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INTRODUCTION

Vascular dementia (VaD) is a progressive disease and is
caused by reduced blood supply to brain regions which are
involved in cognitive functions resulting from cerebrovascular
disease and ischemic and hemorrhagic brain injury [1]
Vascular dementia accounts for about 17-20% of all dementia
patients and is the second leading form of dementia after
Alzheimer’s disease (AD) [2] Globally, VaD is more common
in men, especially before age of 75yrs in contrast to
Alzheimer’s disease (AD) that predominates in women.
Incidence of overall dementia (1000 person-years) is
suggested to be 32.3 which include VaD 9.5, AD 14.6, Lewy
bodies dementia 1.4, mixed type 3.8, and dementia other types
3.1. In Western countries and Japan, the prevalence rate of
vascular dementia is 1.5% and 2.2%, respectively. A Swedish
study estimated the lifetime risk of VaD as 34.5% for men and
19.4% for women.
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In community-based studies, the incidence of VaD has ranged
from 0.17 to 0.71 per 100 person years [3-4].

Various risk factors for VaD have been reported including age,
diabetes, obesity, hypertension, cigarette = smoking,
hyperlipidemia, cardiac arrhythmias, coronary artery disease,
and autoimmune disorders such as cerebral arteritis or
lupuserythematosus [5-6]. Despite of the fact that VaD is
highly prevalent memory disorder, only limited therapeutic
interventions are currently available to manage VaD [7].

Types and Classification of Vascular Dementia

On pathological basis vascular dementia can be classified as:
(A) ACUTE - ONSET (POST STROKE) VaD

1) Large — vessel vascular dementia

1) Multi-infarct VaD
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ii) Strategic infarct VaD
2) Small — vessel vascular dementia
i) Subcortical ischemic VaD
a) Binswanger’s disease
b) Lacunar dementia or Lacunar state
c) CADASIL
ii) Cortical-Subcortical
3) Hemorrhagic VaD
4) Ischemic — Hypoperfusive VaD
(B) SUB-ACUTE VaD

(A)  ACUTE-ONSET (POST STROKE) VASCULAR
DEMENTIA

Post stroke vascular dementia (PSVD) is defined as a type of
dementia that occur after stroke. The prevalence of PSVD
varies from 6 to 32% [8]. PSVD patients have a decreased
ability to perform certain executive functions [9-10] like
working memory, planning, orientation and problem-solving
[11]. PSVD generally involves cerebral infarction infrontal,
and temporo-occipital infarction, basal ganglion, thalamic, left
hemisphere and cerebral white matter lesions [12].

Acute onset (Post stroke) vascular dementia may be of several
types:

Acute-onset

LARGE-VESSEL
VAD

SMALL-VESSEL
VAD

HAEMORRHAGIC
VAD

Ischemic
Hypoperfusive VaD

1) Large vessel vascular dementia
(i) Multi-infarct dementia (MID)

Multi-infarct dementia is characterized by microinfarcts and
multiple lacunar as well as infarcts of variable sizes (large and
small) in the cortical and subcortical areas [13]. The infarcts
may be caused by atherosclerosis in the circle of willis,
embolic events and also by CAA and SVD. The hemorrhages
associated with CAA and SVD may contribute to overall brain
damage and are significant for this type of VaD [14-16].
Clinical features of MID include sudden onset of cognitive
symptoms, deterioration of mental functioning, focal
neurologic symptoms and evidence of cardiac and vascular
disease [17-18]. It is more common in men than women and
affects the people between the age group 60-75. Persons with
history of hypertension, atherosclerosis, smoking, stroke,
diabetes mellitus and obesity are at high risk of MID [19].

(ii) Strategic infarct dementia

Strategic infarct dementia is caused by a single major stroke
that damages hippocampal neurons resulting in marked
cognitive deficits [1]. The primary brain areas involved in this
type of VaD include thalamus, basal forebrain, and caudate
[20-21]. It has been reported that large strokes; lacunar
infarcts; and microinfarcts in the hippocampus and the
paramedian nuclei of the thalamus would result in the strategic
infarct dementia [13,15].

Subacute VaD

Figure 1: Classification of Vascular Dementia
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2) Small vessel vascular dementia
(i) Subcortical ischemic vascular dementia (SIVD)

Subcortical ischemic vascular dementia is a subtype of
vascular cognitive impairment (VCI) and related to cerebral
small vessel disease [22-23]. SIVD caused by chronic
hypoperfusion because of small artery disease and the
pathological changes involve development of ischemic white
matter lesion, glia activation, and profound cognitive
impairement[24-25]. Hypertension is the most important
leading risk factor of SIVD others are ageing and diabetes
mellitus [23]. It further incorporates three clinical entities:
Binswanger’s disease; lacunar state and CADASIL.

a) Binswanger’s  disease  (Subcortical  vascular

encephalopathy)

Subcortical vascular encephalopathy describes ubiquitous
demyelination and axon loss in the white matter sparing U-
fibers, i.e. confluent white matter lesions [13]. White matter
lesions (atrophy) can be caused by chronic hypertension as
well as in old age. The disease is characterized by loss of
memory and intellectual functions along with significant
changes in mood [26]. Binswanger’s disease targets the
vessels in the zone of the subcortex, excluding the capillaries
and microcirculation’s vessels [27]. Binswanger’s disease yet
no cure and shown to be the most severe destruction and
impairment of all type of VaD [28].

b) Lacunar dementia

Lacunes are miniature, round or oval subcortical infarcts from
3 to 20 mm size. Clinically, these may be silent or may be
followed by a history of transient ischaemic attack or stroke
[29]. Lacunar infarct is a type of stroke resulting from
occlusion of one of the penetrating arteries which provide
blood to the brain’s deep structures [30]. Lacunes are
subsequently found at the level of the lenticular branches of
the anterior and middle cerebral arteries, the
thalamogeniculated and thalamoperforating branches of the
posterior cerebral artery and the paramedian branches of the
basilar artery. This infarct is an important predictor of post-
stroke cognitive decline and vascular dementia [31]. Ischemic
lacunar  stroke represents five recognized features:
sensorimotor syndrome, pure motor hemiparesis, dysarthria,
pure sensory syndrome, ataxic hemiparesis and clumsy hand
[32-33]. The main risk factors for lacunar infarcts are

hypertension and diabetes [33-34].

c) CADASIL
arteriopathy)

(Cerebral  autosomal  dominant

CADASIL is monogenic small vessel disease caused by
destruction of vascular smooth muscle fibrous thickening of
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arterial wall and characterized by gradually diffuse bilateral
subcortical WMH (White matter hyperintensities) and
lacunes[35]. CADASIL with subcortical infarcts and
leukoencephalopathy is caused by genetic mutation in the
NOTCH 3 gene on chromosome 19[1]. The NOTCHS3 receptor
mainly found in adult vascular smooth muscles cells (VSMC).
Main function of VSMC is related to the maintenance of
vascular structural and functional stability. CADASIL is
suggested to result in psychiatric disorders, especially mood
changes associated with the development of cognitive
impairment[36]. It commonly begins with migraine headache,
recurrent subcortical infarcts and subcortical dementia
followed by minor strokes in mid-adulthood[36-37].

(ii) Cortical-subcortical

It is characterized by sudden onset of unilateral sensorimotor
changes along with agnosia (cortical cognitive impairments),
apraxia or aphasia. Most of the patients have an executive
dysfunctioning as a consequence difficulties in areas such as
intiation, planning and organization of activities[38]. Patient
diagnosed for cortical-subcortical dementia is characterized by
applause sign (motor abnormality) by asking the patient to
quickly claps his/her hands for a number of times and is
considered to be positive when the subject is incapable to stop,
and violates the constraint[39].

3) Hemorrhagic vascular dementia

Intracerebral hemorrhage (ICH) results bleeding into the brain
parenchyma because of rupturing small vessel, affected by
sporadic microangiopathies. The cognitive impairment after
ICH consists of both the abrupt cognitive deficits as well as
subsequent cognitive driven by slowly
accumulating diffuse vascular and non vascular pathology[40].
ICH have higher risk of morbidity and mortality, represents
10-15 % of all strokes and more common ischemic forms of
stroke [41-42]. Many studies have suggested that dementia
may a predictor of mortality in ICH survivors[43]. ICH
located in deep brain regions especially in thalamus or
putamen[44-45]and in lobar locations resulting from rupture
of small and medium size arterial perforators in the cortex and

deterioration

subcortical white matter[46]. ICH usuallyoccur in the age 45
to 64 and 37-38% patients die in 30 days[47].

4) Ischemia-hypoperfusive vascular dementia

Hypoxic/anoxic brain injury resulting from insufficient
cerebral blood flow, reduced oxygen availability, reduced
oxygen carried by blood or metabolic interference with the use
of available oxygen[48. The grey matter of the brainstem is
greatly resistant to hypoxia and can survive after relatively
severe ischemia; however, prolonged anoxia is documented to
elicit extensive cortical damage[49]. The ischemic-hypoxic
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state is characterized by membrane depolarization, brain
edema, cellular energy failure, excess neurotransmitter release
(excitatory amino acid neurotransmitter) and uptake inhibition,
increases in intracellular calcium, lipid peroxidation,
production of oxygen free radicals, and disturbances in
autoregulation of cerebral blood flow at the micro or
macroscopic levels[50-51]. The main characteristics of diffuse
anoxic-ischemic  encephlalopathy’s is ischemic-hypoxic
dementia and is distinguished by restricted injury due to
selective susceptibility i.e. incomplete white matter infarction,
medial temporal lobe sclerosis, and border zone infarction[52].

(B)  SUB-ACUTE VaD (SVD)

Subacute vascular dementia is characterized by extensive
white matter hyperintensities (WMH) and multiple lacunar
infarcts[53]. SVD patients show brain atrophy and other
neurodegenerative changes leading to cognitive deficit and
reflect a combination of degenerative and ischemic
causes[52,54-55]. Cerebrovascular lesions in the subcortical
region cause episodic deterioration in executive functioning,
mood changes (depression, personality changes, emotional
liability), and abstract thought[38]. Subcortical VaD
associated with more extensive white matter lesions, less
severe hippocampal atrophy and the absence of CAA
(Cerebral amyloid angiopathy), indicated radiologically by
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lobar bleeds, cortical subarachnoid hemorrhage and cortical
microinfarctions[56].

Risks Factors

The vascular risk factors associated with dementia can be
divided into two groups: Modifiable factors and Non-
modifiable factors.

Modifiable: Factors includes hypertension, diabetes mellitus
(DM), ischemic heart disease (IHD), peripheral vascular
disease (PVD), white matter lesions, hyperlipidemia[1,57-61].

Non-modifiable: Factors are gender and age (both incidence
and prevalence of VaD increases with age and usually higher
in men)[38,62].

a) Diabetes Mellitus

Many studies have shown that type 2 diabetes have a 1.5-2.5
times greater risk of vascular dementia and other form of
dementia[63-64]and currently one in 10-15 cases of dementia
can be attributed to diabetes[59,65].Research has proved that
the brain is not used glucose properly in the people of diabetes
and its associated dementia. This may be due to nerve cell
death, which decreases the brain’s ability to interpret
messages. In the case of vascular dementia, brain cells die due
to lack of oxygen, preventing brain cells from communicating
with each other [66].

Stroke

Hypertensi
on

Figure 2: Risk factor for Vascular Dementia
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Diabetes is a complex metabolic disorder which is closely
associated with other established risk factors for dementia,
such as hypertension and atherosclerotic vascular disease.
Some other factors like demographic factors (e.g. age,
education), diabetes-specific factors (e.g. diabetes duration
and glycemic control), medication use and genetic factors may
also be involved in the association between diabetes and
dementia[59,63]. Genetic predisposition may also contribute
to the increased dementia risk in T2M. The most examined
genetic factor for dementia is APOE &4 allele which is related
to cardiovascular disease and late onset AD[67]. It has been
reported that interaction between APOE &4 allele and T2M,
further increases the diabetes associated risk of
dementia[67,68-69]. T2M and associated vascular risk factor
predispose to macro- and microvascular complications
throughout the body and it is an well-known risk factor for
thrombo-embolic stroke, as well as cerebral small vessel
disease [70].

b) Hypertension

Hypertension is one of the well-known risk factor to cause
endothelial dysfunction, cognitive decline and progression of
VaD[71-74]. In hypertension, animal studies have documented
to cause significant endothelial dysfunction and memory
loss[75-77].The possible hemodynamic
hypertension in VaD is centered around white matter damage.
The aging population, untreated and uncontrolled hypertension
is a high risk factor for WM lesions and VaD disease
progression[1,78]. Increase in central blood pressure (BP) and
pulsatile flow load to the brain, is suggested to be associated
with advanced arterial stiffness and brain small vessel diseases
(SVDs)[79].

mechanism of

c) Atherosclerosis

There is some evidence for a co-relation between
atherosclerosis and vascular dementia risk. A Rotterdam
study, involving 6647 subjects for upto 9 years, revealed that
atherosclerosis (common carotid intima media thickness,
peripheral artery disease, carotid plaques), predominantly
carotid atherosclerosis is associated with an increased risk for
vascular dementia[80]. Moreover, the correlation between
cognition impairment has
indicated[81]. The presence of genetic variant APOE4
(apolipoprotein E4) allele, is documented to modulate LDL
(low-density lipoproteins) metabolism, increase free radical
formation and reduce plasma antioxidant concentrations.
Collectively, these risk factors supports a mechanism for
increased LDL circulation time and free radical modification
of LDL. Elevated levels of lipids during mid-life has been

associated with increased risk of dementia[82].

arterial stiffness and been
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Apolipoprotein E4 in vascular dementia-

The apolipoprotein E (apoE) have a putative role in several
diseases like hypertension, stroke, atherosclerosis, as VaD.
ApoE is polymorphic with three major isofoms, apoE2, apoE3
and apoE4, which differ by a single amino acid involving
cysteine-arginine replacements at positions 112 and 158[83].
In the CNS, ApoE is produced by the astrocytes and its
function to transport cholesterol to neurons via apoE receptors,
which are the members of LDL receptors[84-85]. It has been
proposed that ApoE is the major cholesterol transporter in the
brain and hence, essential for synaptogenesis in neurons.
Studies have documented potential association of ApoE
polymorphism in VaD[86]. The diet rich in high saturated fats
and cholesterol produces higher risk of VaD, and is aggravated
more in people having APOE4 alleles[87-88]. Clevage of
apoE increases the risk of AD and its associated dementia by
two ways, either through a loss of function or gain of
toxicity[89].

d) Hyperhomocysteinemia

Hyperhomocysteinemia is an anticipating factor for AD and
also a common of dementia in elderly[90].
Hyperhomocysteinemia is associated with various medical
conditions of vascular dementia[91]such as cardiovascular

cause

disorders[92], ischemic stroke[93], venous
thromboembolism[94], myocardial infarction, epilepsy,
parkinson’s  disease = (PDs), multiple sclerosis and

eclampsia[95]. In dementia, homocysteineprobably act as an
excitatory neurotransmitter and compete with inhibitory
neurotransmitter ~ y-amino  butyric (GABA).
Hyperhomocystinemia has been reported to induce
microvascular permeability by reducing the effect of GABA-
A/B receptors and increasing vascular oxidative stress[96],
which further activate disintegrin and metalloproteinase. This
whole process causes, disruption of matrix in the BBB and

acid

leads to VaD[95]. There are several factors and conditions that
in elevated level of homocysteine, like
endothelial cell injury, platelet adhesiveness, LDL cholesterol
oxidation, deposition in the arterial wall[97], lifestyle factors
(eating habits, smoking and alcohol consumption)[98-99],age,
hypertension, renal failure and genetic factors[100].

are involved

e) Alcohol and Smoking

Long term excessive consumption of alcohol beverages is
reported to cause neurological damage and destruction in
cognitive function[57]. The cognitive deficit occurs due to
atropic changes, lacunar infarcts, white matter lesions[101].
Chronic alcoholism produces increase in the level of
triglycerides, hypertension and hypercysteinaemia (toxic to the
endothelium associated with increased risk of cardiac
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disorders, strokes and arterial thrombosis), leading to high
morbidity and mortality ratio)[102].

Evidences suggested that smoking also contributes to
cognitive decline, the mortality associated dementia higher in
smokers than the non-smokers[103-104]. Smoking is
suggested to cause hyperhomocysteinaemia, oxidative stress,
atherosclerosis and excitotoxicity responsible for neuronal
death eventually leading to cognitive loss and dementia[105-

106].
f) Obesity

Obesity may enhance the risk of vascular dementia like
hypertension, diabetes mellitus, dyslipidaemia,
atherosclerosis, and cardiovascular disease[107-108].Weight
gain and increased waist circumference and skinfold thickness
are considered as increased risk factors of dementia[109]. It is
reported that an increase in risk of dementia is seen among
obese persons having BMI>30, as compared with normal
weight individuals having BMI 20-25 at age 50[110]. It has
been suggested that elevated level of leptin in plasma is
associated with adipocyte dysfunction and increased vascular
problems[111].

g) Genetic Factors and Inflammation

The gene with the highest known influence on the risk of
developing late onset of Alzheimer's disease and its associated
dementia is apolipoprotein E (APOE). The risk of dementia
increases from 20-90% as the number of APOE4 allele
increases in the age 68-84 years[112]. The changes occurs in
angiotensin converting enzyme (ACE) enzyme sequences,
angiotensinogen T235M has also been shown to be associated
with vascular dementia[113]. CADASIL (Cerebral Autosomal
Dominant Arteriopathy with Subcortical Infarcts and
Leukoencephalopathy) is caused by mutations in NOTCH3
gene, and has been suggested as important cause of stroke and
vascular dementia[114]. Inflammation is also associated with
the pathogenesis of dementia & AD, various inflammatory
mediators (cytokines and chemokines) are reported to be
involved in dementia for e.g. IL-10-889 allele T significantly
contributed in the late onset dementia[115]. Frontotemporal
dementia (FTD) patients showed increased cerebrospinal fluid

(CSF) level of tumor necrosis factor-a/pha (TNF-1]) and
transforming growth factor beta (TGF-f) [116].

Management and Treatment of Vascular Dementia

So far, US FDA has not approved any drug specifically to
treat changes in judgement, planning, memory and other
thought process caused by vascular dementia[l]. However,
certain medications approved by FDA to treat these symptoms
in Alzheimer’s disease may also help people with vascular
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dementia to the same modest extent they help those with
Alzheimer’s disease.

a) Cholinesterase Inhibitors

Cholinergic structures are more prone to ischemic damage.
The hippocampal CA1 region, caudate, putamen and temporal
cortex are more susceptible for choline acetyltransferase
activity, hippocampal atrophy is quite common in VaD[117-
118]. Seldon et al. reported two highly organized and discrete
bundles of cholinergic fibers in human brains which extend
from nucleus basalis to cerebral cortex, hippocampus and
amygdala. These both pathways travel in the white matter and
carry cholinergic input to the neocortex. Localized stroke may
be developed in these cholinergic bundles[119]. Studies have
reported significant reduction in the level of cholinergic
markers in the neocortex, hippocampus and CSF that is
correlated with cognitive deficit (learning and memory)[120-
121].

Currently there are three main AChE inhibitors which are in
clinical Acetylcholinesterase improve
cholinergic transmission by increasing the survival of
acetylcholine in the synapse and even some enhance the
activity of the nicotinic-cholinergic receptor in the brain[122].

use. inhibitors

a.1) Donepezil

Donepezil is a piperidine based agent, highly selective for
acetylcholinesterase and a non competitive,
antagonist of cholinesterase[38]. Donepezil is orally well
tolerated drug and acts centrally to inhibit acetylcholinesterase
reversibly and yield beneficial effect in dementia[l].
Donepezil is approved for mild to moderate AD at a dose of
10 mg/day in Europe, Japan, United States (USA) and in some
other countries[123]. Further, a dose of 23 mg/day has been
approved for moderate to severe stages of AD[124]. From the
previous studies it has been demonstrated that donepezil

reversible

attenuate the volume of cerebral infarction and protect against
neuronal cell death and cognitive impairment, enhance adult
hippocampal neurogenesis by increasing the level of cAMP-
response element-binding protein (CREB)
phosphorylation[125-128].

and

a.2) Galantamine

Galantamine is another cholinesterase inhibitor and approved
by US FDA for AD, it modulates central nicotinic receptor to
increase cholinergic neurotransmission. Two large randomized
clinical trials (RCTs) were selected involving VaD patients
and analyzed for about 6 month[129]. First RCTs included
449-543 VaD and AD patients and were treated with 24
mg/day upto 24 weeks. The parameters like cognition (ADAS-
cog) and CIBIC-plus (Global), Behaviour (according to
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Neuropsychiatric inventory) and ADLs (ADCS-ADL) using
the DAD (Disability Assessment in Dementia) were observed
for assessing the improvement[130-131]. In second RCTs 786
subjects with VaD and were treated with 16-24 mg/day upto
26 weeks; patients showed improvement in cognition (
ADAS-cog), executive function but no significant change in
global (CIBIC-plus) or behavior (according to NPI
(Neuropsychiatric ~ inventory)) and ADL  (ADCS-
ADL)[129,132-133]. Due to the adverse effect such as nausea
and vomiting higher rates of withdrawl were seen. In
conclusion, it has been found that galantamine improves
cognitive deficit in VaD but the side effect suggests caution is
required before prescribing it to VaD patients.

a.3) Rivastigmine

Rivastigmine is a second generation cholinesterase inhibitor
with the capacity to inhibit both acetylcholinesterase and
butyrylcholinesterase[38]. In a randomized open label one
year study, 208 patients with VaD treated with rivastigmine,
there was a slight improvement in executive function (clock
drawing tests) and in behavior[134]. However more studies
are needed to understand if rivastigmine could be used for
treatment of vascular dementia.

b) Statins

Statins or HMG-CoA (3-hydroxy-3-methylglutaryl coenzyme
A) inhibitors are a class of cholesterol lowering drugs. Statins
reduce the formation and entry of LDL-C into the circulation
and upregulate LDL-R activity, and thus lowering LDL-C and
triglycerides and increasing HDL-C[135]. They also possess
many pleiotropic effects and can improve the endothelial
function of atherosclerotic vessels by decreasing endothelial 1
and angiotensin II type 1 receptors and increasing nitric oxide
levels[136]. Statins are documented to have a beneficial effect
in all types of dementia by several mechanisms. Two of the
studies have found a significant positive effect of statin
treatment on VaD, described by the lower incidence of VaD in
statin users. Among all cases of dementia, VaD is the one that
is more likely to benefits from statins[137].

¢) N-Methyl-D-Aspartate Antagonists
c.1) Memantine

Memantine is second class of drugs after AChE inhibitor that
has been approved by FDA for AD. Memantine acts on the
glutamatergic system and antagonizes the N-methyl-D-
aspartate receptor, and have a potential to eradicate the
neurological conditions such as dementia and parkinson’s
disease (PD)[138]. Nmethyl-D-aspartate (NMDA) receptor is
a predominant molecular device for controlling synaptic
plasticity and memory function[139]. Memantine is reported
to produce small benefits in cognitive functions of patients
with mild to moderate VaD. A study based on randomized

47

placebo controlled trial tested memantine at a dose 20 mg/day
upto 28 weeks. The data analysis showed there is significant
improvement in cognitive functions from baseline over
placebo with no change in clinical global scale[140]. Another
analysis based on 6-months clinical trials showed
improvement in cognitive deficit by using the ADAD-cog.
Significant improvement and less adverse effects were seen in
patients who received memantine[141-142]. However clinical
potential of memantine in VaD is still not clear.

d) Non-Steroidal Anti-inflammatory Drugs (NSAIDs)

Nonsteroidal anti-inflammatory drugs(NSAIDs) produces the
anti-inflammatory action by inhibiting cyclooxygenase-1 and
cyclooxygenase-2 and by activating the peroxisome
proliferator gama (PPARY) nuclear transcription factor[143-
144]. Cyclooxygenase-mediated oxidation is important in the
calcium-dependent glutamate signaling pathway that involves
N-methyl-D-aspartate. NSAIDs may be able to protect
neurons directly by reducing cellular responses to
glutamate[145]. In ischemic events and stroke, aspirin is
widely used in the secondary prevention. A study has shown
in which 70 patients diagnosed with multi-infarct dementia,
administered aspirin daily at a dose 325 mg/day or placebo for
3 years. Daily treatment with aspirin observed to improve or
stabilised cerebral perfusion as well as cognitive deficit[146].
Another NSAIDs indomethacin has been shown to decrease
the risk of dementia by reducing the IL-10 production[147].
further research is needed to confirm the

effectiveness of aspirin and other NSAIDs in VaD.

However,

¢) Antihypertensive Drugs

There are two possible conditions for the reduction in cerebral
blood flow which may occur usually in hypertensive patients.
First, hypertension can increase systemic vascular resistance
and slow down normal blood flow. Second, cerebral blood
flow may fall when blood pressure is high due to direct
damage to brain endothelial cells that produce a vasodilator
nitric oxide[148]. Thus, the therapy used in hypertension
aimed at controlling high blood pressure by using
antihypertensive, increasing cerebrovascular nitric oxide, or
protecting endothelial cells in brain could prevent the onset of
AD & dementia[149].Various antihypertensive agents such as
ACE-inhibitors, B-blockers, calcium channel blockers and
diuretics have been reported to lower the risk of dementia and
AD[150]. Angiotensin receptor blocker (ARB) in a recently
concluded trial has been observed to reduce the risk of
dementia in high vascular risk individuals[151]. Further
another study with nimodipine a calcium channel blocker on
VaD patients indicated significant improvement of Sandoz
Clinical Assessment Geriatrics (SCAG) global
function and cognitive functions[152].

scores,
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f) Miscellaneous
f.1) Phosphodiesterase (PDE) Inhibitor

There are few reports implicating efficacy of
Phosphodiesterase ~ (PDE)  inhibitors in  dementia.
Pentoxifylline a non selective PDE inhibitor have been
reported to exert beneficial effect in patients with multi infarct
dementia[153,154]. Animal studies have shown efficacy of
cilostazole a PDE-3 inhibitor in diabetes induced memory
deficits[155]. Inhibitors of PDE-5 and PDE-4 have shown
potential anti-inflammatory[156], neuroprotective,
antioxidative[157]and memory enhancing effects[158]in
recent studies. Animal studies have shown great potential of
PDE as important pharmacological target for the management
of dementia.

f.2) PPAR (Peroxisome Proliferator activated receptor)
gamma agonists

These agents are well reported to possess many other actions
viz. anti-inflammatory, antioxidative, neuroprotective etc[159-
160]. Animal studies have also indicated their potential
beneficial effects in dementia[160-162]. Few clinical trials
carried out with rosiglitazone and pioglitazone have also
shown some promising results in patients with mild to
moderate AD and dementia[163-164]. However extensive data
remains to be generated to explore full potential of PPARy
agonists in cognitive disorders and VaD.

£.3) Nuclear factor- kB (NF-kB) inhibitor

The nuclear factor kappa-B (NF-kB) belongs to the family of
transcription factors that regulate the induction and resolution
NF-xB  promotes  through its
proinflammatory, pro-adhesion and prooxidant gene
transcription[165]. It has also been reported that NF-kB is
involved in amyloid beta-42-induced neuroal cell death and
subsequent memory impairment[113]. In aging-induced
dementia, there is an activation of NF-kB which results in the
upregulation of genes of pro-inflammatory enzymes[98,166].
Furthermore, NF-kB has been reported to impair spatial
learning in mice and reduces long-term potentiation and long-
term depression[167-168]. It has been documented that
Sodium Diethyl Dithio Carbamate Trihydrate (NDDCT)
attenuated L-methionine HHcy-HL (hyperhomocysteinemia—
hyperlipidemia) induced endothelial dysfunction, learning and
memory impairment, oxidative stress levels as well as brain
AChE activity[77].

of  inflammation.

f.4) Endothelin(ET) receptor antagonists

ET-1 has been reported to induce neurovascular dysfunction in
hypoxia condition associated with stroke and dementia[169].
ET receptor antagonists have been shown to provide beneficial
effect in various cerebrovascular disorders such as ischemic
stroke[170], subarachnoid hemorrhage[171] and moyamoya
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disease[172]. ET antagonists have been documented to exert
anti-inflammatory, antioxidative and neuroprotective effects in
animal studies[173,174]. Moreover, it has been suggested that,
ET receptor antagonists may be beneficial in the treatment of
ADJ[175]. Studies from our own lab have demonstrated the
efficacy of ambrisentan (selective ETA blocker) and Bosentan
(dual ETA and ETB receptor blocker) in rat models of
vascular dementia[176-177]. However, potential of ET-1
antagonists in VaD needs further investigation.

f.5) Perlecan

Perlecan is a heparan sulfate proteoglycan found in the
extracellular matrix (ECM) and in the basement membrane of
blood vessels and is a particularly attractive target due to its
sensitivity to proteolysis after ischemic brain injury[178-179].
It is reported to be involved in tumorigenesis, angiogenesis,
cell proliferation, and bone formation[180-181]. Perlecan
consists of edonperlecan’s bioactive c-terminal domainV
(DV), which has both pro-and anti-angiogenic properties[182-
183]. Recently it has been demonstrated that when DV is
administered 24 h after experimental stroke, it increases peri-
infarct angiogenesis. So, DV could treat vascular related
abnormalities, provide neuroprotective effect in the post-
stroke brainand shield neurons from injury or death in
VaD[184]. In addition it has also reported to improve
cognition and attenuate AP- induced neurotoxicity[185].
Further it alsobinds to  various factors
includingvascular  endothelial — growth (VEGF),
fibroblast growth factor (FGF) and other components such as
laminin, fibronectin and collagen IV [186-187].

f.6) Folic acid

growth
factor

Folic acid or folate is a B vitamin. It is also referred to
as vitamin M, vitamin B9, vitamin Bc (or folacin), pteroyl-L-

glutamic acid, and pteroyl-L-glutamate[188-189]. It plays a
major role in central nervous system development. Folic acid
deficiency associated with high homocysteine levels, and
leads to neuropsychiatric disorders (depression and dementia).
The use of folic acid is suggested to prevent the impairment in
cognitive functions, especially in case of dementia[190].
Folacin in recent reports has been suggested to exert beneficial
effects in L-methionine induced vascular dementia in rats[77].
Folacin has been shown to possess anti-oxidative effect in
Hyperhomocysteinemicanimals[191].

f.7) Nicergoline

Nicergoline (8-beta-(bromonicotinoylhydroxymethyl)-1,6-
dimethyl-10alpha-metoxyergoline) is an ergot derivative
which has been used clinically in over 50 countries for more
than three decades for the treatment of cognitive, affective and
behavioral disorders in elderly people. It has a large number
of effects which includes actions on neurotransmitters such as
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acetylcholine, noradrenaline and dopamine, and on
intracellular signaling cascades. The Cochrane database has
provided meta-analysis data from 11 nicergoline clinical trials
with around 1300 patients, half of which received nicergoline
and other half received placebo[192-193]. Two studies were
carried out, one specifically consisted of patients diagnosed
with “multi-infarct dementia” and another study was focused
on a population with multi-infarct dementia and Alzheimer’s
type dementia, there was improved memory (MMSE), global
rating (CGI), behavior (SCAG) as a result [133]. So this shows
that nicergoline may have a beneficial effect in vascular
dementia but further studies are needed to establish efficacy of
nicergoline in VaD.

CONCLUSION

Vascular dementia is taking the attention of the research
worldwide. There are many medications available in the
market but due to higher toxicity it abolishes the use for
patient. This present review provides the recent update on
vascular dementia. This would be help full to the researcher to
understand the overview about it.
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