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Abstract
Vascular cognitive impairment (VCI) is a heterogeneous group of cognitive disorders that share a presumed vascular
cause and it is the second most common cause of cognitive impairment in the elderly after Alzheimer’s disease. Its
prevalence is estimated to double over the next 30 years. Vascular cognitive impairment encompasses cases related
to multiple cortico-subcortical infarcts, silent infarcts, strategic infarcts, small vessel disease, as well as mixed pathology. It is important to emphasize that some of the risk factors for vascular dementia are the same as for stroke, including high blood pressure, diabetes, heart disease and cigarette smoking. Compared with Alzheimer’s disease,
vascular dementia has a higher rate of mortality and a slower rate of cognitive decline. The aim of the treatment in
vascular cognitive impairment is mainly to identify and reduce the effect of the vascular risk factors. This article aims
to resume the most important data regarding VCI.
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Introduction
Vascular cognitive impairment (VCI) is a heterogeneous group of cognitive disorders that share a
presumed vascular cause (1,2). It includes the
whole spectrum of cognitive alterations greater
than expected for normal aging, attributed to ischemic or hemorrhagic cerebral insults (3,4). Thus,
VCI covers subjects who have cognitive impairment associated with stroke, multiple cortical infarcts, multiple subcortical infarcts, silent infarcts,
strategic infarcts, small-vessel disease with
white-matter lesions and lacunae (5). VCI cases
that do not meet the criteria for dementia can be
labeled as VCI with no dementia, vascular cognitive impairment no dementia (vascular CIND) or
vascular mild cognitive impairment. This concept
also includes dementias where both cardiovascular
disease (CVD) and Alzheimer`s disease (AD) processes are involved (1). It is important to mention
that, unlike AD, VCI is not itself a disease – it oc-

curs when vascular risk factors lead to CVD and
afterwards to vascular brain injury (VBI) that disrupts brain networks for memory and thinking (4).
Mild cognitive impairment (MCI) is a syndrome
characterized by a cognitive decline greater than
expected for an individual’s age and education level, but with no significant daily functional disability
(6-8). Within the MCI concept we distinguish amnestic MCI (a-MCI) from multiple-domain MCI
(md-MCI). Amnestic MCI (a-MCI) is defined by a
memory deficit in comparison with the patients of a
similar age and education level, while md- MCI is
characterized by impairment in several cognitive
domains (eg, language, executive function, visuospatial skills). Individuals with md-MCI may also
have memory impairment. A third subtype of MCI
is characterized by a single cognitive domain - impairment without memory involvement (2,9). MCI
is regarded as a transitional, reversible stage between normal aging and dementia (10).
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Vascular dementia (VaD) is now considered to
be the extreme end of a spectrum of syndromes of
cognitive impairment associated with different
types of CVD (1,3).
Epidemiology and risk factors
It is estimated that dementia affects around
5-8% of those aged 65 years and older, and 30% of
people older than 80 (1,5,11). VaD is the second
most common cause of cognitive impairment in the
elderly after AD, constituting 15-20% of all dementia worldwide (12,13). The incidence of VaD increases with age, without any significant difference
between men and women (1). The Canadian Study
of Health and Ageing prospective cohort study of
10,253 elderly persons reported that patients with
VCI had a higher rate of institutionalization and

9

death, while half of those who had VCIND developed dementia within 5 years (13,14,15). It is also
important to emphasize that stroke prevalence is 6
times higher in those with cognitive impairment
relative to normal (16). Also, dementia is observed
within 3 months post-stroke with a prevalence as
high as 25-33% and about two-thirds of these patients meet the criteria of VaD (3,5).
According to a recent study, it is estimated that
the prevalence of VCI will double over the next 30
years, making disorders of cognition a priority for
healthcare and social-care services (5,17).
It was established that vascular risk factors
(VRFs) are associated with cognitive impairment
as well as with stroke and AD pathogenesis (18).
The risk factors in dementia are presented in
Table 1.

TABLE 1. Dementia risk factors (1,11,19-24)
Risk factor
Vascular disorders Cerebrovascular disease:
• clinical stroke
• large-artery atherosclerosis
• cerebral emboli,
• silent brain infarct,
• increased ventricular volume,
• white matter lesions
• cerebral amyloid angiopathy
Cardiovascular disease
• arterial hypertension
• atrial fibrillation,
• myocardial infarction,
• heart failure

Usually left hemisphere strokes, anterior and posterior
cerebral arteries territories infarction

High BP is seen as a dementia risk factor independent of the
CVD presence

Diabetes mellitus

Diabetes mellitus is considered to be the strongest risk factor

Hyperlipidemia

Several prospective reports indicate that overweight (BMI
25-29.99 kg m2) and/or obesity (BMI > 30 kg m2) increase
dementia risk over long periods of follow-up) (19-22)

Overweight and obesity
Lifestyles and
habits

Observations

Systemic inflammation
Cigarette smoking
Alcohol consumption

Various studies found significant correlations between
smoking and cognitive function (11, 23, 24)

Reduced physical exercise

Clustering of
vascular risk
factors

Dietary/nutritional factors: fats, fish,
polyunsaturated fatty acids, antioxidants, vitamin
B12, folic acid, and high serum homocysteine
The metabolic syndrome
Vascular risk factor profile:

Demographic
factors

Higher age

Genetic factors

Family history and specific genetic features

Referring to aggregation of multiple vascular risk factors
(hypertension, diabetes, heart disease etc).

Low education
The association between VaD and APOE 4 allele- a wellestablished genetic risk factor for AD, is debatable and should
be interpreted with caution.
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Neuropathology of VCI
VCI neuropathology is heterogeneous, thus in
the vast majority of cases, the cerebrovascular pathology is associated with other pathologies, usually Alzheimer type (2,25).
Cerebrovascular (CVDs) diseases are the main
causes of vascular dementia and an important factor in the development of AD and mixed dementia.
(1) According of Riley and colleagues, even in the
absence of macroscopic infarctions, patients diagnosed with severe atherosclerotic disease in the circle of Willis have a substantially greater risk (relative risk >3) to develop MCI (26,27).
Cerebrovascular syndromes associated with
cognitive decline include:
• multiple cortical, subcortical and silent infarcts or some combination of these;
• single infarcts in strategic regions of the brain
(eg: lacunar infarcts affecting the thalamus
and basal ganglia that have important interconnections with multiple other cortical
parts.
• hemorrhage (intraparechymal and subarachnoid hemorrhage, subdural hematoma)
• hypotension episodes responsible for border-zone infarcts.
• cerebral vasculitis (12).
CVD can be divided into large and small-vessel
domains. Large ischemic lesions can be caused by
emboli from cardiac origin or from large-vessel
disease (LAD) (atherosclerosis, plaque rupture,
thrombotic occlusion and dissection), but can also
result from haemodynamic events, leading to borderzone lesions. Changes in the small vessels and
their subsequent parenchymal lesions are collectively referred to as cerebral small vessel disease
(SVD). Abnormalities in these small vessels comprise arteriolosclerosis, lipohyalinosis, fibrinoid
necrosis, microatheromas, and cerebral amyloid
angiopathy (CAA). Parenchymal lesions secondary
to these vessel anomalies include lacunes, diffuse
white matter changes and microinfarcts (25).
Another process possibly involved in the pathogenesis of dementia is the chronic microglial activation caused by hypoxia which follow the vascular lesions. The activated microglia produce a series
of proinflammatory cytokines, including interleukin (IL)-6, interferon (IFN)-γ, tumor necrosis factor (TNF)-α and IL-1β, through which the inflam-
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matory response spreads inducing neuronal
damage. Supporting these hypothesis, it was reported that patients with vascular dementia showed
a high level of serum IL-6 proving the inflammatory component in the development of VCI (28).
VCI subtypes
For clinical use, VCI is subdivided according to
risk factors, mechanisms, pathology, clinical features, or response to treatment. Thus, VCI encompasses cases related to multiple corticosubcortical
infarcts, silent infarcts, strategic infarcts, small vessel disease, as well as mixed pathology (CVD and
AD). VCI also include the residual cognitive impairment found in those patients who survive intracerebral and other intracranial hemorrhages
(1,2).
The VaD may be divided into the following subtypes:
Cortical VaD (MID or post-stroke VaD). Poststroke dementia develops in up to a third of patients
within a year (usually in the first 3 months) after a
stroke and is strongly associated with advancing
age (1,2,5). It is important to emphasise that a history of stroke rises the risk of subsequent dementia
by a factor of 5 (1,29,30); likewise, a pre-stroke
cognitive impairment seems to be a strong predictor of incident of post-stroke dementia, suggesting
that AD may play an etiologic role in VaD (1,4).
Cortical VaD is characterized by a relatively abrupt
onset, a step-wise deterioration and a fluctuating
course of cognitive functions. Clinically, these patients have, apart from the cognitive impairment,
significant focal neurologic signs, consequences of
cortical and cortico-subcortical infarcts caused by
multiple atherothrombotic and embolic events
(1,16).
Subcortical ischemic vascular disease (SIVD)
and dementia (small vessel dementia) – is one of
the main subtypes of the VaD syndrome. Clinically,
it is characterized by the subcortical cognitive syndrome associated with motor hemiparesis, bulbar
signs, dysarthria, gait disturbance, depressive
illness, emotional lability and deficits in executive
functioning. The cognitive deficit is defined by a
dysexecutive syndrome (impairment of selective
attention, abstract reasoning and mental flexibility), mild memory deficit and behavioral symptoms.
The pathological features of SIVD include
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small-vessel degeneration, lacunes, multiple subcortical microinfarcts, focal and diffuse white matter lesions. SIVD encompasses two entities: “the
lacunar state” and “Binswanger’s disease” (1,4).
Lacunar infarcts represent approximately 25%
of symptomatic ischemic strokes. The lacunae are
seen in the cortical white matter or in the corona
radiata, internal capsule, centrum semi-ovale, thalamus, basal ganglia or pons (2,4,5).
Binswanger’s disease is clinically characterized
by the triad: slowly progressive cognitive decline,
gait apraxia and early urinary incontinence. Pathological examination of Binswanger’s disease cases
revealed diffuse or patchy rarefaction of myelin associated with gliosis and spongiosis. The white
matter changes described in these patients are consequences of chronic hypoperfusion, incomplete
infarction and demyelination in periventricular and
occipital deep white border regions (3,4).
Strategic infarct dementia is characterized by
focal, frequently small, ischemic lesions involving
strategical regions, critical for higher cortical functions. The cortical sites include the hippocampus,
angular gyrus and cingulate gyrus, while the subcortical sites are the thalamus, fornix, basal forebrain, caudate, globus pallidus and the genu or anterior limb of the internal capsule (1,2,31). Such
strokes can lead to a dementia syndrome by disrupting frontal-subcortical loops (2,4). The amnesia caused by these types of stroke can be distinguished from the episodic memory loss associated
with AD dementia disease by the sudden onset of
the impairment (16).
Hemorrhagic dementia. Intracerebral and subarachnoid hemorrhages usually present primarily
as major strokes with important focal neurologic
signs overshadowing the cognitive impairment.
Thus, their inclusion or exclusion as classical causes of vascular dementia is debatable (3,31).
Hypoperfusion secondary to carotid diseases is
a very rare cause of VaD. Unilateral or bilateral occlusion of carotid arteries usually represent the precipitating factor for dementia. In most cases, pathological examination shows widespread or multifocal
cerebral infarction. Chronic ischemia without infarction in the carotid territory is an extremely rare
cause of VaD. This type of VaD is reversible if the
hemodynamic deficit disappears (3).
Hereditary vascular dementia (CADASIL).
Cerebral autosomal dominant arteriopathy with
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subcortical infarcts and leukoencephalopathy (CADASIL) is a genetic cerebral small-vessel disease
caused by mutations in the NOTCH 3 gene on
chromosome 19 (16,32). CADASIL is associated
with progressive degeneration of vascular smooth
muscle cells which is replaced by granular eosinophilic non-amyloid deposits in the vascular basal
lamina (3,4). Clinical manifestations include transient ischemic attacks and strokes (80%), cognitive
deficits (50%), recurrent attacks of migraine (40%),
psychiatric disorders (30%), and epilepsy (10%)
(4,5). Magnetic Resonance Imaging (MRI) reveals
a combination of small lacunar lesions microhemorrhages and diffuse white-matter abnormalities
particularly in subcortical regions, typically involving the anterior temporal pole, claustrum and corpus callosum. The diagnosis can be confirmed
through genetic tests or skin biopsy, however currently, only symptomatic treatment is available
(4,5,16).

Diagnosis
Different criteria have been proposed for the
definition of VaD:
• DSM-IV criteria – sensitive but poorly specific.
• CD-10 criteria – similar to DSM-IV criteria;
require the evidence of focal brain damage.
• ADDTC criteria – did not emphasize the
presence of specific cognitive domain deficits.
• Hachinski ischemic score – initially developed to differentiate multi-infarct dementia
secondary to the accumulation of ischemic
lesions (score 4 >) from Alzheimer’s disease
(score < 4).
• NINDS-AIREN criteria – currently used for
research and clinical trials; incorporate different levels of certainty of the clinical diagnosis (probable, possible, definite); require 1) demonstration of the presence of
cognitive impairment, 2) demonstration of
the presence of cerebrovascular disease, and
3) evidence that the two are causally linked
(1,3,25,31).
None of these criteria sets have been completely
validated by prospective studies. Also, none of
them are able to distinguish mixed causes from
pure vascular causes (5,12).
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The gold standard diagnosis for VCI is currently
represented by a combination of neuropsychological examinations (eg. Montreal Cognitive Assessment questionnaire) and brain MRI. The presence
of MRI abnormalities (hypointensity in T1-weighted image and white matter lesions in T2-FLAIR)
can also be used as a predictor of cognitive impairment (11).
VaD clinical characteristics. It is important to
emphasize that due to the heterogeneous causes of
VCI, there is no typical clinical presentation (16).
Patients with VaD usually deteriorate in a step-wise
manner, with symptoms becoming more severe
with each new stroke. Sometimes, however, dementia can have an abrupt onset as the result of a
single stroke (6). The typical neuropsychological
profile of VCI include early impairment of attention and executive function, with slowing of motor
performance and information processing. Episodic
memory is relatively spared compared with that in
AD (5). Non-cognitive symptoms in patients with
VCI are common and include focal neurologic
findings, speech and swallowing disorders, parkinsonism, gait abnormalities and urinary difficulties
(3,12,16).
Psychiatric symptoms are as common and important as in AD. Mood symptoms such as depression, emotional lability, and loss of volition (apathy) are especially frequent and persistent in VaD
compared with those in AD (5). The psychiatric
symptoms associated with VaD are divided into
those assessed at the patient/carer interview (anxiety, depressed mood, hallucinations and delusions)
and symptoms usually found through behavioral
observation of the patient (aggression, screaming,
restlessness, agitation, wandering, culturally inappropriate behaviors, sexual disinhibition, hoarding,
cursing and shadowing). It has been reported that
up to 80% of VaD patients will manifest them at
some point. Usually, these symptoms become more
frequent as the severity of dementia increases
(1,33).
The history and physical examination should
provide information about vascular risk factors,
clinical manifestations of cardiovascular disease,
hypercoagulable states, migraine, and depression.
Also, during the interview it will be established if
there are first degree relatives with a history of
stroke, vascular disease, or dementia. Physical ex-
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amination include blood pressure (orthostatic),
pulse, body mass index, waist circumference, examination of the cardiovascular system. Neurological exam should note focal neurological signs and
possible gait disturbances (2,25).
Neuropsychological tests. In clinical practice it
should be used a bedside screening mental status
examination that assesses executive function in addition to memory, language and visual-spatial domains. The Neuropsychological Working Group
for VCI Harmonization Standards has recommended long, intermediate and short assessment protocols (which take 60, 30 or 5 minutes respectively,
to administer) along with instruments to evaluate
neurobehavioral changes and mood (4,34).
Laboratory tests. Blood tests for evaluation of
patients with dementia are useful in excluding
co-morbidities and may include the assessment of
vitamin B12, folate, thyroid stimulating hormone,
homocysteine, calcium, glucose, complete blood
cell count, renal and liver function abnormalities.
Serological tests for syphilis, Borrelia and HIV
should be take into account if there are suggestive
clinical features (35). Tests such as electrocardiogram or echocardiogram are useful to assess systemic vascular disease. Also, carotid Doppler images should be performed in all patients with
large-vessel events. A lumbar puncture may be recommended in order to differentiate VaD from normal pressure hydrocephalus (NPH), and also for
assessment of the potential contribution of AD to
the clinical picture. It was demonstrated that the
profile of tau and amyloid markers in CSF differ
between VaD and AD. Subcortical vascular disease
is characterized by normal or slightly increased
levels of tau, normal p-tau and decreased levels of
Ab42, whereas levels of tau and p-tau are increased
in association with decreased levels of Ab42 in AD
(1).
Neuroimaging. The neuroimaging tests – MRI
or CT scan of the brain – are essential for the diagnosis of VaD. In VaD patients, CT is used to rule
out causes of cognitive decline other than vascular
or neurodegenerative types of dementia, such as a
tumor, subdural hematoma, or NPH (1). However,
MRI is the most sensitive technique for the diagnosis of VaD (1,3). Characteristic MR features of VaD
include large-vessel infarcts (arterial territorial and
watershed infarcts), signs of small-vessel disease
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(white matter hyperintensities, lacunes and microbleeds) and expressions of neurodegeneration (general atrophy, medial temporal lobe atrophy). Thus,
the most important neuroimaging predictors of
poststroke dementia are the white matter lesions
(WMLs), silent brain infarcts, global cerebral atrophy and medial-temporal lobe atrophy (1). It was
shown that stroke patients with more severe WMLs
have an increased risk of recurrent strokes and
poststroke dementia (1,29). Silent brain infarcts are
independent predictors of post-stroke dementia and
microbleeds represent radiological signs of CAA.
Cortical gray matter atrophy is correlated with the
overall severity of cognitive deficit, while the presence of medial – temporal lobe atrophy – a marker
of AD- suggests that the post-stroke demetia may
occur partially due to a neurodegenerative process
that was ongoing in the preclinical phase when the
stroke happened (1,4).

Differential Diagnosis
A challenge in VaD diagnosis is to separate the
presence of an ongoing neurodegenerative disease
(e.g. AD, Parkinsons’s disease – PD) from true
VaD, considering that the presence of VaD superimposed on a neurodegenerative process is frequent, especially in older individuals. Both VaD
and NPH involve modifications in the same deep
white matter structures and have a similar cognitive
profile associated with gait abnormalities and incontinence. In these cases, the final diagnosis will
be established by neuroimaging tests. In patients
with transcortical sensory aphasia, the diagnosis of
dementia is done by reports from the informants,
and not by formal cognitive testing because, when
is not associated with any other focal neurological
sign, this condition can mimic the language deficits
often seen in VaD. Studies comparing cognitive impairment in VaD and AD have found it difficult to
distinguish between the two dementia types. However, some authors suggest that patients with VaD
have greater deficits in frontal-executive functioning and a relative advantage on verbal episodic
memory task (1).
VaD should be differentiated from reversible
causes of memory impairment such as: hypothyroidism, anemia, sleep apneas, depression and vitamin deficiencies. The differential diagnosis of VaD

13

also include other non-degenerative conditions such
as: HIV dementia, multiple sclerosis with dementia,
progressive multifocal leukoencephalopathy, and
head trauma encephalopathy. History usually allows
for differentiation of these diseases (1,9).

Prognosis
VCI does not always progress to dementia, and
results from epidemiological and clinical studies
shows that improvement in patients with VCI–no
dementia is frequent (2).
VCI is assciated with a high risk of post-stroke
dementia. Up to a third of people change diagnostic
category (no cognitive impairment; cognitive impairment – no dementia; dementia) within 1 year
after a stroke. It was shown that, among patients
with stroke, those with previous cognitive impairment, polypharmacy, intercurrent stroke and depression are associated with greater rate of cognitive decline (2,4). Compared with AD, VCI has a
higher rate of mortality and a slower rate of cognitive decline (4).

Treatment
Primary and secondary prevention. VCI may be
preventable by vigilant identification and treatment
of vascular risk factors. Thus, the treatment of VaD
includes both prevention and symptomatic strategies (3,4). The VCI prevention may be achieved by
identifying and treating the cerebrovascular risk
factors mentioned above and by lowering stroke
risk with antiplatelet or anticoagulant therapy, if indicated (12,18). Non-pharmacological preventive
strategies include: participation in stimulating activities (cognitive, physical and social) and dietary
intake of antioxidants, B vitamins and omega-3 fatty acids (1,31).
Symptomatic treatment. Recent controlled clinical trials with cholinesterase inhibitors – donepezil, galantamine, and rivastigmine in VaD, as well as
galantamine in patients with AD with CVD, have
shown cognitive improvement (1,3,4). The use of
the NMDA receptor antagonist, memantine was
also associated with symptomatic benefit in VaD in
comparison to placebo (1,4). Currently donepezil is
the only agent found to delay the progression from
MCI to dementia, although the data were derived
from a single study (9,12,36).
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Treatment of behavioral symptoms in VaD. The
SSRIs are usually used as a first-line treatment for
depression in dementia. Other antidepressants –
venlafaxine, trazodone and mirtazapine – seems to
be well-tolerated alternatives to SSRIs. Among anticonvulsants, carbamazepine can be used in order
to attenuate agitation in demented patients. The antipsychotic treatment is usually prescribed when
the patient present delusions or hallucinations. The
conventional antipsychotics are currently avoided
considering their modest efficacy and important

side effects (sedation, anticholinergic and extrapyramidal effects). Therefore, currently atypical antipsychotic drugs, risperidone and olanzapine, are
considered to be the most effective and also
well-tolerated treatment of psychotic symptoms
(1).
In all VaD cases, a proactive, interdisciplinary
and holistic approach is strongly recommended in
order to improve the patient safety and quality of
life (4).
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