of the conduct of the
systematic reviews as reported in table 5 is low for one (Li et al., 2015) and critically
low for the remaining three (Gadenz et al., 2015; Ren et al., 2014; Sebastianelli et al.,
2017).

Table 5. Overall confidence ratings based on the characteristics of each systematic

review using the AMSTAR 2 checklist.

Critically low
(more than
Low one
(one critical critical
High weakness weakness
(none or Moderate with or with
one non- (more than without other | or without
critical one non-critical | non-critical non-critical
weakness) weaknesses) weaknesses) | weaknesses)
Gadenz, et al. (2015) X
Li, et al. (2015) X
Ren et al. (2014) X
Sebastianelli et al. (2017) X

Discussion

The aim of this study was to evaluate the quality of the conduct of four (4) systematic
reviews on RCTs that assess the effects of rTMS for post-stroke aphasia
rehabilitation. According to Shea et al. (2017, p.1) ‘systematic reviews provide an
opportunity to base decisions on accurate, succinct, credible and comprehensive
summaries of the best available evidence on the topic’. Our goal was to determine if
the systematic reviews regarding the application of rTMS to facilitate functional
improvement in aphasia are of high quality based on the AMSTAR 2 criteria and
whether the translational implications of rTMS on language recovery after stroke is
consistent and reliable across the systematic reviews. We address our research

questions below.

With regards to our first question on the quality of each systematic review (how they
were planned and conducted) as evaluated using the AMSTAR 2 instrument, the
results are very discouraging. The finding based on our aggregated confidence ratings
was that the overall quality of the conduct of the systematic reviews was in the low
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range. The systematic review by Li et al. (2015), in which a meta-analysis was
performed, was of low quality because the authors failed to assess the potential impact
of risk-of-bias (ROB) in the individual studies on their results given they had included
RCTs of variable quality. The systematic reviews by Gadenz et al. (2015), Ren et al.
(2014) and Sebastianelli et al. (2017) were of critically low quality because of several
flaws in critical domains that significantly weaken the confidence that can be placed
in this body of work. For example, none reported the methods for the review before
the review commenced, and nor did they provide a list of excluded studies and justify
the exclusions. Furthermore, Gadenz et al. (2015) and Ren et al. (2014) failed to
describe the included studies in adequate detail and only provided brief summaries on
the description of participants, interventions, controls, outcomes, design and analysis
across the primary studies. For example, regarding PWA, there was no information on
education, employment, socioeconomic status, ethnicity and any co-morbidities, all
variables that could have influenced the results of the treatment. Also, Ren et al.
(2014) and Sebastianelli et al. (2017) failed to account for risk of bias in individual
studies when interpreting and discussing the results.

With regards to the second question on the consistency of the reported evidence
concerning the effects of rTMS on post-stroke aphasia across the systematic reviews,
the results are most discouraging given the irregularities in the reporting of the data
across the same studies. To highlight this critical issue, we take the study of Seniow et
al. (2013) reported in all 4 systematic reviews as our comparison study, and note the
following in relation to, for example, the PWA descriptors:
e Gadenz et al. (2015) report that all participants were right handed, whereas no
data for handedness for the same study are reported by Li et al. (2015);
e Sebastianelli et al. (2017) and Li et al. (2015) report no data on the type of
stroke;
e Renetal. (2014) did not report aphasia type;
e Lietal. (2015) provided inaccurate mean age and mean time post-stroke data
e Lietal (2015) and Ren et al. (2014) did not report the sex of participants;
e The number of drop-outs in the Seniow et al. (2013) study were not reported in

the systematic review by Sebastianelli et al. (2017) nor by Li et al. (2015).
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In the same way, there were differences between the systematic reviews in relation to
reports from the primary studies on the exact timeline of the rTMS treatment. Within
the systematic reviews, there were studies for which treatment was over a period of
two to three weeks (weekends excluded), whereas for other studies, treatment was
conducted over consecutive days. Only Ren et al. (2014) report treatment timing

details accurately.

Moreover, information on stimulation parameters across the systematic reviews was
missing. For example, the type of coil used for rTMS was not reported by
Sebastianelli et al. (2017) and Li et al. (2015) for the studies included in their
respective systematic reviews. Likewise, there were inaccuracies in the reported site
of stimulation for studies across all four systematic reviews. For example,
Sebastianelli et al. (2017) mention that in the study of Tsai et al. (2014), the site of
stimulation was the dorsal anterior pTr, whereas for the same study, Li et al. (2015)
cite that the stimulation site was pTr generally. Also, Gadenz et al. (2015) and
Sebastianelli et al. (2017) cite that in the Waldowski study (2012) the stimulation site
was Broca’s homologue (this includes pTr and pOp). This was indeed the site of
stimulation, but Ren et al. (2014) report that the site of stimulation for this study was
the pTr only. There were also discrepancies in the reports on outcome measures used
in the primary studies. For example, Sebastianelli et al. (2017) cite outcome measures
for only 3 out of their 11 included studies. Finally, no systematic review reported data
from their included studies on first, the methods used to localize the region of interest
(Rol) for brain stimulation and second, on the definition of resting motor threshold
(RMT).

Our third question on the subject of strong and reliable evidence regarding the
positive effects of rTMS for rehabilitation of aphasia post-stroke, based on the quality
of conduct of the systematic reviews, the findings are inconclusive. Gadenz et al.
(2015) report controversial results from their included studies. Some PWA improved
and in different linguistics domains but others did not (see table 3). Li et al. (2015)
who performed an additional meta-analysis found that performance in naming
improved with changes in brain excitability, but not repetition and auditory

comprehension. The researchers contend that low-frequency rTMS in the right
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hemisphere is effective in terms of naming and reorganization of the left-hemisphere
language network. Ren et al. (2014) who also performed a meta-analysis, support the
efficacy of low-frequency rTMS in the right hemisphere with regards to severity of
aphasia, receptive language, naming, repetition and writing. Also, Sebastianelli et al.
(2017) observed a considerable variability between studies. They found that low-
frequency rTMS improves global aphasia test scores, picture naming and naming
accuracy, reaction time, functional communication, and auditory comprehension. But
the shift of activation to the damaged hemisphere, and response to low frequency

(LF)-rTMS may vary with respect to optimal site within the pTr.

Overall, it seems that the evidence from the quality of conduct of the systematic
reviews regarding the positive effects of rTMS on improving post-stroke aphasia is
inconclusive for two reasons. First, not all PWA reported in the primary studies
included and analysed in the four systematic reviews had shown improvement in
language performance post-treatment. Second, language gains for PWA who did show
improvement seemed to correlate with other (non-linguistic) parameters, such as the
severity and type of aphasia at baseline, the site of the lesion and the elapsed time

between treatment and assessment.

Summing up the results of the four published systematic reviews on the topic leaves
us with more questions than answers. For example, why do some PWA respond
positively to brain stimulation and others do not? Amongst those who benefit, who
benefits the most and why? How important is the neural location and extent of the

lesion?

There is a crucial need for rigorous research to verify rTMS induced behavioural-
language change in PWA with different types and severity of aphasia. In particular,
the distinctive types of neuromodulation (excitatory/inhibitory), the potentially
effective stimulation sites and optimal parameters, the effect of the duration, and the
long-term impact remain challenges to the field. With regards to the latter, only a few
RCTs reported follow-up times, something that does not allow for the evaluation of
long-term, if any, effects of rTMS on post-stroke aphasia rehabilitation. From our

reading of literature, there is evidence that functional changes induced by inhibitory
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rTMS may occur over a period of many months (Seniow et al. 2013; Waldowski et
al., 2012; Martin et al., 2009), therefore post-treatment follow-up assessments should
be carried out to measure progress over time. Also, the four systematic reviews
included RCTs that applied only low-frequency rTMS. There was one exception, a
review of one out of eleven studies (Khedr et al., 2014), that used dual hemispheric
rTMS. Such TBS paradigms are currently being explored and appear a most
promising innovative approach as positive results in aphasia recovery are surfacing
(e.g. Griffis et al., 2016; Vuksanovic et al., 2015). For this reason, RCTs applying
high frequency rTMS, bihemispheric stimulation (inhibition and excitation), and TBS
paradigms need to be explored further to determine whether such protocols are

superior, equally or less effective than low-frequency rTMS.

Likewise, the possible contribution of rTMS to pharmacological treatments or
whether rTMS could serve as a standalone treatment or should only be given as an
adjunct to SLT are areas requiring further investigation. Future studies should
compare PWA receiving rTMS with SLT with PWA receiving rTMS without SLT.
Providing SLT to rTMS as an adjunct treatment to rTMS may have a truly synergic

action but it can also mask the actual therapeutic effects of rTMS.

As most RCTs have included right handed patients with first-time ischemic stroke, the
evidence may not applicable to left handed stroke patients or those with hemorrhagic
stroke. Furthermore, results from the systematic reviews were not subgrouped by
aphasic severity and syndrome and there is a need to see whether severity and type of
aphasia is a determining factor for the effectiveness of rTMS applications on language
recovery (Boyd et al., 2017). Future studies should apply accurate methods of
localization of regions of interest. Neuronavigation systems are incorporated in most
rTMS equipments and allow for precise localization. It is also suggested that studies
use the same outcome measures, as different outcome measures do not allow, or make
comparison of outcomes between studies challenging (Walker et al., 2017). Currently,
the fact that various scales are used across studies shows that there is lack of
consensus with regards to which aphasia scale is the most appropriate. The Boston
Diagnostic Aphasia Examination (BDAE: Goodglass, Kaplan & Barresi, 2001) is

widely used in clinical trials (Berthier, 2005). It is therefore suggested that amongst
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other scales, researchers also administer the BDAE to decrease outcome measure

heterogeneity.

Finally, specific functional markers and biomarkers of good responders to brain
stimulation treatments need to be explored and established as previous studies (e.g.
Seniow et al., 2013; Martin et al., 2009) have demonstrated that not all patients with
aphasia respond to inhibitory rTMS over the right hemisphere. Combining rTMS with
methodologically advanced fMRI techniques in large-scale RCTs may elucidate
biomarkers of brain pathology or treatment induced neurophysiological changes (see
Calhoun, Kiehl & Pearlson, 2008). This will lead to individually tailored rTMS

protocols and increased treatment efficacy (Kubis, 2016).

Conclusions

In the field of stroke rehabilitation, systematic reviews on the use of noninvasive brain
stimulation (NIBS) methods for treatment of aphasia are based on very small
numbers, and well-conducted clinical trials are scarce, suggesting that currently there
is not sufficient evidence to draw solid conclusions on the positive effects of NIBS on

language recovery after stroke.

The present overview of systematic reviews on the application of rTMS for language
recovery post-stroke identifies the serious need for more research with
methodological rigor. Without high quality published descriptions of rTMS
interventions researchers cannot replicate and build on research findings, and
clinicians cannot reliably implement interventions that may have potential benefit for

people with post-stroke aphasia.
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CHAPTER 3: Transcranial Magnetic Stimulation in post-Stroke
Aphasia Rehabilitation: A Systematic Review of the Literature

(to be submitted to journal after viva)

Chapter 2 provided an overview of existing reviews on the use of rTMS for post-
stroke chronic aphasia rehabilitation. Critical appraisal of the reviews identified four
reviews that had used a systematic approach to assess the overall level of evidence.
The analysis revealed that the overall quality of conduct of the four published
systematic reviews of RCTs on the application of rTMS for post-stroke aphasia
rehabilitation is exceptionally poor. The overview of reviews therefore identified a
need to conduct an up-to-date systematic review of the literature on rTMS for post-
stroke chronic aphasia rehabilitation. Hence, a systematic review was conducted. This
chapter describes the process of the systematic review and discusses findings

regarding rTMS for the rehabilitation of post-stroke chronic aphasia.

Introduction

Aphasia is the most common language disorder caused by stroke and afflicts more
than a third of all stroke survivors (Brady, Kelly, Godwin, Enderby & Campbell,
2012). Several patient related factors (age, gender, handedness, intelligence, education
and socioeconomic status) and stroke related features (lesion site and size, and initial
severity) have been identified as potentially influential indices in poststroke aphasia
rehabilitation (Yu, Jiang, Jia, Xiao & Zhou, 2017). People with aphasia receive speech
and language therapy (SLT) to improve their language deficits as SLT is considered
the mainstream and mainstay treatment for aphasia. Even though aphasia therapy
leads to substantial communication improvement (Brady et al., 2012); 43% of patients
that undergo aphasia rehabilitation still present with aphasia 18 months post-stroke
(Laska et al., 2001).

The advent of non-invasive brain stimulation (NIBS) techniques has opened new
windows in post-stroke language rehabilitation. Transcranial magnetic stimulation
(TMS) is one such technique that has been used to facilitate neuroplasticity in post-

stroke aphasia. Through electromagnetic induction, the TMS coil induces weak and
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brief electric currents in the brain that are analogous to the rate of change of the
current in the coil (Roth, Padberg & Zangen, 2007). Depending on the frequency,
intensity, and duration of the stimulation, TMS can lead to transient increases or
decreases in excitability of the stimulated cerebral area. Repetitive TMS (rTMS) is the
term used to describe the delivery of TMS pulses in trains. Low rTMS frequencies
(below 5 Hz) can suppress brain excitability and higher frequencies (5-20 Hz) lead to

an increase in cortical excitability (Kobayashi & Pascual-Leone 2003).

Currently, we lack evidence on the neurophysiological rTMS related mechanisms that
are involved in speech and language gains. Suppression and increase in cortical
excitability that are induced by rTMS may reflect basic synaptic mechanisms, such as
long-term potentiation (LTP) (i.e. persistent strengthening of synapses) and/or long-
term depression (LTD) (i.e. long-lasting decrease in synaptic strength) plasticity
(Huang et al., 2017). Currently, those synaptic mechanisms are believed to be related
to speech and language gains in rTMS research and the network approach (Thiel &
Zumbansen, 2016) gives a possible explanation for this claim. According to this
model, speech and language are organised in distributed networks across the two brain
hemispheres. Transcallosal inhibition and activation allow the two hemispheres to
cooperate to support speech and language processes. In the event of a left hemispheric
stroke that affects speech and language areas (e.g. Broca’s area), transcallosal
inhibition, that normally takes place in the unaffected brain, is decreased and causes
the contralateral (homologous) speech and language areas to overactivate. This is
considered maladaptive as it blocks the reactivation of brain areas of the dominant
hemisphere that support speech and language processes. Thus, applying low-
frequency rTMS on homotopic speech and language areas may reduce the
overactivation of contralateral brain areas and this way allow speech and language
areas of the dominant hemisphere to increase their neuronal activity to support speech

and language processes.

Even if rTMS is believed to be safe when applied within updated safety guidelines
(Rossi et al., 2009), it can still cause adverse side effects. The most perilous acute
rTMS related risk is a seizure that can happen during rTMS conditioning and less

dangerous but more common side effects include headache and neck pain (Oberman,
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Edwards, Eldaief & Pascual-Leone, 2011). Reports of adverse events have urged
researchers to update prior guidelines (Wassermann, 1998), producing a Consensus
Statement reached at the Sienna Meeting (Rossi et al., 2009). This Statement involves
information about asynchronous trains, such as TBS, but does not include
recommendations for parameters such as maximum duration or intensity of such type
of conditioning. In 2011, Oberman et al. reviewed adverse effects related to TBS and
concluded that theoretically, TBS has the potential of causing a higher risk of seizures
compared to other rTMS protocols because it delivers high frequency bursts.
Nonetheless, its safety profile is similar to that of other rTMS paradigms. Since TBS
is a relatively new method, it should be used with caution and more studies are needed
to associate adverse effects with TBS parameters (e.g. intensity, frequency and

location).

The growth rate of scientific publications on the potential effectiveness of rTMS for
post-stroke aphasia rehabilitation has increased over the last decade. Nonetheless,
findings are controversial. The aim of this review was to examine systematically all
the published randomised controlled trials (RCTs) of rTMS on post-stroke aphasia
rehabilitation to provide rigorous, transparent and comprehensive summaries of the
best available evidence on this topic. The objective of this study was to assess the
efficacy of rTMS in the field of post-stroke aphasia rehabilitation. We used AMSTAR
2 (A Measurement Tool to Assess Systematic Reviews) (Shea et al., 2017) as our
guide for planning and conducting our review. AMSTAR 2 is a published critical
appraisal tool that evaluates the quality of conduct of systematic reviews for

healthcare interventions.

Methods

Predetermined written criteria for considering studies for this systematic review

We included only published RCTs in which rTMS treatment was compared to sham

rTMS for post-stroke aphasia rehabilitation. Only studies that applied unilateral

stimulation of any rTMS protocol (i.e. excitatory, inhibitory, TBS) were considered

for evaluation. One-real-rTMS-session-cross-over studies and studies that applied

bilateral stimulation were excluded. This was done to maximise the comparability of

studies and to minimize confounding stimulation effects introduced by the application
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of multiple rTMS paradigms in one intervention. We evaluated the following

comparisons:

1. rTMS as a standalone treatment compared to sham rTMS alone

2. r'TMS as an add-on treatment compared to sham rTMS as an add-on treatment

For a study to be eligible for evaluation, the trials reported in this review had to fulfil
a number of predetermined criteria as reported below. Studies should have recruited:

e at least four participants of any age and sex;

e participants that had suffered a left hemispheric stroke;

e participants that were in the acute, subacute or chronic stage;

e participants who exhibited post-stroke aphasia of any type and severity

Standardized aphasia scales (e.g. Boston Diagnostic Aphasia Examination; Aachen
Aphasia Test) and discourse productivity analysis were considered primary outcome
measures. Quality of life measurements (e.g. Stroke and Aphasia Quality of Life
scale-39 item (SAQOL-399)) and adverse outcomes (e.g. fatigue, headache, dizziness,
nausea, seizure, etc.) were considered secondary outcome measures. Studies had to be

published in English, French or Italian language.

Search Methods and Selection of Studies

We reviewed articles published with the 27" of July 2017 as a cut-off date in Scopus,
CINAHL and PubMed. Also, all reference lists of the included articles were screened
for eligibility. In stage one, all identified records were screened, by two independent
researchers, at title and abstract level using the pre-defined eligibility criteria and in
stage two; full texts of all articles meeting the eligibility criteria were retrieved for
evaluation by the same researchers that have subject and methodological knowledge.
Differences of opinion during the whole process were discussed until a consensus was

reached.

Assessment of risk of bias in included studies

To assess the methodological quality of the included papers, the guidelines as

described in the Cochrane Handbook for Systematic Reviews of Interventions
63



(Higgins, Altman & Sterne, 2011) were followed. The Cochrane’s tool for assessment
of risk of bias evaluates the following domains: selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other sources of bias, and for each
individual domain, classifies studies into low, unclear, or high risk of bias. Two
independent researchers assessed the methodological quality of the included studies.
Unanimous agreement was required for quality appraisal for all studies. Where
differences of opinion occurred, the papers of conflict were discussed until a

consensus was reached.

Key themes

We organized reporting of findings in seven key themes: (1) demographic
information; (2) stimulation parameters (method of determination of RMT, % RMT,
frequency, duration of stimulation, number of sessions, timeline of treatment); (3)
stimulation site; (4) method of localization of stimulation site; (5)
characteristics/approach of adjuvant SLT; (6) outcome measures and durations of

follow-ups and; (7) risk of bias.

Results

Results of the Search

Overall, 270 entries (after duplicates removal) were identified and screened at title
and abstract level, 35 articles were selected for full-text analysis and, 11 articles were
finally included in the review according to the eligibility criteria (figure 1). Table 1
shows the search strategies in PubMed, CINAHL and Scopus. Table 2 involves the

list of the excluded studies and justifications for their exclusion from analysis.
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Table 1: Search strategies used to access relevant RCTs from each database on the
application of transcranial magnetic stimulation (TMS) for post-stroke aphasia
rehabilitation.

PubMed

((((aphasia[Title/Abstract] OR "Aphasia“"[Majr])) AND ("Transcranial Magnetic
Stimulation"[Majr] OR "transcranial magnetic stimulation"[Title/Abstract] OR
TMS[Title/Abstract] OR "theta burst stimulation” OR TBS))) NOT ("transcranial
direct current stimulation" OR TDCS)

CINAHL

( (MM "Aphasia”) OR TI aphasia OR AB aphasia ) AND ( (MM "Transcranial
Magnetic Stimulation™) OR TI ( transcranial magnetic stimulation OR tms OR theta
burst stimulation or TBS ) OR AB ( transcranial magnetic stimulation OR tms OR
theta burst stimulation or TBS ) ) NOT (transcranial direct current stimulation OR
TDCS)

Scopus

( TITLE-ABS-KEY ( aphasia ) AND TITLE-ABS-KEY ( "transcranial magnetic
stimulation” OR TMS OR "theta burst stimulation” OR TBS ) AND NOT
TITLE-ABS-KEY ( "transcranial direct current stimulation" OR TDCS)
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Table 2: A list of the research articles excluded from the analysis, and the justification for their exclusion.

List of excluded articles

Justification for exclusion

1.

Abo, M., Kakuda, W., Watanabe, M., Morooka, A., Kawakami, K., & Senoo, A. (2012).
Effectiveness of low-frequency rTMS and intensive speech therapy in poststroke patients with
aphasia: A pilot study based on evaluation by fMRI in relation to type of aphasia. European
Neurology, 68(4), 199-208.

No sham treatment group

Barwood, C. H. S., Murdoch, B. E., Whelan, B. M., Lloyd, D., Riek, S., O’Sullivan, J. D., ...
Wong, A. (2011). Improved language performance subsequent to low-frequency rTMS in patients
with chronic non-fluent aphasia post-stroke. European Journal of Neurology, 18, 935-943.

Same data as in Barwood et al. (2013)

Barwood, C. H. S., Murdoch, B. E., Whelan, B. M., Lloyd, D., Riek, S., O’Sullivan, J. D., ...
Wong, A. (2011). Modulation of N400 in chronic non-fluent aphasia using low frequency
Repetitive Transcranial Magnetic Stimulation (rTMS). Brain and Language, 116(3), 125-135.

No language data — same sample as in Barwood et
al. (2013)

Barwood, C. H. S., Murdoch, B. E., Whelan, B. M., Lloyd, D., Riek, S., O’Sullivan, J., ... Hall,
G. (2011). The effects of low frequency Repetitive Transcranial Magnetic Stimulation (rTMS)
and sham condition rTMS on behavioural language in chronic non-fluent aphasia: Short-term
outcomes. NeuroRehabilitation, 28(2), 113-128.

Same data as in Barwood et al. (2013)

Barwood, C. H. S., Murdoch, B. E., Whelan, B. M., O’Sullivan, J. D., Wong, A., Lloyd, D., ...
Coulthard, A. (2012). Longitudinal modulation of N400 in chronic non-fluent aphasia using low-
frequency rTMS: A randomised placebo controlled trial. Aphasiology, 26(1), 103-124.

No language data — same sample as in Barwood et
al. (2013)

Barwood, C., Murdoch, B., Whelan, B. M., Lloyd, D., Riek, S., & O’Sullivan, J. D. (2010).
Repetitive Transcranial Magnetic Stimulation (rTMS) and Sham Modulation of Language
Function in Non-fluent Aphasia 2 Months Post Stimulation. Procedia Social and Behavioral
Sciences, 6, 233-234.

Not a full paper

Garcia, G., Norise, C., Faseyitan, O., Naeser, M. A., & Hamilton, R. H. (2013). Utilizing
Repetitive Transcranial Magnetic Stimulation to Improve Language Function in Stroke Patients
with Chronic Non-fluent Aphasia. Journal of Visualized Experiments, (77), 1-7.

Detailed steps for identifying a responsive target
site in the right hemisphere in patients with
chronic non-fluent aphasia

Cheng, Y., N., Wang, J., & Song, W. Q. (2014). Effects of low-frequency repetitive transcranial
magnetic stimulation on picture naming of non-fluent aphasia in patients with stroke. Chinese
Journal of Cerebrovascular Diseases, 11(3), 148-151.

paper in Chinese

Chieffo, R., Ferrari, F., Battista, P., Houdayer, E., Nuara, A., Alemanno, F., ... Leocani, L.
(2014). Excitatory deep transcranial magnetic stimulation with H-coil over the right homologous
Broca’s region improves naming in chronic post-stroke aphasia. Neurorehabilitation and Neural

double-blind-placebo-controlled-one-real-rTMS-
session-crossover study
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Repair, 28(3), 291-298.

10.

Griffis, J. C., Nenert, R., Allendorfer, J. B., & Szaflarski, J. P. (2016). Interhemispheric Plasticity
following Intermittent Theta Burst Stimulation in Chronic Poststroke Aphasia. Neural Plasticity,
2016, 20-23.

No sham treatment group

11.
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20.
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Summary of included studies

In summary, the 11 included studies, published from 2011 to 2018, included 130 adult
controls and 149 adults assigned to experimental groups for the investigation of the
efficacy of rTMS for aphasia rehabilitation post-stroke. Details of all studies’

characteristics are provided in table 3.
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Table 3: Detailed summary of the method and results of the research studies on the application of rTMS
included in the present systematic review.

in post-stroke aphasia rehabilitation

First author Experimental Intervention Control Outcome Major findings Side
and year of group(s) group(s) Measures & effects and
publication Assessment number of
Timeline dropouts
Haghighi et | Group 1: 6 participants (3 | Group 1 (LF-rTMS | Group 2 (sham rTMS + SLT): | Farsi version | Immediately post- No data
al. (2018) males + 3 females ); mean age | + SLT): f8c coil; 1 | 6 participants (2 males + 4 | of the WAB-R | rTMS: experimental | regarding
(years): 61.67 £ 7.06; number | Hz rTMS to the | females); mean age (years): | before and | vs control: side effects
of strokes in the past 12 | right homologue of | 60.5 + 11.85; number of | after treatment
months: 0.67 = 0.52; stroke | Broca’s area; | strokes in the past 12 months: significant 0 dropouts
type: no data; localization: left | 100% RMT; | 0.5 = 0.56; stroke type: no improvements in
hemisphere  (6); Broca’s | 20 min per day | data; localization: left content, fluency,
aphasia (6); severity: no data; | (session); 10 | hemisphere  (6);  Broca’s command
time since onset of stroke | sessions in total, 5 | aphasia (6); severity: no data; comprehension,
(weeks): 4-8; right-handed (6); | days per week, 2 | time since onset of stroke repetition and
education: no data weeks in total with | (weeks): 4-8; right-handed (6); severity of aphasia;
SLT education: no data
SLT: 45 min, 5| SLT: 45 min, 5 days per week,
days per week, 2 | 2weeks in total
weeks in total
Hu et al | Group 1: 10 participants (7 | Group 1 (HF-rTMS | Group 3 (sham rTMS + SLT): | Chinese Immediately post- 1 patient
(2018) males + 3 females); mean age | + SLT): f8c coil; 10 | 10 participants (5 males + 5 | version of the | rTMS: LF-rTMSvs | reported
(years): 46.5 + 12.1; first ever | Hz rTMS to the | females); mean age (years): | WAB before | all 3 groups: dizziness
stroke (10); stroke type: | right homologue of | 50.7 + 10.4; first ever stroke | treatment, improvement in during the
hemorrhagic (5), ischemic (5); | Broca’s area; | (10); stroke type: hemorrhagic | after treatment | spontaneous speech, | first
localization: Broca’s area (10); | 80% RMT; | (5), ischemic (5); localization: | and 2 months | comprehension, and | treatment
non-fluent  aphasia  (10); | 10 min per day | Broca’s area (10); non-fluent | post treatment | severity of aphasia.
severity: no data; mean time | (session); 10 | aphasia (10); severity: no data; Naming abilities 0 dropouts
since onset of stroke (months): | sessions in total, | mean time since onset of were also improved
7.1 £ 2.7; right-handed (10); | with SLT stroke (months): 6.8 * 2.3, in the LF group vs
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education: primary school (1),
secondary school (8),
University (1)

Group 2: 10 participants (6
male + 4 female); mean age
(years): 48.5 + 11.2; first ever
stroke (10); stroke type:
hemorrhagic (4), ischemic (6);
localization: Broca’s area (10);
non-fluent  aphasia  (10);
severity: no data; mean time
since onset of stroke (months):
7.5 = 3.2; right-handed (10);
education: primary school (1),
secondary school (N,
University (1)

Group 2 (LF-rTMS
+ SLT): f8c¢ coil; 1
Hz rTMS to the
right homologue of

Broca’s area;
80% RMT;
10 min per day
(session); 10
sessions in total,
with SLT

SLT: once a day for
30 min, 10 days in
total

right-handed (10); education:
primary school (1), secondary
school (6), University (3)

Group 4 (control: SLT): 10
participants (6 male + 4
female); mean age (years):
47.3 + 9.8; first ever stroke
(20); stroke type: hemorrhagic
(4), ischemic (6); localization:
Broca’s area (10); non-fluent
aphasia (10); severity: no data;
mean time since onset of
stroke (months): 7.7 + 3.4;
right-handed (10); education:
primary school (1), secondary
school (6), University (3)

SLT: once a day for 30 min,
10 days in total

the sham and control
groups. HF vs
control group:
improvement in
repetition.

Follow-up: LF vs
control:
improvement in
spontaneous speech,
comprehension,
repetition and
naming. LF vs HF:
improvement in
spontaneous speech.
LF vs sham:
improvement in
comprehension.

HF vs control
groups: improvement
in severity of aphasia
and repetition.
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Rubi-Fessen Group 1: 15 participants (5 | Group 1 (HF-rTMS | Group 2 (sham rTMS + SLT): | 1 day before | Immediately post- No data
et al. (2015) males + 10 females); mean age | + SLT): f8c coil; 1 | 15 participants (9 males + 6 | and 1 day after | rTMS: LF-rTMSvs | regarding
(years): 67.9 + 8.12; first ever | Hz rTMS to the | females); mean age (years): | treatment: sham group: side effects
stroke (15); stroke type: | right pTr; | 69.6 = 6.67; first ever stroke
ischemic (15); localization: | 90% RMT; | (15); stroke type: ischemic | AAT; 60 items | significant 0 dropouts
LMCA (15); Broca’s aphasia | 20 min per day | (15); localization: LMCA (15); | from improvement in
(2), Wernicke’s aphasia (8), | (session); 10 daily | Broca’s aphasia (4), | Snodgrass & | aphasia profile score,
Anomic aphasia (3), Global | sessions in total, | Wernicke’s  aphasia  (5), | Vanderwart written language,
aphasia (2); mild (5), moderate | spread in 2 weeks, | Anomic aphasia (4), Global | picture naming | naming,
(6), severe (4); mean time | followed by 45 min | aphasia (2); mild (6), moderate | inventory comprehension and;
since onset of stroke (days): | of SLT (eachtime) | (7), severe (2); mean time | (1980); verbal
41.47 = 21.51; right-handed since onset of stroke (days): | ANELT-A; communication
(15), education: no data 41.47 + 21.51; right-handed | FIM abilities
(15), education: no data (comprehensio
n and
SLT: 45 minutes, 5 days per | expression)
week, 2 weeks in total
Wang et al. | Group 1: 15 participants (14 | Group 1 (LF-rTMS | Group 3 (sham rTMS + | Before the first | Post-rTMS: 1 patient
(2014) males + 1 female); mean age | + synchronous | synchronous computerised | intervention, compared to groups | reported a
(years): 61.3 + 13.2; first ever | computerised naming training, on top of that: | on the day of | 2and 3, group 1 dull  pain
stroke (15); stroke type: | naming training): | 60-minute SLT twice a week): | the 10™ | showed significant that
ischemic (15); localization: | f8¢ coil; 1 Hz | 15 participants (13 males + 2 | session and 3 | improvements in subsided
LMCA (15); Broca’s aphasia | rTMS to the right | female); mean age (years): | months post- | conversation, picture | after 5%
(9), Transcortical motor (4), | pTr; 90% RMT; | 60.4 + 11.9; first ever stroke | treatment: description and reduction
Global aphasia (2); severity: | 20 min per day | (15); stroke type: ischemic naming. No of
no data; mean time since onset | (session); 10 daily | (15); localization: LMCA (15); | CCAT significant stimulation
of stroke (months): 16.8 + 6.4; | sessions in total, on | Broca’s aphasia (6), | (conversation, | differences between | intensity
right-handed (15), education | top of that: 60- | Transcortical  motor  (8), | picture groups 2 and 3.
(years): 11.5+4.8 minute SLT twice a | Global aphasia (1); severity: | description, 2 dropouts
week no data; mean time since onset | haming of | Follow-up: compared | at follow-
Group 2: 15 participants (13 of stroke (months): 16.1 + 7.3; | objects  and | to groups 2 and 3, up (one
males + 2 female); mean age | Group 2 (LF-rTMS | right-handed (15), education | their use) and; | group 1 showed from group
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(years): 62.1 £ 12.7; first ever
stroke (15); stroke type:
ischemic (15); localization:
LMCA (15); Broca’s aphasia
(7), Transcortical motor (7),
Global aphasia (1); severity:
no data; mean time since onset
of stroke (months): 15.7 + 8.5;
right-handed (15), education
(years): 12.2 £ 3.9

+ asynchronous
computerised
naming  training):
f8c coil; 1 Hz
rTMS to the right
pTr; 90% RMT,;
20 min per day ,
each session was
followed by a 20-
minute
computerised
naming training),
10 daily sessions in
total, on top of that:
60-minute SLT
twice a week

(years): 11+4.1

20 objects and
20 action
pictures from
the IPND

significant
improvements in
naming. No
significant
differences between
groups 2 and 3.

1 and one
from group
2)
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Barwood et | Group 1: 6 participants (4 | Group 1  (LF- | Group 2 (sham rTMS): 6 | Post-treatment | rTMS group versus No data
al. (2013) males + 2 females); mean age | rTMS): f8c coil; 1 | participants (5 males + 1| & follow-up | sham group: regarding
(years): 60.8 + 5.98; first ever | Hz rTMS to the | female); mean age (years): 67 | assessments: 1 side effects
stroke (no data); stroke type: | right pTr; | £ 13.11; first ever stroke (no | week, 2 | significant
ischemic  (6); localization: | 90% RMT; | data); stroke type: ischemic | months, 8 | improvements in 0 dropouts
LMCA (6); non-fluent (6); | 20 min per day | (6); localization: LMCA (6); | months & 1 | naming accuracy,
mild-moderate (2); moderate | (session); 10 | non-fluent (6); mild-moderate | year post- | naming latency,
(1); moderate-severe  (1); | sessions in total (2); moderate (2); moderate- | treatment repetition, picture
severe (2); mean time since severe (1); severe (1); mean description
onset of stroke (years): 3.49 + time since onset of stroke | BNT; BDAE | complexity and
1.27; right-handed (6), (years): 3.46 + 1.53; right- | (Cookie Theft | length of utterance,
education: 10 (2); 12 (1); 14 handed (6), education: 10 (1); | picture, word | semantic errors on
(1); 16 (2); 18 (1) 12 (1); 13 (2); 14 (1); 15 (1) comprehensio | naming tasks and
n, repetition, | picture description
10 sessions in total naming), 144 | tasks and, auditory
pictures commands —for the
(Snodgrass & | majority of subtests
Vanderwart significant
(1980) improvements were
noticed between 2
and 8 months post-
treatment and were
maintained up to 12
months post-TMS
Heiss et al. | Group 1: 15 participants (male | Group 1 (LF-rTMS | Group 2 (sham rTMS + SLT): | Post-treatment | rTMS group versus No data
(2013) to female ratio: no data); mean | + SLT): f8c coil; 1 | 15 participants (male to female | assessment: sham group: regarding
age (years): 68.5 + 8.19; first | Hz rTMS to the | ratio: no data); mean age side effects
ever stroke (15); stroke type: | right pTr; | (years): 69 + 6.33; first ever | AAT significant
ischemic (15); localization: | 90% RMT; | stroke (15); stroke type: | (comprehensio | improvement in 0 dropouts
anterior LMCA (3), posterior | 20 min per day | ischemic (15); localization: | n, Token Test, | aphasia global score
LMCA (5), subcortical (6); | (session); 10 | anterior LMCA (3), posterior | naming,
Broca’s aphasia (2), | sessions in total, | LMCA (5), subcortical (6); | writing, larger shift of
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Wernicke’s (8), Amnestic (3),
Global (2); severity: no data;
mean time since onset of
stroke (days): 39.7 + 18.43;
right-handed (15), education:
no data

followed by 45 min
of SLT

Broca’s aphasia (4),
Wernicke’s (4), Amnestic (4),
Global (2); severity: no data;
mean time since onset of
stroke (days): 50.1 + 23.96;
right-handed (15), education:
no data

10 sessions in total, followed
by 45 min of SLT

repetition,
AAT  global
score)

network activity
towards the left
ipsilesional
hemisphere

Seniow et al.
(2013)

Group 1: 20 participants (8
males + 12 females); mean age
(years): 61.8 + 11.8; first ever
stroke (20); stroke type:
ischemic (20); localization:
anterior part of language area
(7), posterior part of language
area (9), anterior and posterior
parts of language area (4);
Broca’s aphasia 3),
Wernicke’s (7), Mixed (9),
Transcortical ~ mixed  (1);
severity: mean ASRS: 1.9 £ 1;
mean time since onset of
stroke (days): 33.5 + 24.1;
right-handed (20), education
years (mean): 13.3 + 3.3

Group 1 (LF-rTMS
+ SLT): f8c coil; 1
Hz rTMS to the

right pTr;
90% RMT;
30 min per day

(session); 15 daily
sessions spread
over 3 weeks in
total; followed by
45 min of SLT

Group 2 (sham rTMS + SLT):
20 participants (10 males + 10
females); mean age (years):
59.7 + 10.7; first ever stroke
(15); stroke type: ischemic
(15); localization: anterior part
of language area (4), posterior
part of language area (7),
anterior and posterior parts of
language area (9); Broca’s
aphasia (3), Wernicke’s (8),
Mixed (8), Transcortical
mixed (1); severity: mean
ASRS: 1.7 £ 0.98; mean time
since onset of stroke (days):
39.9 + 28.9; right-handed (15),
education years (mean): 11.6 +
2.8

15 daily sessions spread over 3
weeks followed by 45 min of
SLT

Post-treatment
assessment &
follow-up (15
weeks after
treatment):

Polish BDAE
(naming,
repetition,
comprehensio
n) and ASRS

rTMS group versus
sham group:

no significant

differences in mean
language test scores
at any measurement

immediately after

treatment:

r'TMS subgroup with

a lesion including the

anterior part of

language area:

- trend towards
improvement in
naming

Follow-up: patients
with severe aphasia
in the experimental
group vs control

No
effects

side

2 dropouts
in the
follow-up
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group:
- significant
difference in
repetition scores
- trend towards
significant
difference in
naming scores
Thiel et al. | Group 1: 13 participants (male | Group 1 (LF-rTMS | Group 2 (sham rTMS + SLT): | Post-treatment | rTMS group versus No side
(2013) to female ratio: no data); mean | + SLT): f8c coil; 1 | 11 participants (male to female | assessment: sham group: effects
age (years): 69.8 = 7.96; first | Hz rTMS to the | ratio: no data); mean age
ever stroke (13); stroke type: | right pTr; | (years): 71.2 + 7.78; first ever | AAT significant 0 dropouts
ischemic (13); localization: | 90%  of  daily | stroke (11); stroke type: | (comprehensio | improvement in
anterior LMCA (2), posterior | defined RMT; 20 | ischemic (11); localization: | n, Token Test, | aphasia global score
LMCA (4), anterior and | min per day | anterior LMCA (3), posterior | naming,
posterior LMCA (1), | (session); 10 daily | LMCA (2), anterior and | writing, - shift of network
subcortical (6); Broca’s | sessions; followed | posterior LMCA (1), | repetition, activity towards
aphasia (1), Wernicke’s (7), | by 45 min of SLT subcortical 5); Broca’s | AAT  global the left
Global (2), Amnestic (3); aphasia (3), Wernicke’s (5), | score) hemisphere in
severity: no data; mean time Global (2), Amnestic (1); the rTMS group;
since onset of stroke (days): severity: no data; mean time consolidation of
375 + 18.52; right-handed since onset of stroke (days): the right-
(13), education years (mean): 50.6 + 22.63; right-handed hemispheric
no data (13), education years (mean): network in the
no data sham group
10 sessions in total, followed
by 45 min of SLT
Medina et al. | Group 1: 5 participants (3| Group 1  (LF- | Group 2 (sham rTMS): 5 | Follow-up rTMS group versus No side
(2012) males + 2 females); mean age | rTMS): f8c coil; 1 | participants (3 males + 2 | assessment: sham group: effects
(years): 60.6 + 7.1; first ever | Hz rTMS to the | females); mean age (years):
stroke (5); stroke type: | right pTr (4), 1 Hz | 62.6 + 10.1; first ever stroke | Cookie Theft | significant 0 dropouts
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ischemic  (5); localization: | rTMS to the right | (5); stroke type: ischemic (5); | from BDAE: improvement in the
largpe. MCA cortical & | POr (2); | localization: subcortical, | - discourse | use of closed-class
subcortical, including BA44, | 90%  of  daily | including corona radiata, productivit | words of discourse
BA45 & BAA47 (2), fronto- | defined RMT; 20 | internal capsule, basal ganglia y productivity
parietal cortex, subcortical, | min per day | & thalamus, IFG spared (1), (narrative
including internal capsule, | (session); 10 daily | large MCA  cortical & words, trend towards
basal ganglia, BA44, BA45 & | sessions spread | subcortical, including BA44, closed- improvement in:
BA47 (1), fronto-temporo- | over 2  weeks | BA45 & BA47 (1), cortical & class narrative words,
parietal, subcortical greater | (weekends subcortical, including internal words, unique words, unigue
than cortical, including | excluded) capsule, basal ganglia, open-class | nouns, unique verbs,
internal capsule, basal ganglia thalamus, M1 and BA44, words) open-class words and
& thalamus, M1 & IFG spared spared: BA45 & BAA47 spared | -  sentence correct information
(1), small fronto-temporo- (1), large MCA cortical & productivit | units
parietal cortical and subcortical, including BA44, y
subcortical, minor involvement BA45 & BA47 (1), fronto- |- grammatic
of corona radiate, IFG and temporo-parietal  subcortical, al
insula spared (1); non-fluent including corona radiata but accuracy
aphasia (5); severity: mild to sparing internal capsule and | - lexical
moderate (5); mean time since deep grey structures, spared: selection
onset of stroke (months): 49.8 IFG (1); non-fluent aphasia
+ 29.6; right-handed: no data, (5); severity: mild to moderate
education years (mean): 18.4 + (5); mean time since onset of
3.6 stroke (months): 48.6 + 34.8;
right-handed: no data,
education years (mean): 14.4 +
2.6
Waldowski et | Group 1: 13 participants (6 | Group 1 (LF-rTMS | Group 2 (sham rTMS + SLT): | Immediately rTMS group versus No side
al. (2012) males + 7 females); mean age | + SLT): f8c coil; 1 | Group 1: 13 participants (7 | after treatment | sham group: effects
(years): 62.31 = 11.03; first | Hz rTMS to the | males + 6 females); mean age | and 15 weeks
ever stroke (13); stroke type: | right pTr and 1 Hz | (years): 60.15 *+ 10.58; first | post-treatment 0 dropouts

ischemic (13); localization:
anterior language area (5),

rTMS to the right
pOp (15 minutes in

ever stroke (13); stroke type:
ischemic (13); localization:

(follow-up):

no significant
differences in mean
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posterior language area (5),
anterior and posterior language
areas (3); Broca’s aphasia (3),
Wernicke’s (2), Mixed (7),
Transcortical ~ mixed  (1);
severity: mean ASRS: 2.23 +
1.01; mean time since onset of
stroke (days): 28.92 + 19.39;
right-handed (13), education
years (mean): 13.23 + 3.92

each area) ;
90% of RMT; 30
min per day
(session); 15
sessions in total,
spread over 3
weeks  (weekends
excluded), followed
by 45 min of SLT

anterior language area (4),
posterior language area (3),
anterior and posterior language
areas (6); Broca’s aphasia (3),
Wernicke’s (4), Mixed (5),
Transcortical  mixed  (1);
severity: mean ASRS: 2.08 *
1.4; mean time since onset of
stroke (days): 48.54 + 32.33;
right-handed (13), education
years (mean): 11 + 2

15 sessions in total, spread
over 3 weeks (weekends
excluded), followed by 45 min
of SLT

CPNT, BDAE
(naming,
repetition,
auditory
comprehensio
n), ASRS

language test scores
at any measurement

immediately after

treatment:

- trend towards
improvement in
average reaction
time in naming

rTMS subgroup with
a lesion including the
anterior part of
language area:

immediately after

treatment:

- trend towards
greater
improvement in
average reaction
time in naming

follow-up:

experimental vs

controls:

- significant
improvement in
average naming
reaction time

- significant
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improvement in
aphasia severity

- trend towards
greater
improvement in
naming

Weiduschat et
al. (2011)

Group 1: 6 participants (1 male
+ 5 females); mean age
(years): 66.6 (no SD); first
ever stroke (6); stroke type:
ischemic or hemorrhagic (6);
localization: posterior superior
temporal gyrus (1), putamen,
external  capsule, posterior
insula (1), posterior superior
temporal gyrus, angular gyrus
(1), frontal operculum,
posterior inferior frontal gyrus,
anterior insula (1), putamen,
external  capsule, anterior
insula (1), posterior superior
temporal gyrus, angular gyrus
(1); Wernicke’s aphasia (4),
Global (1), Amnestic (1);
severity: no data; mean time
since onset of stroke (days):
45.2 (no SD); right-handed (6),
education years (mean): no
data

Group 1 (LF-rTMS
+ SLT): f8c coil; 1
Hz rTMS to the

right pTr;
90% of daily
defined RMT; 20
min per day
(session); 8-10
sessions spread
over 2  weeks
(weekends

excluded); followed
by 45 min of SLT

Mean decreases in
intensity in 2
participants:  15%
(on 2 out of 10
sessions) and 30%
(on 7 out of 10
sessions)

Group 2 (sham rTMS + SLT):
4 participants (4 males); mean
age (years): 63.75 (no SD);
first ever stroke (4); stroke
type: ischemic or hemorrhagic
4); localization: frontal
operculum, inferior precentral

gyrus (1), supramarginal
gyrus,  posterior  superior
temporal gyrus (1), entire

MCA territory (1), frontal
operculum, posterior inferior
frontal gyrus, anterior insula
(1); Wernicke’s aphasia (1),
Global (1), Broca’s (2);
severity: no data; mean time
since onset of stroke (days):
57.5 (no SD); right-handed (4),
education years (mean): no
data

8-10 sessions in total, followed
by 45 min of SLT

Post-treatment
assessment:

AAT
(spontaneous
language
production,
Token  Test,
comprehensio
n of spoken
and written
language,
confrontation
naming,
writing,
repetition,
AAT
score)

total

rTMS group versus
sham group:

significant
improvement in
aphasia profile score

greater right
hemispheric activity
in the sham group

No side
effects —

0 dropouts
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Key: RCT: randomised control trial; yo: years old; vs: versus; HF-rTMS: high frequency rTMS; LF-rTMS: low frequency rTMS; RMT: Resting Motor
Threshold; IFG: inferior frontal gyrus; pTr: pars Triangularis; pOp: pars Opercularis; POr: pars Orbitalis; LMCA: left middle cerebral artery; SLT: Speech &
Language Therapy; WAB: Western Aphasia Battery; WBA-R: Western Aphasia Battery-Revised; AAT: Aachen Aphasia Test; ANELT-A: Amsterdam-Nijmegen
Everyday Language Test-A scale; FIM: Functional Independence Measure; K-WAB: Korean Western Aphasia Battery; CCAT: Concise Chinese Aphasia Test;
IPND: International Picture Naming Database; ASRS: Aphasia Severity Rating Scale; BDAE: Boston Diagnostic Aphasia Examination; f8c: figure of 8; BA:
Brodmann’s area; CPNT: Computerized Picture Naming Test; SD: standard deviation
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Outcomes

The major findings with regards to the effectiveness of rTMS on language gains post-
stroke varied. In summary, with regards to short-term effects, all studies but two
(Seniow et al., 2013, Waldowski et al., 2012) found significant improvement in at
least some, if not all, language measures in the experimental versus control groups
(see table 3-3). Seniow et al. (2013) and Waldowski et al. (2012) did not find any
significant differences in mean language test scores at any measurement between the
experimental and control groups post-treatment. Seniow et al. (2013) further found
that in the experimental group, participants with anterior lesions showed a trend
towards improvement in naming. Waldowski et al. (2012) found a trend towards
improvement in average reaction time in CPNT in the experimental versus control
group and a trend towards greater improvement in average reaction time in naming in
favor of the experimental subgroup with a lesion including the anterior part of
language area compared to the rest of participants in the experimental group. At the
follow-up stage, Hu et al. (2018) found significant improvement in several language
domains in the experimental vs control groups; Wang et al. (2014) showed significant
improvements in IPND naming in the experimental versus control group; Seniow et
al. (2013) found significant improvement in repetition scores and a trend towards
improvement in naming scores only in participants with severe aphasia belonging to
the experimental group; Medina, Hamilton, Norise, Turkeltaub and Coslett (2012)
found significant improvement in the use of closed-class words of discourse
productivity and a trend towards improvement in other word classes in the
experimental versus control group and; Waldowski et al. (2012) found significant
improvements in average reaction time and ASRS ratings and a trend towards
improvement in naming in favor of the rTMS group. Barwood et al. (2013) reported
significant improvements in naming and other expressive language behaviours up to
12 months post-TMS (see table 3-3).

Dropouts and side effects

With regards to dropouts, two studies reported two dropouts each at the follow-up
stage (Wang et al., 2014; Seniow et al., 2013). Regarding side effects, Haghighi et al.
(2018), Barwood et al. (2013), Heiss et al. (2013) and Rubi-Fessen et al. (2015) did

not provide any data; Hu et al. (2018) reported that one patient experienced dizziness
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during their first treatment; Wang et al. (2014) reported that one participant
experienced a dull pain that subsided after 5% reduction of stimulation intensity and;
the rest of the studies (Seniow et al., 2013; Thiel et al., 2013; Medina et al., 2012;
Waldowski et al., 2012; Weiduschat et al., 2011) reported that there were no side

effects in their studies.

Key Themes

1. Specific demographic information

We considered 10 types of demographic variables to be inherent to aphasia rTMS
studies: male-female ratio, mean age, handedness, number of previous strokes, time
since onset of stroke, stroke type, localization of stroke, types of aphasia, severity of
aphasia, and education level of participants. Only two studies (Seniow et al., 2013;
Waldowski et al., 2012) reported all 10 demographic variables; four studies (Hu et al.,
2018; Rubi-Fessen et al., 2015; Wang et al., 2014; Medina et al., 2012) reported nine
variable, one study reported eight variables (Barwood et al., 2013) and; four studies
(Haghighi et al., 2018; Heiss et al., 2013; Thiel et al., 2013; Weiduschat et al., 2011)

reported seven demographic variables.

2. Stimulation parameters (method of determination of RMT, % RMT,

frequency, duration of stimulation, number of sessions, timeline of treatment)
Analysis revealed that stimulation parameters varied across studies. With regards to
the method used to determine RMT, five studies used electromyography (EMG) (Hu
et al., 2018; Wang et al., 2014; Barwood et al., 2013; Seniow et al., 2013; Waldowski
et al., 2012); one study used visible contraction (Rubi-Fessen et al., 2015) and; five
studies did not report their method (Haghighi et al., 2018; Heiss et al., 2013; Thiel et
al., 2013; Medina et al., 2012; Weiduschat et al., 2011). Regarding the percentage of
RMT used in stimulation, one study used 80% (Hu et al., 2018); one study used 100%
(Haghighi et al., 2018); six studies used 90% (Rubi-Fessen et al., 2015; Wang et al.,
2014; Barwood et al., 2013; Seniow et al., 2013; Medina et al., 2012; Waldowski et
al., 2012) and; three studies used 90% of the daily defined RMT (Heiss et al., 2013;
Thiel et al., 2013; Weiduschat et al., 2011). The chosen frequency of stimulation
converged in all studies. They all used 1 Hz rTMS. In addition to that, one study (Hu
et al., 2018) used an additional 10 Hz rTMS stimulation in one group. The duration of
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stimulation in each session was similar for most of the studies. One study (Hu et al.,
2018) used a 10-minute stimulation protocol; two studies (Seniow et al., 2013;
Waldowski et al., 2012) used a 30-minute protocol and the remaining eight studies
used a 20-minute daily stimulation protocol. Regarding the number of sessions, two
studies (Seniow et al., 2013; Waldowski et al., 2012) applied a 15 session-protocol;
one study (Weiduschat et al., 2011) used an 8-10 sessions protocol (as not everyone
completed the 10 day protocol) and; the rest of studies (eight in total) used a 10-day
protocol. Finally, regarding the timeline of treatment, seven studies (Haghighi et al.,
2018; Rubi-Fessen et al., 2015; Barwood et al., 2013; Seniow et al., 2013; Medina et
al., 2012; Waldowski et al., 2012; Weiduschat et al., 2011) excluded weekends from
treatment (i.e. treatment was not consecutive) and four studies did not provide
detailed information regarding the timeline of their protocols (Hu et al., 2018; Wang
etal., 2014; Heiss et al., 2013; Thiel et al., 2013).

3. Stimulation site

Apart from two studies reporting that stimulation was over the homologue of Broca’s
area (Hu et al., 2018; Haghighi et al., 2018), the rest of the studies stimulated the right
pTr. In addition to stimulating the right pTr, Waldowski et al. (2012) also stimulated
the right pOp in all participants and Medina et al. (2012) stimulated the right pOr in
one patient and the pTr in four patients.

4. Method of localization of stimulation site

One study used the international 10-20 EEG method (Hu et al., 2018) and two studies
used a frameless stereotaxic system (Barwood et al., 2013; Wang et al. 2014). Four
studies (Rubi-Fessen et al., 2015; Heiss et al., 2013; Thiel et al., 2013; Weiduschat et
al.,, 2011) used surface distance measurements: reference lines defined on the
reconstruction of the respective patient’s head from MRIs were transferred to the
patient’s head. Two studies (Seniow et al., 2013; Waldowski et al., 2012) used spatial
coordinates: the stimulation site was 2,5 cm posterior to the canthus along the canther-
tragus line and 3 cm superior to the line. Finally, one study (Haghighi et al., 2018) did
not provide any data on the method of localization of stimulation site.
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5. Characteristics/approach of adjuvant SLT

There were two studies (Barwood et al., 2013; Medina et al., 2012) that assessed the
efficacy of rTMS as a standalone treatment. The rest of the studies used SLT as an
adjuvant therapy. This key theme was the most inconsistent as the type and intensity
of SLT varied significantly across studies. Particularly, one study (Hu et al., 2018)
used a post-rTMS 30-minute SLT regimen focusing on naming. One study (Rubi-
Fessen et al., 2015) applied a post-rTMS 45-minute SLT program aiming at
reactivation of word retrieval. One study (Wang et al., 2014) used a 60-minute SLT
program twice a week emphasising verbal expressive skills. Five studies (Haghighi et
al., 2018; Heiss et al., 2013; Seniow et al., 2013; Thiel et al., 2013; Weiduschat et al.,
2011) applied a 45-minute SLT program following rTMS focusing on individual
language problems. Finally, one study (Waldowski et al., 2012) applied a 45-minute
post-rTMS SLT program focusing on expression and comprehension of spoken
language. Crucially, all controls received the same type, frequency and intensity of

SLT as participants in the experimental groups that they were compared to.

6. Outcome measures, post-treatment assessments and durations of follow-up

The outcomes measures used for language assessment varied across studies. Hu et al.
(2018) used the Chinese versions of WAB; Haghighi et al. (2018) used the Farsi
version of WAB-R; Rubi-Fessen et al. (2015) used AAT, Vanderwart picture naming
inventory, ANELT-A and FIM. Wang et al. (2014) used CCAT and IPND; Barwood
et al. (2013) used BNT, BDAE (Cookie Theft picture, word comprehension,
repetition, naming) and the Snodgrass & Vanderwart (1980) naming inventory; Heiss
et al. (2013) used AAT; Seniow et al. (2013) used the Polish BDAE and ASRS; Thiel
et al. (2013) used AAT; Medina used “Cookie Theft” from BDAE; Waldowski et al.
(2012) used CPNT, BDAE and ASRS and; Weiduschat et al. (2011) used AAT. All
studies used standardized language measures and only two (Barwood et al., 2013;
Medina et al., 2012) assessed functional communication of participants through
narratives production. With regards to post-treatment assessments, seven studies
(Haghighi et al., 2018; Hu et al., 2018; Heiss et al., 2013; Seniow et al., 2013; Thiel et
al., 2013; Waldowksi et al., 2012; Weiduschat et al., 2011) did not report how
immediate the post-treatment assessments were (e.g. on the day of the last session vs

1 day after treatment); one study (Rubi-Fessen et al., 2015) assessed its participants
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the day after treatment was concluded; one study (Wang et al., 2014) performed the
assessment on the day of the last session) and; one study did not perform a post-
treatment assessment (Medina et al., 2012). With regards to follow-up, five studies
(Haghighi et al., 2018; Rubi-Fessen et al., 2015; Heiss et al., 2013; Thiel et al., 2013;
Weiduschat et al., 2011) did not follow their participants to assess possible long-term
effects of treatment. Two studies (Hu et al., 2018; Medina et al., 2018) did a 2-month
follow-up assessment; one study (Wang et al., 2014) did a 3-month follow-up
assessment and; two studies (Seniow et al., 2013; Waldowski et al., 2012) performed
a 15-week follow-up assessment. Barwood et al. (2013) was the largest longitudinal,
placebo-controlled study that examined the effects of TMS on post-stroke aphasia up
to 12 months post-stimulation. Last but not least, one study (Medina et al., 2012)
assessed only the long-term effects of rTMS.

7. Quality assessment

Overall, the random sequence generation bias risk was low for 27% of the included
studies, whereas for 73% of the studies the risk was unclear. The risk for allocation
concealment was low for 45% of the studies and unclear for the rest 55%. The risk of
bias for blinding of participants and personnel bias was low for 63% of the studies and
unclear for the rest 37%. The risk for detection bias was low for 73% of the studies
and unclear for 27% of the included studies. Finally, the risk for attrition bias and
reporting bias was low for 100% of the studies. More analytically, in the reporting
bias and attrition bias items, all studies scored “low risk of bias”. With regards to
detection bias, three studies (Hu et al., 2018; Medina et al., 2012; Weiduschat et al.,
2011) were rated to have an “unclear risk of bias” and the rest of studies were rated to
have a low risk of bias. In performance bias, the risk of bias was “unclear” for four
studies (Hu et al., 2018; Wang et al., 2014; Medina et al.; Weiduschat et al., 2011) and
low for the remaining studies. As for allocation concealment (selection bias), six
studies were rated as having “unclear risk of bias” (Hu et al., 2018; Barwood et al.,
2013; Heiss et al., 2013; Thiel et al., 2013; Medina et al., 2012; Waldowski et al.,
2012) and the rest as having a “low risk of bias”. Finally, the risk for random
sequence generation (selection bias) bias was “unclear” for eight studies (Hu et al.,
2018; Wang et al., 2014; Barwood et al., 2013; Heiss et al., 2013; Seniow et al., 2013;
Thiel et al., 2013; Medina et al., 2012; Weiduschat et al., 2011) and “low” for the rest
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of the studies. Details for the risk of bias of the included studies are provided in
figures 2 and 3.

Random sequence generation (selection bias)

Allocation concealment (selection hias)

Blinding of participants and personnel (peformance hias)
Blinding of outcome assessment (detection hias)

Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

0% 25% 50% 78%  100%

.an risk of bias DUncIearrisk of bias

[l Hioh risk of bias

Key: U = unclear; L = low; H = high
Figure 2: Risk of bias graph: review authors’ judgements about each risk of bias item
presented as percentages across all included studies
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® | ® | ® | Blinding of outcome assessment (detection bias)
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Key: blank square= unclear; + = low; - = high

Figure 3: Risk of bias summary: review authors’ judgements about each risk of bias

item for each included study
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Discussion

The aim of this systematic review was to examine all RCTs assessing the effects of
rTMS for post-stroke aphasia rehabilitation to provide rigorous, transparent and
comprehensive summaries of the best available evidence on this topic. Previous
systematic reviews evaluating the effects of rTMS for post-stroke aphasia
rehabilitation (Sebastianelli et al., 2017; Gadenz et al., 2015; Li et al., 2015; Ren et
al., 2014) have identified 12 original studies in total. The present systematic review
incorporated newer studies that do not appear in previous reviews. In total, we
identified 11 RCTs that were included in our analysis. The evaluation of the
methodological quality of the included papers was organised in seven key themes. We
suggest that those key concepts relating to aphasia rTMS research, can be used as a
guide when planning and reporting research data in this field to increase

methodological rigor and to allow comparability across studies.

Starting off, our first key concept is linked to the annotation of specific demographic
variables. We considered 10 important demographic variables to be inherent to
aphasia rTMS studies: male-female ratio, mean age, handedness, number of previous
strokes, time since onset of stroke, stroke type, localization of stroke, types of aphasia,
severity of aphasia, and education level of participants. Demographics are
independent values that determine whether or not participants constitute a
representative sample of the target population, allow the comparability amongst
studies and if samples are large enough, they may reveal inter-individual variations
that could help researchers understand and possibly predict why and how some people

respond, or respond better, and others do not respond, or respond less to treatment.

The second key concept analysis (stimulation parameters) revealed that stimulation
parameters varied across studies. As there is no standardized rTMS protocol for
aphasia rehabilitation, it is reasonable for this variability to exist. Notwithstanding, the
method used to determine RMT in aphasia rTMS needs careful consideration. In this
review we found that five studies did not report the method used to determine RMT,
one study used visible contraction and five studies used EMG as a method. The
International Federation of Clinical Neurophysiology (IFCN) has described how to
determine RMT of a muscle using EMG (see Rothwell et al., 1999). Using EMG to
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determine RMT has the advantage that it provides quantitative data for muscle
response and crucially, IFCN guidelines for the safe use of TMS are based on EMG
methodologies (Rossi et al., 2009). Even though visually detected movements are
convenient and simple to perform, they yield significantly higher RMTs compared to
EMG and this may compromise safety in some people (Westin, Bassi, Lisanby &
Luber, 2014). For all the above reasons, it is recommended that future researchers

should use EMG recordings to determine RMT in rTMS post-stroke aphasia studies.

With regards to stimulation site, apart from two studies that reported that they
stimulated the homologue of Broca’s area (Haghighi et al., 2018; Hu et al., 2018), the
rest of the studies specified the site of stimulation in Broca’s area. Broca’s area
comprises both pTr and pOp and therefore, the information that Broca’s area was
stimulated is not sufficient and could also be considered erroneous as it is not possible
for someone to stimulate both areas simultaneously with one f8c coil. In addition to
that, there is evidence that the suppression of the right pTr but not pOp improves
naming in aphasia and that those two areas have different functional roles (Naeser et
al., 2011). Currently there exists a published protocol that details the steps for
identifying a responsive target site in the right hemisphere in patients with chronic
non-fluent aphasia (see Garcia, Norise, Faseyitan, Naeser & Hamilton, 2013) that
highlights the importance of individual site identification. Medina et al. (2012) was
the only study in this review that used this method in five participants and found that
the best responsive site in four participants was the pTr and in one participant it was
the pOr. For the above reasons, it is highly recommended that researchers should
apply the protocol of Garcia et al. (2013) for individual site identification prior to
r'TMS treatment.

Regarding the method of localization of the stimulation site, only two study (Wang et
al., 2014; Barwood et al., 2013) used a frameless stereotaxy system. This technology
is compatible with all modern rTMS devices and has several advantages over the three
methods used by the other studies (i.e. 10-20 EEG, spatial coordinates and surface
distance measurements methods). The use of neuronavigation systems is highly
recommended for identifying the site of stimulation as it allows accurate planning,
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consistent and precise targeting, precise coil orientation, monitoring of brain

stimulation and reliable stimulation at targets defined in previous sessions.

With regards to characteristics/approach of adjuvant SLT, a great variability was also
observed among studies. Particularly, there were two studies (Barwood et al., 2013;
Medina et al., 2012) that assessed the efficacy of rTMS as a standalone treatment and
in both studies long-term improvements in several language domains were noticed.
The rest of the studies used SLT as an adjuvant therapy, but the SLT type and
intensity varied significantly among studies (see table 3-3). Speech and language
therapy is currently considered the gold standard for aphasia rehabilitation
(Breitenstein et al., 2017) as it improves language skills in all aphasia severities and
stages (Saxena & Hillis, 2017). Nonetheless, the optimum time for SLT initiation
(Nouwens et al., 2015) and the optimal approach, duration, frequency and format of
SLT (Brady et al., 2016) are yet to be established. Also, it has been reported that the
benefit offered by SLT declines over weeks to months and crucially, there is little
convincing evidence that the addition of SLT is a significant determinant of response
to TMS for aphasia rehabilitation (Coslett, 2016). Therefore, first we need to establish
the SLT regimes that lead to neuroplastic and behavioural effects in post-stroke
aphasia and then incorporate them into rTMS studies. Otherwise, it is difficult to
assess i) the contribution of each treatment modality separately to post-stroke aphasia
rehabilitation and ii) the possible synergistic effects of the two treatment modalities in

post-stroke aphasia recovery.

As for the outcome measures used for language assessment, all studies used
standardized language measures and only two (Barwood et al., 2013; Medina et al.,
2012) assessed functional communication of participants through narrative
production. Functional communication is based on production of phrases, sentences
and on narration and for that reason it is highly recommended that in future studies,
researchers should employ an assessment of narrative production to explore not only

the effects of rTMS on experimental language tasks, but also on an everyday life task.

Present findings on the effectiveness of rTMS on language gains post-stroke also

varied across studies. Regarding short-term effects, all studies but two (Seniow et al.,

91



2013, Waldowski et al., 2012) found significant improvement in at least some, if not
all, language measures in the experimental versus the control groups. Seniow et al.
(2013) and Waldowski et al. (2012) did not confirm the hypothesis that low-frequency
rTMS to the homologous pTr (Seniow et al., 2013) and Broca’s area homologue
(Waldowksi et al., 2012) improves naming, repetition and comprehension post-
treatment in early post-stroke aphasia. On the other hand, both studies found trends
towards language improvements in specific groups of patients. Seniow et al. (2013)
found that in the experimental group, participants with anterior lesions showed a trend
towards improvement in naming. Waldowski et al. (2012) found a trend towards
improvement in average reaction time in naming in the experimental versus control
group and a trend towards greater improvement in average reaction time in naming in
favor of the experimental subgroup with a lesion including the anterior part of
language area compared to the rest of participants in the experimental group.
However, seven studies (Haghighi et al., 2018; Hu et al., 2018; Heiss et al., 2013;
Seniow et al., 2013; Thiel et al., 2013; Waldowksi et al., 2012; Weiduschat et al.,
2011) did not report how immediate the post-treatment assessments were (e.g. on the
day of the last session vs 1 day after treatment); one study (Rubi-Fessen et al., 2015)
assessed its participants the day after treatment was concluded; one study (Wang et
al., 2014) performed the assessment on the day of the last session) and; two studies
did not perform a post-treatment assessment (Barwood et al., 2013; Medina et al.,
2012). In vitro evidence has shown that short rTMS effects induced by low frequency
stimulations can last only for 30 to 60 minutes (Hoogendam, Ramakers, Di Lazzaro,
2010); and 40 seconds of cTBS depresses MEPs for about 1 hour (Klomjai, Katz &
Lackmy-Vallee, 2015). Also, human in vivo motor cortex research supports that
changes exerted by TBS protocols (iTBS and cTBS) last for about 30-120 minutes
(Huang, Rothwell, Edwards & Chen, 2018). Therefore, to explore the immediate
behavioural effects or rTMS it is important to assess participants upon cessation of the
last session. Findings from the follow-up stage assessments also varied between
studies. Five studies (Haghighi et al., 2018; Rubi-Fessen et al., 2015; Heiss et al.,
2013; Thiel et al., 2013; Weiduschat et al., 2011) did not follow their participants to
assess possible long-term effects of treatment. Prior evidence (e.g. Hamilton et al.,
2010) has shown rTMS related language gains at two months post-treatment. All six

studies that performed follow-up assessments report improvements in several
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language domains, providing evidence that rTMS has the potential to induce long-
lasting language gains in post-stroke aphasia. In particular, the research of Barwood
and colleagues (2013) reported language gains up to 12 months post-TMS. This
evidence necessitates future follow-up assessments that extends beyond 12 months to
accurately characterise long-term effects of TMS on aphasia post-stroke. Overall, the
variability noticed in language performance among studies both at the short- and long-
term post TMS, necessitates the need for research on biomarkers and functional
markers of good and non-responders to TMS. This is the key that in the future will

lead to individualised TMS treatment.

To assess the trustworthiness of the information provided in the included studies the
“risk of bias” for six domains (see figures 2 & 3) in each study was assessed
separately. Figure 2 allows readers to gain an at-a-glance impression of the risk of
bias and figure 3 provides a deeper understanding of the risks of bias for each study.
The studies of Haghighi et al. (2018) and Rubi-Fessen et al. (2015) were rated to have
a low risk of bias in all six domains. In the study of Waldowski et al. (2012), all six
domains but one (allocation concealment) were rated to have a low risk of bias. Their
method of concealment though was not described to allow a definite judgement and
for that reason it was judged as having an unclear risk of bias. Seniow et al. (2013)
were rated to have a low risk of bias in all six domains but one (random sequence
generation). The researchers did not describe the generation of a randomized sequence
to allow a definite judgement and for that reason this domain was judged as having an
unclear risk of bias. Wang et al. (2014) had a low risk of bias in all but two (random
sequence generation, blinding of participants and personnel) components. The
investigators did not describe the generation of a randomized sequence and whether
participants were blind to groups allocation to allow a definite judgement and for that
reason those two domains were judged as having an unclear risk of bias. Barwood et
al. (2013), Heiss et al. (2013) and Thiel et al. (2013) had a low risk of bias in all six
domains apart from random sequence generation and allocation concealment. The
researchers did not describe generation of a randomized sequence and method of
concealment to allow a definite judgement and for that reason those domains were
judged to have an unclear risk of bias. Hu et al. (2018) and Medina et al. (2012) had a

low risk of bias for “incomplete outcome” data and “selective reporting” domains.
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However, the researchers did not describe the processes of “random sequence
generation”, “allocation concealment”, “blinding of personnel” and “blinding of
outcome” to allow a definite judgement and for that reason those domains were
judged as having an unclear risk of bias. Finally, Weiduschat and colleagues (2011)
were rated as having a low risk of bias for “allocation concealment”, “incomplete
outcome data” and “selective reporting”. However, they did not describe the processes
of “random sequence generation”, “blinding of participants and personnel” and
“blinding of outcome assessments” to allow a definite judgement and for that reason
those domains were judged to have an unclear risk of bias. Overall, only two
(Haghighi et al., 2018; Rubi-Fessen et al., 2015) out of the eleven included studies
presented with trustworthy results. The rest of the studies showed at least some
systematic errors related to internal validity and this means that there is a likelihood
for the results of those studies to be erroneous. On the other hand, the poor reporting
that we identified does not necessarily reflect what investigators really did, but it

definitely undermines methodological rigour.

The present review was based on guidelines following AMASTAR 2 (Shea et al.,
2017). To maximise the comparability of studies and to minimize confounding
stimulation effects introduced by the application of multiple rTMS paradigms in one
intervention, only published RCTs in which researchers compared unilateral
stimulation of any rTMS protocol (excitatory, inhibitory, TBS) with sham TMS for
post-stroke aphasia rehabilitation were included. One-real-rTMS-session-cross-over
studies (two identified studies) and studies that applied bilateral stimulation (one
identified study) were excluded from the present analysis.

Overall, only two studies (Haghighi et al., 2018; Rubi-Fessen et al., 2015) presented
100% trustworthy results. Two studies with high methodological rigor (Seniow et al.,
2013; Waldowksi et al., 2012) provided contradictory data about the effectiveness of
low-frequency rTMS for post-stroke aphasia showing that not all patients with post-
stroke aphasia benefit from low-frequency rTMS. It turns out that studies were not
fully comparable. As rTMS is a novel treatment and there are no standardized
protocols, it is reasonable why protocol variables may vary across studies.

Nonetheless, there are specific parameters inherent to study design and protocol used
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in trials that can be consistent across studies. Based on the reported seven key theme
analysis, it is hereby suggested that the following parameters should be taken into
consideration in future TMS research: reporting all 10 demographic variables
analysed in this review; using EMG recordings for determination of RMT; reporting
the method used to determine RMTs; using published protocols (e.g. Garcia et al.,
2013) for individual site identification prior to rTMS treatment; using
neuronavigation systems for identification of the site of stimulation; applying SLT
approaches for which there is strong evidence that they have neuroplastic and
behavioural effects in post-stroke aphasia; doing follow-up assessments that extend

beyond 12 months post-treatment.

Last but not least, to improve the completeness of reporting and replicability of rTMS
aphasia studies, the use of the published “Template for Intervention Description and
Replication” (TIDieR) 12 item checklist and guide (Hoffmann et al., 2014) is strongly
suggested.

Conclusions

The present systematic review revealed that the evidence for the effectiveness of
rTMS for post-stroke aphasia rehabilitation is inconclusive and identifies the need for
more and larger RCTs that are methodologically rigorous. It is hereby suggested that
rTMS aphasia researchers can empower the methodological rigor of their studies in
three ways. First, by using published risk of bias tools; second by using published
templates for intervention description and replication tools and; third by taking into
consideration all seven key themes that were identified in this systematic review.
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CHAPTER 4: Methods

Previous chapters presented the theoretical background and current evidence
regarding rTMS as a treatment method for improvement of communication problems
in patients with aphasia post-stroke. Based on the two systematic reviews it was
concluded that the level of evidence for rTMS as a beneficial intervention for post-
stroke aphasia is low. So far, studies have not demonstrated conclusive results with
regards to optimum stimulation parameters and outcomes. This chapter explains why
the single study experimental design (SSED) was applied to the study of the thesis,
describes eligibility criteria for participation to the study and outlines the applied
research procedures and protocols.

4.1 Study Design

The study was undertaken at the University Rehabilitation Clinic of the Department of
Rehabilitation Sciences at the Cyprus University of Technology (CUT). Adult patients
who had suffered a single left hemispheric stroke at least six months before
participating in the study were actively sought for recruitment. The initial plan was to
conduct a double blind randomized control trial in which two experimental and one
control group (i.e. cTBS — 1 Hz (low frequency) rTMS — sham TMS) of people
suffering from chronic aphasia post-stroke would be compared and contrasted with
each other to explore the effects of TMS on language performance in this population.
However, the sample size of the main study was finally very small (i.e. six
participants in total recruited over 15 months) and having three groups of two
participants in each group would not allow the detection of possible effects of TMS
on language performance in this sample. The lack of blinding in this trial was a
clinically relevant and realistic way of assessing the effects of TMS on language
performance in stroke patients in Cyprus. This is because Cyprus is a very small
country (approximately 850000 native Greek speaking residents) and recruitment of
people with disabilities in intervention studies is very problematic. For that reason, an
open label randomized controlled trial, incorporating a single subject experimental
design (SSED), was conducted. The decision was that this study design would be
more appropriate to yield statistically significant results based on the literature (see

Howard et al., 2015 including references and commentaries within). In particular, two
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types of rTMS treatment were used: cTBS (T1) versus 1 Hz (low frequency) rTMS
(T2). Since an open label study was implemented, the investigator and participants
were not blinded to treatment allocation. The six participants were equally and
randomly (drawing lots in sealed envelopes) allocated to two groups (three
participants in each group) with each group receiving only one treatment type (T1 or
T2). This way, the study was not liable to allocation bias and allocation concealment
bias. The Template for Intervention Description and Replication (TIDieR) 12 item
checklist and guide (Hoffmann et al., 2014) (Appendix 3) was used to improve the
reporting and the replicability of both the pilot and main study.

4.2 Ethical Approval, Research Documentation & Recruitment

Permission was sought from the Cyprus National Bioethics Committee (CNBC) to
conduct the intended research (Appendix 4). An open call was made to the media
(Appendix 5) outlining the aim of the study with a request for assistance with patient
recruitment. A research flyer outlining the study, explaining the reasons for the
research, and inviting participation (Appendix 6) was i) uploaded on the Cyprus
University of Technology facebook page and ii) disseminated to the Rehabilitation
Centre “Melathron Agoniston EOKA” in Limassol, Limassol General Hospital, Ygia
Polyclinic Private Hospital in Limassol, five neurologists in Limassol and across 30
pharmacies in Limassol. Recruitment was on a rolling basis for 15 months and
interested participants were invited to take part in the study. Informed consents were
sought prior to recruitment (Appendix 7). The original signed consent forms were
kept in a file and only the primary investigator had access to them. Copies of the
signed consent forms were given to all participants. All documentation and
identifiable data were stored at the Department of Rehabilitation Sciences in a secure
cabinet. Data from the patients’ medical notes were entered into an electronic
database located on a password protected University computer. All data on this
database were pseudo-anonymised using a patient identification (ID) number against
the assigned study subject ID number. Data entry was undertaken by the principal
investigator (PhD candidate). Upon study recruitment closure, the documents were
archived for a minimum of 5 years according to the CNBC guidelines. Regarding data

collection and management, the Data Protection Act 1998 was followed at all times.
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Results obtained from the study have been published in reputable journals in the field,

and/or presented at appropriate medical forums.

4.3 Participants’ Examinations

For all participants, a recent brain magnetic resonance imaging (MRI) was needed to
confirm the diagnosis; to rule out any additional structural abnormalities and for use
by the neuronavigation system for precise localization of the area of interest for TMS.
All MRI expenses were covered by Cyprus University of Technology. Also,
participants of the main study underwent speech and language therapy evaluations by
the author of this thesis and all language data that were gathered were analysed by one

certified speech-language pathologist and one linguist that were blinded to the study.

4.4 Inclusion and Exclusion Criteria

The TMS related criteria listed below are current, expert based and rely on safety of
conventional TMS protocols (2009 International Federation of Clinical
Neurophysiology). In addition to the criteria listed below, a key prerequisite for
participation in the study was the willingness to withdraw from any speech and

language therapy for the whole duration of the program (i.e. 3 months).

4.4.1.1 Inclusion Criteria

e 18- 75 years of age

e Native speakers of (Cypriot) Greek

e Only one stroke and located in the left hemisphere (on MRI or CT scan)

e Chronic aphasia (>6 months post-stroke)

e Stroke induced disability

e Presence of mild/moderate/severe expressive aphasia with/without mild/moderate
comprehension problems as diagnosed by the Greek version of the Boston
Diagnostic Aphasia Examination — Short Form (BDAE-SF)

e Mild/moderate/severe apraxia of speech

e Mild/moderate dysarthria

¢ No intellectual disability

¢ No history of dementia (on MOCA) or other neurological illnesses
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No substance abuse
Health stability

4.4.1.2 Exclusion Criteria
Non-native Greek speakers
Prior cerebrovascular accidents (CVAS)
Standard MR imaging and TMS exclusion criteria:

0 Aneurysm clips or coils

Stents in the neck or brain
Implanted stimulators
Cardiac pacemakers or implantable cardioverter defibrillator (ICD)
Electrodes to monitor brain activity
Metallic implants in the ears and eyes
Shrapnel or bullet fragments in or near the head
Facial tattoos with metallic or magnetic-sensitive ink
Other metal devices or object implanted in or near the head
Severe scalp skin lesions
Epilepsy
0 Uncontrolled seizures

O 0O 0O 0O o o o o o o

Severe dysarthria affecting intelligibility

Any neuro- or psycho- active medications without concomitant administration of
anticonvulsant drugs

Any other neurological condition affecting the sensorimotor system (e.g. brain
tumour)

Renal or liver failure

Current neuropsychiatric associations, apart from depression

Progressive neurological disorder (e.g. Dementia, Parkinson’s Disease, Multiple
Sclerosis)

Severe or recent heart disease

Life-threatening diseases

Auditory or visual deficits (Albert’s test) that impair testing

Requiring palliative care
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e Medication that alerts brain excitability

e Cognitive disorders known before the stroke

The above exclusion criteria regarding medication were applied to avoid
pharmacological influences on TMS, as there is evidence that the extent and direction
of NIBS induced plasticity can be highly significantly modulated by many
neuropharmacological agents (Ridding & Ziemann, 2010).

4.5 Pilot Study

The first two participants who expressed their interest for participation in the study,
were recruited for the pilot study. The study was undertaken to ensure that all pre-
therapy and therapy procedures were appropriate for prospective participants of the
main study. In particular, the two participants were first assessed to see whether they
fulfilled the inclusion criteria and if so, they were recruited to the pilot study. The

pilot study is analysed in chapter 5.

4.6 Main Study

Results of the pilot study showed that all pre-therapy and therapy procedures were
appropriate for participants of the main study. Following completion of the pilot
study, the main study commenced and was completed within 18 months from the first
call. The experiments lasted approximately 3 months in total for each participant. Out
of the 18 patients that were recruited to the main study, only 6 took part and
completed the rTMS sessions. For the remainder:

e seven patients did not participate due to caregivers’ reluctance/refusal

e five patients withdrew from the study (with the fear of manifesting seizures during

sessions (three) and claustrophobia (they refused to do MRI scans) (two))

4.7 Outcome Measures and Timeline of Assessments

There is congruent evidence that rTMS has potential to bring about language
improvements in people that have suffered a stroke and exhibit language problems. To
investigate whether similar results could be found in the present study, it was decided

to choose the best outcome measures that would allow the detection of significant
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changes, if any, in language performance after TMS. With regards to the selection of
appropriate outcome measures, reliability and validity should not be the only factors
to consider. Coster (2013) suggests researchers create a causal model of the
intervention process being tested, and further provides a set of guidelines (Appendix
8) to help investigators appraise the match amongst the purpose of the study, its
population and tools. The author of this thesis abided by those suggestions and
guidelines and created a model (see figure 4-1) to drive the research focus, and allow
appropriate selection of targeted outcome measures. The selected outcome measures
were, to the writer’s knowledge, in accordance, as much as possible, with those

guidelines.

PRy

Goal:
Treatment of
impaired language

skills (i.e. Therapeutic
comprehe_nsion, activities tlo.match Outcome focus:
expression, goals. Language skills

2 rTMS protocols

reading) in people
with aphasia post-

stroke

Figure 4-1: Causal model for a rTMS study on post-Stroke Aphasia

performance in a)
the clinical setting

and b) real life

Participants in the pilot study were assessed at three points in time (i.e. 1 day pre-

treatment, 1 day post-treatment and 3 months post-rTMS) with three outcome
measures in total (i.e. Boston Diagnostic Aphasia Examination-Short Form (BDAE-
SF), Multilingual Assessment Instrument for Narratives (MAIN) and Stroke and
Aphasia Quality of Life scale-39 item (SAQOL-39g)) (see chapter 5)) as the goal of
that trial was to assess the feasibility and acceptability, on behalf of participants, of

the study’s procedures. In the main study, however, participants were assessed at four
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points in time with additional language tools to increase the amount of language data
available for analysis. Four language diagnostic tools served as dependent measures:
the Boston Diagnostic Aphasia Examination-Short Form (BDAE-SF); the Peabody
Picture Vocabulary Test-Revised (PPVT-R); the Greek Object and Action Test
(GOAT) and the Multilingual Assessment Instrument for Narratives (MAIN). Also,
the Raven’s Coloured Progressive Matrices (RCPM) a measure that assesses
cognition (i.e. problem solving skills), and the Stroke and Aphasia Quality of Life
scale-39 item (SAQOL-39g) were administered.

All language tools and the RCPM (control variable) were used at four time points
during the study (i.e. 12 days and 1 day before treatment for (2) baseline
measurements, one day after treatment and two months post treatment). The tools
were administered twice, at the pre-therapy baseline phase to establish the level of
performance prior to treatment and rule out spontaneous recovery. Even though
currently the optimal number of pre-therapy probes is not clear, it is suggested that
two probes are sufficient to provide an estimate of both level of performance and rate
of change (Howard, Best & Nickels, 2015).

In addition to multiple assessments of the dependent language variables, equal
multiple assessments of the control variable (i.e. RCPM) were applied. This was done
because it was assumed that if a change in language skills was noticed but the control
variable (i.e. problem solving skills) remained stable, then i) the chances that TMS
leads to language specific gains are increased and ii) the possibilities for the placebo
and training effects are reduced. With regards to the QoL assessment tool in
particular, it was used one day before the beginning of treatment and also two months
post treatment to assess the effects of treatment on the QoL of participants. The QoL
of participants was assessed by analyzing proxy reports: sister for P1; daughter for P2;
daughter for P3; wife for P4; sister for P5 and; mother for P6.
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4.7.1.1 Background Measures: Speech & Language History Form — Face
Sheet — Screening for TMS eligibility — Hemispatial Neglect Test —
Handedness Inventory (Short Form) (Appendices 9-13)
Information gathered from all those tools was important as it determined eligibility for
the study. Hence, all were used at one point in time; that is, before the beginning of

treatment —in particular 12 days before the commencement of treatment.

Hemispatial Neglect Test

Albert’s Test (1973) is a screening tool for unilateral spatial neglect (USN). The test
asks to cross out lines placed in random orientations on a piece of paper. Unilateral
spatial neglect is indicated if lines are left uncrossed on the same side of the page as
the patient’s motor deficit or brain lesion is located. For this study, the Modified
version of Albert’s Test was employed. This version varies only slightly from the
original version and consists of 40 black lines (25 mm long, 0.5 or 1.2 mm thick) of
various orientations dispersed randomly on a 297 x 210 mm sheet of white paper.
Each side of the stimulus sheet contains 18 lines divided into 3 columns of 6 lines.
The columns are numbered as 1 to 6 from left to right. The test takes less than 5
minutes to complete and cannot be completed by proxies. The test is used as a
screening tool and not for clinical diagnosis of USN, as performance may be
influenced by or can be indicative of other syndromes besides spatial neglect, such as
hemianopia. The test has been found to have excellent test-retest reliability (Chen-Sea
& Henderson, 1994), excellent convergent validity (Agrell, Dehlin & Dahlgren, 1997;
Azouvi et al., 1996) and can distinguish patients with neglect from patients without
neglect (Potter et al., 2000).

Handedness Inventory (Short Form)

The Edinburgh Handedness Inventory — Short Form (Veale, 2014) is a validated, brief
and easily understood inventory of 4 items that address handedness with simple
instructions. Despite its brevity, it has very good reliability, factor score determinacy
and correlation with scores on the 10-item inventory (Veale, 2014). As this is a
notably less burdensome to participants tool, it was used to assess handedness in our
participants. Time administration is less than 1 minute and people are classified into

one of three groups (i.e. left, mixed or right handers) according to their “Laterality
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Quotient”. The Greek translated tool of the original “Edinburgh Handedness
Inventory — Short Form” was developed for the present study. All items of the scale
were translated into Greek by the PhD candidate. Then, the questionnaire was
translated back into English by two Greek — English bilinguals that was compared to
the original questionnaire. The equivalence of the original text to the translated text
was high (i.e. 100%).

4.7.1.2 Language Outcome Measures

The Boston Diagnostic Aphasia Examination — Short Form (BDAE-SF)

The Boston Diagnostic Aphasia Examination (BDAE) (Goodglass, Kaplan & Barresi,
2001) is a commonly used assessment tool for people suspected to have aphasia. The
battery includes evaluation of language comprehension (e.g., words, commands, small
paragraphs), expressive language (spontaneous speech, picture description, naming,
word and sentence repetition, automatised sequences) reading and writing. Obtained
scores can be converted into a language deficit score and a measure of aphasia
severity. For the purposes of the study, the primary outcome measure that determined
the presence, type and severity of aphasia was the Greek version of the BDAE short
form (BDAE-SF) (Messinis, Kastellakis, Panagea & Papathanasopoulos, 2013). The
tool has been adapted to the Greek language and culture and is used for screening for
aphasia and language functioning assessment in acute and sub-acute stroke. It has
satisfactory psychometric properties (Messinis et al., 2013). For the purposes of the
study, written language was not assessed and therefore, time administration for the

tool was approximately 30 minutes in total.

The Peabody Picture Vocabulary Test-Revised (PPVT-R)

Auditory comprehension is a principal component of general language ability and
many people with aphasia exhibit comprehension deficits. Generally, auditory
comprehension is assessed at the word and at the sentence level. In addition to BDAE-
SF that was used to assess comprehension at both single word and sentence level,
another tool was used to assess comprehension at the word level. Peabody Picture
Vocabulary Test-Revised (PPVT-R) is a measure that assesses receptive vocabulary
at the word level for children (Dunn & Dunn, 1981) and for the purposes of the study,
the short version of the Greek PPVT-R (Simos, Sideridis, Protopapas & Mouzaki,
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2011) was used. This measure has 32 stimulus plates. Participants are asked to point
to the picture out of four that matches the word said by the examiner. Each
participant’s score is converted to a z-score and percentile taking age and level of
education into consideration. The full and short versions of the PPVT-R are
equivalent and constitute reliable and valid assessment tools of vocabulary for Greek

students and immigrants who speak Greek (Simos et al., 2011).

The Greek Object and Action Test (GOAT)

The Greek Object and Action Test (GOAT) (Kambanaros, 2004) in its generic form is
administered to assess naming of nouns and verbs for assessment and/or research
purposes for Greek-speakers. It contains 84 coloured photographs, 10-14 c¢cm in size
representing 42 actions (verbs) and 42 objects (nouns). The test in total (production
and comprehension subtests) takes under an hour to administer. The GOAT is
reported in published studies investigating verb-noun grammatical dissociations
across language-impaired populations for Greek-speakers (Grohmann & Kambanaros,
2016). For the purposes of the study, 19 informative verbs were used. “Informative”
means that those 19 verbs are able to distinguish language impaired from non-
impaired groups. This informative version was produced based on a new algorithm
(ALNOVE) proposed to dismiss redundant/non-informative items from the tool
(Phinikettos & Kambanaros, 2017).

The Multilingual Assessment Instrument for Narratives (MAIN)

To increase the reliability of our assessment regarding functional language limitations,
in addition to BDAE-SF used for language diagnostics, an additional outcome
measure was used for assessment of spontaneous speech (DV). The Multilingual
Assessment Instrument for Narratives (MAIN) was used (Gagarina et al., 2012). In
this study, the Greek version of MAIN developed within the European Cooperation in
Science and Technology (COST) Action (1S0804) that started in 2008, was used to
evaluate production of narrative skills at the macro- and microstructure levels. This
study employed this ecologically valid measure to assess not only the effects of rTMS
in experimental linguistic, but also in everyday life tasks, as functional
communication is based on production of phrases, sentences and on narration. The

tool evaluates both comprehension and production of narratives. It consists of four
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parallel and comparable stimuli sets of six-picture (wordless) stories (Baby Birds,
Baby Goats, Cat, and Dog) similar to Aesop’s fables hence suitable for adult
populations. The instrument has been developed on the basis of extensive piloting
with more than 550 monolingual and bilingual children aged three to 10, for 15
different languages and language combinations. Scoring involves different
components and is not about reaching the maximum score on the test. This tool
includes both qualitative and quantitative aspects of evaluating narration and takes 15-
20 minutes to administer. A low score does not necessarily indicate poor narrative
ability. The quality of narrative performance depends on micro- and macrostructure
performance. For the purposes of this study, only one story (i.e. Baby Goats) was
used. The comprehension questions that form Part Il of MAIN were not asked.
Participants were allowed time to study the sequence of events unfolded in the six
image panels. The investigator then prompted participants to tell the story and
participants’ story telling were audio recorded. No leading questions were asked by
the investigator. This narrative assessment task takes 2-5 minutes. For the analysis,
the “Quantitative Production Analysis” (QPA) protocol (Saffran et al., 1989) as
adopted by Varkanitsa (2012) was applied. The QPA measures the formal/structural
characteristics of a patient’s production, yielding structural complexity scores and
description of error types. The speech was transcribed in standard orthography and in
phonemic transcription by a linguist, native speaker of Cypriot Greek, and the
production was segmented following the QPA guidelines as adapted for Modern
Greek by Varkanitsa (2012). The narrative corpus was extracted from the
transcription by ignoring all utterances before the story-telling began and after the
patient affirmed that they had finished telling the story. Furthermore, following QPA,
the following segments were discarded: all meta-narrative comments (such us “And
then this happened”), questions and responses directed to the investigator (such as
“How is this called?””), common stereotyped expressions (such as “slowly-slowly”),
utterances immediately repaired, interrupted, or which are results of perseveration,
quotative markers used to report direct speech (such as “And he told him” ‘Leave it’),
uninterpreted neologisms, and finally coordinating conjunctions (such as ‘and’ or
‘but’) that conjoin full sentences. The remaining speech was divided on utterances
primarily on syntactic/structural grounds. Prosodic information and contextual cues

such as the unfolding of the next panel of the stimulus set of images were used to aid
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the segmentation of speech into utterances where there were doubts as to the sentence
boundary. The utterances were further subdivided into sentences with verbs, sentences
without verbs, and single word utterances. Following Varkanitsa (2012) proposed
modification of the protocol, utterances consisting of just a single verb and no other
lexical items were classified as sentences with verb, taking into account the null-
subject nature of Greek. The mean length of utterance (MLU) was calculated at this
point, by measuring the number of words in each utterance and calculating its
average. The number of syntactically well-formed sentences with verb was recorded
and a proportion was calculated by dividing the number of well-formed sentences by
the total number of sentences with verb produced. For each narrative sample, the
words were categorised as Nouns, Verbs, Pronouns (including strong and weak clitic
forms), Adjectives, Adverbs, Prepositions, or as Closed Class Words (a grouping that
included determiners, auxiliaries and other functional vocabulary which do not have
full lexical meaning, and that belong to word categories that do not easily admit new
members through neologism or derivation). The number of tokens that belong to each
category was recorded and the proportions were calculated in relation to the total
number of narrative words. This categorisation into word types allowed for the
observation of differentiated performance patterns among the patients. The sentences
containing a verb were further analysed by calculating the ‘AUX Score’ metric (as
adapted for Greek by Varkanista, 2012), which is calculated by assigning one point
for each of the features MODAL, TENSE, ASPECT, NEGATION as encoded by the Main
(Matrix) Verb of each independent clause and calculating the average score. The
AUX Score Index is the average AUX Score minus 1 (one is subtracted to account for
the base form of the verb). The verbs were scored based on the presence of the
feature, and not their syntactical or semantic felicity as the goal is to measure the
complexity of the produced verbs (Saffran et al., 1989). Concerning the verb phrase,
two more complexity scores were calculated: the Embedding Index, and the
Elaboration Index. The Embedding Index was the average of embedded clauses
(clauses introduced by a subordinating particle, or a relative pronoun, or clauses used
as verb objects) produced across the total number of sentences. The Elaboration Index
was calculated by measuring the average number of Open Class words (i.e. Nouns,
Verbs, Adjectives, and Adverbs) and of Pronouns (either strong pronouns or clitics) in

the Subject Noun Phrase and in the Verb Phrase. The two averages are added together
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to calculate the total Elaboration Index. Additionally to the QPA, the proportion of
errors-by-type produced (and left unrepaired) was calculated in each sample following
Varkanitsa (2012). The error types were the following: i) phonological, ii)
morphosyntactic, iii) semantic, iv) lexical, v) uninterpretable neologisms, and vi)

extended circumlocutions.

4.7.1.3 Problem Solving Skills Measure

Raven’s Coloured Progressive Matrices (RCPM))

Many existing cognitive screening batteries (e.g. the Montreal Cognitive Assessment
(MoCA) (Nasreddine et al., 2005)) have been developed for dementia and target
mostly orientation and memory. Even though cognitive abilities are also often
compromised after stroke, they are rarely assessed in research trials (Cumming,
Bernhardt & Linden, 2011). Only three out of 190 stroke treatment trials included
specific measures on cognition (Anderson, Arciniegas & Filley, 2005). Most recently
it was reported that screening tests assessing cognitive decline are not suitable for
aphasic patients as they contain items with a strictly verbal response (Barnay et al.,
2014). The Raven’s Coloured Progressive Matrices (RCPM) (Raven, Raven & Court,
1998) consists of 36 items in three sets of 12 and is used to assess problem solving
skills. For each item, participants are asked to pinpoint the missing picture that best
complements the given pattern. The first RCPM version was published in 1938
(Raven, 1938) and a revised version in 1956 (Raven, 1956). The tool is designed for
use with young and old people with/without disabilities (e.g. aphasia) and it has been
described as “culture-free’ (Cattell, 1940), “culture-fair’ (Cattell & Cattell, 1963), and
‘culture-reduced” (Jensen, 1980). It has good concurrent validity (Rohde &
Thompson, 2007); predictive validity (Rushton, Skuy & Fridjhon, 2003); as well as
split-half reliability (Raven & Raven, 2003). Test-retest reliability appears to be weak
for intervals longer than 1 year (e.g., Raven & Raven, 2003; Kazlauskaite & Lynn,
2002). In this study the maximum interval was 2 months.

4.7.1.4 Quality of Life Measure
Stroke and Aphasia Quality of Life scale-39 item (SAQOL-39q)
A problem with traditional applications of rTMS in aphasia is the use of language

tasks as dependent measures to assess performance in cross sectional designs. The
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problem with this approach is that it fails to capture possible improvements in
everyday language, and thus fails to assess the possible effects of rTMS treatment on
the QoL of people with aphasia (e.g. improved communication, increased job
productivity, etc.). In this study, the Greek version of the Stroke and Aphasia Quality
of Life scale-39 item (SAQOL-39) (Kartsona & Hilari, 2007) was used to assess the
effects of TMS on the QoL of participants. This tool has been adapted and
linguistically validated for measurement of QoL in Greek speaking people with
chronic aphasia after stroke. The psychometric properties of the Greek version of the
tool have been tested in its generic form (SAQOL-39g) (i.e. the exact same tool tested
with a generic stroke population with and without aphasia) and it has been found that
it is a valid and reliable scale that can be used as an outcome measurement, treatment
prioritization and service evaluation (Efstratiadou et al., 2012). For the purposes of
this study, the generic form of the tool (i.e. SAQOL-39g) was used. The SAQOL-39¢g
is an interviewer administered self-report measure designated to assess QoL in
individuals that have suffered a stroke, including those with aphasia, of any severity
of expressive aphasia. For patients with receptive aphasia, it has been established that
those with a score of > 7/15 on the receptive domains of the Frenchay Aphasia
Screening Test (FAST) (Enderby, Wood & Wade, 1987) (moderate or mild receptive
aphasia) are able to self-report reliably on the SAQOL-39 (Hilari et al., 2003). The
questionnaire consists of 39 questions that cover three domains: physical (16 items),
communication (7 items) and psychosocial (16 items). The response format varies
from 1= “definitely yes’ to 5= “definitely no’ and “last week” is the time frame for all
questions. The tool is printed in large font (min. 14), with key words in bold and only
a few items per page. The title, general instructions, practice items and transition
sentences are printed in bordered pages and are highlighted in grey. Questions are
printed in plain white pages. The scoring sheet is used by the interviewer to read the
items to the respondent and mark the respondent’s answers, and to derive scores
marked on the scoring sheet. The overall SAQOL-39g score is a mean Sscore,
calculated by adding up all the items and dividing by the number of items. The three
domain scores are calculated separately as well. Overall mean and domain scores vary
from 1 to 5 and are rounded to two decimal points (e.g., 3.46). Higher scores indicate
better QoL. The scoring sheet includes information on scoring. To facilitate the

calculation of domain scores, there is a separate column for each domain with the
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items it includes being highlighted. Individual scores on the SAQOL-39g can be
compared to the distribution of scores of the sample on which the instrument was
tested, i.e., people with chronic aphasia following stroke. The instrument also has
potential uses in the areas of treatment and service evaluation, clinical audit and
treatment prioritization of people with stroke and aphasia. The pilot study revealed
that patients struggled to deal with the questionnaire because of comprehension
deficits. In the main study apart from P3 and P6, the remaining four participants also
struggled to deal with the questionnaire. For that reason, proxy ratings were used to
evaluate the QoL of all participants. Even though unbiased self-reports are the most
appropriate source of QoL, ratings by proxies can provide clinicians with useful

information if patients are unable to self-report (Ignatiou et al., 2012).

4.8 Repetitive TMS (rTMS) Procedures and Protocol

The six participants were randomly (drawing lots in sealed envelopes) allocated to
two groups (three participants in each group) with each group (T1 or T2) receiving
only one treatment type. All participants received real rTMS. The treatment
procedures that were followed are described below and are summarized in table 4-1.
A schematic illustrating the experimental timeline is shown in table 4-2.

4.8.1.1 Mapping the Cortical representation of the First Dorsal
Interosseous (FDI) with TMS

The assessment of RMTs was done using surface electromyography (EMG) in which
leads were placed over the FDI muscle of the left hand of the participants. Then, the
procedure suggested by Rothwell et al. (1999) was followed. Particularly, a standard
stimulus magnitude was used, the TMS coil was moved over the scalp at sites
approximately 1 cm apart and the elicited Motor Evoked Potential (MEP) at each site
was measured. This produced a map of MEPs with variable amplitudes and the site
with the maximal amplitude was then chosen to be the “hot spot” for the assessment
of Resting Motor Threshold (RMT).

4.8.1.2 Assessment of Resting Motor Threshold (RMT)
After finding the “hot spot”, to find the RMT of the FDI, the standard stimulus
magnitude used for mapping of the FDI was used and then, the stimulus intensity was
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progressively reduced in 2% or 5% steps until the minimum single-pulse stimulator
output intensity resulting in motor evoked potentials (MEPs) of at least 50 uV peak-
to-peak amplitude in >50% of pursued trials was found. The rate of stimulation was
more than 3 secs between consecutive stimuli. Motor threshold levels were used to
determine stimulation parameters, not because it was assumed that levels used for
motor thresholds are directly translatable to levels for use in rehabilitation of language
function but because motor threshold levels were considered as an indication of
cortical excitability.

4.8.1.3 Repetitive TMS (rTMS) Stimulation Parameters
After obtaining RMTSs, participants underwent rTMS at 80% of their individual RMT,
using Magstim Rapid2® (Magstim Co., Wales, UK) connected to a 70mm Double Air
Film Coil. Stimulation parameters were in accordance with the guidelines proposed
by Wassermann (1998). The position of the coil was guided by a frameless
stereotactic neuronavigation system (ANT NEURO) that uses the individual patients’
MRI scan to precisely localize the target area for stimulation. Before stimulation, a
T1-weighted MRI image was obtained from each patient to locate the optimal coil

position.

4.8.1.4 Group T1 - continuous Theta Burst Stimulation (cTBS) over the
right pars Triangularis (pTr)

Participants in this group (P1, P2 & P3) received inhibitory rTMS (continuous theta
burst stimulation paradigm, cTBS) to the pTr in the right inferior frontal gyrus
(homologous BA45), following the protocol suggested by Huang et al., (2005). This
paradigm uses a Theta Burst Stimulation pattern (TBS) in which 3 pulses of
stimulation are given at 50 Hz, repeated every 200 ms. A 40 sec train of uninterrupted
TBS is given (600 pulses in total). In total, the program for each patient consisted of
10 daily stimulation treatments (10 consecutive days).
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4.8.1.5 Group T2 — 1 Hz (low frequency) rTMS over the right pars
Triangularis (pTr)

Participants in this group (P4, P5 & P6) received 20 minutes of 1-Hz rTMS over the

right pTr (1200 pulses) (Rubi-Fessen et al., 2015). In total, the program for each

patient consisted of 10 daily stimulation treatments (10 consecutive days).
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Table 4-1:

Summary of Intervention characteristics for each Participant

Participants

Intervention

1

cTBS: f8c coil; 80% RMT; 3 pulses of stimulation given at 50 Hz repeated every 200 ms
to the right pTr; 40 sec train of uninterrupted TBS; 600 pulses in total; 10 consecutive
daily sessions in total

2 cTBS: f8c coil; 80% RMT; 3 pulses of stimulation given at 50 Hz repeated every 200 ms
to the right pTr; 40 sec train of uninterrupted TBS; 600 pulses in total; 10 consecutive
daily sessions in total

3 cTBS: f8c coil; 80% RMT; 3 pulses of stimulation given at 50 Hz repeated every 200 ms
to the right pTr; 40 sec train of uninterrupted TBS; 600 pulses in total; 10 consecutive
daily sessions in total

4 LF-rTMS: f8c coil; 80% RMT; 1 Hz rTMS to the right pTr; 20 min per day (session);
1200 pulses in total; 10 consecutive daily sessions in total

5 LF-rTMS: f8c coil; 80% RMT; 1 Hz rTMS to the right pTr; 20 min per day (session);
1200 pulses in total; 10 consecutive daily sessions in total

6 LF-rTMS: f8c coil; 80% RMT; 1 Hz rTMS to the right pTr; 20 min per day (session);

1200 pulses in total; 10 consecutive daily sessions in total

Key: cTBS=continuous Theta Burst Stimulation; f8c=figure of 8; RMT=resting motor threshold;
pTr=pars triangularis; LF=low frequency
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Table 4-2: Experimental Timeline

Pre rTMS sessions

rTMS sessions
(10 consecutive days)

Post rTMS sessions

* Background measures
* MRI scan

* Language testing
(BDAE-SF; PPVT-R;
GOAT; (MAIN)

« Cognitive testing
(problem solving skills)
(RCPM)

* QoL assessment
(SAQOL-399)

Group 1
50 Hz neuronavigated

cTBS at 80% RMT applied at right
pTr

Group 2
1 Hz neuronavigated

rTMS at 80% RMT applied at right

* Language testing
(BDAE-SF; PPVT-R;
GOAT; MAIN)

* Cognitive testing
(problem solving skills)
(RCPM)

* QoL assessment
(SAQOL-399)

pTr
Time
(relative to start of treatment)
—12 & — 1 days 0 days + 1 day & + 2 months
(baseline 1 & 2) (rTMS therapy) (post rITMS)

Note: Participants were assessed with the background measures 12 days prior to treatment;
underwent an MRI scan during the week prior to treatment and; underwent language and cognitive
testing 12 days and again 1 day prior to treatment and QoL assessment 1 day before treatment. Then,
all participants received a 10-consecutive day rTMS treatment; underwent language and cognitive
testing again 1 day after and 2 months post treatment and; underwent QoL assessment 2 months post

treatment.
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The research protocol that was followed in this research is summarized in table 4-3.

Table 4-3: Pre- & Post- Therapy Procedures for all Participants

Step 1: Background Measures:
Patient Consent — Speech & Language History Form — Face Sheet — Screening
for TMS eligibility — Hemispatial Neglect Test — Handedness Inventory

!
Step 2: Recent Structural Brain MRI

1
Step 3: Language Outcome Measures (Greek BDAE-SF, PPVT-R, GOAT,

MAIN) - RCPM - SAQOL-39g
!

Step 4: Therapeutic Procedures:

cTBS /1 Hz (low frequency) rTMS
!
Step 5: Language Outcome Measures - RCPM - SAQOL-39g
!
Data Analysis

4.9 Data Analyses

For the pilot study all outcomes for all baseline, post-treatment and follow-up
measures were reported. For the main study, Weighted Statistics (WEST) and in
particular the procedures “West-Trend” and “West-ROC” (one tailed) as suggested by
Howard, Best and Nickels (2015) were applied. This method has been recently used
by Kambanaros, Michaelides and Grohmann (2016) in a treatment study of a single
participant using multiple baselines. Such method is suitable for studies with small
sample sizes, heterogeneous participants and does not exclude any participant from
receiving treatment. The rationale behind this concept is to establish the level of
performance prior to treatment in order to evaluate the effects of treatment on the
stimuli. Although currently the optimal number of pre-therapy probes is not clear, it is

suggested that two probes are sufficient to provide an estimate of both level of
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performance and rate of change (Howard et al., 2015). The West-Trend procedure
tests whether there is a linear trend in improvement, while West-ROC analyses the
amount of change in the treated versus the untreated periods. For the purposes of this
study, those statistical procedures were conducted to evaluate a) the significance of
treatment versus non-treatment (short-term effects of cTBS and rTMS (Pre 1 — Pre 2 —
Post 1) and b) the short-term vs long-term effects of treatment (cTBS and rTMS) (Pre
2 — Post 1 — Follow-up). Weighted statistics were used to analyze data from the Greek
BDAE-SF; PPVT-R; GOAT and RCPM. Outcomes from the MAIN and SAQOL-39g
assessments were reported and described for each participant individually and no

statistical analyses were performed.

4.10 Chapter Summary

This chapter detailed the trial methods and procedures relevant to this study. These
included ethical considerations, the trial design, eligibility criteria for participants,

settings, location, intervention, outcome measures and planned statistical analyses.
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Abstract:

The present study reports the findings of a 10-day neuronavigated continuous theta
burst stimulation (cTBS) over the right pars triangularis for two individuals with
chronic aphasia after a single left hemispheric stroke. Baseline language and quality
of life measures were collected prior to the treatment study, post-treatment and at 3-
months follow-up. Therapy was tolerated well by both participants and no side effects
were noticed during and after treatment. Results from one individual showed potential
for positive change in performance in comprehension and expressive language both
post-treatment and at the follow-up stage. Also, a trend towards improvement post-
treatment was noticed in discourse and sentence productivity, and grammatical
accuracy. In the follow-up stage, grammatical accuracy showed a trend towards
improvement; discourse productivity decreased and; sentence productivity skills
showed mixed results. Results from the other participant showed potential for positive
change in comprehension post-treatment, that was maintained at the follow-up stage.
However, a decline in expressive language post-treatment and at follow-up, stronger
post-treatment, was noticed. Regarding QoL measurements, participant one appeared
to have improved as his performance increased in the overall, physical and
communication domains, but decreased slightly in the psychosocial domain. The
second participant improved in the physical and communication domains and declined
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overall and in the psychosocial domains. Findings from this study indicate that cTBS
over the right pars triangularis may have the potential to improve various language
skills in patients suffering from chronic aphasia post-stroke. However, the potential
benefits of this fast, noninvasive brain stimulation protocol on improvement of

language abilities post-stroke need further exploration.

Keywords: transcranial magnetic stimulation (TMS), neuronavigation, receptive and
expressive language, quality of life, case-based approach

Introduction

Aphasia is an acquired communication disorder resulting from damage to brain areas
responsible for language comprehension and/or production in spoken and written
form. Being a significant sequela of stroke, aphasia affects more than a third of all
stroke survivors (Heiss & Thiel, 2016; Dickey et al., 2010). In the context of Cyprus
where this research was carried out, prevalence of post-stroke aphasia is unknown yet,
on average 1200-1400 people each year suffer a stroke and years of healthy life lost
due to stroke disability is estimated between 20-30 years (Cyprus WHO, 2015).
Aphasia is associated with limitations in activities of daily living, loss of
independence and a decrease in social participation (Northcott, Marshall & Hilari,
2016). If aphasia does not improve over time and becomes chronic, this leads to long-
term disability (Gialanella, Bertolinelli, Lissi, & Prometti, 2011) and dependency
(American Heart Association, 2008), increased societal burden (Northcott, Moss,
Harrison & Hilari, 2016), family carer strain (Kniepmann & Cupler, 2014) and poor
quality of life (Hilari, Needle & Harrison, 2012). Speech and language therapy (SLT)
robustly remains the gold standard treatment for rehabilitation of aphasia. Intensive
SLT is known to improve language skills in all stages post-stroke independent of
severity and aphasia type (Saxena & Hillis, 2017). Nonetheless, more research is
needed to define the optimal approach, type, frequency and duration of SLT (Brady et
al., 2016). Currently, there is a need to develop novel cost-effective treatments to
address the impact of aphasia.
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Rehabilitation research exploring non-invasive brain stimulation techniques (NIBS),
such as transcranial magnetic stimulation (TMS) and transcranial direct current
stimulation (tDCS) as a treatment method for language deficits as consequence of
stroke is on the rise (Georgiou, Lada & Kambanaros, in submission). This is because
even if SLT is proven to be efficacious, many patients are left with residual language
and communication deficits (Saxena & Hillis, 2017) upon discharge from speech and
language therapy services. Depending on the frequency, intensity, and duration of the
stimulation, TMS can lead to transient increases or decreases in excitability of the
affected brain areas. When multiple TMS stimuli are delivered in trains (repeated
single magnetic pulses of the same intensity), the term “repetitive TMS (rTMS)” is
used. Results on MEP measurements in healthy people have led to the consensus that
low frequency stimulation (< 1 Hz) induces inhibition, whereas high frequencies (> 5
Hz) induce excitation (Lefaucheur et al., 2014). It is assumed that excitation and
inhibition represent changes in synaptic efficacy that are related to the after-effects of
rTMS (Lenz, Muller-Dalhaus & Vlachos, 2016).

For treatment of aphasia post-stroke, both high and low frequency paradigms have
been used. Inhibitory rTMS has been applied to the right hemisphere in order to
increase language activity of the undamaged left hemisphere structures by suppressing
competing right hemisphere language activation or simply by diminishing inhibitory
processes in the right hemisphere. Most studies use a frequency between 1-4 Hz of
rTMS to inhibit increased activation of the homologous BA45 and others have
targeted right superior temporal areas (Priyanka, Shah-Basak & Hamilton, 2016).
Over the last few years, there is robust evidence for the positive effects of low
frequency (1 Hz) rTMS over the right triangular part of the inferior frontal gyrus
(IFG) on language abilities (e.g. naming) as measured by standardized language tests
in individuals with aphasia in the sub-acute phase after first-time stroke (Rubi-Fessen
et al., 2015; Weiduschat et al., 2011; Thiel et al., 2006). Significant improvement
following rTMS treatment, either inhibitory or excitatory, is reported in the literature
also for naming accuracy (Thiel et al., 2006); language comprehension (Kakuda, Abo,
Momosaki & Morooka, 2011); spontaneous speech (Naeser et al., 2012); and fluency
(Abo et al., 2012). Several of the most recent rTMS studies for aphasia
neurorehabilitation combine TMS with SLT (e.g. Rubi-Fessen et al., 2015; Seniow et
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al., 2013; Naeser et al., 2012). Providing SLT as an adjunct treatment to rTMS may
have a truly synergic outcome and boost language abilities, but it can also mask the

actual therapeutic effects of rTMS.

Of major clinical interests are the positive findings from recent studies using short
rTMS burst protocols, such as theta burst stimulation (TBS) paradigms, that have
shown positive results in aphasia recovery (e.g. Griffis, Nenert, Allendorfer &
Szaflarski, 2016; Vuksanovic et al., 2015; Kindler et al., 2012). The TBS paradigm
was first introduced by Huang et al. in 2005. It was developed in animal experiments
to mimic the normal pattern of neuronal firing in the hippocampus of the rodent
(Huang & Rothwell, 2007). Research in humans (Oberman, Edwards, Eldaief &
Pascual-Leone, 2011) has revealed that TBS protocols promote sustained changes in
cortical activity that last well beyond the duration of TMS conditioning. TBS
protocols are speedier than other rTMS paradigms which require much longer periods
of conditioning and higher stimulus intensities in order to elicit changes in cortical
excitability of a similar duration to TBS (Huang & Rothwell, 2007). There are two
TBS paradigms; (i) intermittent TBS (iTBS), the basic TBS pattern delivered in a
short train lasting for 2 seconds (secs) (i.e. 10 bursts in total), repeated every 10 secs
for 20 cycles for a total of 600 pulses and (ii) continuous TBS (cTBS) that delivers the
basic TBS pattern in a continuous, uninterrupted train lasting for a total of 40 secs (i.e.
200 bursts with a total 600 pulses). Huang et al. (2005) have demonstrated that in the
iTBS pattern, motor evoked potential (MEP) size is facilitated for about 15 minutes,
whereas in the cTBS paradigm, an important reduction of MEP size is observed which

lasts for close to 60 minutes.

Recent TBS studies provide evidence that this quick NIBS protocol induces positive
functional language changes. Griffis et al. (2016) applied iTBS over the residual
language responsive cortex in or near the left inferior frontal gyrus (IFG), as identified
using an fMRI language task, for five consecutive days over the course of two weeks.
One-week post-iTBS, the researchers found that treatment was associated with (i)
increases in left IFG activation magnitudes and decreases in right IFG activation
magnitudes during covert verb generation, (ii) reduced right to left IFG connectivity

during covert verb generation, and improvements in fluency. Vuksanovic et al. (2015)

126



applied for 15 daily sessions, cTBS over the Broca’s area homologue of the right
hemisphere and immediately after, applied iTBS over the left hemisphere Broca’s
area in a right-handed patient with chronic non-fluent aphasia post-stroke. The
researchers found improvement in several language functions, most notably in
propositional speech, semantic fluency, short-term verbal memory, and verbal
learning. Kindler et al. (2012) applied cTBS over the right Broca’s homologue in18
patients with aphasia in different post-stroke phases. Their cTBS protocol included
801 pulses delivered in 267 bursts and each burst contained 3 pulses at 30Hz, repeated
with an interburst interval of 100 ms. Total duration of a train was 44 seconds. The
researchers found that naming performance was significantly better, and naming

latency was significantly shorter post-cTBS than post sham intervention.

The aim of this research was the investigation of possible changes in language
performance using cTBS as a standalone treatment for aphasia rehabilitation in two
patients with chronic aphasia post-stroke. We hereby report language and quality of
life outcomes at pre-therapy (baseline), post-therapy and follow-up (three months
post-treatment). In this exploratory research an rTMS protocol similar to Kindler et al.
(2012) was followed.

Materials and Methods

The Template for Intervention Description and Replication (TIDieR) 12 item
checklist and guide (Hoffmann et al., 2014) was adhered to improve the reporting of
the intervention study, and for the future replicability of the study (see Appendix 1 for
the TIDieR checklist completed by the authors). Ethical approval was given by the

Cyprus National Bioethics Committee prior to the commencement of the research.

Participant 1

The first participant was a 61-year-old male who had suffered a left middle cerebral
artery (MCA) stroke 20 months prior. He presented with mild to moderate anomic
aphasia, had attended twice weekly speech and language therapy sessions for 8-

months, and withdrew from treatment two weeks before enrolling in the present study.
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Participant 2

The second participant was a 39-year-old female who had suffered a left MCA stroke
25 months prior. She presented with severe global aphasia. She had attended twice
weekly speech and language therapy sessions for ten months and withdrew from
therapy two weeks before enrolling in this study. Table 1 presents the background

demographics of the participants.

Table 1. Demographic and clinical characteristics of the PWA participating in the research.

Months SLT
Age Education post Lesion Type of Severity prior to Termination
Participant | Sex | (years) | (years) stroke site Aphasia | of Aphasia | enrolment of SLT
8 months - 2
times per
mild to week — 45 15 days before
1 M 61 12 20 LMCA Anomic moderate min of SLT enrolment
10 months —
2 times per
week — 45 15 days before
2 F 39 12 25 LMCA Global severe min of SLT enrolment
Note: LMCA= Left Middle Cerebral Artery; PWA=people with aphasia; SLT=speech and language therapy

Both participants were enrolled in the study as they met the following inclusion
criteria: (1) they were native speakers of (Cypriot) Greek (to avoid confounding the
study with bilingual issues); (2) a recent brain magnetic resonance imaging (MRI)
confirmed a first-ever stroke in the left (dominant) hemisphere; (3) they had chronic
aphasia (time elapsed since stroke > 6 months); (4) the presence of aphasia was
diagnosed using the Greek version of the Boston Diagnostic Aphasia Examination —
Short Form (BDAE-SF) (Messinis, Kastellakis, Panagea & Papathanasopoulos,
2013); (5) chronological age was no greater than 75 years. In addition, a key
prerequisite for participation in the study was the willingness to withdraw from any
speech and language therapy for the whole duration of the program (i.e. four months).
Exclusion criteria were as follows: (1) non- native Greek speakers; (2) symptomatic
prior cerebrovascular accidents (CVAs); (3) standard MR imaging, TMS and tDCS
exclusion criteria; (4) severe comprehension deficits; (5) severe apraxia of speech or
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dysarthria affecting intelligibility; (6) auditory or visual deficits and; (6) cognitive

disorders known before the stroke.

Background Language Measures

The Boston Diagnostic Aphasia Examination (BDAE-SF)

For the purposes of the study, the primary outcome measure that determined the
presence, type and severity of aphasia was the Greek BDAE-SF (Messinis et al.,
2013). The battery includes evaluation of language comprehension (e.g., words,
commands, small paragraphs), expressive language (spontaneous speech, picture
description, naming, word and sentence repetition, automatised sequences) reading
and writing. Obtained scores can be converted into a language deficit score and a
measure of aphasia severity for language functioning assessment in acute and sub-
acute stroke. The tool has satisfactory psychometric properties (Messinis et al., 2013).

For the purposes of the present study, written language was not assessed.

Multilingual Assessment Instrument for Narratives (MAIN) and Quantitative
Production Analysis (QPA) protocol

The Multilingual Assessment Instrument for Narratives (MAIN) (Gagarina et al.,
2012) was used to measure spontaneous language abilities. Narratives are considered
an ecologically valid measure that represent functional communication or language
(production of phrases, sentences) as used in everyday life tasks (Brady et al., 2016).
For the purposes of this study, both participants were asked to tell the experimenter
the ‘Baby Goat’ story using a series of six-coloured pictures presented in a cartoon
strip. See Appendix 1. The MAIN Baby Goat story depicts a mother goat saving her
baby goat from drowning and from a hungry fox, that is also chased away from eating
the baby goat by a bird. The story is controlled for cognitive and linguistic complexity
and has a moral meaning similar to an Aesop fable. The MAIN was developed for
children but can also be used with adults as the pictures are appropriate for adults (see
Appendix 1). The story has episodic structure and provides macrostructure and

microstructure information (Gagarina et al., 2012).

Spontaneous speech samples from the MAIN were audio-recorded, then transcribed in

standard orthography and in phonemic transcription by a linguist, native speaker of
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Cypriot Greek, and later analysed using the “Quantitative Production Analysis”
(QPA) protocol (Saffran et al., 1989) as adapted by Varkanitsa (2012). The QPA
measures the formal/structural characteristics of language production, yielding
structural complexity scores and description of error types. For the two participants
with aphasia, utterances were subdivided into sentences with verbs, sentences without
verbs, and single word utterances. Following on from Varkanitsa’s proposed
modification of the protocol, utterances consisting of just a single verb and no other
lexical items were classified as sentences with verb, taking into account the null-
subject nature of Greek. The mean length of utterance (MLU) was calculated by
measuring the number of words in each utterance and calculating its average. The
number of syntactically well-formed sentences with verb was recorded and a
proportion was calculated by dividing the number of well-formed sentences by the
total number of sentences produced with a verb. For each narrative sample, the words
were categorised as nouns, verbs, pronouns (including strong and weak clitic forms),
adjectives, adverbs, prepositions, or as closed class words (a grouping that included
determiners, auxiliaries and other functional vocabulary which do not have full lexical
meaning, and that belong to word categories that do not easily admit new members
through neologism or derivation). The number of tokens that belonged to each
category was recorded and the proportions were calculated in relation to the total
number of narrative words. This categorisation into word types allowed for the
observation of differentiated performance patterns between the two participants. The
sentences containing a verb were further analysed by calculating the ‘AUX Score’
metric (as adapted for Greek by Varkanista, 2012), which is calculated by assigning
one point for each of the features MODAL, TENSE, ASPECT, NEGATION as encoded by
the Main (Matrix) Verb of each independent clause and calculating the average score.
The AUX Score Index is the average AUX Score minus one (one is subtracted to
account for the base form of the verb). The verbs were scored based on the presence
of the feature, and not their syntactical or semantic felicity as the goal is to measure
the complexity of the produced verbs (Saffran et al., 1989). Concerning the verb
phrase, two more complexity scores were calculated: the Embedding Index, and the
Elaboration Index. The Embedding Index was the average of embedded clauses
(clauses introduced by a subordinating particle, or a relative pronoun, or clauses used

as verb objects) produced across the total number of sentences. The Elaboration Index
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was calculated by measuring the average number of Open Class words (i.e. Nouns,
Verbs, Adjectives, and Adverbs) and of Pronouns (either strong pronouns or clitics) in
the Subject Noun Phrase and in the Verb Phrase. The two averages are added together
to calculate the total Elaboration Index. In addition to the QPA, we followed
Varkanitsa (2012) and calculated the proportion of errors-by-type produced (and left
unrepaired) in each sample. The error types were the following: i) phonological, ii)
morphosyntactic, iii) semantic, iv) lexical, v) uninterpretable neologisms, and vi)
extended circumlocutions. The two samples recorded before the treatment were
averaged to produce a baseline score for comparison with the post-treatment and

follow-up performance.

Stroke and aphasia quality of life scale-39 item (SAQOL-399)

The Greek version of the SAQOL-39 was administered (Kartsona & Hilari, 2007).
This questionnaire has been adapted and linguistically validated as a measurement of
QoL in Greek speaking people with aphasia after stroke. The psychometric properties
of the Greek version have been tested in its generic form (SAQOL-399) (i.e. the exact
same tool tested with a generic stroke population with and without aphasia) and was
found to be a valid and reliable scale that can be used as an outcome measure
(Efstratiadou et al., 2012).

Procedures

The pre- and post- therapy procedures were the same for both participants. A certified
speech and language pathologist, blind to the study, carried out the language
assessment and QoL measures (baseline, post-treatment, follow-up), and later
analyzed the data for all time points. The first author administered the rTMS protocol.
Specifically, QoL measurements were obtained at two time points: baseline and at
follow-up. Both participants struggled to respond to the SAQOL-39g questions
because of mild-moderate comprehension deficits, so proxy (spouses) ratings were
used to evaluate QoL. Even though unbiased self-reports are the most appropriate
source of QoL, ratings by proxies can provide clinicians with useful information if

patients are unable to self-report (Ignatiou et al., 2012).
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After completion of the treatment period (10 consecutive days), participants were
asked not to participate in any formal aphasia rehabilitation program. Instead, they
were encouraged to actively engage in conversations with their families and friends.

Such activities were not monitored by the researchers.

cTBS treatment

Resting motor threshold (RMT) was assessed using surface electromyography (EMG)
for which electrodes were placed over the first dorsal interosseous (FDI) muscle of
the left hand. The coil was then placed over the right primary motor cortex and
stimulated, with a single-pulse, at the optimal site for obtaining a motor evoked
potential (MEP) of at least 501V in five or more of 10 consecutive stimulations of the
FDI of the left hand. Motor threshold levels were used to determine stimulation

parameters as they are considered an indication of cortical excitability.

After obtaining RMTSs, participants underwent cTBS at 80% of their individual RMT,
using the Magstim Rapid2® stimulator (Magstim Co., Wales, UK) connected to a
70mm Double Air Film Coil. Stimulation parameters were in accordance with the
guidelines proposed by Wassermann (1998). However, before stimulation, a T1-
weighted MRI image was obtained from each patient. The position of the stimulation
coil was guided by a frameless stereotactic neuronavigation system (ANT NEURO)
that used the individual patient’s MRI scan to precisely localize the target area for
stimulation. Both participants received inhibitory rTMS (cTBS) to the pars
triangularis (Tr) of the right inferior frontal gyrus (homologous BA45) following the
protocol suggested by Huang et al. (2005). This paradigm uses a theta burst
stimulation pattern (TBS) in which three pulses of stimulation are given at 50 Hz,
repeated every 200 ms. In the cTBS, a 40 sec train of uninterrupted TBS is given (600
pulses in total). In total, the program for each patient consisted of 10 daily stimulation
treatments (10 consecutive days). To ensure treatment fidelity, we monitored and
measured how well the treatment protocol was implemented using the TIDieR

checkilist as reported in Appendix 2.

132



Results

Language outcome measures are reported in table 2 for both participants.

Table 2. Language outcomes at post-treatment and follow-up compared to baseline

for each participant.

Participant 1 Participant 2
Normal Normal
Post | Follow- | Controls Post Follow- | Controls
Baseline | TMS [ up (age 60- Baseline [ TMS | up (age 25-
Item scores | scores | scores | 82) scores | scores | scores | 39)
Auditory 30.97/32 31.91/32
comprehension | 25/32 26/32 | 27/32 | (SD=1.02) | 14/32 | 17/32 | 17,5/32 | (SD=.28)
Expressive
language
(Boston
naming test — 32.45/33 33/33
excluded) 19/35 | 25/435 | 21/35 | (SD=1.00) | 11/48 7/48 9/48 | (SD=.000)
Boston naming
test — 14.76/15 15/15
Accuracy 10/15 10/15 | 10/15 | (SD=.622) 2/15 1/15 1/15 [ (SD=.000)

Participant 1

Auditory comprehension showed a trend towards improvement post-treatment that
was sustained in the follow-up stage. Expressive language improved significantly
post-treatment and even though it decreased in the follow-up stage, it was slightly
higher compared to baseline. Naming scores remained stable post-treatment and in the
follow-up. Regarding narration analysis (see table 3), compared to baseline, the
participant produced a higher number of narrative words in the post-treatment
assessment. The elaboration index of sentence productivity showed a trend in increase
for the embedding index. The proportion of well-formed utterances increased, and the
AUX complexity index remained stable. The proportion of errors remained stable. In
the follow-up stage, the number of narrative words decreased compared to baseline.
Regarding sentence productivity, the elaboration index remained increased as in the

post-treatment phase and the embedding index reverted to baseline. The proportion of
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well-formed utterances increased compared to baseline and post-treatment phases and
the proportion of errors remained stable.

Table 3. A detailed linguistic analysis of spontaneous language for participant 1.

Category Participant 1
Lexical Selection 1 Post Follow-up
Closed class: 23 24 11
Nouns: 13 16 11
Adjectives: 0 0 2
Prepositions: 9 9 5
Adverbs: 0 2 2
Pronouns: 7 17 8
Verbs: 21 23 13
MLU: 521 5,06 4,73
Elaboration Index: 15 2,06 2
Embedding Index: 0,3 0,39 0,27
Narrative words: 73 91 52
Accurac
Prop of S with V: 14 17 10
Prop of U w/o V: 0 1 1
Prop of Single Word U: 0 0 0
Prop of well-formed U: 0,36 0,47 0,6
AUX Complexity Index: 1,00 1,00 1,00
Phonological: 0 1 1
Morphosyntactic: 1 0 3
Semantic: 0 1 0
Lexical: 2 5 1
Neologisms: 2 0 0
Circumlocution: 0 0 0
Phonological %: 0,00 0,01 0,01
Morphosyntactic %: 0,01 0,00 0,06
Semantic %: 0,00 0,01 0,00
Lexical %: 0,03 0,05 0,01
Neologisms %: 0,03 0,00 0,00
Circumlocution %: 0,00 0,00 0,00
All Errors %: 0,07 0,07 0,08

Key: prop=proportion; s=sentences; V=verbs; U=utterances; w/o=without

The QoL for this participant improved post TMS as it was higher in all areas assessed
compared to baseline, but the psychosocial score had decreased. Outcomes for QoL

measures are shown in table 4.
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Participant 2

Auditory comprehension improved post-treatment and this improvement was
sustained in the follow-up stage. Expressive language decreased significantly post-
treatment, but at follow-up showed a trend towards improvement. Naming scores
decreased slightly post-treatment and during follow-up. With regards to the narrative
analysis, the samples could not be analysed because they consisted only of one
pronoun “toutos” (translation *him’), and some automatized expressions. Spontaneous

speech samples for both participants are reported in Appendix 3.
In terms of her QoL scores, outcomes showed that the psychosocial score had

significantly decreased. Outcomes for QoL measures are shown in table 4.

Table 4. Quality of life for each participant at pre-treatment (baseline) and at 3
months follow-up using the SAQOL-39g.

Participant 1 Participant 2
Item Baseline 3 months Baseline 3 months
(maximum measure post TMS | measure post TMS
score: 5) (follow-up) (follow-up)
SAQOL - 39¢g 3.61 3.92 2.89 2.56
Mean score
Physical score 3.25 3.93 2.68 3.00
Communicate 4.28 4,71 1.71 2.00
score
Psychosocial 3.68 3.56 3.62 2.37
score
Discussion

In this explorative study, two participants were recruited to pilot whether cTBS as a
standalone treatment (without SLT) has the potential to improve language symptoms
in the chronic stage of aphasia. We followed a similar protocol to Kindler et al. (2012)
but differed in that we used neuronavigated TMS and more sessions in total. Therapy

was tolerated well by both participants and no side effects were noticed during and
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after treatment. The first participant had mild to moderate anomic aphasia and showed
potential for positive change in performance in comprehension and expressive
language both post-treatment and at the follow-up stage. The change in expressive
language performance was stronger post-treatment. Naming accuracy remained stable
throughout treatment. Narration analysis revealed that post-treatment the participant
showed a positive trend towards improvement in discourse, sentence productivity, and
grammatical accuracy. In the follow-up stage, discourse productivity decreased and;
the elaboration index of sentence productivity increased, while the embedding index
reverted to baseline. Grammatical accuracy also showed a trend towards
improvement. Regarding QoL measurements, participant 1 appeared to have
improved as his performance in the overall, physical and communication domains
increased, but in the psychosocial domain it decreased. The second participant had
global aphasia and showed potential for positive change in comprehension post-
treatment, that was maintained at the follow-up stage. However, she showed a decline
in expressive language post-treatment and at follow-up, that was stronger post-
treatment. Naming accuracy scores also showed a trend towards decline post-
treatment and follow-up. Analysis of narratives was not possible for this participant
because of her limited verbal output. However, she showed improvement in the QoL

physical and communication domains but a decline in the psychosocial domain.

Considering the unequal demographic variables (e.g. age), aphasia types (anomic vs.
global) and only two participants an attempt to draw conclusions on cTBS effects in
chronic aphasia would be problematic. However, the trend towards improvement that
was noticed in comprehension (in both participants) and expression (in one
participant) in our study is in accordance with findings from recent TBS studies,
either iTBS (Griffis et al., 2016; Szaflarski et al., 2011), cTBS (Kindler et al., 2012)
or bilateral iTBS and cTBS (Vuksanovic et al., 2015) that support positive changes in
various language domains post-stroke. Particularly relevant to our study, Kindler et al.
(2012) investigated the effects of cTBS in one group of stroke patients that were in
the subacute phase of stroke recovery compared to a second group of stroke patients
in the chronic phase. Both groups significantly improved and the subacute group
showed a greater improvement in naming accuracy and reaction time compared to the

group with chronic aphasia compared to a sham group. Even though the findings of
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this study favoured the use of cTBS for treatment of aphasia post-stroke, the lack of a
follow-up assessment was an important drawback since the possible long-term effects
of this type of therapy are unknown, and the contribution of spontaneous recovery
cannot be excluded.

Positive changes (Rubi-Fessen et al., 2015; Weiduschat et al., 2011; Naeser et al.,
2005) and trends toward improvements in specific groups of patients with aphasia
(Seniow et al., 2013, Waldowski et al., 2012) in several language domains are also
associated with other inhibitory rTMS protocols applied in aphasia post-stroke. There
are several reasons reported for the variability in response to TMS amongst different
patients with aphasia, such as aphasia type, aphasia chronicity, site of stimulation,
TMS stimulation parameters, and the use of SLT combined with TMS (Coslett, 2016);
and even age, gender and genetics can also play a role in the biological and clinical
effects of rTMS protocols (Lefaucheur et al., 2014). Therefore, the failure or success
of rTMS protocols can be attributed to either extrinsic and/or intrinsic therapeutic
factors.

With regards to stimulation parameters in particular, the dichotomy between low
frequency stimulation (< 1 Hz) related induced inhibition and high frequencies (> 5
Hz) related induced excitation is not 100% correct as there is evidence that both
conditions can have mixed excitatory and inhibitory results (Houdayer et al., 2008).
For instance, doubling the duration of stimulation on the motor cortex can reverse
excitation to inhibition and vice versa (Gamboa, Antal, Moliadze & Paulus, 2010). In
addition, the cellular and molecular mechanisms underpinning rTMS based therapies
are not fully understood in clinical populations (Muller-Dahlaus & Vlachos, 2013).
What complicates the elucidation of such mechanisms even more is that in chronic
patients, when prolonged therapeutic effects (i.e. up to several months) are observed,
placebo effects (that reflect a complex mixture of neurobiological effects (Benedetti,
2010; Krummenacher et al., 2010), should also be taken into consideration
(Lefaucheur et al., 2014). In our case, our first participant was highly motivated to

take part to the study and hoped to improve post-treatment.
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People with aphasia form a highly heterogeneous group with large individual
differences in post-stroke linguistic profiles, severity, type of aphasia, and recovery
patterns (Brady et al., 2016), making accurate prognosis difficult. Generally, several
factors are thought to influence recovery of language functions, but the evidence so
far is not straightforward. For example, conflicting evidence exists in relation to the
impact of sex (Sohrabji, Park & Mahnke, 2017), age (Lazzarino, Palmer, Bottle &
Aylin, 2011), handedness and educational background (Henseler, Regenbrecht &
Obrig, 2014) on language recovery. Also, there is research that places additional
importance on the initial aphasia profile (severity, modalities involved) as a

contributing factor of the type of language recovery (Gialanella & Prometti, 2009).

In our study, in addition to standardized language assessments, we also employed an
assessment of narrative production as we aimed at assessing not only the effects of
rTMS on experimental language tasks, but also on an everyday life task, as functional
communication is based on production of phrases, sentences and on narration. To our
knowledge, only Medina et al. (2012) assessed discourse productivity (narrative
words, closed-class words, open-class words), sentence productivity, grammatical
accuracy and lexical selection. The use of QPA in this study exhibited some
predictive power, but some concerns about its applicability to Greek arose: the AUX
score measure, even with the modifications by Varkanista (2012), relies on the rate of
omission of verb features such as tense and aspect to score their complexity. Unlike
English, tense and aspect omissions are not common, since the morphemes that
express it are obligatory parts of the verb and not auxiliaries. Additionally, tense in
Greek verbs is expressed syncretically with person and number, which might make it
more salient and less likely to be omitted. Moreover, complex subject noun phrases
containing subordinated clauses were not present, since those were not elicited
directly even though opportunities for them to be used were provided by the story the
participants were asked to tell. This measure was later removed from the elaboration

index formula we used since there was no effect.

Overall, the trends towards improvement in specific language domains from baseline

to post-treatment and follow-up assessments (comprehension in both participants
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post-treatment and at follow-up and; expressive language in one participant post-

treatment and at follow-up) might be due to the TBS treatment.

Conclusion

Continuous TBS was successfully applied to two individuals with chronic aphasia
post-stroke and no adverse effects were noticed during treatment and follow-up
periods. We tentatively suggest that TBS shows potential to facilitate recovery of
language abilities in chronic aphasia despite its short application. Further
investigation is warranted and specific functional markers and biomarkers of good
responders to noninvasive brain stimulation methods need to be explored and
established.
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Appendix 1: The pictures of the MAIN ‘Baby Goat Story’
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Appendix 2: Evaluation of the study using the TIDieR checklist

- - The TIDieR (Template for Intervention Description and
T:DieR

Template for Intervention
Descriptionand Replication

Replication) Checklist

BRIEF NAME
1. Neuronavigated Theta Burst Stimulation for Chronic Aphasia
WHY
2. To determine whether cTBS as a standalone treatment has the potential to improve language symptoms of

aphasia and subsequently quality of life.

WHAT

3. Materials: A certified speech and language pathologist, blind to the study, assessed and analysed the data. The
first author administered the rTMS protocol. Language measurements were obtained at 3 time points; at
baseline, immediately after treatment and at 3 months post-treatment (follow-up assessment). Quality of life
measurements were obtained at baseline and at follow-up. Both participants struggled to deal with SAQOL-39¢
due to comprehension deficits, so proxy (spouses) ratings were used to evaluate QoL. After completion of the
treatment period (10 consecutive days), participants were asked not to participate in any formal aphasia
rehabilitation program but; they were encouraged to actively engage in conversations with their families and

friends. Such activities were not monitored by the researchers.

4, Procedures: We assessed resting motor threshold (RMT) using surface electromyography (EMG). After
obtaining RMTs, participants underwent the cTBS at 80% of their individual RMT, using a Magstim
Rapid2® stimulator (Magstim Co., Wales, UK) connected to a 70mm Double Air Film Coil. Stimulation
parameters were in accordance with the guidelines proposed by Wassermann (1998). The position of the coil
was guided by a frameless stereotactic neuronavigation system (ANT NEURO) that uses the individual
patients” MRI scan to precisely localize the target area for stimulation. Before stimulation, a T1-weighted MRI
image was obtained from each patient to locate the optimal coil position. Both participants received inhibitory
rTMS (cTBS) to the pars triangularis (Tr) at the right inferior frontal gyrus (homologous BA45) following the
protocol suggested by Huang et al. (2005). This paradigm uses a theta burst stimulation pattern (TBS) in which
3 pulses of stimulation are given at 50 Hz, repeated every 200 ms. In the cTBS, a 40 sec train of uninterrupted
TBS is given (600 pulses in total). In total, the program for each patient consisted of 10 daily stimulation

treatments (10 consecutive days).

WHO PROVIDED
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5. Speech & Language Assessments: Certified Speech & Language Pathologist with expertise in Aphasia
rTMS: Certified Speech & Language Pathologist with expertise in neuronavigated rTMS for aphasia
rehabilitation
HOW

6. The intervention was provided to one participant at a time and was delivered face to face. During treatment,
participants sat comfortably on a chair. During the TMS treatments participants were monitored for potential
side effects (e.g. pain, discomfort) and were asked (using thumb gestures) if they felt well before during and
after the treatment.
WHERE

7. Cyprus University of Technology, University Rehabilitation Clinic, Neurorehabilitation Lab
WHEN and HOW MUCH

8. A 40 sec train of uninterrupted TBS was given (600 pulses in total).
In total, the program for each patient consisted of 10 daily stimulation treatments (10 consecutive days).
TAILORING

9. No
MODIFICATIONS

10. No
HOW WELL

11. Planned: Inclusion and exclusion criteria were clearly predetermined. Treatment was devised by (Huang &
Rothwell, 2007) based on neuroplasticity theory. Intended assessment and active therapy ingredients were
reported before study initiation. All therapists adhered to the same protocol to ensure standardised delivery
across participants. The fourth author provided expert consultation. Therapies were delivered on site. Before
commencement of the exploratory trial, a non-aphasic participant acted as a “sample” participant to ensure that
all TMS related procedures could be implemented as planned.

12. Actual: All TMS sessions were monitored by two people (second author and a senior speech and language

therapy student) to ensure that therapy was implemented as planned. The delivered intervention did not vary at

all from the intended intervention.
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Appendix 3: Spontaneous language samples

Participant 1

Pre—treatment narrative production (translated and transcribed)

H xatoiko €: € n katoiko t0 pwpo nrav pes 1o vepo efov- €: exne va 1o pralel ECw.

i katsika e: e: i katsika to moro itan mes to nerd evu:- e: epie na to fkali ékso

The goat um um the goat the baby was in the water (it) rushe- um (it) went to get it
out.

TG orwg fToy douai 0 1 KATEOVI- KOTGIKOPALVO. TOD TO TOD TO ETEGE T(l EMKIATEY TOV
Abko (1 Epove tlian To € T0 TlIElvO.

TGiou omaws nprav E€w Emkiooey 10 T(l EPEPKE.

tfe 6pos itan damé o i katsoni- katsikorena pu to pu to épese tf épcasen ton liko tf éfie
tfe to e to tfino. tfe Opos itan ékso épcasen to tf éfefke.

And as he- she was here, the goa- *goat-ess that- that *felled it and caught the wolf
and left and that um *the that. And as she was outside she caught it and *was leaving.

Post-treatment narrative production (translated and transcribed)

Egpvev ueg 1o vepov i aiyo ko mpooralbei va to fydlel ééw. Tlion mov umpootd, éoiel
vy ADKO OV — VAUTOD VO, KOUEL.

éfien mes to nerdn i éya ce prospadi na to vyali eékso. tf pu mbrosta éfi énan liko pu
nampu na kami.

She *left in the water the goat (formal name) and she tries to get it out. And at the
front there’s a wolf who what to do.

O: o Abxog 7o €ide, t0 aprace, pio — movvTy;
0: 0 likos to ide, to arpakse, mpa pundi?
The wolf saw it, got hold of it, an — where is she?

Follow-up narrative production (translated and transcribed)
Blémer to karoikaxi ueg to vepo tlioun f-f-f umopet va 1o pkdler ECw.
vlépi to katsikaci mes to nerd tfe [v v v] mbéri na to fkali ékso.

She sees the kid in the water and [v v v] can get it out.

TGou polig to povvidper n — n HOAS T0 PKGLEL ECW LUODVTE 1] KOTOIKOPOVA € KOUEL TO.
tfe molis to mundari i — i molis to fkali ékso mundé- i katsikdrona e kami to.
And as the — the attacks — As she gets it out *attack the *magpie um *does it.

Moiig to faler ato aToUAY TOV, ] KATOIKOPWVO. €. TOV HOVVTAPEL T(10L TKLOEL TOV T(lal
PEDPKEL.

molis to vali sto stdbman tu, i katsikorona e: ton mundarei tfe pcai ton tfe fefkei

As he puts it in his mounth, the *magpie um attacks him and get *him and leaves.
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Participant 2:

Pre—treatment narrative production (translated and transcribed)
Mre ure une

mbe mbe mbe

Baa baa baa

Tovto éda. Ela. EAa
tuto éla éla éla
This come! come! come!

Kpa kpa kpa
kra kra kra
Caw caw caw

Akaté t0
alate to
[alate] this (Novel word, uninterpretable)

Post—treatment narrative production (translated and transcribed)
Elo éla éAa

éla éla éla

come! come! come!

Ta téupovue;
jatam:ume?
Lets [tdm:ume]? (possibly “Let’s see” /na dume/)

Nracer,
ndaksi?
OK?

Follow-up sample narration production (translated and transcribed)
Eéw ééw

ékso ékso

Out out

Kvpie ‘Aénoov

cirie léison

Good lord (expression of surprise)
T'ia va dodue yro va povue

ja na dame ja na mume (phonological substitution)
Let’s see let’s see
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CHAPTER 6: Results (Main Study)

This chapter presents baseline demographic and clinical characteristics of participants
that took part in the main study; presents the results of the statistical analyses of
standardized language and cognitive measures (i.e. BDAE-SF, PPVT-R, GOAT &
RCPM) and also reports outcome summaries for MAIN and SAQOL-39g for all

participants, individually.

6.1 Baseline Demographic and Clinical characteristics of

Participants
Two of the six participants were females. All participants had suffered a first ischemic
stroke at least 6 months before enrolment to the study. Participant characteristics are

provided in table 6-1.

Participant 1

The first participant was a 74-year-old female who had suffered a left middle cerebral
artery (MCA\) stroke 48 months prior. She presented with severe global aphasia, had
attended 2 weekly speech and language therapy sessions for 20 months, and withdrew

from treatment 2 years before enrolling in the present study.

Participant 2

The second participant was a 61-year-old male who had suffered a left middle
cerebral artery (MCA) stroke 9 months prior. He presented with moderate-severe, had
attended 2 weekly speech and language therapy sessions for 6 months, and withdrew

from treatment 2 months before enrolling in the present study.

Participant 3

The third participant was a 48-year-old male who had suffered a left middle cerebral
artery (MCA) stroke 11 months prior. He presented with moderate-severe Broca’s
aphasia, had attended 4 weekly speech and language therapy sessions for 8 months,

and withdrew from treatment 10 days before enrolling in the present study.
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Participant 4

The fourth participant was a 72-year-old female who had suffered a left middle
cerebral artery (MCA) stroke 50 months prior. She presented with moderate-severe
anomic aphasia, had attended 2 weekly speech and language therapy sessions for 24

months, and withdrew from treatment 2 years before enrolling in the present study.

Participant 5

The fifth participant was a 55-year-old male who had suffered a left middle cerebral
artery (MCA) stroke 8 months prior. He presented with severe global aphasia, had
attended 4 weekly speech and language therapy sessions for 4 months, and withdrew

from treatment 10 days before enrolling in the present study.

Participant 6

The sixth participant was a 26-year-old male who had suffered a left middle cerebral
artery (MCA) stroke 109 months prior. He presented with mild anomic aphasia, had
attended 4 weekly speech and language therapy sessions for 10 months, and withdrew

from treatment 7 years before enrolling in the present study.
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Table 6-1: Demographic and Clinical characteristics of the PWA participating in the study

Months Severity SLT
Age Education | Type of post Lesion site (left Type of of prior to Termination

Participant | Sex | (years) | Handedness (years) stroke stroke hemisphere) Aphasia | Aphasia | enrolment of SLT
diffuse frontal, parietal and 20 months —
temporal  (middle and 2 times per 2 years
superior gyri) lobes; insula; week — 45 before

1 F 74 right 6 ischemic | 48 basal ganglia global severe min of SLT | enrolment
Broca’s and Wernicke’s 6 months — 2
areas; arcuate fasciculus; times per 2 months
insula; inferior precentral moderate- | week — 45 before

2 M |61 right 12 ischemic | 9 gyrus; temporal pole anomic | severe min of SLT | enrolment
IFG; internal  capsule; 8 months — 4
insula; caudate nucleus; times per 10 days
putamen; inferior precentral moderate- | week — 45 before

3 M |48 right 15 ischemic | 11 gyrus Broca’s | severe minutes enrolment
Broca’s and Wernicke’s
areas; arcuate fasciculus; 24 months —
insula; superior posterior 2 times per 2 years

right ischemic temporal gyrus; middle moderate- | week — 45 before

4 F 72 12 50 posterior temporal gyrus anomic | severe min of SLT | enrolment
precentral  gyrus;  post 4 months — 4
central  gyrus;  arcuate times per 10 days
fasciculus; internal capsule; week — 45 before

5 M |55 right 17 ischemic | 8 caudate nucleus; putamen global severe minutes enrolment
IFG; MFG; insula; basal
ganglia; arcuate fasciculus; 10 months -
internal capsule; anterior 4 times per 7 years

right ischemic temporal lobe; Wernicke’s week — 45 before
6 M | 26 16 109 area anomic | mild minutes enrolment

Key: PWA: people with aphasia; IFG: inferior frontal gyrus; MFG: middle frontal gyrus; SLT: speech and language therapy
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6.2 Short- and long-term Outcomes on Standardized Language and
Cognitive Measures (Greek BDAE-SF; PPVT-R; GOAT;
RCPM)

Short-term (i.e. pre-treatment 1% measurement, pre-treatment 2" assessment and 1-

day post-treatment measurement) and long-term (i.e. pre-treatment 2" measurement,

1-day post-treatment measurement and 2 months post-treatment measurement)
assessments were conducted for each participant separately. A summary of

intervention outcomes for each participant on all standardized language and cognitive

measures is reported in table 6-2.
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Table 6-2: Summary of Intervention Outcomes on Standardized Language and

Cognitive Measures

Participant Greek BDAE-SF; PPVT-R; GOAT; RCPM
characteristics (all right (comprehension; expressive language; naming accuracy; reading;
handed) problem solving skills)

P1: female; 74 years old;
severe global aphasia; 48
months post-stroke
(ischemic); 6 years of
education

cTBS

Short-term effects of cTBS (Pre 1 — Pre 2 — Post 1)

e Trend towards improvement in expressive language

Long-term effects of cTBS (Pre 2 — Post 1 — Follow-up)

e Overall improvement in comprehension and reading

P2: male; 61 years old;
moderate-severe anomic
aphasia; 9 months post-
stroke  (ischemic); 12
years of education

cTBS

Short-term effects of cTBS (Pre 1 — Pre 2 — Post 1)

e Trend towards improvement in reading

Long-term effects of cTBS (Pre 2 — Post 1 — Follow-up)

e Trend towards improvement in comprehension and naming

P3: male; 48 years old;
moderate-severe Broca’s
aphasia; 11 months post-
stroke  (ischemic); 15
years of education

cTBS

Short-term effects of cTBS (Pre 1 — Pre 2 — Post 1)

e Trend towards improvement in naming

Long-term effects of cTBS (Pre 2 — Post 1 — Follow-up)

¢ No trend/improvement in any domain

P4: female; 72 years old;
moderate-severe anomic
aphasia; 50 months post-
stroke  (ischemic); 12
years of education

1 HzrTMS

Short-term effects of 1 Hz rTMS (Pre 1 — Pre 2 — Post 1)
e Trend towards improvement in comprehension and naming

Long-term effects of 1 Hz rTMS (Pre 2 — Post 1 — Follow-up)
¢ No trend/improvement in any domain

P5: male; 55 years old;
severe global aphasia; 8
months post-stroke
(ischemic); 17 years of
education

1 Hz rTMS

Short-term effects of 1 Hz rTMS (Pre 1 — Pre 2 — Post 1)
¢ No trend/improvement in any domain

Long-term effects of 1 Hz rTMS (Pre 2 — Post 1 — Follow-up)
e Trend towards improvement in comprehension

P6: male; 26 years old;
mild anomic aphasia; 109
months post-stroke
(ischemic); 16 years of
education

1 Hz rTMS

Short-term effects of 1 Hz rTMS (Pre 1 — Pre 2 — Post 1)
e Trend towards improvement in comprehension and reading

Long-term effects of 1 Hz rTMS (Pre 2 — Post 1 — Follow-up)
e Trend towards improvement in comprehension

Key: P: participant; Pre 1= baseline one; Pre 2=baseline 2; Post 1=immediately post-treatment; cTBS:
continuous Theta Burst Stimulation; rTMS: repetitive Transcranial Magnetic Stimulation; BDAE-SF:
Boston Diagnostic Aphasia Examination —Short Form; PPVT-R: Peabody Picture VVocabulary Test-
Revised; GOAT: Greek Object and Action Test; RCPM: Raven’s Coloured Progressive Matrices
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6.2.1.1 Participant 1
Short-term effects of cTBS (Pre 1 — Pre 2 — Post 1)

Participant 1 did not show an overall improvement in cognition (problem solving

skills), comprehension (t(63) = 0.44, p = .32), naming and reading. However, she
showed an overall improvement in expressive language (t(25) = 1.79, p = .04), but the
improvement was not higher in the treated versus the untreated period (t(25) = .90, p

=.19). Results for the short-term effects of cTBS are shown in figure 6-1.

Short-term vs. long-term effects of cTBS (Pre 2 — Post 1 — Follow-up)

Participant 1 did not show an overall improvement in cognition (problem solving
skills), expressive language (t(25) = .57, p = .28) and naming. However, she showed
an overall improvement in comprehension (t(63) = 3.66, p < .001) and reading (t(28)
= 1.79, p = .04) and this improvement was greater during the follow-up period
compared to short-term for both comprehension (t(63) = 2.61, p < .01) and reading
(t(28) = 1.79, p = .04). Results for the long-term effects of cTBS are shown in figure
6-1.
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6.2.1.2 Participant 2

Short-term effects of cTBS (Pre 1 — Pre 2 — Post 1)

Participant 2 did not show an overall improvement in cognition (problem solving
skills) (t(35) = 0.32, p = .37), comprehension (t(63) = 1.52, p = .07), expressive
language (t(25) = 0.46, p = .32) and naming (t(33) = -0.81, p = .79). However, he
showed an overall improvement in reading (t(28) = 1.79, p = .04), but the

improvement was not higher in the treated versus the untreated period (t(28) = 0.91, p
=.187). Results for the short- term effects of cTBS are shown in figure 6-2.

Short-term vs. long-term effects of cTBS (Pre 2 — Post 1 — Follow-up)

Participant 2 did not show an overall improvement in cognition (problem solving
skills) (t(35) = 0.37, p = .35), expressive language (t(25) = 0.63, p = .27) and reading
(t(28) = 0.81, p = .21). However, he showed an overall improvement in
comprehension (t(63) = 1.76, p = .041) and naming (t(33) = 1.75, p = .04). However,
this improvement was not higher in the follow-up stage compared to the short-term
for either comprehension (t(63) = 0.12, p = .45) or naming (t(33) = 1.07, p = .14).

Results for the long-term effects of cTBS are shown in figure 6-2.
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Figure 6-2: Short-term and long-term effects of cTBS for Participant 2

157



6.2.1.3 Participant 3
Short-term effects of 1 cTBS (Pre 1 — Pre 2 — Post 1)
Participant 3 did not show an overall improvement in cognition (problem solving
skills) (t(35) = -1.43, p = .91), comprehension (t(63) = 1.13, p = .13), expressive

language, and reading (t(28) = 1, p = .17). However, he showed an overall

improvement in naming (t(33) = 3.01, p <.01), but the improvement was not higher in
the treated versus the untreated period (t(33) = -.55, p = .71). Results for the short-
term effects of cTBS are shown in figure 6-3.

Short-term vs. long-term effects of cTBS (Pre 2 — Post 1 — Follow-up)

Participant 3 did not show an overall improvement in cognition (problem solving
skills) (t(35) = 0.57, p = .28), comprehension (t(63) = 0.33, p = .37), expressive
language (t(25) = 0.33, p =.37), naming (t(33) = 1.22, p < .01) and reading (t(28) = 0,
p = .50). Results for the long-term effects of cTBS are shown in figure 6-3.
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Figure 6-3: Short-term and long-term effects of cTBS for Participant 3
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6.2.1.4 Participant 4

Short-term effects of 1 Hz rTMS (Pre 1 — Pre 2 — Post 1)

Participant 4 did not show an overall improvement in cognition (problem solving
skills) (t(35) = 1.07, p = .14), expressive language (t(25) = 0, p = .50) and reading
(t(28) = 0, p = .50). However, she showed an overall improvement in comprehension
(t(63) = 3.37, p <.001) and naming (t(33) = 2.31, p = 0.01), but the improvement was
not higher in the treated versus the untreated period for either comprehension (t(63) =
-.13, p = .55) or naming (t(25) = 1.09, p = .14). Results for the short-term effects of 1

Hz rTMS are shown in figure 6-4.

Short-term vs. long-term effects of 1 Hz rTMS (Pre 2 — Post 1 — Follow-up)

Participant 4 did not show an overall improvement in cognition (problem solving
skills) (t(35) = -2.23, p = .98), comprehension (t(63) = -.046, p = .67), expressive
language (t(25) = -1, p = .83), naming (t(33) = -0.29, p = .61) and reading (t(28) =
1.44, p = .08). Results for the long-term effects of 1 Hz rTMS are shown in figure 6-4.
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6.2.1.5 Participant5
Short-term effects of 1 Hz rTMS (Pre 1 — Pre 2 — Post 1)
Participant 5 did not show an overall improvement in cognition (problem solving
skills) (t(35) = 0.43, p = .33), comprehension (t(63) = 0.46, p = .32), expressive
language, naming, and reading (t(28) = 1.36, p = .09). Results for the short-term

effects of 1 Hz rTMS are shown in figure 6-5.

Short-term vs. long-term effects of 1 Hz rTMS (Pre 2 — Post 1 — Follow-up)

Participant 5 did not show an overall improvement in cognition (problem solving
skills) (t(35) = 1, p = .16), expressive language, naming, and reading (t(28) =0, p =
.50). However, he showed an overall improvement in comprehension (t(63) = 2.72, p
< .01), but this improvement was not higher in the follow-up stage compared to the
short-term (t(63) = 1.15, p = .12). Results for the long-term effects of 1 Hz rTMS are

shown in figure 6-5.
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Figure 6-5: Short-term and long-term effects of 1 HZ rTMS for Participant 5
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6.2.1.6 Participant 6
Short-term effects of 1 Hz rTMS (Pre 1 — Pre 2 — Post 1)
Participant 6 did not show an overall improvement in cognition (problem solving
skills) (t(35) = 0, p = 0.5), expressive language (t(25) = 0.70, p = .25) and naming

(t(33) = 0.37, p =.35). However, he showed an overall improvement in comprehension
(t(63) = 2.60, p <.001) and reading (t(28) = 2.25, p = .02), but the improvement was
not higher in the treated versus the untreated period for either comprehension (t(63) =
0.77, p = .21) or reading (t(28) = -0.15, p = .44). Results for the short-term effects of 1
Hz rTMS are shown in figure 6-6.

Short-term vs. long-term effects of 1 Hz rTMS (Pre 2 — Post 1 — Follow-up)

Participant 6 did not show an overall improvement in cognition (problem solving
skills) (t(35) = 1, p = .16), expressive language (t(25) = 1, p = .16), naming (t(33) =
1.49, p = .07) and reading (t(28) = .44, p = .33) However, he showed an overall
improvement in comprehension (t(63) = 1.69, p = .04), but this improvement was not
higher in the follow-up stage compared to the short-term (t(63) = -1.58, p = .93).

Results for the long-term effects of 1 Hz rTMS are shown in figure 6-6.
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6.3 Short- and long-term Outcomes on the MAIN tool

Participants 1 and 5 had global aphasia and did not produce any narratives. Even
though a baseline average score was calculated for each for the remaining participants
(i.e. P2, P3, P4 & P6), for purposes of comparison only the 2" pre-treatment
assessment (baseline 2) was used as the baseline measurement because the number of

narrative words was higher in baseline 2 compared to baseline 1, for all participants.

6.3.1.1 Participant 2
Baseline vs. post-treatment

Participant 2 produced a significantly higher number of narrative words (mostly
adverbs and verb) in the post-treatment assessment phase compared to baseline.
Sentence productivity decreased while grammatical accuracy and the proportion of
errors remained stable. Results of the microstructure analysis of MAIN are shown in
table 6-3.

Baseline vs. follow-up

At follow-up, P2 reverted to baseline 1 (slightly above baseline 1) with regards to the
total number of narrative words. This was the case for all lexical categories except
pronouns that increased at follow-up compared to baseline 2. Sentence productivity
and grammatical accuracy decreased, while the proportion of errors remained stable.

Results of the microstructure analysis of MAIN are shown in table 6-3.
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Table 6-3: Narration outcomes for Participant 2

Category Participant 2
Pre Pre
Lexical Selection 1 2 Baseline Post Follow -up |

Closed class: 10 21 15,50 20 10
Nouns: 3 3 3,00 4 1
Adjectives: 4 7 5,50 11 4
Prepositions: 4 7 5,50 6 1
Adverbs: 1 4 2,50 16 5
Pronouns: 11 8 9,50 14 18

Verbs: 18 21 19,50 31 18
Sentence
Productivity
MLU:

Elaboration Index:
Embedding Index:

Discourse
Productivit

Narrative words:

Grammatical

Accurac

Prop of S with V: 18 16 17,00 29 15
Prop of U w/o V: 2 0 1,00 0 2

Prop of Single Word
u: 0 0 0,00 1 1

Prop of Well Formed
U:. 094 0,75 0,85 0,79 0,33

AUX Complexity
Index: 1,06 1,07 1,06 1,00 1,00
Phonological: 1 1 1,00 2 2
Morphosyntactic: 2 0 1,00 2 1
Semantic: 1 0 0,50 0 1
Lexical: 2 2 2,00 3 3
Neologisms: 0 0 0,00 0 0
Circumlocution: 0 1 0,50 0 1
Phonological %: 0,02 0,01 0,02 0,02 0,04
Morphosyntactic %: 0,04 0,00 0,02 0,02 0,02
Semantic %: 0,02 0,00 0,01 0,00 0,02
Lexical %: 0,04 0,03 0,03 0,03 0,05
Neologisms %: 0,00 0,00 0,00 0,00 0,00
Circumlocution %: 0,00 0,01 0,01 0,00 0,02
All Errors %: 0,12 0,06 0,08 0,07 0,14

Key: prop: proportion; s: sentences; V: verbs; U: utterances; w/o: without
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6.3.1.2 Participant 3

Baseline vs. post-treatment

Participant 3 produced the same number of narrative words in the post-treatment
assessment compared to baseline. Sentence productivity, grammatical accuracy and
the proportion of errors remained stable. Results of the microstructure analysis of

MAIN are shown in table 6-4.

Baseline vs. follow-up

At follow-up, P3 produced a significantly higher number of narrative words (mainly
closed class words and nouns) compared to baseline. Sentence productivity decreased
slightly and, grammatical accuracy and the proportion of errors remained stable.
Results of the microstructure analysis of MAIN are shown in table 6-4.
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Table 6-4: Narration outcomes for Participant 3

Category

Lexical Selection
Closed class:
Nouns:
Adjectives:
Prepositions:
Adverbs:
Pronouns:

Verbs:

MLU:

Elaboration Index:
Embedding Index:
Discourse
Productivity

1 2 Baseline Post Follow-up
21 22 21,50 25 33
17 19 18,00 21 29
4 2 3,00 1 5

5 5 5,00 7 7

3 2 2,50 0 2

6 8 7,00 4 8
19 19 19,00 19 23

Productivity

536 6,42 589 6,42 5,35
231 2,92 261 2,67 2,25

Narrative words: 75

Grammatical

Accuracy
Prop of S with V: 13 12 12,50 12 20
Prop of U w/o V: 1 0 0,50 0 0

Prop of Single Word
uU: 0 0 0,00 0 0

Prop of Well Formed
U: 0,38 0,42 0,40 0,75 0,60

AUX Complexity
Index: 1,07 1,00 1,04 1,17 1,05
Phonological: 26 25 25,50 21 28
Morphosyntactic: 3 2 2,50 4 5
Semantic: 0 1 0,50 0 0
Lexical: 4 0 2,00 0 3
Neologisms: 4 4 4,00 0 0
Circumlocution: 0 0 0,00 0 2
Phonological %: 0,35 0,32 0,34 0,27 0,26
Morphosyntactic %: 0,04 0,03 0,03 0,05 0,05
Semantic %: 0,00 0,01 0,01 0,00 0,00
Lexical %: 0,05 0,00 0,03 0,00 0,03
Neologisms %: 0,05 0,05 0,05 0,00 0,00
Circumlocution %: 0,00 0,00 0,00 0,00 0,02
All Errors %: 0,49 0,42 0,45 0,32 0,36

Key: prop: proportion; s: sentences; V: verbs; U: utterances; w/o: without

0,36

0,58

Participant 3

0,47

0,58

0,15
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6.3.1.3 Participant 4

Baseline vs. post-treatment

Participant 4 produced slightly fewer narrative words in the post-treatment assessment
compared to baseline. Sentence productivity increased, grammatical accuracy
decreased slightly and the proportion of errors remained stable. Results of the

microstructure analysis of MAIN are shown in table 6-5.

Baseline vs. follow-up

At follow-up, P4 produced a significantly lower number of narrative words compared
to baseline. This was the case for all lexical categories except prepositions and
pronouns. Sentence productivity decreased and, grammatical accuracy and the
proportion of errors remained stable. Results of the microstructure analysis of MAIN

are shown in table 6-5.
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Table 6-5: Narration outcomes for Participant 4

Category Participant 4
Lexical Selection 1 2 Baseline Post Follow-up
Closed class: 15 21 18,00 26 7
Nouns: 11 21 16,00 20 6
Adjectives: 0 7 3,50 2 0
Prepositions: 0 1 0,50 1 6
Adverbs: 1 1 1,00 0 0
Pronouns: 14 8 11,00 6 13
Verbs: 11 17 14,00 12 10

Productivity

MLU: 3,50 4,00 3,75 4,86 3,23
Elaboration Index: 2,38 1,53 195 1,64 1,60
Embedding Index: 0,14 0,05 0,10 0,07 0

Discourse

Productivity
Narrative words: 52

Grammatical

Accuracy
Prop of S with V: 8 15 11,50 11 10
Prop of U w/o V: 3 2 2,50 3 1

Prop of Single Word
u: 3 2 2,50 0 2

Prop of Well Formed
U: 050 0,27 0,38 0,09 0,50

AUX Complexity
Index: 1,00 1,00 1,00 0,90 1,00
Phonological: 0 2 1,00 6 1
Morphosyntactic: 3 14 8,50 14 2
Semantic: 0 5 2,50 4 3
Lexical: 0 1 0,50 3 2
Neologisms: 1 1 1,00 0 1
Circumlocution: 0 0 0,00 1 0
Phonological %: 0,00 0,03 0,02 0,09 0,02
Morphosyntactic %: 0,06 0,18 0,13 0,21 0,05
Semantic %: 0,00 0,07 0,04 0,06 0,07
Lexical %: 0,00 0,01 0,01 0,04 0,05
Neologisms %: 0,02 0,01 0,02 0,00 0,02
Circumlocution %: 0,00 0,00 0,00 0,01 0,00
All Errors %: 0,08 0,30 0,21 0,41 0,21

Key: prop: proportion; s: sentences; V: verbs; U: utterances; w/o: without
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6.3.1.4 Participant 6

Baseline vs. post-treatment

Participant 6 produced a higher number of narrative words in the post-treatment
assessment compared to baseline. Sentence productivity increased significantly and,
grammatical accuracy and the proportion of errors remained stable. Results of the

microstructure analysis of MAIN are shown in table 6-6.

Baseline vs. follow-up

At follow-up, P6 produced a higher number of narrative words compared to baseline.
Regarding sentence productivity, the elaboration index decreased but the embedding
index and MLU increased. Grammatical accuracy and the proportion of errors
remained stable. Results of the microstructure analysis of MAIN are shown in table 6-
6.
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Table 6-6: Narration outcomes for Participant 6

Category Participant 6
Lexical Selection 1 2 Baseline Post Follow-up
Closed class: 22 30 26,00 41 41
Nouns: 17 26 21,50 27 24
Adjectives: 3 3 3,00 10 12
Prepositions: 6 6 6,00 8 13
Adverbs: 3 3 3,00 3 2
Pronouns: 4 5 4,50 4 3
Verbs: 14 21 17,50 23 22
Productivity
MLU: 6,56 6,00 6,28 9,67 8,83
Elaboration Index: 3,33 2,93 3,13 4,17 1,83
Embedding Index: 0,5 0,38 0,44 0,92 0,85
Discourse
Productivity
Narrative words: 69
Grammatical
Accuracy
Prop of S with V: 9 15 12 11 12
Prop of U w/o V: 1 1 1 1 1
Prop of Single Word
u: 0 0 0 0 0
Prop of Well Formed
u: 0,89 0,93 0,91 0,73 0,83
AUX Complexity
Index: 1,11 1,07 1,09 1,00 1,00
Phonological: 4 0 2,00 0 0
Morphosyntactic: 3 0 1,50 1 2
Semantic: 0 3 1,50 0 4
Lexical: 1 2 1,50 2 2
Neologisms: 0 0 0,00 0 0
Circumlocution: 0 0 0,00 1 0
Phonological %: 0,06 0,00 0,02 0,00 0,00
Morphosyntactic %: 0,04 0,00 0,02 0,01 0,02
Semantic %: 0,00 0,03 0,02 0,00 0,03
Lexical %: 0,01 0,02 0,02 0,02 0,02
Neologisms %: 0,00 0,00 0,00 0,00 0,00
Circumlocution %: 0,00 0,00 0,00 0,01 0,00
All Errors %: 0,12 0,05 0,08 0,03 0,07

Key: prop: proportion; s: sentences; V: verbs; U: utterances; w/o: without
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6.4 Outcomes on the Quality of Life (SAQOL-39g) scale

Measurements of QoL for all participants are presented in table 6-7.

6.4.1.1 Participant 1
At follow-up, QoL scores neither improved nor decreased, compared to baseline.

6.4.1.2 Participant 2
At follow-up, QoL scores decreased slightly in the physical domain, moderately in the
communication domain and more significantly in the psychosocial domain, compared

to baseline.

6.4.1.3 Participant 3
At follow-up, QoL scores decreased slightly in the communication domain and
moderately in the psychosocial domain, compared to baseline.

6.4.1.4 Participant 4
At follow-up, QoL scores neither improved nor decreased, compared to baseline.

6.4.1.5 Participant5

At follow-up, QoL scores neither improved nor decreased, compared to baseline.
6.4.1.6 Participant 6

At follow-up, QoL scores improved slightly in the physical and psychosocial

domains, compared to baseline.
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Table 6-7: Quality of life for each Participant at the pre-treatment (baseline) stage and at 2 months follow-up using the SAQOL-39g

Participant 1 Participant 2 Participant 3 Participant 4 Participant 5 Participant 6
Item Baseline 2 Baseline 2 Baseline 2 Baseline 2 Baseline 2 Baseline 2
(maximum measure | months months months months months months
score: 5) post post post post post post
TMS TMS TMS TMS TMS TMS
SAQOL - 39g 1.46 1.46 3.77 3.28 4.2 3.97 3.53 3.53 1.02 1.02 412 417
Mean score
Physical score 1 1 4.62 4.43 5 5 4.68 4.68 1 1 4.75 4.81
Communication 1 1 2.71 2.28 3.28 3.14 2.42 2.42 1.14 1.14 4.71 4.71
score
Psychosocial 2.12 2.12 3.37 2.56 3.81 3.31 2.87 2.87 1 1 3.25 3.31
score
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6.5 Side effects and Dropouts

Participants did not report any side effects during and after treatment. None of the

participants dropped out during the whole duration of the study.

6.6 Chapter Summary

This chapter presented baseline demographic and clinical characteristics, intervention
outcomes, statistical analyses of standardized language and cognitive measures,
reports of outcome summaries for narratives produced by four participants and,
reports of QoL outcomes as reported by proxies. Participants did not report any side
effects during or after treatment. None of the participants dropped out during the

study (i.e. 3 months).
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CHAPTER 7: Discussion

Chapter 6 presented the results of an open label randomized controlled trial, that
incorporated a single subject experimental study design (SSED), investigating the
effectiveness of rTMS (1 Hz rTMS & cTBS) as a standalone treatment for chronic
post-stroke induced aphasia in 6 individuals. The efficacy of the two treatment
paradigms (i.e. 1 Hz rTMS & cTBS) was measured in the short- (i.e. 1-day post-
treatment) and long-term (i.e. 2-months post-treatment). Results indicated that both
rTMS paradigms induced trends towards improvement in several language domains
either in the short- and/or long-term in all participants. Only one participant, however,
showed statistically significant improvement in language performance that was
evident at the follow-up stage (i.e. 2 months post-treatment) and concerned
comprehension abilities and reading skills. Crucially, none of the six participants
experienced side effects relating to TMS during or after stimulation sessions. Overall,
this chapter discusses the findings of the present trial within the context of current
evidence from TMS studies in aphasia recovery post-stroke. The limitations of the
current research are highlighted and, areas considered future research priority are

outlined.

7.1 Language and Cognitive outcomes
7.1.1.1 Short- and long-term Outcomes on Comprehension, Expressive
Language, Naming accuracy, Reading and, Problem Solving
Skills
In the short-term (i.e. one day post-treatment), overall, five participants showed trends
towards improvement in different language skills. In the long-term (i.e. two months
post-treatment), overall, three participants showed a trend towards improvement in
different language skills. Participant 1 that had severe global aphasia manifested a
trend towards improvement in expressive language in the short-term and P5 who also
had severe global aphasia showed a trend towards improvement towards
comprehension in the long-term. The participant with moderate-severe Broca’s
aphasia (P3) presented with a trend towards improvement in naming in the short-term.
Participant 2 with moderate-severe anomic aphasia exhibited a trend towards

improvement in reading in the short-term and a trend towards improvement in
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comprehension and naming in the long-term. Participant 4 with moderate-severe
anomic aphasia exhibited a trend towards improvement in comprehension and naming
in the short-term. Participant 6 with mild anomic aphasia showed a trend towards
improvement in comprehension and reading in the short- and long-term. All three
participants with anomic aphasia exhibited trends towards improvement in
comprehension (one in the short-term, one in the long-term and one in the short- and
long-term); two showed trends towards improvement in reading (one in the short-term
and one in the short- and long-term) and two showed trends towards improvement in
naming (one in the short-term and one in the long-term). Only one participant (P1)
showed an overall improvement that was observed in the long-term and concerned
comprehension skills and reading ability. Notably, this was the oldest participant who
had severe global aphasia resulting from diffuse lesions in the frontal, parietal and
temporal (middle and superior gyri) lobes, insula and basal ganglia and also had the

least years of education (i.e. six) compared to the other participants.

None of the participants showed a trend towards improvement or improvement in the
control variable (i.e. problem solving skills). The control variable was assessed as
many times (i.e. two) as the dependent language variables (i.e. comprehension,
expression, reading and, naming accuracy) in all participants. As it remained stable in
all participants, it was assumed that i) the chances that TMS led to language specific
gains were increased and ii) the possibilities for the placebo and training effects were

reduced.

Barwood et al (2013) assessed the effects of TMS as a standalone treatment for
chronic aphasia post-stroke and found significant improvements in several language
domains (i.e. naming, repetition, length of utterances, picture description tasks) that
lasted up to 12 months post-treatment. Crucially, the observed magnitude of
improvement was higher after the 2-month follow-ups. In contrast to the results of
Barwood et al. (2013), in the present study only one participant (P1) showed
significant improvement in reading and comprehension but; this improvement was
noticed at the follow-up stage as in Barwood et al.’s study. As the present study was
terminated after the 2-month follow-up, it is unknown whether there was any

language improvement in those six participants after the 2-month follow-up stage.
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Based on findings from Barwood et al. (2013) and on reports from other studies
(Seniow et al. 2013; Waldowski et al., 2012; Martin et al., 2009), language
improvements induced by inhibitory rTMS may occur over a period of many months.
Notably, the significant language improvement observed in P1 with severe global
aphasia corroborates findings of another study (Seniow et al., 2013) in which
participants with severe aphasia in the experimental group (i.e. TMS group) improved
significantly in repetition scores, compared to controls. The language domains (i.e.
comprehension and reading skills) in which the participant of the present study
showed improvement are not the same with the language domain (i.e. repetition) in
which participants of Seniow et al.’s (2013) study improved but; in both studies only
severely affected patients with aphasia benefited from treatment. If such findings are
not coincidental, they reveal that, for some reason, individuals with severe aphasia are

better responders to TMS compared to less affected individuals.

Another prominent finding of the present study is the trends towards improvement in
several language domains in the short- and/or long-term that were exhibited by all six
participants. This shows that TMS as a standalone treatment has potential to drive
changes in language performance in chronic aphasia post-stroke. This finding
corroborates results from previous studies (Seniow et al., 2013; Waldowski et al.,
2012) that have also found trends towards improvement in several language domains
in chronic post-stroke aphasia. In those studies though, participants where in the

acute/subacute stage of recovery and TMS was used as an adjuvant to SLT.

7.1.1.2 Short- and long-term Outcomes on Narration
The application of the QPA protocol revealed two patterns of performance pre- and
post-treatment. Group 1 consisting of P3 (moderate-to-severe Broca’s aphasia) and P6
(mild anomic aphasia) produced more elaborate sentences compared to group 2 (P2 &
P4 —both with moderate-to-severe anomic aphasia) as shown by their Elaboration and
Embedding Index scores. Group 1 also produced on average more narrative words
than group 2, leading to higher MLUs in the first group. Group 1 also produced a
higher number of nouns than group 2, and the reverse trend held for pronouns, with
the second group using more of them at the expense of lexical nouns. The error type

analysis did not yield as strong predictions as the QPA, but when seen qualitatively,

177



group 2 produced more semantically infelicitous utterances. The above measures and
the subcategories observed are also reported by Varkanista (2012). Fluent aphasia is
reflected by a lower proportion of nouns and a higher proportion of pronouns, and of
lower overall complexity as reflected by the less elaborate subjects and verb phrase
and the lower number of embedded clauses employed. The latter also plays a role in
explaining the difference in the two groups’ MLUs. The fact that the above
observation does not apply to the case of P6 who had fluent anomic aphasia, may be
explained by the fact that this participant had mild aphasia. Aphasic speech is
characterised by difficulties in planning and delivering a narrative that is structured
and grammatically correct. A decrease in performance on productivity measures such
as MLU and the lower proportion of lexical nouns used by one of the two emergent
groups could be examined by the observations of Seifart and colleagues (2018) that
showed, in typical adults across diverse languages, a tendency to slow down before
nouns more than before verbs, which the researchers analyse in terms of information
complexity — nouns introduce new information which is more costly to plan for. The
use of QPA in this study exhibited some predictive power regarding aphasias
classification, but some concerns about its applicability to Greek arose: the AUX
Score measure, even with the modifications by Varkanista (2012), relies on the rate of
omission of verb features such as Tense and Aspect to score their complexity. Unlike
English, Tense and Aspect omissions are not common, since the morphemes that
express it are obligatory parts of the verb and not auxiliaries. Additionally, Tense in
Greek verbs is expressed syncretically with Person and Number, which might make it
more salient and less likely to be omitted. Moreover, the experiment didn’t elicit any
complex Subject Noun Phrases containing subordinated clauses, since those were not
elicited directly even though opportunities for them to be used were provided by the
story the participants were asked to tell. This measure was removed from the

Elaboration Index formula that was used since it would have no effect.

With regards to the effects of treatment on narrative skills, results varied across
participants. Participant 2 showed an increase in the total number of narrative words
in the short-term but this number reversed to baseline at the follow-up stage.
Participant 4 showed a gradual decrease in the total number of narrative words from

baseline 2 to follow-up. Participant 3 on the other hand showed an increase in the total
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number of narrative words only at the follow-up stage. Finally, participant 6 showed
an increase in the total number of narrative words in the short-term that was also

sustained in the long-term.

Overall, two participants showed improvements in fluency in the short-term and such
findings are in accordance with findings from the study of Wang et al. (2014) who
also observed short-term improvements (i.e. immediately after treatment) in picture
description. One of those participants together with another one exhibited an increase
in the total number of narrative words at the follow-up stage —thus, one participant
showed sustained improvements in fluency up to two months post-TMS. Such
findings are in accordance with findings from Medina et al. (2012) who also found
improvements in fluency two months post-TMS. According to the researchers, a
possible explanation for this improvement could be that TMS over the right inferior
frontal gyrus improves lexical-semantic access. Particularly, participants receiving
TMS are better able to retrieve the appropriate representations of words and word
meanings and this way they can generate more narrative utterances that are relevant to
picture stimuli. This assumption is consistent with i) fMRI data in aphasia research
supporting that the activation of the right BA45 is associated with semantic naming
errors (Fridriksson, Baker & Moser, 2009) and,; ii) studies in healthy people showing
that ventral anterior regions of the left hemisphere (including BA45) are preferentially
involved in lexical-semantic processing (Hagoort, 2006) and disruption of the right

BA45 is not involved in lexical-semantic processing (Hartwigsen et al., 2010).

Again, as the present study was terminated after the 2-month follow-up, it is unknown
whether there is any further improvement in narrative skills in those four participants

after the 2-month stage.

7.2 Language related TMS Outcomes in relation to Models of post-
Stroke Aphasia recovery

The brain begins to reorganize its language networks immediately after the stroke
event. There are different theoretical models, not necessarily opposing to each other,

that explain language related brain-reorganization post-stroke. First, the mutual and
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balanced transcallosal inhibition, that is observed between the two hemispheres in the
healthy brain, supports language processes. This interhemispheric balance is disturbed
in stroke, leading to reduced inhibition from the affected to the unaffected
hemisphere, and increased inhibition to the affected from the unaffected hemisphere.
It has been reported that this process is maladaptive for language recovery post-stroke
as it blocks the reactivation of brain areas in the dominant hemisphere where language
processes are established (Thiel & Zumbansen, 2016). Also, it has been reported that,
compared to people with small left hemispheric lesions, individuals with large left
hemispheric lesions and chronic aphasia must rely on their right hemisphere for
language processes (which is ineffective in compensating for language deficits) and
hence they recover poorly from aphasia (Anglade et al., 2014). It is therefore
suggested that suppressing the overactivated contralateral brain language areas may
increase the neuronal activity of the inhibited brain areas in the affected left
hemisphere and this in turn, may lead to language recovery. The trend for applying
low-frequency rTMS on homotopic language areas is observed in numerous TMS
post-stroke aphasia trials (e.g. Haghighi et al., 2018; Hu et al., 2018; Rubi-Fessen et
al., 2015; Wang et al., 2014; Barwood et al., 2013; Heiss et al., 2013; Seniow et al.,
2013; Thiel et al., 2013; Medina et al., 2012; Waldowski et al., 2012; Weiduschat et
al., 2011). This theoretical model was the rationale for choosing the rTMS protocols
that were applied in the studies (pilot and main) of this thesis. Two studies (Heiss et
al., 2013; Thiel et al., 2013) have investigated hemispheric activities before and after
TMS and have observed shifts of network activity towards the left hemisphere post-
treatment. In both studies, functional improvements post-TMS were noticed in

aphasia global scores.

The second theoretical model of language related brain-reorganization post-stroke
suggests that perilesional regions of the left hemisphere are recruited to take over lost
language functions (Norise & Hamilton, 2017). Excitatory rTMS (high frequency
rTMS or iTBS) over perilesional areas of the left hemisphere has proved to be
successful in several studies. Griffis and colleagues (2016) applied iTBS over residual
language responsive cortex in or near the left inferior frontal gyrus (IFG), as identified
through an fMRI language task, in eight participants with fluent and non-fluent

aphasias, for five consecutive days over the course of two weeks. Post-iTBS, the
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researchers found that treatment was associated with (i) increases in left IFG
activation magnitudes and decreases in right IFG activation magnitudes during covert
verb generation, (ii) reduced right to left IFG connectivity during covert verb
generation and, (iii) improvements in fluency. Dammekens, Vanneste, Ost and De
Ridder (2014) applied high-frequency (10 Hz) rTMS to the left IFG in a chronic
patient with post-stroke aphasia and found long-lasting language gains (at least four
months post-TMS) in repetition and naming tasks. Szaflarski and colleagues (2011)
applied fMRI guided excitatory theta burst stimulation (TBS) to residual Broca’s area
of the left hemisphere in eight patients with chronic or moderate aphasia and found
significant improvement in semantic fluency and an overall trend towards
improvement in communication. Such findings were associated with increased

activation shifts in the dominant hemisphere.

It could be argued that the aforementioned theoretical models are inherently related as
they both account for and serve neuroplastic processes relating to language recovery
in the dominant hemisphere. Supporting the cumulative utility of inhibiting the right
hemisphere and activating the left dominant-for-language hemisphere, several studies
have applied bilateral stimulation paradigms. Vuksanovic and colleagues (2015)
applied cTBS over the Broca’s area homologue and immediately after, iTBS over the
left hemispheric Broca’s area in a right-handed patient with chronic non-fluent
aphasia post-stroke for 15 daily sessions. The researchers found improvement in
several language functions, most notably in propositional speech, semantic fluency,
short-term verbal memory and, verbal learning. Khedr et al. (2014) employed a bi-
hemispheric stimulation paradigm. In their study, Broca’s area was stimulated with
high-frequency rTMS (20 Hz) and the homologue of Broca’s area in the right
hemisphere was inhibited with low-frequency rTMS (1 Hz). Compared to the sham
group, the rTMS group demonstrated significant improvements in aphasia severity,
comprehension, naming, repetition and fluency, post treatment and at the follow-up

stages (1- and 2-months).

The third model is called “vicariation model” and supports that activity in areas of the
unaffected hemisphere may contribute to functional recovery for functions that were
supported, and are now lost, by damaged areas (Di Pino et al., 2014). In light of this
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perspective, Chieffo et al. (2014) explored the effects of a single session of inhibitory,
excitatory and sham rTMS (in a random sequence) over the right IFG with an H-coil
in five right-handed patients with chronic aphasia. The H-coil targets larger and
deeper brain regions than the figure-of-8 coil. The researchers showed that excitatory
rTMS over the right IFG was correlated with significant improvements in naming
compared to baseline performance and inhibitory rTMS. Also, the best respondent
was a patient with a large lesion involving the cortical frontal regions and more severe
naming difficulties. In contrast, a patient with subcortical hematoma and milder
naming deficits did not show a meaningful improvement post-excitatory rTMS. Such
findings are in contrast with the hypotheses that i) the left hemisphere remains best
equipped to sustain effective language functions (Thompson & den Ouden, 2008) and
i) activation in homologue areas is deleterious to recovery (e.g. Szaflarski et al.,
2013; Postman-Caucheteux et al., 2010; Thiel et al., 2006). Results from the study of
Chieffo et al. (2014) suggest that activating the right hemisphere may facilitate
language recovery post-stroke in some patients and this hypothesis is in line with
research supporting the beneficial role of the right hemispheric language homologues
for language recovery (e.g. Tillema et al., 2008; Musso et al., 1999; Thulborn,
Carpenter & Just, 1999).

There is evidence that post-stroke, cerebral neural activation shifts over time. This
implies that the reorganization of language networks post-stroke is a dynamic process.
Hence, the above theoretical models should not be considered mutually exclusive, but
complimentary to each other. Particularly, in the early stages cortical activity is
reduced at the site of the lesion and is increased in homologue language zones and,
over time language processing redistributes back to the left hemisphere (Mendonca,
2014; Saur et al., 2006). However, an interesting rTMS case study provides evidence
that this argument is not 100% correct. Turkeltaub and colleagues (2012) applied
inhibitory rTMS to the right pTr of a patient with chronic non-fluent aphasia after a
left CVA. Improvement in naming was noticed post-treatment and was sustained two
months post-TMS termination. Functional MRI confirmed a local reduction in activity
in the right pTr, but not the expected increased activity in the corresponding left
hemispheric areas. In addition to that, three months post treatment, the same patient

suffered a right hemispheric ischemic stroke, resulting in worsening of the aphasia
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without other clinical deficits. The researchers reported that this case reveals that
some right hemispheric areas contribute to language recovery, whilst others interfere
with it. In line with this hypothesis are findings from the study of Xing et al. (2016)
who found that increased right temporoparietal gray matter volume was associated
with improved language performance in patients with post-stroke aphasia even if such

regions are not homotopic to patients’ lesions.

Overall, the research of this thesis cannot determine which theoretical(s) model(s)
best explain(s) the functional language changes that were observed in all six
participants as this would require more direct measurements of brain activation and

connectivity -that were not taken.

7.3 Research Outcomes in relation to factors other than Brain-

reorganization Processes
The fact that the trends towards improvement observed in the present research were
not translated into actual functional improvement, could imply that there was
something absent from the intervention that, if applied, may have led to statistically
significant results. In this study i) all six participants showed trends towards
improvement in several language domains and ii) three participants showed
improvement in fluency (either in the short- and/or long-term). The wide variability in
language performance post rTMS is a common finding across studies. There are
several reported reasons for this variability in response to TMS, such as aphasia type,
aphasia chronicity, site of stimulation, TMS stimulation parameters, and the use of
SLT combined with TMS (Coslett, 2016). In the systematic review of this thesis
(Chapter 3), seven key themes were identified, the annotation of which, as suggested,
may provide further insight into the big question over TMS response variability. Even
though all those key themes were taken into consideration when planning the present
study, no explanation could be given about the observed variability in TMS response
among participants in the present study. Therefore, it is suggested that only large trials
with homogeneous populations, as much as possible, that take into account the
identified seven key themes into their designs can provide insight into TMS response

variability.
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What was really intriguing in the present study was that the only participant (P1) that
showed significant improvement in language performance was the oldest and most
linguistically challenged (i.e. she had severe global aphasia) individual. Also, the
extent of brain lesions in this participant was greater compared to the rest of
participants. In particular, P1 presented with diffuse lesions in the frontal, parietal and
temporal (middle and superior gyri) lobes, insula and basal ganglia. There is some
evidence that the capacity of NIBS induced plasticity declines with age in both
healthy and neurologically impaired people (Ridding & Ziemann, 2010). However,
results from this study oppose this argument. Also, P1 had the least years of education
(six in total) compared to the rest of participants. It has been reported that education
has no significant effects on oral naming, tactile naming, or repetition and no
conclusions can be drawn on its role in aphasia recovery (Gonzalez-Fernandez et al.,

2011). Findings from the present study corroborate this view.

A most critical question is whether SLT should be used as an adjuvant treatment to
rTMS for aphasia rehabilitation post-stroke. There is evidence that SLT leads to
considerable communication improvement in aphasia (e.g. Brady et al., 2016; Brady,
Kelly, Godwin, Enderby & Campbell, 2012) and the general consensus is that SLT
improves language skills for all aphasia severities and stages post-stroke even if many
patients are finally left with residual deficits (Saxena & Hillis, 2017). Also, it has been
reported that intensive therapy over short periods is considered superior to less
intensive therapy over prolonged therapy times (Cherney, 2012). Recently, a RCT
aimed to determine the ideal amount of daily practice and total duration of the training
period in intensive SLT in 30 chronic (>1 year post-stroke onset) post-stroke aphasia
patients (Stahl et al., 2017). Speech and language therapy frequency was three weekly
sessions of four hours (group 1) or two hours (group 2) for a total of four weeks. The
authors reported no additional benefit from more than two hours of daily SLT within
one month, whereas a small 2-week extension of treatment duration added to the
efficacy of intensive SLT. In the systematic review of this thesis (Chapter 3), two
RCTs (Barwood et al., 2013; Medina et al., 2012) assessed the efficacy of rTMS as a
standalone treatment in chronic post-stroke aphasia and found long-term
improvements in several language domains. Crucially, so far the study of Barwood et

al. (2013) is the largest longitudinal (i.e. 12-month follow-up study), placebo-
184



controlled rTMS post-stroke aphasia study. Findings from the present study support
the results of Barwood et al. (2013) and Medina et al. (2012), that TMS as a
standalone treatment has potential to lead to language gains in chronic post-stroke
aphasia. Nevertheless, the weak effects (i.e. trends towards improvement in five
participants and significant improvement in one) of TMS on language performance in
the present study may suggest that TMS may be more effective when used in
combination with SLT, rather than as an alternative treatment for aphasia post-stroke.
In conclusion, even though traditional SLT is currently considered the gold standard
for aphasia rehabilitation (Breitenstein et al., 2017); to add or not to add SLT as an
adjuvant to TMS for aphasia rehabilitation necessitates further exploration as there is
little convincing evidence that the addition of SLT is a significant determinant of
response to TMS for aphasia rehabilitation Coslett (2016).

To explore the short- and long-term effects of TMS on language recovery, participants
were assessed one day post-TMS and two months post-TMS, respectively. In vitro
research on hippocampal slices has shown that early changes in synaptic strength
resulting from LTP/LTD can last for only 30 to 60 minutes (Hoogendam, Ramakers,
Di Lazzaro, 2010) and late changes may last hours, days or even weeks (Sutton &
Schuman, 2006). Evidence from rTMS research in humans has shown that the longer
the length of the stimulation, the longer is the duration of TMS after-effects and
depending on the stimulation parameters (i.e. intensity, frequency and pulse number)
facilitation of MEPs can last up to 90 minutes and depression of MEPs may last up to
one hour post-stimulation (Klomjai, Katz & Lackmy-Vallee, 2015). Evidence from
the main study of this thesis and other trials (e.g. Barwood et al., 2013; Seniow et al.
2013; Waldowski et al., 2012; Hamilton et al., 2010; Martin et al., 2009) suggests that
TMS related language gains may last for several months post-treatment, highlighting
the need for follow-up assessments by all TMS post-stroke aphasia researchers.
However, the findings of the present study cannot provide any insight into the
mechanisms that support the observed functional changes in language performance of
the participants in the short-term and further; cannot explain how the effects of

treatment accumulate in the long-term to lead to sustained language gains.
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7.4 1 Hz (low frequency) rTMS versus cTBS: Findings

The two protocols that were explored in this thesis exert the same effects on the brain
(i.e. neuronal suppression). However, cTBS has a duration of only 40 secs, whereas 1
Hz rTMS has a 20 min duration. As both protocols exert the same effects on brain
neurons, a third objective of this research was to explore whether both protocols also
bring about the same changes in language performance in post-stroke aphasia. If this
is proved to be true, then the short in duration (40 secs) cTBS may outplace the long
in duration (20 min) 1 Hz rTMS. Results from the present study corroborate findings
from other studies that have successfully used TBS paradigms (e.g. Griffis et al.,
2016; Vuksanovic et al., 2015; Szaflarski et al., 2011), suggesting that cTBS and 1 Hz
rTMS bring about comparable changes in language performance in chronic post-
stroke aphasia one day and two months post-TMS. Notably, P1 that showed
significant improvement at the follow-up stage received cTBS.

7.5 Effects of TMS on the QoL of Participants

Stroke affects health related QoL (Towfighi & Saver, 2011) and for that reason, a
main axis of stroke care is the assurance of a good QoL for stroke survivors (Teasell
et al., 2014). Following this principle, in the present trial the QoL of all participants
(of both the pilot and main study) was assessed using proxy ratings. Proxy ratings
were used, as both participants of the pilot and P1, P2, P4 and P5 of main study
struggled to respond to the SAQOL-39g questions because of comprehension deficits.

Overall, in the main study two participants showed a decrease in the overall QoL
score mainly caused by decreases in the psychosocial domain. For the rest of the
participants, with the exception of one participant (P6) that showed a minimal
increase in the overall QoL score, the QoL reports remained stable throughout the

study.

The decrease in the overall QoL score of P2 may be explained by the fact that his
functional communication did not improve two months post-treatment leading to
sustained psychosocial and communication problems. Participant 3 on the other hand,

who showed an increase in functional communication at the follow-up stage,
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exhibited a decrease mainly in the psychosocial domain, whereas the communication
domain changed minimally and insignificantly. In both cases, the stroke event was
recent and thus the QoL reports may reflect the perspectives and psychological status
of the carers. This assumption is reinforced as data from P4 indicate no change in the
QoL of the participant even though functional communication decreased two months
post-treatment. Notably, this participant had suffered the stroke 50 months before she
was enrolled to the study and the caregiver of this person had a lot more time to
accept and adapt to the new reality. Participant 6 who showed a sustained increase in
functional communication two months post-TMS, also showed a minimal increase in
the overall QoL score. The QoL scores remained stable throughout the study for P1
and P5.

As the QoL forms were completed by proxies, it could be assumed that such reports
reflected the perspectives and expectations of the proxies. Previous research on proxy
assessments of QoL in stroke survivors indicates that proxy raters tend to report more
QoL problems than patients themselves (Pinkneya, Gaylea, Mitchell-Fearonc &
Mullingsb, 2017; Carod-Artal, Coral, Trizotto & Moreira, 2009; Williams et al.,
2006). Therefore, proxy assessments, when used, should be evaluated with caution. In
cases where unbiased patient-reports cannot be obtained though, ratings by proxies
can provide clinicians with useful information (Ignatiou et al., 2012).

7.6 Limitations

All care was taken to design and conduct a study of high methodological standards.
Practical issues limited the trial design, but the selected design did not exclude any
participant from treatment. Also, the published “Template for Intervention
Description and Replication” (TIDieR) 12-item checklist and guide (Hoffmann et al.,
2014) was used to improve the completeness of reporting and replicability of the

study.

A key limitation of this trial was the small sample size, and this has an impact on the
generalisability of the results. Nonetheless, small sample sizes in aphasia research are
inherent to the nature of the condition, as stroke survivors do not always manifest
aphasia. Also, among those that suffer from aphasia, some individuals experience
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severe complications and/or disability that excludes them from participation in
research. After all, it is very common for rTMS aphasia studies to have small sample
sizes. This was a non-randomized trial and even though the analysis of functional
communication outcomes was thorough, it could not go beyond the descriptive level.
Hence, in this study it was not doable to explore if the sustained improvements in
functional communication were significant. Another limitation of the study was that
direct measurements of brain activation and connectivity were not taken and therefore
no assumptions could be made with regards to which model(s) of brain-reorganization
explain(s) the observed trends and improvements. Moreover, behavioral interventions
may also have long term effects and could manifest weeks following the end of
treatment. Thus, enrolling participants 10 days after they had received a different
behavioural therapy may confound the effects of TMS with the possible long term
effects of that behavioral intervention. Another limitation of this study was that
participants were followed up to two months post-treatment. This was done as two
participants wanted to return to behavioural therapy (i.e. SLT) after the 2-month
follow-up period. Based on findings from other studies (e.g. Barwood et al., 2013;
Seniow et al. 2013; Waldowski et al., 2012; Martin et al., 2009), functional changes
induced by inhibitory rTMS may occur over a period of many months and this

possibility could not be investigated in this research.

7.7 Future directions

It is highly likely, that by optimizing the stimulation parameters (e.g. duration,
intensity, frequency, stimulation site), the effectiveness of TMS for post-stroke
aphasia rehabilitation will increase. Furthermore, there is a need for constant direct
measurements of brain activation and connectivity in TMS aphasia studies, as such
data may allow researchers to better understand the neuroplastic effects of TMS that
underpin functional language changes. In addition to that, the combination of TMS
with EEG is highly suggested for future studies as it provides an insight into i) the
brain’s instantaneous state, ii) TMS driven brain excitability and iii) time-resolved

brain connectivity.
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7.8 Conclusions

This thesis aimed to evaluate the effectiveness of rTMS (¢cTBS & 1 Hz rTMS) as a
standalone treatment for chronic aphasia, of different types and severities, post-stroke.
The present study was the first of its kind conducted in Cyprus and even though it was
small in size, it was very informative as it adds to the existing body of knowledge on
the topic. Also, to the knowledge of the author, it was the first study on TMS for post-
stroke aphasia rehabilitation that (i) used the WEST protocol and (ii) applied thorough
narratives analyses (as an index of functional communication skills) together with
standardized language measures. The WEST methodology allowed the exploration of
the effects of TMS gains on individual levels and is suggested to be an alternative
methodology for researchers that are concerned with small sample sizes,
heterogeneity of participants and paucity of data. Findings from the current trial
suggest that both inhibitory rTMS paradigms (i.e. cTBS and 1 Hz rTMS), when
applied as a standalone aphasia treatment over the right pTr of patients suffering from
chronic aphasia post-stroke, seem to have potential to drive language changes in
comprehension, expression, naming, reading and, fluency, regardless of severity and

type of aphasia.
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Appendix 1

Review of Epidemiology of Stroke (Incidence and Prevalence Rates)

First name Aim Findings Conclusions

author

Tsai et al. Systematic Review to explore | Since 1990 in China, compared to white people, there is a merely Further research to explore the distribution of

(2013) epidemiological differences higher overall stroke incidence and a higher rate of ICH. What is ischemic subtypes amongst Chinese people is needed.

(i.e. incidence and distribution
of its subtypes) between
Chinese and white
populations.

more, important regional variations between Chinese people were also
found in terms of distribution of ischaemic subtypes.

Feigin (2007)

Investigation of stroke
epidemiology in developing
countries.

Paucity of data (e.g. incidence, prevalence, causes, etc.).

Elucidation of etiological and risk related factors is
needed to improve stroke prevention measures in
developing countries.

Feigin et al.
(2003)

Review of stroke incidence in
developed countries.

Compared to other developed countries, there is a higher stroke
incidence in Japan for unclear reasons, maybe related to
environmental and genetic factors.

The review was based on white people (a limitation
acknowledged by the authors). More research
including all ethnicity types is needed to identify
prevalence and incidence rates and give insight into
etiology.

Thorvaldsen

Data from the World Health Organization (WHO) Monitoring Trends and Determinants in Cardiovascular Disease (MONICA)' suggest a general tendency for

et al. (1997) decline in stroke incidence and mortality rates in 35-64 years of age.
Bonita et al. Investigation of stroke Stroke mortality rates declined in 21 countries for men and 25 International research on risk factor levels over time is
(1990) mortality rates in men and countries for women, especially in western Europe, Japan and North needed to explain findings.

women 50-69 years old in 27
during 1970-1985.

America.
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First (and
second) name
author

Appendix 2

Risk Factors and Causes of Ischemic & Hemorrhagic Stroke

Miah et al. Stroke Risk Factors in Younger:  smoking - transient ischemic attack - hypertension - wvulvular heart disease - oral contraceptive pill
(2012) Stroke Risk Factors in Older: transient ischemic attack - stroke - hypertension - ischemic heart disease - diabetes mellitus - dyslipidemia

Moghtaderi & In tropical areas there are some special, mainly infectious causes of stroke (e.g. Chagas’ disease, cysticercosis, tuberculosis and syphilis).

Alavi-Naini

(2012)

Traylor et al. A meta-analysis regarding genetic risk factors for ischaemic stroke and its subtypes provides evidence that genetic variants are associated with specific ischaemic
(2012) stroke subtypes (i.e. cardioembolic and large-vessel stroke).

Turanjanin et al.
(2012)

The synergistic effect of dyslipidemia, hypertension and diabetes is associated with Lacunar Ischemic Stroke.

Rajamani & Vascular Causes of Arterial Ischemic Stroke in children include: cervicocephalic dissection - Moyamoya syndrome (and disease) - post-varicella zoster
Sivaswamyb angiopathy - transient cerebral arteriopathy - fibromuscular dysplasia - vasculitis - Sickle cell disease - congenital hypoplasia - agenesis of cervicocephalic
(2010) vessels.

Gschwendtner et | Several genetic variants are linked to ischemic stroke.

al. (2009)

Flaherty et al. Ethnicity is considered a risk factor for intracerebral hemorrhage.

(2005)

Brott et al. Hypertension is the most frequent risk factor for intracerebral hemorrhage.

(1986)

213




T

:DieR Appendix 3

Template for Intervention

Descriptionand Replication The TIDieR (Template for Intervention Description and

Replication) Checklist

BRIEF NAME

Neuronavigated rTMS for Chronic Aphasia

WHY

To determine whether cTBS and 1 Hz (low frequency) rTMS as a standalone treatment has the potential to

improve language symptoms of aphasia and subsequently quality of life.

WHAT

Materials: A certified speech and language pathologist, blind to the study, assessed and analysed the data.
The first author administered the rTMS protocol. Language measurements were obtained at 3 time points; at
baseline, immediately after treatment and at 2 months post-treatment (follow-up assessment). Quality of life
measurements were obtained at baseline and at follow-up. As participants in the pilot study struggled to deal
with SAQOL-39g due to comprehension deficits, proxy (spouses) ratings were used to evaluate QoL. After
completion of the treatment period (10 consecutive days), participants were asked not to participate in any
formal aphasia rehabilitation program but; they were encouraged to actively engage in conversations with

their families and friends. Such activities were not monitored by the researchers.

Procedures: We assessed resting motor threshold (RMT) using surface electromyography (EMG). After
obtaining RMTs, participants in group 1 underwent the cTBS at 80% of their individual RMT, and
participants in group 2 underwent 1 Hz (low frequency ) rTMS using a Magstim Rapid2® stimulator
(Magstim Co., Wales, UK) connected to a 70mm Double Air Film Coil. Stimulation parameters were in
accordance with the guidelines proposed by Wassermann (1998). The position of the coil was guided by a
frameless stereotactic neuronavigation system (ANT NEURO) that uses the individual patients’ MRI scan to
precisely localize the target area for stimulation. Before stimulation, a T1-weighted MRI image was
obtained from each patient to locate the optimal coil position. Participants in group 1 received inhibitory
rTMS (cTBS) to the pars triangularis (pTr) at the right inferior frontal gyrus (homologous BA45) following
the protocol suggested by Huang et al. (2005). This paradigm uses a theta burst stimulation pattern (TBS) in
which 3 pulses of stimulation are given at 50 Hz, repeated every 200 ms. In the cTBS, a 40 sec train of
uninterrupted TBS is given (600 pulses in total). Participants in group 2 received 20 minutes of 1-Hz rTMS
over the right pTr (Rubi-Fessen et al., 2015). In total, the program for each participant consisted of 10 daily

stimulation treatments (10 consecutive days).

WHO PROVIDED
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5. Speech & Language Assessments: Certified Speech & Language Pathologist with expertise in Aphasia
rTMS: Certified Speech & Language Pathologist with expertise in neuronavigated rTMS for aphasia
rehabilitation
HOW

6. The intervention was provided to one participant at a time and was delivered face to face. During treatment,
participants sat comfortably on a chair. During the TMS treatments participants were monitored for
potential side effects (e.g. pain, discomfort) and were asked (using thumb gestures) if they felt well before
during and after the treatment.

WHERE

7. Cyprus University of Technology, University Rehabilitation Clinic, Neurorehabilitation Lab
WHEN and HOW MUCH

8. Group 1: A 40 sec train of uninterrupted TBS was given (600 pulses in total).

Group 2: A 20 min train of uninterrupted rTMS was given (1200 pulses in total).
In total, the program for each patient consisted of 10 daily stimulation treatments (10 consecutive days).
TAILORING

9. No
MODIFICATIONS

10. No
HOW WELL

11. Planned: Inclusion and exclusion criteria were clearly predetermined. 1 Hz (low frequency) rTMS has been
reported extensively in the literature (e.g. Rubi-Fessen et al., 2015) and cTBS treatment was devised by
(Huang & Rothwell, 2007) based on neuroplasticity theory. Intended assessment and active therapy
ingredients were reported before study initiation. The 2 protocols used in the 2 groups were the same to
ensure standardised delivery across participants. Therapies were delivered on site. Before commencement of
the main trial, a pilot study ensured that all TMS related procedures could be implemented as planned.

12. Actual: All TMS sessions were monitored by two people to ensure that therapy was implemented as

planned. The delivered intervention did not vary at all from the intended intervention.
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dindwanio_ e mopéuflacyc ue AMA. Avapivetm 1) syeniky empipao,

ommg drevkpvilen oyeTikd 1 eproviTICH opade.

4. Im ok 14 emonuoivetar 6n wSamples will be safely destroyed Sive years
after collection unless participanis consent to the use of their samples by
Juture studies by the principal investigator of the current siudy, pending
approval by the Cyprus National Bioethics Committee. » Emonuaiveto 6m 1
pikaln tov Serypdtav yia aepiodo mtve tov 5 gpdvey i OPITTD FPOVIKD
Suonpe dev efval amodektl and v Emepons. H EPEUVITIKT) opddn n:pémJ

EEBKD4 (antpuon 1) 38
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vir kabopice smoxpifig nepiodo pikoine wo v Reploplesl )y gpion ok
LEASTES SUTKEKPILEVOD TEpMEToREVOL STOLERTTC,

Lydhio 18712200 7; Asv amavoifnee, H epevvquxy opdda sopaxede{ro dmoc
xallopios: ypovikd didomua yia 1o omeio Oo waeder n uellovony ypfjay ey
ddaudie, 3 i @ EEchITTE ooVl didathics dev pmopel
v arpdexr] Zgvefvar g ovvadveay Tov soupereydvraow pa gpifey ton
dedopivery ya xeplodo 10 eriiv. Amavoilpke,

‘Evruro EEBK(3:

A, Zoe dvromo viveron 0 £50s avogopd: «la Sodoyecd gon defypora war dlec o
Ammic alppopopies mov fa eodiepolv ya Tong exomoic Ton mWapovVIOC
EPEDVITINGT MPOYOGUUETOC HRopoly va kpatiBoiv mépay tov 3 ypdvew ko v
ronapomomBoiy ae pellovoxéc pelirec apol mpdra ewmBel ko Tétonn o
v Edvinyj Emposot Bronficie Kimpou péew véag aftmang i perd axd ayetii
altjue avevioege oe mepinToay EREKTEONG e Tapobeas pelithe amd Tov
omebflove gpevvitr ton mpoypdpuporocys. Emumpaiveal oty epeuviiTike| ojidib
OTL pin TETow yevikol Timow ouvaivesn yia pikaZn foloywedy Sevypdtaoy
mépoy ey § gpdveoy Bev elvin anoderor (oneio mo wivo).

Zpadro 18122007 Aev axoveiice, T eparvnmes ondda saparaiciror dmoe
weflopioe ypovied didooque pa o emoio Bo gybe g pelloviie] gpfoy Tov

dedagivan, i j i wgdpiaro ypovikd didornpes dev pmopel va
yiver awodext), Zyrefvar § covaiveay ToV GONEETEROVTGY Tia ooy Tow

dedopsver ya weplodo 10 erev. Amaveipke,

6. Mo yiver yhoooikeg ELeygog ota ev Moy Eyypape ko vo yiver SiopBoon towv
opHerypoupucin ooty Aoy,
Sxddeg I8 22007 AweveiBnpre. Lordoo, or kdxoa EvTOTa ouvalVEdHc mon

apopoiv _ge mapfufooy e eoegmed  apofifpara pivera  avepopd  ge

Cimamxy  A&oda : ovipTiky oudda raleiton i o
mpoaexticd Eleyyo dlov v evidmen we v Sacpalioel g gpegopuop] oo
Aewcniod ov wille vro-opdda Rnfoopeot. Amaveiinee.

T Ero mpotdkodho me épevvag avapépetoy « Patients will be informed in the
consent form that they can be informed about the results of the study relevan
fo them following completion of the study ». Zto éviumo svvaivesns, motioo,
Ol CUPMUETEYOVIES Ep@TdnTL kath mocov Bu fekay vi evnuepabolv 1o T
omotehéountn TG Epevwig wou Toug apopolv. H spevvijtied] opdda o
ROpaaEEl AEPITGHTEPES TANPOQOPIES @¢ mPOg T0 Eid0C TeV MRoTERETRATIY
mow B givin poafiaiie o wifle opdde ko Tov Tpime EviuEpOGTS TN
CULLILETEFOWTOY YL (T,

Lydlwo 181272007 H i oudda Eyo npofel e ayerin pviet
v Fm i (oo emaredd), o oxoiee o v EVEmpaTadoly g
dveomn EEBROR via evidpeas tov gugpeteydvioy. Amavnibnxe.

Pevid Xydhuu:
8. H epevvnnied opdde va Sevkpvioe meportéps 6T ol suppetyovieg Sev Bo
empapuvoly pe omowlirote KiGTog e TPOS T CUMMETOY Toug, Kufbc Sev
eivon Cewdbopo katd mdooy o Surpvoomwed kEvipa o koddwouy ue Sued Toug

EEBE0 {Andpnon EB.) 4/8
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£oda 10 KOGTOG TG UEYVITIKTS TopOYpapiac.

Zyddio [8/12/2007: H epevvyrig opdde ropaxaleita dzwc mpomihios ooy
i TOV & i) TON T T i kel o & T

fa_piver axd to epervnuind mpdypappe. “Exer mpownbnbei operuc pefaivey
amd v emoTnpovia) ursilvvg e Ty kddown) tov sE6Goy  amd
esoTepud kovitlue tov TETTAK. Aravriinie.

9. H gpowwnimed] opdbe nopaxodeitm dmog Sevkprioel mic o Suypiposi
MEPIITMGEL, ouppeteydvimy, o omoiol Oo  mepovouilouy  cupmropete
kotdlhymg ) ddng yuygomoBoloyiog (o faon tov dnhdosmy tovg ot

EPEIT|LETOAITIL).
Zyodio (8122007 Aev e, M epeoviric ErpIVICEL TTHY
kv emorods (o, 3) du fa drope Ba evguepdvoven yie o sopigarte ard

woyierpo o klivied woyoldyo km o saperéumoveas ya ayenxn onipén. H

gpevvirie opdda rapaxadeito drome xafopioe aotd To drope Ko Sievkpivioe

KT mdaov W pEdeC T DVIHTIGHC O, frooon mon Qo ef
vVt owddac fo modmear [ e fvinme EERKNZ

vit smmovaplel fioypapucd shuelope). Xe aviifery mepirmmey, va emovvgpticd
gmorod] amd To dropo aotd du arodiyerm ve eveldfon et to pdlp, ‘Eye

npoetebel oty opdda v yogiorpog Ervinovi Exvpidn. Amaveidnxe.

EEBK04 (aAmigaon E.B.) 5/8
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E OVETIL iwd v Em . BuoagDuer

‘Exouv Sobel hemropépeieg oty Emtpors| Bionfuaig fifkar n Emtpor] BromBucig
*EKPIVE IKOVOTTOWTURG. Tot ileriobh:

Lrovyeln MAL | OXI
Bioypapued Lroyein OAQN tov epeuviudy kel tov auvepyaiv Eyddan
Toug
Ao pn GUTKPOUGIEVIY TURPEPGYTLY
Heprypagi tow eifous tow Hpoypappeog
[eprypagi tov thybuapot mov du pedsmiel
O tpomog pe tov omoio Bo otpotohoynBoty drope e 1o
| Tpiypoppn
Mehenifnxay rposertikd Ta évivma cupkntdleong {EEBE.03);
To évrome mow Bo gpnapoaomBody ity STPETOAGYTIET GTopmY
Okdxknpo to apeedrallo tou Hpoypappatog
Aucaiohdymon yuo my gpion ewovikilg pepuOKEVTIKG TyaryTc
Yaetthnm dfloon o Ghovg Tovg epervTéc ko suvepyaTe: TOUG
OTL T Evumn mAnpogdp oS Ko auviiveanc TOWE GEcpEhouy
Aaapdlion mg wpootasing twy Sedopdviv v apopoiy o
drope tov He Adfouy pépog ato Mpdypoppa
AERTOPEPEES Y0 TV ypripaTodémen tov Mpoypappatog
‘Egovv exbolel ewfived ovpfolma o ayfon pe apolfés ;
Ga Sidovion apoiPés o drope mov Bu cuppstdogouy oo
Hpdypappn ;
Ba vmiplowy omowsdiitote owovopwds emPapivosc e Te
| Gropa wow Bo cuppetdazowy oto Mpéypapue ;
O gpevvnrig fy/km ovvepydres Toug a maipvouy apoPéc ;
| Exouy mepryypagel ta avapevopeve ogpEln tov Lpoypippatos ;
‘Eyer Swwpavel 6m mpowiarovy  omowdimote opEkn wpos Tov
EPMMATOBOTY, TOWS EPEVATES KO TOVS GuVEpYRTEC TOWG ) T
[pdrypapya;
Eav mo mive eivar NAL va eEmpymbel:
‘Eyouvv texpunmoBei dleg o Sisudetios mou Eyvav os OYEDT] JE
| Tig vinpecies mov Tugdv Be rupaoyefoiy yio o Hpdypagin ;
Ba vmapyel awverrc eviuépmen yin Ty aopdden tov aThimy Ton
o dopfdavouy pépog oto [piypappa ;
Yadpyovy Subueasiss yio oy vioflodn ORIV KO EALGY,
Awopaiilovio cropedg ta Suoibpota tov CPEVVIITIV Yl TIS
GNUOTIENOEIS TV ANOTELEG A TOY @ :
‘Exer Seopendel ofn Emempovikés Yaevbovog 6t Gev B rivouw
oroweoifimote ollayés oro [pdypappe amd o npépe mov Ba
eykpibei amd v Emapom) Buonbucic ;
*Amotehei subivy g Emrpoaie Bunbic v otalpion dhe ta aroigsia mon
tyouy dobei, va ddoer v arapaityry Pepitre exel xov gperdlerar ko va
Lafier amdpaon wg mpog To Kutd wécov Syovy Sobei IKEvoomTIKES emsbjosig
or ayion pe To wpotavipevo Mpéypapp. ,

L N = Ul UYL T BT T

b I R

-,

4 Al ] L
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Ao P dpn cuykpoudpsve cuppepovas omd oy Emrporh Bunhsie

Epelg ta péhn mg Emrport; Buonbuais mov Mifape pépog ong ovvedpieg o ayan
LE TV mopoboa aithon, vroypdpoviog mo wane dnhdvoope vaedbuova bt Gev
EXOULE OTOBIIOTE GUESH 1) EUpesn ouykpoudpEvE GUPGEPOVIL OF oyfoN PE 1O
[poypappa mov peletioape ko exdboups oyEnk] andpac).

_Dmpumn:ﬁ}w o Yooy peaipty Huepopnvia

Ap Avbpiag Zopapudbng | O7/02/2018

Ap Dasspiive Kapanbor Z [/\ 07022018
e L
Ap Kehoyd Topdivoug : ,‘é/& 07/02/2018

Ap Mopio Kopexid //;’,__f 018
xog Taihog Mokukdpmron T giacipee 07/02/2018

xa Xpiota Mithetrov % 07/02/2015

_ ! 0722018
Ap Xpotive Bepiroviog )Q’E(:-e\nb“-h/"
fp Rpkreoe 2 . d 07/02/2018
-~ 7
EEBK04 [Andgao EB.) e
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| Tithog Mpoypippatos 2
wMeurorehabilitation  wsing  transeranial magnetic  stimulation-  Mevpohoyu

Amokatdataon e ) Xpfion Awkpeviakds Mopmmsig Adyepong »

AmBpdc Mpwrokdiion Emipomig Buonbua)g
EEBK/EIL/2017/37

Amdpacn g Emtporic Buonfueig

{Eypiveran, Znyrodvra emapbabeon otoysin, Axoppinteton)
Erywpiverm

1. Mostom dou v vopua) enthiv) TG EMTTNUOVIKTG eYKUPATITOS, ovoyKIATIITOG,
mhnpoTrog Kew g ouvolikng emotuoviky aflag g mpotewopdvig Epeuvag
dyouy oL emorovikol vmeifovol ™S Epevvag kol o Popdis U emeTiUoVIoD
unetlvon. "Olot ot mo wdve Egovv enion ™y vopud sulitivy tng SeLaymymc e
Epeuvig e ™) SEouon ERGTIROVIKT ETUEABI Kol pPovELS

.
2AmG 01082012 v Ebviky  Emtpom]  Dionbwris  Kompouw  Swevepyel
derpotolnanikd EAsyyo oF epeuviTKE; mpoThoEg wou doufivooy  éyeplon,
MNemositepes demropdpeieg elvon dwbioweg onp wroosekibe g Emtporic os
CYETIKT] avakDivoaT).

3.To mopdy évovmo ardgacts kowvorotsizel xa oTav YpruaTodoTn T epemnTiig
APOTOTNG,
4, Oh epeuvTeg vaoypeotvem v trofdilouy Tpog v Empomi) awd sEipnve and
ofuepa Exbeor) yu v s5EMEY g épevvag péon Tow eviimow EEBKOS,

5. Me to mipag mg Epeuvag, ol speuvniEg umoypeoivial dmmg vrofddow otv
Emzpon] avapopd péan ton Eviimor EEBK06,

6. Tovilgrm otoug spevwniés ) wioypémer] Tous we Tpolv TS EKGOTOTE
vrogpedosg toug pe fhom v kelpevn vopobeote ki kovoviapots wal ontépog
T DiROYpEGAT] TOUG Vi Evnuepdvouy duecsa Ty Emcpord yu onowodimote xtakto
oupfiav 1 onoediirote tpomotoiney ey Apdtaon wg eykpibnxe, e v vrofold
TV TROVOOUEVIOY VTN,

Méka mow fray mapdven gy Ay ardpaong/Arotiheope Trpopoping

Qc ovapépeton oy aekidn T oveorépo Ko 1) andgeen ey opdpanm,

| Hyspopnyia éxboonc andpuarg
Hpépa: ..............07.... Mivag: ... . Pefpovapiov..... Erog ...... 2007,
Yroypape o pdebpog e Emtpomi Buonilucig km o Avarinpoig [poedpog
Ablop Thopoe Enilieto Yoy papr
Mobes Muopin Koperiid U
Avtirpoed [Tz Modkvsfipmon 7 il
e s L
EEBK04 (Andpaon EB) 88
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Appendix 5

Open call to media

[NAHPO®OPIEX I'TA EPEYNA

Ipoypapparog

Tithog Nevpoamokataostaon Xpovieg A@aciog petd and Eykepaiko

‘Epevvag  Emeis6oro pe ) ypiion Awokpaviakov Mayvntikov Epediopod (AME)

Kvprwog Avaotdaciog M. I'empyiov, Yn. Ap. Nevpoamokataotaocng
. Teyvoroywko Havemoripuio Konpov
Epzownig Tuqpo Emotmypov Arokotdotaong
Agpeoog, Kompog
TnAiépovo Emkowmviag: 96 63 78 47
Email: anastasios.georgiou@cut.a.cy

YnevOvvny Ap. Mapio Kepravapov, Avarinpotpro Kadnyntpro
Teyvoroywké Moavemoripuio Korpov

Tpqpo Emotnpov Atokatdotaong

Agpecdg, Kvnpog

Email: maria.kambanaros@cut.ac.cy

INoti yiveton n Epevva;

H emwowovia eivor n onpovtikdtepn tkavotta mov £xel o dvOpwmog. H wovotntd
HoG outn - eivol oNUOVTIKA Yoo TV €maen pog pe dAlovg avBpomovg. Emiong, 1
emkowvmvia, pag mpooeépel o kadn mowdtnta {ong. Eva eykepaiikd emeicddo
umopet va mpokaAécel amd N £0G TOAD cofopd TPOPANLATO ETKOIVOVING.

H mapovoa emotoln) amookonel otn 0140001 TG €10M0NG OTL TPOYUOTOTOLEITOL [
é€peuva. TOL €YEL OC OKOMO TNV HEAETN Kol KaTovonon twv mbovov OeTikov
emdpacemv tov Atokpoaviokod Mayvntikod Epebiopod (AME) ot vevpoloyikn
OTOKATAGTACY EXIKTNTOV YAMGOIKOV EAAEUUATOV (AQocic) HETd amd EYKEPUAIKO
EMELGOD10.

H cvppetoyn ety épgvva givan €0£)hovTiK) KoL AvEL KOGTOVG.

ITowog pmopel vo. GUPPETAGYEL GTNV £PEVVA;

Atopa nAkiag 18-75 etdv Ta omoia:

e  £YoLV ®G UNTPIKN YADooO To, EAAN VKA

o &yovv mhbet 1 povo eykepoikd ot (N TOLg 6TO APLoTEPO NUGPaAip1o (To omoio
&xel SyvewoTel pe aEovikn 1| LoyvnTikKn TOHOYPAQio EYKEPALOV)

e £mobov TO EYKEPOUAKO TOVAAYIGTOV TPV 6 OAOKANPOLG UNVES

o &yovv TpOPANUA Adyov
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Ioweg givar o1 O10.0KOGIES;
1. Anyn Iotopikod & Xopiynon Epotnuotoroyiov
2. Thwoowkn Afoldynon — Ivootiky Afoldynon — A&oddynon Iowdtmrag
Zong
3. Moyvntikr Topoypagio Eykepdiov
4. 109pepn Ocpanevtiky HapépBaon pe Atoxpaviokd Mayvntikd Epediopd

H épeouva 00 @@eA0EL TOVS GUUUETE(OVTESS

Yrapyovv diebveig peréteg mov Aéve 0TL vITdpyovy 0PEAN pe T Bepamneio pe AME yu
TPOPANUOATO EMKOWVOVIOG UETE amO EYKEPAUAKO EMEIGOI0. LVYKEKPIUEVO, LITAPYEL
mBovotnta va Peitiowbel 1 emkowwvio Tov atopwv pe Agocio peETd amd v
oAokANpwon TG Bepamneiog.

Ot minpogopieg amd avtv Vv €pegvva pmopel oto péALOV va Pondncovv dAlovg
ocuvaVOpPOTOVG HOG TOV  OVTILETOTILOVV TPOPANUOTO  EMKOWVOVIOG METE Ao
eYKePaMkod enelcd010. 'ETo1, To amoteAécaTa TS TOPOVCAG EPEVVOAG OVOUEVETOL VOL
oLUPAAOLY GTNV EMICTNUOVIKY YVOON GYETIKA LE TNV VEVPOAOYIKT OTOKOTACTOON
TpoPANUaTOV ETKOV®OVING 08 0G0EVEIG TOL £Y0VV TAOEL EYKEPOUAKO ETELGO0.

Ilowog B0 £xer TpocPacn oTo OTOTELECHOTAS
Oleg or minpoopieg mov Ba cuAdeyBobv Bo TapAUEIVOVY QVCTNPAOG EUTICTEVTIKES
KOl LoV 01 EpEVVNTEC TNG TaPOVCaG £pevvag Ba Exovv TpdSPacn oTig TANPOPOPIES.

H épeova el eykprOel amd KAmTowov opyaviopo;

H épevva avt éxer allohoynbel ko €xer eykpidel amd v EOvikq Emtponn
Bion0wmg Kdmpov, pe apbpd: EEBK/EI2017/37

Av yvopilete KAmowo atopo mov £xer mAOeL £YKEQOMKO KOl OVTINETOTILEL
TPOPANNOTO EMKOWVOVINGS, TUPUKIA®D OTTOS EMKOWVOVI|GETE PNE TV OLKOYEVELD
TOV Y10, VO TNV EVI|HEPAGETE Y10 TNV TOPOVGU EPELVA.

INo Tepartépm TANPoPoPies, TOPUKOAD ETIKOIVOVI|GTE UE TOV:

K. 'ewpyiov Avaostdolo
™A. 96 63 78 47
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Appendix 6

Research Flyer

Avalntoone EOelovtic amo 18 £mc 75 eT@V Yo ZoHUETOYN] OE
"Epevva

Eyke@aMKO £TELGO010

Avalntodpue dvtpec kot yovaikeg pe TpOPANUa ETIKOIVOVIOG LETA 0Tt
EYKEQUMKO ETELGO010, Y10 VO GUUUETAGYOLV GE EPELVA YO TNV OOV
BeAtimwon g emKovoviag Toug.

H épevva mepriopfavet:

V' 2 a&ohoynoeig Adyov mpv amd ) Oepomeio

v Ogpaneio mepimov 20 Aemtdv pe Atakpaviakd Mayvntikd Epediopd kabe uépo yia 10
NUEPES Zuveydueva

v’ A&loddynomn Adyov apéomc petd t Oepameio kot 2 uiveg petd ) Oepaneia

v" Mayvntikn Topoypagio Eykepdiov (MRI) mpwv tn Bepomeio kan 2 ufiveg uetd m
Bepameia

O a&roroymosig, 1 Oepameio Kot 01 payvVINTIKES TOROYPOQIES EYKEPALOV OgV EMPapOvVOVY
OLKOVOUIK( TOVC GUUNETEYOVTEC.

Av evbladEpeote va pabete meplocotepa

TOPUKOA®D ETIKOWVOVI|GTE:

k. ['ewpyiov Avoordoiog, PhD cand.: (00357) 96 63 78 47 — anastasios.georgiou@cut.ac.cy
Ap. Kopmavipoo Mapia, PhD: (00357) 2500 2098 — maria.kambanaros@cut.ac.cy

Tpqpo Emoetypov ATokatdotoong

m—  TexVOAOYLKO
][ IMavemotnuo
Kinpou
H épeova avt éxev afohoynBsi wor éxer

228
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Appendix 7

Consent Form

ENTYIIA YXYT'KATAGEXHZX yiwe cupperoyi oc npéypappa épsovag

(Ta évroma amotedovvTon GLVOALKE oo 13 GeAideC)

Koleiote va ovppetdoyete oe éva gpeovntikd mpoypoppo. Il kato (PA.
«IIAnpogopisg Yo AcOeveic 1)/kar EQehovtécy) Oa cag 0o0ovv e&nynoelg oe amiy
YAOGG oyetikd pe 1o Tt Ba {nnBel and eodg N/xon 1t Ba cog cvpPel oe e5dg, eav
CULLPOVNGETE VO CUUUETAGYETE GTO TPOYPOUUN. O GO TEPLYPAPOVLY OTOLOONTOTE
kivouvolr umopel va vmapEovv N ToAcmpic mov TVXOV Bo vrooteite amd TNV
CLUUETOYN GO OTO TPOypappo. Oa cag emeényndel pe kdbe Aemtopépela 11 O
{nmOei amd €0dc Ko molog 1 oot Ba Eyovv TPOcPaoct oTig TANPOPOpieg /Kot GALO
VAo mov eBelovtikd OBa ddoete Yoo To mpdypappoa. Oo cog dobel n ypovikn
mePiodog Yo v omoio ot veevBvvol tov Tpoypdupatog Ba Exovv TpdsPacn oTIG
Tnpoeopieg M/xor VAkKG mov Ba ddoete. Oa cag emeEnynbel T edmiCovpe va
pébovpe amd 10 TPOYPOULO GOV OTOTEAEGILO KOl TNG O1KNG GG GVUUETOYNS. Emiong,
Ba cag dobel pia ektipnomn yuo T0 OQEAOC TOV UTOPEL VO DITAPEEL Y10 TOVG EPEVVITEG
/Ko YPNUATOSOTEC QVTOV TOV TPOYPAUUATOS. AEV TPEMEL VO GUUNETAGYETE, EAV OEV
emOLNEITE 1] €AV £YETE OTOLOVGONTOTE EVOOLUGUOVS TTOV ALPOPOVV TNV GUUUETOYN
060G oT0 TPOYpoupd. Edv amo@ocicete vo CUUUETACYETE, TPETEL VO AVAPEPETE EAV
€XETE CLUUETACKEL GE OTOLOOMTOTE AALO TPOYPOLLLO EPEVVAG HECH GTOVG TEAELTOIOVG
12 uqvec. Edv amopacicete va unv cuppetaoyete kot elote acbevng, n Bepancio cog
dev Ba emmpeactel amd v amdgacy cag. Eiote €lhedBgpor va amocvpete
OTTOLUONTOTE OTIYUN £6€ig emOLuEiTE TNV GVYKATAOEST Y10 TN CUUUETOYN OUG
oto Tpoypappa. Eqv eiote acBevig, 11 amd@acn G0G Vo amoGUPETE TNV CLYKATAOEOT
c0c, 0ev Ba £xel omoleconmote emmTAGES o1V Bepaneia cag. 'Exete 10 dikaiopo va
vroPdAete TVYOV TOPATOVA 1| KOTOYYEAES, TOL APOPOLY TO TPOYPOLLE GTO OO0
ovupetéyete, mpog v Emtporn Bionbwmc mov evékpive 1o mpdypoppo 1 akOun Kot
omv EBvikr; Emitponr) Bionbwmg Kompov. [lpémer dhec ot oerideg tov evivmmv
oLYKATAOESNC VO PEPOLYV TO OVOUOTETMVVLLO KOL TV DITOYPOPY| GOG.

Xvvropog Tithog Tov TIpoypaupatog 6to 0moio KOAEIGTE VoL GUUUETACYETE

Nevpoonmokataotaony Xpovieg Agaciog petd and Eykeparikoé Eneioooo pe ™
| 1p1on Avexpaviakod Mayvntikod Epgdiopod

YrevBvvog tov [poypdulotoc 6To 0moio KOAEIGTE VO GUUUETAGYETE

Ap. Mapio Kapmavapov, Avaminpotpio Kabnyntpu, Tpquo Emomuov
Amoxatdotaong, Texyvoroywkd IMovemotiuwo Kompov, Bpayadivov 15, Aepecoc,
3041, mAépowvo:  +35725002098, mniektpovikd  Tayvopoueio  (email)

maria.kambanaros@cut.ac.cy

Enifeto: Ovopa:

Yroypopn: Hpepopunvia
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ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypoappa épevvag

(Ta évtoma amotehovvTon Guvolkd amd 13 celideg)

Xvvroupog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakod Mayvntikov Epebiopon

Aidete ouykatdbeon Yo Tov €0VTO GOG 1 Y10 KATO0 AALO
dropo;

Edv mo méveo anavtioate yio KAmolov GAAo, TOTE dMGETE AETTOUEPELEG KOl TO OVOLLOL
TOV.

Epdtnon NAL  q
OXI

SOUTANPOCATE TO EVTLTTO CLYKOTAOECNG EGEIC TPOSMTIKA,

Tovg tedevtaiovg 12 pnvec €xete GLUUETACYKEL GE OTOLOONTOTE GALO
EPEVLVNTIKO TPOYPOLLLLL;

AwpBdoote kol KotaAdfote TIC mAnpogopieg Yoo acbeveic 1k
e0elovtég;

Elyote v evkoipia va potioete gpoTNoEl Kol Vo cu{NTNOETE TO
Hpoypaypos

AOONKOV 1KAVOTOMTIKEG OMAVINGELS Kot €ENYNOEL GTA TVYOV EPOTHILATE
60G;

KotolaPaivete 011 pmopeite vo amocvpbeite and 10 mpodypoupa, Omote
OéAerte;

KotoloPaivere 011, €dv amocvpbeite, doev elvar avaykaio va ddoeTE
0TO1EGONTOTE EENYNGELS Y10 TNV OTOQUGT) TOL THPOUTE;

(TMo acBeveig) kataraPaivete O0T1, €dv amocvpbeite, dev Ba vdpEovv
EMNTMOGES 6TV TVYXOV Bepomeio mov maipvete 1 mov umopel va mapete
UEALOVTIKG

YOUQPOVEITE VO, CUUUETACYETE 6TO TPOYPUNLTL;

Me mo1dv vehBuvvo WwAncarte;

Enifeto: Ovopa:

Ynoypaon: Hupepopunvia
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ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypoappa épevvag

(Ta évtoma amotehovvTon Guvolikd amd 13 celideg)
Xvvroupog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakobd Mayvntikov Epebiopon

IHAHPO®DOPIEY T'TA AYOENEIX 1/kar EOEAONTEX

Tithog Nevpooamokatactaon Xpovieg Agaciog petd anoé Eykepaiko
‘Epevvag  Emeis6oro pe ™ ypfion Awokpoaviakov Mayvntikov Epebiopod

Kvuprog Aveotaociog M. I'ewpyiov, Y. Ap. Nevpoarokatdotaong
Epsovntic Teyxvoroyko Iavemotipmo Kvnpov
Tpqpo Emotnpov Atokatdotaong
Agpecdg, Kvnpog
Tniépovo Emxowmviag: 96 63 78 47
Email: anastasios.georgiou@cut.a.cy

Kvuprog Ap. Nikog Kovotavrivov, Exikovpog KaOnyntic
Enontng Teyvoroywko Iavemoripio Kvmpov
‘Epevvag Tpnqpo Emoempov Amokataotoong
Agpeoog, Kompog
Email: nikos.konstantinou@cut.ac.cy

YnevOvvn Ap. Mapio Kepravapov, Avarinpotpro Kadnyntpio
Hpoypappatog Teyxvoroyko Iavemotipio Kvmpov
Tuqpo Emotmypov Arokotdotaong
Agpeoog, Kompog
Email: maria.kambanaros@cut.ac.cy

Emyopiiynen .

INoti yiveton n épevvag

H emwowvovia sivor n onuavtikdtepn kavotnta mov £xel o dvOpomog. H wkavottd
pog outn  eivol oNUOVTIKA Yoo TV €maen pog pe dAlovg avlpomovg. Emiong, 1
emKowvoVia, pog mpoopépetl kain mowdtnta {onc. Eva eykepaiikd enelcdolo pmopet
VO TPOKOAEGEL amd NI £mG TOAD GoPapd TPOPANUOTH ETKOVOVINGS.

EniBeto: Ovopa:

Ymnoypaon: Huepopnvia
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ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypoappa épevvag

(Ta évtoma amotehovvTon Guvolikd amd 13 celideg)

Xvvroupog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakobd Mayvntikov Epebiopon

Oo Bélope vo cog TPOOKOAEGOVHE VO GUUUETAGYETE OTO TOPOV EPELYNTIKO
Tpoypoappo. O oKOTOG GVTOD TOV EPELVNTIKOV TPOYPAUUOTOS €ivor 1 HEAETN Kot
Katavonon tov mbovov OeTikdv emmtdoemv Tov  Atokpoaviokod Mayvntikol
Epebiopod ot veLPOAOYIKY] OMOKOTAGTOON EMIKTNTOV YAOCCIKOV EAAEYUUATOV
(Apooia) petd omd eyKe@UAMKO EMEIGOI0.

Ta amoteléopato ovtng g €pegvvag mbavév va cvopPdiovv otn Peitioon g
aloAdoynong ko Oepomevtikng moapéuPaocng achevov pe odeopa VELPOAOYIKE
npoPAnuata (7., EYKEQPOAMKO ETEIGOS10).

H ovppetoym cog oty épevva eivar eBelovtikn kot Oa Tpémel vor GOUUETAGYETE LOVO
€qv Kol epoOcovV €oglg To emBupeiTe. AKOUO KOl OV OTOPAGIGETE VO GUUUETACYETE
GTNV £PEVVA, UTOPEITE VO OTTOYWPNGETE VA TACO GTIYUN YOPIG EXMTOCELS.

[Ipwv amopacicete av BEAeTe va TApETE LEPOG GTNV £PELVA AVTY, EIVOL GNUOVTIKO VO
SPdoeTe TIG TOPOKAT® TANPOPOPIEG TPOGEKTIKA Ko va TIG cuintnoete pe Omolo
dAlo dtopo embupeite. Emiong, umopeite va amegvbuvbeite oe pog yio omoladnmote
amopio EYETE 1] KOL Y10 TEPOUTEP® TANPOPOPIES.

Enifeto: Ovopai:

Ymnoypaon: Hupepopnvia
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ENTYIIA YXYT'KATAGEXHZX yiwe copperoyii oc npéypappa épsovag

(Ta évtuma amotehovvTon GuVOAKE amd 13 celideg)

2Hvtopog Tithog tov Tpoypaupatog 610 0moio KOAEIGTE VO GUUUETAGYETE

Nevpoamokatdotacrn Xpoviag Apaciog petd amd Eykepolikd Eneicodto pe m gprion
Awokpoaviakobd Mayvnrtikod Epebiopon

INoti emAéyOnka vo cOPPETAGY® 6TV £PEVVA;

Eipon 18 — 75 gtv.

Eipor 0elioyepag (Bo ocog KAVOLUE KATMOEG EPMOTNOCELS YL VO TO
OLOTIGTAOGOVLLE).

H pntpuc pov yAdwooa eivar ta EAAnvia.

‘Exo mébet 1 povo eykepolkd otn Con pov o610 oplotepd nuoeeaipto (to

omoio £xel SloyvwoTel e aEOVIKN 1] LoyVNTIKTY TOUHOYPAPio EYKEPAAOD).
To eykepoiko 10 Emaba TOLAGYIGTOV TPV 6 OAOKANPOVG UNVEC.
To eyke@alkd pov TpokdAese Kamola ovammpioL.

‘Exo tpofAnua oy Ek@poct Tov Adyou.

To mpoPANUA pov oV £KEPacT ToL AdYoV gival Lo 1 HETPLo 1 coPapo.

Agv &yo coPapd TPOPANLA 6TV KATOVOTGN TOV AGYOV.

&\ vo Bedtiwbel 1 KoTAOTAGT [LOV.

Mov £yovv 600t capeic TPOPOPIKES KOl YPOUTTEG 00N YiES.

H xatdotaon g vyeiag pov givon otabepn.

AV £(® 10TOPIKO UE EMANTTIKEG KPIGELS, TPEMEL AVTEG VAL Eivo pLOGHEVES e
QOPUOKEVTIKN Oy®YN Kol Unv £(® mihel EMANTTIKY Kpiom yio TOLAQYIGTOV 2
YPOVIQL.

H @uown pov kotdotaot), Lov ETLTPETEL VO GUUUETAGY® GTNV EPELVOAL.

Agv £ym vonTikn vetépnon.

Agv €y Avota 1) KATolo GAAY VELPOLOYIKY] AGOEVELD EKTOG TOV EYKEPAAKOV.
Agv gipon xpNoTng VOPKOTIKOV OVGLOV.

O ywpodg mov pe mopakorlovbel cvotnuatikd emiPefordvel OTL pUmop®d va.
GUUUETAGY® TNV £PEVVOL.

Enifeto: Ovopa:

Ynoypaon: Huepopnvia
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ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypoappa épevvag

(Ta évtoma amotehovvTon Guvolikd amd 13 celideg)

Xvvroupog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakobd Mayvntikov Epebiopon

AEV TPETEL VO GOUUETAGH® OTNV EPEVVA ALV:

1.
2.

ISR

(o]

117

12.7

13.

14”7
15.7

16.”
17.
18.

19.

Ta EAAnvika dev glvot n untpikn| fLov yYAOGGa.

‘Exo miber meprocotepa amd 1 eykepolkd €melcOdl0. GTO  OPLOTEPO

NUoeaip1o.

‘Exo petoAlikd aviikeipeva 6to Ao, 6To HATL 1§ 6TO (AT LoV, GTO OVTL 1)

OTO OVTLA L0V, GTOV EYKEPAAD LOV 1 GTNV KOPSLA LLOV.

"Exo nAextpodio 6ToV €YKEPAAO LLOV.
Exo Opavopoto and ceaipa 6Tov Ao 1 6To KEQAAL LLOV.
‘Exo 101004l 610 Tpdc®mTo pe PETOAMKO LAKO 1| VAIKO Tov gival gvaicOnto

GE LOLyVITN).

Exo dAAo peTOAAMKA avTiKeipeva otnv Kopdld, 6Tov AALd 1 GTOV €YKEPAAO

LLov.

‘Exo coPapéc deppatikés BAAPES 6T0 KEPAAL.
‘Exyo pn eleyyoueveg emAnNmtikég Kpioelc.
."Exo kamowa GAAN vevporoykn mdOnon mov emnpedlet v Kivion Lov Kot TV

a1oONTIKOTNTA LoV (Yo Tapddelypa, GYKOG GTOV EYKEQPALO).

Exw coPapd mpoPAnuota oty kotavonon Tov AOYOv, OV UTOPOLV Vo
EMMPEACOVY TNV KOTOVONGN TOV TOPOVIOS KEWEVOD KOl TV 0ONYLDV Yo TNV
£pevva.

Exo cofopd mpoPAnuoa Opaocng 1M/Kol 0KONG MOV OEV POV EMITPEMEL TN
GUUUETOYN LOL GTNV £PELVAL.

Elya yvootikéc dtotapayés mpv and 10 eyKePAAKS (m.y. Sotapoyés WiunG,
STAPUYES EMKOVOVIOG)

Exo yoyrotpikn dtotapoyn, eKtog amd KatdbOAwym

Exo expulMotiky] (Tpoodevtiky)) vVELPOAOYIKY Otatapayn (Yoo TopAderypa
Avola, voco tov [Tapkiveov, ZkAnpovon katd [TAdkag).

Exw coBapd M tpécpato TpdPAnUa pe TV Kapdid Lov.

[Maoyw and kamowo cofapr| achévela (T.y. VOGO TV VEQPP®OV 1] TOL GLKMTLOV)
[Taipve @dppoka mov &xovv  EMOPACEIS OTOV  €YKEPOAO, €KTOG Ao
OVTIKOTOOMITTIKGL.

Xpetdlopon TapnyopnTikn epovida.

Enifeto: Ovopa:

Ymnoypaon: Huepopnvia
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ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypoappa épevvag

(Ta évtuma amotehovvTon Guvolkd amd 13 celideg)

Xvvroupog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakobd Mayvntikov Epebiopon

Ti 00 pov copPei av coppeTdoym Ty £pevva;
AV amo@ocicETE VO GUUUETAGYETE GTNV Epevva Ba cLUPOLV aVTA TOV AKOAOVOOVV.

1. Afyn lotopwkov & Xopniynon Epotnportoroyiov
Ba £pbel oe emagn pali oag évag amd tovg epevvntég (AoyomaBordyog). v mpdT
ocuvavinon pe tov AoyomaBoroyo, Ba cag {ntnbel va ddoete €vo Aemtopepés
16Top1Kd, T0 Oomoio Oa mepLAapPAveEL ONUOYPOPIKA GTOlKElD, 1OTPIKO 1GTOPIKO, TNV
TPEYOVOO KOTAGTAOY TG VYEING GOG, TN ¥PNOT POUPUAK®OV, TNV EKTOIOELON KoL TNV
eEMQyyEALATIKN oag amacyoAnon. H cuvavinon avt Oa dwopkécel mepimov 15 Aemtd.

2. Thooown A&oroynon — I'vootiki] ASoAdynon — A&oroynon
IowtnToeg Zong

Mo va éyovpe pior o OAOKANPOUEVN EKOVO TOV YAMGOIKOV KOl YVOOTIKOV GOG
de&lottev, KaBdg Kot Yo To Tog aglodoyeite v mototnta Long cog, Ba cag {ntnoel
va a&roroyndeite and Aoyomabordyo. H a&loddynon t@v yYA®GOIK®OV KOl YVOOTIKMOV
cag oeglomtav Ba yiver 2 gopég mpwv v Evapén g Bepameiog (12 pépeg mpwv ko 1
pépa mpv N Bepameia), apécm PETd TO MEPAG TOV OepAmEVTIKOD TPOYPAULATOG,
Ko Kot 2 uiveg PETA TV OAOKANpwo™n Tov mpoypdupatos. H agoddynon g
modttog (ong ocag Oa yiver 1 pépa mptv kou 2 unveg petd 1t Oepomeio. Kabe
ocvvavinon 0Oa dwpkécel mepimov 1 dpa ko 30 Aentd.Ta epyoreio mov Oa
ypnoorombovy etvon 7:

1. 210 mpidro gpyadeio Ba cag {ntndel va deiEete KAMOEG EIKOVEG,.
2. Xto doevtepo gpyadeio Oa cag {ntnoel va deifete kdmoleg AALEC EIKOVEG,.
3. Zto 1pito gpyareio Ba cag {nndel va
v" No anavinoete o€ S1AQopPES EPOTAGELS KAOMUEPIVAC PVONC.
v Na kdvete pio ehevbepn cvlinomn pe Tov eEETOOTH.
v' No meptyplyete KAmoleC EIKOVEG.
v" Na axovoete kamoteg AEeig kot vo deilete antéc Tig AéEelg o€ gikdveg mov O
c0¢ 00000v.
v" Na enavarafete kamoteg AEEEIS KOl TPOTACELS,
v" No k@vete aviyvoon.
4. Y10 4° gpyaieio Oa cog (ntnodei va katovoudoete KAmoleg elkOVEC.
5. 10 5° epyadeio 0o cag (ntnbel va tepryplyete pia eikovo
6. Zto 6° gpyokeio Oo cog (nndei va omovIAoETE HOVOAEKTIKA ©E KATOlE
EPWOTNGELS.
7. Xto 7° gpyodeio 0o cag (nnbel va oyedidoete Katt.
Enifeto: Ovopa:
Ymoypoopn: Hupepounvia
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ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypappa épevvag

(Ta évtoma amotehovvTon Guvolikd amd 13 celideg)

Xvvroupog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakobd Mayvntikov Epebiopon

Olec ot agoroynoelg Ba yivovv and AoyomaBordyo o omoiog eivor eyyeypappévog
otov XOvoeopo Aoyomabordymv Kompov. Oleg ov a&oroynoelg Ba yivouv gite oto
onitt cog, eite omnv «KAINIKH AIIOKATAXTAZHX tov TEITAK». Avtd Oa 10
ocvvanopaocioete pe tov AoyomabBordyo. Otr aEloloynoelg ovtég Oev  gvEYouv
Kwovvoug o t {on cog.

Ot a&lohoynoelg etvar ToAD ypoIeS Yol Ta amoteAécpatd Toug Oa pog dei&ovv av
Oepamcioc pe tov Awokpaviakd Mayvntikdé Epebiopd pmopei va PeAituvoer ta
TPOPANLATO ETKOVOVIOG TOV AVTILETOTILETE. ZVYKEKPIUEVAL:

- H mpdt o n devtepn a&oddynon (a&oroynoeig mpv ) Oepamneio) Oa avadeiEovv
T0 €l00¢ TOV TPOPANUATOV EMIKOWVOVIOG 7OV OvTIPHETONICETE, KAODG Ko ™
cofopdTNTA CVTOV TOV TPOPANUATOV.

-H tpim a&ordynon (1 pépa petd v oAokAnpmaon tov mpoypdupatoc) Oa deitetl av
vrdpyel Pedtioon oto TPOPANLATO EMKOWVOVING GOG APUECMS LETA TNV OAOKANPOO
TOV OEPATEVTIKOV TPOYPAULOTOC.

-H 1tpitm a&ordynon (2 uveg petd to téhog tng Bepamneiog) o deiel av vdpyet
BeAtioon TV emkotvoviak®V cog TpofAnudtov og Badog ypovov. Anraon Ba deifet
av 1 Bepaneio elvar amOTELEGUATIKN Y10, TOVAAYIGTOV 2 UNVEG.

Ola ta dedopéva mov Ba cuAleyBovv Ba puiaybovv e €dIKO Y®Po tov Tuuatog
Emomuov Amokatdotaong tov Texyvoroyikov Ilavemotnuiov Kbdmpov vmd v
kaBodnynon g Ap. Mapioc Kapmavapov. [IpdsPacn ota dedopéva Ba £xovv povo
0l EPELVNTEG TNG CLYKEKPLLEVNG EPELVOG :

-Avootdciog M. I'empyiov

-Niko¢ Kovotavtivov

-Kapmavapov Mapia

EniBeto: Ovopa:

Ymnoypaon: Huepopnvia
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ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypoappa épevvag

(Ta évtoma amotehovvTon Guvolikd amd 13 celideg)

Xvvroupog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakobd Mayvntikov Epebiopon

3. Mayvntwkn Topoypagio Eykepdiov

®a cag (et va emokepbeite 10 Alryvootikd Kévipo «IIpdyvmooigy otnv moAn g
AGpvoKag Yyl T GULAAOYN HOYVNTIKNG TOHOYPAPIOG TOL E€YKEQPAAOL GOGC. XTO
dyveoTtikd kévtpo Ba cag (noel va Eamhmdoete Yo mepinov 30 Aentd oto kpePdtt
Tov payvntikob topoypdoov (MRI) yio ovilioyn ekdévov ™G doung Kol Tng
Aertovpyiog Tov eykeeaiov cag. Oa cag {ntnbel va emokepbeite 10 doyvwOTIKO
Kévipo pia eopd mpv v Evapén g Bepamevtikng mapsupoonc, o opd apEsmg
petd v odokAnpwon g (10 pépeg petd v Tp®dTN GLAAOYN) Kol akOUN pia popd
aKOUa, 2 UNVEG LETA.

Ot eikdveg 1oV £yKe@AAOL Gag Ba uAayBovv oto Tuqua Emoetuov Amokatdotoong
tov Teyvohroykov IMavemotnuiov Kompov ved v kabodnynon tg Ap. Mapiog
Kopmavépov. O okomdg yio tov omoio Oa yivel 1 cuAhoyn ekdévov eyke@diov elval n
aviyvevon mOavav S10pop®dV 0T SOUN KOl 6T AEITOLPYIL TOV EYKEPAAOL GG AOY®
¢ Bepaneioc. g ek TOLTOL, 01 EIKOVEG AVTEG OEV UTOPOVV VAL YPTGLULOTOINO0VV Yia
S yvVOSTIKOOG 1 GALOVG KAIVIKOVG GKOTOVG APl LOVO Y10 GKOTTOVG UEAETNG THOVOV
aAlaydv TG oG (.. ney€0oug) kat TG AEITovpYiag ToL EYKEPAAOV GG, AOY® TNG
CLYKEKPLUEVNG BepameLTIKNG TapEpPaong.

H teyvikn g payvntikng topoypaeiog (MRI) elvon pia omd tig mo mponypéveg Kot
KOTOTOTMIOTIKEG OL0yVOOTIKES dtodkacies mov eivan drobéoiueg onuepa. To MRI eivan
poe 1éB0d0g amoKTNoNg €KOVOV TV dOUdV TTov PpIoKOVIOL OTO £0MTEPIKO TOV
OOUATOS GO, YPNOWOTOIOVIOG £vav UeYAAO upayvnmn kol padlokvpoto. Ag
ypnoonoovtay axtiveg X 1 aktivofolio yio T Ay TV eKOVaV. Qg dadikacia,
elval EVIEADG ovdOLVT Kol dEV VILAPYOLY YVOGTEC PAaPepéc TapevéPYELEG TG Ad T
xpNoN G- Avtd mov amateiton gival va mopapeivete akivntn/og mdve 6to kpePdtt
evo gloaote HEcO 0TOV UayVNTIKO TOROoYPaeo. Evd o topoypdeog Ba onpiovpyel tig
EIKOVEG TOL EYKEQAAOV GOg, Oa akovTe KAmow Pountd Kot duvatodg Nyovs. Avtd
glvol HEPOG TNG KOVOVIKNG AETOLPYIOG TOV TOHOYPAPOL Kol OEV TPEMEL VO GOG
avnoLvyet.

Enifeto: Ovopa:

Ymnoypaon: Huepopnvia

237



ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypoappa épevvag

(Ta évtoma amotehovvTon Guvolikd amd 13 celideg)

Xvvroupog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakobd Mayvntikov Epebiopon

AOY® ™G ¥PNONG PUSIOKVUATOV OO TOV LOyVITIKO TOHOYPAPO, GTOMO LE KOPILoKO
fNuatodoTn, KM avevpOGUATOS EYKEPAAOV, KOOMC KOl UETOAMKE EULPUVTELUATO 1)
GALEC NAEKTPIKES GLOKEVEG GTO GMLLO TOVGS, 08 Ba TPEMEL VAL E1GEPYOVTAL GTO OMUATIO
TOL HOYVNTIKOD TOHOYPAPOoL. Eivol onuovtikd vo eVNUEPDGETE TOVG EPEVLVITEG GTO
‘Eviuoro EAéyyov Acoadeiog Mayvntikov Topoypdeov av €xete omoladfmote omd
VTG TIG UETAAMKES GLOKEVEG GTO GOUO 60G. Emiong, dedopévou 0Tl 01 EMMTOGELG
™G HOyVNTIKNAG Topoypagiog oto EuPppvo  eivar dyvooteg, mopokoieiote vo
EVNUEPMOETE TOVG EPEVVNTEG GTO TNG TOPOVSUG £pEVVOG €AV glote £yKvOC | Vouilete
OTL pmopel va glote £yKvog.

4. Ogpamevtikn) IMopépfoon pe  Awkpoviexké MayvnTiko
Epebiopo

To Bepancvtikd mpodypappa Bo AdPer yopa otnv «KAINIKH ATIOKATAXTAZHXE
tov TEITAK». ®a cog {nmbel va ocvppetdoyete oe 10 cuveydueves muepNOIES
ovvedpieg ot omoieg Oa mepriapfavouv epebiopd Tov A0V TOV EYKEQPAAOV GaG (TOV
eEOTEPIKOD TUNUOTOC TOL £YKEPALOV Gac) pe TN xpnon AME. Kabe cuvedpio Oa Exet
owgpkela mepimov 25 Aemtd. Kotd tn dwdpkelo g Oepameiog, eoeig Bo eloaote
Eamlmpévog/n oe ol odovtiatpiky kapékia. H Bepamneia o apopd tov epebiopd
GLYKEKPLUEVOV TTEPLOYDV TOV EYKEPAAOL GOG, LLE U0 GEPA OO LLOyVITIKOVG TOALOVG
oL Toapdyovtol amd £vo povouévo mvio 1o omoio Oa tomoBeTnoovEe 6TO TPYYWTO
™G KEQOANG cag. Avtoi ot poyvntikoi maApol tagldedovy HEGHm TOL TPYYOTOV TNG
KEPUANG KOl TOL KPOVIOL GOGC TPOKAAMVTOS MAEKTPIKO PEVUO LUKPNG EVTOONS GTOV
(A0 TOL EYKEPAAOL GOC.

Eivar onpoavtikd va yvopilete 61t ot poyvntukol modpol pmopel vo TpoKaAEGOLV i
pikpn oicOnomn eAa@pol YTLTNUOTOS TAV® GTO TPYMTO NG KEPAANG Gag. Avtiy 1
aicOnomn cvvnBwg dev gival SLGAPESTN ALY LEPIKEG POPEC UTOPEL VO TPOKAAEGEL LiaL
evoymtikn aicOnon. Eivan onuovtikd vo yvopilete tog pmopeite ava mdoa otryun vo
{ntoete va oTapoTnosl 1 S10d1KaGio Kol Vo 0moympioeTe Ywpig va dtkatoAoyndeite
KOl e Kapioo GUVETELD.

Enifeto: Ovopa:

Ynoypaon: Hupepounvia
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ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypoappa épevvag

(Ta évtoma amotehovvTon Guvolikd amd 13 celideg)

Xvvroupog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakobd Mayvntikov Epebiopon

Onwc vrodniavel to 6vopa, o AME ypnowonotel poyvnrikd medio. Qg ek tovTtoL,
umopet vo. mpoPel emPAafng oe dropo oL EYOLV UETOAMKAE 1) MAEKTPOVIKA
EUOLTEDHOTA GTO OOMO TOLG. [lapaxkodeiote Vo EVNUEPDOETE TOVS EPELVNTEG
ONUEIDVOVTAS TIG amavTNGElS cag 010 'Evivno EAéyyov Acpaleiog, oe mepintmon mov
éxete kamowo amd avtd. Emiong, dedopévov 01t ot emmtmoelg g AME oto éufpvo
glval dyvooteg, cog cvpfovievovpe vo unv AdPete pépog oto meipapo edv elote
éykvog 1 vouilete mwg vmdpyer mepimtwon vo gicacte €ykvog. Emiong, oag
ovpPoviegvovpe va, unv AaPete PEPOC, av £xETE MEL OAKOOA TIG TEAEVTALEG 24 DPEC, OV
EXETE YPNOUOTOMGCEL VOPKOTIKG KATd TOV TeEAgvTaio puva 1 €dv dev eiyote évav
KOAO VITVO 10 PBPAdv TPV amd TO TEIPOALAL.

Yrnapyovv mapevépyereg amo Tig Oepoameiec;

[Mopéyovrog pa ocvveyn oepd poyvntikov epebiopdtov pe mm ypnon AME og
GUVIOUO YPOVIKO O14oTNUO, VLRAPYEL TOAD LIKPOG KIVOUVOG Y10, GLYKEKPIUEVEG
TOPEVEPYELEG. ZOUGOVO HE TNV EMOTNHOVIKN PiAloypagio dev vrapyel Kopio
poxporpoBeoun mapevépyela petd tn ypnon tov AME. Ilapdio mov otr mbavég
Tapevépyeleg eivol Mmieg Ko omdvieg, uelg o elpaote TOAM TPOGEKTIKOL KATO T
oe&aymyn g €pevvoc. Aniadt, otnv £pegvva B0l GLUUETACYOLV ATOMO YLl TO. OTTOiN
vroloyiletor 6Tt N TOAVOTNTA ERPAVIONG KATONG TOPEVEPYELNS Eivol TOAD yopumAr
¢og pnoapvil. Emiong, O6Aot ot epeguvntég eivol eKmOOELUEVOL Kol KATOYOL
duthopotog [pdtov Bonbeumv.

AteBvag &xovv avapepBel o eEng mapevépyeteg (netd and ypnon AME og vyteic kot
acOeveic GUUUETEXOVTEG):

-EMANTTIKY Kpiom

-NTa TOPOSIKY| EvPopia

-AOG TAPOOIKOG TOVOKEPAAOG

-NT0G TaPOdIKOHG TOVOG GE dOVTLNL

-TOPOOTKO LOVIAC AL 1] KOKKIVIGHLO TNV TTEPLOYT] OOV AKOVUTOVV TOL Y OVI]LOLTOL
-NIL TOPOJIKY] EVOYANOT OTA OVTIO AOY® BopLBOL TOL UNYOVALOTOS — Yo TNV
AVTILETOTION TOL BopLPov kdmolol acbevelg popdve MTOACTIOES KATA TN OLPKELN
g Oepoamcioc. Epeig Ba ypnopomomoovpe @To00mideg 68 OGOVG GUUUETEYOVTEG
Kkp10el amapaimro.

Etvon onuovtikd va yvopilete 6t 1 AME £€yetr ypnowomoinfel pe aocedielo to
tedevtaio tepimov 30 ypovia o y1Aades dTopa o€ OAO TOV KOGLO.

EniBeto: Ovopa:

Ymnoypaon: Huepopnvia
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ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypoappa épevvag

(Ta évtuma amotehovvTon GuVolkd amd 13 celideg)

Xvvrouog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakobd Mayvntikov Epebiopon

Ao 0PeAN0® amé TNV £pevva;

Agv €loTE VTOYPEDUEVOC/T] VO CUUUETACYETE GTNV EPELVA KOl 1| CUUUETOYN GOG OE
LTIV TNV UEAETT OEV GOG EYYVATOL AUEGH 1OTPIKA OQEAT OAAG OVTE KOl TO OTOKAELEL.
Yrapyovv diebveig peréteg mov Aéve 0TL vITdpyovy 0PEAN pe T Bepamneio pe AME yu
TPOPANUOATO EMKOWVOVIOG UETE amO EYKEPAUAKO EMEIGOI0. LVYKEKPIUEVO, LITAPYEL
mhavotTa vo BeATimbel ) emkovovia cog pHetd amd v oAoKANpwon g Bepaneiog.
[ToAAég d1ebveig Epevvec vtootnpilovv 0TL N amotelespoTKOTNTO TNG Bepaneiog sivar
EUQOVNG Y10 TOVAAYLOTOV 2 UNVEG UETA TNV OAOKANP®OON TNG. YTAPYOVV Kot PEAETES
HE TO OCOQY| OMOTEAEUCTO OVOQOPIKA pHe TN Pedtioon kobdG Kol Tn YPOVIKN
olapkela g Pertioonc.

Ot mAnpogopieg amd avtv Vv €pegvva pmopel oto péALOV va Pondncovv dAlovg
ouvavOp®OTOVE Hag oL avVTIHETOTILovV Tapopole mpoPAnuata pe cag. ‘Etot, ta
ATOTEAEGLATO TG TOPOVCOS EPEVVAG OVOUEVETOL VO, GUUPAAOVY GTNV ETIGTNLOVIKT
YVOON GYETIKG UE TNV VELPOAOYIKN OTOKATAGTOOT TPOPANUATOV EMIKOWVOVIOG GF
acBeveic mov €£yovv TaOEL EYKEPAAIKS EMEIGHO10.

I1ote 00 TEAELOGEL 1] OLUOIKAGIO TNG EPEVVAGC;
H épevva Ba teheidoel agod cog alloroynoet o AoyomabBoldyog 2 punqveg Hetd
Bepaneio cog.

Av BelMoete va otopatnoete T Oepaneio omoladNToTE GTIYUn, loacte ehevbepog/m
otapatinoete. H andpacn avt eival oefacti) and Toug epeuvnTéc Kat Oev emnpedlet
og kapia mepintwon tn oyéomn cog pali Toug Kot TV TolvTNTa TG Bepaneiog mov Ha
MaBete.

Ti 00 cvpPei peta;
Ba yivel avdAvon amoTeEAECUATMV A TOVG EPEVVNTEC.

Ti 0o yivel pe To amoteréiopata TNG £PEVVOG;

Mia ékBeon g épevvag Ba vroPAnbel yio onpocievon Kol To CTOTEAEGUATO TNG
épeuvag pmopel  emiong vo  YPNOLOTOMBOLV Yo EKTOIOELTIKOVG 1 GAAOLG
€PELVNTIKOVG 0KOTOVS. OpMGS, TO A TONIKA 60C 6TOLYELN 0€ 00 dNUOGIEVTOVY.

EniBeto: Ovopa:

Ymnoypaon: Huepopnvia
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ENTYIIA YXYI'KATAGEXHZY yw svpperoyi o mpoypoappa épevvag

(Ta évtuma amotelovvTon GuVOAKA amd 13 6elideC)

Xvvroupog Tithog Tov TIpoypdupatog 6to 0moio KoAEIoTE VO GUUUETACYETE

Nevpoanokatdotaon Xpoviag Agaciog petd and Eykepalikd Eneicodto pe  ypnon
Awokpaviakobd Mayvntikov Epebiopon

Iowog Oa £xer tpocPacn ota amoTELEOROTAS
Oleg or minpoopieg mov Ba cuAdeyBobv Bo mapaUEIVOVY VOTNPDG EUTICTEVTIKES
Kol Lovo ot gpeuvntég Ba £xovv mpdoPoaocn oTig TANPOPOpPIEC.

Ao TV apyn TG Epevvos o€ Kabévay amd Toug cuppetéyovteg Oa avtiotolyel £vag
ap1Buog o omoiog Ba ypnoyonoteital oe OA T LETEMELTO amodnKevuEVaL apyeio.

Aoy olorkinpwbei n épevva, Ta Evruma apyeia Bo uAayBovv 6g £va VIOLAATL Yo 5
xpOvVia. Metd and 5 ypovia Ok ta dedopéva Ba Kataotpagpovv. Ilpdsfacn ota
dgdopéva Ba Exouv LOVO 01 KUPLOL EPEVVITEC.

Ao TANPOOO Y10 VO GUPPETAGY® GTIV £PEVVU;
Oy

H épevva el eykprOel amd Kamowov opyoaviopo;
H épevva avt éxer allohoynbel ko €xer eykpidel and v EOvikq Emtponn
Bion0wmg Kdmpov, pe apbpd: EEBK/EI2017/37

AMLEC ONUAVTIKES TANPOPOPIES:

-Edv embBopeite va ovppetdoyete, UTOpeite vo amoympnoete amd TNV EPEVLVO avd
TAGo GTUYUN Y0pic Kapia enintwon.
-Edv embopeite va ocoppetdoyete Bo mpénel va otapatnoste T AoyoOdepomeia, TN
gpyolepameio Kol TN QuokoOepameia péypPL TNV OLOKANPMOGT TOV TPOYPANUATOS
(mepimov 3 pveg).
-To ovykexkpyévo ‘Evromo ZvykatdBeong kon to ‘Evivmo EAéyyov Acpaleiog mov Oa
TPENEL VO GUUTANPDOGETE, £xovv eAeyyxBel kau eykpBel and v Kvumprakny E6vikn
Emitpomni Bionbwme.
-Edv emBopeite va ekppdoete [le OTOOVOINTOTE TPOTO AVAOVULLLO ) ETMVVLLO TO, GYOAL0L
N TAPATOVE GOG Y10 TN GUYKEKPLUEVT] EPELVAL LUTTOPEITE VO ETIKOIVMOVICETE PE TNV EENG
ave&aptnTn apyn:

Ap. Xaparopmog XpvoocsTopov

Ipoiotapevog Yanpeosiog Epgovag kot ArgBvovg Xvvepyaociog

Teyvoroywko Mavemoripio Kompov

Tnrépmvo: +357 25 002562

Hlektpoviko Tayvdpopeio (email): c.chrisostomou@cut.ac.cy

EniBeto: Ovopa:

Ymoypoopn: Hupepounvia
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Appendix 8

Guiding Questions for Selecting Outcome Measures (Coster, 2013)
Greek BDAE-SF: Boston Diagnostic Aphasia Examination-Short Form; PPVT-F: Peabody Picture Vocabulary Test—-Revised, GOAT: Greek Object and
Action Test; MAIN: Multilingual Assessment Instrument for Narrative; Raven’s Test; SAQOI-39: Stroke and Aphasia Quality of Life Scale-39 item

(SAQOL-39)
Tools

Raven's
What: Specification of the construct Greek BDA-SF | PPVT-R | GOAT | MAIN Test SAQOL-39g
1. Is there a well-specified explanatory model showing
how the intervention links to the outcome of interest? Yes Yes Yes Yes No No
2. Have the most relevant dimensions or aspects of
the outcome been specified clearly? Yes Yes Yes Yes Yes Yes

Raven's
How: Rationale for selecting the measure Greek BDA-SF | PPVT-R | GOAT | MAIN Test SAQOL-39g
1. Does the measurement construct of the instrument
match the study’s target outcome (as specified by the model)? Yes Yes Yes Yes Yes No
2. Does the instrument address the relevant domains
of greatest importance? Yes Yes Yes Yes Yes No
3. Do the items sample the domain at the desired
or appropriate level of specificity? Yes Yes Yes Yes Yes Yes/No
4. Are the items well suited to the characteristics
of the population (i.e., are they free from bias)? Yes Yes Yes Yes Yes Yes
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5. Does the measurement dimension reflect the

type of change expected from the intervention? Yes Yes Yes Yes Yes No

6. Do points on the scale match the degrees of

variation expected in the sample? Yes Yes Yes Yes Yes Yes

7. Are item and scale wording appropriate

(i.e., meaningful, understandable) for this population? Yes Yes Yes Yes Yes Yes/No

8. Does evidence exist that the measure is

sensitive to degrees of change expected in this population? Yes Yes Yes Yes Yes Yes

9. Does evidence exist supporting the ability

of the measure to identify meaningful change? Yes Yes Yes Yes Yes Yes

Who: Determination of the most appropriate Raven's

source of outcome information Greek BDA-SF | PPVT-R | GOAT | MAIN Test SAQOL-39g

1. Do the potential providers of outcome information

(e.g., professional, caregiver) match the qualifications

criteria of the instrument being considered? Yes Yes Yes Yes Yes Yes

2. If someone other than a professional will be the respondent, is it probable that

the respondent will be able to complete the assessment (i.e., has the necessary

sensory, literacy, cognitive, physical, and communication abilities?) Yes Yes Yes Yes Yes Yer/No

3. Can the measure be adapted if needed to accommodate functional limitations

of the respondent? No No No No No Yes

4. Will the identified respondents be available throughout the

study period (i.e., for all measurement points)? Yes Yes Yes Yes Yes Yes
Raven's

When: Determination of when outcomes should be measured Greek BDA-SF | PPVT-R | GOAT | MAIN Test SAQOL-39g

1. Does the length of time between assessments match the

time period over which this instrument is likely to show effects? Yes Yes Yes Yes Yes Yes
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2. Can the measure be administered as often as required
by the study design?

Yes

Yes

Yes

Yes

Yes

Yes
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Appendix 9

Speech & Language History Form

[Mopakodd cOUTANPOCTE TO AKOAOLOO EPMTNUATOAOY1O:

BIOTPA®IKA XTOIXEIA:

Ovopa: Enifero:
AebBvvon;:
Emapyio:
TnAépmvo: Kwnto
Email:

Huepounvia I'evvioemc: HAwucio:

Tomog yevvnoeme:

Moppotikd eninedo (Anpotikd, 'vpvdcio, Adkelo, Avotdtn Xyoin
KAT):
Endyyeipo:

Mn1pikn YA®ooo.: AA\eC YADGOEC:

[MopanépmeTon omd:

Adyog mapomounng:

IATPIKO IXTOPIKO:

latpikr| Adyvoon kot nUeEPOUNVia ETELG0Oi0V:
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INUEIDGTE O,TL OPOPAL:

0 Kapdiokn avokonn Kapkivog Nonrtwkn
Yotépnon
0 AppuBuiec xapdiog Kapxivog 2y1oTio VTEPDOOG
KEQUANG/AQLLOV
0 Yméptoon "‘Epmn {owotpa Xpovia
KPVOAOYNLLOTOL
0 Awpnmg Bpoyyitida [Mopdivon 1
TOPEOT
TPOGMOTLKOV
vELPOL
0 Avyyeloxo £yKeQUAMKO Xpovia Poyoroyud
eneicooo (AEE) ATOQPAKTIKY 0épota/Bépata
[TvevpovomdBet YUYIKTG LYEilOg
o (XAID)
0 Xpoévia Aopoyyitidon Iypopitida [MoAamin
YKApvvon
0 Taotpo-olcopaykn Ovpotioon Noécog tov
naAvdpouncn (I'OIT) Huntington’s 7
tov Parkinson’s
0 Qrtitdeg [Tvevpovia Ofnato eavNnong
N aAdayég
pdVNONG
0 Mnviyyitida Acbua [MoAvmodeg 1
QoVNTIKA 0lid10
0 Eminmrtikéc kpioelg - [TaOnon Alepyleg
OTOGUOL BOupeoe1dong
0 Kpavioeykepalikn Apbpitioa Eykepalikn
Kékmon (KEK) nopdAvon
0 Nevporoywn mdonon Bapnkoia / Noéoog tov
Kaogwon Alzheimer’s
0 T'evetikn Avowr Avtiopnog I'evetko
XOvdpopo

Yrdpyovv dArha TpoPARLATO TEPAV OGOV OVOPEPOVTOL O TAV®;

NEYPOAOTI'TKH EEETAXH: Eletdoeig mov £xovv yivel otov acBevn: (onUEIDOTE

ne v ot appdler)

o Alovikn Topoypagio — Atdyvoon / Amoterécpata:
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e  Mayvntikr Topoypagia - Awdyvoor / Arotedéopata

o Hiextpoeykeparoypaonuo — Atdyveoon / Aroteléopata:

e Ayyeloypapio — Atdyvoor / Arotehécpato:

e Alec Eéetdosic:

Nevpolroyikn Avgyvoon:

ITAnpoopicc yia TVYOV EYYEPIGELS TOV £YIVOV:

AxoAovBel kdmolo QUPUAKEVTIKY 0y®yr; Not Op , ebv No, mopokadd
ONUEDOTE GVOLO Kot 00GOAOYIO POPUAKOV:

Kwntikég Avokoriss: (onueidote pe v 0t oppolel)

Huutdnyio - Ag&ia  Aplotepd
Autinyio — Aveo akpa  Kdato dkpo

Terpaminyia, €idog

Tirota amd Ta Tapamdve
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Xpnowponotel kamoto and ta akdAovbo fondnuara;
TpoyokdOiopo

Bononuo Badiong (w.y. walking frame (mv), rollator)
Mnactoovi
Alro Bonnua
Ag ypnowonotel
Mmnopei va avefoxateBaivel okaAld 1 okdAeg; Nat

0]

OO0O0oOo

Ae&loyelpag  Aplotepoyelpog
0 Empatéotepo xEpt yia TV TAEOYN QLo THG OIKOYEVELNG:

Oon

‘ IXTOPIKO AOTI'OY / OMIAIAX (onueidote pe v otnv 6THAN oL appolet)

2OUTTOMO

ITotg

Kdamrorte

Xoyva

AvoKoAia EKQPaoNg OKEYEDV

AvokoAia va yivel kotovontdg amd dAAOVG

Avckolio va katoddpet Tt Tov Aéve ot dAlot

Avokolia [Tpocavatoiicpod/Mviung

Avckolio oty EniAvon tpofinudtov

Avckolia oty Eotiaon /Ilpocoyn

Avokohiec Avayvoong/T paenic

Avckolio otnv E&evpeon AéLewv

AvokoAia va mopapeivel oe Eva BEpa Katd ™
duapkela suinTnong

Avckolio otn pomn G opuAiag (TPoVAGHOG)

Avckolio 6To va akoAovBd 0dnyieg

2TOPATOTPOCOTMIKES advVapieg (advvayptia,
OVOKOAID GLVTOVIGHOD YADGGOGS, LLOYOUA®YV,
YEWMDV, KAT.)

Avckolieg pmvnong

Avckolia KoTdmoong
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[Mapovcialer mpdPAnua katdmoons; Nar (0%
Inueinote 0,11 apuolet:

0 Tpépetar and 10 oTONA

0 Tpépetar pe pvoyaoTpikd GOAVA

0 Tpépetar pe yaotpoostopia

Tpdmog mapovcag enkovoVIag:

o

O 00O

[Ipopopuca

Nonuorta / yeypovopieg

I'pagn

EvoAlaxtikdg TpOTOC emtkovmviog (.. NAEKTPOVIKT] GLGKELT])
AAlo

AlAeg SLGKOAIEG Ao TIC TPOAVAPEPOEVTES:

Alda Oépora:

[Mopovoidlel mpofAnpata 6paong; Nar Oy, edv Now, mote dpyoav;

®opei yvold; Nar O

Edv éxet Bapnroia, pépel akovotiko Bondnua; Nat Op  ,ebv Ny, og
TO10 OVTL;
Dopdet texvnt) odovrootoryio; Nan O , €av N, TopoKaA® Teptypoyte

Ymhpyet KAmolog AGAALOG GTNV OIKOYEVELN LLE TOPOUOL 1 TOL 1010 TPOPANATAL

Eénynote

[Mopovoidlel mpofAnpata pe tovvmvo; Noav _ Op

Kdanviopo kot aAKoOA:
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Mo TEPITTAOOELS EMIKTNTOV VEVPOLOYIKAV OLATAPAYADV (TT.). OYYELUKE
EYKEPUMKA EMELGOOL0, KPUVIOEYKEPUAMKES KAKADGELS, KATT) TOPUKUALD
ONUELDOCTE:

o TIpopAquata vysiog mpv v eyKe@aitkn BAGPN:

e TlpofAquata Adyov Kot opuAiag Tpwv v PAGPT), TOPAKOAD OVOQEPATE:

[TapaxorovBeito amd kdmolov €101kd; Nat Onpn , v Nan, mopaKoi®
AVOPEPATE TN XPOVIKN SLAPKELN KOL TO, ATOTEAECLLATO TG TAPEUPOONG:

Fevicn Zopmeprpopd AcOeviy:
o TIpw v gykepoikn BAGPN

o  Metd TV YKEQOUAMKN
BAGPn:

o ['evikég mapotnpnoels:

OIKOI'ENEIAKO/ KOINQNIKO IXTOPIKO

e  OwoyeveloKr KOTAGTOON:
0 Avyoapog/m o Mavtpepévog/n
0 Xopopévog/m o yMpoc/yMmpo

e  Ovopa Zvliyov:

e Tomog mapovong Stopovig:
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o Jlowdwd:

ONOMATA

HAIKIEX

o  Towpwn emayyeAlotiky omacyoAnon:

o Yvveyilete va gpydleote; Now Oy, €bv Nau,

0 Tithog epyaciog:

0 Epyodotg:

o AxolovBei éva efdopadiaio Tpdypappo BepATEIDOV 1}/KOL OPUAGTNPLOTHTMV

OmMG :

o Ayamnpéveg acyorieg (youmt)

[Mopakodd oNUEIDOTE 0TOIEGONTOTE AAAEG TANPOPOPIES Ol OToieg ToTEVETE OTL OO

glvan ypNoLueg:
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To epoUATOAOYI0 AVTO CLUTANPOONKE oo :

Ovopa : (oyxéon pe 10 atopo:

Ynoypoon :

Hpepopnvia :

INo Tavemotnuokn yprion povo:
Ovopoa AoyoraBordyov:
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Appendix 10

Face Sheet

®viro [Tinpogoprodv

(O1 karwbr TAnpopopies eivou gumioTevTiKéS Kot og Ba korvomornBobv)

lio  kafguua  omd TS TOPOKOT® — EPOTHOELS, TOPOKOAD  KOKADGTE __THV
OTAVTNON/OTOVINOEIS TOV 00¢ ToIplalovy kaAvtepa. 2t epwthioelrs 2 & 3
OOUTANPOOTE TIG KATOAANAES QTOVTHOELG.

1. ®vrho: Appev O\
2. Hpepopnvia I'évwnong:
3. Xpoévwa Exnaidsvong:

4. To 1° gyke@oulké to imadao:
A) 1-6 unveg mpv

B) 7-11 pnveg mpv

I') 12-23 pnqveg mpv

A) 2 ypovia tptv

E) 3-5 ypovia mpv

2T) 6-8 ypévia Tpv

7) mep1ocotEPO amd 9 ypdvia TPy

5. To tehevtaio eyke@aMKO 10 £maba:
A)’Enafo pévo 1 eyxepoaikod otn (on pov
B) 1-6 punqveg mpv

I') 7-11 pnveg mpwv

A) 12-23 pniveg mpv

E) 2 ypovia mpv

>T) 3-5 ypévia mpiv

7) 6-8 ypovia Tpv

H) neprocotepo and 9 ypdévia mpiv

6. AoyoOgpameio ékava yro:
1-11 piveg 12 xpovie  3-5 ypévia v TV 6 ypdvov
Agv ékava moté AoyoBepaneio  Kévo axopa AoyoBepamneio

7. Tehevtaia gopd émabo eminmTiK) Kpion wpv oml:
1-11 pqveg 1-2 ypovia  3-5 ypoviae  Gvo TV 6 xpovov
Agv énaba moté eminnriky kpion  IMoBaive akdpo emnntikég kpioelg
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8. Televtaio gopa mpa ay®yn Yo EMANYio TPV 0To:
1-11 piveg 12 yxpovie  3-5ypévia v TV 6 ypdvov
[Maipve axdpa aymyn yio Ty emanyio
Agv mpa TOTE aywyn Yo EmANyio

Aniadve ot1 o1 TApopopics mov divoviol ato Tapov eivor oinbeis ko opbeg.

Huepounvia:
Ovouarerawvouo:

Yroypogpn:
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Appendix 11

Screening for TMS eligibility

ENTYIIO ANIXNEYTIKOY EAET'XOY I'TA
ATAKPANIAKO MATI'NHTIKO EPEOIXMO (AME)

[Mopaxdatw eivor Eva epoTNUOTOAGYIO0 IOV YpMoipomoteitat Yo vo kabopicel av ot
mBavol cuppetéyoveg ivar kotdAiniot yio AME.

ITAPAKAAQ XYMITAHPQXTE TO TAPAKATQ ENTYIO:

Anpoypagikd Xroyeio
HUEP. YEVVNONG: e
TOMOG YEVVNONG: e
Mntpn/ég yYAdooo/ec: EAAnvikn AN
(OVOLLAGTE TNV AAAT] YADGGO) .eonvveenrieereenreenireereenereeneeeseesnreeseessneeseas

Mopowon: Anpotikd / T'vpvdoio / Adkelo / KoAréyo /
[Tovemomuo / Metantuytokd / AtdaKtopiko
ARKO: ettt

ETQyyehllor

AEOBUVON:

TNA. EMKOWOVIOG: e

Ynoypoer) Zoppuetéyovio Huepounvia

Yroypapn Mdptopa Hpepopnvia
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ONOMA AXOENOYZX 1j/kor EGEAONTH:
Hopokoi® onper@oTte 0,11 LoYOEL:

Nevporoywn 1 Poylatpikn dtatapayn NAI OXI
Tpadpo 610 KEPOAL NAI OXI
Eyxepolod ene160010 NAI OXI
Xepovpyikn enépPaon 6tov eYKEQOAO NAI OXI
MEéETaAlo 1) HeTaAAMKA prvicpota 6To Kpavio 1 oto LdTio NAI OXI
Eyxepaiikn BAGSN NAI OXI
Bnuoatoodt NAI OXI
Iotopikd e Gmacovs 1)/Kot EMANTTIKEG KPIGELS NAI OXI
Ooyevelokd 16TOPIKO EMEICOJIMV EMANYING NAI OXI
Epoutevpéveg nhektpovikég cuokevég (.. KoyMako NAI OXI
EUQVTELUAL)

Evdokpoaviakés ypoppég NAI OXI
XxApovon kotd [TAdkog NAI OXI
KatdOlnyn NAI OXI
Oepaneio pe AvtikotaOlmtikd (.. APTpuTTiAnvn, NAI OXI
AAoTEPIOOAN)

Epguteopévn avtiio Tapoyns @opUoKELTIKAG 0y®YNS NAI OXI
Evdokpaviokn ndOnon NAI OXI
Alpop6g (Aevkomadeia) NAI OXI
‘Evtovo dyyoc/avnovuyia NAI OXI
Kvogpopovoa avtr tnv tepiodo NAI OXI
Xpbviot TovokEParot NAI OXI
Yoyvég Taoelc Amobupiog NAI OXI
‘Exete mel ahkoOA Ti¢ Tehevtaieg 24 dpeg; NAI OXI
‘Exete kdvel yprion VOPKOTIKOV OVGLOV TOV TEAELTOLO0 UV NAI OXI
Elyote tcavomomntiko Ppadivd vvo 1o Bpadv tpv to meipapa; NAI OXI

Anhdve vrevBova 0Tt OAEC Ol TANPOPOPIEC OV TOPEXOVTOL GTO TAPAV EVTIVLTO

eréyyov AME givan aAnBeic ko mAnpelg and kdbe dmoym.

Ynoypoer) Zoppuetéyovio Huepounvia

Ymoypapn Mdprtvpa

Hupepopnvia
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Appendix 13

Handedness Inventory

Epotnpatoroyro yio tnv Agtoysipio — Aprotepoyerpia
(Xovropn 'Exdoon)

Hupepopnvia:

dovro:

[TopaxoaAd vo pog vTodei&ete mo1o YEPL YPNOUYLOTOIOVCATE Y10, TIG TOUPUKATM
OpaCTNPLOTNTEG N AVTIKEILEVO TTPLV TO EYKEPAAIKO:

IHavra o€l

Yovi0mg o0&l

Ko ta évo

Yovi0mg
apLoTEPO

Ilavta aprotepd

Ipagn

[étaypa
Throwing

Odovropovptoa
Toothbrush

Kovtam
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