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Abstract

Cerebral small vessel disease (cSVD) is a frequent finding in imaging of the brain in older adults, especially in the concomitance
of cardiovascular disease risk factors. Despite the well-established link between cSVD and (vascular) cognitive impairment
(VCI), it remains uncertain how and when these vascular alterations lead to cognitive decline. The extent of acknowledged
markers of cSVD is at best modestly associated with the severity of clinical symptoms, but technological advances increasingly
allow to identify and quantify the extent and perhaps also the functional impact of cSVD more accurately. This will facilitate a
more accurate diagnosis of VCI, against the backdrop of concomitant other neurodegenerative pathology, and help to identify
persons with the greatest risk of cognitive and functional deterioration. In this study, we discuss how better assessment of cSVD
using refined neuropsychological and comprehensive geriatric assessment as well as modern image analysis techniques may
improve diagnosis and possibly the prognosis of VCI. Finally, we discuss new avenues in the treatment of cSVD and outline
how these contemporary insights into cSVD can contribute to optimise screening and treatment strategies in older adults
with cognitive impairment and multimorbidity.

Keywords: cerebral small vessel disease, comprehensive geriatric assessment, neuroimaging, neuropsychological assessment,
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Key Points

* Currently used tools to quantify the consequences of cerebral small vessel disease (cSVD) still seem insufficient to capture
the complete clinical spectrum of vascular cognitive impairment (VCI).

* Advances in imaging may improve specificity of cSVD features for underlying aetiology as well as functional consequences.

* Assessment of cognitive impairment in cSVD should include novel sensitive and qualitative measures.

* The contribution of vascular causes in cognitive deficits should be interpreted in context of imaging and functional markers.

* A multidimensional assessment is needed to plan interventions in patients with VCI.

€202 1sNBny 62 U0 1onB Aq 12/ L12./8Y | PeIe/g/zG/alone/BueBe/woo dno olwspeoe//:sd)y wolj papeojumoq


https://doi.org/10.1093/ageing/afad148
http://creativecommons.org/licenses/by-nc/4.0/
mailto:f.mattaceraso@erasmusmc.nl

L. Tap et al.

Introduction

Cerebral small vessel disease (cSVD) is an umbrella term
for alterations in the function or structure of the arteriolar,
capillary and venular vessels [1]. cSVD frequently occurs in
the brain of older persons and can be indirectly visualised on
brain imaging through markers such as cerebral white matter
hyperintensities (WMH), microbleeds and lacunar infarcts
[2]. These vascular alterations are mostly due to a cumulative
exposure to detrimental internal and external influences [3],
such as genetic profiles and cardiovascular risk factors. Con-
sequently, cSVD is highly prevalent with ageing, affecting
almost all older adults above the age of 90 years. The clinical
consequences, however, vary greatly between individuals.
When ¢SVD leads to cognitive impairment, it is labelled
part of the spectrum of vascular cognitive impairment (VCI),
which ranges in severity from mild cognitive impairment to
dementia, and can reflect pure VCI or a mixed phenotype
with for example Alzheimer’s disease (AD) or Lewy body
pathology [4]. In others, cSVD may lead to mood disorders,
stroke or gait disturbances and consequent functional decline
[5-7]. Yet, a large number of individuals with substantial
cSVD on brain imaging does not experience symptoms at all
[8]. It remains undetermined how and in which stage or form
these vascular alterations lead to cognitive and functional
deterioration in some persons and not in others, since those
with more extensively affected brains are not necessarily the
ones with the most clinical symptoms. In this review, we
aim to describe the latest developments and new horizons
with respect to the diagnosis of ¢SVD and its implications
for cognitive and functional impairment. How can we assess
cSVD accurately? How do we identify the contribution of
cSVD to cognitive impairment in individual patients? And
how do we determine which patients with ¢SVD have the
greatest risk of further cognitive and functional deteriora-
tion? In order to discuss these points, we will focus on new
horizons in those tools that are already available and used
in a standard clinical setting: neuroimaging techniques, neu-
ropsychological assessment and subsequently the potential
functional impact of ¢SVD in older adults with cognitive
impairment.

Neuroimaging aspects

Brain imaging with either computed tomography (CT) or—
preferably—magnetic resonance imaging (MRI) is the cor-
nerstone of the identification and assessment of the severity
of cSVD. Whereas established imaging markers on conven-
tional MRI such as WMH, lacunar infarcts and microbleeds
are well incorporated in everyday clinical radiological assess-
ment, there is at present a gap in linking the extent of vascular
brain injury seen on images to cognitive impairment. [8,
9] Whilst standardised criteria, such as the Standards for
Reporting Vascular Changes on Neuroimaging 1 (STRIVE-
1) [10] and the more recently introduced STRIVE-2 [11],
have helped to determine the extent and clinical conse-
quences of cSVD for research use, such criteria are not yet
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available for more novel imaging markers or need substantial
harmonisation efforts [12]. Translating brain imaging into
clinical profiles in ¢<SVD could be improved by several devel-
opments in image acquisition, interpretation or processing,
further described below.

Direct and specific measures of underlying
pathology

Neuroimaging covers a wide array of markers for vascular
brain injury, ranging from structural abnormalities (e.g.
lacunar infarcts and microbleeds) to functional components
of the neurovascular unit (e.g. cerebrovascular reactivity,
blood brain barrier integrity) (Table 1). Whilst these are all
considered markers of vascular brain injury, their actiology
is heterogeneous, with various potential underlying causes
even within a single marker. Well acknowledged, mostly
structural markers like lacunar infarcts and WMH play an
important role in the recognition and etiological diagnosis
of VCI, but still are indirect markers of vascular injury, as
spatial resolution of routine imaging techniques is insuf-
ficient to capture the smaller arterioles and capillaries in
vivo. Functional changes in the cerebral small vasculature,
on the other hand, thus far primarily serve to improve our
understanding of VCI pathophysiology in a research setting.
Translation of the latter to clinical practice is hindered by
poor specificity of the marker, lack of validation studies,
technological requirements, or challenges in the transporta-
bility and interpretation of results. Examples include WMH
(i.e. nonspecific) [13], diffusion tensor imaging (lack of
validation and transportability) [14] and blood brain bar-
rier integrity (validation as well as technological challenges
and contrast requirement) [15]. Better understanding of
the pathology reflected by (different patterns of) imaging
abnormalities and development of more specific markers is
needed for more fine-grained diagnosis, both differentiat-
ing VCI from other causes of cognitive impairment, and
pinpointing the specific aetiology within the realm of VCIL.
With respect to more specific markers, exciting results were
derived from ultrahigh field MRI studies that demonstrated
the ability, taking advantage of inherent increased spatial and
temporal resolution, to directly image perforating arteries
and flow velocity and pulsatility within them [16]. Though
such measures are a far leap from clinical practice, they hold
promise for improving insight into ¢SVD pathogenesis and
as potential endpoints in clinical trials.

cSVD as manifestation of global disease

Though many of the currently used imaging markers seem-
ingly represent very focal brain damage (e.g. WMH, lacunar
infarcts, microbleeds), there is increasing insight into the
fact that ¢SVD is not a focal issue, but has diffuse effects
across the brain. Diffusion imaging studies of the white
matter demonstrate that there is a global decrease in integrity
of microstructural integrity in the ‘normal-appearing’ white
matter outside regions of WMH, which also impact cogni-
tive functioning [17]. Furthermore, the classically recognised
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Table 1. Overview on how to measure, define and use imaging markers of cSVD

Imaging marker Modality (sequence)

MRIor CT

Cortical infarcts macroinfarcts

MRI (>3 Tesla; DWI/T1/T2)

Cortical infarcts microinfarcts

[11, 34]

WMH [13] MRI (T2/FLAIR) or CT

Recent small subcortical infarcts MRI (or CT)
and lacune (of presumed vascular

origine) [11]

Perivascular spaces [35, 36] MRI

Cerebral microbleeds [37, 38] MRI (T2/SWT)

Microstructural white matter MRI (DWI, MTR)
damage [14]

Blood flow and perfusion [39] MRI (PC, ASL, DSC/DCE),
CT-perfusion

Blood brain barrier integrity [15] MRI (DCE/DSC/DWT)
MRI (ASL, BOLD fMRI) or

transcranial Doppler

Cerebral vasoreactivity [40]

Pulsatility [41] MRI (CE or 4D-PC) or transcranial

Doppler

Definition

Tissue loss of presumed ischemic origin
involving cortical grey matter,
with/without surrounding gliosis

small lesions of cortical tissue loss in
accordance with visual rating criteria,
with upper limit of 4 mm

Volumetric or semi-quantitative rating
scales (Fazekas, ARWMC)

STRIVE-2 criteria

Visual rating; automated detection
algorithms in development

Visual rating (MARS, BOMBS rating
scales) or automated computer-aided
detection

Volume scores using automated
computer-aided detection

The rate of delivery of arterial blood to
the capillary bed

Measure and informativeness differ
depending on the applied method

The ability of the blood vessels to dilate in
order to match tissue blood supply to
increased demand; usually measured
through a challenge with acetazolamide,
breath holding, or CO;

Difference between maximum and
minimum flow divided by the mean flow
across regions of interest

Current use

Clinical + Research

Research

Clinical + Research

Clinical + Research

Research

Clinical + Research

Research
Clinical (in stroke or hemodynamic
impairment) 4 Research

Research

Clinical (in context of stroke and
hemodynamics) + Research

Research

Abbreviations: WMH, white matter hyperintensities; (f)MRI, (functional) magnetic resonance imaging; CT, computed tomography; DWI, diffusion-weighted

imaging; FLAIR, fluid-attenuated inversion recovery; SW1, susceptibility-weighted imaging; MTR, magnetisation transfer ratio; PC, phase contrast; ASL, arterial
spin labelling; DSC, dynamic susceptibility contrast; (D)CE, (dynamic) contrast enhanced; BOLD, blood oxygenation level dependent; 4D, four-dimensional;
ARWMC, age-related white matter changes; MARS, microbleed anatomical rating scale; BOMBS, brain observer microbleed scale; CO,, carbon dioxide.

focal lesions are linked to structural and functional alter-
ations in remote brain regions, through network connections
[18]. Taken together, it is often remarked that conventional
imaging markers only show the ‘tip of the iceberg of total
SVD-related damage [19]. Consequently, VCI is not fully
explained by burden of visible focal lesions, but also through
more global measures. This global aspect of ¢SVD should
thus be taken into account both in research as well as
(ultimately) in clinical assessment [20].

Location-specific information of focal cSVD lesions

Despite the inherent global nature of underlying cSVD
pathology, the focal lesions visible on conventional imaging
may harbour more relevant information with respect to
cognition than is currently being exploited. Explaining cog-
nitive impairment through brain imaging findings may be
improved by taking lesion location into account [21]. Recent
studies demonstrate that WMH burden in specific tracts
(such as the anterior thalamic radiation), are more relevant
in explaining cognitive variation than overall WMH bur-
den. Furthermore, focal lesions may indicate a locally more
active vasculopathy, as evidenced for example by reports of
macrohemorrhage or focal inflammation being related to

local clustering of microbleeds or WMH [22, 23]. Similarly,
location of cerebral microbleeds may points towards their
underlying aetiology [9]. These observations suggest that in
the future, clinical assessment of cSVD should move away
from only assessing global burden to more location-specific
implications.

Defining what is ‘normal’ to recognise ‘abnormal’

To explain how cSVD causes cognitive impairment in indi-
vidual patients, understanding what is ‘normal’ in brain
ageing is of utmost importance, as common imaging mark-
ers in ¢SVD are also frequently seen in general ageing
populations [24]. For example, the presence of cerebral
infarcts unequivocally indicate vascular pathology, whereas
microstructural changes on diffusion tensor imaging likely
have a broader ‘normal’ range that may or may not imply
pathological abnormality. Even for WMH in an older pop-
ulation with cognitive impairment, many individuals may
have some degree of WMH that is not necessarily related
to their cognition. No reference data are currently available
to define ‘normality’, for example in WMH burden per age
and sex-categories. Being able to reference individual burden
of ¢SVD in a clinical setting against normative reference
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data could help to distinguish the normal ageing brain from
pathological patterns, similar to brain atrophy measures.

Improving prognostic insight through better
assessment of total burden of cSVD

The precise utility of neuroimaging markers of cSVD in clini-
cal setting depends on the purpose. Prognosis may be served
by aggregate measures of vascular brain injury to obtain a
more robust predictive measure that captures the vascular
component in its entirety [25]. Such aggregate measures may
be derived through simple (weighted) sum scores of markers
(for which the proposed STRIVE-2 term would be sum-
mary SVD score [11, 26]), but could also result from more
advanced statistical techniques like dimensionality reduction
(principal component analysis) or machine-learning (pat-
tern recognition) [27]. In research setting, summary SVD
scores have been demonstrated to relate to clinical outcomes,
but as of yet with insufficient magnitude and validation
to warrant their use in routine clinical practice [28, 29].
Similarly, machine-learning techniques are generally able to
identify detrimental patterns of (vascular) brain injury on
imaging, but their predictive value rarely exceeds that of
acknowledged, individual markers and is often hampered by
methodological drawbacks [30].

In contrast to prognostic purposes, actiological diagnosis
and subsequent (personalised) treatment are best served by
specific (and therefore individual) markers of underlying
pathology. The development of effective treatments against
VCI may well depend on the ability of neuroimaging to
detect the specific target pathologies, such as cerebral amy-
loid angiopathy. This applies to treatment efficacy as well as
harm. With the availability of novel monoclonal antibod-
ies for treatment of AD, identifying through neuroimag-
ing subjects who are at risk of side effects (e.g. amyloid-
related imaging abnormalities) due to concomitant vascular
pathology will become increasingly important [31, 32]. In
older patients with cognitive impairment, in whom vascular
pathology commonly coincides with other neuropathology,
measures of vascular injury might help to select patients in
whom the potential benefit of targeted treatment outweighs
its risk of harm.

With respect to the current role of imaging within the
diagnostic work-up of cognitive complaints, structural imag-
ing serves primarily to identify potential underlying causes
for cognitive decline when clinical uncertainty exists about
the neurodegenerative nature of complaints. In particular
cases, there may be need for imaging to inform a nosological
diagnosis. Whilst such decisions are informed by the needs
of patients and physicians, the clinical implications of poten-
tial findings, either for prognosis or treatment, should be
leading in the use of any diagnostic tool. Thus, should we
offer neuroimaging to all patients presenting with cognitive
complaints to assess cSVD? At this stage, the answer would
be a clear ‘no’. As endorsed in most clinical guidelines
[33], this may well change in the face of aforementioned
disease modifying therapies and validation of novel imaging

tools whilst current prognostic value and (lack of) targeted
treatment often limit the implications of brain imaging.

The neuropsychological fingerprint

Neuropsychological testing is key to defining the precise
place on this severity spectrum of VCI. In both research and
clinical settings brief cognitive screening instruments such as
the Mini-Mental State Examination (MMSE) or Montreal
Cognitive Assessment (MoCA) are often administered [42,
43]. Although screening instruments are quick and easy to
use, these instruments have been developed to screen for
cognitive deficits due to AD and focus on the dementia
stage. The MMSE does not include items measuring pro-
cessing speed or executive functioning, making it insensitive
to recognise the consequences of cSVD. The MoCA has
a better sensitivity in detecting cognitive impairment, in
particular for VCI, but poorer specificity resulting in more
false positives [44]. These cognitive screening instruments
thus fail to capture the nature and extent of VCI.

Assessment of subtle cognitive impairment

The ‘classic’ profile of VCI is characterised by slowed infor-
mation processing speed, impaired working memory capac-
ity and executive deficits in the absence of specific ‘cortical’
impairment such as aphasia, amnesia or agnosia. This classic
view is an oversimplification as all cognitive functions can be
(modestly) impaired in c¢SVD with similar effect sizes across
cognitive domains [45, 46]. The cognitive profile may not
reflect deficits in specific cognitive domains per se, but rather
a more global impairment that results from disconnection of
cortico-limbic connections affected by vascular brain dam-
age. The cognitive profile is also (at least in part) dependent
on the nature and location of the vascular injury.

Subtle cognitive impairments may be present already in
mild ¢SVD. In the general population vascular risk fac-
tors such as type 2 diabetes mellitus, hypertension, dyslip-
idaemia and obesity are associated with modest cognitive
impairment (effect size Cohen’s d ~0.3) [47]. Similarly,
the presence of WMH in the general population is asso-
ciated with a relatively small but consistent negative effect
of cognitive functioning across different cognitive domains
(memory, processing speed, executive functioning, percep-
tion/construction) [46]. In addition, cognitive disturbances
following lacunar infarction reflect a general decrease in per-
formance rather than focal cognitive impairments in specific
cognitive domains. This subtle decreased performance can
be characterised as a reduction in mental capacity that is
particularly evident in strenuous, more demanding cognitive
tasks [48].

The cognitive sequelaec of new (imaging) markers of
cSVD—such as microstructural integrity of normal appear-
ing white matter—are scarcely investigated [49, 50] and
traditional quantitative neuropsychological tests are unlikely
to measure these potentially subtle cognitive impairments.
Neuropsychological assessment should therefore consider
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both quantitative and qualitative information on cognitive
functioning, including the way a particular cognitive
performance is accomplished. For example, a prominent
impairment in executive functions may lead to decreased
performance in most other cognitive tests. Conversely, a
single test performance may require a broader set of cognitive
abilities. Qualitative and dynamic measures of cognitive
impairment may be promising [51, 52], whereas application
and validation of such measures in populations with cSVD
is currently lacking.

Different harmonisation protocols for cognitive testing in
cSVD have been proposed [53]. Detailed cognitive screening
procedures, such as the Brief Memory and Executive Test
and the Oxford Cognitive Screen [54, 55], appear valid
in post stroke populations, however, the validity and reli-
ability in patients with ¢SVD remain to be evaluated. A
tailored approach to cognitive assessment in ¢SVD should
also offer the possibility of documenting clinical changes
over time. Testing procedures may not be equally valid in
different stages and ceiling, floor and practice effects should
be avoided. For example, working memory procedures tend
to show floor effect in more advanced stages of cogni-
tive impairment. Cognitive tests that are able to document
incipient decline are therefore preferred.

Vascular contribution to cognitive impairment of
mixed aetiology

In a large percentage of patients, cSVD is accompanied
by other types of neurodegenerative pathology. The co-
occurrence of pathology increases with age. At the time of
death, nearly 80% of community-dwelling individuals have
multiple types of brain pathology, at least one of which is
of a vascular nature [56]. Mixed pathologies are the rule
rather than an exception in older persons with cognitive
impairment. Consequently, potentially distinguishable cog-
nitive phenotypes merge into a more generalised cognitive
deficit in older patients. The VCI concept allows for con-
comitant contributions of other pathologies, such as AD, to
the phenotype of individual patients with cSVD.

cSVD and degenerative pathologies not only co-occur;
the presence of ¢SVD modulates the nature and severity
of cognitive impairment in AD [57, 58]. The presence of
WMH is associated with cognitive impairment in persons
with mild cognitive impairment or (Alzheimer’s) dementia
[59]. It is therefore not surprising that the ability of neu-
ropsychological assessment to reliably differentiate between
underlying Alzheimer type and/or vascular brain pathology
is overestimated. A cognitive profile with ‘cortical’ charac-
teristics (amnesia, aphasia, agnosia) increases the chance of a
clinical diagnosis of AD, but the additional contribution of
vascular brain damage may be overlooked.

Despite the presence of multiple pathologies in individual
persons the custom in memory clinics is to assign a ‘main’
(monocausal) etiological diagnosis. In older persons with
cognitive impairment due to both Alzheimer pathology and
cSVD this may lead to withholding of (either symptomatic

New horizons in cerebral small vessel disease

or disease modifying) treatment against either cause. Tai-
lored, optimal disease management can only be reached
when markers of cSVD are evaluated in the context of other
neuropathology. We should thus aim to specify and measure
the relative contribution of vascular and other neuropatho-
logical causes of cognitive impairment in individual persons.
This requires detailed recording of cognitive deficits in close

accordance with both imaging and functional markers of
cSVD.

Functional aspects related to cSVD

Functional decline in patients with cSVD goes well beyond
cognitive impairment alone, and may involve decline in
mobility and dexterity contributing to impairment in activi-
ties of daily living. The performance of daily activity has a
specific level of complexity and requires specific cognitive
skills. The presence of cSVD plays a role in determining
both cognitive and functional outcomes in older individuals
and cSVD is a major determinant of mobility problems in
older adults [7, 60]. The LADIS study showed that around a
quarter of patients with severe cSVD decline from functional
autonomy to disability after only 1 year follow-up [61]. In
the Rotterdam study, it was shown that motoric cognitive
risk syndrome, defined as subjective cognitive complaints
and slow gait speed, was associated with imaging markers
as WMH and risk of dementia [62]. These results highlight
the relevance of assessment of motor function in early risk
stratification for VCI.

Several mechanisms can explain associations between
cSVD and functional disability. Gait and balance disorders
are the second most common problem in patients with
cSVD leading to falls, decreased functional independency
and higher risk of admission to nursing homes or mortality
[63, 64]. Gait and balance are considered to be regulated
by multisystem interactions, suggesting that these disorders
can be caused by different pathological mechanisms, related
in the brain to executive functions such as attention,
visuospatial and motor processes [65]. cSVD, by damaging
fibre bundles and loops, can cause impaired visual, cognitive,
sensory and motor functions [66]. The cerebral regions
that are most often affected by cSVD and responsible for
these manifestations are the frontal and the temporal lobe
and the basal ganglia. Moreover, the decline in cognitive
functions, especially in ageing persons with a diminished
muscle mass and decreased control ability can be linked
to gait and balance disorders [67]. Conversely, cSVD can
disrupt motor pathways such as the cortex-striatum-globus
pallidus-thalamic-cortical circuit, increasing the risk of gait
disorders [68]. The severity of WMH in the deep frontal
lobe and the periventricular WMH (PWMH) significantly
impairs balance function in the older population, which
supported the hypothesis that the disruption of motor
circuits in the subfrontal cortex caused balance disorders
[69]. Also, it has been reported that gait and balance
disorders in patients with VCI were mainly characterised by
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Figure 1. The triangle of vascular cognitive impairment due to cSVD.

reduced arm swing, reduced step length and broad base gait,
which were possibly caused by PWMH volume and white
matter integrity but not with other radiological markers of
cSVD [70]. Lacunar infarcts are usually covert, and can be
found in 20-50% of older adults [71], but can also affect
gait and balance function through direct damage to motor
pathways, such as the frontal lobe and basal ganglia and,
indirectly, by influencing cognition; when located in the
frontal lobe and thalamus it can cause low gait speed as
reported in population-based studies [72]. Moreover, the
presence of both WMH and lacunar infarcts can contribute
exponentially to the impairment of gait and postural stability
in aged patients [73].

In addition, a substantial burden of all-cause dementia
and depression is attributable to cSVD [6]. Apathy and
fatigue are common after stroke and there is increasing
evidence that these manifestations are also frequently found
in individuals with cSVD [74, 75]. Also delirium is associ-
ated with severity of cSVD suggesting that individuals with
underlying small vessel disease have more frail brains, in
which areas of vascular dysfunction can be more susceptible
to acute impairment following systemic inflammatory insults
[76]. The awareness that these manifestations are common in
patients with cSVD could prompt clinicians to seek out and
monitor these symptoms in individuals with cardiovascular
risk factors and therefore at risk for cSVD. Eventually, in

older adults, a higher burden of ¢SVD has been associated
with frailty and progression of frailty [77].

Whilst neurodegenerative diseases are chronic and cur-
rently incurable, the length of time between diagnosis and
complete functional dependency can be many years. There-
fore, the assessment of functional status in multimorbid,
frail older patients with cSVD is of paramount importance
and needs to become an essential component of the com-
prehensive assessment. Different scales based on interviews
with the patient or the caregiver of the patient can be used
to objectively measure decline in everyday functional skills
[78], whereas physical performance and mobility skills can
be assessed by the short physical performance battery [79].

Considerations for treatment

As suggested by the recent European Stroke Organisation
Guideline, only a small number of studies investigated
cardiovascular risk management in patients with covert
cSVD [80]. Blood pressure and glucose levels in patients
with hypertension and diabetes respectively should carefully
be controlled according to current guidelines. The use of
statin is not likely to cause much harm and may do some
good, whereas patients with ¢SVD should not take drugs
like aspirin or clopidogrel, unless there is a history of a
previous heart attack or stroke. The evidence that treating
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hyperglycemia and hypercholesterolemia reduces the risk
of VCI and dementia in general is relatively low [81,
82]. The standard or intensive treatment of hypertension
has a modest effect on delaying cognitive decline [83],
which may depend in part on drug class [84]. However,
most studies were not primarily designed to investigate
cognitive outcomes. Therefore, randomised controlled trials
investigating the effect of cardiovascular risk management
on cognitive decline are needed. Eventually, as suggested
by the FINGER trial, a multi-domain intervention could
reduce the incidence of cardiovascular events in order
to prevent cognitive impairment and disability in ageing
populations [85]. Given the multifactorial nature of VCI,
a comprehensive assessment is mandatory for planning
multicomponent interventions including the treatment of
comorbidities, the monitoring of cognitive and functional
decline to provide support in order to maximise individual
independence. Figure 1 shows an overview of discussed
insights on VCI as consequence of cSVD.

Finally, improvements in diagnosis of cSVD and VCI are
equally needed in the context of other neurodegenerative
diseases. With the recent approval by the Food and Drugs
Administration of monoclonal antibodies against amyloid-
beta for the treatment of AD, it has become ever more
necessary to quantify the contribution of ¢SVD to cognitive
impairment in patients presenting with cognitive impair-
ment in the presence of AD. Neuropsychological assessment
in combination with advanced (use of) imaging markers,
and other novel types of (fluid) biomarkers may well be our
crucial aids in the treatment selection in such clinical trials
as well as routine clinical practice.
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