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Vascular Cognitive Impairment, as a broad concept, encompasses
associations of other etiologies, including mixed etiologies. In its most severe
form - Vascular Dementia (VaD), it implies a significant loss of function and
behaves as a degenerative pathology which is therefore progressive. Vascular
dementia is the second most common cause of dementia (after Alzheimer’s
disease), but its prevalence is uncertain. Although cognitive impairment
caused exclusively by vascular pathology is uncommon, vascular pathology
is often associated with other degenerative pathologies, especially with
advancing age. Cognitive impairment resulting from the vascular component
is often underdiagnosed, especially in its mild stage, as it is typically
characterized by alterations in executive functioning, attention, processing
speed, and less memory alterations. As it is a potentially preventable clinical
entity, there is an urgent need to promote better knowledge of the disease
and its identification. Cognitive assessment should be targeted at the defects
mentioned, as the screening measures and global cognitive assessment
commonly used (designed mainly with Alzheimer’s disease in mind) may

not be enough to detect them. Structural imaging tests are essential for
diagnosis. There are no other biomarkers (apart from imaging) that can
identify VCI in any of its stages, whether mild or more advanced. There are
no approved therapies for the condition, and intervention should be aimed at
vascular prevention and promoting better vascular health of the brain and
better protection against injury.

Vascular Cognitive Impairment, Vascular Dementia,
Cerebrovascular Disease, Cognitive Impairment, Executive Functioning,
Vascular Pathology
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Previous considerations

This lesson has not been designed for any particu-
lar audience. It is intended to be clear and simple to under-
stand, but also thoughtful and cover the most recent and in-
novative aspects of the subject, including current research
projects, so that it can inspire future lines of research.

This lesson could be adapted to integrate postgrad-
uate training programs, for example in one of the PhD
courses at the Faculty of Medicine of the University of Lis-
bon - the Neurosciences Doctoral Program or the Doctor-
al Program of the Academic Center of Medicine of Lisbon
(CAML).

A comprehensive overview is given of the concept of
Vascular Cognitive Impairment. Its evolution, the person-
al contributions and those of our working group to better
understand the clinical condition and the diagnostic ap-
proach and intervention are highlighted. These contribu-
tions include participation in groups and in national and
international studies, as well as the publications on the
topic. In the field of research, Vascular Cognitive Impair-
ment due to small cerebral vessel disease is covered in more
detail, as it has been a major focus of our research.

CHAPTER1
CONTEXTUALIZING THE CONCEPTS AND
KNOWLEDGE OF PATHOLOGY

Conceptual evolution: from Dementia to Vascular
Cognitive Impairment

Vascular dementia (VaD) has been known for
several centuries, with historical accounts varying
according to the sourceslll. It is possible that the first
explicit reference was made by Jason Pratensis in
the 16th century, in what is considered to be the first
book dedicated to general neurology, De Cerebri Mor-
bisl2l, followed by Tomas Willis' descriptions in the
17th century, with the name Dementia postapoplexya.
However, it truly became known just over a hundred
years ago, when Otto Biswanger, Alois Alzheimer and
Pierre Marie described, at the end of the 19th century
and the beginning of the 20th century, patients with
the clinical picture and neuropathological alterations
characteristic of cerebral vascular pathology. Following
these descriptions, Emil Kraepelin introduced the term
Arteriosclerotic dementia. In 1894, during a conference
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in Dresden, Otto Biswanger described the macroscopic
findings associated with a progressive clinical picture
that he considered rare, distinct from that caused by
syphilis, and called it Encephalitis Subcorticalis Chron-
ica Progressival34l. It should be noted that, at this time,
Biswanger described with particular emphasis the
severe atrophy of the cerebral white matter, which in
this form of the disease was mainly located in the oc-
cipital and temporal regions. The atrophy was asso-
ciated with enlargement of the ventricular cavities,
especially in the inferior and posterior horns. At the
time, the frontal lobes seemed to be relatively spared,
and the cortex had minimal involvement, so he justi-
fied his findings with a “diffuse nutritional” problem.
The clinical picture consisted of progressive cognitive
loss, with focal signs such as aphasia, visual alterations,
unilateral motor or sensory defects. These focal signs
fluctuated over time and co- existed with seizures. The
condition began at the age of 50 and lasted at least 10
years, with periods of clinical stabilityl45]. At the same
time, Otto Biswanger also described conditions result-
ing from atherosclerosis of large cerebral arteries - Ath-
erosclerotic Brain Degeneration, and from embolic or
thrombotic lesions of the arteries, which caused cere-
bral infarcts, calling them Dementia Post Apoplexiam,
associated with acute lesions. In 1902, Alois Alzheimer
used the term Biswanger Disease and histologically
described the existence of neuronal loss, demyelination
and sclerosis of the small perforating arteries of the
cerebral white matter, with concomitant lesions in the
white matter, internal capsule, lenticular nucleus, thal-
amus and protuberance, without alterations in the cer-
ebral cortex!4l. Curiously, Alois Alzheimer already pos-
tulated the existence of an entity (in addition to those
proposed by Biswanger) that he called Senile Cortical
Atrophy, characterized by cortical small vessel disease,
characterized by small wedge-shaped cortical infarcts,
associated with gliosis and softening of some circum-
volutions, which became severely atrophic and with in-
dentations in the cortex!4l. At the time, he admitted the
existence of mixed cases in its etiopathogenesis, as well
as describing cases with very typical characteristics/46l.
It should be noted that Pierre Marie had described Etat
criblé in 1901, corresponding to the disease of small per-
forating vessels!®l. It should be noted that it was only
much later, in 1974, that Hachinski introduced the term
multi-infarct demential”), despite the concept already
being subliminally understood beforehand.

53



ACADEMIC CORNER

J SOC CIENC MED LISB 2025;169(2)

Vascular Cognitive Impairment

As can be understood from the brief description
above, which is not without controversy, cognitive im-
pairment caused by cerebral vascular disease has been
accepted as a clinical entity distinct from Alzheimer's
disease for over a hundred years, and its histopatholog-
ical characteristics were already well knownl8l.

In recent decades, evidence has emerged to sup-
port the broader concept of cognitive impairment of
vascular cause (henceforth referred to as Vascular Cog-
nitive Impairment - VCI), which encompasses any type
of cognitive impairment, regardless of the severity of
the cognitive condition, resulting from cerebral vascu-
lar disease, ranging from cognitive impairment without
criteria of dementia (Mild Cognitive Impairment of Vas-
cular etiology - MCIVasc) to impairment with function-
al and autonomy impairment (Vascular Dementia - VaD,
or major neurocognitive disorder of vascular etiology,
depending on the criteria used)[®14l. On the other hand,
the concept of cognitive impairment of vascular etiolo-
gy encompasses the whole spectrum of vascular pathol-
ogy (in the diversity of cerebral vascular pathologies) to
vascular contributions in other cognitive pathologies,
often referred to as “mixed etiologies”, i.e. in concomi-
tance with other degenerative pathologies. This entity
is considerably more useful clinically than the “tradi-
tional” VaD and allows for the identification of pa-
tients at a time of mild pathology, and where, from
a theoretical point of view, a preventative intervention
effort is possible. On the other hand, the identification
of cerebral vascular pathology in other pathologies
(particularly common in Alzheimer’s disease, but let’s
not forget other etiologies such as Lewy body disease)
(1516] allows for better prevention even in the case of
other degenerative diseases!!7l.

Therefore, the investigation of a patient with
cognitive impairment should always be an opportuni-
ty to detect concomitant vascular pathology and an
opportunity for better prevention. For this reason, in a
joint European initiative, and under the auspices of the
European Stroke Organization (ESO), I was able to lead
a recent publication with suggestions for a very practi-
cal approach, dedicated to identifying and guiding the
diagnosis of cerebral vascular pathology in patients be-
ing investigated for cognitive complaintsli8l.

Diagnosis and diagnostic criteria

Vascular Cognitive Impairment is a very hetero-
geneous entity, both in its clinical manifestations and in
the diversity of cerebral vascular lesions that can cause
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it, which includes the location of the lesion/lesions and
their severity, and the form of onset (from the acute to
the more chronic form).

Turning now to vascular dementia, it is impor-
tant to remember that dementia syndrome implies a
loss of cognitive abilities (reflecting a clear decline from
aprevious level), and this loss has repercussions on pro-
fessional, family or social life, with a corresponding loss
of autonomy!9.10],

To make a diagnosis of VD or major neurocogni-
tive disorder due to cerebrovascular disease, it is neces-
sary to have dementia syndrome (with a characteristic
cognitive profile), imaging evidence of cerebrovascular
disease, and a possible association between the ob-
served cerebrovascular pathology and the clinical pic-
ture, in addition to excluding other causes of demen-
tial9.10],

For more than 30 years, there have been various
criteria, which I will refer to as “classic” VaD, which have
tried to encompass the three aspects mentioned!(910.19.20],
The classic clinical criteria for VaD have several limi-
tations. One of the biggest limitations of these more
traditional criteria was the neuropsychological model
used, often influenced by the Alzheimer's disease model
in which memory deficits predominatel®!0], Another lim-
itation came from the definition of vascular pathology
and its relationship with cognitive impairment, which
was often limited to a temporal relationship, which did
not include more chronic forms of damage, such as
small cerebral disease. An effort was made to make the
criteria more adapted to the pathology. However, there
were still limitations, particularly in terms of their abil-
ity to identify cases, i.e. their specificity and their sensi-
tivity. The criteria of the Alzheimer’s Disease Diagnostic
and Treatment Centers (ADDTC)[20! take up the historic
Haschinski scale (Hachinski Ischemia Score)! 21 and
adapt the neuropsychological profile, no longer making
memory impairment mandatory. In the criteria of the
National Institute of Neurological Disorders and Stroke
(NINDS) and the Association Internationale pour la
Recherche et 'Enseignement en Neurosciences (AIREN)
- NINDS-AIREN, although the profile should include
alterations more typical of vascular disease, the mem-
ory impairment remained mandatory!!9. Both the AD-
DTC and NINDS-AIREN criteria include the possibility
of a possible or probable diagnosis and the definition of

1 The Hachinski scale was originally developed to help differen-
tiate between multi-infarct dementia and Alzheimer's disease and has
become a useful clinical and research tool.
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the necessary neuroimaging. Some of the studies that
evaluated the clinicopathological correlation and com-
pared the diagnostic identification capacity between
these different criteria found a low probability of a
patient being simultaneously identified by the various
criteria, i.e. low reproducibilityl22-24], In addition, half of
the patients who met the neuropathological criteria for
Vascular Dementia did not have a clinical diagnosis of
Vascular Dementia because they did not meet the di-
agnostic criteria, particularly regarding the temporal
relationship between the clinical picture and the vascu-
lar lesionl2526], The evolution of the concept of Vascular
Cognitive Impairment went hand in hand with the evo-
lution of the diagnostic criteria proposed for cognitive
impairment due to cerebrovascular disease, which, al-
though not overlapping and still not consensual, very
broadly designate the same entity. Various criteria
have been proposed[121327.28], Recently, an international
group of experts, in which we participated, drew up a
consensus on this definition1228]. This consensus, like
others based on the opinions of experts in the field,
has made a clear effort to define the cognitive condi-
tion and the underlying vascular pathology, but it still
lacks clinical validation in prospective studies and lacks
neuropathological validation1213.2728],

Trying to address the prevalence

In general, Vascular Dementia is the second
most frequent cause of dementia and is generally
attributed to around 20% of dementia cases!3l. The
prevalence is highly dependent on studies, varying
between 8 and 15% in the community, and between
0.03 and 58% in anatomopathological studies(29 with
an incidence rate varying between 0.42 and 2.86%, in-
creasing with age, and doubling in prevalence every
5.3 years after the age of 65B303l. The epidemiological
data on cognitive impairment caused by vascular pa-
thology is particularly difficult to interpret, due to all
the aspects mentioned above, in addition to the diffi-
culty in capturing the prevalence of cerebrovascular
disease as a contributor to cognitive impairment with
a mixed etiology!32l. Although it is very common with
ageing, especially when co-existing with other pathol-
ogies!30], cerebrovascular pathology in isolation (or so-
called “pure”, without any other mark of degeneration)
is not very common as an etiology of cognitive impair-
ment, especially in the brains of older people. For this
reason, there is enormous variability in the data avail-
able, depending on the methodologies used3334], It is
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therefore possible that estimates of cognitive impair-
ment caused exclusively by vascular pathology do not
reflect the magnitude of the impact of vascular pathol-
ogy on cognitive impairment in general, and dementia
in particular. In our country, the prevalence study us-
ing the methodology of the “10/66 Dementia Research
Group'l35] estimated the prevalence of dementia in the
community at 9.23% (95% CI 7.8-10.9)B6], a much higher
figure than would be obtained using the Diagnostic and
Statistical Manual of Mental Disorders-IV (DSM) classi-
fication!9l. The estimated proportion of cases of vascu-
lar dementia was 16.3% (including 10.9% of “pure” cases
and 5.4% of “mixed” cases with associated Alzheimer's
disease). However, it should be noted that in 30.2% of
the cases identified as “dementia” by the 10/66 DRG al-
gorithm, we were unable to assign a specific subtype
diagnosis. Despite the few studies in our country(353738],
the predominant impact of vascular risk factors on pa-
tients with cognitive impairment has recently been em-
phasized3"l. Internationally, depending on the type of
studies and the criteria, prevalences of between 4.5%
and 485% are found for isolated vascular disease
in clinical studies, the highest in Japan for small ves-
sel disease over the age of 6539 In anatomopatholog-
ically confirmed studies, the variability is also marked,
with an average of 11% (ranging from 8 to 35%) of pure
vascular disease in neuropathological studies[?9], and
concomitant disease with other degenerative patholo-
gy between 10 and 12%4%], making up to 25% of the vas-
cular contribution from a neuropathological point of
view!4ll. In the Rush Memory and Aging Project, a longi-
tudinal study with neuropathological assessment, Sch-
neider and colleagues found a vascular contribution in
54% of the patients who developed dementia, with only
12% having isolated vascular pathology33l. Also in neu-
ropathological studies, in a 30-year retrospective study,
Brunnstréom and colleagues found that vascular de-
mentia existed in 23.7% of patients, while the combined
etiology of vascular disease and Alzheimer’s disease
was reported in 21.6% of patientsl40l,

CHAPTER 2
CLINICAL ASPECTS OF VASCULAR COGNI-
TIVE IMPAIRMENT

Vascular Cognitive Impairment can present phe-
notypically in different ways, which is due, on the one
hand, to the diversity of vascular etiologies and the het-
erogeneity of the lesions, and on the other hand, to the
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way in which these vascular pathologies can manifest
themselves (abrupt or progressive).

Annex 1 summarizes the possible etiologies of
Vascular Cognitive Impairment. When cognitive im-
pairment occurs after a stroke, the impairment may
be immediate (in the case of lesions in strategic are-
as)i?l or it may appear progressively after the stroke
and is referred to as post-stroke cognitive impairment.
Vascular lesions can be of different types, ischemic or
hemorrhagic, single or recurrent. They can correspond
to situations such as venous thrombosis or subarach-
noid hemorrhage, arise because of vascular events in
a post-traumatic context, be the consequence of small
perforating vessel disease, or even compromise cerebral
circulation and oxygenation secondary to systemic pa-
thology or genetically determined diseases.

The difficulty created by these various clinical
conditions, and the multiplicity of aspects linked to
them, led to a European initiative with the production
of a document with a practical clinical approach, in
which the cognitive profile in patients with cerebral
vascular disease was emphasized, as well as sugges-
tions for guiding these patientsl43l,

In this lesson, we will look in more detail at the
clinical aspects of Vascular Cognitive Impairment due
to small vessel disease, as it is the most common form
of the disease and the one to which our research group
has been most dedicated. Post-stroke cognitive impair-
ment is also addressed, as it is the next most common
form of VCI and represents a good example for under-
standing the underlying mechanism.

The clinical presentation

When there are no focal signs resulting from
vascular lesions, or a clear previous cerebrovascular
episode (as is the case with VCI due to small vessel dis-
ease), the vascular cognitive impairment can be par-
ticularly difficult to identify. In the early stages of the
disease, symptoms are dependent on the involvement
of cognitive domains such as mental processing speed,
attentional capacities and executive functioning, with
difficulty in tasks mediated by programming and plan-
ning, as well as a reduction in initiative, affecting mem-
ory-related processes to a lesser extent, as is the case
in Alzheimer’s diseasel44-46], It should be noted that the
involvement of memory does not exclude the possi-
bility of diagnosis/44. Since it can develop very slowly,
the condition may not be noticed until the advanced
stages of disability, and in the early stages it can be
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mistaken for the ageing process itself. It should be
noted that these patients typically have no subjective
complaintsl46], which can make it even more difficult to
suspect the diagnosis. In the LADIS (Leukoaraiosis and
Disability) study?, we found that the participants in-
cluded in the first assessment who had subjective mem-
ory complaints (and who were completely autonomous
in activities of daily living) performed worse in the
neuropsychological assessment, especially in memory
measures (even if they were within normal parameters)
147], In these same participants, there was no correlation
between these complaints (and their neuropsycholog-
ical assessment) with the severity of cerebrovascular
lesionsl47], Over time, we found that these same partic-
ipants with memory complaints had, after three years,
an increased risk of progressing to Alzheimer’s disease
and not to Vascular Demential48l. The vascular cognitive
condition can often be attributed to other co-morbidi-
ties, such as depression. This aspect seemed particular-
ly important to us, and we have shown that depressive
symptoms can themselves be a hallmark of vascular
pathology!49 and are associated with an increased risk
of cognitive impairment. In the LADIS study, we con-
firmed that, in patients with evidence of cerebral small
vessel disease, depressive symptoms were associated
with an increased risk of cognitive decline and progres-
sion to dementia after three years of follow-up!50l. For
this reason, the study of a patient with suspected VCI
must necessarily include an assessment of neuropsy-
chiatric symptomsl43l,

It's not surprising, given all the aspects men-
tioned, that the global measures of cognition usually
used may not be sensitive to identifying these cogni-
tive conditions/*3l. The Mini Mental State Examination
(MMSE)5Y, although a very useful and well-known in-
strument, may represent a particular limitation, as it
focuses mainly on memory and language. The Montreal
Cognitive Assessment (MoCA)I52, which includes items
designed to assess functions other than memory and
language, would be additionally useful. However, the
fact that it is highly dependent on the level of educa-
tion and literacy requires that the results be carefully
integrated into the clinical context. For these various
reasons, patients suspected of having VCI should un-

2 The LADIS (Leukoaraiosis and Disability) study, European mul-
ticenter study in which we participated, with European funding, sought
to investigate the impact of age-related vascular changes in the white
matter (one of the manifestations of cerebral small vessel disease) on
disability over time. Our group was responsible for standardizing and
coordinating the cognitive component throughout the study.
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dergo formal neuropsychological assessment, whenev-
er it is accessible and feasible. The neuropsychological
assessment must include an evaluation of the cognitive
domains most affected3l. In the LADIS study, we de-
veloped a neuropsychological battery specifically de-
signed for this type of patient(53], which was developed
with the particularity that it could be implemented
in several European countries, and whose validity we
confirmed through a confirmatory factor analysis(54],
and which was used on the participants in the LADIS
study throughout the three years of follow-up. Over the
last two decades, various batteries for assessing Vascu-
lar Cognitive Impairment have emerged, and in the
work already mentioned, in the context of the Europe-
an Stroke Organizationl43], we made a very practical ap-
plication suggestion based on the experience of various
European groups in this field. However, it is important
to point out that, in the absence of access to formal neu-
ropsychological assessment, global cognition assess-
ment measures continue to be used. As we showed in
the LADIS study, the global measures of cognition used
in that study were important predictors of dementia
after three years of follow-up in people with evidence
of changes in small vessel diseasel55. Additionally, and
in the group of Portuguese participants included in our
center, we showed that the MMSE was the most useful
instrument for predicting dementia after 10 years of
follow-upl56l.

The identification of the clinical picture is there-
fore highly dependent on the existing suspicion and
knowledge of the disease, on the one hand, and on
the other, the sensitivity of the clinician approaching
the patient. The interview should be detailed, gath-
ering additional information on non-cognitive altera-
tions. There is currently some evidence that the neuro-
imaging findings of small vessel disease are associated
with a range of clinical manifestations, suggesting a
phenotype of multi-system involvement, a field that is
certainly yet to be exploredl5”. Among the symptoms
most classically associated with Vascular Cognitive
Impairment caused by cerebral small vessel disease,
non-cognitive motor symptoms are frequent/58], with
gait changes!® (usually short strides), frequent falls
and increased lower limb tone, hypophonia, dyspha-
gia and altered fine movementsl58l. Another frequent
symptom is urinary control dysfunction. In the LADIS
study, we showed how participants with severe cerebral
small vessel pathology, at a time when they were still
autonomous, without significant cognitive decline, had
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complaints about urinary control, particularly urinary
urgencyl€0l. Recently, in a systematic review, our group
showed that moderate to severe alterations of cerebral
white matter are associated with complaints of overac-
tive bladder and incontinence with urinary urgency!6l
62] and a detailed evaluation of these complaints is cur-
rently under investigation.3

Imaging assessment

Neuroimaging is fundamental to the diagnosis
of VCI. Structural imaging lesions consist of sub-corti-
cal or cortical ischemic lesions of different sizes, hem-
orrhagic lesions, changes due to small vessel disease
- such as cerebral white matter changes, lacunae or
microhemorrhages. Some aspects are more specific to
certain etiologies, such as cortical microhemorrhages
and superficial cortical siderosis, for example, which
are particularly associated with cerebral amyloid angi-
opathy. In the LADIS study, we showed how moderate
to severe cerebral white matter changes (considering
the Fazekas visual scale, which defines three sever-
ities - mild, moderate and severe)63l and lacunes!64,
considering their location particularly in the subcorti-
cal gray matter, were associated with worse cognitive
performancel6, both in global cognitive measures!66]
and in measures of mental processing speed, attention
and executive functioning in autonomous people with
evidence of cerebral small vessel diseaselsl. In these
patients, atrophy co-exists, even cortical atrophy, with
subcortical atrophy being more characteristic. We also
found that corpus callosum atrophy was associated
with cognitive decline and a decline in motor skills over
timel67. It is possible that corpus callosum atrophy is
a mechanism involved in the decrease in psychomotor
speed, as it is associated with altered communication
of inter-hemispheric information between homologous
cortical areasl®8l. In view of our findings, we also believe
that there is a synergistic effect between cortical atro-
phy and the severity of white matter alterations, which
determines cognitive deterioration in these patients(6°l.
Atrophy can be diffuse or focal after localized vascular
lesionsl43l. However, brain atrophy profiles with more
focal characteristics should lead to the suspicion of oth-
er neurodegenerative diseases, such as atrophy of the
internal temporal lobes in Alzheimer's disease or fron-

3 PhD project underway at CAML entitled Age-Related White
Matter Changes and Lower Urinary Tract Dysfunction - One Step To-
wards OverActive Bladder Phenotyping (OSTOAP Study), doctoral stu-
dent: Dr. Ricardo Pereira da Silva.
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totemporal atrophy in frontotemporal lobar degenera-
tion43l,

The most sensitive structural test for identi-
fying cerebral vascular pathology is brain magnetic
resonance imaging (MRI). If this is not possible, com-
puterized axial tomography (TC) is clinically useful.
When magnetic resonance imaging is performed, the
appropriate sequences for identifying vascular pathol-
ogy must be included. Annex

2 provides a schematic presentation of the infor-
mation that can be provided by each sequence, which
is commented on below. In addition to the 3D T1 and T2
sequences, the FLAIR (Fluid Attenuated Inversion Re-
covery) sequence should be performed to detect small
cortical infarcts and accurately assess changes in the
cerebral white matter, and also the SWI (Susceptibil-
ity-Weighted Imaging) sequence or Gradient Echo or
T2* to detect microhemorrhages, superficial cortical
siderosis (both of which are again usually missed on
CT) and even old macrohemorrhages. Finally, the dif-
fusion sequence (DWI - Diffusion-Weighted Imaging) is
essential for detecting acute lesions, especially if they
are small43l. In the LADIS study, the alterations found
in the diffusion sequences, in apparently normal brain
tissue in the other sequences, were associated with a
faster decline in cognitive processing speed, execu-
tive functions and working memory, as well as greater
functional incapacity and increased mortality!70l. More
recently, and with a view to research in the context of
clinical trials, we took part in drawing up a guiding doc-
ument for the use of cognitive instruments in clinical
trials, particularly designed for small vessel disease and
based on the literature published in this area, called
Structure for Clinical Trials in Small Vessel Brain Dis-
eases (FINESSE)47l, Following on from this initiative,
and in line with previous work, the use of additional
sequences is suggested, namely the Diffusion Tensor
sequence (DTI, encompassing fractional anisotropy - FA
and mean diffusivity - MD), which allows subtle losses
of tissue microstructural integrity to be assessed in re-
gions where conventional MRI sequences are normall®7],
These losses of microstructural integrity correlate with
cognitive ability, which could make it possible to identi-
fy patients with very early disease and, as such, those
who can be better and more effectively intervened in
clinical trials!73.72],

4 The Framework for Clinical Trials in Small Vessel Brain Diseases
(FINESSE) was created under the aegis of the International Society of
Vascular Behavioral and Cognitive Disorders.
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MRIis also better at distinguishing other pathol-
ogies such as inflammatory demyelinating lesions, vas-
culitis, infectious, metabolic (ionic), toxic processes, and
changes more typical of some genetic vascular pathol-
ogies (such as cerebral autosomal dominant arteriopa-
thy with subcortical infarcts and leukoencephalopathy
- CADASIL, and adult leukodystrophies).[43!

The lesion pattern of the vascular disease can
alsoguide the diagnosis. A high lesion load of white mat-
ter changes, lacunes and microhemorrhages in the ba-
sal ganglia suggests the effect of vascular risk factors,
particularly hypertension. Severe cerebral white matter
disease with extension to the temporal lobe, associated
with lacunes, in younger patients suggests a monogenic
disease (such as the afore mentioned CADASIL). Mul-
tiple cortical infarcts, especially in multiple cortical
territories, suggest a cardioembolic source. Subcorti-
cal and basal ganglia microhemorrhages are typical of
arterial hypertension, while their lobar location at the
cortico-subcortical junction is more indicative of cere-
bral amyloid angiopathy, especially if associated with
superficial cortical siderosis!43l,

Implications for the identification of cerebral
small vessel disease

The prognosis of cerebral small vessel disease,
which is manifested by the clinical picture described
above, which is indolent and slow, can be very unfa-
vorablel™. The LADIS study has shed more light on
the impact of small vessel disease on cognition and
the transition from a state of health to a state of depend-
ence.’ In this same study, we found that severe white
matter alterations were associated with worse cognitive
performance in global cognitive functions, executive
functions, attention and motor speed!®5l. In a 3-year fol-
low-up of this same population, we confirmed that
severe white matter changes were a poor prognostic
factor for cognitive decline over time, tripling the risk
of progressing to dementia after three years!73. In this
population, de novo lacunes!’! and worsening global
atrophyl’”l were also associated with progression to
cognitive impairment. Erkinjuntti proposed specific
research criteria for subcortical ischemic vascular dis-
easel8l. Using Erkinjuntti's criterial’879], we found that
small vessel disease was associated with poorer perfor-
mance in cognitive processing speed, attentional abili-

5 The participants in the LADIS study cohort, aged over 65, were
autonomous and had no significant cognitive defects when they were
included in the study.

58



ACADEMIC CORNER

J SOC CIENC MED LISB 2025;169(2)

Vascular Cognitive Impairment

ties and executive functioning, as well as poorer verbal
fluency!80l. Over the three years of follow-up, an accel-
eration of decline was observed, especially in mental
processing speed and cognitive functioning, as well as
in global measures of cognition!8l.,

Cognitive impairment after acute vascular in-
jury

The study of cognitive impairment secondary to
acute cerebral vascular injury, which is the second most
frequent cause of cognitive impairment due to vascular
pathology, is a good model for highlighting the vascular
mechanism as a cause of cognitive impairment and is
not only limited to strategic infarcts.

The recognition of cognitive impairment after
acute vascular lesions has been complemented in re-
cent years by the identification of an increased risk
of cognitive impairment even after transient lesions
(Transient Ischemic Attack - TIA), underlining the role
of vascular disease as a phenomenon that goes beyond
the scope of focal lesions!82,

In the case of cognitive impairment following
acute vascular injury, it should be borne in mind that
isolated sequelae (such as aphasia) can imply function-
al impairment even without being sufficient criteria for
dementia and can remain relatively static over time.

On the other hand, the sequelae defects (e.g.
motor, sensory, visual) of a vascular injury can make it
difficult to perceive the existence of a functional defect
secondary to cognitive decline and can make it more
difficult to identify. In addition, depressive symptoms
are common after a strokel83l. In a prospective study of
stroke survivors, we showed how the presence of these
same symptoms can already indicate an evolution to-
wards cognitive impairment(83],

Acute vascular injury produces damage to a spe-
cific area of the brain, with focal signs and symptoms
associated with that damaged area. Additionally, in the
hyperacute phase (a concept closely associated with
reperfusion therapies, and which covers the first few
hours after the stroke)i84, there is a process that some
authors call transient cognitive impairment, for which
a possible inflammatory or cholinergic etiology is pos-
tulated, reactive to the acute vascular injury!8586l. This
transient condition seems to be distinct from confu-
sional syndrome or delirium, a well-known condition in
the acute context of stroke, which our work group de-
scribed more than two decades agol®7l. Although it still
lacks a definition of its own, transient cognitive impair-
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ment is broader in its symptomatic expression, not only
reflecting the manifestation of the focal lesion area, and
its prognostic value is still unclear!886l. After the acute
phase, the focal vascular lesion can be associated with
cognitive deterioration with two different evolutions.
These developments may reflect two different mecha-
nisms, which is why they will be briefly discussed be-
low. On the one hand, a progressive deterioration over
time after the acute vascular event, which may repre-
sent a form of anticipation of degenerative dementia
due to the stroke. This mechanism has been epidemio-
logically supported by the fact that the risk of a demen-
tia diagnosis doubles in stroke survivors compared to
people who have not had a strokel82l, These diagnoses
of dementia shortly after a stroke (even if they don't
involve a strategic area for cognition) share charac-
teristics with Alzheimer’s disease, and the presence of
the APOE &4 genotype has been identified as a factor that
increases the risk of post-stroke cognitive impairment,
as well as the presence of brain and temporal lobe atro-
phy!8288-90] On the other hand, there is a distinct evolu-
tion, characterized by an initial phase of recovery from
the vascular lesion, with stabilization for some time,
followed by a later decline, which is more frequent in
patients with recurrence or multiple stroke locations.
Levine and colleagues found in a sample of 23,572 par-
ticipants (515 of whom had had a stroke) how stroke was
associated with cognitive loss associated with the acute
event, but above all with deterioration over the years
after the stroke, both in global measures and in execu-
tive functioning, and how this evolution was different
from people who had not had a strokel8l, The same
type of trajectory was described in a sample based on
nine longitudinal hospital cohorts from seven different
countries, published by Jessica Lo and colleagues!9 in
2022, finding that in 1,488 stroke survivors (from an in-
itial sample of 2,295) followed over time there was an
initial period of improvement in the first year after the
stroke, followed by a decline in global cognition, with
the most marked progression being associated with
stroke recurrence and advanced age. Several studies
have investigated whether amyloid pathology could
be the determining factor in post- stroke cognitive de-
cline, having carried out positron emission tomography
(PET) with radiopharmaceuticals labeling the amyloid
peptide in stroke survivors. In these studies, they found
that most of these stroke survivors who developed de-
mentia in the years after the stroke did not have am-
yloid uptake suggestive of concomitant Alzheimer's
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diseasel93-9], Using advanced magnetic resonance im-
aging methods, Duering and colleagues found aspects
compatible with remote neurodegeneration after sub-
cortical vascular lesions, causing a focal reduction in
cortical thickness and loss of white matterl%], with a
poorly understood mechanism, possibly due to an
inflammatory reactionl9” or synaptic damagel®l. This
phenomenon has been understood as a process of dis-
tant disconnection and has been investigated(%9. Some
studies carried out on experimental animals (which are
clearly outside the scope of this lesson) have sought to
replicate this same mechanismll99], Finally, there is no
evidence to support that vascular pathology is a trig-
ger for the formation of amyloid plaques, despite the
frequent co-existence of the two pathologies, especially
with advancing agel10,

While the degenerative phenomenon that oc-
curs in many stroke survivors remains unexplained,
the existence of partial or temporary reversibility that
is observed in patients with cognitive impairment of
vascular cause is well accepted, and an additional mo-
tivation for identifying this entity with the aim of in-
tervening. Unlike the typical fluctuations of Lewy body
disease, which oscillate around a progressive deteriora-
tion plan, and contrary to the usually progressive and
continuous evolution of Alzheimer's disease, patients
with vascular pathology do have a possibility of re-
versibility when the lesion is in the context of an acute
strokell02] or even in a systemic vascular context103],

CHAPTER3
PREVENTION AND TREATMENT

Risk and protective factors

In recent decades, observational epidemiolog-
ical studies have suggested that vascular risk factors
contribute to cognitive decline and dementia, not only
for VCI, but also in Alzheimer’s diseasell04. Livingston
and colleagues had previously found that up to 40%
of dementia cases could be attributed to potentially
modifiable factors, most of which were vascular risk
factorsll05]. Recently, in the update of this same docu-
ment produced by the Lancet Commission, the addition
of two more risk factors to the twelve previously iden-
tified led the authors to conclude that up to 45.3% of
dementias could be attributed to risk factors, most of
which were vascular and modifiablell%], Several stud-
ies have been carried out, in populations at high vas-
cular risk and with combined intervention strategies
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in various areas!107110], However, evidence that mod-
ifying these factors actually translates into dementia
prevention has been more difficult to obtain112], with
promising results, but not yet sufficient to produce
robust recommendationsi!3], The difficulty in generat-
ing this evidence has led to the recent proposal by the
FINESSE group (mentioned above) to consider more
selected populations, with very early vascular disease
and characteristic and specific profiles in future clinical
trialsi”l, Again citing the LADIS study, we found that
hypertension, diabetes and stroke were associated with
worse cognitive performance - particularly in execu-
tive functions, attention and mental processing speed,
in autonomous people with evidence of cerebral small
vessel diseasel6%, and among these risk factors, diabetes
remained an independent factor predicting cognitive
decline and dementia over timel™], an effect that is not
unrelated to the already known association between di-
abetes and cerebral amyloid deposition!4],

Several factors have been identified as protective
of cognitive decline. In the LADIS study, we confirmed
that a low level of education is associated with a high-
er risk of cognitive decline®%], On the other hand, partic-
ipation in leisure activities, both physical and cognitive,
plays a preventive role in the incidence and progression
of dementiallo6 115, The recent Lancet Commission re-
view reinforces the importance of cognitive reserve
and staying socially active as protective factors against
developing dementia of any etiologyll06l. Several stud-
ies have suggested that physical activity can delay or
prevent the functional decline associated with ageing
and promote overall health. In the European observa-
tional study LADIS, physical activity was found to be
associated with better cognitive performance among
autonomous peoplelll®l and also as a factor associated
with less progression to cognitive impairment of any
etiology and particularly to Vascular Dementialll”], Re-
cently, in a systematic review, we showed that physi-
cal activity has a protective role, particularly in cogni-
tive impairment and vascular dementialll8l, but these
results were based only on observational studies. In
this context, we carried out the AFIVASC study®. The
AFIVASC study aimed to assess the impact of a six-
month physical activity intervention on people di-
agnosed with vascular mild cognitive impairment in

6 AFIVASC stands for “Physical Activity and Vascular Cognitive
Impairment’, a randomized study funded by FCT[2014]. The AFIVASC
study was approved by the Ethics Committee of Hospital Santa Maria
and Hospital Santo Anténio do Porto. AFTVASC was registered on Clini-
calTrials.gov (NCT03578614).
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terms of their cognitive performance, quality of life,
functional status and physical function!!9l. The inclu-
sion criteria consisted of having a diagnosis of vascular
mild cognitive impairment[13], being fluent in reading
and writing in Portuguese, with no relevant functional
alterations. The exclusion criteria were contraindica-
tion (due to medical or orthopedic pathology) to physi-
cal activity. In this population, we showed how physical
activity, even before randomization and active inter-
vention, was associated with better ability to perform
cognitive tests[!20l, We found that participants were
unable to accurately assess their own physical capacity
subjectively, compared to a standard of objective meas-
ures (use of accelerometry)20], It is worth noting that,
in general, physical activity has been described as safe
in people with cognitive decline and dementialll8l. The
AFIVASC study showed an improvement in the physi-
cal capacity of the participants and showed how it was
possible and safe to carry out a randomized study with
physical activity in patients with Vascular Cognitive Im-
pairment. Although the main objective of the study was
not achieved, a post-hoc analysis showed cognitive im-
provement in participants who met the World Health
Organization's recommendations for physical activity,
measured objectively!2l],

Therapeutics

There is currently no specific therapy for Vas-
cular Cognitive Impairment. Therapy for Vascular
Cognitive Impairment largely involves general health
promotion measures, optimizing the correction of vas-
cular risk factors and stroke preventionl!?2, In stroke
patients, the recommended secondary prevention
measures should be implemented(43. Treatment should
always be individualized, depending on the underlying
cerebrovascular disease. In all cases, control of hyper-
tension, hypercholesterolemia and smoking, as well as
measures to reduce obesity and treat diabetes should
be considered, as these factors are associated with an
increased risk of cardio-cerebrovascular diseases in
general. Contrary to what happens in the secondary
prevention of ischemic stroke, there is no evidence that
antithrombotic or anticoagulant therapy is effective in
preventing the progression of VCII23], Although there is
no evidence that patients with “pure” VaD benefit from
drugs approved for symptomatic therapy of Alzheim-
er's disease, the frequent co-existence of vascular pa-
thology with amyloid-type degenerative pathology
could lead to their use for symptomatic benefitll8.124],
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The lack of specific therapeutic measures for
cognitive impairment due to vascular pathology led
our group to try an intervention mediated by physical
activity, which has already been mentioned(12012l] but
also an intervention directly aimed at cognitive reha-
bilitation specifically for patients with Vascular Cogni-
tive Impairment. Together with the Faculty of Sciences
of the University of Lisbon, we developed a software
program centered on a common activity - shopping in
a supermarket, which was aimed at training attention
skills, processing speed and action planning and pro-
grammingli?5128], While can be done autonomously in
mild stages of the disease, it will require help in more
advanced stages and is aimed at everyday activities!127],

In a simplified outline, the approach to these
patients should always include: 1. Identifying vascular
risk factors; 2. Optimizing therapy for vascular risk fac-
tors, with a special focus on hypertension, diabetes, lipid
profile, vascular events, control of systemic pathologies
that may compromise correct cerebral oxygenation
(e.g. heart failure, obstructive sleep apnea syndrome); 3.
Advising on a healthy lifestyle, including regular phys-
ical activity and preventing social isolation; 4. Pro-
moting cognitive activities and monitoring cognitive
complaints that can be corrected (e.g. reduced initiative,
attention training) in individuals with vascular risk
factors, taking special care in individuals with a combi-
nation of several risk factors; 5. Assessing the impact of
symptoms on the person’s life, using non-pharmacolog-
ical interventions applicable to other cognitive pathol-
ogies, including support for the caregiver, depending
on the person’s specific needs. We refer to two recent
recommendations produced in a European context and
in which we participated, which are a useful tool in the
management of these patientsl124.129],

CHAPTER 4
FUTURE PROSPECTS FOR RESEARCH
INTO VASCULAR COGNITIVE DEFECTS

Despite the advances in knowledge of Vascular
Cognitive Defect, many aspects remain to be clarified.
These include the identification of biomarkers, par-
ticularly accessible serum markers, and advanced im-
aging techniques for earlier identification. In the field
of genetics, considerable progress has been made in
recent years, with the identification of various mono-
genic forms of cerebral small vessel diseasel!30-132], The
fact that these pathologies share clinical and neuroim-
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aging characteristics with sporadic forms has helped
to improve our understanding of the pathogenesis of
small vessel disease and to identify potential thera-
peutic targetsl!32. The identification of several genes
associated with a higher risk of developing the disease
can also identify high-risk individuals who will also be
good therapeutic targets!’l. Some recent studies have
addressed the application of drug-genomic tests? and
there are already published trials with drugs com-
monly used in clinical practice for the prevention of
vascular events associated with cerebral small vessel
diseasell33134],

There is also a need for better knowledge of the
determinants of the different sub-types of Vascular
Cognitive Defect. For example, data linking cholesterol
levels throughout life and the risk of developing demen-
tia has been controversial. Very recently, a longitudinal
study showed that low serum HDL (high-density li-
poprotein) cholesterol values were associated with an
increased risk of subcortical vascular dementia, due to
damage to small cerebral vessels, but not Alzheimer's
disease or dementia with mixed characteristics/!35. Pro-
gress in clarifying the particularities of the subtypes of
Vascular Cognitive Defect could be decisive in deciding
on therapeutic targets. Finally, there is some data sug-
gesting that regression of vascular lesions of the cer-
ebral white matter is possible, particularly in patients
who do not have alterations in the microstructural
integrity of the white matter [136], with a controversial
mechanism that remains unexplained. The possibili-
ty of regression further promotes the need to invest
in prevention, which should cover the interaction be-
tween risk factors and protective factors at different
stages of life. Recently, an open clinical trial showed a
potential benefit of drugs with potential effects as vas-
cular endothelium stabilizers in cognitive impairment
caused by lacunar vascular events, but the results of a
more robust design are still awaited!!37],

Our work group is continuing its research
aimed at better understanding the clinical expression
of the disease and trying to modify its evolution. In
this sense, the study OSTOAP (Age-Related White Mat-
ter Changes and Lower Urinary Tract Dysfunction - One
Step Towards OverActive Bladder Phenotyping) aims

7 Pharmacogenomic tests (also known as pharmacogenetics) are
part of precision medicine technologies and make it possible to assess
the specific response of each individual and their genetic profile to the
metabolism of a given drug.) The field is expanding rapidly and can target
a single or several genes simultaneously and evaluate the response to a
drug or combinations of drugs.
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to assess the relationship between small vessel disease
and urinary function, with a clinical aspect that in-
cludes an exhaustive neuro- and urological assessment,
and a more fundamental research aspect, with research
into potential biomarkers in blood, urine and cerebro-
spinal fluid.

Another of our groups lines of research deals
with the impact of physical activity on vascular cog-
nitive impairment. The results of the AFIVASC rand-
omized studyl2l, already commented on, instigate a
need to reflect on the implementation of clinical trials
with physical activity, and make it urgent to improve
the available evidence on the relationship between
physical activity and cognitive ability, including the
assessment of adherence to physical activity itself. No-
tably, there is a lack of information on how the brain
of elderly individuals with cerebrovascular disease re-
sponds to exercise. In this context, we feel the need to
add better evidence on this topic, and it is in this con-
text that our future research is situated.

Following the articles published in recent years,
studies on prevention and adherence to preventive
measures are expanding and will certainly be, in the ab-
sence of curative drugs, a viable way of changing health
parameters, particularly in cognitive health and cogni-
tive impairment caused by vascular pathology.
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ANNEX 1

Etiologies of Vascular Cognitive Impairment

+ Disease of the small cerebral vessels due to
arteriosclerosis of the small caliber arteries (penetrating
or perforating arteries), referred to as lipo-hyalinosis. It
manifests as white matter changes, lacunae and micro-
hemorrhages (typically deep).

+ Infarcts (cortical, cortico-subcortical, single or multiple, of
different sizes) resulting from pathology in larger caliber
arteries.

+ Strategically located infarcts (e.g. in the angular
circumvolution, in the territory of the posterior cerebral
artery, in the territory of the anterior cerebral artery, in the
thalamus).

+ Hypoxia/anoxia/hemodynamic effect.

+ Hemorrhagic vascular accidents, including subarachnoid
hemorrhage.

+ Cerebral venous thrombosis.

Cerebral amyloid angiopathy.

+ Congenital/genetically determined pathology that can lead
to multiple vascular lesions of different types (coagulation
disorders, metabolic diseases).

+ Monogenic vascular diseases (such as CADASIL).

ANNEX 2

Schematic representation of the information that each
MRI sequence can provide.

The following table was taken from the article Verdelho et al,
2021 ESJ; and as such kept in the original version’.

Table 2. MRI sequences in Cl due to CVD should include

Sequence Provides information on:

. brain morphology, focal or diffuse
T1-weighted atrophy
T2-weighted or fluid- white-matter hyperintensities, old
attenuated inversion vascular
recovery (FLAIR) lesions
Diffusion-weighted number, size and location of
imaging (DWI) most recent ischemic lesions

Susceptibility-weighted  microbleeds, cortical superficial
imaging (SWI)/GRE-T2*  siderosis

1. Verdelho, A., Wardlaw, J., Pavlovic, A., Pantoni, L., Godefroy, O., Duering, M., Chari-
dimou, A., Chabriat, H., & Biessels, G. J.[2021]. Cognitive impairment in patients with
cerebrovascular disease: A white paper from the links between stroke ESO Dementia
Committee. European stroke journal, 6[1], 5-17.
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