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Cerebrovascular disease is the second most common
cause of acquired cognitive impairment and dementia and
contributes to cognitive decline in the neurodegenerative
dementias. The current narrow definitions of vascular
dementia should be broadened to recognise the important
part cerebrovascular disease plays in several cognitive
disorders, including the hereditary vascular dementias,
multi-infarct dementia, post-stroke dementia, subcortical
ischaemic vascular disease and dementia, mild cognitive
impairment, and degenerative dementias (including
Alzheimer’s disease, frontotemporal dementia, and
dementia with Lewy bodies). Here we review the current
state of scientific knowledge on the subject of vascular
brain burden. Important non-cognitive features include
depression, apathy, and psychosis. We propose use of the
term vascular cognitive impairment, which is
characterised by a specific cognitive profile involving
preserved memory with impairments in attentional and
executive functioning. Diagnostic criteria have been
proposed for some subtypes of vascular cognitive
impairment, and there is a pressing need to validate and
further refine these. Clinical trials in vascular cognitive
impairment are in their infancy but support the value of
therapeutic interventions for symptomatic treatment.
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Dementia affects around 7% of the general population older
than 65 years, and 30% of people older than 80."" Twice as
many people are affected if those with cognitive impairment
that falls short of diagnostic criteria for dementia are
included.®” Prevalence is expected to double over the next 30
years,® making disorders of cognition a priority for health-
care and social-care services. If traditional diagnostic
classifications for subtypes of dementia are used, more than
half of cases are due to Alzheimer’s disease (AD), followed
by vascular dementia, which yields 25-30% cases. Stroke is
the second leading cause of death worldwide and is a major
determinant of adult disability.” It has many sequelae,
including cognitive impairment; hospital-based studies
show that up to a third of stroke patients have dementia
within 3 months of stroke."

Advances in neurobiology and the introduction of the
first symptomatic treatments for AD" must be contrasted
with poor progress in the area of vascular dementia.”
Concepts of vascular dementia have historically been based
on stroke and the multi-infarct model.” However,
recognition is increasing that several vascular pathologies
(eg, subcortical ischaemic small-vessel disease), as well as
cortical infarcts, can lead to dementia.”*"* Recognition is also

growing of a close relation between vascular dementia and
AD. For example, vascular factors such as hypertension,”
diabetes,”™' smoking,” and hypercholesterolaemia®* are
now deemed risk factors for AD as well as vascular
dementia. Furthermore, the effects of vascular and AD
pathologies are additive,”” and in most population samples
these disorders appear together.” Collectively, these
relations have renewed interest in the nature of the
pathology, pathophysiology, clinical features, treatment, and
outcome of patients with vascular dementia. In an effort to
review and clarify current knowledge, concepts, and
methods for further inquiry, the International
Psychogeriatric Association convened a special meeting on
vascular cognitive impairment attended by many
international specialists (please see acknowledgments for list
of participants). Also present were representatives from
Alzheimer’s Disease International, the World Federation of
Neurology Dementia Study Group, the US Food and Drug
Administration, and the European Commission for
Medicinal and Pharmaceutical Compounds. As a product of
this special international meeting, we have reviewed the
current state of scientific knowledge in the subject of
vascular brain burden and identified key issues requiring
clarification and research to advance knowledge in this area.

Terminology

There is now agreement that cognitive impairments
associated with cerebrovascular disease extend well beyond
the traditional concept of multi-infarct dementia. Variations
in defining the cognitive syndrome, vascular causes, and

JTO and CB are at the Institute for Aging and Health, Newcastle
General Hospital, Newcastle upon Tyne, UK. TE is at the Memory
Research Unit, Helsinki University Central Hospital, Department of
Clinical Neurosciences, Helsinki, Finland. BR is at the New York
University Medical Center, William and Sylvia Silberstein Aging and
Dementia Research Center, New York, NY, USA. GR and TS are at
the University of Texas Health Science Center, San Antonio, TX,
USA, and TS is at BF Research Institute, c/o National
Cardiovascular Center, Osaka, Japan. LP is at the Department of
Neurological and Psychiatric Sciences, University of Florence,
Firenze, Italy. JVB is at the Department of Neurology, Royal Free
Hospital, London, UK. CD is at the IDeA Lab, UC Davis Center for
Neuroscience, Sacramento, CA, USA. PBG is at Rush Medical
College, Chicago, IL, USA. KR is at Dalhousie University, Halifax,
NS, Canada. AB is at the School of Psychiatry and Behavioural
Sciences, Wythenshawe Hospital, Manchester, UK. SG is at the
McGill Centre for Studies in Aging, LaSalle Verdum, QC, Canada.
STD is at the University of Pittsburgh, Pittsburgh, PA, USA.

Correspondence: Dr John T O’Brien, Institute for Aging and Health,
Newcastle General Hospital, Westgate Road, Newcastle upon Tyne
NE4 6BE, UK. Tel +44 (0) 191 256 3323; fax +44 (0) 191 219 5051;
email j.t.o’brien@ncl.ac.uk

THE LANCET Neurology Vol 2 February 2003  http://neurology.thelancet.com 89



| Review! |,

brain changes associated with cognitive decline have resulted
in various proposed diagnostic criteria. Clinically important
cognitive impairments associated with vascular disease
frequently do not fulfil traditional criteria for dementia,
since these criteria are based on the concept of AD and
require the presence of prominent memory impairment,
which is not necessarily a prime symptom in vascular
dementia. Consequently, studies of the prevalence, clinical
features, imaging changes, and outcomes of cerebrovascular
brain disease have been inconsistent, which has limited
progress.

In an effort to avoid scientifically constricting
definitions, and to avoid artificial distinctions between
different severities of cognitive impairment, we use the term
vascular cognitive impairment to refer to all forms of mild to
severe cognitive impairment associated with and presumed
to be caused by cerebrovascular disease. This term,
therefore, includes vascular cognitive impairment without
dementia and vascular mild cognitive impairment—that is,
mild cognitive impairments that have a presumed primary
vascular basis—as well as vascular dementia. Vascular
cognitive impairment covers individuals who have cognitive
impairment related to stroke, multiple cortical infarcts,
multiple subcortical infarcts, or both, silent infarcts,
strategic infarcts, small-vessel disease with white-matter
lesions, and lacunae. Vascular cognitive impairment also
plays an important part in patients with AD pathology who
have coexisting vascular lesions.

Classification of sporadic vascular cognitive
impairment

Sporadic vascular cognitive impairment is a broad clinico-
pathological range that includes various apparently different
disorders. Several clinically identifiable subtypes exist,
although these are still poorly specified. The uniting feature is
that vascular pathology either causes or makes a substantial
contribution to the cognitive impairment (panel).

Multi-infarct dementia

Multi-infarct dementia reflects the traditional view that
multiple large cortical infarcts are required for dementia to
develop (figure 1).”* However, this type of vascular dementia
is only one of several and is not the most common type in
elderly people, who are more likely to have mixed AD and
vascular dementia.”

Classification and causes of sporadic vascular cognitive
impairment

Post-stroke dementia
Vascular dementia
Multi-infarct dementia (cortical vascular dementia)
Subcortical ischaemic vascular dementia
Strategic-infarct dementia
Hypoperfusion dementia
Haemorrhagic dementia
Dementia caused by specific arteriopathies
Mixed AD and vascular dementia

Vascular mild cognitive impairment

Vascular cognitive impairment

Figure 1. MRI scan (axial T1 sequence) showing large cortical infarcts in
the dominant (left) hemisphere consistent with multi-infarct dementia.

Post-stroke dementia

Post-stroke dementia develops in up to a third of patients
within a year of stroke” and is strongly associated with
advancing age. Evidence suggests heterogeneity of the
underlying pathology, with many cases resulting from
different vascular causes and changes in the brain, as well as
degenerative pathology. Post-stroke dementia includes cases
with multiple corticosubcortical infarcts, strategic infarcts,
subcortical ischaemic vascular dementia, and AD.

Subcortical ischaemic vascular dementia
A subtype of vascular dementia that has a generally
predictable outcome is subcortical ischaemic vascular
dementia, which incorporates small-vessel disease as the
main vascular cause, with lacunar infarct and ischaemic
white-matter lesions as the primary type of brain lesion
(figure 2). The primary location of lesions is subcortical, and
subcortical syndrome is the primary clinical manifestation.”
Subcortical ischaemic vascular dementia incorporates the
overlapping clinical entities of Binswanger’s disease and the
lacunar state.”™

Clinical identification of patients with subcortical
ischaemic vascular dementia can be based on a
modification of criteria from the National Institute of
Neurological Disorders and Stroke and the Association
Internationale pour la Recherche et I’Enseignement en
Neurosciences (NINDS-AIREN) for probable vascular
dementia.”” These criteria require a relation between onset
of dementia and cerebrovascular disease. In subcortical
ischaemic vascular dementia, the onset is frequently more
insidious, and temporal relations between the cognitive
syndrome, brain-imaging features, and evidence of
cerebrovascular disease may not be clear. Accordingly, the
temporal-relation requirement was omitted from the
research criteria for this disorder. The brain-imaging
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Figure 2. MRI scan (axial fluid-attenuated inversion recovery sequence)
showing extensive white-matter lesions consistent with subcortical
ischaemic vascular dementia.

criteria cover patients who have mainly white-matter
lesions (the Binswanger type) and those with mainly
lacunar infarcts (the lacunar state type).*

The classification of subcortical ischaemic vascular
dementia may identify more homogenous and
representative groups of patients and show more predictable
clinical features, natural history, outcomes, and treatment
responses than previous nosological constructs. Further
research is needed to define the syndrome and stages of
subcortical ischaemic vascular dementia, validate the brain-
imaging criteria for the disorder by clinical-pathological
correlation, and to characterise the natural history and
outcomes of the syndrome. Identification of early and mild
stages of subcortical ischaemic vascular dementia will also be
an important area for research. Furthermore, specific
markers, validated by clinical-pathological correlation, need
to be identified to independently quantify vascular and AD
burden.

Subcortical ischaemic vascular disease without
dementia

Subcortical ischaemic vascular disease without dementia
frequently manifests as white-matter lesions on MRI brain
scans. These lesions can occur as early as 30 years of age,
but their prevalence rises strikingly with age, and by 70
years of age at least 70% of the population is affected.
Frequently, lesions occur in the context of well-recognised
vascular risk factors. However, there also seem to be novel
and poorly recognised risk factors for white-matter lesions,
such as oxidative stress.””* White-matter lesions have
important cognitive consequences even in the absence of
dementia.”™ Important non-cognitive consequences
include depression and minor motor deficits (ie, gait
disorder, imbalance, urinary frequency) that can impair
quality of life.*"

T Review

Mixed AD with cerebrovascular disease

AD with cerebrovascular disease (mixed dementia) has been
underestimated as a common cause of dementia, particularly
in elderly people.” Although common, this interaction is not
recognised by current diagnostic systems, and, therefore,
mixed dementia remains a difficult concept. Vascular and
degenerative pathologies interact in terms of clinical
expression of cognitive impairment,”* and vascular dementia
and AD share common pathogenetic mechanisms.” The
nature of these inter-relations and the relative contribution of
vascular and degenerative pathology to cognitive impairments
in such mixed cases requires further study.

Vascular factors in AD

There is evidence of considerable cerebrovascular pathology
in AD, including small-vessel disease and microinfarction,
which suggests a substantial overlap between AD and
vascular dementia. Vascular amyloid angiopathy is the most
common vascular lesion reported in AD, present in virtually
all AD cases, and apolipoprotein E €4 is a strong factor in its
development.” It can cause cognitive impairment
independent of plaque and tangle pathology,” although its
precise role in cognitive and non-cognitive features requires
clarification. Vascular risk factors such as hypertension,
arterial disease or atherosclerosis,” ischaemic heart disease,
raised homocysteine,” smoking, and diabetes mellitus are
also risk factors for AD, and markers of systemic vascular
disease (eg, hypercholesterolaemia) are associated with the
aetiopathogenesis of AD. These vascular pathologies may
cause localised or global hypoperfusion (oligaemia), which
may lead to AD pathology, white-matter lesions, or both.
Genetic factors such as apolipoprotein E may modify the
progression of AD in the presence of vascular disease. As
such, the prevention or treatment of peripheral vascular
disease may reduce risk of AD and mixed dementias.

Current diagnostic criteria for vascular dementia
Diagnostic criteria include those of the Diagnostic and
Statistical Manual, fourth edition,” International Classification
of Diseases, tenth edition,” ischaemic vascular dementia,”
probable and possible vascular dementia,” and subcortical
ischaemic vascular dementia.”* Current criteria for vascular
dementia are not interchangeable and the sensitivity and
specificity of the proposed diagnostic criteria are variable.”~*
None of the criteria sets distinguish mixed dementia (although
they are better at excluding pure AD), nor recognise early
disease, except those for subcortical ischaemic vascular
dementia. For the most part, none of these criteria sets have
been satisfactorily validated by prospective study and further
progress must be driven by well-designed prospective clinical,
radiological, and pathological studies. Structural brain
imaging, especially MRI, remains the imaging method of
choice for in vivo assessment of cerebrovascular disease,
although functional brain imaging has potential in assisting
with the differentiation of AD with associated brain infarction
from vascular dementia.” Imaging criteria and early clinical
manifestations will require careful review in the context of the
existing criteria and there is a need for harmonisation of the
criteria for subtypes of vascular dementia.
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Figure 3. Summary of the main pathophysiological mechanisms in vascular cognitive impairment.

MID=muilti-infarct dementia; SIVD=subcortical ischaemic vascular disease.

Hereditary disorders associated with vascular
cognitive impairment

The genetic contribution to stroke™ and vascular dementia is
important. The underlying genetic defects for several
monogenic disorders have been identified.”

Cerebral autosomal dominant arteriopathy with
subcortical infarcts and leucoencephalopathy (CADASIL) is
a monogenic cause of ischaemic small-vessel disease and
stroke in middle-aged individuals. Clinical manifestations
include transient ischaemic attacks and strokes (80%),
cognitive deficits (50%), migraine with aura (40%),
psychiatric disorders (30%), and epilepsy (10%).* Mean age
at onset is 46 years and MRI reveals a combination of small
lacunar lesions and diffuse white-matter abnormalities.”
The underlying vascular lesion is a unique non-amyloid
angiopathy involving small arteries (100400 wm) and
capillaries primarily in the brain, but also in other organs.
Diagnosis may, therefore, be established by skin biopsy.
Ultrastructural examination reveals granular osmiophilic
deposits within the vascular basal membrane, commonly in
contact with degenerating smooth-muscle cells.

The disease is caused by mutations in the NOTCH3 gene,
which codes for a large transmembrane receptor. CADASIL
mutations involve highly conserved cysteine residues in
epidermal-growth-factor-like repeat domains. Expression of
NOTCHS3 is restricted to vascular smooth-muscle cells. The
mutations result in a selective accumulation of the
extracellular domain of the receptor within blood vessels.®

The cerebral amyloid angiopathies encompass a
heterogeneous group of disorders characterised by
deposition of amyloid in the walls of leptomeningeal and
cerebral cortical blood vessels. Clinical features include
recurrent or multiple lobar haemorrhages, cognitive
deterioration, and ischaemic strokes. MRI displays diffuse
white-matter abnormalities and focal lesions that can be
ischaemic or haemorrhagic. Vessels show amyloid
deposition, cracking of single layers, microaneurysm

synonymous with ischaemic, and
vascular may also be used in a broad
sense related to vessel abnormalities.
Some parenchymal lesions, such as
diffuse white-matter changes or gliosis, can have non-vascular
and vascular origins.

The consensus is growing that small-vessel diseases have
a more important role in the field of vascular cognitive
impairment than previously recognised.*** Results of many
pathological studies of demented patients have shown that
multi-infarct dementia is rare, and the proportion of
patients with subcortical ischaemic vascular disease is higher
and, in most series, more important in terms of
prevalence.*® The primary vascular mechanism in
subcortical ischaemic vascular disease is small-vessel
disease.” Complete and incomplete infarction may be
associated with these lesions (figure 3). Incomplete
infarctions, which may manifest as white-matter lesions on
MRI, are associated with more chronic, diffuse, and less
severe ischaemia, resulting in selective loss of tissue elements
in order of their vulnerability (neuron, oligodendrocyte,
myelinated axon, astrocyte, endothelial cell).” Small-vessel
disease is also associated with small infarcts (lacunae) and
cortical brain atrophy.” The typical white-matter lesions in
subcortical ischaemic vascular disease include extensive
periventricular and deep lesions affecting especially the genu
or anterior limb of the internal capsule, anterior corona
radiate, and anterior centrum semiovale. The lacunae are
located most frequently in the caudate, globus pallidus,
thalamus, internal capsule, corona radiata, and frontal white
matter. The ischaemic lesions in subcortical ischaemic
vascular disease particularly affect the prefrontal subcortical
circuits, which explains the major cognitive, behavioural,
and clinical neurological features of this entity.*

A major issue that awaits clarification is the load or
burden of vascular changes that is required to produce
cognitive impairment. This is important in relation to
vascular cognitive impairment and in determining the role of
vascular lesions in other disorders such as AD and
depression. Several approaches will be required to explore
these features. Neuropathological study will better define the
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type of small-vessel disease and the related tissue
consequences, but may not be suitable for defining the
threshold itself. Although lesion load is important, a simple
threshold is unlikely to emerge since location is also
important; a major challenge lies in developing methods that
can integrate lesion volume and location in a meaningful way
that can be correlated with cognitive impairment. Structural
and functional neuroimaging (eg, MRI, perfusion and
diffusion MR, and magnetisation transfer imaging) will have
an important role in defining lesion extent and location.”

Cognitive and psychiatric symptoms

Because vascular cognitive impairment includes many
diverse syndromes with varying causes, the striking
differences in clinical presentation and course between its
different forms are unsurprising. For example, single
strategic infarcts will produce cognitive and other deficits
that entirely depend on the location of the infarct. However,
the characteristic neuropsychological profile of vascular
cognitive impairment, particularly subcortical ischaemic
vascular disease, is believed to frequently include early
impairment of attention and executive function, with
slowing of motor performance and information
processing.”” Episodic memory is believed to be relatively
spared compared with that in AD.” Other cognitive
functions are variably affected dependent on the
pathological substrate in individual cases. Psychiatric
symptoms are as common and important as in AD. Mood
symptoms such as depression, emotional lability, and loss of
volition (apathy) are particularly frequent and persistent in
vascular dementia compared with those in AD.”*

The absence of an agreed evidence-based definition or
criteria for vascular mild cognitive impairment is a major
obstacle to progress, with key implications for understanding
the mechanisms of disease progression and secondary
prevention. The concept of amnestic mild cognitive
impairment is probably too limited in view of the early
attentional, executive, and motor impairments in patients
with early vascular pathology.”** The psychiatric profile in
vascular mild cognitive impairment has not been established,
although there is a strong relation between cerebrovascular
disease, particularly white-matter lesions, and depression,”
which requires clarification across the spectrum of vascular
cognitive impairment. Another factor is the possible
importance of location of the ischaemic lesions (affecting the
thalamocortical projections), which may predispose to the
development of post-stroke depression.”

For vascular cognitive impairment in general, the
neurobiological substrates of psychiatric and cognitive
symptoms have yet to be clearly established. Evidence from
other populations shows that, attentional impairments,
slowed processing, executive dysfunction, and depression
are probably associated with disruption to frontosubcortical
circuits. Small-vessel disease leading to lacunae and white-
matter lesions is likely to be particularly important. The
relation between key symptoms and specific types and
location of pathology remains to be established, although
this information will be essential for the rational
conceptualisation of these disorders and the development of
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targeted treatments. The variability of other symptoms
probably relates to the site and extent of specific lesions.

Disease progression in vascular cognitive
impairment

Perhaps surprisingly, in many studies progression rates in
naturalistic studies of vascular dementia are similar to those
in AD.” This finding contrasts with slower progression rates
for patients with vascular dementia enrolled in randomised
clinical trials, in which vascular risk factors are better
controlled than in naturalistic studies.” Rates of 10—15% per
year are generally accepted for progression of amnestic mild
cognitive impairment, but very little is known about the
natural history of vascular mild cognitive impairment in
selected hospital cohorts or in population studies.”>”” The
lack of an accepted and reliable operational definition for
vascular mild cognitive impairment will, however, make
such studies difficult to undertake.

The contribution of white-matter lesions seen on MRI to
clinical progression may be of great importance but remains
to be established.” In particular, progression of lesions has
not yet been clearly correlated with cognitive progression.”
With current methods, more than 1 year of observation will
be required to detect worsening of white-matter changes,
and the selection of patients at high risk of lesion progression
(eg, those with pre-existing moderate to severe white-matter
changes or hypertension) may be required.” As yet, white-
matter changes are not established as a surrogate marker for
therapeutic studies designed to detect effects on disease
progression. On a more overt level, in one study the
development of cerebrovascular disease in long-term follow-
up of an AD cohort was associated with a more rapid course
of illness.”

Therapeutic implications
Primary prevention
The formulation of any primary preventive strategy depends
on knowledge of pathophysiological mechanisms. Since brain
vascular disease may be the result of various pathological
disorders, strategies for prevention will vary accordingly.
Brain vascular disease is only one manifestation of systemic
processes affecting blood vessels throughout the body. The
particular factors for a given individual that result in brain
vascular disease rather than vascular disease in other organs
are not well understood. In considering preventive strategies,
primary processes (eg, vascular risk factors resulting in
vascular disease) must be distinguished from secondary
events (eg, vascular disease leading to stroke). Treatment of
the primary factors is essential to prevent secondary changes
and clinical disease. For example, it is better to prevent stroke
by early and judicious treatment of arterial hypertension than
by the detection and removal of established carotid
atheroma. Early intervention may be important because
vascular risk factors cause vascular injury very early in life,
probably well before the fourth decade, but difficult since the
early stages of vascular injury are clinically silent.

For primary preventive strategies to be successful, they
must be based on the accurate identification of the specific
processes by which vascular injury occurs. Further detailed
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pathophysiological studies of how brain vascular pathology
causes cognitive impairments are required, but current
strategies should emphasise the early detection and adequate
treatment of known vascular risk factors for vessel disease
and stroke.

Secondary prevention

Major advances have been made in treatment of acute
stroke, particularly in antiplatelet agents and thrombolytic
treatments for ischaemic stroke,” although studies of
putative neuroprotective agents have been disappointing.”
Treatments for recurrent stroke prevention are now well
established,” including antiplatelet agents, carotid
endarterectomy, warfarin for atrial fibrillation, and blood-
pressure lowering. Although data are still limited, trials of
recurrent stroke prevention offer the opportunity to study
stroke-associated cognitive decline and dementia.

Symptomatic treatment

Several large, well-conducted, randomised, double-blind,
controlled trials have been done. Initial studies of several
agents in vascular dementia, including vasodilators,
nootropics, and antioxidants, were disappointing.”® Other
agents, such as propentofylline and memantine, have, to
date, shown promising evidence of efficacy.** The calcium
antagonist and vasodilator nimodipine has been studied
and, although there is no overall evidence of efficacy in
vascular AD,* beneficial effects may be seen in a subgroup of
patients with subcortical vascular dementia®”® and further
studies are continuing. Evidence suggests efficacy for
cholinesterase inhibitors in vascular dementia. In a 24-week,
double-blind, placebo-controlled trial of patients with
possible and probable vascular dementia, according to the
NINDS-AIREN  criteria, 5mg and 10mg donepezil
significantly improved cognition and global function by
around 2 points on the widely used Alzheimer’s Disease
Assessment  Scale-cognitive subscale, compared with
placebo.”™ In a study of patients with vascular dementia or
AD with cerebrovascular disease, 24 mg galantamine
significantly improved cognition, compared with placebo,
after 24 weeks (mean 2-7 points on the AD assessment scale);
global functioning, activities of daily living, and behavioural
symptoms also improved.” Results from further trials are
awaited, but evidence thus far suggests cholinesterase
inhibitors may prove beneficial in the treatment of vascular
dementia, as they already have in the management of AD.

Trial design in vascular cognitive impairment
General issues

Trial designs and endpoints developed for studies of AD are
not necessarily applicable to vascular cognitive impairment
studies because of differences in cognitive profile, course,
and rates of progression, and issues, such as variability and
heterogeneity, of underlying pathology. The target in trials
of vascular cognitive impairment should ideally be a
homogenous group, such as patients with subcortical white-
matter alterations and lacunae—ie, subcortical ischaemic
vascular disease. For trials of this disorder, a primary
endpoint of altered rate of decline, rather than a categorical

Vascular cognitive impairment

endpoint such as conversion of vascular mild cognitive
impairment to vascular dementia, may be preferable since it
would allow assessment of vascular mild cognitive
impairment and vascular dementia, which are different
points on the vascular cognitive impairment range, by use of
similar frameworks. These rate-of-progression endpoints
would also be applicable to intervention trials in mixed
dementia. The primary outcome variables should be
multidimensional and include cognition, global function,
activity of daily living functions, and behavioural symptoms.
Assessment of executive function should be a prominent
component of the cognitive assessment. Delayed recall of
visual and verbal material with assessment of hippocampal
volume could be used to investigate the likely contribution
of concurrent AD pathology. Outcome measures specific to
individual patients may be needed. Studies assessing disease
progression will require longer duration (1-2 years) and
serial assessments. Possible biomarkers of disease
progression require further investigation. Ironically, the
growing evidence that risk factors for cerebrovascular
disease and stroke are also risk factors for AD will make
these studies more difficult to interpret, but should help in
the important task of sorting out what is due to vascular and
what is due to AD pathology.

Brain imaging should be incorporated in the design for
any trial of vascular cognitive impairment, with MRI as the
essential method for phase III studies. Within each trial,
standard methods of image acquisition and appropriate
quality controls are required. To ensure good reliability
between workers rating patients, homogenous assessment of
eligibility, accurate assessment of baseline variables (eg,
volume of white-matter lesions or lacunae), assessment of
subsequent changes, and central reading of scans is required.
Serial imaging is highly recommended to enable biological
assessment of the effects of interventions. Currently, this
approach shows the most promise as a putative biomarker
for studies of disease progression. Rates of change of
hippocampal volume in AD should be compared with those
in vascular dementia to find out how specific hippocampal
atrophy is for either disease.”

Specific issues for trials of symptomatic therapy
Given the variability in the clinical course of vascular
cognitive impairment, the potential for symptoms to
improve, and the non-linear deterioration, longer-term
follow-up and an increase in sample size may be necessary
compared with the situation in AD, in which decline is more
predictable.

Performance-based cognitive assessment is essential as a
primary outcome measure in trials of vascular cognitive
impairment. Although the pattern of cognitive impairment
overlaps in vascular cognitive impairment and AD, some
differences are notable, especially in subcortical ischaemic
vascular disease. Of particular note in this disorder is the
prominence of frontal-lobe impairments (attention and
executive function). Executive function is an umbrella term
used to describe several different processes, including
volition and planning, and can be assessed by tests of
attention, psychomotor speed, mental flexibility, and verbal
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Search strategy and selection criteria

Data for this review were identified from papers largely selected
from the files and personal knowledge of the specialists who
attended the meeting of the International Psychogeriatric
Association. References were also obtained from Medline
searches using the MeSH headings “Dementia, vascular”,
“Dementia”, “Alzheimer disease”, and “Cerebrovascular
accident”, and keywords “vascular”, “vascular dementia” and
“stroke”. Other reports were identified from the reference lists
from papers identified above. Articles for inclusion were
selected by the authors as representing the most relevant and
important work in the field and some additional references were
subsequently incorporated at the request of reviewers.

fluency. The vascular equivalent of the Alzheimer’s disease
assessment scale—cognitive subscale”” addresses these
differences with additional tests—two-number cancellation
tests, a maze test, delayed word recall, digit symbol
substitution, and category retrieval for animals—that assess
executive function. Analogous to the situation with AD, tests
for vascular cognitive impairment will need to evolve and be
refined in the light of new knowledge, especially about the
natural history of the disorder.

There are special considerations for the assessment of
activities of daily living based around the existence of
comorbid disorders and disabilities from the vascular insults
themselves (eg, paresis and sensory loss), which are relevant
confounding variables. Executive function has a particular
effect on function because of the need for separate measures
of planning, sequencing, and doing the tasks. The disability
assessment for dementia scale” combines these three
approaches and seems well suited to assessment in vascular
cognitive impairment. For vascular mild cognitive
impairment, functional assessments sensitive to these
symptoms have been developed that may prove useful.”
Disease staging 1is appropriate in vascular cognitive
impairment, as in AD, perhaps with the exception of major
stroke and some types of cerebral haemorrhage. Staging (eg,
by use of a system such as the Clinical Dementia Rating Scale
or Global Deterioration Scale) has the advantages of
assessing the whole range of dementia severities,
encompassing multiple domains of disability, has few
cultural and educational biases, and reflects real life changes
that are meaningful to patients and their carers.” Existing
instruments such as the BEHAVE-AD test® and the
Neuropsychiatric Inventory” are appropriate to assess
behavioural and psychological symptoms in dementia, and
there seems no need to amend them for use in vascular
dementia.

Carer interventions in AD have proven beneficial for
patients and their caregivers—higher functioning in
patients, delay in institutionalisation, reduction in
prescribed medication, and less caregiver burden—and are
applicable to vascular dementia.'"* The physical effects of
stroke and the need for carers to provide practical care for
patients with stroke can alter their attributional style and,
therefore, their coping strategies.” Some behavioural
symptoms, such as depression and emotional lability, may
be particularly amenable to treatment,'™ although more

R Review

studies are required. Economic features of vascular cognitive
impairment have been rarely studied. The presence of
comorbid disorders increases the costs of care, and the
association between stage of dementia and costs is less than
that in AD."”

Regulatory issues

Many issues are associated with drug development and in
how clinical trials are done in vascular cognitive impairment
because  of  the  substantial  heterogeneity  in
aetiopathogenesis. In addition to the difficulty of diagnosis,
patients entering clinical trials vary greatly in many of the
cognitive abilities tested as outcome measures. However,
despite these difficulties, the development of new treatments
must be encouraged.

Trials for vascular cognitive impairment should follow
local, national, and international guidelines on ethics.
Investigators should recognise and participate in processes to
review and improve existing guidelines and should be
sensitive to cultural differences in ethical values. Investigators
should propose well-designed studies in earlier phases of the
disease process, including prevention trials, and have early
consultation with the various regulatory bodies such as the
Food and Drug Administration or the European Commission
for Medicinal and Pharmaceutical Compounds. Currently,
regulatory bodies accept the use of NINDS-AIREN criteria for
the diagnosis of vascular dementia in trials addressing
symptomatic treatment. In the future, well-defined
populations of patients with subcortical ischaemic vascular
disease or AD with cerebrovascular disease should also be
studied. In considering trials, vascular dementia is recognised
as being heterogeneous, and may have a variable cognitive
profile. The requirement that short-term memory
impairment be present for a diagnosis of dementia must be
changed. Dual primary outcomes (cognitive plus global or
functional) with behavioural outcome scales are strongly
recommended, and specific cognitive outcome measures
appropriate for vascular dementia are required, where
necessary.

Conclusions

To broaden the current narrow concepts of vascular
dementia, we suggest that the whole range of cognitive
impairments associated with cerebrovascular disease be
recognised and studied under our proposed term vascular
cognitive impairment to recognise this broad spectrum.
Overall, the cognitive syndrome and brain-imaging criteria
need to be refined and knowledge of the natural history,
stages, and outcomes of vascular cognitive function
expanded. Therefore, criteria for vascular cognitive
impairment and homogeneous subtypes need to be
developed through study into clinical features, course,
genetics, imaging changes, and underlying pathophysiology.
Appropriate subtypes would include subcortical ischaemic
vascular disease and cortical multi-infarct dementia. Further
research into vascular factors in mild cognitive impairment
is especially necessary to properly identify subtypes,
progression rates, and relation to amnestic mild cognitive
impairment. This improved knowledge can be used to assist
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the design of studies to investigate risk-factor interventions
and disease-modifying treatments. Sample sizes will depend
on the likelihood of change within the time frame of the
study. Assessment of the cost-effectiveness of interventions
will also depend on this kind of information. Improved trial
design is dependent on knowledge of etiopathogenesis in
addition to other criteria, such as the appearance of
cerebrovascular disease on imaging or the cognitive state at
diagnosis. Cause is consistently not specified in studies of
vascular dementia and this serious omission must be
corrected in future investigations. Specific markers of
vascular dementia are also needed to validate clinico-
pathological correlations for subcortical ischaemic vascular
disease and for AD.

Currently, no standard treatment exists for vascular
cognitive impairment, and little is known about primary and
secondary prevention, apart from direct extrapolation from
work in stroke. Future studies, directed to distinct causal
and pathological factors (eg, the vascular and the AD burden
of the brain), will be needed to enable therapeutic advances.
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