Chapter 3

CLINICAL ASPECTS OF VASCULAR DEMENTIA:
FROM BENCH TO BEDSIDE AND BEYOND
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INTRODUCTION

Dementia is characterized by a progressive and irreversible deterioration of
mental capacity that aggravates maintaining the quality of independence and
mobility. Advancing age is the main risk factor (1,2). Heterogeneous forms of
complex pathologies such as amyloid deposits, Lewy bodies, and cerebrovascular
diseases may coexist with the changes in the ‘aging brain’(3).

Recent decades of etiological studies about the investigation of vascular
determinants in dementia have markedly presented. The description of vascular
dementia (VaD) has evolved over the centuries, however; fails to be preferred as
an appropriate term for the entire spectrum of cognitive alternations caused by
vascular factors. According to Vascular Impairment of Cognition Classification
Consensus Study (VICCCS) guideline; vascular dementia is referred to as major
clinically significant cognitive impairment (4). Severe functional impairment
in at least one-cognitive domain to loss of independence in daily living is the
first core clinical criteria for the disease diagnosis. And secondly, a structural
neuroimaging evidence should be required, especially Magnetic Resonance
Imaging (MRI) as a gold standard, for the diagnosis. The American Classification
systems such as American Heart Association/ American Stroke Association
(AHA/ASA) (5) and National Institute of Neurological Disorders and Stroke-
Canadian Stroke Network (NINDS-CSN) (6), Diagnostic and Statistical Manual
of Mental Disorders (DSM-V) (7) have preferred the term ‘the major vascular
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neurocognitive disorder’ instead of vascular dementia, and have revised the
criteria for subgroups as a major and minor vascular neurocognitive disorders
(4).VaD is defined as major vascular cognitive impairment (VCI) and classified
into four main groups on the basis of VICCCS consensus (4).

This specific review summarizes the occurrence of vascular dementia in the
population, followed by the burden of vascular pathology in cognitive decline
and the stroke-associated risk of dementia, and current VaD therapeutic
treatments and future researches.

Review
Epidemiology and Risk Factors

Vascular dementia is the second most common subtype of dementia, after
Alzheimer’s disease, corresponding to approximately 15% to 20% of dementia
cases in western countries and approximately 30 % of cases, relatively higher,
in Asia and developing countries8. Studies of vascular dementia show that the
risk rate of vascular dementia rises with advancing age, doubling almost every
5.3 years (9).

Stroke is presumed strongly associated with disability and cognitive
impairment worldwide. Stroke critically impact factor for dementia as a twofold
increaseinrisk (10). Despite the studies that have reported that Alzheimer disease
pathology is more common rather than the pathology of vascular dementia in
the poststroke patient; a long-term hospital-based study has suggested that over
75 % of postmortem findings of the demented poststroke patients aged over
75 years remarkably exhibited vascular dementia characteristics (11). Prestroke
cognitive reserve, the level of education, preexisting medial temporal lobe
atrophy, family history of dementia, comorbidities are consistently associated
with cognitive decline, as well as might be a delay in onset of the dementia
syndrome with even large strokes (12,13). In addition, around 15-30% of stroke
survivors develop dementia beyond three months. A wide variety of stroke
characteristics influence dementia risk after stroke, especially including stroke
location and stroke severity tend to develop more poststroke dementia risk
(13-16). After the transient ischemic attack, the dementia risk is 5%; whereas
after severe stroke the risk relatively rises to 34% in the first year 13. Indeed,
poststroke patients have been found to have the highest degree of cognitive
decline in the subacute phase (14).The population-based studies have reported
that the risk of dementia after stroke is 7% in cognitively intact individuals
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while the risk rises to over 40% in individuals with pre-existing dementia. Also,
around 20-25% of recurrent stroke patients are more vulnerable to develop a
delayed dementia (17).

Clinical Features:

Vascular dementia shows heterogeneous variability in clinical presentations
like memory, cognition, and behavior that are highly dependent on the affected
cognitive domain by vascular injury. According to current diagnostic criteria,
the presence of memory impairment is not necessary for the diagnosis (4,7).
Predominantly dysfunction of frontostriatal circuits, common clinical findings
appear to be a particular decline in information processing, executive function,
and attention.

Standard screening tests for dementia should include the five-neurocognitive
domain following as executive function, complex attention, memory, language,
and perceptual-motor function. Information from learning, social cognition
and neuropsychiatry domains is not required for the differential diagnosis for
VaD (4,7). Cognitive assessment tests evaluating these five core neurocognitive
domains are recommended and used by the VICCCS guidelines4. Common
clinical findings in patients with vascular dementia include poor decision
making, hypothesis generation, cognitive flexibility, slow process of initiation
and planning processes, and delayed wordlist and visual content recognition
(18). Standard neurocognitive assessment tests like as the mini-mental state
examination have been suggested to be less sensitive to distinguish these clinical
tindings to detect VaD (19) rather than the Montreal Cognitive Assessment Scale
(MoCA) (20) and the Vascular Dementia Assessment Scale (VADAS-cog) (21)
which are especially validated for differential analyses of attention and executive
function (22). Recent studies have suggested that a-low MoCA cognitive scores
at the subacute phase of index event might increase the risk for neurocognitive
decline (23). On the other hand, clinicians have to overcome the inability to
perform valid cognitive scales in patients with delirium, severe depression, and
aphasia. In this condition, detailed screening for the cognitive decline can be
preferred examining the individuals three to six months after the stroke (24).

Other clinical presentations such as delusions and hallucinations are less
frequently seen in VaD as which seen in Alzheimer’s disease (24,25). Because
of cardiovascular and cerebrovascular comorbidities, overall survival rates are
much lower in vascular dementia than in other dementia subtypes (26,27).
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Classification of Vascular Dementia

VICCCS phase-1 (VICCCS-1) supported the same protocols with AHA/ASA
and NINDS-CSN (27). And then VICCCS phase 2 (VICCCS-2) included the
contributions of (the International Society of Vascular Behavioral and Cognitive
Disorders (VASCOG) and DSM-V guidelines (4). According to the VICCCS-1,
VaD is defined as major vascular cognitive impairment (VCI) and classified
into four main subgroups: (i) post-stroke dementia (PSD); (ii) subcortical
ischemic vascular dementia (SIVaD); (iii) multi-infarct (cortical) dementia
(MID); and (iv) mixed dementias (further subdivided according to additional
neurodegenerative pathologies). According to the consensus report, poststroke
dementia (PSD) has referred to as the onset of cognitive decline within 6
months after the index stroke event4. VICCCS-2 consensus is recommended
MRI measurements to support the evidence of vascular injury (4). Highlights of
the VICCCS-2 consensus are summarized in Figure-1.

Major VCI (VaD) is referred as
VICCS guideline summarize the clinically significant deficits of
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Figure 1. Highlights for vascular dementia

Highlights of the VICCCS-2 consensus (4) are summarized in Figure-1.
Abbreviations: VICCCS, Vascular Impairment of Cognition Classification
Consensus Study,VaD, vascular dementia; VCI, vascular cognitive impairment;
PSD, post-stroke dementia.
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Unraveling the Risk Factors

Long-term population based researches make suggestions to outline the key
areas to characterize and explain the underlying neuropathologic mechanisms.
Cardiovascular risk factors, genetically determined forms of microangiopathies,
neuroimaging core measurements, and serum biomarkers might be summarized
as the four-cardinal area to unravel the cause. The potential pathophysiological

pathways are demonstrated in Figure 2.

Ageing
Female Sex Cardiovascular Risk Genetic
Genetic Factors Factors Angiopathies
l 2 v z
v v v \
Cerebral : : e
kgt W Increased BBB | Endothelial | Systemic Oxidative
Hypoperfusion ok Dvefuncti nfl :
Hypoxia eakage ystunction | inflammation | stress
) Anormal Neuronal ¢ > | Pericyte , A
“e | Metabolism Damage
"“'; J‘s
Neurovascular Unit Uncoupling \
2 | Cerebral
70 /o | Atrophy Aproduction
DR and

Wclearance of

SEED H haei
def)j i damaged proteins
l, vy vV
2475 | White
Y3 . p! . v
& 34 : f X E Matter Candidate o®4de
LU Ilschemlc Infarcts | “ 5337 | Lesions Biomarkers??? | < Y ©

| NEURODEGENERATION

Figure 2. The potential pathophysiological pathways of vascular dementia

Medical Images (icons) are obtained from Server Medical Art (smart.servier.
com). Servier Medical Art by Servier is licensed under a Creative Commons
Attribution 3.0 Unported License (28)
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Firstly, cardiovascular risk factors not only cause cognitive decline
via cerebrovascular disease as well may also directly contribute to the
neurodegeneration process. In this field, various researches have revealed
several potential mechanisms underlying VaD such as hypoperfusion and
hypoxia, blood-brain barrier (BBB) leakage, endothelial dysfunction, systemic
inflammation, and oxidative stress, and neurovascular unit uncoupling (29-31).
High blood pressure changes cause cerebral micro/microangiopathies via losing
elasticity in large blood vessels (30,32,33). Blood-brain barrier (BBB) leakage,
pericyte damage, and endothelial dysfunction contribute to alternations on
neuronal metabolism, local cerebral perfusion to maintain neurovascular unit
coupling (34,35). Furthermore, to these potential mechanisms linking vascular
dysfunction with cognitive decline, vascular dysfunction independently could
also contribute neurodegeneration process due stimulating the production and
limiting the clearance of proteinopathies (36).

Secondly, recent studies have provided neurobiological clues to outline
the genetic linkage between the cardiovascular and cerebrovascular disease
processes underlying neurodegeneration (37). CADASIL (Cerebral autosomal
dominant arteriopathy with subcortical infarcts and leukoencephalopathy)
(38), CARASIL (a cerebral autosomal recessive variant of CADASIL, MAEDA
syndrome) (39,40), Trex-1 gene related microangiopathies (HERNS- hereditary
endotheliopathy retinopathy nephropathy with stroke/ stroke-like episodes)
(40,41), CARASAL (cathepsin-A related arteriopathy with strokes and
leukoencephalopathy) (42) and familial forms of cerebral amyloid angiopathy
(CAA) (43) are genetically determined forms of microangiopathies according
to genetic data (especially GWAS analysis). Briefly, these entities are usually
associated with infarcts (microinfarcts or lacunar infarcts) whereas; classic
stroke signs and symptoms may not be presented, generally the patients have
progressive cognitive decline (37).

Thirdly, neuroimaging research studies have emphasized the vasculopathies
largely responsible for VaD, suggested novel markers clinically relevant with
prognosis, treatment and prevention strategies. MRI is a “gold-standard”
requirement for a clinical diagnosis of VaD (4). Computed tomography imaging
would be an appropriate diagnostic tool if the MRI method were unavailable
or contraindicated. Neuroimaging of VaD should assess the brain atrophy,
white matter hyperintensities, infarction, and hemorrhage (location, size, and
number) for clinical diagnosis (4). Neuroimaging studies have shown that
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both generalized and hippocampal atrophy as strongly as vascular injury could
contribute to the dementia process. Imaging studies have shown that atrophy,
both generalized and hippocampal is at least as strongly associated with dementia
as the extent of vascular pathology (44). As mentioned previously, many lacunar
infarcts, strategic infarcts, white matter lesions, dilated perivascular spaces, or
their combinations can be identified in support of VaD (12,45). However, the
specificity of the findings has been questioned. At the recent neuroimaging
study, the researchers enrolled the patients aged over 65 years to study and
investigated that neuroimaging findings have shown at least 30% have silent
infarcts and approximately 90% have white matter degenerations (46,47). And
then the Leukoaraiosis And DISability (LADIS) study has reported that study
individuals aged 65 and older years without any cognitive decline, the presence of
severe white matter lesions at baseline could be cause progressive disability and
cognitive impairment within 3 years period (48). On the other hand, cerebral
perfusion, cerebrovascular otoreactivity, BBB permeability can be added to
further analysis to monitor the course of the structural alternations over time
and distinguish characteristic patterns of VaD. As a result, effective strategies of
neuroimaging findings are needed to investigate for prevention of VaD, reducing
future disability in patients even if not accompanied by symptoms and disability.

Fourth, assessment of biomarkers of vascular dementia, apart from
neuroimaging findings, are less well developed than for Alzheimer’s disease but
candidates have been proposed, including albumin, metalloproteinases, and
inflammatory markers. As an inflammatory biomarker, the researchers have
found that C-reactive protein levels are elevated in VaD patients49. Indeed, high
homocysteine level and lipoprotein- a level found to be correlated as a vascular
risk factor in VaD patients (50,51). Also, the researchers found that the level of
prothrombotic and endothelial dysfunction markers have increased indicating
the pathologic link between stroke and VaD (49). Although cerebrospinal
fluid (CSF) biomarkers basically serum/albumin ratio, CSF total protein, and
CSF index are used to identifying the maintenance of blood-brain barrier and
microvascular injury are not specify the dementia subtypes (52). Otherwise, the
cytoskeletal organelle, neurofilament, and the matrix metalloproteases (MMPs)
in the CSF could be used to specify white matter degeneration in VaD patients
due to identify demyelination and axonal damage (53).

miRs are important epigenetic regulators of cellular pathways including
neurodegenerative diseases, curious knowledge on omic biotechnology would
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provide candidate biomarkers in VaD patients. Recent studies have shown that
the expression level of miR-132, miR-134, miR-491-5p, and miR-370 could
be changed in mild cognitive impairment patients (54). Indeed, the lowered
expression level of miR126 is found to detect the vascular inflammatory
process in early VCI (55). All these biomarkers lack specificity to distinguish
VaD patients from other dementia subtypes and large prospective studies are
needed to enhance their diagnostic utility. With new validated circulating and
cerebrospinal fluid markers would be established stratification schemes to
adequately prevent the clinical course of the disease.

Several investigations are suggested that vascular risk factor modification
might prevent neurocognitive impairment with associated neuropathology.
According to the Framingham Heart Study and other long-term trials have
shown that the risk of age-specific dementia has lowered over the past 3-4
decades (56). Better treatment methodologies of vascular risk factors especially
hypertension, hyperlipidemia, and smoking could be explained this decline.
These studies found that these risk factors are associated with dementia in mid-
life (age 40-65years) (57). These findings implicate that prevention or treatment
of vascular risk factors plays a crucial role to preserve or enhance cognitive
functioning in the younger populations. The unmodifiable risk factors are
increasing age, female sex, and Apolipoprotein E13. Although Apolipoprotein E
plays a crucial risk factor in Alzheimer’s disease pathology especially in women,
the pathologic link between stroke and VaD should require more investigations
(58). Modifiable risk factors such as obesity, hypertension, smoking, and
diabetes mellitus are account for approximately 25% of dementia in the
populationl. Indeed hypertension and diabetes are recognized as the strongest
modifiable risk factors for VaD (1,59,60). Hypertension appears to predispose
cerebral vessel (61). The high blood pressure level is found to be associated with
increased white matter degenerations and smaller brain volumes (62). Affecting
both small and large arteries, diabetes is biochemically closely linked to vascular
dementia and cerebrovascular disorders (63,64). Diabetes directly damages the
maintenance of BBB permeability that contributes to cognitive decline. Thus,
diabetes causes secondary neuroinflammation, which leads nervous system
damage. Several studies have revealed that diabetic patients showed cognitive
impairment and lowering of cortical volumes on MRI scans (65,66). There
is supportive evidence about increased education level, cognitive reserve,
Mediterranean diet, and active physical-mental exercise could be prevent or
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delay the progression of cognitive impairment (67). The spectrum of vascular
risk factor involved in vascular dementia is shown in Figure 3.
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Figure 3. The spectrum of vascular risk factors involved in vascular dementia

Neuropathological changes of Vascular Dementia:

Clinical and neuroimaging criteria for discrimination of vascular dementia
have been clearly set and suggested the heterogeneous forms of cerebral lesions,
but neuropathological criteria in vascular dementia is restrictive and involve
autopsy examinations. The Newcastle group has proposed a practical, new
categorization with six subtypes associated with vascular cognitive impairment.
These six subgroups (i) Large infarcts including cortical infarcts, (ii) Multiple
small infarcts or lacunes, (iii) Strategic infarcts or lacunes, (iv) Hypoperfusive
brain injury/lesions and/or hippocampal sclerosis, (v) Cerebral hemorrhages,
and (vi) cerebrovascular pathologic change with Alzheimer disease alterations.
According to the classification; subtypes (i)-(iii) are referred the post stroke
survivors and the individuals with massive white matter degenerations without
other pathologies are subclassed under lacunar infarcts68.
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Management of vascular Dementia

Treatment schemes should include preventing further cognitive decline,
preserving or enhancing current cognitive, behavioral status, decrease morbidity
and mortality. Also, caregiver training should be supported to provide the
necessary knowledge to enable caregivers to navigate through the progression
of dementia.

Currently, there is no authorized treatment approach and methodology for
VaD. The treatment methodology used in VaD is only suitable for symptomatic
treatment and cannot prevent or reduce the occurrence and progression of VaD.
As mentioned above there are modifiable vascular risk factors associated with
VaD neuropathology. Targeting proactive management of these vascular risk
factors might decline the prevalence of VaD patients. The primary prevention
of stroke could prevent cognitive impairment and mortality69. According
to updated information provided in 2014 the AHA/ASA guidelines for the
primary prevention of stroke70 and the 2019 American College of Cardiology/
American Heart Association (ACC/AHA) Guideline on the primary prevention
of cardiovascular disease71, intensive medical management of these vascular
risk factors especially hypertension, diabetes, dyslipidemia, smoking cessation
plays a crucial role in primary stroke prevention. Also controlling the vascular
risk factors in patients with silent brain infarcts, white matter degeneration, and
cerebral microbleeds who have not shown cognitive decline symptoms could
be associated with reducing future incident cognitive decline and stroke72.
Moreover, improving these vascular risk factors in patients with a mild degree
of cognitive impairment could slow the disease progression and daily living
independence5. The Atherosclerosis Risk in Communities (ARIC) cohort
showed that in mid-life having high blood pressure noticeably increased the
risk of cognitive impairment progression within 20 years73. Moreover, the
Honolulu Heart Program or Honolulu Asia Aging Study demonstrated that
patients diagnosed with prehypertension less than 50 years of age had an
increased risk of dementia without under any antihypertensive therapy74. Abell
et al. reported that diagnosed with high systolic blood pressure in patients over
50 years of age elevation is linked with increased risk of dementia75. Also, a
target systolic blood pressure level of 130 mmHg or lower has been shown
to significantly improve cognitive decline progression at age 5075. On the
other hand, the Hypertension In the Very Elderly Trial-COGnitive function
assessment (HYVETCOG) trial has suggested that antihypertensive therapy
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did not significantly reduce the incidence of dementia in late-life76. Also, the
HYVET cohort study revealed that the presence of orthostatic hypotension
contributed to the cognitive impairment progression76. As a result, especially
at the mid-life, the new guideline lower the target for blood pressure treatment
to 130/80 mm Hg. Adults with diabetes have an approximately 1.5- to 2.5-fold
increased risk of cognitive63,77. On the basis of a long-term prospective cohort
study, onset of diabetes in mid-age was appeared to affect cognitive function over
20 years78. The Action to Control Cardiovascular Risk in Diabetes-Memory in
Diabetes (ACCORD-MIND) trial has suggested that a hypoglycemic attack in
diabetic patients was associated with cognitive decline78. The consensus report
by the American Diabetes Association (ADA) and the European Association for
the Study of Diabetes (EASD)79 recommended that the glycemic goals (HbAc,
glycosylated hemoglobin as a marker of glucose control) can be 7.5%, in patients
with mild-to-moderate cognitive dysfunction the goal of 8% and in patients
with severe cognitive dysfunction the goal of 8.5% is recommended80,81. The
meta-analysis of 25 studies proposed that the use of statins might reduce the
risk of all types of dementia and mild cognitive impairment, but not of incident
vascular dementia82. Although the lack of effective studies, for patients aged
between 20-75 years, a target of LDL-C level 190 mg/dl or lower could be
recommended by using high-intensity statin therapy to reduce LDL level by
50% or more83. Cognitive impairment is defined as one of the major long-term
effects of stroke. The lower the potential risk secondary prevention is essential.
Focus on proactive best medical management of vascular risk factors should
be supported in patients after first ever stroke. The 2021 AHA/ASA secondary
stroke prevention guidelines state that the components of best-medical therapy
should include antiaggregants and anticoagulants, blood pressure-lowering
medications, cholesterol-lowering medications, carotid revascularization,
cessation of cigarette smoking, diet, and exercise84.

Using Cholinesterase inhibitors and memantine therapy options in VaD
patients is alternate therapy derived from Alzheimer’s disease treatment
methodology are shown not to be appropriate although sharing similar
neurochemical mechanism. Two cross-sectional studies enrolled patients with
mild to moderate cognitive impairment to evaluate memantine therapy, for 28
weeks follow-up period. The report showed a significantly higher ADAS-cog
(Alzheimer’s Disease Assessment Scale-cognitive subscale) score was established
in the treatment group compared to the placebo group85. According to this

-41 -



General Internal Medicine IV

finding, Memantine might be beneficial to cognitive performance. Two large-
scale randomized clinical studies enrolled patients with probable or possible
vascular cognitive impairment (diagnosed according to NINCDS-AIREN
(National Institute of Neurological Disorders and Stroke and the Association
International pour la Recherche et ' Enseignement en Neurosciences) criteria)
to evaluate the efficacy of donepezil over 24 weeks. Data analysis showed that
donepezil had a superior beneficial effect on cognitive improvement, daily
independence and motor functions compared to the control group86,87. The
data about Rivastigmine’s efficacy in VaD is not sufficient to suggest any benefits
on cognitive impairment88. In summary, there are no data about the effects of
the combination of acetylcholinesterase inhibitors or memantine as beneficial
to cognitive functions; but further studies is required to confirm these findings.

New potential medications are investigated as putative candidates in
current clinical trials. Preliminary studies of nicardipine as a calcium
channel blocker showed a decrease in cognitive deterioration in patients with
cerebrovascular disease89. In VaD animal models have shown that Edaravone,
resveratrol, chotosan, and dextromethorphan as neuroprotective agents
could inhibit oxidative stress, improve the antioxidant capability to prevent
neurodegeneration90. Mostly in the basic researches have been proposed that
potential neuroprotective drugs could be beneficial to VaD and the underlying
molecular mechanisms, but the agents should be re-investigated under large
community based prospective studies in the future to be used therapeutic
treatments.

Future Directions and Conclusions

In this review, we subsequently address the occurrence of vascular dementia
in the population, followed by the burden of vascular pathology in cognitive
decline and the stroke-associated risk of dementia, and current VaD therapeutic
treatments and future researches.

In the multifactorial cause of cognitive decline at old age, we could
suggest the addition of a vascular component score (including white matter
hyperintensities, lacunar infarcts, microbleeds, and perivascular spaces) and a
biomarker component score to the current classification system can be powered
the valid scoring system. Increasing evidence provided by technological
advances in genetics, metabolomics, proteomics, and (preclinical) models
of disease, we could overcome the absence of disease-modifying treatments,
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prevent cerebrovascular disease, and related-cognitive impairment in the

coming years.
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