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Abstract

Background and Purpose: Stroke is one of the dominant causes of death and adult disability in the world. There is a need for
novel therapeutic approaches to improve functional recovery and outcome after stroke, and experimental studies have shown
that stem cell-based therapies (SCT) hold much potential in this regard. This thesis, comprising 5 papers, aims to explore and
describe clinical symptoms, lesion appearance, and outcome after stroke to provide guidance and enhance possibilities for future
clinical implementation of SCT.

Methods: In Paper |, a consecutive series of first-ever ischemic stroke patients (n=108) were examined 04 days of stroke onset
regarding: (i) neuroradiological characteristics, and (ii) stroke severity measured with National Institutes of Health Stroke Scale
(NIHSS). In Papers Il and V, available survivors (n=84) from Paper | were assessed after 3-5 years regarding: (i) the frequency
and recovery of upper extremity motor impairment (UEMI) measured with NIHSS arm and hand motor items; ii) the relation of
UEMI to activity limitations measured with modifed Rankin Scale (mRS) and participation restrictions evaluated with Stroke
Impact Scale (SIS); and iii) their knowledge and attitude about SCT using a questionnaire on SCT for stroke. In Papers Il and IV,
10-year survivors (n=145) from a population-based group of 416 first-ever stroke patients in the Lund Stroke Register were
assessed regarding: (i) functional status measured with mRS and Barthel Index (BI); (i) patient-reported outcome using the
European Quality of Life-5 Dimensions (EQ-5D) and Short-Form 36 Health Survey (SF-36), and iii) cognitive function using Mini-
Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA), including comparisons with age- and sex-
matched non-stroke control persons (n=354) from the population study Gott Aldrande i Skéne.

Results: In Paper |, the distance between the nearest margin of the infarct(s) to the subventricular zone (a known neurogenic
area in the brain) was 0-2 mm in 51/102 patients with visible ischemic lesions on DW-MRI. Only 8 patients had infarcts
predominantly confined to striatum (a commonly used lesion site in pre-clinical stroke studies with SCT), causing mild deficits
with a median NIHSS of 3 (range 1-5). In Paper II, 56 (52%) of the stroke patients had UEMI (NIHSS arm/hand score 01) in the
first days after stroke onset. Morever, 10/41 stroke survivors with UEMI at baseline and without recurrent stroke displayed
residual UEMI after 3-5 years, whereas 31/41 individuals showed complete recovery. Post-stroke UEMI correlated to mRS
(rs=0.49, p<0.001) and the SIS participation domain (rs=-0.38, p=0.001). In Paper Ill, 103 (71%) of the 10-year stroke survivors
had mRS02, 106 (73%) had a Bl score of 95-100, 105 (72%) reported no problems with self-care according to EQ-5D, and 90
(62%) had positive views about their general health status according to SF-36. In Paper IV, 75 (61%) out of 122 stroke survivors
who completed the MoCA had a score of MOCA<25. The odds of having severe cognitive impairment (MMSE<23) were higher
among stroke survivors than the controls (education-adjusted OR 2.48; 95% CI: 1.34-4.59; p=0.004). In Paper V, only 10 (12%)
of the stroke survivors had prior knowledge of SCT, but 53 (63%) of the participants expressed positive attitudes towards SCT
after having received standardized and neutral written information. Positive attitudes to SCT were associated with male gender
(crude OR 3.74; 95% CI: 1.45-9.61; p=0.006) and higher degree of self-perceived stroke recovery according to the SIS (crude
OR 1.02; 95% CI: 1.00-1.04; p=0.034).

Conclusions: Optimized endogenous neurogenesis may have a therapeutic potential, and striatum should probably not be the
primary target for SCT aiming for neuronal replacement. SCT targeting post-stroke UEMI may be clinically valuable, and UEMI
recovery may be a suitable outcome in later-phase pivotal stroke trials studying the efficacy of SCT. A majority of long-term
stroke survivors have a relatively good prognosis accompanied by positive self-perceptions about their health, and would
probably not have been in need of SCT to improve functional outcome. However, early prognostic assessments are needed to
detect stroke patients with poor expected functional recovery and outcome where SCT may be beneficial. Cognitive impairment
is common among long-term stroke survivors and should be taken into account both in pre-clinical studies and in future clinical
trials with SCT. Targeted patient information on SCT for stroke may be valuable to facilitate recruitment to clinical trials and
reduce risks of selection bias.
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Introduction

Stroke is a major worldwide health problem, constituting the second most common
cause of death and one of the dominant causes of adult disability [1,2]. Despite the
major advances that have been made in the stroke field over the past decades [3],
still a large proportion of stroke survivors have lasting functional disabilities and
dependency in daily activities [4], as well as lowered health-related quality of life
(HRQoL) [5].

Multiple brain recovery mechanisms are initiated after stroke, and most patients
exhibit some degree of spontaneous recovery [6,7]. Nevertheless, these brain
recovery mechanisms are generally insufficient and recovery is often incomplete
[6,7]. Consequently, there is a great need for not only effective rehabilitative
interventions, but also new therapeutic approaches to improve functional recovery
and outcome after stroke.

There are currently many recovery promoting therapeutic approaches being under
study [3,7]. One such example is stem cell-based therapies (SCT), which hold much
potential as a novel approach to improve functional recovery and outcome after
stroke, and numerous pre-clinical studies in animal stroke models have showed
promising results [8-11]. Moreover, several clinical stroke studies with SCT are
ongoing, mostly testing safety in limited number of patients [8,9,12,13]. However,
the efficacy of SCT for stroke remains to be demonstrated in later-phase pivotal
trials, and several issues remain to be addressed before SCT can be translated into
effective clinical treatments [9,10,14].

This thesis explores lesion appearance, clinical symptoms and outcome after stroke,
both from a general perspective and with the specific aim to provide guidance and
enhance possibilities for the clinical implementation of SCT intended to improve
post-stroke functional recovery and outcome.
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Stroke — Definitions and Terminology

Stroke is defined by the World Health Organization (WHO) criteria that were
introduced in the 1970s, as: “rapidly developing clinical signs of focal (at times
global) disturbance of cerebral function, lasting more than 24 h or leading to death,
with no apparent cause other than of vascular origin” [15].

Accordingly, stroke is a clinical diagnosis based on the acute onset of neurological
symptoms lasting longer than 24 hours (or leading to death) due to focal brain injury
that can be ascribed to a vascular cause including cerebral infarction (CI),
intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH). The term “at
times global” was included to denote cases with deep coma or SAH without focal
neurological symptoms [15,16]. Traumatic intracranial hemorrhage is not included
in the definition, neither is transient ischemic attack (T1A). TIAs have classically
been described as: “episodes of temporary and focal cerebral dysfunction of
vascular origin, rapid in onset (no symptoms to maximal symptoms in less than five
minutes and usually less than a minute), which are variable in duration, commonly
lasting from 2 to 15 minutes but occasionally lasting as long as a day (24 hours)”
[17].

By these definitions, the 24-hour limit of symptom duration distinguishes TIA from
stroke. However, it has been suggested that the WHO criteria need to be revised and
updated, as e.g. advances in neuroimaging have demonstrated that many patients
with TIA (symptoms lasting less than 24 hours) indeed develop brain infarctions
[18]. On the other hand, in some patients with stroke (symptoms lasting more than
24 hours) no infarctions can be visualized on neuroimaging [19]. The American
Heart Association/American Stroke Association has recently published an expert
consensus document suggesting an updated definition of stroke, based primarily on
pathological and imaging findings, and secondarily on symptom duration and signs
[20]. Nevertheless, the WHO stroke criteria are still widely in use today.

Stroke is commonly classified into two main pathological subtypes, comprising
ischemic stroke (C1) and hemorrhagic stroke (ICH and SAH). Ischemic stroke is the
most prevalent pathological subtype in the world, and constitutes approximately
85% of all stroke cases in developed countries [21]. Correspondingly, the
proportional frequency of hemorrhagic stroke is roughly 15% in developed
countries (10% ICH and 5% SAH) [21].

As ischemic stroke is the dominant main pathological subtype, the core focus of this
thesis is on ischemic stroke.
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Burden of Stroke

Incidence and Prevalence

The Global Burden of Disease (GBD) study estimated that there were 10.3 million
individuals in the world with new strokes in 2013 (67% ischemic stroke) [22,23].
The age-adjusted global incidence rate of stroke has been estimated at 258 (95% CI:
234-284) cases per 100 000 person-years in individuals of all ages [24]. Moreover,
the incidence rate of stroke increases sharply with advancing age. In developed
countries, the age-adjusted stroke incidence rate among individuals younger than 75
years is 139 (95% CI: 131-148) cases per 100 000 person-years [24]. The
corresponding rate in persons older than 75 years is 2724 (95% CI: 2554-2900)
cases per 100 000 person-years [24]. There is also a considerable geographic
variation in the world regarding the stroke incidence, as illustrated in Figure 1.

Incidence
<1349
[1134.9-1797

[1179:8-2161
[1216-2-251-8
B 251:9-3363
I -3363

Figure 1.

Age-standardized incidence rates of stroke per 100 000 person-years in various regions of the world in 2010.
Reprinted from The Lancet, Vol. 383, Feigin et al., Global and regional burden of stroke during 1990-2010: findings
from the Global Burden of Disease Study 2010, pp. 245-255, Copyright (2014), with permission from Elsevier.

According to the GBD study estimates, there are over 25 million stroke survivors in
the world (71% ischemic stroke), and the global stroke prevalence is estimated at
502 (95% CI: 451-572) cases per 100 000 people of all ages [22,24].

In Sweden, there are roughly 30 000 first-ever stroke cases every year [25]. The age-
adjusted (to the European population) stroke incidence rate in Sweden has been
estimated between 144 (95% CI: 130-158) and 254 (95% CI: 227-284) cases per
100 000 person-years in individuals of all ages [26,27].
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Mortality and Disability-Adjusted Life Years

Stroke is the second most common cause of death in the world, and one of the
leading causes of disability in adults [1,2]. Nearly 6.5 million deaths (51% ischemic
stroke) and 113 million disability-adjusted life years (DALYS) were caused by
stroke in 2013 (58% ischemic stroke) [22]. The age-adjusted global mortality rate
of stroke has been estimated at 88 (95% CI: 80-94) cases per 100 000 person-years
among individuals of all ages [24], and stroke-related DALYs in the world amount
to 1554 (95% CI: 1374-1642) per 100 000 people [24].

Epidemiological Trends

Although the worldwide incidence and mortality rates of stroke have decreased over
the past decades (1990-2013), a substantial increase in the absolute number of
incident and prevalent cases with stroke has been observed [22,23]. This increase of
the global stroke burden in absolute terms has mainly been attributed to the aging
and growth of populations [28].

Furthermore, the global burden of stroke-related deaths and DALYS as a proportion
of the overall burden of all diseases has increased by 20-25% between 1990 and
2013 [23]. Figure 2 displays the proportional burden of stroke in relation to the
burden of all health conditions.

Proportional contribution (%)
Proportional contribution (%)

0
DALYs Deaths DALYs Deaths

Ischaemic stroke Haemorrhagic stroke

@ Developing countries @ Developed countries [ Globally |

Figure 2.

Proportional contribution (in %) of ischemic and hemorrhagic stroke burden to the burden of all diseases in 2013.
Reprinted by permission from Macmillan Publishers Ltd: [NATURE REVIEWS NEUROLOGY] (Feigin et al.,
Prevention of stroke: a strategic global imperative, 2016;12: 501-512), Copyright (2016)
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Societal Economic Costs

Stroke accounts for more than 4% of the direct healthcare expenses in developed
countries [29]. The total annual cost (direct healthcare costs, direct non-medical
costs and indirect costs) of incident stroke in Europe (all European Union member
states as well as Norway, Iceland and Switzerland) has been estimated to be nearly
26.6 billion euros at 2010 prices [30]. The corresponding cost for prevalent stroke
amounts to 37.4 billion euros [30].

In Sweden, the societal lifetime cost per person with first-ever stroke has been
estimated to be 68 800 euros at 2009 prices [31]. Of this amount, hospitalization
costs for the index stroke accounted for 14%, residential housing and home
assistance accounted for 59%, and indirect costs due to productivity losses
accounted for 21% [31]. By these estimates, the total societal lifetime cost for first-
ever stroke in Sweden amounts to nearly 1.2 billion euros at 2009 prices [31].

To conclude, the global burden of stroke is massive and still growing, with
considerable human and societal repercussions.

Pathogenetic Mechanisms

Large artery atherosclerotic disease is a major cause of ischemic stroke, accounting
for about 10-15% of all cerebral infarctions [32-34]. The main underlying
pathologies in large artery atherosclerotic disease include thrombosis superimposed
on atherosclerosis (in situ thrombo-occlusion), atherosclerotic plaques causing
embolism (artery-to-artery embolism), atherosclerotic plaques in an intracranial
artery occluding the opening of a branch vessel (local branch occlusion), and distal
hypoperfusion due to atherosclerotic stenoses (hemodynamic impairment) [35].
Multiple infarcts in the unilateral anterior circulation, as well as small scattered
lesions in one vascular territory are associated with large artery atherosclerotic
disease [36].

Small vessel disease is another major cause of ischemic stroke, and is estimated to
be the underlying pathogenetic mechanism in about 25% of ischemic stroke patients
[32]. The underlying vascular pathology in small vessel disease involves
disorganized vessel walls, fibrinoid deposits and sometimes small hemorrhagic
extravasation [37,38]. Small vessel disease is associated with small subcortical
infarction (commonly called lacunar infarct), less than 20 mm in size (diameter in
the axial plane) and located within the territory of a single perforating arteriole [39].
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Cardiac embolism is the cause of roughly 25-30% of all ischemic strokes [32-34].
Atrial fibrillation is a common underlying heart condition causing cardio-embolic
infarcts [40-42]. Other cardiac sources of embolism include e.g. recent myocardial
infarction, infective endocarditis, bioprosthetic and mechanical heart valves, and
patent foramen ovale [42]. Cardio-embolic infarcts are usually larger than those
caused by large artery atherosclerotic disease [43]. Cardio-embolism is associated
with cortico-subcortical infarcts, and multiple infarcts in the territories of multiple
cerebral circulations [36].

Other uncommon causes of ischemic stroke include e.g. arterial dissection,
vasculitis, cerebral venous thrombosis, coagulopathies, migraine, iatrogenic causes
and drug-induced stroke [42]. These less common causes of stroke account for 2-
3% of all ischemic stroke cases [32-34].

Stroke of undetermined origin refers to ischemic stroke with undetermined cause,
either due to incomplete diagnostic evaluation, two or more concurrent possible
pathogenetic mechanisms, or undetermined despite adequate diagnostic evaluation
(cryptogenic stroke) [42]. In approximately 35% of all ischemic stroke cases the
underlying pathogenetic mechanism is undetermined [32-34].

To conclude, ischemic stroke may be caused by different potentially underlying
pathogenetic mechanisms, which are associated with different brain lesion patterns.

Different brain lesion patterns and lesion appearance among stroke patients may
have important implications for SCT, such as e.g. which lesions to target.

Pathobiology

The abrupt occlusion of a brain vessel impairs blood flow and subsequent delivery
of substrates, such as oxygen and glucose, to an ordinarily high-energy consuming
tissue [44]. This initiates an intricate series of interacting pathobiological events and
processes in the brain.

The cells in the center of the ischemic region (the ischemic core) undergo rapid
energy depletion, followed by loss of membrane potential and anoxic depolarization
[44]. This leads to a process called excitotoxicity, as excitatory amino acids such as
glutamate are released and accumulated in the extracellular space, followed by the
intracellular influx of calcium, sodium and chloride ions [8,44]. By way of osmotic
gradients, there is a passive diffusion of water into the cells and cytotoxic edema
follows [44]. The excessive intracellular influx of calcium also initiates several
injurious cascades leading to degradation of cellular structural components,
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activation of free radicals, and mitochondrial failure, leading to further damage and
cell death [8,44,45].

In the ischemic core there is a rapid death of neural cells within minutes to hours
[8,44]. However, the perfusion of tissue in the proximal surroundings of the
ischemic core (the penumbra) is only partially compromised and some energy
metabolism is preserved [44]. With prompt restoration of blood flow, the penumbra
is potentially salvageable [44]. However, without reperfusion in due time (and
sometimes even if reperfusion occurs - either spontaneously or therapeutically) the
penumbra will also undergo infarction [44].

Focal brain ischemia not only affects neurons, but also astrocytes, oligodendrocytes,
endothelial cells, pericytes, smooth muscles, basement membranes and extracellular
matrix are all affected and involved in the pathobiological processes (Figure 3)
[8,44,46-48].
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Figure 3.

The pathobiology of stroke. Reprinted from Neuron, Vol. 87, George PM, Steinberg GK, Novel Stroke Therapeutics:
Unraveling Stroke Pathophysiology and Its Impact on Clinical Treatments, pp. 297-309, Copyright (2015), with
permission from Elsevier.

Inflammation also plays an important role in ischemic stroke [45]. Focal brain
ischemia activates local immune cells such as microglia and dendritic cells
[8,44,45]. Due to the damage and death of astrocytes and the breakdown of the
blood-brain barrier, there is also an infiltration of blood-borne immune cells to the
injured area [8,44,45]. The immune cells in the stroke-damaged tissue release pro-
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inflammatory cytokines and free radicals, thereby increasing the inflammatory
response and contributing to cellular injury [8,44,45].

However, the inflammatory response also has several beneficial effects such as
protection of neurons from excitotoxicity [8,49], and removal of damaged tissue
enabling synaptic remodeling [8,50]. Immune cells also produce or modulate
trophic factors that stimulate neural growth and recovery, axonal growth and
remodeling [8,51-53], as well as augmenting endogenous neurogenesis in the
subventricular zone (SVZ) - a known neurogenic area in the brain [8,54].

Likewise, glial cells form the glial scar that may impede neural plasticity, but they
are also involved in regulating the blood-brain barrier, and stimulate angiogenesis
and synaptogenesis [8].

Hence, many of the pathobiological events and processes that are induced by stroke
also pave the way for the brain recovery mechanisms that are initiated the first days
to weeks after stroke (Table 1).

Table 1.
Examples of brain recovery mechanisms after stroke at the molecular and cellular levels
Brain recovery mechanisms at the molecular and cellular levels
Raised levels of growth factors
Neurogenesis and migration of neural stem cells
Angiogenesis and vascular remodeling

Synaptogenesis, dendritic growth and axonal remodeling

Furthermore, advanced neuroimaging and electrophysiological studies in stroke
patients have shown that several compensatory mechanisms may occur at the
broader organ level (though often insufficient), such as: alterations in local cortical
activity and thickness; increased activity in distant brain regions that are connected
to the lesion area within a distributed network; augmented recruitment of the
contralateral hemisphere (relative to the ipsilateral hemisphere); changes in cortical
somatotopic representation; and alterations in brain network interactions [6,7].

Consequently, the alterations taking place in the brain following stroke can broadly
be divided into 3 main time periods [7]:

(i) The first time period constitutes the acute phase and comprises the first hours
after stroke when there is an accelerated death of cells in the ischemic core, but
threatened brain tissue in the penumbra still has the potential to be saved [7].

(ii) The second time period begins the first days to weeks after stroke, and involves
the start of endogenous brain recovery mechanisms [7].
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(iif) The third time period comprises the chronic phase when the brain recovery
processes are relatively stable, but changes of structure and function still may occur

[7]

Therapeutic approaches to promote recovery and restore function, such as SCT,
target the second and third time periods described above, and probably have a
broader time window in which they can be delivered than treatments aiming to
restrict the ischemic damage in the acute phase (e.g. reperfusion approaches).

To conclude, stroke induces multiple interacting pathobiological events and
processes that are harmful and detrimental, but which are also protective and pave
the way for brain recovery mechanisms.

SCT may contribute to functional recovery after stroke by modulating and/or
enhancing many of these brain recovery mechanisms.

Clinical Presentation

The locations, sizes and number of brain lesions vary greatly among stroke patients,
affecting diverse and heterogeneous neurological functions [36,55,56].
Consequently, the clinical symptoms and signs of stroke encompass a broad range
of neurological deficits and various clinical manifestations [57].

Frequent stroke symptoms include sudden onset of unilateral weakness, numbness,
visual field defects, language disturbances such as aphasia, gaze palsy, diplopia,
ataxia and vertigo [3]. Other symptoms may be dysarthria, dysphagia, binocular
blindness, headache, confusion, reduced consciousness and epileptic seizures [3].

Most stroke symptoms involve a reduction or loss of a particular neurological
function (e.g. weakness, numbness and aphasia), whereas some more rare symptoms
are excitatory (e.g. epileptic seizures, involuntary movements and tingling).

The neurological deficits following stroke may also vary in complexity, ranging
from e.g. weakness (paresis) or reduced sensation for pain; followed by impaired
planned movements or interpretation of sensory stimuli; to disturbances of higher
cerebral functions such as aphasia, attention deficits, apraxia; and even more
complex cognitive dysfunctions such as memory problems and executive
dysfunctions; and psychological symptoms including e.g. affective disturbances.

Common clinical measures to assess stroke symptoms, and other aspects of stroke
outcome, are described below in the section on “Assessment of Stroke Outcome”.
However, it merits mention that the National Institutes of Health Stroke Scale
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(NIHSS) is one of the most widely used stroke measures to assess the range and
severity of stroke symptoms, especially in the setting of acute ischemic stroke
[58,59]. Nonetheless, it may be difficult to detect all these types of neurological
deficits and symptoms with a specific assessment measure.

Different Types of Neurological Deficits after Stroke

The major neurological domains that may be impaired after stroke include motor,
sensory, vision, language, cognition and psychological [55].

Motor Deficits

The motor domain is the most frequently impaired neurological domain after stroke
[6,60,61]. Impaired motor functions most commonly involve paresis of the face
(facial palsy), arm/hand and leg [60,61]. Paresis of the face is observed in
approximately 55% of acute stroke patients [61], while paresis in the upper and
lower extremities affect roughly 80% and 70%, respectively [60,61].

Motor impairments caused by stroke also include gait abnormalities (about 11%)
[61], ataxia (about 7%) [60], as well as cranial nerve motor deficits causing gaze
palsy (about 18%) [60], diplopia (about 6%) [61], dysphagia (about 45%) [60] and
dysarthria (about 42%) [60].

However, most of the previous community- and population-based studies reporting
the frequencies of impaired motor functions in the acute phase of stroke were
performed several years ago [60-62]. A more recent hospital-based study from
Sweden reported that impaired motor function in the upper extremity was observed
in 48% within 72 hours of stroke onset among a non-selected cohort of first-ever
stroke patients [63].

Sensory Deficits

Sensory deficits following stroke are commonly manifested as reduced or loss of
sensation to e.g. touch, temperature, pain, and proprioception [56,64,65]. Sensory
impairments like motor deficits often involve the face and/or the upper and lower
extremities [60,61]. The prevalence of sensory deficits after stroke ranges from 11-
100% in previous reports [64]. This large variability in the reported frequencies has
mainly been attributed to differences in the definition of sensory impairments as
well as differences in assessments methods and study designs [64].

Visual Deficits

Visual deficits after stroke may be exhibited as partial or complete hemianopia,
other visual field defects, monocular loss of vision, and sometimes cortical
blindness [55,56,66]. In a previous population-based study, visual field defects were
found among 26% of acute stroke patients [60].
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Language Disturbances

Language disturbances referred to as aphasia may be exhibited as impaired language
comprehension and/or expression, and may involve difficulties in verbal fluency,
naming, repetition, reading or writing [55,56,67]. Previous studies with samples of
stroke patients from acute settings have reported frequencies of aphasia ranging
from 20-41% [68].

Cognitive Deficits

Cognitive deficits are frequently observed after stroke [69], and may involve e.g.
disturbances in memory, attention, orientation, calculation, abstraction, visuospatial
abilities and executive functions [55,56].

Post-stroke cognitive impairment (PSCI), ranging from mild cognitive impairment
to dementia, can occur immediately after stroke, but usually there is some delay
before it becomes apparent [69]. There is much variability in the previously reported
prevalence rates of post-stroke cognitive impairment (PSCI), owing to different
definitions and assessment methods [69]. Hence, previous studies have reported
prevalence rates of mild cognitive impairment ranging from 17-92% at 3 months
after stroke [69]. It has also been reported that 10% of first-ever stroke patients
develop more severe cognitive decline leading to dementia shortly after stroke [70].

Psychological Disturbances

Following stroke, it is not uncommon that affective disturbances develop such as
e.g. depression and anxiety disorders [71-73]. Estimates show that nearly one third
of stroke patients experience depression at any time-point up to 5 years after stroke
[71]. The symptoms of post-stroke depression, e.g. loss of joy and motivation,
hopelessness, loss of appetite and sleeping problems, can appear already in the acute
phase of stroke but may go unnoticed due to the concealing effect of other
neurological impairments such as aphasia or cognitive deficits [73].

Many stroke patients also suffer from lack of physical and mental energy, which
can be referred to as fatigue [74]. Fatigue may be a component of post-stroke
depression, but some stroke patients have fatigue without displaying other
symptoms of depression [74].

To conclude, stroke may cause impaired functions in several neurological domains,
including motor, sensory, vision, language, cognition, and psychological, where
motor dysfunctions are the most commonly observed in the acute phase.

To date, most pre-clinical studies with SCT in animal stroke models have focused
on recovery of sensorimotor functions after stroke [75,76]. Whether SCT can
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improve post-stroke recovery in patients with neurological deficits of different types
and complexities, and how this should be assessed, remains to be explored.

Neuroimaging in Acute Stroke

There are several neuroimaging modalities that are commonly used in the acute
stroke setting including computed tomography (CT), magnetic resonance imaging
(MR), diffusion-weighted (DW) MRI, fluid attenuated inversion recovery (FLAIR)
MRI, gradient echo (GRE) MRI, perfusion imaging, non-invasive and invasive
angiographic techniques and Doppler ultrasonography.

In this section, CT and DW-MRI will be described in more detail, whereas a more
detailed account of the other modalities are beyond the scope of this thesis.

Computed Tomography (CT)

In the clinical setting of acute stroke, non-contrast CT of the brain is the most
commonly used neuroimaging modality to distinguish ischemic from hemorrhagic
stroke, as this distinction cannot be done on the basis of clinical findings only and
because the distinction is crucial for the subsequent management of most stroke
patients. Non-contrast CT has very high sensitivity for fresh hemorrhage, whereas
it has relatively low sensitivity for ischemia that is in the very early stages, or small,
or located in the vertebro-basilar territory [3].

The diagnosis of acute ICH is usually apparent with CT, visualized as hyperdensity
in the brain tissue [77]. Acute SAH is also often apparent on CT and appears as
hyperdensity in the subarachnoid spaces, whereas subacute SAH may be more
difficult to detect [77].

Early ischemic changes in the brain may be visualized on CT as loss of grey and
white matter differentiation, loss of sulci and focal swelling [77,78]. Manifest brain
infarction appears as hypodensity [77]. After the resolution of the initial edema, the
infarct volume decreases over the subsequent weeks, and the final infarct volume
becomes established after about one month [79].

The use of CT in acute stroke also plays an important role in excluding stroke
mimics, such as e.g. epidural and subdural hemorrhage, intracranial tumor, and
abscess.

Diffusion-Weighted Magnetic Resonance Imaging (DW-MRI)

DW-MRI is the most sensitive neuroimaging technique to visualize ischemic stroke,
and may detect ischemic brain damage within minutes of onset [79,80]. As
previously mentioned, cytotoxic edema occurs in the first minutes after stroke due
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to passive diffu