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Vascular Cognitive Impairment and Dementia (VCID), the second most common form of dementia, is becoming increasingly
prevalent worldwide. However, currently there are no FDA-approved therapies for VCID. In this review, we explore treatments with
extant supporting evidence as well as treatments in development and outline the path forward for future research. Donepezil,
rivastigmine, and memantine all have some evidence as cognitive enhancers in patients with Vascular Dementia (VaD) and are
approved in several non-US jurisdictions. Nutraceuticals, such as Ginkgo biloba and butylphthalide, have some supportive data and
may be similarly helpful. Prevention of VCID is an important objective, and there is support for the intensive control of hypertension
and treatment of hyperglycemia to prevent cognitive decline. Asymptomatic cerebral small vessel disease is commonly detected in
neuropsychiatric cohorts and healthy individuals, and protocols and trials are being developed to help guide management to
minimize the risk of cognitive impairment. A range of novel treatment strategies, including noninvasive neurostimulation, stimulant
treatment, and neurotrophic factors, are being explored. Future research into VCID treatment needs to incorporate a range of novel
technologies, including blood-based biomarkers, automation of brain image segmentation and quantification using artificial
intelligence, automated remotely administered neuropsychological testing, and rational drug discovery.

Neuropsychopharmacology; https://doi.org/10.1038/s41386-026-02331-3

INTRODUCTION

Vascular Dementia (VaD) comprises 15 — 20% of all dementia cases
and is the second most common form of dementia after
Alzheimer's Disease [1]. While a minority of cases are “pure”
VaD, vascular pathology is present in most patients with dementia
in late life (i.e. older than 65). A longitudinal post-mortem study
found high rates of atherosclerosis (86%), arteriolosclerosis (74%),
and gross infarcts (44%) [2] in those with a pre-mortem diagnosis
of dementia. The population prevalence of VaD is estimated to be
116 per 10,000 persons over the age of 50 [3], and this increases
exponentially with age, rising from 44 per 10,000 in those aged 50
- 59 years to 732 per 10,000 in those over 90 years of age [3].
Vascular Cognitive Impairment and Dementia (VCID), which
comprises the full spectrum of cognitive disorders, from vascular
mild cognitive impairment (VaMCl) to VaD, is estimated to be
three times as common as VaD itself [4].

Despite the substantial burden of disease attributable to VCID,
there has been little progress in the development of novel
therapeutics, and there are no existing FDA-approved treatments
[5]. There are currently four Food and Drug Administration (FDA)-
approved therapies for Alzheimer's disease (AD) that act as
cognitive enhancers (three cholinesterase inhibitors and meman-
tine). More recently, two promising anti-amyloid monoclonal
antibodies for AD have received FDA approval (lecanemab and

donanemab) [6]. While there are a range of modifiable mid-life risk
factors for VaD, by the time patients reach late life, when VCID is
most prevalent, treating these risk factors may not substantially
mitigate dementia risk [7]. The lack of research progress and
absence of FDA-approved therapies can lead to clinician
demoralization, with a feeling of hopelessness that very little
can be done for this patient population [8].

This review outlines the available clinical trial evidence for
treatments in VCID, explores the putative mechanisms of these
treatments, and outlines a path forward to advance the field. This
review will not cover non-pharmacological interventions for VCID,
which have been reviewed in detail elsewhere [9]. Understanding
the specific management of VCID is becoming increasingly
important for physicians as dementia subtypes become better
demarcated by fluid-based biomarkers [10] and the prevalence of
VCID increases with the aging population.

DEFINING VCID

Before exploring current and future treatments for VCID, we will
briefly describe some clinical definitions of the disorder, as
classifications have changed considerably over the years, which
may affect the interpretation of clinical trials [11-13]. VCID in some
recent studies refers to the transdiagnostic concept of “Vascular
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Table 1. VASCOG2-WSO Criteria for mild vascular cognitive impairment and vascular dementia, developed through an international Delphi process,
adapted from Sachdev et al. (2025).
Part A. Criteria for mild cognitive impairment and dementia
Mild cognitive impairment (both A and B are necessary)
(A) Acquired decline from a documented or inferred previous level of performance in one or more cognitive domains as evidenced by the following:
(a) Concerns of the person, knowledgeable informant or a clinician of mild levels of decline
(b) Evidence of modest deficits on objective cognitive assessment in 2 1 cognitive domain
(B) The cognitive deficits are not sufficient to interfere with independence
Dementia (both A and B are necessary)
(A) Evidence of substantial cognitive decline from a documented or inferred previous level of performance in one or more cognitive domains, based on:
(a) Concerns of the person, a knowledgeable informant, or the clinician, of significant decline;
(b) Clear and significant deficits in objective assessment based on a validated objective measure of neurocognitive function in > 1 cognitive domain.
(B) The cognitive deficits are sufficient to interfere with independence

Part B. Evidence for predominantly vascular etiology of cognitive impairment.

(A) One of the following clinical features (A.1. or A.2.)

1 The onset of the cognitive deficits is temporally related to > 1 clinical strokes. The evidence of stroke is one of the following

(a) Documented history of a stroke, with cognitive decline temporally associated with the event

(b) Physical signs consistent with stroke

2 If no history or signs of stroke, cognitive decline has more gradual onset and course, typically predominant in some combination of attention

and processing speed, and/or executive functioning.

(B) Presence of significant neuroimaging MRI (preferable) or CT evidence of cerebrovascular disease (at least one of the following)

1 Multiple infarcts or a single extensive or strategically placed infarct

2 Multiple lacunes outside the brainstem, one lacune may be sufficient if strategically placed or in combination with extensive white matter
hyperintensities.

3 White matter hyperintensities, particularly if they are extensive and confluent.

4 Multiple intracerebral hemorrhages; one may be sufficient if large and/or in a lobar location or otherwise strategically placed

(C) Features that May Suggest an Alternative or Additional Etiology
1 Clinical features

(a) Insidious early onset of cognitive, perceptual and motor symptoms in the absence of corresponding focal vascular lesions (infarct or small

vessel disease) on brain imaging or history of vascular events.

(b) Early and prominent movement disorder suggestive of Lewy body disease or other alpha-synucleinopathy or other non-vascular

movement disorder

(c) Features strongly suggestive of another primary neurological disorder sufficient to explain the cognitive impairment.

2 Neuroimaging
(a) Absent or minimal cerebrovascular lesions on CT or MRI
3 Biomarkers

(a) The presence of biomarkers of Alzheimer’s disease, dementia with Lewy bodies, or other disease related to cognitive decline.

Contributions to Cognitive Impairment and Dementia” [14]. While
this dimensional understanding of dementia may be important for
the future development of the science, this review examines
studies which focus on cognitive impairment and dementia with
etiology in cerebrovascular disease, and in the literature have
been referred to under the categories of VCID, VaMCl and VaD.

Most clinical trials assessing the safety and efficacy of cognitive
enhancers in VaD have used the 1993 NINDS-AIREN criteria
(Supplementary Table 1) [12]. According to these criteria, a
diagnosis of dementia requires memory deficits and at least two
other cognitive domains. To diagnose probable VaD, a clear
temporal relationship between stroke and neuroimaging evidence
is required. Neuroimaging evidence included multiple large vessel
strokes or a single strategically located large vessel stroke in the
angular gyrus, thalamus, basal forebrain, or posterior or anterior
cerebral artery territories. Importantly, the criteria state that the
absence of focal neurologic signs other than cognitive disturbance
makes the diagnosis of VaD unlikely or uncertain.

The VASCOG-2 WSO criteria (Table 1) recently updated the 2014
VASCOG-1 criteria [15] for VCID using the Delphi Survey Method.
These differ from the NINDS-AIREN criteria in several ways. First, they

SPRINGER NATURE

covered the spectrum of VCID from VaMCl to VaD. Second, they
recognize the clinical reality that memory is not impaired in all cases
of VCID and that significant deficits in any one cognitive domain are
sufficient to diagnose cognitive impairment. The distinction between
VaMCl and VaD is based not only on the severity of cognitive deficits,
but also on the impact on daily function, with the latter being
associated with an inability to function independently. Third, the
VASCOG-2 WSO criteria also detail the significant neuroimaging
findings required for defining mild and major vascular cognitive
disorders, with the explicit recognition that markers of small vessel
disease in the absence of large infarcts may be sufficient. The DSM-5
criteria (Supplementary Table 2) have also been commonly used for
diagnosis, and are similar to the VASCOG-1 criteria, albeit less detailed.
It is also noteworthy that many individuals are identified on brain
imaging as having a significant burden of small vessel disease (SVD)
or cerebrovascular disease in general (CVD), but are either asympto-
matic or present with non-specific symptoms, such as depression,
apathy, fatigue, or other neuropsychiatric symptoms. They have
been referred to as having covert cerebral SVD (ccSVD) [16] or
as ‘pre-clinical’ cases, and may be candidates for the prevention of
VCID.

Neuropsychopharmacology



VASCULAR BRAIN LESIONS: FREQUENCY AND REVERSIBILITY
There are a panoply of underlying radiological and pathological
vascular brain changes associated with VCID. To understand the
current and future treatment targets of VCID, these lesions are
briefly reviewed below (Figs. 1 and 2). In the 1970s and 80s, the
diagnosis of VaD was generally restricted to those who had
experienced a stroke, referred to as post-stroke dementia. In
addition to post-stroke dementia not being exclusively vascular in
origin, we now recognize that VCID may be caused by various
diseases of the large and small cerebral vessels, leading to
thromboembolic disease, cerebral ischemia or hemorrhage, acute
or chronic cerebral hypoperfusion, impaired angiogenesis and
diminished oxygen and nutrient blood-brain barrier transport (see
Table 2 for list of underlying pathologies) [17]. The developing
understanding of these diverse pathophysiological mechanisms
has allowed for a greater number of novel treatment approaches,
that we will explore in later sections.

Large vessel infarcts have the strongest association with VCID,
and in the 2-6 months following a stroke, about 10% of patients
without prior dementia will develop dementia, with an overall
44% experiencing VCID [18]. Infarcts due to large vessel disease
are present in 11% of people in their 60s and around 35% of
those older than 80 [19]. It is now recognized that the majority of
VCID cases are attributable to cerebral SVD, which can be well-
delineated using MRI. Several SVD lesions have been described
and the terminology for these lesions has been standardized using
the STRIVE criteria [20]. The lesions are briefly described as follows.

Lacunes are caused by vascular insufficiency due to the deep
penetration of blood vessels. They affect 8-10% of individuals in
their 60 s and increase with age [21]. They are seen as hypodense
circular or ovoid lesions, 3-15 mm in diameter on MRI and, like
larger strokes, once present, they are irreversible. White Matter
Hyperintensities (WMH) (aka leukoaraiosis) are seen as hyperintense
lesions on T2-weighted or fluid-attenuated inversion recovery MRI
and are generally divided into periventricular and deep WMH. The
pathology underlying this radiological change in its early form
may be a reversible increase in interstitial fluid; however, in its
later form, it represents demyelination and axonal damage [22]. In
addition to vascular insufficiency, WMH may be caused by
demyelination, inflammation, trauma, neoplasms, and degenera-
tion; however, there is good evidence that most of these lesions in
older people are ischemic in origin [23]. They are the most
common form of vascular lesions, present in approximately 90% of
older adults [24, 25], 72% of those in mid-life [25], and almost 50%
of those in their late 40 s [16]. Because it is commonly observed in
cognitively normal individuals, its association with VCID is variable.
Automated quantification of WMH volume has increasingly been
used to better indicate the severity of the disease and likely
prognosis of cognitive decline [26, 27]. WMH are at least partially
reversible, with one study of 190 patients post minor stroke (mean
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Fig. 1 Cerebrovascular disease lesions. Schematic diagram sum-
marizing the macroscopic lesions associated with VCID.
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age = 65.3) found that over 1 year, 37% of participants showed a
decrease in WMH volume, particularly in those with effective
blood pressure control [28]. In studies of other conditions, such as
migraine and Reversible Cerebral Vasconstriction Syndrome
(RCVS), WMH may be entirely transient and reversible [29].
Cerebral microbleeds (CMBs) are a very common form of vascular
pathology, present in 15-40% of older persons [30, 31]. CMBs
within the cerebral lobes are associated with underlying cerebral
amyloid angiopathy (CAA), whereas CMBs within deeper cerebral
structures are much more closely associated with hypertension.
CMBs have a weak or inconsistent relationship with cognitive
decline, with one systematic review finding no such association
[32]. However, several studies have found that the risk of cognitive
decline increases only once more than 3-5 CMBs are present
[33, 34]. Although CMBs, like other hemorrhages, may diminish in
size over time, there is little available evidence that they are
entirely reversible. Enlarged perivascular spaces (ePVS) are extre-
mely common in the general population, with some estimates
that they are present in nearly 100% of older persons [35]. ePVS
increases with age, hypertension, and TBI, among other risk factors
[36, 37]. Studies have variably found present or absent associa-
tions between cognitive decline and ePVS [38]. Studies on several
different diseases indicate that ePVS may be partially reversible
[36].

There is evidence from animal models that most pathologies
underlying these lesions, particularly atherosclerosis and arter-
iolosclerosis, are partially reversible, particularly in their early
forms [39, 40]. This approach is to find effective treatments to
improve cerebral blood flow, thereby improving cognitive
function and/or mitigating further decline. Moreover, the risk
factors for CVD have been extensively examined, and many are
modifiable, thereby permitting the potential prevention of CVD
and VCID.

MEDICATIONS AND THEIR MECHANISMS FOR VCID
MANAGEMENT

While the USA-based Federal Drugs Administration (FDA) has not
approved any medications for cognitive symptoms of VCID in
other nations, regulatory approval for use in VaD has been
granted for donepezil (e.g., New Zealand, India, South Korea,
Romania, and Thailand) and memantine (e.g., Argentina, Brazil,
and Mexico) [41]. Chinese jurisdictions advocate the use of herbal
extracts, including butylphthalide and Ginkgo biloba, and the
evidence for their use is discussed below.

A challenge in interpreting clinical trials for VaD is that the
outcomes used are often specifically designed for Alzheimer's
disease (e.g., using the Alzheimer's Disease Assessment Scale-
Cognitive subscale — ADAS-Cog) and may not accurately reflect
beneficial effects in cognitive domains more frequently affected
by VaD, such as processing speed and executive function [42].
Additionally, clinical trials up to this point have not used fluid
biomarkers and have not been able to reliably disambiguate VCID
from AD [43], only being able to diagnose “probable” or “possible”
VaD. Other problems, include short trial duration, population
heterogeneity, small sample size and the high frequency of mixed
dementia cases. With these challenges in mind, the evidence for
the treatment of VCID is reviewed below.

Cognitive enhancers

Acetylcholine concentration and acetyltransferase activity are
reduced in patients with both AD and VCID [44]. Cholinesterase
inhibitors aim to correct this deficit by increasing the levels of the
neurotransmitter acetylcholine in synaptic clefts by reducing its
enzymatic degradation [45]. However, VCID presents in hetero-
geneous subtypes, and trials suggest that they may be less
efficacious in some forms (e.g., multi-infarct dementia) than others
(e.g., subcortical vascular dementia) [46].

SPRINGER NATURE
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Fig. 2 Imaging appearances of age-related non-amyloid SVD. a Acute lacunar infarct in right thalamus on DWI. b Old cavitated lacune in
posterior limb of left internal capsule on FLAIR. ¢ Confluent white matter hyperintensities on FLAIR. d Deep CMB on gradient echo scan.
e Enlarged PVS intracerebral. f Basal ganglia hemorrhage on CT. Image and description taken directly from “Markus Hugh S, de Leeuw Frank Erik.
Cerebral small vessel disease: Recent advances and future directions. Int J Stroke. 2022;18:4-14 - Fig. 1” [167] under Creative Commons Attribution
4.0 License (https://creativecommons.org/licenses/by/4.0/) which permits any use, reproduction and distribution of the work without further

permission.

Donepezil

Donepezil is a non-competitive reversible cholinesterase antagonist. It
shows limited binding to butyryl-cholinesterase and is highly selective
for acetylcholinesterase [47]. Donepezil has a half-life between 60 and
90 h and is administered once per day at doses of either 5 or 10 mg.
In a 2021 Cochrane review and meta-analysis [48], the authors
assessed three RCTs of donepezil hydrochloride 5mg or 10 mg in
VaD. The meta-analysis found that donepezil 5 mg and 10 mg both
significantly reduced the rate of cognitive decline, as measured by the
ADAS-Cog (range of 0 — 70) (5 mg: Mean Difference (MD) = -0.92, 95%
CI[-1.44, —0.40], and 10 mg; MD = —2.21, 95%CI[ — 3.07, —1.35]). The
minimal change in ADAS-Cog deemed to be clinically relevant is
between 2 and 3 [48], and the authors suggest that the 5 mg dose is
unlikely to have a clinically significant effect, despite its statistical
significance. The most commonly reported adverse effects were
headache, high blood pressure, nausea/vomiting, diarrhea, and
dizziness. Compared to placebo, the 10 mg dose caused significantly
more adverse effects, whereas the 5mg dose did not (5mg:
OR =122, 95%CI[0.94, 1.58] AND 10mg: OR=1.95, 95%C [1.20,
3.15]). These findings are supported by other meta-analyses [49],
including one 2022 network meta-analysis [50], which found that
donepezil 10 mg was the most effective intervention and only one
that improved executive function. Indeed, a randomized controlled
trial of donepezil 10 mg in participants with Cerebral Autosomal
Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalo-
pathy (CADASIL) (n = 168 patients, mean age = 54.8 years) [51] found
cognitive function improvements only in tests measuring executive or
attention function but not general cognitive function.

Galantamine

Galantamine is a competitive, reversible cholinesterase antagonist
that binds almost exclusively to acetylcholinesterase with little
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butyryl-cholinesterase activity [52]. It has a half-life of approxi-
mately 7 h and is administered at doses between 4 mg twice daily
and 12 mg twice daily (between 8 and 24 mg daily). Two trials of
galantamine in VaD [53, 54] (n=1380) have been included in
several systematic reviews and meta-analyses [48, 55]. Battle et al.
[48, 55] found a statistically significant reduction in the ADAS-Cog
score (MD=-2.01, 95%CI[ — 3.18, —0.85]) and improvement in
Clinical Global Impression-Severity (OR = 1.32, 95%CI[1.03, 1.70])
compared to placebo. Shi et al. [55] found that galantamine had
the largest positive benefit on the ADAS-Cog score (MD =-1.99,
95%ClI[-3.03, -0.95]) of the compared medications but also had the
second highest risk of adverse events (OR=1.68, 95%CI[1.18,
2.371). As mentioned above, although galantamine seems to have
a significant effect, it rests on the borderline of what is considered
clinically relevant.

Rivastigmine

Rivastigmine acts on both acetylcholinesterase and butyryl-
cholinesterase as a “pseudo-irreversible” antagonist. Its antago-
nistic duration of action is approximately 7 h; however, it has a
plasma half-life of approximately 1.5h. It can be delivered as a
patch or as a twice-daily oral dose of 3-12 mg/day. There have
been three reported clinical trials (n = 800) of rivastigmine in VCID,
including two for VaD [56, 57] and one for VaMClI [58]. Individually,
the trials showed no significant effect on ADAS-Cog scores or
functional outcomes, and a meta-analysis showed no positive
effect [48]. Shi et al. [55] reported a small, clinically insignificant
positive effect of rivastigmine (MD = 0.60, 95%CI[0.10, 1.10]).

Memantine

Memantine is a non-competitive antagonist of extra-synaptic N-
methyl-D-aspartate (NMDA) receptors that disrupts regular

Neuropsychopharmacology
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Table 2. Common vascular lesions underlying with Vascular Cognitive Impairment and Dementia.

Vascular Lesions
Amyloid angiopathy

Arteriolosclerosis

Atherosclerosis

Berry aneurysms

Cardiac, atherosclerotic and systemic emboli

Cerebral venous thrombosis

Description

Deposition of f-amyloid in small- to medium-sized cortical and leptomeningeal arteries,
increases fragility of vessel walls and risk of microhaemorrhage

Thickening of small arteries and arterioles, often from chronic hypertension, resulting in
lumen narrowing and impaired tissue perfusion; includes hyaline and hyperplastic
subtypes.

Lipid-rich plaques within the intima of medium- and large-sized arteries, causing
luminal narrowing, ischemia, and risk of thrombosis or embolism.

Saccular outpouchings at arterial branch points in the circle of Willis, commonly at the
anterior communicating artery; associated with subarachnoid hemorrhage when
ruptured.

Intravascular clots or debris originating from the heart (e.g., atrial fibrillation, valve
disease), large arteries, or systemic sources that travel and occlude downstream vessels,
causing infarction.

Occlusion of dural venous sinuses or cerebral veins by clot, leading to impaired venous
drainage, intracranial hypertension, and possible hemorrhagic infarcts.

Lipohyalinosis

Degenerative process of small penetrating arteries in hypertension, with vessel wall

thickening, fibrinoid change, and lipid deposition, predisposing to lacunar infarcts.

Systemic microangiopathies without vascular
inflammatory cell infiltrates
ischemia.

synaptic transmission and limits excitotoxic neuronal damage. Its
half-life is approximately 60 h, and it is administered once daily at
doses between 5mg and 20 mg (immediate release). Two trials
comparing memantine (20 mg) to placebo (n = 836) [59, 60] found
that memantine significantly reduced cognitive decline, with one
of the largest effect sizes in one network meta-analysis (MD = -
1.89, 95%CI[-2.93, -0.86]). Compared to placebo, there were no
significantly greater rates of adverse events (OR=1.25, 95%
Cl[0.82, 1.92]), and it was found to be more acceptable than
cholinesterase inhibitors [55].

Butylphthalide

Butylphthalide is one of the key chemical constituents of celery oil
and contributes to its distinct flavor. It is commonly used in
Chinese medicine and has been attributed to several pharmaco-
logical effects, including reduced inflammation, improved mito-
chondrial function, diminished platelet aggregation, reduced
oxidative stress, and prevention of neuronal apoptosis [61, 62].
In 2002, it was approved in China for the treatment of cerebral
ischemia [60], and since then, there have been four clinical trials (n
total = 665) [61, 63-65] testing butylphthalide 200 mg three times
daily against placebo, donepezil, or as a combination therapy with
another herbal treatment. Butylphthalide was generally well
tolerated, and trials have had significant positive outcomes,
resulting in significant improvements in ADAS-Cog, Clinician
Interview Based Impression of Change (CIBIC), and MMSE scores.
However, in the most robust trial [61], the change in ADAS-Cog
was small (MD =-1.07 points; 95%Cl [-0.12, -2.02], p = 0.03) and
may not be clinically relevant. A range of mechanisms, including
anti-oxidant and anti-inflammatory effects, have been proposed;
however, it is not clear which mechanism(s) induce the
therapeutic effect. Clinicians may consider its use in current
populations, but further delineation of its mechanisms and
confirmation of its effects in non-Chinese populations are
required.

Ginkgo biloba

Ginkgo biloba, a herbal supplement taken from the ginkgo tree, is
commonly used in Chinese medicine and is thought to have anti-
oxidant, anti-inflammatory, and anti-thrombotic effects. It is
generally administered in tablet form once daily at doses between
60 mg and 240 mg. A 2010 meta-analysis [66], including nine trials

Neuropsychopharmacology

Disorders causing small-vessel injury and thrombosis without overt vasculitis, such as
thrombotic microangiopathies (TTP, HUS) or malignant hypertension, leading to tissue

(n=2372) that incorporated patients with all-cause dementia,
VaD, and AD, found that Ginkgo had a significant positive effect
on cognition (SMD =-0.58, 95%CI[-1.14, -0.01], p = 0.04) but not
on Activities of Daily Living (ADLs), although the heterogeneity
was high (>=97%). Like Butylphthalide, Ginkgo was well
tolerated, with no significant difference in rates of adverse effects
compared to placebo. Since then, there has been one further, non-
Chinese, 6 month clinical trial [67] (n =90, mean age (SD) = 67.1
+ 8.0 years) that found ginkgo produced a significantly greater
improvement in CGI-S, but none of the other three main cognitive
and functional outcome measures. In summary, there is weak
evidence that Ginkgo biloba, a well-tolerated herbal extract, would
be helpful in patients with VCID, although more trials with larger,
more diverse populations are needed.

Cerebrolysin
Cerebrolysin is a patented combination of pig-derived, enzyma-
tically treated peptides including brain-derived neurotrophic
factor (BDNF), glial cell line-derived neurotrophic factor (GDNF),
nerve growth factor (NGF), and ciliary neurotrophic factor (CNTF).
It is administered as an intravenous infusion, normally once daily,
for 28-30 days. It has regulatory approval for use in post-stroke
patients in Russia, China, South Korea, Austria and Germany [68].
To date, two randomized trials of cerebrolysin for VaD have
been conducted. Xiao et al. [69] (n =148, age range = 55-85)
compared 4 weeks of cerebrolysin to placebo infusion, assessing
outcomes at 2 and 4 weeks. At 4 weeks, those in the cerebrolysin
group showed a significantly larger improvement in MMSE
(Change from baseline = 2.68 vs. 1.72, p = 0.028), although there
were no differences in functional outcomes (ADLs) or CGI-S.
Guekht et al. [70] (n =242, age range = 50 to 85) compared 2
four-week treatment cycles of cerebrolysin with placebo infusion
and assessed outcomes at 24 weeks after treatment initiation.
They found that in the cerebrolysin group, there were significantly
greater improvements in ADAS-Cog (-10.6 points vs -44 in
placebo, MD =6.2, p<0.001) and a clinician-rated measure of
change (75.3% showed improvement vs. 37.4% in placebo group).
Interestingly, in this trial, there was no significant difference
between the groups for change in MMSE, but for functional
outcomes, the cerebrolysin group showed significant improve-
ment (MD =6.33 points; 95%ClI[4.19, 8.46], p<0.001). While
promising, this trial should be interpreted with caution given
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the inconsistency in the large, significant ADAS-cog result and the
small, non-significant MMSE result as well as the fact that the
placebo group had such a large improvement in cognitive and
functional outcomes. Taken together, cerebrolysin has some
preliminary evidence supporting its use in VCID, but it remains a
burdensome treatment that requires a strong evidence base prior
to its use.

Other medications

Nimodipine, a calcium channel blocker with central vasoactive
properties, was studied in combination with galantamine in mixed
dementia (Alzheimer’s disease with cerebrovascular disease) [69];
however, the combination was not found to be better than
galantamine alone. Similarly, a trial of nimodipine alone (n = 251)
found that compared to placebo, it had no significant benefit for
cognitive or social outcomes.

Isolated or small clinical trials have been conducted for other
medications, including pentoxyifyline, piracetam, aspirin, choline
alfoscerate, propentofylline, naftirdofuryl, idebenone, buflomedil,
Yangxue Qingnao, and several other Chinese Herbal preparations
[71]. Further studies are needed before these can be considered as
treatments for VCID.

In summary, there are few cognitive benefits in VCID with the
use of donepezil, galantamine, and memantine, generally at
higher doses of these medications. Butylphthalide and Ginkgo
Biloba are well-tolerated herbal supplements that have some
clinical trial evidence indicating small cognitive benefits, but data
remain limited, especially in non-Chinese populations. Nimodi-
pine, cerebrolysin, and several other medications have been
tested in various trials; however, larger studies and more
consistent results are needed before any recommendations can
be made.

SYMPTOMATIC TREATMENT OF NEUROPSYCHIATRIC
SYMPTOMS OF VCID

The vast majority of those with VCID experience neuropsychiatric
symptoms [72], with common presentations including depression,
apathy, irritability, appetite change, delusions, and hallucinations.
Non-pharmacological strategies are the first line of management
[73]. These strategies include behavioral management, care staff
communication training, sensory interventions (e.g., light therapy,
sensory garden, and aromatherapy), music therapy, dance
therapy, reminiscence therapy, and exercise therapy. These
interventions have been reviewed in detail elsewhere [9, 74].

Treating depression in VCID

Depression and anxiety are common in VCID, affecting 53% and
36% of those with VaD and 46% and 31% of those with VaMCl,
respectively. The relationship may be bidirectional, with depres-
sion both predicting and being predicted by VCID. A 2013 meta-
analysis [75] of prospective studies found that depression was
associated with significantly greater risk of VaD (HR = 2.52, 95%Cl
[1.77, 3.59], P<0.001, n=5 studies) than AD (HR = 1.65, 95%Cl
[1.42, 1.92], P<0.001, n =15 studies).

As mentioned above, there is evidence of several non-
pharmacological strategies [76, 77] in people with depression
and dementia, but the outcomes in this population are generally
poor [78]. Depression in dementia increases cognitive decline,
mortality risk, carer stress and the rate of admission to residential
aged care facilities [79-81].

Despite the high prevalence of depression in VCID, very few
clinical trials have been conducted to guide its management.
Dudas et al. [82], in a systematic review of antidepressants in
dementia, found that, overall there were ten studies (n=1592),
but the vast majority examined AD exclusively, with only one
small study (n = 31) including a mixture of vascular dementia and
AD [83]. While there is no evidence to specifically guide the use of
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antidepressants in VaD, this systematic review provided insights
into their application in AD and all-cause dementia. Antidepres-
sants had no significant effect on depression rating scores
between 6 and 13 weeks or between 6 and 9 months after
treatment. They also had no impact on functional outcomes
(activities of daily living) or cognitive scores (MMSE) 13 weeks after
treatment. Those taking antidepressants were 51% more likely to
drop out of the trials (OR = 1.51, 95%CI[1.07, 2.14]) and 55% more
likely to experience an adverse event (OR=1.55, 95%CI[1.21,
1.98]), which could include dizziness, falls, dry mouth, or
confusion. While evidence is lacking for use in VaD, there is
frequent overlap of vascular and Alzheimer's pathologies in
dementia, and the extant research shows that higher burdens of
vascular risk factors and worse cognitive function predict reduced
response to antidepressants [84]. These data indicate that
antidepressants are unlikely to be effective in patients with VaD
or depression.

However, in patients with vascular disease and only MCI, there
is reasonable evidence that anti-depressants continue to have
efficacy. Sheline et al. [84] (n =217, mean age (SD) =684 (7.2),
age range = 60 +), in a randomized trial of sertraline for late-life
depression, found that while lower cognitive scores predicted
poorer responses to antidepressants, 62.3% of those who remitted
had a Fazekas score of greater than 2 (i.e., substantial white matter
change on MRI), and this was not significantly different (p = 0.18)
from 72.4% of non-remitters who had elevated Fazekas scores.
Taragano et al. [85] (n =101, mean age (SD) = 69.9 (7.8)) found in
their clinical trial examining patients with “vascular depression”
that 40.5% of patients remitted with fluoxetine, although there
was a substantially greater proportion of patients who remitted
with fluoxetine-nimodipine treatment compared to fluoxetine
alone (54% vs. 27%, p =0.006). There is strong evidence that
antidepressants improve physical and psychological outcomes in
patients with depression following stroke. A 2020 network meta-
analysis incorporating 51 randomized trials [86] identified that
citalopram, escitalopram, sertraline, mirtazapine, venlafaxine, and
paroxetine were significantly more effective than placebo,
whereas amitriptyline was less effective and more poorly
tolerated.

Based on the extant literature, there is good evidence that
antidepressants are effective and therapeutic in post-stroke
patients and have a role in the treatment of depression in those
with vascular brain disease, although ¢SVD may be a relative
mediator of treatment resistance. In those with the most severe
forms of VCID (i.e. dementia), there is limited evidence suggesting
that antidepressants are not likely to be effective.

Treating psychotic symptoms and agitation in VCID
Individuals with VCID frequently present with agitation (33%),
delusions (20%), and hallucinations (11%) [87]. These can be some
of the most challenging symptoms to manage, particularly when
caregivers and loved ones experience aggression. While non-
pharmacological interventions are the first line of treatment,
pharmacological strategies can be used in refractory cases where
there are substantial risks to the patient and others.

In a Cochrane systematic review and meta-analysis, Miihlbauer
et al. [88] identified 24 clinical trials that examined the effects of
antipsychotics on psychosis and agitation in patients with AD and
VaD. Of these, nine included mixed samples of AD, VaD, and
mixed dementias, whereas the other 15 focused exclusively on
AD. Within trials that included a mix of dementia subtypes, the
proportion of the sample with vascular or mixed dementia varied
from 14.8% [89] to 27% [90]. Because of the small number of
participants with VaD in each trial, subgroup analyses were
generally not performed.

Considering the 9 trials that assessed both AD and VaD
populations, there were significant positive results in treating
agitation and psychosis for quetiapine (200 mg daily) [89, 91],
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tiapride (100-300 mg daily), haloperidol (2-6 mg daily) [92] and
risperidone (0.5-2 mg daily) [90, 931. One trial [94] comparing both
olanzapine and risperidone to placebo found that both active
drugs produced no better outcomes over 10 weeks, as measured
by the Neuropsychiatric Inventory and Clinical Global Impression-
Severity of Psychosis scale. Overall, the results are encouraging,
indicating that drug use, especially of quetiapine and risperidone,
may be efficacious, although all nine studies had at least some
commercial funding and the results have not been confirmed in
independent studies.

The positive results of these studies are reflective of the wider
meta-analysis performed by Mihlbauer et al. [88]. They found that
in patients with dementia (AD and/or VaD), atypical antipsycho-
tics, including risperidone, olanzapine, aripiprazole, and quetia-
pine, likely reduced agitation (SMD =-0.21, 95% Cl [-0.30, -0.12]),
but had a minimal effect on psychosis (SMD =-0.11, 95%Cl [-0.18,
-0.03]). They were associated with an increased risk of side effects,
including somnolence (RR=1.93, 95% Cl [1.57, 2.39]), extrapyr-
amidal symptoms (RR=1.39, 95%CI[1.14, 1.68]), serious adverse
events (RR=1.32, 95%CI [1.09, 1.61]), and death (RR = 1.36, 95%
Cl[0.90, 2.05]). Many medical regulatory bodies, including the FDA,
require black box warnings noting the increased risk of mortality
in patients with dementia. Risperidone was the best studied drug,
with seven trials, and its safety and efficacy was similar to those of
atypical antipsychotics considered as a whole. First-generation
antipsychotics, including haloperidol and thiothixene, also
appeared to reduce agitation (SMD =-0.36, 95%Cl [-0.57, -0.15])
and psychosis (SMD =-0.29, 95%CI[-0.55, -0.03]), although the
study numbers were smaller and the certainty of the estimate was
comparably lower.

Taken together, antipsychotics seem to have some efficacy
reducing agitation in all-cause dementia; however, there is no
clear evidence for their specific effects on VCID. The application of
antipsychotics in VCID should be approached with extreme
caution given the adverse effect profile, including extrapyramidal
side effects, increased risk of falls, stroke, pneumonia, thrombosis,
and all-cause mortality [73].

COVERT CEREBRAL SMALL VESSEL DISEASE (CCSVD) AND
VCID PREVENTION
The prevalence of dementia worldwide is predicted to steadily
increase in the coming decades as the world’s population ages
[95]. However, the bright line in this often pessimistically cited fact
is that the age-specific risk of all-cause dementia in developed
countries has decreased by 20% every 10 years since the late 20"
century [96-98], and this has been mirrored in the age-specific
decrease in cerebral small vessel disease (cSVD) [99]. Much of this
relates to the better detection and treatment of vascular risk
factors [96], strongly indicating that populations have previously
reduced dementia risk by prevention, suggesting that such
reductions may continue into the future. The management of
vascular risk factors for the prevention of stroke and dementia has
been reviewed in detail elsewhere [100]. The following section
explores the available evidence related to the prevention of covert
cerebral small vessel disease (ccSVD) and VCID.

ccSVD is a common incidental finding on imaging and is
present in 90% of older persons [23, 24], and nearly half of those in
their late 40 s [16]. The most common form of ccSVD is WMH, but
it may include any of the aforementioned lesions of cSVD (e.g.,
lacunes, cerebral microbleeds, ePVS). Very few trials have
examined how ccSVD should be managed, and prior clinical
practice has often dismissed these changes as merely age-related.
However, there is increasing appreciation that ccSVD increases the
risk of VCID, all-cause dementia, stroke, intracerebral hemorrhage,
and mortality. It is associated with vascular risk factors including
age, hypertension, high cholesterol, smoking, and diabetes. The
2024 Lancet Commission on the Prevention of Dementia
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estimated that 45% of the burden of dementia is potentially
modifiable, largely through treatable vascular risk factors [7, 101].
The majority of this preventable burden relates to AD, which
shares many vascular risk factors with VCID but is substantially
more common. This estimate provides a useful estimate for ccSVD
but should be considered in balance with the fact that ccSVD is
highly heritable (e.g., the heritability of WMH was reported to be
as high as 0.76) [102] and occurs in many cases with no history of
vascular risk factors [103].

A number of guidelines have been published in the past few
years for the management of ccSVD, including two from the
European Stroke Organisation [104, 105] and one from an
Australian group [106]. Both made similar recommendations, with
a particular focus on controlling hypertension, treating diabetes,
and hyperlipidemia, while recognizing that the quantity and
quality of evidence to support these recommendations is very
weak. We examine the evidence for the prevention of ccSVD and
VCID in the following section.

Antihypertensives
An individual participant data (IPD) meta-analysis of longitudinal
studies (n = 19,209) performed by our group found that untreated
hypertension in late-life was associated with a 71% higher risk of
VaD compared to those with treated hypertension (mean age, 72
years; HR, 1.71; 95%Cl: 1.03-2.84) [107, 108]. Mid-life hypertension
is a well-established, highly prevalent and often undertreated risk
factor for both VaD and other forms of dementia [109-111].
Peters et al. [112], in an IPD meta-analysis of five randomized
trials of antihypertensive drugs (n = 28,008), found that hyperten-
sion treatment significantly reduced the risk of incident dementia
(OR = 0.87, 95%Cl[0.75, 0.99]) and that dementia risk continued to
decline with lower blood pressure down to an SBP of approxi-
mately 100 mmHg. The PRESERVE trial [113] randomized 111
patients with MRI-confirmed lacunar infarcts and confluent WMH
to either standard (SBP = 130-140 mmHg) or intensive (systo-
lick125 mmHg) blood pressure management. They found that
over two years, there were no significant differences between the
groups in diffusion tensor imaging measures of white matter
structural integrity, WMH volume, or cognitive performance. There
is good evidence that treating hypertension helps prevent VCID,
although it is not clear if intensive blood pressure targets are
associated with improved clinical outcomes in the setting
of ccSVD.

Lipid lowering therapy

There is little to no direct clinical trial evidence that the use of
statins or other antilipid therapies reduces the risk of cognitive
impairment. There have been no randomized trials of statins
examining VaD as a primary outcome, although in the few that
have included all-cause dementia as a secondary outcome, no
association has been found [114-117]. In two trials examining the
effect of antihypertensive and lipid-lowering agents, a lower
volume of WMH in the rosuvastatin arm was observed over five
years compared to placebo [118, 119], although no differences
between the treatment and control groups were found in the
PROSPER study [120]. Although randomized clinical trials have not
provided strong evidence for the use of lipid-lowering agents for
VCID prevention, a meta-analysis of 31 observational studies
found that statin use substantially reduced the risk of non-AD
dementia (RR=0.81, 95%CI[0.73, 0.89], p<0.01), with greater
reductions in dementia risk at higher doses of statins [121].

Antihyperglycemics

Type 2 diabetes mellitus is a common risk factor for VCID, which
increases the relative risk of VaD by 137% [122]. Although there is
a clear positive relationship between VaD risk and HbA1c
[123, 124], the specific effects of different classes of antihypergly-
cemics remain unclear. Metformin, in a 2018 meta-analysis, was
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associated with a reduced risk of cognitive impairment (OR = 0.55,
95%CI[0.38, 0.78]) [121], but in another study, there was no
association [125]; in fact, insulin therapy was associated with an
increased risk of dementia. In a meta-analysis of randomized trials,
one study found that dementia was substantially lower in those
randomized to GLP-1 receptor agonists (HR=0.47, 95%
Cl[0.25-0.86]) compared to placebo, and in a concurrently run
national registry study, there was also evidence that GLP-1 RA use
reduced dementia risk (HR=0.89, 95% ClI[0.86-0.93]) [126]. In
summary, there is good evidence that glycemic control is
protective against VCID, and that some treatments may have
greater cognitive protective effects than others.

Antiplatelet agents and anticoagulation

Antiplatelet therapy and anticoagulation are known to be
important interventions for reducing stroke risk, especially in the
context of atrial fibrillation. However, in large meta-analyses of 11
clinical trials (n = 109,860 participants; mean age (SD) = 66.2 (7.9);
mean follow up = 5.8 years) antiplatelet therapy was found to
have no effect on incident cognitive decline [127]. In a meta-
analysis of 5 longitudinal studies and one randomized controlled
trial of patients with atrial fibrillation anticoagulants were found to
significantly reduce dementia risk (RR=0.79; 95%CI[0.67, 0.93];
p = 0.005), a finding that has been supported by a more recent
network meta-analysis [128].

Carotid artery stenosis endarterectomy and stenting

Carotid stenosis secondary to atherosclerotic disease is a known
cause of cerebral hypoperfusion and VCID. Most commonly
carotid artery disease is managed conservatively with medications
and lifestyle interventions however in severe cases direct
intervention in the form of carotid artery endarterectomy (CEA)
or stenting (CAS) is used. In a systematic review of 13 longitudinal
pre- post-procedure studies of carotid endarterectomy, 7 studies
found that there was improvement in cognitive function after the
intervention while 6 studies showed no change or decline [129].
Importantly, the only randomized clinical trial included in that
review (n = 58) found that there were no cognitive benefits from
CAE [130]. Studies comparing CEA and CAS found that both
significantly improved cognitive function with no difference in
their effects [131].

Multidomain interventions

Trials of multidomain interventions targeting vascular and
cognitive reserve-related risk factors have yielded highly variable
results. The FINGER trial (n = 1260) was a multidomain interven-
tion aimed at improving diet, exercise, vascular risk monitoring,
and cognitive training [132], and found a small but significant
effect in the intervention arm. However, comparable multidomain
interventions showed no significant effects on the main outcomes
in Dutch pre-DIVA [133] and French MAPT trials [134]. More
recently, an Australian trial (n = 6104, age range = 55-77) of an
online multidomain intervention in a non-demented population
found that at three years, those in the intervention group had a
significantly greater improvement in global cognitive composite
scores compared to controls [135]. Specific data on vascular risk
reduction and VCID are not unavailable. There is strong evidence
from large meta-analyses of over 60 RCTs that, in those older than
65, exercise interventions improve global cognition (SMD = 0.42;
95%Cl[0.37-0.48]), memory (SMD =0.27; 95%CI[0.20-0.35]) and
executive function (0.23 (0.20-0.26)) [136].

CURRENT CLINICAL TRIALS AND FUTURE VCID TREATMENTS
Investigations into potential therapeutics for VCID, compared to
other diseases, have been limited; however, there are several
drugs and therapies currently under investigation. These treat-
ments have a range of modalities and mechanisms, including
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neurotransmitter systems, cellular metabolism, cerebral blood
flow, and non-invasive neurostimulation (see Fig. 3 and Supple-
mentary Tables 3 and 4).

Neurotransmitter systems

Methylphenidate is a noradrenaline and dopamine reuptake
inhibitor that is primarily used as a stimulant treatment for
attention deficit disorders. A single-dose pilot trial (n =30, mean
age (SD)=67 (8)) in patients with VCID showed improved
executive function (MD = 1.40%; 95%Cl [0.56, 2.25]) and verbal
memory (MD = 0.59 words; 95%Cl [0.03, 1.15]) compared with
placebo [137]. Oxiracetam is a nootropic and mild stimulant
derived from the neurotransmitter GABA [138]. It has been tested
in combination with the al-adrenergic receptor antagonist
nicergoline, a vasodilator used in vascular migraine and Raynaud
disease. Participants (n =120, age range = 40-80 years) with
cognitive decline within three months of ischemic or hemorrhagic
stroke received either nicergoline or nicergoline with oxiracetam.
After 4 weeks, the combination group had significantly better
outcomes [139]. This was a small, limited, and short-term study;
however, oxiracetam was also tested in a 36-week trial of 500
post-stroke patients (age > 50 years) with subjective cognitive
decline. The final results of this trial are yet to be published
(KCT0005137) [140].

Cellular metabolism

Metformin, a commonly prescribed antihyperglycemic agent,
inhibits hepatic gluconeogenesis and opposes the action of
glucagon. Several trials have examined cognition as a secondary
outcome in the treatment of diabetes mellitus, and several new
trials are now assessing its efficacy in normoglycemic patients
with cognitive impairment. The MetMemory trial (NCT-
00592735) will examine the effect of metformin in insulin-
resistant normoglycemic participants with MCl over three years.
MET-FINGER (NCT-05109169) and Metformin in Alzheimer’s
Prevention (NCT-04098666) are multimodal trials combining
metformin with lifestyle intervention [141] in participants
with AD.

Actovegin was developed from calf blood that has been ultra-
filtered, purified, and deproteinized, and comprises electrolytes,
amino acids, oligopeptides, nucleosides, and glycosphingolipids. It
has been found to improve plasma membrane transport of
glucose and tissue oxygenation and has been used for
performance enhancement in sports, most famously by the
competitive cyclist Lance Armstrong [142]. In the ARTEMIDA trial
[143], post-stroke patients (n =503, mean age (SD)=69.9 (6.9),
age range > 60 years) were administered Actovegin (initially an IV
infusion and then a daily oral dose) or a placebo. At six months the
treatment arm showed significantly better improvement in ADAS-
cog (MD =-2.3, 95%ClI [-3.9, -0.7]; p = 0.005).

Apabetalone inhibits the Bromodomain and extra-terminal
(BET) protein, acting epigenetically to reduce harmful gene
expression in chronic diseases [144]. It was tested in patients
with type 2 diabetes and acute coronary syndrome in a 2 year
clinical trial (n =464, mean age (range) = 73 (71-76)), and it was
found to improve MoCA scores in those with a low cognitive
baseline (MoCA < 22) (MD = 2.1; p = 0.02), but not in those with a
higher baseline (MoCA = 22 or greater) [145].

Cerebral blood flow

The Lacunar Intervention Trial-2 (LACI-2) is a randomized phase 2
clinical trial assessing the use of cilostazol and isosorbide
mononitrate (ISMN) in patients following lacunar stroke
(n=363). They found that the combination of cilostazol and
ISMN significantly reduced the risk of cognitive impairment (aOR
= 0.44 [95% Cl, 0.23 to 0.85]), dependence (aOR = 0.14 [95% (I,
0.03 to 0.59]), and improved quality of life (adjusted mean
difference = 0.10 [95% Cl, 0.03 to 0.17]) [146].
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Fig. 3 Outline of the classes and putative mechanisms of VCID treatments with current evidence and those currently in development.
The top half of the diagram outlines treatments with current evidence and the bottom half outlines treatments still under development. The
medications and medication classes listed are not exhaustive and are intended to give a sense of the breadth of approaches being taken.
AChE Acetylcholinesterase, Ach Acetylcholine, ACEI Angiotensin Converting Enzyme Inhibitor, ARB Angiotensin Receptor Blocker, BB Beta-
Blockers, Ca2+ Calcium, CCB Calcium Channel Blockers, DAT dopamine reuptake transport, D receptor Dopamine receptor, GLP-RA1
glucagon-like peptide-1 receptor agonists, ISMN Isosorbide mononitrate, Na+ Sodium, NA RT Noradrenaline reuptake transporter, TMS
Transcranial Magnetic Stimulation, tPBM Transcranial photobiomodulation.

Tadalafil and Sildenafil are phosphodiesterase inhibitors that are
used to treat pulmonary hypertension and male erectile dysfunc-
tion. Tadalafil was trialed in a small group of patients (N=155,
mean age (SD)=66.8 (8.6) years) with SVD. There was no
significant effect on cerebral blood flow, as measured using MRI
[147]. In contrast, sildenafil was found in early trials to improve
cerebral blood flow over three weeks [148, 149], although further
studies are needed to assess the effect of this change on cognition
over time.

Adrenomedullin is a peptide thought to improve cerebral
circulation in patients with vascular diseases by improving
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angiogenesis, vasodilation, and reducing inflammation. A phase
2 trial (NCT06072118) [150] has been completed, although not yet
published, to assess whether it improves cerebral blood flow in 60
patients with CADASIL, a genetic form of VCID.

Coumarin, the precursor to warfarin, has a derivative named
daphnetin that provides protection to blood vessels and ischemic
tissues through anticoagulation, modulating vasoactive sub-
stances, improving circulation, and reducing inflammation [151].
At the time of writing, a clinical trial (NCT06507488) was
conducted to test its effectiveness over six months in 206
individuals with vascular cognitive impairment.
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Non-invasive neurostimulation

Transcranial Magnetic Stimulation (TMS) [152] is a well-established
therapy for mood disorders, and several small studies have
investigated its potential for post-stroke cognitive impairment.
Researchers have suggested that it functions by modulating
synaptic plasticity, activating the default mode network, and
improving CNS angiogenesis. The few small trials that have been
conducted have shown improvements in cognition, but the
treatment settings and measured outcomes have been highly
variable [152].

Transcranial photobiomodulation (tPBM) uses noninvasive laser
therapy to upregulate mitochondrial activity and increase cerebral
oxygenation and cerebral blood flow. It has improved cognitive
function in some animal populations and is currently being tested
in a trial (NCT06497413) of 100 adults (18-80 years of age) to
assess whether it can induce improvements in cerebral blood flow
and neurocognitive function over four weeks [153].

FUTURE RESEARCH DIRECTIONS

The fields of dementia research and clinical practice are now in an
exciting state of flux from developments in blood-based
biomarkers, advanced artificial intelligence (Al) imaging analysis,
and the rollout of disease-modifying immunotherapies for AD.
Given this rapid rate of change, the direction of VCID research
needs to be future-proof, judicious, and well calibrated. Academic
research is littered with examples of positive publication bias,
misdirected funds, falsified research, setting the field back years,
and wasting vast amounts of money [154]. We outline some key
strategic foci for future research on VCID treatment in the
following section.

While new clinical trials and longitudinal studies are crucial, future
research should exploit the large extant trial data and national
registries as a more expedient way of understanding treatments. For
example, as discussed in previous sections, there have been nine
studies examining the effect of antipsychotics in mixed samples of
patients with AD and VaD, but in each of them, the sample of VaD
patients was too small to analyze independently. Collecting
individual participant data (IPD) from these studies to develop a
database of VaD patients for meaningful analysis would help
develop more targeted treatment protocols. Similarly, trials of
antihypertensive and antihyperglycemic agents are often too small
to provide clear evidence of the effect of one subclass of treatment
compared to the other. Promoting transparency in equally publish-
ing both negative and positive studies would aid in data collection.
Thus, concatenating extant trial data into IPD meta-analyses and
using national registry data may provide greater insight into the
utility of various medication subclasses.

In future trials, blood-based and imaging biomarkers should be
applied to delineate the overlapping and distinct contributions of
Alzheimer’s and vascular pathology to dementia to better target
treatment. P-tau 181, p-tau 217, GFAP, NFL, and A-Beta 40/42 are
blood tests that are well validated to quantify Alzheimer's
pathology [155]. While there are no currently validated biomarker
for VCID, the NIH funded MarkVCID1 study assessed four fluid-
based biomarkers (NfL, EGF, EXE, and CSF-PIGF) and MarkVCID2 is
currently assessing utility of NfL in a cohort of approximately 1800
participants [156]. Simultaneously, Al segmentation and quantifi-
cation of grey matter volume, white matter volume, WMH, ePVS,
lacunes, strokes, and CMBs are becoming more widely available
and can provide a more reliable and precise assessment of
vascular brain burden relative to age [157]. In addition to
traditional MRI markers of VCID, novel diffusion tensor imaging
(DTI) measures of white matter integrity, such as the peak width of
the skeletonized mean diffusivity (PSMD) and difference in
diffusion function (DDF) [158], have been shown to predict
cognition and cognitive decline better than previous structural
MRI measures [159]. These are current research tools, but their
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clinical application for diagnosis, prognosis, and as a biomarker
should continue to be investigated. Applying these tools in
randomized trials and longitudinal studies will allow for much
greater precision in prescribing treatments for underlying
pathologies, as well as providing more accurate prognostic
information for VCID, AD, and mixed cases. Similar to the
revolution in precision medicine for oncology [160], the long-
term ambition for VCID and AD treatment is that treatment
mechanisms and doses should be targeted to the subtype and
severity of the underlying pathology.

Most studies indicate that the more advanced forms of VCID
show little treatment responsiveness [161], but to detect earlier
and milder forms of VCID affordable, scalable, targeted neurop-
sychological testing systems need to be validated and made
available [156]. A key challenge in detecting VCID in its early
stages is that mild deficits can be difficult to detect and thus often
require time-consuming and expensive neuropsychological test-
ing. Furthermore, traditional neuropsychological batteries used in
dementia clinical practice have been oriented towards AD, at
times underestimating or failing to measure cognitive domains
more commonly affected in VCID (e.g., processing speed and
executive function). To improve the widespread detection of mild,
early clinical trials should utilize validated online, patient-driven,
neuropsychological testing batteries designed for VCID assess-
ment to assess their applicability in clinical practice and treatment
algorithm development. As part of the effort to detect and treat
VCID in its early or prodromal phase, studies of asymptomatic
individuals should include markers of ccSVD (e.g, WMH, ePVS,
lacunes) to assess the best practice for their treatment and the
extent of their reversibility.

Finally, in the future, more rational, data-driven drug discovery is
needed to select the most likely candidates for successful treatment.
There is a poor understanding of the mechanism for many current
treatments for VCID (e.g., non-specific anti-inflammatory or anti-
oxidant effects), and without mechanistic understanding, selecting
compounds for initial trials can be highly speculative and unreliable.
In other fields of medicine, both monogenic forms of diseases and
large-scale genome wide association studies (GWAS) have been
used to identify druggable targets and develop treatments [162]. For
example, identification of CCR5 gene variants in an HIV GWAS was
used to develop the commonly used medication Maraviroc [163].
Fongang et al. (2024) [164], in the largest GWAS of VaD patients to
date, identified several possible candidate genes including TOMM40,
MARCHF10, APOE, SPRY2, ERBB4, RASGRP1 and FOXA2. Using the
drug-gene interaction database [165] and more advanced drug-
gable Mendelian randomization approaches, novel drug targets and
existing drugs can be identified for targeted drug development and
repurposing, respectively. For example, byrostatin 1, a macrolide
that acts as a protein kinase C (PKC) agonist, is known to interact
with RASGRP1, a candidate gene. It has shown some early promise
in AD mouse models [166], and thus may be a candidate for further
testing in VCID models and trials. Taken together, the field needs to
use large amounts of clinical and genetic data to better select
candidate targets and drugs for future testing.

In conclusion, our review shows that, despite our increasing
knowledge of the mechanisms of CVD, VCID remains a major
health challenge in the 21° century. Even though it is a potentially
highly preventable form of dementia, its risk factors continue to
increase on a global scale, and no effective treatments exist.
Research into VCID lags significantly behind that on both
cardiovascular diseases and AD. This must change if we are to
meet the dementia challenge faced by most aging societies.
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