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The term vascular cognitive impairment designates a heterogenous group of disorders ranging from
mild cognitive impairment to full-blown dementia - vascular dementia - resulting from cerebrovascular
lesions involving various brain areas. Current clinical criteria show moderate sensitivity (50-56%) and
variable specificity (range 64-98%). The prevalence in autopsy series ranges from 0.03 to 58% (mean
8-15% in Western series, 22-35% in Japan). Major morphological types - multi-infarct and subcortical
vascular encephalopathy, strategic infarct dementia, lacunar state, cortical granular atrophy (rare), and
ischemic encephalopathy - are caused by atherosclerosis of major cerebral arteries and small vessel
disease, resulting from systemic, cardiac and local vascular disease or cerebral amyloid angiopathy.
Pathogenesis of vascular dementia is multifactorial, and pathophysiology affects brain areas and
neurological networks involved in cognition, memory, behavior, and executive functions. Vascular brain
injury in elderly persons often coexists with Alzheimer-type lesions and other pathologies resulting in
mixed dementia. However, these lesions are also present in many non- demented elderly subjects. The
heterogeneity of clinical manifestations, cerebrovascular pathology and their pathogenic factors result
in limitations of the accuracy of diagnostic criteria for vascular dementia. Therefore, standardized and
reproducible neuropathological criteria for the assessment of cerebrovascular lesions associated with
cognitive impairment in order to elucidate contribution of cerebrovascular disease to cognitive impairment
are urgently needed.

all these disorders [3], while subcortical vascular dementia
designates a more hetereogenous syndrome [4]. The clinical
diagnosis, epidemiology, pathophysiological and pathogenic
concepts of VCI/VaD are in the focus of current neuroscience
research [2,5].

Abbreviations

AD: Alzheimer Disease; BBB: Blood-Brain Barrier; CAA:
Cerebral Amyloid Angiopathy; CFS: Cerebrospinal Fluid;
CMB: Cerebral Microbleed; CMI:  Cerebral Microinfarct;
CVD: Cerebrovascular Disease; CVL: Cerebrovascular Lesion;
MCI: mild cognitive impairment; MIE: Multi-Infarct
Encephalopathy; MRI: Magnetic Resonance Imaging; SVD:
Small Vessel Disease; VaD:Vascular Dementia; VCD: Vascular
Cognitive Disorder; VCI: Vascular Cognitive Impairment;
VCIND: Vascular Cognitive Impairment No Dementia; WMH:
White Matter Hyperintensity; WML: White Matter Lesion

Clinical features

Cognitive changes in VCI/VaD are more variable than in
AD and are dependent on the particular neuronal substrates
related to the vascular pathology, while other functions such
as memory, language, executive functions and non-cognitive
features, depression and apathy are much more affected;

Introduction

Cerebrovascular disease (CVD) is increasingly recognized
as a major cause of cognitive impairment in later life either
alone or in conjunction with AD or other pathologies [1].
Vascular cognitive impairment (VCI) [2], first described as
“arteriosclerotic dementia”, comprises a hetereogenous group
of cognitive disorders of various severity and types ranging
from subtle deficits to full-blown vascular dementia (VaD) that
share a presumed vascular etiology. Vascular cognitive disorder
(VCD) represents a global diagnostic category encompassing

delusions and hallucinations are less frequent [6,7].

Previous diagnostic criteria for VCI/VaD requested the
presence of memory loss independent of dementia. Currently,
several sets of criteria for the clinical diagnosis of VCI/VaD
are used (see [8]): the NINDS-AIREN criteria [9], the ADDTC
criteria [10], the DSM-V criteria (APA), distinguishing possible,
probable and proven VaD (with pathologically proven multiple
cerebrovascular lesions/CVLs) [11]; the NINDS-CSN criteria
[12], the EFNS guidelines [13], the consensus statement of the
American Stroke Association [14], and the VASCOG criteria [6].
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Vascular cognitive impairment no dementia (VCIND)
describes a condition related to vascular disease, in which
cognitive impairment is not severe enough to fit the criteria of
dementia [15].

Several studies reported moderate sensitivity of clinical
criteria (average 50-56%) and variable specificity (range 64-
98%) with variable interrater reliability [7,16]. The limitations
of current clinical diagnostic criteria sets for VCI/VaD that
poorly reflect the underlying pathology, have been critically
discussed recently [6,17].

In clinical studies, the prevalence of VaD ranges from 4.5 to
39%, in Western memory clinic- and population-based series
8-15%, in pathological series even 0.03-85.2% with means
around 11-15%, and in Japan 23.6-35% [8]. The prevalence
studies must be interpreted cautiously since aged subjects
with and without dementia show a high frequency of mixed
pathologies [18-22].

In elderly patients the prevalence of ‘“pure” VaD
morphologically characterized by multiple CVLs without
essential concomitant AD-type (Braak neuritic stage < 2.0) and
other pathologies ranges from 5 to 78% with mild reduction
in the oldest-old, while that of mixed dementia increases with
age [23]. Recent studies have emphasized the co-morbidities
associated with VaD and AD-like pathology. Although there is
an established relationship between vascular and degenerative
(AD) pathology, the mechanistic links between the two have
to be identified. In general, however, vascular brain damage is
believed to be an important component of AD pathophysiology
[24]. Just one example: Analysis of 4629 cases of the NACC
database with autopsy-confirmed AD classified 79.7% as
having additional CVD [25]. However, the impact of co-
occurring pathologies on progression of cognitive impairment
may depend on the severity of AD pathology [1,21,26].

Pathology of VCI/VaD

Pathological changes in the brains of patients with cognitive
impairment are highly variable and multifold including focal,
multifocal and diffuse lesions (Table 1). They are related to
large and small vessel disease.

1. Large vessel dementia: Multi-infarct encephalopathy
(about 15% of VCI) is featured by multiple large and small
infarcts involving the supply areas or borderzones of major
cerebral arteries due to severe atherosclerosis of extra- and
intracranial vessels giving rise to local thrombo-embolism
and hypoperfusion, while inflammatory angiopathies and rare
hereditary forms, e.g., CADASIL, more frequently cause smaller
infarcts. Arterial embolism is caused by breaking of thrombi
from ulcerated lesion in extracranial arteries or heart valves.

2. Small vessel disease (SVD)/microangiopathic dementia
with lacunes, microinfarcts and microbleeds, predominantly
involving subcortical structures - white matter, basal ganglia,
intern capsule - due to microvascular changes (fibrosis,
stenosis, hypertensive angiopathy, etc.) being present in

more than 60% of VCI patients. Lacunar infarcts are miliary
softenings from 3 to 15 mm diameter, found in 32-45%
of elderly as the most frequent types of CVLs [17]. They are
common and strongly related to dementia in the oldest-old
[27].

Small vessel lesions which are seen by modern neuroimaging
methods (particularly 7-Tesla MRI) [28] can be distinguished
according to the type and predominant location:

a) (Multi) lacunar state with multiple cortico-subcortical
lacunes or microinfarcts.

b) Strategic infarct dementia (SID) with small infarcts
in functionally important brain areas (thalamus,
frontocingular cortex, hippocampus) due to SVD or
embolism.

Table 1: Subtypes of vascular dementia according to major morphological lesions.

Imaging and pathological changes

Multiple large and/or small infarcts in
the supply territories or borderlines of
large cerebral arteries, in particular ACM,
ACM + ACP, uni- or bilateral

Condition

1. Multi-infarct dementia (MIE)

Mutiple lacunes/microinfarcts in
cerebral white matter.

Subcortical (leuko-) encephalopathy
Binswanger.

Diffuse white matter lesions (myelin/
axon loss), lacunes enlarged
perivascular spaces, residues of
microinfarcts or microbleeds.

2. Small vessel dementia (SVD)
(subcortical VaD)

Small or medium-sized infarcts

in strategic locations (thalamus,
hippocampus, basal forebrain, disruption
of subcortico-cortical circuits

3. Strategic infarcts dememntia

Watershed infarcts or scars in cortical
and cortico-subcortical border zones of
large cerebral arteries or of cortical and
subcortical vessels.

Granular cortical atrophy (multifocal
cortical microinfarcts or scars - rare)

4a. Hypoperfusion dementia

Pseudolaminar cortical necrosis mainly

4b. Hypoxic dementia in arterial border zones (postischemic

lesions)
5. Hereditary (VaD - CADASIL): CARASIL, Multiple lacunes and white matter
etc. lesions

Multiple hemorrhages (subdural,
subarachnidal, intracerebral), multiple
cortical and subcortical microbleeds and
residues

6. Hemorrhagic dementia

Large symmetric congestive
hemorrhagic infarcts due to thrombosis
of the sagittal sinus or the great vein of
Galen

7. Venous infarct dementia

8. Hippocampal sclerosis Diffuse or sector CA2 necrosis or gliosis

Combination of AD-type pathology
(plagues and tangles) and
cerebrovascular changes of different
types and locations

9. Alzheimer disease with CVD (mixed
dementia)

ACM: middle cerebral artery; ACP posterior cerebral artery; CADASIL:
cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy.
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C) Watershed or borderzone (cortical and/or subcortical)
infarcts in borderzones between major cerebral arteries
or in territories between small deep and superficial
vessels (hippocampal, thalamic infarcts) caused
by diminished blood flow due to atherosclerosis or
prolonged hypotension.

d) Subcortical vascular dementia, arteriosclerotic (leuko)
encephalopathy (Binswanger disease) or leukoaraiosis
with confluent white matter lesions (demyelination,
axonal loss due to lacunar infarcts or related with
enlarged perivascular areas), usually sparing subcortical
U-fibers. White matter hyperintensities (WMH),
seen in magnetic resonance imaging (MRI) in elderly
individuals with and without cognitive impairment,
are generally associated with SVD and edema, but
recent studies indicate also relationship to cortical tau
pathology in Alzheimer disease (AD) [29]. The lesions
including demyelination, axonal loss, lacunar infarcts
or dilatation of the Virchow-Robin spaces are caused
by disturbances of the blood-brain barrier (BBB),
hypotension and chronic ischemia. Identification of
this subgroup can be facilitated by a set of multimodal
disease markers, obtained from clinical, cerebrospinal
fluid, neuropsychological, and imaging studies [30].

e) Cerebral microinfarcts (CMIs), detected by 3T and 7T
MRI [28,31] involving subcortical areas are associated
with atherosclerosis and arteriolosclerosis, while
cortical microinfarcts are mainly associated with
cerebral amyloid angiopathy (CAA) [32]. The etiology of
cerebral microinfarcts differs depending on brain region.
CAA is important in the occipital lobe, while in frontal
cortex and hippocampus CMIs without any vascular
pathology were significantly more frequent, indicating
that hypoperfusion or large vessel atherosclerosis may
play a role in the development of microvascular lesions
in these areas [33].

f) Cerebral microbleeds (CMBs), involving both cortex and
white matter, as detected by MRI [28], are caused by
hypertensive SVD and CAA [34]. Cortical microbleeds are
often associated with CAA, whereas subcortical ones are
mainly related to SVD or embolies, but both subcortical
SVD and CAA interact to increase the risk or lobar CMBs
[35]. They are associated with cognitive decline [36],
although their mechanisms and their interaction with
cognitive impairment remain uncertain [26]. Brains
without significant AD pathology showed more severe
lacunes and microinfarcts than subjects with large
infarcts and those without dementia [37].

3. Other pathological substrates of VCI include:

Q) Post-ischemic encephalopathy with several types of
predominant distribution pattern: (1) cortical laminar
necrosis often involving arterial border zones and
associated with white matter damage resulting from
hypoxia due to cardiac or respiratory arrest; (2) multiple
post-ischemic lesions with cortical/subcortical (micro)

infarcts after cardiac arrest and cerebral atherosclerosis;
(3) hippocampal sclerosis of hypoxic-ischemic etiology,
relatively common (ca 10%) associated with dementia
in very old patients but also associated with a variety
of neurodegenerative disorders, such as frontotemporal
lobar degeneration and TDP-43 pathology [38,39].

b) Hemorrhagic dementia with primary (hypertensive)
intracerebral bleeds due to hypertension is rare.
Cognitive dysfunctions related to multiple cortical and
subcortical hemorrhages usually are associated with
sporadic or hereditary CAA, although the majority of
CAA-related cerebral hemorrhages had hypertension,
suggesting it is an important additonal causal factor in
CAA-related intracerebral hemorrhages [40].

C) Combined (multifocal) CVLs involving various brain
regions, related to different vascular dysfunctions [23],
including hereditary SVD, e.g., CADASIL or CARASIL
[41].

As for other pathologies underlying CVI/VaD, there is basal
consensus that it results from brain dysfunction caused by
cumulative tissue damage [14,17,23,42].

Recent neurophysiological studies using transcranial motor
stimulation (TMS) have revealed distinct patterns of cortical
excitability in VaD, possibly associated with disease process
and progress [43,44]). However, the pathophysiological details
of VCI/VaD and of vascular depression (VaDep - see consensus
paper [45]) are beyond the scope of this mini-review.

Risk factors for CVI/VaD

Risk factors for VCI/VaD are multifold and include age,
midlife hypertension, dyslipidemia, diabetes mellitus,
cardiovascular and lifestyle factors, arterial disease, recurrent
stroke, asymptomatic vascular brain injury (silent stroke),
smoking, low education, physical inactivity [14,46], while
others suggested hypotension to be such a risk factor [47].
Many of these and other other risk factors like late life
depression [45] are common to VaD, AD and mixed dementia.
Potential mechanisms between risk factors, CVD and cognitive
impairment are given in Figure 1. The detrimental effects
of social isolation on CVDs and related cognitive disorders
have been discussed recently [49], and the role of vascular
depression as a subtype of late-life depression and its relations
to cerebrovascular disorders has been reviewed in a recent
consensus report [45,50]. Psychosocial stressors have been
shown to exacerbate disease-related morbidity and mortality
[51].

Pathogenesis of CVI/VaD

The pathogenesis of CVLs inducing cognitive impairment
is multifactorial, depending on origin, volume and location of
brain destructions and the distribution, number and severity of
CVLs. Neuroimaging and clinico-pathologic studies have clearly
indicated that the threshold for VCI/VaD depends on the extent
and location of cerebral damage [17,26,29]. Chronic cerebral
hypoperfusion is a common pathophysiological condition
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frequently occurring in VaD. Within CVD, the most common
contribution is likely central SVD, which involves tissue injury
in both cortical and subcortical gray and white matter, but
may coexist with atherosclerosis involving large extracranial
vessels and embolic disease [4,17,41]. Vessel wall changes
such as arteriolosclerosis and CAA were proposed to be the
most earliest and common changes, followed by perivascular
spacing with lacunar and regional microinfarcts progressing
from frontal to temporal lobe and basal ganglia [52].

The molecular mechanisms active in VaD and shared
among almost all the dementia types include neuronal damage,
BBB alterations, hypoxia, oxidative and nitrosative stress,
mitochondrial dysfunction, autophagy, neuroinflammation,
neurodegeneration, etc., due to reduced brain perfusion, which
contribute to and exacerbate the etiology and course of the
disease [51,53]. These molecular links between VaD and AD
have been discussed recently [54].

The resulting lesions involve various, functionally important
brain areas (prefrontal cortex, thalamus, hippocampus, etc.)
and neuronal networks with deafferentation of frontal and
limbic structures and damage to neuronal networks important
for cognition, memory, behavior and executive functions [23].
Disruption of subcortico-frontal circuits due to white matter
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lesions by subcortical microinfarcts resulting in cognitive
impairment has been confirmed by experimental models of
cerebral ischemia [55].

The neurochemical basis of CVD is poorly understood.
Diffuse WMLs involving the basal forebrain cholinergic system
cause widespread disconnection of cholinergic projections
[56], indicating an association of cholinergic dysfunction with
dementia severity in subcortical VCI [57]. Loss of cholinergic
function is greater in VaD with concurrent AD pathology
[58,59], whereas central cholinergic pathways do not seem
involved in VCIND, thus differing from primary cholinergic
forms of dementia, such as AD [60]. Others have reported
deficits in monoamines including dopamine and serotonin
in the basal ganglia and neocortex [61] and of presynaptic
proteins in the temporal cortex in VaD [62].

Although there is a frequent overlap between vascular and
degenerative lesions causing cognitive impairment [17,24], and
a frequent lack of correlations between clinical and pathology
findings [26], there is a consistent interplay of pathogenic
factors causing VCI (Figure 2). Due to frequent co-morbidity
in old age, cerebrovascular pathology often coexists with
Alzheimer-type lesions and other pathologies. 25 to over 80%
(mean 75%) of elderly both demented and non-demented
individuals show mixed pathologies [21,24,42].

Cerebrovascular

Amyloid disease

deposition

Vascular

Figure 1: (A) Anterior segment mass (B) CT scan of orbit (C) Histological stain showing mixed spindle B and pigmented epithelioid cells (D) Appearance of eye after

excision of anterior segment mass.
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New classification proposals

Neuropathology has to describe the nature, severity
and localization of CVLs related to cognitive decline using
harmonized procedures and criteria [63], addressing the
question whether the vascular lesions present in a particular
brain are of sufficient magnitude and relevant location to
contribute to cognitive impairment.

Standardized neuropathological criteria for the assessment
of CVLs associated with cognitive impairment are urgently
needed. However, despite several recent suggestions for
staging and grading vascular lesions in specific brain areas, due
to the high variability of these lesions, no generally accepted
and validated neuropathological criteria were until recently
available for VCI/VaD [23].

There are several international efforts to define cognitive
impairment due to cerebrovascular disease in different
stages and subtypes: (1) The Newcastle group suggested a
categorization of the cerebrovascular pathology associated
with cognitive impairment according to 6 subtyes of CVLs
ranging from large or several infarcts, multiple microinfarcts,
infarcts in strategic areas, cerebral hypoperfusion,
hemorrhages, and cerebrovascular changes associated with
AD-negative pathology [64]; (2) the revised NIA-AA guidelines
recommended to report macroscopic vascular brain injuries
and microvascular impairment [65], and (3) staging of CVLs
using a semiquantitative assessment in four brain areas with a
score ranging from I to IV/VI [52]. All these proposals, however,
await further validation by clinico-pathological studies.

A recent collaborative study of nine United Kingdom
neuropathological centers to formulate evidence-based
Vascular Cognitive Impairment Neuropathology Guidelines
(VCING) for post-mortem assessment of CVD of relevance for
VCI/VaD has shown that various combinations of 3 pathologies
(occipital leptomeningeal CAA, atherosclerosis in occipital
white matter, and at least one infarct) can be used to report
a low, intermediate or high likelihood that CVD contributed
to cognitive impairment [66]. Like previous proposals for
classification and rating of vascular and related cerebral lesions
causing cognitive impairment, the VCING needs validation.
A recent consensus report of the International Congress on
Vascular Dementia working group discussed whether the time
is ripe for new diagnostic criteria of cognitive impairment due
to CVD [67].

Conclusions and Further Outlook

Modern neuroimaging together with clinical and biological
marker studies will continue to play a leading role in the
diagnosis of dementias, in particular a more clear delineation
between VCI/VaD, AD, and mixed pathology [26,28]. However,
neuropathology still remains the “gold standard” of diagnosis.
The preclinical stages of VCI have to be defined more precisely
and the term VCI should be used in a similar way as MCI due
to AD to characterize the early clinical stages of VCI [67].
In addition, more precise relations between clinical and
neuroimaging longitudinal findings with postmortem changes
should be performed.

Defining neuropathological substrates of VCI/VaD relies on
uniformity in sampling and careful pathological examination.
While robust clinical and neuropathological diagnostic criteria
for VCI/VaD are still being developed, multiple microinfarcts
or lacunes in subcortical structures and deep white matter
due to widespread SVD rather than macroinfarction or large
vessel disease appear most robustly related to cognitive
impairment. It should be considered that concomitant AD-like
lesions and hippocampal pathology including sclerosis induce
disease progression. Further clinico-pathological studies and
harmonization of neuropathological procedures are needed to
validate the diagnostic criteria for VCI/VaD in order to elucidate
the impact of CVLs and coexistent pathologies on cognitive
impairment as a basis for successful preventive and treatment
options.
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