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Introduction

Vascular dementia (VAD), a disabling loss of cognitive function
caused by cerebrovascular disease [1], is the second most common
cause of dementia in the USA [2]. In fact, around 15-20% of all
dementia cases are caused by cerebrovascular disease after Alzheimer’s
disease (AD). VAD has a prevalence of 1.5% in the general population,
occurring almost exclusively in elderly adults. Understanding the
causes and risks associated with the disease will help physicians provide
treatment and support for patients as well as caretakers.

Risk Factors

Some people are more at risk of developing vascular dementia
than others. Age is one of the most important, as not only does VAD
increase with advancing age, but so does incident of clinical stroke
[1,3,4]. Other demographic factors include race/ethnic group (mainly
Asian), sex (male), low education, and living in rural area. Atherogenic
factors (hypertension, cigarette smoking, heart disease, diabetes,
hyperlipaemia, and menopause with oestrogen replacement therapy)
and non-atherogenic factors (genetic, alteration in haemostasis, high
alcohol consumption, use of aspirin, psychological stress, occupational
exposure such as pesticides, herbicides, etc.) increase risks as well [5].
Hypertension is one of the most experimentally-proven risk factors,
as several studies suggest that “elevated blood pressure measured
in midlife increases the risk of dementia or accelerates age-related
cognitive decline” [5]. The APOE &4 genotype is a modest risk factor
for cardiovascular disease [6] and AD [7], but not incident stroke [8].
Furthermore, silent infarcts, which cause an area of the brain to die due
to lack of blood flow, are known as “silent” because patients have no
clinical history of stroke; these infarcts cause greater cognitive decline
[9] and increase the risk of subsequent dementia [1].

Because stroke is one of the most important causes of VAD, they
share many similar risk factors. Indeed, “cardiovascular risk factors
are associated with clinically diagnosed AD [10-12] and VAD [13,14].
According to Micieli, after an acute stroke, 4 to 9% developed dementia,
reaching 15% after one year and 23% following patients with a lacunar
infarction for a period of four years [15]. Others say dementia occurs
in 25% of stroke victims, while even other sources estimate as many as
30% get dementia within the six months following a stroke [16]. The
disparity in statistics may be explained by different measurements, as
the incident rate using NINDS_AIREN is 4% while that of the DSM-IV
i829% [1].

Subcortical dementia has its own set of risk factors. Risk
factors for white matter lesions, a precursor to dementia, include
increased plasma homocysteine [17], decreased serum tryptophan
(18], low serum antioxidant levels [19], hyperinsulinemia [20],
and hyperfibrinogenemia [19]. Genetics could also be a factor,
such as Cerebral Autosomal Dominant and Subcortical Ischemic
Leukoencephalopathy (CADASIL), a defect on the Notch 3 gene
of chromosome 19 [21], that presents young and has features of
premature frontal-subcortical dysfunction. African Americans seem to
be more susceptible to small vessel stroke [11], but this may only be due
to hypertension [22,23].

Etiology

Cerebrovascular disease manifests itself in many different forms.
Either it is a result of a stroke, in which case it can be either single-
infarct (stroke in a critical brain region), multi-infarct (repeated
stroke), or else is operating much more covertly as small vessel disease
(chronic microvascular ischemia [inadequate blood supply] without a
discrete infarct). Both types of cerebrovascular disease are results of the
accumulation of atherosclerosis, emboli, and/or aneurism.

Atherosclerosis is a “hardening of the arteries” and occurs when
cholesterol, calcium, and other substances build up in the inner lining
of the arteries, forming plaque. These substances usually are deposited
in a tear in the artery wall, and the ultimately severely narrowed artery
can then become more easily blocked by a blood clot.

Emboli are floating blood clots or plaque in blood vessels. They
tend to lodge in bifurcations (branchings, curvatures) in the arterial
system. If there are enough emboli, thrombosis (a solidified blood
within a vessel) will occur, which will either block blood flow, causing
brain tissue death in the efferent areas, or will break off.

An aneurism is a weak patch on an artery wall that can balloon
outward, burst and deprive the brain cells of oxygen. There are different
forms of aneurism: fusiform or true aneurisms form a symmetrical
bulge of the artery; saccular or “false” aneurisms are bulbous and form
only on one side of the artery wall; pseudoaneurisms are small blisters
that form asymmetrically on the wall. A ruptured aneurism would
occur upon the bursting of the inflated patch of arterial wall, creating
hemorrhaging in that area of the brain. Aneurisms occur in 1 to 6% of
the population.

VAD Subtypes by Pathology: Cortical (Stroke-Related)

Vascular dementia can by caused by one of the most dramatic
forms of cerebrovascular disease: stroke. Single Infarct Dementia is
the dementia that occurs with an acute infarct, usually the result of a
clinical stroke, and can impact any area in the brain. It has an abrupt
onset and a stable course, possibly resulting in significant impairment
in cognition. This may be observed in cases of anterior cerebral artery
infarct, parietal lobe infarcts, thalamic infarction, and singular gyrus
infarction. Micieli claim that infarcts in the thalamus, left internal
capsule genu, or caudate nucleus cause VAD, while Knopman would
add the hippocampus, dominant perisylvian region, or nondominant
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posterior perisylvian region [5]. Cognitive improvements may take
place weeks to months after a stroke, but deficits may be permanent [1].

The second type of VAD is Multi-Infarct Dementia, so called
because it results from many infarcts throughout the brain caused by
mini-strokes. When this is the case, cognitive decline is less specific, as
these infarcts are in many different locations. Multi-Infarct Dementia
is also referred to as Stepwise VAD because there are long periods of
cognitive stability through which the level of cognitive performance
remains the same, followed by a sudden decline after another mini-
stroke. This type of VAD is important because typically physicians
look for a history of clinical stroke to diagnose VAD, yet this dementia
can occur without this. In fact, only half of the subjects with radiologic
evidence of critical ischemic lesions had a history of clinical stroke or
focal motor deficits [24]. Sometimes the mini-strokes last less than one
day; at this point they are called Transient Ischemic Attacks.

VAD Subtypes by Pathology: Subcortical (Not Stroke-
Related)

Unlike the former two subtypes, Microvascular Ischemic Disease
(aka small vessel disease) is unrelated to the incident of stroke in the
patient and is the most common subtype of VAD [25]. Small Vessel
Disease (SVD) affects the small vessels of the brain, which can be
found deep under the cortex, where the former two subtypes occur.
SVD results in arterial wall changes, expansion of the Virchow-Robin
spaces, perivascular parenchymal rarefaction and gliosis. SVD often
causes white matter hyperintensities (WMH), which are characterized
by demyelination, enlarged perivascular spaces, and occasionally
infarctions. Although often caused by cerebrovascular disease,
etiologies also include toxic, metabolic, infectious, and degenerative
conditions [26,27]. The incident rate of WMH increases with age [28],
is associated with hypertension [28,29], diabetes, cigarette smoking, or
elevated homocysteine level. WMH is associated with greater risk of
stroke, cognitive impairment [30] and cognitive decline [31] as well
as an increased risk of developing dementia [32] and cerebrovascular
disease. Small vessel disease constitutes a “disruption of the frontal-
subcortical or medial temporal limbic circuits” [33,34], which is the
cause of the aforementioned disabilities, as well as a marked loss of
balance [35]. Especially when resulting in leukoaraiosis, SVD may
produce subcortical vascular dementia, characterized by slowed
cognition, memory impairment, visual spatial deficits, EF deficits
and mood/affect disturbance. Initial cognitive deficits can present
subtly and progress slowly over time, growing from hardly detectable
impairments to Binswanger disease or a lacunar state, two different
manifestations of subcortical VAD.

Although both Binswanger disease and lacunar state have similar
symptoms, they are etiologically different. Binswanger disease, also
known as subcortical leukoencephalopathy, is a diffuse white matter
disease. Vascular changes observed are fibrohyalinosis of the small
arteries and fibrinoid necrosis of the larger vessels inside the brain.
Urinary complaints are common in Binswanger’s disease and may
precede cognitive impairment by up to five years [36]. Detrusor
hyperreflexia is likely to be the underlying urodynamic abnormality
[37], caused by lesions in medial frontal lobes and basal ganglia [38]. In
addition to Binswanger’s disease, “many patients with extensive white
matter changes also have lesions in the basal ganglia and thalamus that
often correspond to ‘silent’ lacunar infarction [39].” A lacunar infarct
will result when small vessel occlusions produce small cavitary lesions,
called lacunae, within the brain parenchyma secondary to occlusion
of small penetrating arterial branches. These lacunae are found more

typically in the internal capsule, deep gray nuclei, and white matter.
Lacunar state is a condition in which numerous lacunae, which indicate
widespread, severe SVD, are present; symptoms occur depending on
where the lacunae are located.

Neuropsychological Patterns of VAD

As there are many different subtypes of vascular dementia, “there
is no reason to suspect that only one neuropsychological profile
could capture these differences in underlying pathologies [39].”
Furthermore, the diversity of infarct locations and sizes makes for
a clinically heterogeneous disorder [1]. A wide variety of cognitive
deficits from stroke should be possible because any brain region could
be involved in a zone of infarction. Prominent amnesic disturbances,
aphasia, visuospatial deficits, and executive deficits are all possible
in patients with pure cerebrovascular disease [1]. There is a greater
likelihood of attentional and executive deficits and a lower likelihood of
anterograde amnesia [40]. Just as there is no clear neuropsychological
profile for VAD, a cognitive profile is not sufficient to establish whether
cerebrovascular disease has attributed to these dysfunctions [1].

Therefore, common neuropsychological patterns of VAD include
cognitive slowing, difficulties in assessing shifting sets, and problems
with abstraction. Speed, dexterity, executive functioning, and motor
aspects of speech are all impaired. Patients usually experience apathy.
Free recall and perseverant behavior (compared) is increased, whereas
verbal fluency and intrusions are decreased. Memory problems may
or may not be a prominent symptom, depending on whether brain
regions important in memory are affected.

In subcortical VAD, recognition and cued memory are often well-
preserved [40], whereas mostly executive functioning is impaired. Late-
life affective disorders may also be related to microvascular changes in
elderly patients [41,42]. Lesions in both the subcortical white matter
[43] and deep nuclei [44] are associated with late-life depression. In the
“Vascular Depression Hypothesis,” [45] subcortical vascular changes
in depressed elderly patients are associated with poor response to
antidepressants [46] and electroconvulsive therapy [47] and a greater
risk for dementia and death [48,49].

Diagnosing VAD

There is poor agreement among the different diagnostic schemes
used to identify VAD [50,51]. Alzheimer’s disease Diagnosis and
Treatment Center (ADDTC) has broader classifications [2]. DSM-
IV is the most inclusive, while the National Institute of Neurological
Disorders and Stroke-Association Internationale pour la Recherche
et PEnseignement en Neurosciences (NINDS-AIREN) is the most
specific. ADDCT classifications used with the Hachinski Ischemic
Score (HIS) can distinguish Alzheimer’s from VAD [5]. Neurologic
signs, such as hemiparesis, hemianopia, or hemisensory loss suggest
cerebral localization, but a reflex asymmetry or an isolated extensor
toe sign doesn’t suggest cerebrovascular origin because of the lower
specificity of the isolated neurological signs [1]. No focal neurological
signs are necessary for a diagnosis of VAD because of the heterogenous
nature of the disease.

Not only do diagnostic tools fail to accurately identify even the
same cohorts [2], but imaging techniques also fall short in being able
to predict VAD. No consistent pattern of infarction exists in those
who developed dementia and those who did not [1]. However, there
are reliable ways to diagnose cerebrovascular disease, the precursor to
VAD. The detection of infarcts that are larger than lacunae can be used
as a reliable indicator of cerebrovascular disease. History of stroke and
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neurologic signs also has clear specificity in affirming the presence of
cerebrovascular disease [1].

Blessed et al. [49] suggested infarct volume as a determinate for a
diagnosis of VAD, but Knopman points out that the research group
did not consider lesion location [1]. There is no way to relate location
and size to severity of cognitive impairment, as there is no threshold of
infarction agreed upon that persistently results in dementia. Although
there is no way to directly relate infarcts to dementia, the greater the
size and number of infarcts, the greater likelihood that they will affect
cognition. MRI is good at detecting subcortical microangiopathic
changes because of the high resolution and distinction between gray
and white matter [39]. There is a significant discrepancy between the
diagnosis made with and without MRI, so diagnoses of VAD should
be done using parallel diagnostic criteria for VAD and for AD, assisted
with neuroimaging studies [2].

Because dementia may occur after a stroke, searching for signs
of dementia directly after a clinical stroke may prove very beneficial
to the long-term health of the patient. In fact, “From a clinician’s
perspective, the possibility of post-stroke dementia should be factored
into planning for medical care during the first year after a stroke [1],”
especially if risk factors were present before. Cognitive impairment
in stroke survivors is under-recognized because of the overwhelming
nature of other stroke-related deficits such as hemiparesis, hemianopia,
or aphasia [1]. It is important to evaluate stroke patients during the
acute phase after a stroke to detect later alterations in cognitive function
by using MMSE, [52] which evaluates “orientation, recall and various
attention, calculation and language skills” [53]. However, the results of
this device may be skewed if the patient has low English literacy, visual
or hearing impairment, or other communication difficulties. Patients
also sometimes feel as if the questions are not worth answering or
will refuse to participate to hide their deficits [54-57]. Other helpful
diagnostic tools include Street’s Completion Test, Trail Making, Raven
Matrix, IADL and ADL Scales, Neuropsychiatric Inventory, HRSD,
and the Cornell Scale for Depression in Dementia [5].

Differential Diagnosis: VAD vs. AD

Vascular Dementia and Alzheimer’s disease, although organically
separate, present with similar symptoms in a similar population as well
as often occurring concurrently. They have similar biological substrates:
hippocampal atrophy is common in AD, but subcortical ischemic
vascular disease can also affect hippocampal volume [32]. Cerebral
atherosclerosis and other vascular factors, which are direct causes for
VAD, are associated with a higher risk of AD [57]. The diseases even
have similar survival rates [58], perhaps because clinically defined
VAD and AD both are highly likely to have pathologic contributions
from both cerebrovascular disease and AD [1].

As the differences between the two diseases are difficult to detect,
diagnostic criteria will produce variant diagnoses. Criteria from the
ADDTC identified participants in the border zone between AD and
VAD or those with no history of clinical strokes but with severe MRI-
identified vascular disease [2]. Because the ADDTC doesn’t specify
how to classify dementia, it can be used with the criteria set forth by
the National Institute of Neurological and Communicative Disorders
and Stroke and Alzheimer’s disease and Related Disorders Association
(NINCDS-ADRDA) to explore the relationship between VAD and AD
[2]. However, it is very common for more common diagnostic tools to
misclassify AD for VAD and vice versa, or to discount certain aspects
of one on the other. As a result of the failings of diagnostic tests, “AD
can never be ruled out [1].”

Pure VAD, if it can occur, would be more likely to occur in younger
patients, but it is much more likely to have pure AD than VAD.
Knopman would suggest that we look at both diseases as two ends of
a continuum [1]. If the patient has VAD, he or she will need fewer
AD pathologic features to produce the same degree of dementia [59-
63]. A greater degree of cerebrovascular disease implies less AD and
vice versa, for a particular level of cognitive impairment [1]. According
to one study, half of the patients with clinically diagnosed VAD had
concomitant AD at autopsy [64,65].

There are a few differences that help to distinguish both types of
dementia. AD is characterized by a subtle onset with progressively
worsening symptoms over time, whereas VAD may occur suddenly in
stroke-related cases, then progressing in a stepwise manner, although
usually onset is also gradual. The incident rates of both types of
dementia increase with age [66], but VAD typically occurs sooner, in
ages 65 to 70. As a general rule, though, “AD should almost always be
considered present” [67].

Dementia, Major
Pseudodementia

Depression, and Depressive

Cognitive, affective, and behavioral changes may occur after
a stroke [67,68]. If these changes are overlooked, they can worsen
the rehabilitative process [69]. They can be due to psychological
factors, such as loss of function and mobility and changes in
interpersonal relationships [70], but could have a neurobiological
origin. Differentiating between the etiologies of depressive symptoms
is important for treatment, and this can be done by recognizing
differences in symptomatology. Often, “low motivational” symptoms
were organically caused [71].

In an attempt to determine post-stroke depression from dementia,
Naarding et al. subdivided depressive disorder into different
dimensions, establishing a “mood” dimension, including “depressed
mood, anger, negative and suicidal thoughts, ruminations, and social
withdrawal,” a psychomotor dimension, consisting of “psychomotor
retardation, observed depression and loss of energy,” and a vegetative
dimension consistent of loss of appetite and subsequent weight [67].
All three factors are associated with DSM diagnosis of major depressive
disorder, but the psychomotor dimension was also firmly associated
with dementia. Because the psychomotor factor is highly correlated
to diagnoses of both depression and dementia, difficulties in clinical
decision making are expected. In addition, non-depressed patients
with dementia also commonly displayed vegetative symptoms.

Differentiating between dementia and depressive pseudodementia
can be done by observing variation between symptoms and test
performance. For dementia, cognitive changes occur first. Patients
are cooperative but their performance on the MMSE is often poor
or fails to accurately express their real level of cognitive impairment.
Aphasia may be present, and patients can enjoy things. In depressive
pseudodementia, mood changes occur first, mood being consistently
dysphoric. When asked to take the MMSE, patients are uncooperative
or will not try. Aphasia is absent, patients cannot enjoy life, and
delirium may be present as well.

Delirium vs. Dementia

There are many ways to distinguish delirium from dementia.
Delirium has an abrupt, precise onset with an identifiable date. It is
an acute illness, generally lasting days to weeks but rarely more than
one month, as it is usually reversible. Delirium can be caused by
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nearly any disease that affects the brain, including toxic-metabolic
disturbances and traumatic, vascular, infectious, neoplastic, epileptic,
nutritional or psychiatric pathophysiologic entities, with incident rates
increasing with age [72]. Symptomatically, disorientation occurs early,
and there is a lot of variability in clinical presentation from moment
to moment, hour to hour, throughout the day. There are prominent
physiological changes, as well as clouded, altered and changing levels
of consciousness. The attention span is markedly reduced, the sleep-
wake cycle is disturbed from hour to hour, and there are marked
psychomotor changes, both of the hyperactive or hypoactive variety.

Dementia, on the other hand, often has a gradual onset that cannot
be precisely dated. It is a chronic illness, characteristically progressing
over the years, and is generally irreversible. Disorientation occurs later
in the illness, often after months or years. Patients are much more stable
from day to day, unless delirium develops. When delirium does occur
in dementia patients, it is usually caused by urinary tract infections,
pneumonia, unwitnessed trauma with related pain or medication
errors. Less common causes include stroke, seizures, meningitis, or
subdural hematoma ([72]. There are less prominent physiological
changes. Consciousness is not clouded until terminal stages, attention
span is not characteristically reduced, and the sleep-wake cycle,
although disturbed, consists of a day-night reversal instead of an hour
to hour variation. Psychomotor changes occur characteristically late,
unless depression develops.

Treatment Options/Recommendations

Vascular dementia has no known cure, so treatment usually focuses
on managing behavior, protecting patient safety, maintaining dignity
and supporting caregivers. Often, Complementary and Alternative
Medicine (CAM), which is a patient-led approach to healthcare that
operates outside the realm of medical practice, can dramatically improve
patient behavior by alleviating anxiety, agitation, combativeness, and
increasing the patient’s ability to communicate feelings and needs;
examples of these simple practices include aromatherapy and painting
[73]. CAM and other palliative care methods not only improve the
lives of patients, but of their caregivers as well. Most caregivers report
feeling overwhelmed, receiving little to no outside help and being
unable to find time to join community support groups [74]. Doctors
should make caregivers aware of social services such as senior centers,
senior day care, Meals on Wheels, and transportation services, as well
as advising caregivers on where to find counseling and behavioral
management advice [53].

Although most caregivers prefer medications that improve
behavioral and daily living skills over those that improve cognitive skills,
doctors are still searching for pharmaceuticals that treat VAD. Since it
is related to three different conditions, AD, hypertension, and WMH,
treatments for these conditions have been applied to the treatment of
VAD. AD treatments have included the use of cholinesterase inhibitors,
which prevent the breakdown of acetylcholine, a neurotransmitter
important in memory and cognition [75]; galantamine [76] or
donepezil [77,78] gave modest benefits, as did Memantine, [79,80]
but none have been given regulatory approval specifically for VAD.
These drugs’ success could be attributed to the nonspecific nature of
the drugs or concomitant AD findings [1]. Hypertension medication
that has been applied include perindopril and indapamide, which
reduced VAD incidence from 7.1% to 6.3% [81,82]. Antihypertensive
therapy, such as candesartan, may reduce cognitive decline and
stroke incidence. Control of hypertension has also been shown to be
a meaningful effect: a Syst-Eur study [83] showed that dementia can

be prevented with the calcium-entry blocker nitrendipine and ACE
inhibitors enalapril, but SHEP [84] showed that “thiazidic diuretic
(clortalidone) and a beta-blocker (atenolol) [do not] have the same
effects in the prevention of cognitive impairment.” In the treatment
of subcortical VD specifically, “calcium antagonist nimodipine has
shown some benefit” [5]. However, most pharmaceutical treatment is
centered on reducing depression, relieving restlessness, or controlling
aggressive or agitated behavior [85].

Because dementia is incurable, prevention is the most powerful
tool doctors have to fight it. New approaches to screening for loss of
executive control function in primary care are needed [25], as currently
executive control function is not emphasized during routine medical
examinations. If possible, it would be best to identify patients with
Mild Neurocognitive Disorder first, as this may progress to dementia
later on. These patients, once identified, will require a unique approach
to care planning due to symptomatic apathy [85]. In addition to early
detection, there are well-established therapies to prevent cardiovascular
disease starting in midlife that might have a great impact on future
disability [39]. As research continues to progress, our hopes of learning
how to effectively treat vascular dementia come closer to being realized.
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