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Preface

Milica G. KRAMBERGER, MD, PhD

Dear fellow colleagues,

it is with great pleasure that | present to you a selection of scientific
articles and abstracts for the 11th Cognitive Day international
meeting.

In the recent two years the scientific and general society are facing an
extremely important time with first emergance of positive results on
disease modifying treatment trials for Alzheimer’s disease (AD). AD is
a neurodegenerative disease, and the aetiology behind 50-70% of all
cases of dementia. Due to an ageing Bopulation, dementia
prevalence is expected to nearly double over the coming three
decades, bringing enormous challenges for health and social care
systems. There is rapid development in the diagnosis and treatment
of AD and other neurodegenerative disorders, across plasma-based
biomarkers , pharmacological treatments and non-pharmacological
prevention strategies. New strategies for earlier and more accurate
detection and diagnosis are emerging.

Patients seen in routine care with a suspected cognitive disorder
often have comorbid illnesses, such as cardiovascular and
cerebrovascular disorders, type 2 diabetes, and psychiatric disorders.
Comorbidities can have a decisive influence on neurodegenerative
disease diagnostic investigations and the interpretation of their
results, also impact the initiation of treatment.

The Cognitive Day international meetings bring a significant
contribution to a process of continuous education and to further
improvement of clinical management of patients with cognitive
impairments. A great pleasure for us is also the fact that we have
longstanding support and the opportunity to host a number of
internationally renowned experts from various fields (psychiatry,
geriatrics, neurology, psychology, neuroradiology) from several
countries.

The primary purpose of this gathering is to provide an active
education to all those involved in the management of patients with
neurodegenerative diseases and to strengthen activities pursued by a
multi-disciplinary team targeting at patients with cognitive and
movement impairments. By conducting expert gatherings and with
this anthology we would like to inform the readers about the latest
findings in the discussed topics.

The contents of this anthology which is also deemed higher
education stud)( material, should be an interesting read and helpful
to both medical students as well as trainee specialists and various
specialists and other members of the multidisciplinary team who
encounter such patients in their work.

Sincere thanks to all participating lecturers and everyone involved!
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The clinical assessment of prodromal
cognitive decline: the need for new tools?

Stefano Cappa

Alzheimer's disease is one of the greatest global health and social
care challenges of our time. Its prevention and efficient management
are urgent priorities in Western countries. Neuropsychologica
assessment, included in current diagnostic criteria represents the
first step in the diagnostic pathway of patients with suspected
Alzheimer's disease. The recent Italian inter-society consensus
recommendations (Boccardi et al., 2019) suggest the perform a
complete neuropsychological assessment in the T1 phase, which
follows the clinical screening phase (T0). At this stage, the suspicion of
a possible neurodegenerative disease is formulated by the specialist,
thus openinﬁ the diagnostic pathway. This phase corresponds to the
"specialist phase" of the patient's journey defined by the RAND report
(Hlavka et al., 2019). Consensus recommendations include an
assessment of the main cognitive domains, ideally with standardized
tests with normative values for the Italian population. Beyond the
diagnostic phase, neuropsychological assessment plays a key role in
the follow-up of the subject, both to assess the natural history and to
allow the measurement of the effect of possible treatments
(pharmacological and nonpharmacological). With this in mind,
computerized approaches capable of evaluating patients with
suspected Alzheimer's disease with standardized, objective, and
efficient methods on a large scale appear to be of great interest and
topicality.

The general concept of "teleneuropsychology" includes different
solutions to the problem of remote assessment. Although the
Covid-19 pandemic has greatly amplified the demand for this type of
service, different situations related to limitations in the availability of
services or the characteristics of the population to be evaluated,
especially in the case of patients with frail or comorbid conditions,
have stimulated research in this area. Particularly in the U.S,, the
Inter Organizational Practice Committee (IOPC), involving the
American Academy of Clinical Neuropsychology/American Board of
Clinical Neuropsychology, the National Academy of Neuropsychology,
Division 40 of the American Psychological Association, the American
Board of Professional Neuropsychology, and the American

Psychological Association Services, Inc. (APAS) have been doing
important work in reviewing the evidence and providing practical
support for the organization of teleneuropsychology activities (Bilder
et al., 2020, Hammers et al., 2020).

The solutions adopted have been found to be different. A first level is
the administration of tests by telephone (a systematic review can be
found in (Carlew et al., 2020). Available evidence indicates a fair
applicability of this approach for cognitive screening measures, such
as the MOCA (Wong et al., 2015), in surveying large populations given
the simplicity of the access mode. However, the same approach
appears not to be applicable for the systematic and extensive
assessment of major areas of cognitive functioning. At a second level,
it is possible to consider the administration of conventional tests in
videoconferencing mode. In this regard, two recent reviews of the
evidence (Brearly et al., 2017, Marra et al., 2020) concluded for
substantial comparability of results between in-person (face-to-face)
and administration via web telecommunication platform. The
limitations of this approach, which is widely used in this emergency
phase, are related on the one hand to the availability of video
conferencing systems by the test subject, and on the other hand to
the impossibility of performing tests that require motor responses or
perceptual processing of complex stimuli. For this reason, this
approach privileges verbal tests, thus providing an incomplete
overview of the subject's cognitive functioning. Not the least
limitation of this approach is the difficulty in standardizing
administration procedures and collecting response times.
The most advanced solution for teleneuropsychology is related to the
development of computerized neuropsychological batteries
implemented in personal computers, laptops or tablets or
web-based. This area has undergone tremendous development in
recent decades, although the uptake in clinical practice remains
relatively limited. The financial burden and reduced availability of
technological devices in the elderly population has in fact limited their
use for many years. More recent advances in mobile-device
technology, with reduced costs and wider dissemination in the

eneral population, including older individuals, have paved the wa

or a 'desirable large-scale application of teleneuropsychology. In this
regard, the aforementioned IOPC as early as 2012 felt the need to
provide guidelines with reference to quality standards and complex
regulatory issues, with a number of recommendations that still hold
true today (Bauer et al., 2012). These include the need for scrutiny of
the psychometric goodness of instruments, medical device status,
scope of application, technical characteristics of the platform, and
aspects of privacy, data security, and reporting. IOPCs'



recommendations are essential in a field that sees, alongside some
nonprofit platforms, such as the NIH Toolbox
(https://www.healthmeasures.net/explore-measurement-systems/nih
-toolbox), numerous commercial products, such as the Cantab (which
received FDA clearance as a medical device in 2017)
(https://www.cambridgecognition.com/cantab/) or the Philips
IntelliSpace Cognition
(https://www.usa.philips.com/healthcare/solutions/neurology/digital-
cognitive-assessment) (FDA Class Il device). Computerized tests lend
themselves optimally to remote assessment conditions. They can be
administered at home or in a dedicated setting, with assistance from
an operator familiar with the procedure but who does not require
specialized neuropsychological training. Data collection can be done
in different ways depending on the platform used (tablet or PC:
administration via app or via web). Data storage can be done on
cloud repositories using GDPR-compliant procedures; the software
provides correction of scores based on normative data and
generation of descriptive performance reports compared to the
control group.

BAUER, R. M., IVERSON, G. L., CERNICH, A. N., BINDER, L. M., RUFF, R. M. &
NAUGLE, R. I. 2012. Computerized neuropsychological assessment devices:
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Designing the next-generation clinical care
pathway for Alzheimer’s disease

Harald Hampel ©® '™ Rhoda Au?, Soeren Mattke

3, Wiesje M. van der Flier®*, Paul Aisen >,

Liana Apostolova®, Christopher Chen’, Min Cho', Susan De Santi ', Peng Gao', Atsushi lwata &,
Ricky Kurzman ', Andrew J. Saykin®°, Stefan Teipel '°"}, Bruno Vellas '> Andrea Vergallo ', Huali Wang '

and Jeffrey Cummings ™

The reconceptualization of Alzheimer's disease (AD) as a clinical and biological construct has facilitated the development of
biomarker-guided, pathway-based targeted therapies, many of which have reached late-stage development with the near-term
potential to enter global clinical practice. These medical advances mark an unprecedented paradigm shift and requires an opti -
mized global framework for clinical care pathways for AD. In this Perspective, we describe the blueprint for transitioning from

the current, clinical symptom-focused and inherently late-stage diagnosis and management of AD to the next-generation path -
way that incorporates biomarker-guided and digitally facilitated decision-making algorithms for risk stratification, early detec -
tion, timely diagnosis, and preventative or therapeutic interventions. We address critical and high-priority challenges, propose
evidence-based strategic solutions, and emphasize that the perspectives of affected individuals and care partners need to be

considered and integrated.

rodegenerative disease that affects multiple domains of an

affected individual’s life during advanced stage of progres-
sion, such as cognition, behavior, functional abilities and social
interactions. AD is the most common cause of dementia, account-
ing for around 60-80% of cases'. In 2019, over 50 million people
were living with dementia worldwide, and the number is expected to
rise to 152 million by 2050, largely driven by the projected increases
in low-income and middle-income countries’. With population
growth and aging, AD is becoming one of the most burdensome
and costly diseases facing global society today’.

Historically, the diagnosis and treatment of AD focused on clini-
cal symptoms. In the past three decades, in vivo biomarker studies
identified core pathophysiological alterations—including amyloid
and tau—that characterize and underly AD across its decades-long
preclinical and prodromal phases. Such evidence has transformed
the disease concept from clinically defined to biologically defined
(Box 1)*. This transformation opened the gate to biomarker-
guided, molecular pathway-based targeted therapies®’. To date,
a new wave of pharmacological compounds targeting AD patho-
physiological hallmarks have reached late-stage clinical develop-
ment with one agent recently approved by the US Food and Drug
Administration (FDA) for clinical use in treating AD*'.

A D is a chronic, nonlinearly progressive, multifactorial neu-

The possibility of detecting AD in its preclinical or prodromal
stages and the opportunity of therapeutic intervention to alter clini-
cal progression call for a next-generation global framework of clini-
cal care pathways for individuals with AD. Under this framework,
new clinical pathways—which may differ by country and clini-
cal context—must enable timely, accurate and effective detection,
diagnosis and treatment of AD at the early stages of mild cognitive
impairment (MCI) due to AD and mild AD dementia (collectively
defined as early AD hereafter). To this end, in vivo assessment of
AD biological continuum (that is, through fluid testing and imag-
ing biomarkers) and ecologically valid/low-threshold assessment of
clinical symptomatology through digital health technologies will
inevitably play a critical and guiding role in early detection, diagno-
sis, prognosis and therapeutic decision-making.

It is important to highlight the substantial inequalities in AD and
dementia care currently. For example, in the United States, older
Black and Hispanic individuals are disproportionally more likely to
be affected by AD and other primary dementia disorders, and are
more likely to have missed diagnoses, than older white individu-
als'. Various social determinants of health, such as socioeconomic
status and educational attainment, also influence cognition and risk
of AD'. Globally, more than two-thirds of people with dementia
live in low-income and middle-income countries; however, the

Neurology Business Group, Eisai, Nutley, NJ, USA. ?Depts of Anatomy & Neurobiology, Neurology and Epidemiology, Boston University Schools of
Medicine and Public Health, Boston, MA, USA. >Center for Improving Chronic lliness Care, University of Southern California, San Diego, San Diego, CA,
USA. “Alzheimer Center Amsterdam, Depts of Neurology and Epidemiology and Data Science, Amsterdam Neuroscience, Vrije Universiteit Amsterdam,
Amsterdam UMC, Amsterdam, the Netherlands. °Alzheimer’s Therapeutic Research Institute, University of Southern California, San Diego, San Diego,

CA, USA. °Departments of Neurology, Radiology, Medical and Molecular Genetics, Indiana University School of Medicine, Indianapolis, IN, USA.

’Memory Aging and Cognition Centre, Departments of Pharmacology and Psychological Medicine, Yong Loo Lin School of Medicine, National University
of Singapore, Singapore, SingaporeTokyo Metropolitan Geriatric Hospital, Tokyo, Japan. °Indiana Alzheimer’s Disease Research Center and the
Departments of Radiology and Imaging Sciences, Medical and Molecular Genetics, and Neurology, Indiana University School of Medicine, Indianapolis, IN,
USA. "®Deutsches Zentrum fiir Neurodegenerative Erkrankungen (DZNE), Rostock, Germany. 'Department of Psychosomatic Medicine, University Medical
Center Rostock, Rostock, Germany. '“University Paul Sabatier, Gerontopole, Toulouse University Hospital, UMR INSERM 1285, Toulouse, France. '*Dementia
Care and Research Center, Peking University Institute of Mental Health (Sixth Hospital), National Clinical Research Center for Mental Disorders, Beijing,
China. “Chambers-Grundy Center for Transformative Neuroscience, Department of Brain Health, School of Integrated Health Sciences, University of
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Box 1| The conceptual transformation of Alzheimer’s disease from a clinical-pathological and primarily symptom-based entity to a

clinical-biological construct

« In 1984, diagnostic criteria for AD were first defined by the US

NINCDS-ADRDA'*.

« Definitive AD: diagnosis requires autopsy.

«  Probable AD: Clinical entity; discordance between clini-
cal diagnosis and AD-type neuropathology at postmortem
showed approximately 30% mismatch'**'%.

« Atypical phenotypes show different patterns of
progression'*,

«  In 2007, the IWG defined AD as a clinical-biological entity.

« AD defined by specific clinical phenotypes and in vivo
fluid and neuroimaging biomarkers.

« Definition broadened and included the pre-dementia
stages'*!.

« By 2016, the IWG expanded the natural history for AD
recommending classifications of the preclinical/presymp-
tomatic stages and atypical presentations>'*>'**,

« In 2010, the NIA-AA working groups formulated three
research diagnostic criteria based on cognitive changes and
pathophysiological evidence using biomarkers. These included
the dementia phase of AD, the symptomatic pre-dementia
phase (MCI) of AD, and the asymptomatic, preclinical phase
OfADH-)—H(v'

« In 2016, the AT(N) research framework was developed
(Table 1)+,

«  ‘A=Ap biomarker (amyloid PET or CSF Af,, or A,,,,
ratio)

Clinical
requirements

+ Amnestic syndrome of

a hippocampal type
« Posterior cortical variant
+ Behavioral-frontal variant
+ Logopenic variant

+ Dementia (memory
changes and another
cognitive impairment)

+ Amnestic syndrome of

a hippocampal type
+ Posterior cortical variant
+ Behavioral-frontal variant

+ Amnestic syndrome of - Mcl
(amnestic or non-amnestic)
- Dementia

a hippocampal type

2011

2007 2010
NIA-AA

WG WG

« Pathophysiological
markers: CSF changes
(low CSF AB,,,
high phosphorylated
tau or high total tau)
or amyloid PET positive

+ CSF biomarkers

* MRI atrophy

- '|F-FDG PET PET
hypometabolism variant

+ Amyloid PET positive

requirements T1-weighted MRI)

« A marker (CSF or PET)

« Marker or degeneration (CSF tau,
phosphorylated tau,

Biological « AD autosomal dominant mutation '®F-FDG -PET and

«  ‘T’=tau pathology biomarker (CSF p-tau or tau PET)

« ‘N’=neurodegeneration or neuronal injury (CSF total tau,
BE-FDG-PET, or structural MRI)

« ATX(N): ‘X’=additional novel pathophysiological
markers’.

In 2018, an NIA-AA research framework update defined AD
by biomarkers alone and not clinical symptoms’.

« AD: neuropathological or biomarker evidence of the
disease (that is, amyloid plaques and pathological tau
deposits).

«  Createdasix-stage clinical scheme of the AD continuum™'"’.

IWG argued AD diagnosis should include positive biomark-

ers (that is, amyloid-positive and tau-positive) and specific AD

clinical phenotypes, whereas cognitively unimpaired individu-
als with positive biomarkers should be considered ‘at risk for
progression to AD™.

In 2018, the FDA staging system for AD was developed to

facilitate treatment development in the early stages'*.

- Stage 1: normal cognition and biomarker evidence of AD.

- Stage 2: cognitive symptoms detectable with very sensitive
assessments and biomarker evidence of AD.

- Stage 3: easily demonstrable cognitive abnormalities; func-
tional deficits detectable only with sensitive measures and
biomarker evidence of AD.

«  Stages 4-6: mild, moderate and severe dementia'*‘.

*+ Amnestic variant

« Posterior cortical atrophy

* Logopenic variant

+ Primary progressive aphasia

+ Behavioral or dysexecutive
frontal variant

- Corticobasal syndrome

+ Semantic and nonfluent
variants of primary
progressive aphasia

None None
2014 2016 2018
WG NIA-AA NIA-AA

+ CSF AB and tau ‘
+ Amyloid PET positive

« AB marker (CSF or PET)
« Tau marker (CSF or PET)

Research

O Clinical and research

Evolution of the diagnostic criteria for Alzheimer's disease. This timeline highlights key milestones in the development and updates to the diagnostic
criteria for AD, the biological and clinical requirements that accompany their use, and their applicability in research and clinical settings. ADRDA,
Alzheimer’s Disease and Related Disorders Association (now the Alzheimer’s Association) Work Group. IWG, International Working Group; NIA-AA,

US National Institute on Aging and Alzheimer’s Association; NINCDS, National Institute of Neurological and Communicative Disorders and Stroke.
Cognitively unimpaired individuals are considered at risk for AD. Schematic is based on the information in ref.*.
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Table 1| ATX(N) biomarkers and their contexts of use in Alzheimer’s disease ~ *#%1¢

AT(N) Imaging CSF Blood FDA Class
A/amyloid Amyloid PET APy, ABy/A Byg ABy,/A Byy Diagnostic monitoring
Tau Tau PET p-tau,g, p-tau,,; p-tau,g, p-tau,,; Prognostic monitoring

MRI, FDG PET NfL, tau

SV2A PET, microglial PET,
astrocytosis PET

N/neurodegeneration
ATX(N) examples

Synaptic analytes,
inflammatory measures

NfL, tau, GFAP

Synaptic analytes,
inflammatory measures

Pharmacodynamic monitoring

Pharmacodynamic monitoring

The various biomarkers under the AT(N) system can be measured by neuroimaging or by detection in blood and CSF. ATX(N) demonstrates the dynamic and evolving nature of the AT(N) classification

system where the X component represents additional bi for example,

condition is often underdiagnosed and undertreated due to vari-
ous factors such as lack of awareness, stigma and limited health care
resources'”. One key priority is to achieve access and equity of care
for the growing number of people living with the disease'.

In this Perspective, we describe a blueprint for transitioning from
the current clinical symptom-focused and inherently late-stage
management of AD to a biomarker-guided and digitally facilitated
clinical care pathway that focuses on detection and intervention at
early stages of the disease. We will address critical hurdles to the
practical implementation of such a paradigm shift. We emphasize
that patient and care partner perspectives must be considered and
become central when developing and implementing a new clinical
care pathway for AD.

Defining the next-generation clinical care pathway for
Alzheimer’s disease

At present in a routine clinical setting, AD is often detected at the
mild-to-moderate dementia stage. Diagnosis is usually based on
clinical symptoms without biomarker confirmation, and pharma-
cological treatment options are largely limited to those addressing
the symptoms of AD dementia, such as cholinergic and glutama-
tergic modulators approved two decades ago to mitigate cognitive
and behavioral/psychological symptoms. Non-pharmacological
treatments have shown promise in preventing cognitive decline;
for example, the Finnish Geriatric Intervention Study to Prevent
Cognitive Impairment and Disability (FINGER) demonstrated
that a multidomain intervention aimed at reducing lifestyle-related
and vascular-related risk factors was effective at preventing cogni-
tive decline among older individuals at risk for dementia”’. This
landmark study has led to the development of the World-Wide
FINGERS network aiming to adapt, test and optimize the FINGER
model for risk reduction and prevention of cognitive decline across
different countries and settings'®.

Emerging treatments targeting AD-associated pathophysiology
are directed at earlier stages of the disease and aim at maintaining
cognition and function''. Early intervention may allow the affected
individual to function at the highest level longer. The availability
of such emerging treatments necessitates the identification of indi-
viduals with early-stage AD in routine clinical settings beyond aca-
demic and/or trial centers. Early detection of AD could empower
affected individuals and their care partners to make decisions about
future treatment and care proactively, and to anticipate and adapt
to the cognitive and behavioral changes associated with disease
progression'’.

However, multiple hurdles to early detection and early interven-
tion exist in routine clinical practice. Affected persons and family
may not understand the early signs of AD and how they differ from
normal aging, and may avoid seeking medical attention due to the
stigma associated with dementia diagnosis”. Currently across the
globe, the rate of undetected dementia is as high as ~60%"*, with
diagnosis of MCI being a rare exception rather than the norm. It is
crucial for clinicians as well as patients and families to recognize
the importance of early detection and diagnosis, and not overlook

694

that improve based on the iology of disease.

the early symptoms of AD or mislabel these as normal aging®. With
these barriers in mind, we describe the next-generation clinical
care pathway for AD and its implementation in daily clinical prac-
tice requiring innovation in health care system infrastructures and
workflow and bridging of the general public into a participatory
framework of medicine.

Summary of key steps in future clinical care pathway for
Alzheimer’s disease. First-line diagnostic workup: primary care. The
first step of the next-generation clinical care pathway for AD (Fig. 1)
involves a potentially affected individual or family members notic-
ing subtle changes in cognition and/or behavior and proactively
seeking medical and/or psychological consultation in a primary
care setting. It may also be possible to detect changes during a rou-
tine visit.

The first-line medical assessment consists of recording family
and medical history to assess for risk factors for AD (family his-
tory for neurodegenerative diseases, diabetes, history of traumatic
brain injury, and so on) or other causes of reversible/irreversible
cognitive impairment (for example, cerebrovascular and cardio-
cerebrovascular diseases, psychiatric disorders, metabolic/endocri-
nological diseases with neurological manifestations, cancer and its
treatments, and potentially, neurological consequences of corona-
virus disease 2019)>*-*". Assessments may be collected digitally to
facilitate both patient experience and clinician workflow.

Physical examination (general and neurological) can iden-
tify signs of central and autonomous nervous system impairment
that may suggest non-AD diagnoses (for example, early psychosis,
bradykinesia, postural reflexes, involuntary movements, severe
orthostatic hypotension and others)**. Digital assessments of bra-
dykinesia, tremor and blood pressure may augment clinical evalu-
ations. First-line medical evaluation would continue to include
laboratory tests to identify other potential causes of reversible/
irreversible cognitive impairment, such as routine blood tests for
vitamin B,, deficiency and hypothyroidism, electrolyte imbalance,
severe anemia, hepatic and renal diseases, and, when appropriate,
screening tests for infectious diseases such as syphilis and human
immunodeficiency virus.

Quick, easy-to-use and validated clinical assessment tools can
be used to identify impairment in cognition, function and behav-
ior. Such tools already exist, including the Mini-Mental State
Examination (MMSE), Montreal Cognitive Assessment (MoCA)
or Mini Cognitive Assessment Instrument (Mini-Cog) for assess-
ing cognition, the Instrumental Activities of Daily Living (IADL) or
Functional Activities Questionnaire (FAQ) for assessing daily func-
tion, and the Neuropsychiatric Inventory Questionnaire (NPI-Q)
for assessing behavior”’. However, primary care physicians (PCPs)
often have substantial time constraints and may require training
and support to evaluate individuals with such methods. Moreover,
many of the standard instruments are impacted by linguistic, cul-
tural, educational and demographic factors, and referral to spe-
cialists for more in-depth neuropsychological evaluation may be
required for accurate diagnosis in certain situations®. In the future,
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Fig. 1| The next-generation clinical care pathway for Alzheimer's disease. a, An overarching illustration. The next-generation clinical care pathway begins
with healthy aging and participation in preventive lifestyle measures to slow or prevent accumulation of AD pathophysiology, with the goal of extending
healthspan across populations. Symptom detection, triggered by concerned individuals or family members, or detected during a routine wellness visit, may
involve cognitive testing and, in the future, blood-based biomarkers and digitally based assessments. This will be accompanied by clinical assessments
involving standard laboratory tests and physical examination. Any recorded cognitive impairment will be confirmed with standardized biomarker tests.
Individuals with confirmed disease will proceed to treatment initiation with relevant AD therapy followed by long-term monitoring, of which digital
technologies and blood-based biomarkers will play a key role in the futureb, Digital health technologies in future AD clinical care and the path toward

a precision monitoring and detection platform. A precision monitoring and detection platform will require a transformation from the traditional data
collection methods to the inclusion of digital technologies. This will include active engagement technologies that require individual interaction and
engagement to passive engagement technologies that collect data in the background while the individuals keep to their daily routine. Al, artificial
intelligence; EEG, electroencephalogram; NP, neuropsychiatric; PSG, polysomnography.

low-threshold digital assessment tools for measuring cognitive per-
formance will be needed”*>*". In addition, blood-based biomark-
ers of AD pathophysiology—currently under clinical validation
and/or qualification—may also be used in the primary care setting
in the future to better inform referral to AD specialists who would
be in charge of the second-line diagnostic workup and therapeutic
decision-making®*'=*%.

Second-line diagnostic workup and therapeutic decision-making:
Alzheimer’s disease specialist. In the AD specialist setting with a
neurologist, geriatrician or geriatric psychiatrist, a more compre-
hensive clinical evaluation will determine if the clinical presenta-
tion is consistent with AD. Specialist assessment is particularly
important in complex cases with atypical presentation, early-onset
or rapid progression”. Brain computerized tomography (CT) and
magnetic resonance imaging (MRI) are recommended to identify
structural explanations for cognitive impairment, such as neoplasm,
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past stroke or hydrocephalus, to name a few™. Atrophy patterns of
the brain can provide first signs for the presence of a neurodegen-
erative disease™.

The second-line diagnostic workup is characterized by in
vivo demonstration of AD hallmark pathophysiological changes
reflected by the amyloid/tau/neurodegeneration (AT(N)) classifica-
tion system, that is, proteinopathies involving amyloid-p (Ap) and
tau pathways, axonal damage and neuronal loss (Table 1)°. In the
medium to long term, blood-based biomarkers may evolve from
triage tools to confirmatory biomarkers comparable to the cur-
rent standard of amyloid positron emission tomography (PET) or
cerebrospinal fluid (CSF) biomarkers. It is important to exclude any
amnestic cognitive syndromes without Ap and tau pathology such
as limbic-predominant age-related TDP-43 encephalopathy neuro-
pathological change (LATE-NC)**. Currently, this is only possible
by excluding AD specific pathology; in the future, positive biomark-
ers for TDP-43 in the CSF may become available”.
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In situations where AD is excluded as the cause for cognitive
impairment, the path for the individual would be redirected toward
non-AD conditions. A diagnosis of AD would require discussions
between the clinician and the individual/family for prognosis. The
most critical prognostic outcomes to individuals and their care part-
ners are related to cognitive decline, dependency and physical health®.

Therapeutic interventions will consist of agents targeting
AD-associated pathophysiology, although at present patients must
be aware that these treatments are unlikely to stop or reverse cog-
nitive decline. These therapies will likely be given in combination
with existing symptomatic treatments (cholinesterase inhibitors
or memantine), and likely guided by the profile of biomarker and
behavioral or functional changes'""". Treatment continuation, ces-
sation or dose adjustment will be determined based on clinical and
biological factors'*.

In the future when treatments for preclinical (presymptomatic)
stages of AD become available, identifying such populations will
become critical. At such time, a personalized, multidimensional
approach to the diagnosis of preclinical AD should be considered
for the best chance of diagnosis and progression prediction. This
will likely include identifying genetic risk factors associated with
AD and abnormalities in fluid and neuroimaging AD biomarkers;
in particular, periodic screening with blood-based biomarkers of
AD pathophysiology (Ap,,4, and phosphorylated tau (p-tau) spe-
cies) in appropriate populations should be considered*. Such a
complex approach has several outstanding issues such as diagnos-
tic accuracy, cost of diagnosis and treatment relative to benefit) yet
without consensus on when a preclinical diagnosis of AD is indi-
cated and how it should be performed®**. Consensus process in
the future should involve clinical and biomarker experts, but also
patient advocacy groups and representatives of regulatory agencies
and payers. In addition to pharmacological interventions, multi-
domain lifestyle interventions could prove beneficial over the long
term in such populations, which may include modifications of diet,
exercise, sleep and social and cognitive stimulation”.

Communication with patients and their care partners. Patient and
care partner perspectives must be considered when developing and
implementing the next-generation clinical care pathway for AD*-",
Their collective involvement is essential to provide insight into pos-
sible gaps in existing health services"". Qualitative studies have
revealed the need for: (1) early diagnosis through a well-organized
process, (2) a notably shorter pathway to accessing support services
for their current needs and care goals, (3) easily accessible, adequate
and clear information about cognitive testing, medications, disease
progression, finances and behavior, (4) effective disease manage-
ment by highly knowledgeable and experienced clinicians, and (5)
good communication skills of clinicians*. Individuals at risk for AD
or with early AD and their families will need substantial health liter-
acy to understand and apply the increasingly complex and nuanced
information such as risk prediction, early detection and prognosis
for decision-making on health-related issues. Overall health literacy
can vary substantially, and effective and clear communication from
clinicians with empathy and sensitivity to individual needs and
preferences is critical””. In the context of diagnosis and therapeu-
tic workup, among a number of informative topics, clinicians must
effectively communicate the rationale for biomarker testing, the
results and implications for treatment and to set appropriate expec-
tations, as treatments that target AD-associated pathophysiology
are likely to slow clinical decline without noticeable improvement in
symptoms™*. Involving the patient and care partner to understand
what matters to them regarding health, cognitive, behavioral and
functional status as a measure of treatment success and developing
a tool for this purpose is equally important™. In addition, patient
and care partner preference in how they would like to be informed
must be taken into consideration.
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Use of biomarkers in clinical care of Alzheimer’s disease

The incorporation of biomarkers represents a major innovation
in the next-generation clinical care pathway for AD, supporting
screening, diagnosis and disease staging as well as predicting the
rate of progression, determining prognosis and assisting thera-
peutic decision-making’. Established AP biomarkers such as those
measured by PET imaging or CSF analysis should be used to assess
the presence of amyloid pathology and is mostly used today in spe-
cialized and tertiary care for diagnostic confirmation and thera-
peutic decision-making. Three radioligands for amyloid PET have
been approved by the US FDA and European Medicines Agency
(EMA) for amyloid plaque imaging in cognitively impaired indi-
viduals being clinically evaluated for AD and other causes of cog-
nitive decline. These include "F-florbetapir”’, *F-flutemetamol™*
and "*F-florbetaben™. Amyloid PET was validated against the gold
standard of neuropathology, has undergone extensive standardiza-
tion and has been widely used in AD clinical trials’’. The appropri-
ate use criteria for amyloid PET are available, providing guidance
to clinicians on the types of patients and clinical circumstances in
which amyloid PET should be used*"®’. Interestingly, an applied
study showed relevant clinical benefit of amyloid PET imaging even
for individuals who did not meet the appropriate use criteria®’. The
Imaging Dementia-Evidence For Amyloid Scanning (IDEAS) study
provided evidence that amyloid PET positively impacts diagnostic
accuracy and certainty as well as patient management®. As such,
amyloid PET is likely to be the first choice for clinical use in the con-
text of anti-Af agents, especially in the United States and Europe.
However, the limited availability of PET scanners, radioligand
manufacturing centers and nuclear medicine teams, as well as the
high cost and lack of reimbursement are all factors that constrain its
global use in routine clinical practice’ .

CSF biomarker analysis for Ap,, has been developed and stan-
dardized using certified reference materials and methods®. The
CSF AP,y ratio is highly concordant with amyloid PET, and evi-
dence suggests that AP abnormalities may be detected in CSF earlier
than by amyloid PET. Both the FDA and the EMA have encouraged
further study of CSF biomarkers in the context of clinical AD diag-
nostics**. The appropriate use criteria for lumbar puncture and
CSF testing during the diagnostic workup of AD have been estab-
lished®, and further recommendations to optimize the safety profile
of lumbar puncture are available’. Recommendations and protocols
to standardize the pre-analytical aspects of CSF biomarker testing
for AD are also established™”.

Besides Af, development of tau biomarkers has also advanced
markedly. Various tau PET radioligands could chart the spatial
spreading of tau pathophysiology in vivo, which tightly correlates
with cognitive and functional outcomes across AD clinical stages™”’.
Flortaucipir F18 was recently approved in the United States for
imaging tau pathology in individuals with cognitive impairment
who are being evaluated for AD, and several other investigational
tau tracers are being actively studied*’’. Among several contexts
of use of tau biomarkers” >, monitoring downstream biological
effects on tau pathways following anti-Af treatment and guiding
future anti-Ap and tau combination therapies represent two unique
opportunities™.

As PET imaging is expensive and of limited availability, and
CSF sampling may be considered invasive, the rapidly advancing
blood-based biomarkers for AD are particularly promising, given
the broad availability, scalability and cost-effectiveness of blood
tests globally (Box 2). Plasma A,,,,, shows great promise in accu-
rately reflecting amyloid PET and CSF Ap,,,, results” . A mass
spectrometry-based plasma A, ,, test achieved an accuracy of 0.81
(area under the receiver operating characteristic (ROC) curve) in
predicting brain amyloid status, and has recently received Clinical
Laboratory Improvement Amendments certification”. Besides Ap,
plasma p-taul81, p-tau217 and p-tau231 are emerging as accurate,
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Box 2 | Strengths and limitations of each biomarker modality

Modality Strengths

NATURE AGING PERSPECTIVE

Limitations

PET ® Localization of amyloid or tau

e Limited access/high cost

e Quantification of pathology load; qualitative reading program for e Each biomarker scanned for separately

clinical practice

© Exposure to radioactivity

© Regulatory approval of AP PET tracers for in vivo detection of A e Infrastructure requirements including cyclotrons to manufacture

* Regulatory approval of tau PET tracer for in vivo detection of
tau pathology
CSF © More cost-effective than PET
o Multiple biomarkers from one draw
* More accessible and scalable than PET

© Lumipulse G p-amyloid ratio (1-42/1-40) in vitro diagnostic test

received FDA approval

Blood * More cost-effective than PET and CSF
© More accessible and scalable than PET and CSF
e Multiple biomarkers in one drop of blood
o Less invasive than CSF testing
o Easily repeated measurements over time

specific and accessible biomarkers for detecting early AD-related
pathophysiology”**. In the near term, blood-based biomarkers
reflecting core AD pathophysiology have the potential to serve as
screening and triage tools to identify those who should be tested
with more resource-demanding techniques such as PET imaging
and/or CSF biomarker analysis. It will be important to define stan-
dard diagnostic pathways following a positive blood biomarker test,
including the development of an evidence base for predictive accu-
racy within a primary care setting, provision of access to specialized
care, and determination of thresholds of positivity that will guide
the use of new treatments targeting AD pathophysiology”*>*". In the
future, blood-based biomarkers may be developed for other con-
texts of use such as to predict disease risk, track disease progression
and monitor treatment response”*.

Biomarkers reflecting other components of AD-related patho-
physiology, such as neuronal injury/neurodegeneration (CSF total
tau and neurofilament light chain (NfL), volumetric MRI), synaptic
dysfunction (CSF neurogranin, "*F-fluorodeoxyglucose (FDG)-PET
and synaptic vesicle glycoprotein 2A (SV2A) PET) and inflamma-
tion (CSF chitinase-3-like protein (YKL-40), glial fibrillary acidic
protein (GFAP) and soluble triggering receptor expressed on
myeloid cells 2 (TREM2), translocator protein (TSPO) PET and
monoamine oxidase B (MAO-B) PET) are emerging, but are not yet
ready for clinical implementation (Table 1)*.

It is worth noting that a sizable portion of individuals with AD
exhibit comorbid pathologies such as vascular lesions or intracel-
lular inclusions of TDP-43 (refs. ***"). There is an urgent need for
research to develop imaging and fluid biomarkers for common
co-pathologies such as TDP-43, a-synuclein and other misfolded
proteins. Further studies are needed to understand how comorbid
pathologies contribute to the biological and clinical progression of
AD, and how to factor these in during the clinical management of
patients. In addition, biomarker data on individuals aged 85 and
older (oldest old) are scarce; given that age is the greatest risk fac-
tor for late-onset AD and considering the pace of population aging
worldwide, more research is needed to map the biomarker land-
scape in this population”. Similarly, more biomarker research on
middle-age, at-risk populations is needed given the importance for
prevention efforts in such populations (Box 3).

Although biomarkers form the cornerstone for the next-gener-
ation clinical care pathway for AD, their use is currently limited in
clinical practice. Clinicians may be reluctant to discuss biomarkers
to avoid burdening their patients, perhaps in part because there are
still uncertainties regarding the clinical utility of a biomarker-based
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the tracer, scanners and software for quantitative analysis of the
scans (in research setting)

© No localization

e Invasive due to the need for lumbar puncture

© Pre-analytical factors (for example, how samples are collected
and stored) could affect results

© No localization

o Additional validation required to confirm accuracy

o Not yet available for clinical use

© Pre-analytical factors (for example, how samples are collected and
stored) could affect results

diagnosis. These uncertainties may result in some clinicians steer-
ing their patients away from further biomarker testing*. Moreover,
clinicians vary in their approach to informing a patient they have
early disease, with about one-half of clinicians preferring not to use
the term MCI*. Web-based tools are emerging to support clinicians
and patients with decisions on diagnostic testing, interpretation of
individually tailored biomarker test results, and the communication
of test results to individuals and their families*. Clinicians should
receive appropriate education and practical training on the use of
new tools and assessments™*"*,

Use of digital health technologies in clinical care pathway
The rise of digital health technologies represents another major
opportunity to improve the AD clinical care pathway (Fig. 1). Such
technologies are particularly poised for early detection/case find-
ing and tracking longitudinal disease progression and/or treatment
response.

The transition from traditional cognitive testing to nonintru-
sive digital assessment offers several advantages. First, nonintrusive
testing offers ecological validity owing to the patient assessment in
their normal environment and outside the hospital setting. Second,
thanks to its convenience, digital assessments can be more frequent
as compared to traditional in-clinic assessments, thus allowing
documentation of, and control for, day-to-day variations in cogni-
tive function. Third, assessment of everyday activities as a surrogate
indicator of abstract cognitive functions increases the functional
relevance of the patient assessment. And finally, zero-effort technol -
ogies provide access to patients outside standard cognitive testing,
such as individuals with advanced stages of dementia, those with
reduced hearing, or those who are illiterate®. Digital cognitive test-
ing also has the potential to overcome the socioeconomic and cul-
tural biases embedded in some traditional neuropsychological tests.

In the near term, digital health technologies that require active
input from the user to assess changes in cognition, function and
quality of life are under development™**’'. In the long term, the
rapid progress in sensor-based technologies, including mobile and
wearable devices (smartphones and smart watches) may support
increasingly early detection of subtle changes associated with AD
onset (for example, speech/language, oculomotor skills and move-
ment) in a continuous, passive and unobtrusive manner (that is,
digital biomarkers). This will enable risk assessment, screening
and disease prediction with little or no active engagement by the
participants>”'~*, As an example, the Oregon Center for Aging &
Technology (ORCATECH)/Collaborative Aging Research Using
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Box 3 | Glossary

Biomarker

Usually refers to a group of broad medical characteristics that
can be objectively measured as an indicator of the body’s normal
biological processes, or as an indicator of pathogenic processes
and response to therapy. To qualify as a biomarker, a characteristic
must be measurable, quantifiable, accurate and reproducible.

Context of use

In relation to biomarkers, this usually refers to the description
of the biomarker’s specified and appropriate use and how the
biomarker is applied in drug development and clinical care.

Digital biomarker

Clinically meaningful and objective physiological and behavioral
data that can be measured using digital and sensor-based
technologies, including mobile and wearable devices such as
smartphones and smart watches.

Digital health technologies

These refer to technologies that require the use of computers,
connectivity, software and sensors for health care and all its
related uses.

Functional Activities Questionnaire (FAQ)

A screening tool for evaluating difficulties in activities of daily
living that allow an individual to care for themselves. The main
distinguishing feature of the FAQ is that, unlike the IADL, it
measures more basic tasks such as eating and bathing.

Instrumental Activities of Daily Living (IADL)

This assesses the ability or need for assistance to perform activities
that allow an individual to live independently in a community
and to improve quality of life. Domains assessed include cooking,
cleaning, transportation, laundry and managing finances.

Mini Cognitive Assessment Instrument (Mini-Cog)

Compared to other cognitive screening tools, this is a relatively
quicker 3-min test to screen for cognitive impairment in older
adults in both the community and health care settings. The test
uses a three-item recall test for memory and a clock-drawing test.

Technology (CART) platform utilizes ambient technologies and
wearables to longitudinally monitor cognition, physical mobil-
ity, sleep and the level of social engagement in the homes of older
adults™. Such data can be integrated and analyzed to find mean-
ingful behaviors that identify people at different stages of cognitive
decline'®. Digital health technologies will play a central role in an
integrated care model (for example, the Integrated Care for Older
People (ICOPE) recommended by the World Health Organization)
that not only focuses on cognition but also addresses other func-
tions that maintain brain research, such as mobility, psychology,
vitality, hearing and vision'""-',

Important considerations for the use of digital technologies
include privacy issues, specificity and sensitivity to AD versus other
causes of cognitive impairment or dementia, user friendliness, reli-
ability, costs and access, among others''"". Once in clinical practice,
the ultimate goal of digital health technologies is to facilitate patient
self-management and maintain people living independently for as
long as possible'>!*>'%,

Challenges and potential solutions: a holistic perspective
With biomarker-guided, pathway-based targeted therapies emerg-

ing, modeling studies predict that health care systems in many
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Mini-Mental State E ion (MMSE)

An 11-question measure widely used to test cognitive function
among the older population; it includes a systematic and thorough
test of five areas of cognitive function: orientation, registration,
attention and calculation, recall, and language. Of a maximum
score of 30, 23 or lower is indicative of cognitive impairment.

Montreal Cognitive Assessment (MoCA)

A rapid screening tool for mild cognitive dysfunction that
assesses cognitive domains including attention and concentration,
executive functions, memory, language, visuoconstructional skills,
conceptual thinking, calculations and orientation. Of a maximum
score of 30, below 26 is indicative of cognitive impairment. This is
considered a good screening tool for persons who score above the
cutoff for MMSE.

Neuropsychiatric Inventory Questionnaire (NPI-Q)

An informant-based test for assessing behavior. It assesses
neuropsychiatric symptoms including delusions, hallucinations,
aggression, dysphoria/depression, anxiety, euphoria/elation,
apathy/indifference, disinhibition, irritability/lability, aberrant
motor behaviors, night-time behavioral disturbances and appetite/
eating disturbances.

Patient journey

A term usually used to refer to a patient’s experience throughout
an episode of care. This may entail the entire scope of events of
patient experiences within a health care ecosystem, including
undergoing regular checkups and receiving treatment.

Polygenic risk score

A score related to the risk of developing a disease, estimated based
on the total number of changes or variations in an individual’s
genes that are related to the disease. This has potential to improve
personalized disease risk prediction using genetic data.

Sensor technologies

Sensor technologies require the use of sensors to detect physical,
chemical or biological properties of an individual and convert
them into readable and meaningful information.

regions/countries will not be able to meet the demand of patients
for diagnosis and treatment of AD'”’~'". In the United States, ~15
million individuals with MCI would need to be evaluated by spe-
cialists, undergo diagnostic testing and pursue treatment'”’. Current
estimates show that the expected caseload of patients will result in
long average wait times for specialist visits (~50 months) with many
patients developing AD dementia while on waiting lists'*”'"". The
strained capacity of memory specialists will limit access to diagnosis
and treatment'*"'"",

There are additional obstacles to meet the demand of people
with AD. Although some countries have dementia plans in place,
the emphasis is often on the management of patients with descrip-
tive dementia syndromes and does not adequately address pro-
dromal symptomatic MCI, and etiology in general or early-stage
disease'”"""". Coverage of services is also limited, especially for
routine use of confirmatory biomarker tests. For countries with the
capacity to absorb increases in service demand, there may not be
an incentive to scale up patient volume due to budgetary consid-
erations''”. Moreover, there will be challenges keeping pace with
the necessary infrastructure to accommodate recommended pro-
cedures, such as adding PET tracer manufacturing capacity and
installing PET scanners, increasing the volume of biomarker testing,
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ensuring sufficient availability and accessibility to infusion centers
and having the necessary infrastructure for monitoring treatment
safety and efficacy!'»!">!', Other potential issues also include clini-
cian capacity and capabilities; recent reports show a limited number
of dementia specialists in the United States, Canada, Europe and
Japan, and clinicians may be reluctant to evaluate a patient for a
decline in cognitive function if they don't feel adequately trained
or believe that there are no therapeutic advantages to identifying a
decline in cognitive function''>'"*,

With these obstacles and challenges, there is a pressing need to
determine the essential steps toward system preparedness for the
next-generation AD clinical care pathway. Primary care is a critical
entry point into health care systems with a larger number of general
providers compared with specialist services'’''>. Better tools are
being developed to identify and triage patients in the primary care
setting”. Digital health technologies, including digital cognitive
assessments, have the potential to detect early cognitive decline and
monitor progression, while the emerging blood-based biomark-
ers—following analytical and clinical validation—could be used to
enhance the likelihood of AD as the etiology of the observed cogni-
tive decline’*****>!"_ To this end, a study showed that a brief cogni-
tive test in combination with a blood-based biomarker test of AD
pathophysiology at the primary care level can substantially improve
triaging in primary care and lead to reduced waiting times for a
specialist visit during the diagnostic process’. Besides diagnostic
evaluation, prognostic information including the risk of disease
progression is important to guide treatment decisions. For example,
for cardiovascular diseases, the American Heart Association and
the American College of Cardiology have issued predictive equa-
tions to guide treatment decisions based on projected risk of cardio-
vascular events; similar tools for AD could give clinicians a holistic
view of a patient’s risk of progression'*. To this end, the Interceptor
Project in Italy is monitoring a group of patients with early-stage
cognitive decline to determine factors from the initial evaluation of
the patient that could predict progression'"”.

Telehealth will be an essential component of the next-generation
pathway by providing coordinated care between a patient, care part-
ners and clinicians (that is, nurse, PCP and specialist), and will allow
access to memory care and remote monitoring in individuals who
cannot leave home, or in those without adequate transportation or
living in a rural area'”’. More defined hub and spoke arrangements
linking PCPs to specialists through telehealth and related technolo-
gies may facilitate care by coordinated teams.

Better care models and incentives are needed to increase a PCP’s
involvement in AD care. For example, cognitive screening is a man-
datory requirement of the driver’s license renewal process for older
people in Japan, while walk-in clinics are available for screening
and consultation in memory centers in Korea'’. The emergence
of telecare-enabled specialist support has helped to empower PCP
sites in the United States'””. In addition, accountability schemes
have emerged as incentives, such as use of age-adjusted dementia
diagnosis rates as a quality measure for general practitioners in the
United Kingdom'"2.

Specialty care for AD will need to evolve to accommodate a shift
from the current focus on diagnosis often at late stages of the dis-
ease and counseling to more emphasis on diagnosing the disease
at early stages and offering new treatments that target the under-
lying pathophysiology. For example, memory clinics have been
logistically located near general hospitals in the United Kingdom
to provide one-stop, large-scale practices that can handle all aspects
of care with biomarker testing, differential diagnosis and infusion
therapy''?. Agile learning health care systems will be required to
adjust continuously to new and emerging therapies for AD and
related disorders.

Ethnic, socioeconomic and racial disparities have been identified
in people with AD'?'~'**, Differences in risk factors (for example,
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genetics, comorbid cardiovascular disease or metabolic syndrome)
between races may play a role in the incidence and prevalence of
AD, while cultural factors (for example, lack of access to medical
care, trust issues between marginalized groups and the health care
system) may influence diagnosis and treatment'*'"'*, Inherent biases
may exist in cognitive screening tools that complicate the diagnosis
of AD in less educated groups'”' and there is an underrepresentation
of marginalized groups in clinical research and clinical trials'*>'**'>>,
Improving diverse participation in clinical research and clinical
trials is paramount to understanding how factors like race, ethnic-
ity, socioeconomic status, gender, sexual orientation, education and
culture interact with biological factors associated with AD'»1",
The next-generation clinical care pathway will need to address the
issue of diversity as well as social determinants of health to optimize
equity of care for all individuals with AD'*'-'%,

Conclusions and perspectives

The conceptualization of AD as a clinical-biological construct
and the emerging biomarker-guided pathway-based treatments
targeting AD-associated pathophysiology highlight the impor-
tance and urgency of developing and implementing a global
framework for the next-generation AD clinical care pathway.
Detecting the disease at its initial and early stages will be cru-
cial, and primary care will have an important role in case finding.
Utilizing a ‘memory care enabled’ workforce including nurse prac-
titioners, community health workers and geriatric care managers
may reduce the burden and complete reliance on the PCPs as the
gateway to diagnosis and care'*. Diagnosis will include biomarker
assessments, which will also guide the initiation of treatment as
well as monitoring of treatment response, dose adjustments, and
treatment continuation or cessation. Including patients and care
partners early in the development process will ensure acceptance
and accessibility of novel pathways and technology for those most
affected. Although patient and public involvement has been uti-
lized in other medical specialties such as oncology and pediatrics,
a pragmatic approach needs to be adapted and transformed for
AD clinical care.

The successful development and implementation of the next-
generation AD clinical care pathway outlined above depends on
close interaction and cross-functional collaboration with stakehold-
ers including regulators, pharmaceutical and biotechnology indus-
try, policymakers, and payors. While the current paper centered on
the clinician and patient as well as the care partner perspective, opti-
mization of the clinical care pathway needs to be complemented by
the health system and cost viewpoints. Both perspectives need to be
integrated in the near future once a clinical care pathway addressing
the most urgent needs of patients and family has been agreed on by
health care system stakeholders.

The next-generation clinical care pathway for AD must address
the critical issues of diversity and inclusion to ensure health equity
for the enormous and rapidly growing number of AD patients
across the globe. A starting point is to ensure more inclusive par-
ticipation in observational biomarker research and in clinical tri-
als so that therapeutic approaches will be broadly applicable and
available. The new pathway needs to be adapted to local resources
and capabilities to maximize the health benefit for patients. From
there it will become clear that the next step is to devise the roadmap
toward a transformation to precision neurology—a holistic and syn-
ergistic approach to AD care that encompasses genetic, biological
(that is, biomarker), clinical and environmental profiling of indi-
vidual patients to guide the development of individualized treat-
ment schemes and ultimately, prevention and extension of brain
healthspan'*'='*.
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Patient/site readiness for a potential new
Alzheimer’s disease treatment paradigm

Eva Zupani¢, Milica Gregori¢ Kramberger

There were more than 34,000 people living with dementia in Slovenia
in 2018 and this number is predicted to double by 2050. (1)
Dementias represent a global health challenge and also incur high
economic costs. In Slovenia, all dementia costs (medical, formal and
informal home help, nursing home placements costs) are estimated
at 377 million euros. (2) Reducing the dementia severity or even
delaying the diagnosis would greatly reduce this burden; e.g. an
intervention that would delay the onset of dementia by five years
today could reduce costs by 36% in 2050. (3)

The majority of all dementia cases, Alzheimer’'s dementia (AD), is
caused by a progressive accumulation of beta-amyloid protein
plaques and neurofibrillary tangles, which damage synaptic
connections and neurons and lead to the loss of cognitive abilities. In
Europe, there are currently no disease modifying treatments (DMT)
available and treatment of AD is symptomatic, limited to
acetylcholinesterase inhibitors, memantine and other supportive care
measures, which do not slow or stop the progression of the disease.
However, after two decades of clinical trial failures, we finally received
the long awaited positive news on a DMT for AD. On January 6, 2023,
lecanemab, an anti-amyloid monoclonal antibody was approved
under an accelerated pathway by the US Food and Drug
Administration and is currently under review by the European
Medicines Agency. (4) In an 18-month study involving participants
with mild AD, lecanemab slowed the rate of cognitive decline by 27%.

(5)

Are we prepared for potential lecanemab approval by European
Medicines Agency (EMA) and Agency for Medicinal Products and
Medical Devices of the Republic of Slovenia (JAZMP)?

With the potential approval of lecanemab we can expect huge

demands from the general population for diagnosis and eventual
treatment. Persons aged 65 years or older with MCl or mild AD
(MMSE-Mini Mental State Examination > 21 points or MoCA-Montreal
Cognitive Assessment > 16 points) and Alzheimer’s disease positive
biomarkers will be potential candidates for treatment. Alzheimer's
disease biomarkers include positive amyloid-PET imaging or
cerebrospinal fluid (CSF) biomarkers, and since amyloid-PET imaging
is currently not available in Slovenia, CSF biomarker analyses are
used instead. At the present time, there are no reliable blood based
biomarker that could substitute the lumbar puncture. In that
scenario, blood-based biomarkers combined with cognitive testing
could be performed in a primary level settin% which may serve as a
gatekeeping mechanism. However, this would call for additional
capacities of the primary level, which is, even at present, critically
understaffed.

Firstly, the site should have the diagnostic capacity to recognize
potential candidates for treatment. Secondly, the site should be able
to prepare the infusions, safely monitor patients (with clinical
assessments and regular MRI scans) and deal with possible
complications, thus requiring enough room, personnel, and other
resources.

Since 2009, patients with cognitive complaints can be referred to the
Centre for Cognitive Impairments at the Department of Neurolog?/,
Ljubljana University Medical Centre, Slovenia. At first visit, a detailed
history is taken from all patients, who also undergo a general
neurological examination, a screening cognitive assessment and are
further referred for extensive laboratory testing and a structural
brain scan. Additional examinations are indicated on a case-by-case
basis. For selection of potential lecanemab candidates that would
entail lumbar puncture with CSF analyses. In the past two years
(2021-2022), there were 1,461 first visits, 3,133 control visits and 891
lumbar punctures performed in persons with a cognitive complaint.
Pathological CSF biomarker profile was present in 257, however, only
half (n = 126) were at the stage of MCl or mild AD and thus potential
lecanemab candidates.

The cost to evaluate 891 patients with neurological assessment, MRI
and lumbar puncture would be around €2.5 million, however, in
reality, the costs were even higher since some patients also
underwent FDG-PET or neuropsychological examination.

With dementia prevalence data for Slovenia (1) and an estimation of
7.7% of MCl due to Alzheimer’s disease in f)ersons aged 65 year or
more, (6, 7) there are 44,278 potentially eligible candidates for



lecanemab treatment. With current annual lecanemab’s price of
approximately €24,000 and all eligible patients receiving the
treatment, this would account to €1,06 billion, which is more than an
annual cost for all medication in Slovenia (€743 million in 2022). (8)
Diagnosing all candidates with a neurological assessment, MRl and
lumbar puncture would account to almost €125 million. However,
since 891 assessments were required to yield 126 potential
candidates, one must realize that the introduction of lecanemab
would greatly increase the direct medical costs in the healthcare
system even for patients that would never be treated with the drug.

It is clearly unrealistic to recognize and treat all the potential
candidates. Besides Centre for Cognitive Impairments in Ljubljana,
only Maribor has subspecialized outpatient facilities for patients with
cognitive impairment, which probably do not exceed Ljubljana’s
capabilities. The approval of lecanemab would increase the pressure
on these two centres and increase the waiting times. Moreover, even
if the drug receives regulatory approval, high cost might cause the
national agency to limit the number of treated patients or even
refuse reimbursement altogether. The Institute for Clinical and
Economic Review (ICER), an independent non-profit research
organization that assesses expected clinical benefits against potential
side-effects and costs, concluded lecanemab’s price would require a
66% to 19% discount to be considered cost-effective. (9) Therefore, at
current capacity, the Slovenian healthcare system is unable to
diagnose and select eligible patients for DMT in Alzheimer's disease.
Substantial investments in personnel, infrastructure and medication
alone will be required to provide timely diagnosis and enable
treatment with lecanemab.
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Functional brain networks in
neurodegenerative disorders

Tomaz Rus

Abstract

Until recently, neurodegenerative disorders such as Alzheimer's and
Parkinson's disease had no medication that could impact their
progression. Many clinical trials may have failed due to a lack of
understanding of the underlying pathophysiological mechanisms and
poorly defined inclusion criteria. As a result, researchers have turned
to identifying biomarkers that can reflect disease-specific pathological
processes. One promising approach is studying disease-specific
changes in functional brain networks. These networks can be
detected in patients using various functional imaging methods,
including [18F]-fluorodeoxyglucose (FDG) positron emission
tomography (PET) and resting-state functional magnetic resonance
imaging (rs-fMRI). Both FDG PET and rs-fMRI can detect changes in
functional brain networks in neurodegenerative disorders, providing
insights into the interdependence or connectivity of various brain
regions, forming a brain network.

Backgrounds

The increasing prevalence of neurodegenerative disorders worldwide
has fueled scientific efforts to discover cures for these devastating
conditions, which can present with dementia or parkinsonian
syndromes (1). Despite tremendous investment and effort, only
recently have promising disease-modifying drugs for Alzheimer's
disease (AD) been released, with none currently available for
Parkinson's disease (PD) (2).

The lack of understanding of the etiology and pathophysiological
mechanisms of these disorders, as well as the absence of
pathology-based inclusion criteria, has likely contributed to many
failed clinical trials. These factors have motivated researchers to seek
biomarkers that can reflect the disease-specific pathological
processes. For instance, while biomarkers such as amyloid-beta, tau,
and phosphorylated tau (p-tau) measured in cerebrospinal fluid (CSF)
or captured by positron emission tomographP/ (PET), together with
structural neuroimaging (MRI), have been included in research
criteria for AD (3), there is emerging evidence that different
neurodegenerative disorders may be differentiated by studying
topographical differences in functional brain networks (4). These
networks can be detected in Fatients using various imaging methods,
among which the most established are [18F]-fluorodeoxyglucose
(FDG) PET and resting-state functional magnetic resonance imaging
(rs-fMRI) (4). These networks allow us to gain insight into disease
mechanisms in vivo and to accurately distinguish between similar
syndromes. Both FDG PET and rs-fMRI have been shown to be useful
tools for detecting changes in functional brain networks in
neurodegenerative disorders.

Functional brain network mapping

Functional imaging techniques differ from structural imaging in that
they indirectly measure dynamic metabolic processes or brain activity
by assessing regional changes or activity of specific molecules or
markers. In FDG PET images, the spatial distribution of radioactive
FDG, which accumulates in brain tissue according to metabolic
demands and correlates with neuronal activity, can be examined (5).
By using simple univariate statistical methods, such as statistical
parametric mapping (SPM), which compare individual voxels or
regions between patients and healthy controls, we can identify the
areas that significantclf/ differ between the groups, thus improving
image contrast (6). Advanced algorithms not only analyze



individual brain voxels or regions but also consider relationships
between them, providing insights into the interdependence or
connectivity of various brain regions, forming a brain network.
Several analytical methods, such as principal component analysis
(PCA) or graph theory, have been developed for this purpose and are
commonly used (7,8).

PCA-based analytical methods have been used for several years to
identify disease-specific metabolic brain networks in
neurodegenerative disorders, which have been rigorously validated in
diverse clinical populations worldwide. Recent advances in analytical
models have enabled the use of similar methods in four-dimensional
rs-fMRI images, using an alternative independent component analysis
(ICA) approach (9). While FDG PET captures static metabolic images
within a few minutes, rs-fMRI captures transient fluctuations in blood
oxygenation in different brain regions, closely related to neural

activity due to neurovascular coupling. Both modalities are
complementary. However, while rs-fMRI is cheaper and more easily
available, higher noise makes the image contrast less accurate in
intermediate cases.

Functional Brain Network Alterations in Creutzfeldt-Jakob's
Disease: A Model Neurodegenerative Disorder

Creutzfeldt-Jakob's disease (CJD) is often regarded as an in vivo model
of neurodegeneration due to the well-known mechanism of prion
protein spread throu%hout the brain. The prion hypothesis has been
proposed as a possible explanation for the spread of
neurodegeneration in the brain (10,11). Furthermore, although the
final pathological diagnosis is often unknown in neurodegenerative
diseases due to their long duration, the rapid progression of CJD and
the legal obligation to conduct an autopsy allow for the collection of
well-established and pathology-confirmed cases for study.

Our research group has recently identified a CJD-specific metabolic
brain network using the SSM-PCA method and validated it on an
independent cohort from a remote center (12). Despite the clinical
heterogeneity of the disease early in its course, the pattern of the
network was stable and coherent. Although pathological features
differed somewhat among different molecular subtypes, metabolic
features were consistent regardless of the molecular subtype and
correlated with the relative disease duration, cognitive, functional,
and neurological decline (13). This finding was somewhat unexpected
but in line with some studies that showed consistent network

disruption in other neurodegenerative disorders such as progressive
supranuclear palsy (PSP) and multiple system atrophy (MSA)
regardless of the subtype (14).

We further investigated the internal network structure using a graph
theory approach and found ineffective network reorganization with
disconnection between vital network hubs. This may explain the
severe cognitive decline in CJD despite preserved metabolism and
relatively sparse histopathological findings in certain classical
cognition-related brain areas (12).

Functional brain networks in Parkinson’s disease and related
disorders

Parkinson's disease (PD) is characterized by stereotgpical spread of
Bathological changes. Accumulation of a-synuclein begins in the

rainstem and pons, followed by midbrain including the substantia
nigra. In the advanced stages, the cortical regions are affected
(15,16). The clinical features of PD correlate with both the
pathological sequence and changes in functional neural networks.
The motor network of PD (Parkinson’s Disease-Related Pattern; PDRP)
correlates with bradykinesia and rigidity, while the cognitive network
of PD (Parkinson'’s Disease Cognitive Pattern; PDCP) correlates with
cognitive decline (17). Both networks have been identified and
validated in numerous cohorts worldwide, based on FDG PET and
rs-fMRI brain imaging.

PDRP topographically includes increased activity (relative
hypermetabolism) in the basal ganglia, thalamus, and cerebellum,
along with decreased activity (relative hypometabolism) in premotor
and posterior parietal areas. Its activity can be modulated by
symptomatic treatment, which improves motor symptoms (18,19).

Changes in the cognitive network PDCP appear with a characteristic
delay of a fewtyears after the PDRP. PDCP topographically involves
the ventral default mode network (DMN) with additional areas of the
cerebral cortex, such as the dorsolateral prefrontal and medial
parietal cortices (20,21). The temporal sequence of PDRP and PDCP
expression is stereotypical and consistent with the aforementioned
pathological sequence as proposed by Braak (17).

Symptomatic treatments for PD, such as dopaminergic medication or
surgical techniques like deep brain stimulation, decrease the
expression of PDRP (4). Detection of brain alterations on a network
level holds potential in evaluating the effectiveness of novel
disease-modifying treatments. Advanced analytical approaches like



graph theory not only allow for the study of network expression but
also the examination of changes in network structure (22). B&/ doing
so, variations in information transmission within the network and
other connectivity measures can be assessed. These methods have
recently demonstrated particular modifications in network
organization through genetic therapy for PD using AAV2-GAD
aprIication to the subthalamic nuclei and the impact of drugs that
affect mitochondrial respiratory function.

Despite similar clinical presentation in early disease, atypical
parkinsonian syndromes, such as MSA, PSP or corticobasal
degeneration (CBD), have different pathophysiological mechanisms
and sequences of pathological changes. These syndromes are
characterized by different disease-specific networks: MSA-, PSP and
CBD-related patterns (23,24).

An important feature of functional brain imaging network analysis
using SSM-PCA/ICA approach is that multiple pathological networks
can be prospectively calculated on a single FDG PET or rs-fMRI image.
For example, in a patient with undefined parkinsonism expressions of
several parkinsonian networks such as PDRP, MSARP and PSPRP can
also be calculated. Based on the expression of multiple networks,
computer algorithms (logistic, SVM, etc.) can calculate probability of
individual disease and significantly improve the accuracy of early
diagnosis (25,26).

Recent PD research has concentrated on the prodromal phase of the
disease in order to develop early, or even preclinical, diagnostic
methods. During this phase, individuals may experience non-specific
symptoms such as olfactory disturbances, constipation, depression,
and REM SIee‘o Behavior Disorder (RBD). Patients with RBD typically
go on to develop PD or another a-synucleinopathy, such as MSA or
dementia with Lewy bodies (DLB). Functional brain imaging studies
have demonstrated that PDRP is already present during the
prodromal phase (27,28). PDRP and other related networks are being
studied as potential presymptomatic biomarkers for PD.

Functional brain networks in cognitive disorders

As in parkinsonian disorders, specific metabolic brain patterns
characterizing pathological functional brain networks have been
identified in several neurodegenerative disorders primarily affectin%
cognition such as AD, DLB and behavioral variant of frontotempora
dementia (bvFTD), so called ADRP, DLBRP and bvFTDRP (29-31).
Specific distribution of interconnected metabolic changes enables

differentiation from each other in a specific topographic arrangement
of changes in brain activity. As the AD is the most prevalent
neurodegenerative disease, ADRP is most studied network validated
by many groups and characterized by relatively decreased activity in
the temporoparietal cortex, posterior cingulate, and precuneus, and
relatively increased activity in the cerebellum (29). It's expression
correlates with cognitive decline and may be used to predict
conversion from mild cognitive impairment to dementia making it a
reliable biomarker of disease progression.

According to the clinical presentation, DLBRP is topographically
characterized by hypometabolism in occipital lobe while the bvFTDRP
by frontotemporal hypometabolism (30,31). In case of the latter, the
detailed analysis of internal network structure showed consistent
disruption of functional connections between frontal and
occipito-parietal hub (31).

Conclusion

The advancement of functional network research in
neurodegenerative diseases in recent years has led to the
development of robust biological markers that have been confirmed
in various clinical populations using different imaging methods. These
biomarkers can be used for diagnostic and prognostic purposes,
monitoring disease progression, and tracking the effect of new drugs.
The next challenge is to test these markers in real clinical settings and
identif%/ metabolic patterns from rs-fMRI images. However, progress
in the field suggests that the use of functional brain networks in
routine diagnostics and clinical research is within reach.
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Abstract

Purpose: Many daily-life clinical decisions in patients with cerebrovascular disease and cognitive impairment are com-
plex. Evidence-based information sustaining these decisions is frequently lacking. The aim of this paper is to propose a
practical clinical approach to cognitive impairments in patients with known cerebrovascular disease.
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Findings: Many patients with stroke or other cerebrovascular disease have cognitive impairment, but this is often not
recognized. With improvement in acute stroke care, and with the ageing of populations, it is expected that more stroke
survivors and more patients with cerebrovascular disease will need adequate management of cognitive impairment of
vascular etiology. This document was conceived for the use of strokologists and for those clinicians involved in cerebro-
vascular disease, with specific and practical hints concerning diagnostic tools, cognitive impairment management and

decision on some therapeutic options.

Discussion and conclusions: It is essential to consider a possible cognitive deterioration in every patient who experi-
ences a stroke. Neuropsychological evaluation should be adapted to the clinical status. Brain imaging is the most
informative biomarker concerning prognosis. Treatment should always include adequate secondary prevention.
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Introduction

Vascular risk factors are recognized as one of the main
determinants of cognitive impairment associated with
ageing.!? Cognitive impairment (CI) due to cerebro-
vascular disease (CVD) can exist after stroke or in
the context of chronic CVD without previous stroke,
representing a leading concern of patients and care-
givers.> Although acute stroke care has evolved sub-
stantially over the last decades, post-stroke cognitive
impairment (PSCI) remains frequently underdiagnosed
as it may be overlooked in the presence of other dis-
tressing signs (for instance motor or visual symptoms).
Consequently, cognitive impact of acute stroke is often
underestimated. Moreover, subtle and progressive
decline might also be caused by vascular lesions (e.g.
either lesions related to small vessel disease (SVD),
repetitive minor injuries, or vascular consequences of
systemic failure as for instance cardiac insufficiency).
Stroke clinicians are well trained in the identification of
stroke, but do not always recognize the myriad of cog-
nitive and behavioural symptoms that accompany
stroke in the acute and chronic phases.

Methods

This paper is a result of an effort of the ESO Dementia
Committee (2018-2020), under the approval of the ESO
Executive Committee, aiming to produce some practi-
cal clinical suggestions on the identification, diagnosis
and management of CI for clinicians involved in the
management of patients with stroke. Its use is not only
for strokologists, but also for others professionals
involved in the management of patients with CI due
to vascular pathology. Several comprehensive and
updated reviews are available on the topic, acknowl-
edged throughout this paper, and we did not aim to do
an exhaustive or systematic review or to cover all cur-
rent evidence. We tried to incorporate differences of
approach and access to ancillary investigations, keep-
ing in mind the standard usual best practice.

Concerning CI in the context of CVD, different ter-
minologies exist,* ® and consensus is missing, although
those terms refer broadly to the same or quite similar
entities. In order to be practical, for the purpose of this
paper, we will use vascular dementia (VD),* major vas-
cular cognitive impairment/disorder® and the more
recent major vascular neurocognitive disorder
(NCD)® interchangeably, and where less severely
affected, we use mild cognitive impairment/disorder
or mild NCD.>® Post-stroke dementia (PSD) or post-
stroke cognitive impairment (PSCI) will be used when
it refers to stroke patients, irrespectively of the time
elapsed since stroke.

Findings
How to recognize cognitive complaints/impairment

Cognitive impairment due to CVD can occur in differ-
ent settings: after a stroke (PSCI), in the acute stage, in
the recovery stage (while other stroke symptoms
improve), or delayed until months/years after stroke.
When CI due to CVD follows repetitive or chronic
vascular lesions, identification of those symptoms
may be difficult as they might be quite subtle and mis-
leading. Characteristically, and apart from focal cogni-
tive symptoms due to stroke itself (such as aphasia and
hemineglect), the initial symptoms may be hard to iden-
tify. These symptoms might include reduced initiative
for usual tasks, slowness, and higher latency to start an
answer/action. Patients may accept undertaking
actions if externally motivated and initiated and more
time may be needed. Because attention is impaired,
patients are easily distracted even by irrelevant stimuli.
Multi-tasking can be difficult, not only due to attention
shifting difficulties, but also to difficulty in alternating
between different tasks and patients may have difficul-
ties in making decisions. Sometimes, behaviour is pre-
dominantly affected and proxies/families acknowledge
some “personality” changes. Behaviour changes can
co-exist or even be the only initial manifestation, such
as more inflexible behaviour, with reduced tolerance to
changes of routine activities and repetition of the same
mistakes (as patients may not be able to correct them-
selves). Control of inhibition may be disturbed, loss of
control of emotional expression, as well as socially
inappropriate manifestations (even sexually inappro-
priate behaviour), although these latter are usually
less frequent and occur in more advanced stages.
Patients may be labelled as “depressed” although usu-
ally do not complain of sadness, and other key aspects
of depression are not present. As a result of the symp-
toms above, patients reduce their level of social inter-
action, quit usual hobbies and sometimes relatives/
caregivers takeover tasks intuitively. The keystone for
considering the above symptoms as a manifestation of
CVD is that they represent a change from a previous
way of functioning, implicate an adaptation in daily-
life, and finally, CVD is the presumed etiology.
Evolution might be stepwise, progressive, or fluctuant.
If only the patient is interviewed, it is possible to miss
the picture. Interview of a proxy(ies) may be necessary,
but beware of the patient who always looks to the part-
ner to answer and the obliging partner who provides all
the responses. Separate interview of the informant/rel-
atives should be considered whenever interview of both
patient and relative becomes a sensitive point, as rela-
tives/caregivers might be uncomfortable giving some
information or describing some details in the presence
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of the patient. This separate interview should, never-
theless, follow usual good practice approaches.

Criteria for Cl and for Cl due to CVD

Several sets of criteria for CI due to CVD have been
proposed,*> most of them requiring to demonstrate the
presence of CI, the presence of cerebral vascular lesions
and a relationship between them. The VASCOG crite-
ria® have the advantage to define criteria for both mild
and major CI (based on the DSM-V)® and for both
patients with stroke and those without stroke. This is
especially important considering studies showing that a
large proportion of patients with CI related to a cere-
brovascular lesion did not have a clinically-evident
stroke.”

The criterion of CI is operationalized in the diagnos-
tic criteria of CI due to CVD,*> although this opera-
tionalization still lacks consensus. Diagnosis of mild CI
frequently uses the 1.5 standard deviation threshold on
cognitive testing following criteria of Winblad et al.®
two thresholds have been proposed in the DSM-V (1
and 2 standard deviations for mild CI and major CI,
respectively).® In addition, some teams and studies
applied these thresholds to each performance score or
to each domain summary scores. Moreover, different
results can be due to the chosen operationalized crite-
ria’ since normative data depend on selection of the
controls (volunteers, community or not community,
with or without brain imaging), which can, per se,
limit interpretation of findings. A strict and explicit
harmonization is needed as the use of different proce-
dures deeply influences the interpretation (at least in
patients with mild impairment) and the false positive
rate.'%!! The use of a global cognitive score summariz-
ing all domains and the fifth percentile threshold has
been shown to improve sensitivity while controlling for
specificity [i.e. false positive rate].'" Whatever the
chosen procedure, it is essential to ensure that it pro-
vides an optimal sensitivity and controls specificity ade-
quately. In addition, the selection (volunteers vs
general population), demographic characteristics (rep-
resentation of older and low education subjects) and
size sample of normative population influence the
determination of cognitive test cutoff scores.

The characteristics of vascular lesions in the brain
are detailed in the subsection ‘Predictors of CI and
dementia’. The relationship between CI and cerebro-
vascular lesions is typically operationalized by its tem-
poral course (i.e., onset within 3 months of diagnosed
stroke, abrupt onset, or stepwise progression).*
However, abrupt onset is rare in the absence of a
stroke, and stepwise progression is infrequent owing
to better prevention of stroke recurrence. This excludes
patients with non-acute CI due to vascular lesion

without clinical stroke, a situation which is especially
encountered in small vessel disease (SVD).
Purposefully the VASCOG criteria® included this situ-
ation and consider the diagnosis of CI due to CVD
when deficits in executive functions and/or action
speed are prominent and associated with at least one
out of three features (gait disturbances, urinary control
disorders or mood changes).

How to evaluate the neuropsychological status in
stroke patients

Regarding stroke patients, we will focus on the post-
acute phase, i.e., 3 to 6 months post-stroke. Cognitive
assessment at the acute stroke onset should be per-
formed as part of the neurological examination and
contributes to the diagnosis of the acute condition in
the emergency room; in the stroke unit it usually con-
sists of clinical assessment and screening tests with,
when needed, language or hemineglect tests to
manage early rehabilitation.'> More detailed informa-
tion is already published.'? Although most post-stroke
assessments are now performed within 3-6 months,
timing of neuropsychological assessment may influence
the profile of CI: marked improvement in speed and
attention, frontal executive functions, perceptual and
nominal skills can occur over time, compared to
stable findings in verbal and visual memory.'*!'*

We propose that the initial full neuropsychological
evaluation should only be conducted after some stabi-
lization was achieved (possibly as late as 6 months after
a severe stroke), unless specific cognitive training could
be advised earlier (for instance cognitive intervention
for neglect). We do not advise to test and re-test repeat-
edly, unless specific questions arise (search for associ-
ated degenerative disease, driven ability or other legal
reason, or working difficulties and need for retirement
evaluation, for instance). In case re-test is needed for
clinical clarification, an ideal interval of 12 months
should be considered to avoid learning bias between
evaluations.

PSCI is observed in about 50% of stroke survivors,
two thirds of them corresponding to mild CI, and one
third to major CI according to present CI criteria (see
previous section).!""!>1¢ PSCI has a marked effect on
functional prognosis, risk of institutionalization'>'”!$
and risk of recurrence of a major vascular event.'>->

Optimal diagnosis of PSCI should be based on com-
prehensive cognitive assessment in patients at risk of
CI. Although this is always a clinical indication, and
should, in the end, based on the individual level, some
cues can be given: this objective can be achieved using a
recently explored strategy based on risk factors of PSCI
(Table 1 provided in supplementary material, and
“Predictors” section).”! Several factors have been
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Table |I. Diagnostic evaluation of patients with CI-CVD.

Step Aim of investigation

Risk factor assessment

Stroke subtype

e Increased risk associated with haemorrhagic (comparing to ischemic strokes)
e Increased risk in cardioembolic etiology and large artery atherosclerosis

Clinical assessment

Detection of Cl and other manifestations (depression, apathy).

Functional status assessment

Brain imaging (MR, if
contraindications: CT)

MRI preferred mode of examination
Differential diagnosis to other conditions causing Cl.

Identification of CVD type, location, and extent of CVD

Laboratory investigations
(blood, CSF)

Risk factor identification
Differential diagnosis to other conditions

Cl - cognitive impairment; CVD — cerebrovascular disease; CSF - cerebrospinal fluid; MRI- Magnetic resonance imaging; CT- computerized tomography.

found to be associated with PSCI, major CI, in partic-
ular.!%1%22 A recent study has identified a minimal set
of factors for selecting patients at risk of full-spectrum
PSCI.?' The Rankin score represents an important step
provided it is graded with a reliable informant, using a
structured interview (including difficulties in instru-
mental activities of daily living).>> Except in specific
situations (e.g. return to a complex occupation), a com-
prehensive assessment might be considered to be futile
in patients having regained all pre-stroke activities
without any concerns (i.e., Rankin score=0), and in
bedridden patients (i.e., Rankin score=5). In the
same vein, comprehensive assessment is usually unnec-
essary for diagnosis in patients with substantial impair-
ment on screening tests.

The administration of a comprehensive neuropsy-
chological battery is the gold standard for the diagnosis
of CI but may be complex to perform and not feasible
in all stroke survivors and requires suitable quiet and
uninterrupted settings. Hence, the first line of cognitive
assessment usually relies on clinical examination and
screening tests such as Informant Questionnaire on
Cognitive Decline in the Elderly (mainly used to iden-
tify pre-stroke CI),** MiniMental Status Examination
(MMSE)® and Montréal Cognitive Assessment
(MoCA).*® These instruments are a first step and
may identify different severities of CI. We must
acknowledge that MMSE and MoCA do not have
interchangeable results. MoCA tests included more
nonverbal and non-memory items (namely visuospa-
tial/executive functions and attention) compared to
MMSE. A recent systematic review indicated good to
excellent accuracy, good internal consistency and good
reliability of MoCA in differentiating between both
mild CI and major CI patients from controls.”’
Nevertheless, despite the mildly higher sensitivity of
MoCA as compared to MMSE,?” a low specificity®**’
still limits its use and both tests have only moderate to
good sensitivity for the diagnosis of PSCL.**3! Thus,

both tests underestimate the impairment in a significant
proportion of affected patients, i.e. they miss about one
fifth of cognitively impaired patients, a proportion
which increases in mild PSCI. In addition, their specif-
icity is also lower than 100%,?%3%3% indicating that
mildly decreased scores might be observed in subjects
with normal comprehensive assessment. Score interpre-
tation needs to take into account the first language,
education level (for both tests) and age (for MoCA)
2833, their scores might also be influenced by sensory-
motor deficit, deficits in language and perception
(hemi-neglect). Hence, it important to highlight that
screening tests scores need always to be integrated in
the clinical context and in the whole condition of the
patient, in order not to over value results of the screen-
ing tests.

Assessment of cognitive abilities is difficult in
patients with severe aphasia. In such cases diagnosis
of PSCI is usually made on the basis of an aphasia
battery and screening test. Further assessment might
be necessary to determine the cognitive profile (i.e.
associated memory disturbances, executive dysfunction
and action slowing). When comprehension abilities
allow the use of cognitive tests, further cognitive assess-
ment is usually based in non-verbal tests including
visual recognition tests (such as the Doors test, for
more details Table 2 in supplementary material), rea-
soning on visual material (such as Progressive
Matrices), visual-motor tests assessing attention and
processing speed (such as cancellation test, digit
symbol modalities subtest).

Which tests should be used in patients with
suspected Cl due to CVD?

Considering the profile of vascular CI, a comprehen-
sive test/battery should assess attention, action speed
(also called psychomotor speed or processing speed),
cognitive and behavioural executive functions, episodic
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Table 2. MRI sequences in Cl due to CVD should include:***°

Sequence

Provides information on:

Tl-weighted

T2-weighted or fluid-attenuated inversion recovery (FLAIR)
Diffusion-weighted imaging (DWI)

Susceptibility-weighted imaging (SWI)/GRE-T2*

Brain morphology, focal or diffuse atrophy

White-matter hyperintensities, old vascular lesions
Number, size and location of most recent ischemic lesions
Microbleeds, cortical superficial siderosis

memory, language, and visuo-constructive abilities as
well as depressive symptoms. When needed, this first
line of tests should be followed by optional tests assess-
ing aphasia, hemi-neglect, agnosia, etc. Cognitive
testing should anyway be adapted for the age and
sociocultural context, beyond specific stroke deficits.
The battery of tests is now standardized owing to the
Harmonization Standards protocol battery.>® This bat-
tery has been adapted into multiple languages and cul-
tures and interestingly it provides similar cognitive
profiles across countries, which sustains evidence for
the robustness and generalizability of the included
tests (detailed tests and references provided in Table 2
of supplemental material). Other studies have used neu-
ropsychological assessment, albeit different, that per-
mitted pooled analysis, including the main cognitive
domains identified by harmonization standards
protocol.*®

Difficulties in activities of daily living (ADL) should
be assessed using scales that can distinguish those dif-
ficulties due to CI (as needed for a diagnosis of major
CI) from those due to sensory-motor deficit and less
frequently, to psychiatric disorders,*> as physical
impairment can be a confounder for diagnosis.'® As
this distinction (critical for the diagnosis of major CI)
may be challenging, some studies have used an adap-
tation of instrumental activities of daily living assess-
ment, with additional questions and examination that
identify the mechanism (sensory-motor, cognitive or
psychiatric depressive) accounting for the decline of
each activity.' This poorly investigated area still
requires additional validation studies.

Predictors of Cl

Several factors have been identified as predictive of
future mild or major CI in patients with CVD disease.
These factors can be informative for clinicians regard-
ing counselling of patients and relatives as well as selec-
tion of patients for more intensive follow-up and for
clinical trials.

Neuroimaging predictors of cognitive impairment in small
vessel disease. In patients with cerebral SVD (but not
necessarily with history of stroke), clinical status and
brain magnetic resonance imaging (MRI) aid in

predicting cognitive deterioration. While age and initial
clinical status (cognitive and functional assessments)
already predict future cognitive decline and incident
dementia to a large extent, brain MRI has added
value.’® Although volumetric measures, such as total
brain volume, white matter volume and hippocampal
volume, emerged as the most consistent imaging pre-
dictors,>”® their practical use in non-specialized clini-
cal settings is scarce. Baseline white matter
hyperintensities (WMH) and lacunes (cavitated lesions)
have also been identified as independent predictors.>”
More novel markers, such as diffusion (tensor) imaging
and structural network analysis, show potential,‘w‘41
but still need further development and simplification
to be applicable in clinical routine care.

Neuroimaging predictors of post-stroke cognitive impairment.
Specific MRI markers as post-ischemic event predic-
tors have been summarized in a recent review.*> The
most consistent neuroimaging predictors of PSCI, in
addition to clinical predictors, were global and medial
temporal lobe atrophy.*>* These data suggest that it
might be beneficial to use brain imaging (computerized
tomography - CT- or MRI) to identify stroke patients
with these atrophy patterns. Volume and location of
the infarct (including lacunes) and strategically-
located infarcts were also found to be major predic-
tors.* Interestingly, data from the large STRIDE
study suggests that imaging predictors for PSCI may
differ depending on the time point of CI symptom
onset.* While early PSCI showed the strongest associ-
ation with infarct features (mostly size and location),
delayed PSCI was strongly associated with (pre-exist-
ing) SVD on MRI,* although these findings await rep-
lication in other studies. PSCI risk may differ according
to stroke subtype, with an increased risk of CI for
cardioembolic etiology and large artery atherosclero-
sis,**4” while others reported no differences after
adjustment for other factors such as stroke severity
and premorbid status,*® or noted a significant progres-
sive trend of CI among patients with small vessel dis-
ease and lacunes up to 5 years after stroke*’ (Table 1).
Pre-stroke brain pathology may contribute to cog-
nitive decline after stroke by increasing the susceptibil-
ity to CI. Because of their high prevalence in the
elderly, SVD and neurodegenerative pathology, in
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particular of the Alzheimer's disease (AD) type, are the
most obvious candidate predictors. An association
between pre-existing AD pathology detected by amy-
loid positron emission tomography (PET) and PSD
early after stroke has indeed been shown.*’ However,
several studies do not support a prominent role of amy-
loid pathology in delayed PSCI®® or PSD,***! i.e., CI
occurring months to years after stroke.

MRI markers of SVD, such as WMH, lacunes, and
cerebral microbleeds should be assessed since these all
increase the risk of PSCI.>? A large comprehensive sys-
tematic review and meta-analysis clearly demonstrates
a strong association between increasing severity of
WMH (on MRI or CT) and several adverse outcomes
including subsequent dementia.’®> Nevertheless, this
association becomes less strong with aging, when
degenerative pathology (AD type) probably superim-
posed on the impact of WMH.>* However, many stud-
ies did not account for factors such as premorbid
cognitive ability or resilience/reserve (discussed
below), which may partly account for the apparent
‘looseness’ of the association between WMH burden
and cognition.’® Given these results, the effect of
some other predictors of delayed PSCI, such as diabe-
tes, might at least in part be mediated by cerebral SVD,
and is potentially modifiable through better risk factor
control. The fact that delayed CI occurs months to
years after the initial stroke might open a time
window for therapeutic interventions, again emphasiz-
ing the importance of risk factor treatment after the
acute event.

From a practical point of view, infarct volume and
location, in combination with WMH, microbleeds and
atrophy (globally and medial temporal lobe), may be
the most important neuroimaging predictors of PSCI,>'
providing added value on top of clinical variables.

Finally, it should be mentioned that predictors of
minor and major CI after ischemic stroke and after
intracerebral haemorrhage appear to be largely simi-
lar,® with haemorrhagic stroke associated with an
increased risk of PSCI compared with ischemic
stroke.*$5

Clinical predictors. Predictors are of particular interest in
the context of PSCI, to identify patients at high-risk for
CI promptly identified after the acute event. Multiple
studies on PSCI identified predictors related to the con-
cept of brain resilience or reserve.** This concept
addresses the phenomenon that the same level of
brain pathology leads to different levels of CI depend-
ing on the premorbid condition of the brain and pre-
sumably its ability to actively compensate for the
damage.”® Or. in other words, lower resilience leads
to a greater susceptibility for PSCI. Predictive factors
attributable to the concept of resilience or reserve are

level of education, early-life intelligence (also reflected
in type of job), leisure activities, as well as employment
and relationship status pre-stroke.'®>7-60

The Oxford Vascular Study®” is at present the larg-
est prospective incidence study for PSD. Stroke severity
as measured by the National Health Institutes Stroke
Scale (NIHSS)®! score was one of the strongest predic-
tors of PSD. Other factors were age, previous stroke,
recurrent stroke, dysphasia, baseline cognition, low
education, pre-morbid dependency, leukoaraiosis - on
brain imaging-, and diabetes. The latter is of particular
interest for clinicians, since it was the only vascular risk
factor associated with PSD. This suggests that intensi-
fied risk factor management post-stroke might be most
effective in the case of diabetes, or reflect that hyper-
tension and hyperlipidaemia are already now well man-
aged. Recent data from the same study found that
APOE e4 homozygosity was associated with PSD, rein-
forcing the conviction of the influence of a previous
neurodegenerative pathology.®?

Still concerning stroke survivors, a combined cogni-
tive risk score based on four easily documented factors
(severity of neurological deficit, presence of multiple
strokes, multiple deep WMH corresponding to
Fazekas score >2 and a mild decrease of MMSE
score, i.e., adjusted MMSE score from 21 to 27) pro-
vided a very good screening strategy>! but remains to
be tested independently and more widely in other
cohorts before adoption into practice.

A last word considering age. Although age is an
important predictor, PSCI, both acute and delayed, is
not infrequent in young stroke survivors, and consid-
ering relative risk (although not absolute risk), the
dementia risk is greater in younger populations.'®??
Inspite of that, predictors of post-stroke cognitive
status  in  this  subpopulation are largely
understudied.®*%*

Complementary investigations not to be missed

The large clinical and neuroimaging heterogeneity of
CI due to CVD explains the difficulty of developing a
standardized medical evaluation in the clinical setting
for all types of CI due to CVD.%>¢¢

It should go without saying that all patients who are
seen in a CVD clinic have a comprehensive evidence-
based vascular risk factors assessment®”® and a work-
up for determining the stroke subtype and potential
underlying mechanism.®> 7' The underlying source of
vascular brain damage should be pursued in all CI due
to CVD patients’ in order to prevent subsequent/
recurrent strokes.

Clinical assessment of patients with CI due to CVD
should include the analysis of typical cognitive changes
(described above) but also the recognition of non-
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cognitive manifestations of CVD such as depression,
apathy, motor disability, gait difficulties, balance prob-
lems, sensorimotor deficit(s), sphincter control dys-
function, parkinsonism, pseudobulbar palsy and all
their possible functional consequences in daily life
(Table 1).

While functional outcome in patients surviving
acute stroke is well-established, comprising measures
of disability (modified Rankin scale score)’® and func-
tional independence (Barthel Index),”* other aspects of
activities and functional disturbances in daily living are
multifaceted, nuanced, difficult to delineate and not
well assessed using specific tools.®***7>77 Cognitive
impairment and executive dysfunction, in particular,
as well as depression and apathy, may all have a sig-
nificant impact on patients’ functional abilities and
independence.”® One practical way to assess this
impact is using the interview, with a relative/caregiver.
The interview should include aspects mentioned before
in “how to recognize cognitive impairment/
complaints” such as abandonment of leisure activities,
change of habits.

Laboratory analysis in Cl due to CVD

No specific laboratory analysis or biomarker in the
blood or cerebrospinal fluid (CSF) is available yet for
determining the exact vascular injury responsible for CI
due to CVD.®” However, blood laboratory tests can
help identify and monitor vascular risk factors.

In patients with SVD, CSF studies may help in dif-
ferential diagnosis of inflammatory myelin disorders or
to exclude vasculitis.” CSF protein examination can
provide evidence of blood-brain barrier disruption
(increased albumincgy to albumingooq ratio)-*"""

Analysis of CSF markers of cortical neuronal degen-
eration and amyloid pathology may help in detecting
mixed etiologies (namely with AD -reduced amyloid
f1-42 - also detected in amyloid angiopathy - associat-
ed with increased phosphorylated-tau).” Other multi-
ple markers are so far of limited value in clinical
practice,** ¥ such as serum and CSF inflammatory
markers, markers of extracellular matrix breakdown
(matrix metalloproteinases) or of neuroaxonal
damage (serum neurofilament light chain), markers of
hypercoagulable state, oxidative stress as well as other
metabolic markers (e.g., homocysteine).

Neuroimaging in Cl due to CVD

Neuroimaging will have been performed in most
patients in the acute setting to assess the stroke sub-
type, and to plan the secondary prevention strategy at
individual level (Table 3 in supplementary materi-
al).%0728485 This imaging can also support the

evaluation of the likely cause of CI. In this context,
the best imaging tool is brain MRI, which can be con-
sidered as the gold standard for diagnosis of CI due to
CVD,® although CT scanning is the most widely avail-
able method and provides relevant information on
stroke type and pre-stroke brain changes including leu-
koaraiosis and atrophy. MRI examination should
include sequences shown in Table 2.

MRI can also show suggestive patterns of lesions in
favor of specific underlying disorders; Cerebral
Autosomal Dominant Arteriopathy with Subcortical
Infarcts and Leukoencephalopathy (CADASIL) is
often associated with temporal pole T2 hyperinten-
sities; cerebral amyloid angiopathy (CAA) often leads
to lobar macro- and microbleeds and cortical superfi-
cial siderosis.®*” Diffusion tensor imaging that can
probe the microstructure of white matter (even in oth-
erwise normal appearing brain tissue), as well various
refined MRI modalities (high-resolution MRI systems,
proton NMR spectroscopy and dynamic contrast-
enhanced MRI) can provide information about the
tissue status but are not used in daily clinical prac-
tice.**7>8% Neuroimaging acquisition, interpretation
and reporting of cerebral SVD are now better stan-
dardized, and the Standards for Reportlng Vascular
changes in nEuroimaging (STRIVE) criteria have
been proposed to better define MRI lesions.® In
patients with MRI contraindications, CT scans can
depict atrophy, intracranial haemorrhage, acute and
old infarcts, and, to a lesser degree, lacunes and exten-
sive WMH.®” The use of fluorodeoxyglucose -PET is
not helpful for differentiating AD from patients with
vascular pathology.”’ In a recent meta-analysis, PET
amyloid positivity (a classical feature in presence of
CAA or AD) has been reported in elderly APOE &4
carriers meeting the criteria of VD, and a further
increase may be observed in PSD subjects,”*¢7! sug-
gesting a contribution from AD pathology, and a
mixed etiology in older patients with PSD.

Integration of diagnostic information and diagnostic
labels

Complementary investigations may be needed for the
differential diagnosis of MRI-identified lesions (e.g.
vascular versus demyelinating lesions in younger
patients, or differential diagnosis of white matter
lesions at different ages)®>** or for identifying associ-
ated disorders, particularly neurodegenerative condi-
tions that develop with aging.”” In hereditary forms
of CI due to CVD, the patient should be referred to a
comprehensive center enabling diagnosis of genetic dis-
eases which can help to reduce unnecessary diagnostic
procedures and implement treatment strategies.
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Treatment to improve cognition in patients with Cl
due to CVD

Currently, there is no specifically approved treatment
for CI due to CVD. A systematic review of cholines-
terase inhibitors (donepezil, rivastigmine, galantamine)
and N-methyl-d-aspartate receptor antagonists (mem-
antine) suggested that these drugs improved cognition
in CI due to CVD, but did not improve behaviour or
functional status.”*”* It should be noted, however, that
due to the limitations of inclusion and diagnostic crite-
ria, the vascular origin of cognitive impairment could
not be determined in all participants in any of the trials.
More dropouts and adverse events (anorexia, nausea,
vomiting, diarrhea, and insomnia) occurred with cho-
linesterase inhibitors compared with memantine. In
CADASIL, a pure form of VD,”® the use of donepezil
was also found to improve some executive performan-
ces but without improving activities of daily living.”’
Hence, these drugs are not recommended when CI or
dementia is of purely vascular origin. However, they
can be considered at individual level when the vascular
component of dementia is associated with a degenera-
tive disease such as AD, which might be the case in
many patients seen in daily practice, particularly
older patients.

No significant effect was detected on CI due to CVD
using nimodipine, piracetam, huperzine A, cytidine di-
phosphocholine and vinpocetine. Other molecules have
shown a limited benefit in patients with CI due to CVD
(dl-3-n-butylphthalide, gingko biloba extract, cerebro-
lysin, actogevin).’>%® The results were obtained in small
samples or only in subgroups of individuals and were
not replicated at large scale. Therefore, we see no evi-
dence to recommend these drugs in patients with CI
due to CVD.

In conclusion, the use of cholinesterase inhibitors
and memantine might be considered in patients with
CI due to CVD only very cautiously and on a case-
by-case basis where AD is thought to contribute,
depending on the authorization available in the coun-
try, the individual tolerance of the treatment and the
perceived benefit during follow-up.

Prevention in patients with Cl due to CVD

In patients with CI due to CVD or at risk of developing
CI of vascular origin, it is obviously crucial to prevent
the occurrence of any new stroke event or incident cere-
brovascular lesion. The assessment of the underlying
CVD and all measures to reduce its progression
should be undertaken in all patients.

Control of vascular risk factors and lifestyle changes
have limited effects at cognitive level, with exception of
hypertension (with suggestions of some benefit from

randomized studies),” but globally, multi-domain
interventions, including non-pharmacologic and life-
style modifications showed no consistent benefit in cog-
nition in stroke survivors,'%-103

Patients with CI due to CVD should be treated as
usually recommended after the occurrence of an acute
ischemic or haemorrhagic stroke.'® In patients with a
past history of ischemic stroke, there is accumulating
evidence suggesting that the number of microbleeds on
MRI imaging should no longer be considered as a
contra-indication to antithrombotic drugs.'® Recent
data support that in the vast majority of cases, the
absolute risk of ischemic events largely exceeds that
of haemorrhages. Only the presence of lobar haemor-
rhage in probable CAA, anticoagulant should be thor-
oughly discussed dependent on the level of risk of
ischemic events.

Particular attention must be paid to patients with CI
due to CVD when cognitive deficits are severe, to assess
the risk related to therapeutic compliance, including
errors or misunderstanding regarding the use of antith-
rombotic treatments.'% In some individuals, a caregiv-
er may be needed to control the treatment
administration. When in doubt, treatments that
expose a high risk of complications might be avoided.

Reperfusion therapies in presence of Cl

There is no study examining specifically the potential
of thrombolysis or thrombectomy to treat acute ische-
mic stroke in patients with CI due to CVD. However,
the risk of death and haemorrhage is not increased in
persons suffering from dementia'®” and there is some
evidence that persons with dementia may benefit as do
other acute stroke patients from intravenous rt-PA.'%
Therefore, thrombolysis or thrombectomy should be
considered in all acute stroke patients including those
with CI due to CVD. However, the premorbid level of
function, quality of life, social support and life expec-
tancy should be weighted whenever possible before
deciding to treat as they can be major determining fac-
tors in outcome.'"’

Hence, the use of cerebral reperfusion therapies
should not be ruled out in patients with CI.
Individual decisions of not to treat maybe taken,
namely in situations where autonomy is already severe-
ly affected and when large lesions cannot be significant-
ly reduced by the treatment.

Discussion and conclusion

Additional investigations are needed to improve the
management of cognitive disorders due to cerebrovas-
cular pathology. The development of innovative pre-
ventive therapies in stroke patients that can further



Reproduced with permission

Verdelho et al.

13

reduce the risk of vascular brain damage will remain
the best guarantee for decreasing the risk of cognitive
decline. Any progress in the management of all types of
CVD will be essential in this context.

Since the benefit of some specific pharmacologic
agents may vary depending on the distribution and
severity of cerebral damage, importance of brain and
cognitive reserve, but also on age, gender, metabolic or
genetic factors, new strategies that could better inte-
grate complex parameters at individual level should
be considered in future clinical trials for developing a
personalized approach to management.

The potential of various types of neuroprotective
agents for reducing cerebral tissue damage in CVD
needs further investigations. eHealth interventions for
improving prevention, clinical follow-up and treatment
will need specific studies. This approach might be also
used in the near future to enable innovative numeric reha-
bilitation and regular counselling via internet platforms.
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Introduction

Dementia and stroke share several modifiable vascular
risk factors and are risk factors for each other.'
Hence, patients with cognitive impairment (CI) who
are seen at memory clinics frequently present with vas-
cular risk factors and cerebrovascular disease.
Furthermore, cerebrovascular disease contributes to
clinical symptoms that may aggravate or anticipate
the clinical expression of underlying degenerative
brain pathology There is a lack of evidence on the
treatment of cerebrovascular disease in patients with
CI.*® Uncertainty about management of vascular risk
factors and cerebrovascular disease in people affected
by CI might lead to heterogeneity in the treatment of
those patients. In addition, professionals from memory
clinics may have less experience in the recognition and
in the appropriate management of cerebrovascular dis-
ease. The aim of this paper is to help reducing this
potential knowledge gap, while waiting for appropriate
field trials.

Methods

This document is a white paper produced by the
Dementia Committee members, and endorsed by the
European Stroke Organization, aiming to give practical
clinical suggestions for the management and treatment
of cerebrovascular disease in patients with cognitive
disorders. It was meant for the use of professionals
involved in the management of patients with CI,
including medical specialists, general practitioners,
but also non-medical professionals interested in CI
and dementia, in order to help clinical decisions.
Content is not a result of a systematic review, but
rather based on relevant literature and on the clinical
experience of the authors

In this paper an effort was made to incorporate dif-
ferences of approach and access to ancillary investiga-
tions, keeping in mind the standard usual best practice
from a cerebrovascular disease perspective. For a prac-
tical use, cognitive impairment (CI) include patients
with objective cognitive impairment regardless of
having or not criteria for dementia. Subjective cogni-
tive impairment refers to subjective complaints of
decline in cognition without confirmation of decline
on objective cognitive assessment.

Findings

Clinical expression of cerebrovascular contribution
in Cl

Cognitive and behavioral manifestations. Once a patient is
seen in a memory clinic and the diagnosis of CI has
been confirmed, the possible presence, coexistence, or
relevance of a cerebrovascular component in the etiol-
ogy of CI should be considered. Identification of cere-
brovascular disease through neuroimaging is quite
straightforward (see below). However, identification
of symptoms and signs of cerebrovascular disease on
clinical grounds might be less obvious. A synthetic
approach is given in Text Box 1. Over the last years,
there has been much discussion about the potential role
of neuropsychology in order to differentiate the vascu-
lar from the degenerative component of CL.® Although
there is consensus that compromise of some cognitive
domains (such as memory) may be more prominent in
Alzheimer disease (AD) than in cerebrovascular dis-
cases,” and executive dysfunctions are thought to be
more typical of cerebrovascular pathology, in fact all
major cognitive domains are affected in small vessel
disease® and neuropsychological testing cannot per se
differentiate between vascular CI and AD at the

Text Box |. Clinical symptoms/signs which should raise possibility

of concomitant cerebrovascular disease

Cognitive symptoms Slowness of processing speed

Attention deficits

Reasoning problems

Decision-making difficulties

Apathy

Mood changes (namely
depressive symptoms)

Behavioral and
psychological
symptoms Emotional control problems

Lack of initiative

Apparent change in personality

Informant report of cognitive
decline and behavioral changes

Motor and other Gait changes

non-cognitive/ Urinary problems

behavioral symptoms  Finger tapping changes
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individual level,” nor clearly outline the presence of a
vascular contribution in patients with CI of degenera-
tive origin.IO Nevertheless, the combination of the
information driven by neuropsychological testing
(and remaining clinical evaluation) with brain imaging
is the best clue to support a likely cerebrovascular
contribution.

Behavioral and psychological symptoms are highly
frequent among cerebrovascular disease manifesta-
tions'""'? and might be different according to the
nature of cerebrovascular lesions.'> Those symptoms
might be undervalued by relatives (and interpreted
for instance as due to ageing) or overlooked due to
other concomitant cognitive symptoms. Depressive
symptoms, lack of emotion expression control and
emotionalism, apathy and lack of initiative and
change in personality traits are among those symp-
toms. There is no ideal short battery for the identifica-
tion of deficits in patients with cerebrovascular disease.
We should keep in mind that less exhaustive neuropsy-
chological study might fail to put in evidence few cog-
nitive deficits and behavioral changes'

Evolution over time. Apart from detailed evaluation of
cognitive testing, there might be other clinical hints
that suggest the presence of a vascular component in
a patient with CI.

Historically, one clinical tool to differentiate the vas-
cular component of the cognitive decline is to apply the
so-called ischemic score published by Hachinski and
co-authors, aiming to differentiate AD from multi-
infarct dementia.'> The score is today considered
partly out-of-date and is more rarely used than in the
past; however, it may serve to outline and discuss some
aspects. According to the original paper, a few charac-
teristics of the clinical course of the cognitive deterio-
ration may indicate the presence of a vascular
component (or cause); these are the abrupt onset, the
stepwise deterioration, and a fluctuating course.
However, it should be kept in mind that the original
paper was referring to patients with multiple strokes.
Today, we know that a good proportion of patients
whose CI recognizes a vascular cause - or at least a
vascular component of it -, have small vessel disease
(SVD),'® and the course of their cognitive decline is
not usually stepwise but rather progressive and with
insidious onset. Other items of the original scale,
given the current knowledge, appear of limited utility
as they are scarcely discriminative and are also a risk
factor for AD (more information concerning
Hachinski’s score is provided in supplementary
material).

Motor and non-motor manifestations. More relevant in this
sense are the history of strokes and the presence of

focal neurological symptoms and signs. These latter
should be always searched for, systematically, as they
are highly indicative of a cerebrovascular contribution.

CI phenotype usually reflects more than one patho-
logical mechanism. Biomarkers (namely imaging for
vascular pathology) are able to put in evidence cerebro-
vascular disease. The knowledge of the clinical expres-
sion of vascular pathology leads to the possibility of
addressing better the specific trigger for CI in a specific
person. Some neurological signs may help in the iden-
tification of the etiology of the clinical picture. One
relevant aspect to be outlined is the possibility to sus-
pect a vascular component of CI by assessing physical
performance with simple and clinically friendly tools.”
Patients with cerebrovascular disease have frequently
gait disturbances with balance difficulties, small steps,
and bradykinesia. Besides those affected by the sequel-
ae of previous stroke such as hemiparesis, patients with
SVD have typically a slowed, short-stepped, wide-
based gait. These patients also have an increased rate
of falls. More sophisticated tools for assessing gait per-
formance maybe better but also difficult to implement
in memory clinics on a large scale.'®

Finally, there have been data supporting that
changes in other non-cognitive symptoms (as for
instance urinary troubles early in the course of the dis-
ease) since these are common in patients with vascular
contributions to CI and have an adverse effect on their
daily lives. Cerebral SVD is associated with urinary
problems'” and also with abnormalities on neurologi-
cal examination, such as slowness of finger tapping.?’
Despite the possibility that these features might direct
the attention of the treating physician towards the pres-
ence of a vascular contribution, other degenerative
pathologies may present with similar findings®'** . Tt
might be reasonable however to search for all these
aspects in each patient arriving at a memory clinic.

Subjective cognitive impairment. One last word concerning
subjective CI, that usually is associated with higher risk
of dementia, usually of the Alzheimer type (and not
with SVD).!> However, among community cohorts,
may represent an increase in the relative risk risk for,
particularly, CI of vascular origin.>* Clinicians should
keep in mind that patients with subjective complaints
living in the community are an opportunity to identify
vascular risk factors in people otherwise well, and rein-
force preventive actions concerning those vascular risk
factors.

What investigation/complementary investigation(s)
are important?

Patients presenting to memory clinics should have
brain imaging that includes assessment for vascular
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and neurodegenerative or other brain lesions. They
should be assessed for common modifiable vascular
and lifestyle risk factors to minimize their impact on
brain and general health (Table 1).

Neuroimaging

General considerations. On neuroimaging, vascular
lesions include cortical or subcortical infarcts or old
haemorrhages, signs of SVD including white matter
hyperintensities (WMH), lacunes and microbleeds,
and cortical superficial siderosis (cSS).>* Perivascular
spaces are common in cerebrovascular disease, but
their clinical relevance is currently less clear.”>?®
Brain atrophy occurs in the common neurodegenera-
tive dementias including AD (particularly of medial
temporal lobes), fronto-temporal dementia (of frontal
and temporal lobes), dementia with Lewy Bodies (of
parietal lobes), but also occurs diffusely in SVD?’
and focally after infarcts and haemorrhages. The pat-
tern of atrophy may provide clues of the dementia type,

but many patients have global brain atrophy, so in
practice, atrophy patterns may have limited specificity.

MRI and CT scan applications. Brain imaging can be
performed with computerized tomography (CT) scan-
ning or magnetic resonance imaging (MRI). MRI
might not always be available, or not applicable for
every patient, so clear knowledge about limitations
and advantages of each technique is needed.
Moreover, CT is of quick realization, which is quite
relevant for instance in patients with behavioral
changes, fear of closed environments or with MRI con-
traindications (pacemaker or some prostheses, for
instance). CT is equally accurate as MRI for patholo-
gies such as brain tumours, subdural haematomas,
many larger infarcts, acute haemorrhages, and can
show brain atrophy, moderate to severe white matter
lesions (leukoaraiosis), and lacunes.?® Nevertheless, dif-
ferentiation of old haemorrhages from old infarcts,
identification of microbleeds and ¢SS and some small
acute infarcts is not reliable on CT. MRI is much more

Table I. Investigations to avoid missing modifiable vascular risk factors.

Measure To detect

Modifiable vascular risk factors
Blood pressure Hypertension

Blood glucose Diabetes

Blood lipids Hyperlipidaemia

Body mass index Overweight and obesity
Lifestyle history

May need multiple measures, or ambu-
latory monitoring

Excessive alcohol intake, smoking, poor diet,

inadequate exercise and sedentary habit

Other proxy-risk factors, as
obstructive sleep apnea, risk
homocysteine levels

Sources of emboli and evidence of ischaemic cardiovascular disease:

Different factors associated with higher vascular

If not actively searched be a missed
opportunity to be identified

ECG Cardiac arrhythmias, particularly atrial fibrillation; May need ambulatory monitoring, to

ischaemic heart disease

Echocardiogram
Aortic cross atheroma

Doppler Ultrasound, CT or MR

angiography stenosis
Evidence of cerebrovascular disease
MR or CT brain imaging®

Heart valve disease, atrial septal defects (ASDs)

Acute or old cortical infarcts;

Acute or old subcortical infarcts;

acute or old brain haemorrhage;

WMH, lacunes, microbleeds, cortical siderosis;

detect paroxysmal arrhythmias or
even an ECG-T (cardiac event
recorder)

Transoesophageal echo with iv echo-
contrast is more sensitive to ASDs
than transthoracic

Carotid or vertebral artery extra- or intracranial CT or MR angiography for suspected

intracranial stenosis

Tl-weighted, T2-weighted, FLAIR, SWI
and DWI sequences are all essential
to assess for the range of cerebro-
vascular disease lesions.

brain atrophy including regional distribution

*MRI preferred, as more sensitive for detecting vascular changes. CT will detect non vascular causes and brain atrophy, many infarcts, acute
haemorrhage, and moderate to severe WMH and lacunes, but not microbleeds, differentiate old infarct from haemorrhage, and is much less sensitive

to SVD lesions than is MRI. CT possibilities discriminated in main text.

WMH: white matter hyperintensities; FLAIR: fluid attenuated inversion recovery; SWI: susceptibility-weighted imaging; DWI: diffusion-weighted

imaging or diffusion imaging.
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sensitive to vascular lesions, particularly WMH, micro-
bleeds and c¢SS. MRI is also better for detecting and
differentiating sporadic vascular lesions from multiple
sclerosis, vasculitis, some infections and familial genetic
causes of dementia and cerebrovascular disease such as
CADASIL. However, when using MRI, the correct
MRI sequences are required to identify key vascular
pathologies. Many memory clinics use MRI protocols
including 3D T1 and T2, which detect brain atrophy,
some cortical infarcts, lacunes and can exclude tumours
and subdural haematomas, for instance. However, to
detect key vascular lesions, a fluid attenuated inversion
recovery (FLAIR) sequence is required for WMH and
small cortical infarcts, a susceptibility-weighted imag-
ing (SWI or Gradient Echo or T2*) sequence is essen-
tial to detect microbleeds, ¢SS, and old
macrohaemorrhages, and diffusion-weighted imaging
(DWI) is important to detect small acute infarcts.

Specific hints from neuroimaging. WMH, lacunes,
microbleeds and atrophy all increase with age.**
However, a higher than expected burden of WMH
for age, and any lacunes or microbleeds, should trigger
a search for modifiable risk factors.?® Smith et al. pro-
vided a practical schema of WMH severities according
to age groups, based on MRI, in a recent publication
(see Figure 7 in).”’ Large numbers of WMH and
lacunes in a young patient should raise the possibility
of a monogenic SVD such as CADASIL. Multiple cor-
tical infarcts especially in multiple arterial territories,
should trigger a search for proximal embolic sources.
Microbleeds are associated with hypertension, where
they typically occur mainly in deep grey and white
matter, and commonly found in patients with cerebral
amyloid angiopathy (CAA) where they typically have a
lobar distribution and are seen at the cortical-
subcortical junction, although mixed distributions of
microbleeds are common. Microbleeds plus ¢SS are
likely to indicate CAA.*°

Vascular risk management

Vascular risk factors assessment. The main modifi-
able vascular risk factors are hypertension, hyperlipid-
emia, diabetes, and sources of emboli or altered
cerebral perfusion such as atrial fibrillation or other
cardiac arrhythmias, heart valve disease, and athero-
matous internal carotid artery stenosis. Modifiable life-
style risk factors include tobacco smoking, lack of
regular physical exercise and poor diet including
excess dietary sodium and alcohol.

All patients attending memory clinics should have
their blood pressure measured using an approved and
well maintained sphygmomanometer device. Blood
pressure should be assessed sitting after at least five
minutes of rest, and in both arms to avoid falsely low

reading due to a subclavian artery stenosis. More
detailed repeated measures of BP in clinic or home
monitoring may be required but this is out of scope
for this paper. Loss of adherence to hypertension treat-
ment should be prevented (namely patients might stop
medication when values get normal due to treatment),
hence, any attendance at a clinic is a good opportunity
to check that vascular risk management is under con-
trol. Patients should also have their blood glucose and
blood lipids (cholesterol, LDL, HDL) measured if
these have not been performed recently elsewhere,
and appropriate management implemented whenever

necessary.“

Ancillary investigations concerning vascular risk fac-
tors. As cholinesterase inhibitors may delay atrial-
ventricular conduction, an electrocardiogram (ECG)
is usually requested in memory clinics. When there is
evidence of cerebrovascular disease, an ECG will be
helpful to identify arrhythmias, and signs of ischaemic
heart disease or left or right chamber hypertrophy.
Special attention must be given to patients with
recent focal neurological symptoms or evidence of cere-
brovascular lesions on scanning, especially if in multi-
ple vascular territories: in those patients, ambulatory
monitoring may be required to detect paroxysmal
arrhythmias and further investigations such as echocar-
diography, and neck or intracranial artery imaging e.g.
with Doppler ultrasound, CT or MR angiography*>
may be needed. Patients with more complex cerebro-
vascular disease as recurrent strokes despite adequate
management and adequate secondary prevention, rare
causes of stroke (as genetic diseases as CADASIL) and
patients with recent acute stroke or suspected TIA
should be considered for referral to a stroke clinic.

Other life-style and global measures. Tobacco smok-
ing®* and excess alcohol consumption damage the
brain,>* so cessation of those habits should be sug-
gested. Exercise helps to maintain brain vascular
health,”> and a well-balanced diet including recom-
mended amounts of fruit and vegetables,*® avoiding
excess sodium®’ and processed meats, is advisable.
Lifestyle advice encourages patient awareness of their
vascular risk and is part of comprehensive risk
management.

A synopsis of suggested investigations is given in
Table 1, and a summary of relevant suggestions in
Text Box 2.

Treatment

Primary and secondary prevention of stroke. Prevention of
new vascular events in people with symptomatic car-
diovascular disease is one of the real success stories of
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extension of WMC and SVD)

imaging and cardiac study)

Text Box 2. Summary of suggestions for the management of cerebrovascular disease in patients with Cl.

o Clinical appointments due to Cl should be considered as an opportunity to check and better control of vascular risk factors

© Brain imaging (made in the context of Cl) should be reviewed to verify existence of cerebrovascular disease

o In the case of cerebrovascular component highly suspected/not clear after CT, an MRI should be considered (namely if doubt
about hemorrhagic component including microbleeds and ¢SS, small acute lesions, specific profiles as familiar -e.g. CADASIL, or

 Specific investigations should be considered in acute lesions, recurrent and multiple strokes (namely neck and intracranial artery

preventive medicine. In patients who experienced a
ischaemic stroke, or transient ischaemic attack, the
risk of future vascular events can be reduced by 30—
50% through guideline-based treatments and lifestyle
recommendations.*® Of note, the evidence on which
these guidelines are built is largely derived from studies
on atherosclerotic (large artery) disease. By compari-
son, the available evidence specifically concerning
treatment of cerebral SVD, the commonest form of
vascular brain injury encountered in people with CI,
is quite limited. >

There clearly is an important potential for vascular
prevention strategies in patients with CI. Yet, physi-
cians should be careful to apply guidelines for second-
ary prevention after stroke to people with CI and
so-called “silent cerebrovascular disease”. In this set-
ting, some treatments that are cornerstones in second-
ary prevention, in particular antithrombotic agents,
may be ineffective, or sometimes even harmful.
Although some recommendations are published,” we
try to summarize few practical points in the next lines.

In all patients with CI and vascular brain injury,
guidelines for primary prevention of cardiovascular
disease apply.** This includes lifestyle recommenda-
tions, and encouraging cessation of smoking, if appli-
cable, as mentioned above. To determine if additional
treatment is needed, or existing treatments should be
modified, a pragmatic approach is the following:

First, determine if the patient had a previous ischae-
mic vascular event or other ischemic vascular disease
elsewhere in the body. If this is the case, this previous
cardiovascular disease generally determines the choice
of antithrombotic agents and blood pressure and cho-
lesterol targets, according to available guidelines.?*4"
Nevertheless, the memory clinic visit should be taken
as an opportunity to double check if this treatment is
appropriately installed.

Next, determine the nature of the vascular brain
injury. Asses the different lesion types and burden as
indicators of risk of future vascular injury. Of note,
lesions that are typically considered to be ischemic,
such as WMH and lacunes, not only convey an
increased risk of future ischemic stroke, but also of

intracerebral haecmorrhage (ICH).*' Similarly, lesions
that are typically considered to be haemorrhagic, in
particular, microbleeds, also convey an increased risk
of ischaemic stroke. For example, in patients who pre-
viously experienced a TIA or ischaemic stroke it has
been established that presence of multiple microbleeds
is associated with a much higher relative hazard ratio
for future ICH than for ischaemic stroke.** Yet,
because the overall rate of ischaemic stroke in these
patients is several fold higher than that of ICH, even
in patients with multiple microbleeds the absolute risk
of ischaemic stroke is higher than that of ICH.** These
observations illustrate how difficult it can be to base
indications for antithrombotic agents on patients with
these lesions. Practical hints are given in Text Box 3.

Specific issues in the use of antithrombotic therapy. It is also
important to consider if the vascular brain injury, as
seen on the scan, provides an indication to initiate or
modify antithrombotic therapy. As a general principle
“silent” ischemic lesions, in particular WMH, do not
provide a clear indication for prescription of antith-
rombotic agents.”” By contrast, it is also questionable
if presence of a few microbleeds should be a reason to
withhold antithrombotic agents in patients in whom
such agents are otherwise indicated for presence of
symptomatic ischaemic vascular disease. An exception
may be people with high (e.g. >10) numbers of micro-
bleeds and also people with ¢SS, particularly if dissem-
inated (detected in more than 3 sulci). ¢SS is an
indicator of CAA and conveys an absolute risk of
future ICH of 11% per year when disseminated.****

In all cases, particularly for prescribing or discontin-
uing antithrombotic agents, an individualized
approach is needed. Where possible this should be
based on weighing the patients estimated absolute
risk (and not relative risk which might often be mis-
leading) of both future ischaemic and haemorrhagic
events. The challenge is that such estimates are still
imprecise and are largely derived from studies that
did not specifically include patients from memory clin-
ics. This clearly is an area for further study.



Reproduced with permission

Verdelho et al.

117

risk of future ischaemic or haemorrhagic events.

Text Box 3. Practical suggestions concerning treatment of cerebrovascular disease in patients with Cl.

o Implement primary and secondary prevention of stroke; primary prevention applies to all patients. Patients who experienced a
stroke should be treated according to secondary prevention guidelines.

o No evidence base to support application of secondary stroke prevention treatment strategies for WMH alone.

o Individualized approach to initiate or modify antithrombotic agents based on weighing the individual patients estimated absolute

Conclusion and suggestions for
future research

The interplay between vascular and neurodegenera-
tive pathologies in patients with CI and dementia
remains an active area of research. In recent years,
the notion of potentially significant vascular contri-
butions to CI and dementia in different patient set-
tings is becoming better appreciated by clinicians.
However, the mechanisms of how cerebrovascular
pathophysiology reciprocally interacts with neurode-
generation in producing or contributing to cognitive
symptoms and decline are complex and currently elu-
sive. For example, there are many strong epidemio-
logical links between traditional vascular risk factors
and CI, and also a plethora of theoretical pathophys-
iologic crosstalk mechanisms between brain vessels
pathologies and f-amyloid, a hallmark of neurode-
generation pathobiology. Often, age-related CI and
dementia represent really a mix of neurodegenerative
and vascular pathologies. Despite the details and tra-
jectories being largely unknown, this realization gives
a reason for hope, in that more contributions to CI in
patients translates to more targets and opportunities
to intervene. Such targets might include protection of
the endothelium, the blood-brain barrier, other com-
ponents of the neurovascular unit, or targeting CAA.
It will also be of interest to assess the independent
benefit on cognition of commonly used medications
for primary and secondary stroke prevention, includ-
ing antithrombotics in different stroke patient
cohorts.

Ongoing and future research should focus on
human- and animal-based studies of these interactions
and on multidisciplinary consortia exploring potential
biomarkers and clinical targets for intervention.
Another relevant issue is the need to learn how to
best evaluate and qualify cognitive performance as to
outline cognitive components that are more specific of
the vascular contribution®® and whether this approach
would be clinically meaningful. In the meanwhile, it is
reasonable for all patients being assessed or managed
for CI, to also be assessed for vascular brain injury and
risk for it, and follow relevant published guidelines for
primary or secondary prevention of cardio-
cerebrovascular disease as applicable.
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Cognition in Multiple Sclerosis:
Evaluation, Treatment, and Brain
Networks

Tom Fuchs

Multiple sclerosis is an immunological and neurodegenerative
disease of the central nervous system. This disease, more prevalent
in women in northern climates, is t)(/fically characterized by a
“relapsing-remitting” phase followed by a more “progressive” phase
where disability accrues more precipitously. The disease results in
localized lesions in gray matter and white matter of the central
nervous system. Locations of these lesions is non-random, e.g.
around venules and more around the lateral ventricles, but locations
vary widely from person to person. Because of this varied lesion
locations, neurologic symptoms also vary widely. Notably though,
cognitive dysfunction is common. Charcot, a 19th century French
physician, provided broad but accurate descriptions of cognitive
dysfunction in multiple sclerosis: “Marked enfeeblement of the
memory" and "conceptions that formed slowly".

In the present age, cognitive impairment is observed in up to 80% of
people with multiple sclerosis in later phases of the disease.
However, because the location of damage can vary person to person,
so too can the expected cognitive impairments and order of
impairments. Nonetheless, there are some central expectations. The
most commonly measured impairment in MS is slowed cognitive
processing speed. We measure this using a test called the Symbol
Digit Modalities Test. Tests of verbal and visuospatial learning and
memory are also commonly applied ins MS. Although cognitive
impairment in MS is specific to which brain networks are affected, we
have investigated the most common order of impairment as the
disease progresses. Slowing of processing speed is commonly the
earliest cognitive dysfunction observed in MS. This is followed by
impairment of short-term verbal and visuospatial memory and then
by executive dysfunction. Other commonly addressed domains
include auditory attention and verbal fluency. It is likely that we could
find most any cognitive dysfunction in MS, depending on lesion

locations of the patients observed and tests apﬁlied for assessment.
For instance, emotional recognition and empathy is not widely tested
in clinical environments, but dysfunction within these capacities have
been repeatedly observed in small research cohorts.

Like physical disability in MS, cognition also worsens during relapses,
followed by complete to almost complete recovery. It is not clear how
much relapses contribute to decline overall. There are debates in our
field about how often to test cognitive function. Practice effects could
wash out our sensitivitF/ to cognitive deterioration. Even once annual
cognitive testing is likely to result in significant practice effects. In MS,
we also must be vigilant of confounds specific to the disease. Physical
and co§nitive fatigue is the most commonly experienced symptom in
MS and is often cited as a confound of cognitive performance.
Symptomatic pharmacologic treatment of cognitive dysfunction in MS
is not effective, though medications that control the disease appear
to also reduce cognitive decline. Behavioral treatments are somewhat
effective, though few long-term studies exist. Restorative
rehabilitation techniques seem best suited in early stages of cognitive
decline, whereas compensatory techniques, like story memory
techniques, are likely better suited for later stages.

MRI can be applied to %Iean interesting insights about the
relationship between the brain and cognition in MS. At the simplest
level, we can measure central atrophy or the sum of lesion volume -
and these correlate with cognitive performance. Lesions of the gray
matter correlate more strongly but are difficult to view on clinical
MRI. Gray matter atrcgahy also correlates strongly with cognitive
dysfunction in MS and thalamic atrophy has proved to exhibit the
strongest correlations with cognitive function. There are many
potential explanations for this, including the closeness of the
thalamus to CSF as well as its robust network connectivity - leaving it
susceptible to damage as axons are affected throughout the bran.
We can map the locations of lesions and the severity of their damage
using diffusion-based techniques and identify how such lesions
disrupt connections between brain hubs. This network-style
approach helps us treat MS almost like an ablation model to better
understand cognition, but from a network-oriented perspective
rather than considering one brain region at a time. Dysfunction of
memory affect networks involving hippocampal connections. Lesions
affecting right-hemispheric parietal temporal connections relate with
dysfunction in visuospatial memory, and lesions in frontal networks
correlate with worsened ability to be goal-oriented and organized.
Functional imaging has similarly allowed us to view how the brain
adapts to network disruption. For instance, preservation of normal
static functional connectivity, despite structural disruption, appears



to be paramount to preservation of cognitive functioning and this
preservation of functional connectivity is moderated by cognitive
reserve. Failures of usual functional dynamics, such as switching of
functional network activation, is also associated with deterioration of
cognitive function. Interestingly, higher-function functional networks
appear to be most susceptible to change in relation to structural
disruption, whereas primary sensory networks show less of a
relationship between structural damage and deviation of functional
connectivity.



Statins in patients with Alzheimer's
dementia — a friend or a foe?

Bojana Petek

ABSTRACT

Several risk factors have been identified in the pathogenesis of
Alzheimer's dementia (AD), including genetics, age, lifestyle factors,
and certain medical conditions, reflecting a multifactorial backround.
Among these factors, a disturbance of cholesterol homeostasis can
be involved in the pathogenesis of AD. Therefore, possible cognitive
effects of cholesterol-modulating medications have lead to an
extensive amount of research, driven by a lack of effective treatment
of AD. Statins are a class of cholesterol-lowering medications widely
used to prevent and treat cardiovascular disease. In addition to their
cholesterol-lowering effects, statins exhibit anti-inflammatory and
neuroprotective properties that may be beneficial in the context of
AD. EBidemioIogicaI evidence of potential cognitive benefit of statins
have been inconclusive or controversial in the past two decades. In
this presentation, we will review the current state of knowledge on
the role of statins in the prevention and treatment of AD as well as
potential risks. We will discuss the potential mechanisms underlying
the effects of statins on cognition.

CHOLESTEROL HOMEOSTASIS AND MECHANISMS OF STATINS IN AD

Cholesterol is an essential component of cell membranes, involved in
several cognitive processes, including neuronal function and
signaling. About a quarter of the whole-body cholesterol content is
stored in the brain and is metabolically separated from the peripheral
cholesterol pool by a functional blood-brain barrier (1). Dysregulation
of central cholesterol homeostasis has been proposed to be involved
in the pathogenesis of AD through different mechanisms, including
the effect on the amyloid pathway, vascular impairment or
interaction with other metabolic pathways in the brain (2). Moreover,
a genetic polymorphism of cholesterol transporter in the brain,
ApoE4, represents a major risk factor for late-onset AD. On the other
hand, a complex association between peripheral
hypercholesterolemia and cognition has been recognized.
Hypercholesterolemia in midlife has been linked to a higher risk of
AD in late life (3). However, dyslipidemia in late life is thought to
reflect a better overall health and is associated with a slower
cognitive decline (4).

Statins are a group of medications widely used in the prevention of
cardiovascular disease which act through a competitive reversible
inhibition of enzyme HMG-CoA reductase. In addition to the inhibition
of endogenous cholesterol production, they exhibit other pleotropic
characteristics, such as anti-inflammatory, anti-oxidant and
neuroarotective abilities (2). The brain penetration of an individual
statin has been linked to several factors, such as their individual
lipophilicity, size of the molecule and different transporters (5). Most
biochemical studies divided statins into two groups regarding their
lipophilicity: a group with a higher lipophilicity which facilitates the
brain penetration (e.g. simvastatin, atorvastatin, fluvastatin) and a
hydrophilic group of statins which enter the brain less easily (e.g.
rosuvastatin, pravastatin). Epidemiological studies which compared
lipophilic to hydrophilic statins were inconsistent and have reported
no difference when comparing the cognitive decline in these groups
(6), or a possible benefit of lipophilic statins (7).

The overall cognitive effects of statins on cognition have been linked
to a complex interpla?/ of several factors, such as brain penetration
and function of the blood-brain barrier, the balance of the beneficial
and harmful effects of statins on several processes in a neurovascular
unit (8), lenght of treatment and dose of a medication (9), time of
treatment in the course of AD pathogenesis (10), patients
comorbidities and medication interactions, to name a few.



PREVIOUS RESEARCH ON STATINS AND AD

Since thecs)romising results of first two observational studies almost
two decades ago (11,12), an extensive amount of consecutive
observational studies and clinical trials reported inconsistent
findings. Moreover, a number of potential, usually mild and reversible
short-term cognitive adverse effects of statins have been reported
(13). Several well-designed large systematic reviews and
meta-analyses did not confirm the adverse cognitive effects risk
(14,15) and some suggested that use of statins may lower the risk of
AD (16). Clinical trials generally reported a null effect (17,18) but were
possibly underpowered or used less robust cognition-evaluation
tools. More recent studies considered several epidemiological biases
due to observational nature or a heterogeneous design of studies to
be important cause of these discrepancies (10).

CONCLUSION

The cognitive effects of statins on cognition in patients with AD
probably result from a complex interplay of several factors, linked to
the medication (lipophilicity and brain penetration, the
cholesterol-lowerin% and pleotropic effects, lenght of treatment and
dose) and individual patient's characteristics (pathogenesis of AD,
function of the blood-brain barrier, comorbidities and comedication).
It is biologically plausible and consistent with epidemiological
evidence that treating szIipidemia in midlife diminishes the
metabolic risk factor of hyperlipidemia on cognitive decline in late life.
Most of the recent research does not suggest an overall harmful
effect of statins on cognitive abilities. Moreover, statins may be
beneficial to a subgroup of AD patients with central cholesterol
homeostasis disturbance or early in the disease pathogenesis.
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Association of blood pressure variability
with delirium in critically ill

Nika Zorko Garbajs

DELIRIUM AND CRITICAL ILLNESS

Delirium, an acute fluctuating neurocognitive condition characterized
by inattention, depressed awareness, and impaired cognition, is
commonly found In critically ill patients (from 20% in non-intubated
to 87% in the mechanically ventilated) 1, 2. The underlying causes for
delirium are presumably multifactorial, including neuroinflammation,
oxidative stress, neuroendocrine dysregulation, and disturbances of
cerebral vascular regulation 3. Is it associated with numerous adverse
outcomes of intensive care unit (ICU) treatment, including increased
ICU and hospital mortality rates and lengths of stay, prolonged
mechanical ventilation duration, increased risk of hospital
readmissions, death after hospital discharge 4, 5, and just as
importantly long-term cognitive impairment 6-8. The increased
severity of these complications in patients with delirium led to the
launching of various initiatives to detect and eliminate precipitating
risk factors for delirium and to implement interventions for
modifiable risk factors. To this end, bundle interventions, such as the
ICU Liberation initiative 9, have been introduced to prevent delirium
in patients admitted to an ICU; however, current bundle interventions
do not include BPV as an intervention target 10.

BLOOD PRESSURE VARIABILITY AND MORBIDITY

Blood pressure variability (BPV) is a complex phenomenon defined as
the magnitude and pattern of blood pressure (BP) fluctuations during
a certain period of time 11. Increased short-term and long-term BPV
is associated with the development and progression of cardiac,
vascular, neurologic, and kidney disease, increased risk of
cardiovascular events and death 12-17, and long-term cognitive
decline in ambulatory populations 18, 19. Additionally, intraoperative
BPV (and not only intraoperative hypotension) 20-22, has been

identified as a risk factor for postoperative delirium 23-26. Disparity
between mean BP and BPV can be attributed to the deleterious
effects of BPV, which is independent of mean BP 27. The deleterious
effects of BPV on cerebral function can be explained by microvascular
and blood-brain barrier damage caused by enlarged pulsatile loads,
which are inadequately buffered by impaired cerebral autoregulation
during acute critical illness 28, 29.

ESTABLISHING AN ASSOCIATION BETWEEN BPV AND DELIRIUM IN
CRITICALLY ILL

We performed two studies in which we aimed to analyze the
association between BPV during the first 24 hours after ICU
admission and the likelihood of acute delirium during ICU admissions
in a large patient cohort. The first study included previously
cognitively unimpaired older patients (> 50 years old), voluntary
participants of the Mayo Clinic Study of Ageing, and analyzed the
associations between BPV, delirium and long-term cognitive
outcomes 30. The second analyzed the association of BPV with
delirium in all adult ICU population 31. Both excluded patients with
primary neurological diseases, as they can affect the reliability of
delirium evaluation.

We evaluated delirium by Confusion Assessment Method of the
Intensive Care Unit (CAM-ICU) score in non-sedated patients at least
every 8-12 hours. Long-term cognitive outcome was evaluated
through the changes in the slope of longitudinally assessed global
cognitive scores associated with ICU admission (comparing pre-
admission and post-admission assessments). Systolic and diastolic
blood pressure, measured in 15-minute to 1-hour intervals during
first 24 hours of ICU admission were recorded. The primary BPV
measure for systolic and diastolic BP each was average real variability
(ARV), representing the average of absolute differences between
consecutive measures during the observed time, accounting for the
number and order of consecutive measurements 32.

The first study included 794 patients with 1,130 ICU admissions. Of
these admissions, 185 (16%) manifested with delirium. Compared to
patients who did not experience cognitive disturbance in the ICU,
participants who developed delirium were sicker and had a higher
rate of mechanical ventilation during the first 24 hours. There was a
dose-response relationship between 24-hour systolic and diastolic
ARV and the development of delirium, meaning higher BPV was
associated with an increased likelihood acute delirium during the first
day of admission and after. For the assessment of the association of
BPV with the change in long-term trajectory of cognition, 371



participants met criteria, with average follow up duration of 2.5 years
pre- and post- first ICU admission. We found an accelerated global
cognitive decline after ICU admission, that was steeper in patients
experiencing delirium during admission (15 - 4.3%), but unaffected by
measures of BPV 30.

In the second study 66,549 ICU admissions of 54,056 unique patients
were included in our analysis. Delirium was documented in 13,427
(20.2%) ICU admissions. Increased BPV was associated with higher
odds of delirium (P<.001) and an increased duration of delirium (P
<.001). Specifically, a 5-mm Hg increase in systolic ARV was associated
with a 34% increase in the odds of delirium (OR, 1.34; 95% Cl,
1.29-1.40) 31.

CONCLUSION

Our studies are the first identifying a relationship between early BPV
and delirium in the ICU, demonstrating higher BPV during the first 24
hours of ICU admission is associated with increased risk and duration
of delirium in critically ill, regardless whether the patients in question
were elderly or a general ICU population. However, our results do not
prove causality. If our observations are confirmed in future
prospective studies, new interventions may be developed and
subsequently assessed in clinical trials to examine whether reducing
B”PV can decrease the burden of delirium in patients with critical
illness.
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dizartrija, amnezija, okvara spomina, motnje pozornosti, parestezije, hipestezija, sedacija, motnje ravnotezja, letargija, zamegljen vid, diplopija, vrtoglavica, bruhanje, navzeja, zaprtje, driska,
flatulenca, napetost trebusne stene, suha usta, misi¢ni kr¢i, artralgija, bolecine v hrbtu, bolecine v udih, kréi v vratu, motnje erekcije, periferni edemi, edemi, nenormalna hoja, padec, obéutek
pijanosti, nenormalno pocutje, utrujenost in povecanje telesne mase. Ostali nezeleni ucinki se pojavijo obcasno, redko ali zelo redko. Imetnik dovoljenja za promet z zdravili Krka, d. d.,
Smarjeska cesta 6, 8501 Novo mesto, Slovenija. Naéin izdajanja zdravila Samo na zdravniski recept. Oprema 56 trdih kapsul po 25 mg, 50 mg, 75 mg, 150 mg ali 300 mg pregabalina. Datum
zadnje revizije besedila 19. 2. 2023.
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Krka, d. d., Novo mesto, Smarjeska cesta 6, 8501 Novo mesto, Slovenija, www.krka.si
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