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Vladimira Vuleti¢ and Daniel Rukavina

EDITORIAL

Neurodegenerative diseases are conditions which primarily affect the ne-
urons in the human brain. They are incurable and result in progressive dege-
neration and / or death of nerve cells. Neurons normally don't reproduce or
replace themselves, so when they become damaged or die they cannot be repla-
ced by the body. Examples of neurodegenerative diseases include Parkinson’s,
Alzheimer’s, and Dementia of Lewy Body, Huntington’s disease, Frontal Lobe
dementia and Multiple sclerosis. The clinical picture varies among those disea-
ses ranging from, problems with movement, memory, behaviour and other di-
sabilities. In the European Region the burden of the neurodegenerative diseases
is on 12" place and on the 6 place as a cause of death among all diseases. The
burden of dementias is the most prominent between neurodegenerative disor-
ders affecting about 1, 3 - 1,5 % of entire population indicating a pandemic pro-
portion. As we know, dementia is a big social and health-economic issue. The
world is getting richer. But wealth brings its own burdens. Prosperous people
live longer and old age carries a high risk of dementia — a condition that is so
far neither preventable nor curable, thus dementia is currently in the focus of
worldwide basic and clinical research. Dementia affects many aspects of the life
of an afflicted person, as well as those around him, especially those who are on
day-to-day care. Despite the number of new scientific findings, the cause of the
disease has not yet been highlighted, no adequate prevention of this disease is
known, the existing treatment is still symptomatic, and there is no drug that can
halt the disease progression. But still it is important to make a timely diagnose,
to begin an early treatment and organize a comprehensive multidisciplinary
care since the total indirect and direct costs encompass at least 0,2 % of GDP
while appropriate intervention in dementia care a total cost can be decreased for
34%. Neurodegenerative diseases will be new pandemics.
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It is therefore necessary to educate health professionals at local and global
level in early diagnosis and early treatment of neurodegenerative diseases. Early
diagnosis will improve neurosciences researchers’ work in early phase and po-
ssible give us a neuroprotection treatment in near future. The right management
and treatment on time will improve life quality not just patients but also caregi-
vers and family members.

Nevertheless, we are facing COVID-19 pandemics and the impact of the CO-
VID-19 pandemic on the lives of particularly affected families, on health systems,
the economy, and the world economy. Regardless of the respiratory symptoms,
85% of patients with SARS-CoV-2 had acute, subacute, and long-term symptoms
and complications of the peripheral and central nervous systems. There is a
new term a post COVID 19 neurological syndrome for persisting of neurolo-
gical symptoms long time after recovery of COVID 19 infections. Neurological
departments are facing with adaptive work, telemedicine, phone consultation,
reduction of neurological department capacity and team members in benefit of
COVID 19 departments. Fear of this new pandemic situation reduced asking
help and coming to hospitals and centers in situation of worsening of neurode-
generative diseases even in life threatening situations. The real consequences
will be seen in near future.

In our Clinic of Neurology at the Faculty of Medicine in Rijeka, a few years
earlier, we started with modern and early diagnosis of neurodegenerative dise-
ases and dementias with introducing neuropsychiatric assessment tools, labora-
tory testing of serum and cerebrospinal fluid, MR, and functional imaging like
PET FDG, DAT scan. For proper care we introduce multidisciplinary team in
our Centre for Cognitive problems. We opened advisory centre and organized a
lot of educative actions of public-health and teaching meeting for health profe-
ssionals in field of neurodegenerative diseases and dementias. We started with
research in those areas due to great collaboration with scientist from abroad.

In this pandemics time we have organized in out-patients clinic evaluation
(clinical, diagnostic), register, and follow up patients with post COVID 19 neuro-
logical syndromes. The need of such register was recognized.

Thanks to efforts of our Clinics and in collaboration with the Department of
Biomedical Sciences in Rijeka of the Croatian Academy of Sciences and Arts, we
organized yearly this Rijeka Forum of neurodegenerative diseases with leading
names in the field of neurodegenerative diseases from centres of excellency aro-
und the World to share the experiences of the basic and clinical research. Our aim
is to increase awareness and the latest knowledge of neurodegenerative diseases,
from genetics, neuropathology, neurophysiology, neuroimaging and clinical po-
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int of view and to motivate our scientists to engage in world trends in research of
these diseases and provide significant scientific contribution. There are tremen-
dous efforts to understand the biological basis of these complex neurodegenerati-
ve diseases and dementia and to find a real drug that not only relieves the disease
but also cures such conditions. Neurodegenerative diseases have in common that
there are clusters of specific “damaged, misfolded and altered” proteins (different
for different neurodegenerative diseases) in those nervous cells that are likely to
be vulnerable. Today, we know about specific proteins involved in pathological
change, like Alzheimer’s disease occurs primarily by [3-amyloid and tau-protein,
Parkinson’s disease, multiple system atrophy, and dementia of Lewy Bodies pri-
marily a-synuclein etc. We hope that the treatment considering actions on these
known proteins will be discovered soon and cure the neurodegenerative diseases
and dementias. We hope that further research in this area will bring us the real
insight in mechanism of dementias and other neurodegenerative diseases aiming
towards the new treatment option and mitigating this pandemic situation.

This book is a summary of the most representative and updated lectures
“a state of art” covering a wide scientific interest area from genetics and epige-
netics, neuropathology, neuroimaging, neuropharmacology, neurophysiology,
clinical and preventive issues.

We made this textbook with articles of invited speakers on the last Rijeka
Forum contributed to early diagnosis and early treatment in neurodegenerati-
ve diseases and postcovid neurological syndromes. We hope, that bringing to-
gether different range of information in this field and promoting a collaboration
with invited speakers and experts, will burst the interest in neurodegenerative
diseases and postcovid neurological syndromes and will improve day-to-day
management of dementias in Croatia.

Vladimira Vuletié¢, Assistant Professor, FEAN, Head
Department of Neurology Faculty of Medicine in Rijeka, University of Rijeka
Department of Neurology, University Hospital Centre Rijeka

Daniel Rukavina, Professor emeritus

Head of the Department of Biomedical Sciences in Rijeka
Croatian Academy of Sciences and Arts
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Summary

Alzheimer’s disease (AD) is the most common cause of dementia. The “amyloid
cascade hypothesis” is the prevailing model for the underlying cause of AD and
explains how aggregated amyloid-f3 cause neurotoxic effects in the brain. AD has
a long-lasting course and can present as both typical and atypical clinical pheno-
types. Cerebrospinal fluid (CSF) analyses for “core AD CSF biomarkers” and syn-
aptic proteins have been thoroughly evaluated in research studies, showing high
diagnostic performance, and are today available for routine clinical diagnostics on
high-precision fully automated instruments. The current AD therapy is based on two
classes of cognition-enhancing drugs acetylcholinesterase inhibitor and NMDA-re-
ceptor antagonist where most patients experience a delay of cognitive decline, but
disease-modifying drugs in the form of amyloid- immunotherapy has recently been
approved in the US, and are under evaluation at the European Medicines Agency.

Key words: CSF markers, Alzheimer disease, biomarkers

State of Art

Alzheimer’s disease (AD) is by far the most common dementia disease; it is
estimated that as many as 250,000 people in Sweden (10 milion people) will have
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dementia in 2050 [1]. Neuropathologically, AD is characterized by the combina-
tion of amyloidosis (A3 plaques), tau pathology in the form of tangles and ne-
uropil threads, and neurodegeneration (neuron and synapse degradation) [2,3].
There are two forms of plaques in AD, namely “diffuse plaques” which consist
only of loosely aggregated A, and which are later assumed to be converted
into the other form of plaques which have a core of hard aggregated A{3, which
are surrounded by damaged nerve cell protrusions and activated glial cells. AP
aggregates and plaques also affect other proteins and physiological processes,
which leads to the normal nerve cell protein tau being phosphorylated and star-
ting to aggregate into tangles [4].

The vast majority of all Alzheimer’s cases are sporadic, but there is also a
rare (less than 1% of all cases) hereditary form called familial AD. The mutations
that lead to familial, autosomal dominant, AD are found in the amyloid precur-
sor protein (APP), or in the presenilin 1 and presenilin 2 (PSEN1, PSEN2) genes.

Familial AD usually begins before the age of 65, but old age is otherwise
the biggest risk factor for sporadic AD, the risk of falling ill increases signi-
ficantly after the age of 65. The most important risk gene is apolipoprotein E
(APOE), where a variant called APOE ¢4 increases the risk up to 10-12 times
for homozygotes, and 3-4 times for heterozygotes [5].

The completely dominant explanatory model for how AD arises is the so-
called The “amyloid cascade hypothesis” in which a physiologically normal pro-
tein in the brain, amyloid-$ (Ap), begins to aggregate, which is thought to impair
the function of nerve cells, causing them to begin to degenerate (Fig. 1). The cau-
se of the aggregation of A in sporadic AD is not known, but it is probably not
the production of A that is increased, but the degradation or excretion of A3
from the brain (often called “clearance”), which is decreased [6]. Experimental
and clinical observations strongly suggest that it is AP that initiates the disease
process.

Clinical Picture

The clinical criteria for AD dementia include that there should be a cogni-
tive impairment that affects at least two of the following domains: memory,
reasoning and handling of complex tasks, visuospatial abilities, language
functions, and personality and behavior. There are two main phenotypes of
AD: amnestic (which is most common) and non-amnestic. The most obvious
symptoms are impaired learning ability and difficulty reproducing newly
acquired information, while other cognitive abilities are less affected in the
beginning. AD has a long-term course and the deterioration usually takes
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place slowly over several years, but the course is highly variable. In the early
stages of the disease, mild cognitive impairment (MCI), patients show only
mild memory problems, often accompanied by behavioral changes such as
depression and lack of initiative, but without the disturbed influence of ac-
tivities of daily living (ADL). Later, the symptoms progress to “dementia”,
which according to the DSM-IV criteria is defined as a memory disorder in
combination with aphasia, apraxia, agnosia or impaired executive ability, to
such an extent that it affects social or work ability. The investigation of AD
often begins in primary care where a basic investigation is performed. This
includes a medical history, computerized tomography (CT) scan of the brain
(to rule out for example subdural hematoma), brief cognitive tests such as the
Mini Mental State Exam (MMSE) to grade the symptoms, and blood tests such
as TSH to rule out diseases that may affect cognitive ability. After this, the
patient may be referred (if necessary) to a specialized memory clinic, where
more advanced diagnostic methods (MRI, PET scan, EEG, CSF analyzes and
neuropsychological testing) are most often used.

The clinical picture in AD is variable and often difficult to distinguish
from other neurodegenerative diseases, not least early in the course. After a
long (several decades) preclinical phase in which the pathology builds up, the
disease usually debuts with impaired episodic memory [7], but non-amnestic
forms of the disease also occur. As the neurodegenerative process spreads
from the medial parts of the temporal lobe over the posterior temporoparie-
tal cortex to the entire cerebral cortex [8], symptoms typically develop in the
form of impaired thinking, language disorders, impaired spatial perception,
impaired practical ability, and impaired perception.

The diagnostic difficulties are greatest in the late-onset (> 65 years) form
of the disease. The reason for this is that most patients not only have amyloid
and tau pathology in the brain, but have combinations of Alzheimer’s changes
together with e.g. Lewy bodies, TDP-43 aggregates, cerebrovascular disease
and hippocampal sclerosis [9]. Based on cerebrospinal fluid and PET biomar-
kers, which can detect Alzheimer’s pathology in living patients (see below
for more information), the National Institute on Aging and the Alzheimer’s
Association (NIA-AA) recently presented a new definition of AD, based on
identifying the pathology with biomarkers according to the A/T/N classifica-
tion where A stands for amyloidosis, T stands for tau pathology, and N stands
for neurodegeneration [10]. Detection of Alzheimer’s pathology is done using
biomarkers, while cognitive symptoms are only used to grade the severity of
the disease.
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CSF Analysis for AD

Cerebrospinal fluid assays for so-called “core AD CSF biomarkers” have
been available for clinical diagnosis for several years. These biomarkers follow
the so-called A/T/N classification and include AP (A42, and the A(342/40 ra-
tio), phosphorylated tau (P-tau), and “total tau” (T-tau), where the combination
lowered A42 and the AB42/40 ratio together with increased T-tau and P-tau are
often referred to as the typical 'Alzheimer’s profile' [11].

Pathophysiology and cerebrospinal fluid analyses

B-amyloid (AB42) is the predominant form in the amyloid plaques that
form in the brain at AD (6). Decreased A342 in cerebrospinal fluid strongly
correlates with the degree of binding of amyloid ligands measured by PET
technique [12], suggesting that decreased A342 in AD is caused by the peptide
getting stuck in the plaques in the brain tissue, leading to lower cerebrospinal
fluid levels [13]. Consistency with amyloid PET is even better if the A{342/40
ratio is used instead [14-16], probably because A340, which is unchanged at AD
[17], normalizes the Af342 concentration between people with constitutionally
low or high total A production. A plaque-induced relative decrease in A(342
concentration can thus be detected with greater accuracy [18].

Tau is a neuronal protein localized to axons and the cerebrospinal fluid
level of T-tau is seen as a marker of the intensity of neurodegeneration in AD,
an interpretation that is mainly based on how the level of T-tau changes in
other neurodegenerative diseases. For example, there is a very pronounced in-
crease in Creutzfeldt-Jakob disease, where there is a very rapidly progressing
neurodegeneration, but also that T-tau predicts the rate of progression of the
disease in different phases of AD. The liquid level of P-tau is linked to the de-
gree of phosphorylation of tau, and thus probably also to the development of
tau pathology in AD. Unlike T-tau, P-tau does not change either in acute brain
injury or in other diseases with tau pathology, and P-tau therefore appears to
be a specific marker for AD. Both T-tau and P-tau concentrations are usually
normal in other tauopathies, such as in various forms of frontal lobe dementia
and progressive supranuclear paralysis.

A very large number of studies have consistently shown a high diagnostic
accuracy of APB42, T-tau and P-tau in cerebrospinal fluid for AD [17]. This also
applies to MCI, where patients seek for memory impairment or in some cases
other mild cognitive symptoms. A summary of how well these cerebrospinal
fluid tests predict neuropathological diagnosis, based on over 750 individu-
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als, showed that AB42 in cerebrospinal fluid, either alone or in combination
with T-tau and P-tau, had a very high concordance with a neuropathological
diagnosis of AD, with a ROC AUC value of 0.92 [19]. The cerebrospinal fluid
analyzes (low AB42 together with high T-tau or P-tau) were able to predict
which MCI patients had prodromal AD with 95% certainty [20], a finding that
could be verified shortly afterwards in several large studies [21-23]. The level
of APB42 begins to decline even before the first symptoms appear [24], while
the increase in T-tau and P-tau comes somewhat later in the course of the di-
sease in closer connection with the onset of clinical disease [25]. In addition
to massive clinical validation, these CSF analyses have undergone technical
developments, from early manual ELISA methods to those currently available
on automated instruments, which has resulted in high precision, also between
different clinical laboratories [26].

Recently, the Alzheimer’s Association has presented recommendations,
so-called Appropriate Use Criteria (AUC), for the use of cerebrospinal fluid
analyzes (AP42, T-tau and P-tau) in the clinical investigation and diagnosis of
suspected Alzheimer’s disease [19]. These recommendations are divided into
a number of indications for cerebrospinal fluid analyzes (Table 1) and are in-
tended to guide the clinician and obtain a more consistent and evidence-based
use of these diagnostic tests.
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Synaptic markers for Alzheimer’s Disease

Synapse degeneration is an important component in the development of
symptoms in AD [27 - 29]. Synapse proteins, such as the presynaptic SNAP-25
and the dendritic protein neurogranin, are secreted into cerebrospinal fluid
[30,31]. The level of neurogranin in cerebrospinal fluid is increased in AD [32].
High neurogranin is seen early in the course of the disease and predicts progre-
ssion of cognitive symptoms [33]. An interesting and important finding is that
increased neurogranin appears to be specific for AD; it is not seen in other neu-
rodegenerative diseases such as frontal lobe dementia or Lewy body dementia
[34, 35], which may have a value in differential diagnosis.

Blood tests for Alzheimer’s Disease

Analytical advances have made it possible to measure several of the
Alzheimer’s markers in standard blood samples. Several articles have presented
promising results for plasma concentration determination of Af342 and Ap42
using Single Molecule Array (Simoa) technology [36] and immunoprecipitation
combined with mass spectrometry [37, 38], where a lower A342/40 ratio showed
good agreement with amyloid-PET. The axonal protein neurofilament light
(NFL) can also be measured in blood samples with Simoa technology [39], and
studies on AD show an increased level of NFL in plasma, as well as a good
agreement with NFL concentrations in CSF samples [40]. In this context, howe-
ver, it should be emphasized that the NFL is a general marker for neurodegene-
ration and other nerve cell damage regardless of genesis [41]. It is thus not speci-
fic to any particular neurodegenerative disease. A future application for plasma
NFL could be as a first screening test in the clinical evaluation of patients with
suspected cognitive impairment or symptoms of other nerve cell damaging pro-
cesses. Very promising data have recently been published which show that P-tau
in plasma can with great certainty distinguish between AD and other neurode-
generative diseases, as well as demonstrate the amount of tau pathology in the
brain in AD [42].

Pharmacological treatment of Alzheimer’s Disease

Many types of neurotransmitter abnormalities occur in AD, affecting cho-
linergic, monoaminergic and glutamatergic systems [43]. Two classes of cogni-
tion-enhancing drugs have been approved for use in the disease - cholineste-
rase inhibitors (AChEI) and N-methyl-d aspartate (NMDA) receptor antagonist
- memantine. AChEI reduces the perisynaptic metabolism of acetylcholine and
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thus increases the availability of acetylcholine, which in turn improves the po-
stsynaptic stimulation. AChEI includes donepezil, rivastigmine and galantami-
ne. Donepezil and galantamine only inhibit acetylcholinesterase, while rivasti-
gmine inhibits both acetylcholinesterase and butyrylcholinesterase. AChEI is
often combined with memantine, which acts on the glutamatergic system by
antagonizing the NMDA receptor and normalizing glutamatergic neurotran-
smission [44]. Combination therapy with AChEI and memantine is common [45],
but a meta-study showed no additive benefits [46]. A majority of patients deve-
lop improved cognitive ability after starting treatment [47]. Long-term studies
indicate continued benefit of therapy despite cognitive impairment over time,
with less impairment observed in treatment groups than in those who did not
receive treatment. Recently, a meta-analysis has suggested individualization of
AChEI therapy in relation to gender, APOE genotype and age in patients [48].
Discontinuation of therapy is usually determined when the patient has reached
a level of deterioration where cognitive-enhancing therapy no longer has a po-
sitive impact on quality of life, but exactly how to determine this is debated. A
restrictive approach should be taken with regard to anticholinergic drugs, such
as urinary spasmolytics, older antihistamines, neuroleptics, certain antiparkin-
sonian drugs and tricyclic antidepressants.

Importantly drug developments have given immunotherapies, such as the
AP antibody aducanumab, for which target engagement in the form of dose-de-
pendent reductions in amyloid PET measures have been demonstrated (PMID:
27582220), which also recently was approved by the FDA (PMID: 34320283). Also
other amyloid immuntherapies such as the Ap antibody donanemab have been
shown to give marked reductions in brain amyloid load (PMID: 33720637). The
promise of such disease-modifying drugs further strengthens the need of blood
biomarkers for AD for use in primary care screening of patients with memory
problems, and for high precision CSF tests for diagnostic use in memory clinics.
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Summary

Parkinson’s disease (PD) is the second most common chronic age-related,
progressive neurodegenerative disorders. The hallmark symptoms of PD include
motor features (bradykinesia, postural disturbances, rigidity or tremor or both)
and non-motor features (hyposmia, sleep disorders, autonomic, neuropsychiatric
and sensory symptoms). The diagnosis of PD depends mostly on clinical motor
findings (cardinal symptoms) which appear when 60-80% of the substantia nigra
(SN) dopamine neurons are lost. PD is, therefore, often diagnosed clinically when
disease progression is already advanced. But a long latency between the first
damage to dopaminergic cells and the onset of clinical symptoms is known and
this is a time where we can do something to stop the disease. Therefore, it is very
important to find reliable biomarkers that can distinguish PD in an early phase, to
let interventions at the onset of disease and to monitor the progress of therapeutic
interventions that may slow or stop the course of the disease. Identifying a suc-
cessful biomarker depends inevitably on fully understanding the pathophysiology
underlying the disease. In this manuscript will be explored the recent advances
in PD biomarker research for disease diagnosis and disease surveillance from a
variety of clinical, biochemical, genetic and neuroimaging perspectives.

Key words: Parkinson’s disease; biomarkers; early phase

Introduction

Parkinson’s disease (PD) is the second most common chronic age-related,
progressive neurodegenerative disorders. The hallmark symptoms of PD in-
clude motor features (bradykinesia, postural disturbances, rigidity, or tremor
or both) and nonmotor features (hyposmia, sleep disorders, autonomic, neu-
ropsychiatric, and sensory symptoms). The diagnosis of PD depends mostly on
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clinical motor findings (cardinal symptoms) which appear when 60-80% of the
substantia nigra (SN) dopamine neurons are lost [1]. Unfortunately, PD is, often
diagnosed clinically when disease progression is already advanced. But a long
latency between the first damage to dopaminergic cells and the onset of clinical
symptoms is known and many studies are trying to find out if the disease can
be stopped in that long period. Therefore, it is very important to find reliable bio-
markers that can distinguish PD in an early phase. If we will be able to do that,
we could try interventions at the onset of disease and monitor the progress of
therapeutic interventions. In that way we could find treatment that may slow or
stop the course of the disease. In PD, despite remarkable advances in our insight
into the responsible mechanisms, the etiology remains unknown. The key neu-
ropathology in PD is Lewy body deposition (abnormal aggregates of a misfolded
protein called a-synuclein) and consequently neuronal dysfunction, involving
many other brain areas and neurotransmitter systems [1]. In their early research,
Brack et al. proposed a staging scheme based on rostro-caudal pathological pro-
gression. In their work they suggested that in the earliest stages, PD damage is
confined to non-dopaminergic structures in the lower brainstem, the olfactory
bulb or perhaps the peripheral autonomic nervous system, accounting for the
early appearance of non-motor symptoms [2]. So far, we have only symptomatic
treatments existing and used for PD [3].

Clinical diagnosis of PD is challenging (especially in the early stages of the
disease), due to high misdiagnosis rate (10-30 % for early stages), as symptoms
show fluctuating clinical syndrome over time [4]. In addition, there are numer-
ous overlapping symptoms with other morbidities (e.g., such as essential tremor,
multiple system atrophy, and progressive supranuclear palsy). Research in re-
cent years, prompted by epidemiological data on risk factors and prodromal bio-
markers, has proposed diagnostic criteria based upon the likelihood of prodro-
mal disease (with 80% certainty) [5]. This has been recently changed especially
parts with gut microbiome in patients who have REM sleep behavior disorder
(RBD) or Parkinson disease, REM sleep behavior disorder and later genetic and
autonomic cohorts, olfactory loss, substantia nigra hyperechogenicity, neuro-
genic and symptomatic orthostatic hypotension, and age-related penetrance (6).
Also, the new biomarkers that were added are: diabetes, global cognitive deficit,
physical inactivity, and low plasma urate levels in men [6].

PD biomarkers can be subdivided into four main types: clinical, imaging,
biochemical and genetic. It is also important to be aware of potential risk fac-
tors like environmental toxins, drugs, pesticides, brain micro trauma, focal cer-
ebrovascular damage, and genomic defects. Recently suggested innovative ap-
proaches with combination of prodromal symptoms and imaging or biochemical
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biomarkers to identify individuals at high risk of developing motor-PD are very
useful especially in very early stages [7]. Some of them combines the presence
of mood symptoms and/or RBD with results from smell testing, genotyping,
and keyboard-tapping tasks. We hope that this would help us more to identify
a population at significant risk of PD or find PD patients in preclinical phase.
The new insight in early PD divides it into 3 stages: preclinical, prodromal, and
clinical stage [8].

For better PD management it is very important get early diagnosis not only
for early treatment and counseling, but to identify a potential population for
clinical trials of disease-modifying agents. The development of appropriate bio-
markers or combination will help us in getting the early diagnosis, detecting
disease progression and the discovery of new treatments for PD.

In this manuscript will be presented and discussed known PD biomarkers
for early diagnosis of PD, what includes different clinical, biochemical, genetic
and neuroimaging groups of biomarkers.

Clinical biomarkers

Clinical biomarkers are mostly detectable in prodromal and clinical phase.
Slight motor signs with possible somnolence are barely noticeable but non-motor
symptoms like REM sleep behavior disorder, autonomic dysfunction, olfactory
dysfunction, depression are usually prominent in prodromal phase. But, as we
know, in preclinical stage the neurodegeneration has started, but symptoms are
absent. Diagnosis of preclinical stage consequently requires better biomarkers
(for example, cerebrospinal fluid or imaging markers) which will help us find
patients in very early stage. We still don’t have validated biomarkers for that
stage, but we know some risk factors like genetic markers, some environmental
factors, some personality features, substantia nigra hyper-echogenicity on ultra-
sound exam etc. When we recognize these risk factors, we can look for possible
neurodegeneration.

We must be aware that in prodromal stage PD patients do not have clinical
PD as defined by current diagnostic criteria, but, as studies have shown, clinical
symptoms or signs of neurodegeneration are evident. Experts in movement disor-
ders are trained to recognize this early prodromal stage. Clinical stage is defined
as the presence of full parkinsonism: progressive bradykinesia plus either rest
tremor, rigidity, or both. As we know, bradykinesia has the best correlation with
the well-known pathological features of PD (nigrostriatal dopaminergic loss). Ex-
isting of cognitive problems or dementia should be looked in the end of prodro-
mal stage due to many markers of prodromal PD are equally predictive of DLB [9].
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RBD, olfactory dysfunction, depression, and bowel dysfunction often pre-
cede by many years the cardinal motor features of PD. RBD is also associated
with a higher risk for development of parkinsonism. In very early stage of PD
studies have shown the importance of noticing symptoms like depression, per-
sonality traits, and reduced interest in new experiences. Hyposmia is present
in over 90% of PD patients and it is also in connection with greater risk for PD
[8]. Constipation is also very important factor in prediction of conversion to PD.
Beside this prodromal non-motor symptoms, for early diagnosis and prediction
are important dopaminergic imaging and subtle motor parkinsonism. The pe-
riod between the appearance of a marker and conversion to PD is variable, rang-
ing from 5 years for impaired motor performance to >20 years for autonomic
symptoms. Some diagnostic tests for prodromal symptoms are cheap like ques-
tioners and some expensive like some imaging methods.

Biochemical biomarkers

Biochemical biomarkers are very important and usually very easy to get. In
relatively noninvasive way, some body fluids and tissues are taken and studied
for some important proteins” levels and other molecules specific to the disease.
Different biomarkers in blood, saliva, cerebrospinal fluid (CSF) and biopsies are
evaluated for years in many investigations. The identification of proteins associ-
ated with PD has been improved by advances in genetics. A direct link between
alfa-synuclein (a-Syn) and PD is strongly supported by the discovery that point
mutations or multiplications of the gene cause parkinsonism. a-Syn can be detect-
ed in PD patient’s CSF, saliva, serum, urine, and in the gastrointestinal tract [10]
[11]. Beside studies of a-Syn as a biomarker, there are a lot of research with main
goal finding a potential of a-synuclein as a therapeutic target. Amyloid-b1-42, tau
protein, neurofilament light chain, uric acid, neuroinflammation markers like b2-
microglobulin, interleukin-1b and interleukin-8 are also biomarker with high po-
tential but still inconsistent. Several blood and cerebrospinal fluid markers have
been tested in clinical PD, but evidence for fluid markers of early stage or prodro-
mal PD is extremely limited. Also, no blood or CSF biomarker has yet reached
a sufficient sensitivity or specificity even to be widely accepted as a diagnostic
marker of clinical PD. For now, they might be used as risk markers [12].

However, studies investigating markers of a-synuclein in different tissues
like skin, gut mucosa, the salivary glands have promising results, but still have
not enough strength to be in everyday practice. People with prodromal PD were
more likely to exhibit deposition of phosphorylated a-synuclein in different
tissues. Nevertheless, more research in future is needed to understand, for ex-
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ample, whether gastrointestinal biopsies are helpful in the detection of prodro-
mal PD. The predictive value of pathological markers taken invasively must be
clearly established before this method becomes part of routine diagnosis of early
prodromal PD [12]. Also, all procedures from collecting biochemical biomarkers
to their storage and analyze must be standardized.

Genetic biomarkers

The most often genetic mutations leading to PD are a-syn (SNCA), Parkin,
PTEN-induced kinase 1 (PINKT1), DJ-1, and Leucine-rich repeat kinase 2 (LRRK?2),
and account for 2-3% of all cases with classical parkinsonism [13] [14]. GBA (glu-
cocerebrosidase) is present in 5-10% of PD patients, and it is the most important
risk factor for PD [15]. Genetic studies helped us to elucidate the pathophysi-
ological mechanism and pathways contributing to clinical diagnosis. Also, they
are very important to identify populations at risk. These factors are present in
preclinical stage, decades prior to any development of symptoms. It is very im-
portant to find that individuals with such “gene positive at-risk” and maybe fol-
low them and study biomarker efficacy in reflecting disorder progression from
asymptomatic to end-stage disease. Nevertheless, known proteins associated
with disease pathophysiology and connected with genes mutation (DJ-1, parkin,
ubiquitin, Apo Al, etc.) are studied and identified as good biomarkers.

Neuroimaging biomarkers

Single photon emission tomography (SPECT), positron emission tomogra-
phy (PET), magnetic resonance imaging (MRI) and transcranial sonography
(TCS) allow non-invasive tracking of molecular targets important for PD [16].
MRI and TCS can monitor structural changes in the brain that may suggest in-
creased risk for PD [17]. The importance of that early slight changes on imaging
is that they are detectable in risk phase and preclinical phase of PD years before
symptoms. Nevertheless, PET and SPECT are reliable in assessing function, get-
ting diagnosis and monitor disease severity and progression. PD is associated
with nigral degeneration and striatal dopamine deficiency, so the neuroimag-
ing of the dopamine system is very useful. Transcranial sonography (TCS) can
detect a hyperechogenicity in midbrain with good accuracy in PD, even in early
preclinical phase of disease. TCS is available, cost-effective method and could
be very helpful as a possible imaging biomarker in PD, but its accuracy is very
dependent on operator skill and good temporal window [18]. Voxel-based mor-
phometry techniques are used mostly for differentiating between PD and other
motor disorders in the early stages [19].
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Conclusions

Early PD can now be identified by combining a variety of nonmotor mark-
ers, motor measures and biomarker testing. With advancing knowledge on the
specificity of markers, value of marker combinations and lead time, the field is
very promising. But standardization is very important. The main goal is to find
good biomarkers of early phase for investigation neuroprotective treatments.
With all extensive investigations and novel technologies we will soon be ready
to start those trials with disease modifying treatments. With a focused effort, a
future, in which we can modulate progression of PD and possibly even prevent
clinical PD, might be possible very soon.
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Summary

Understanding patterns of neuropathological progression in neurodegenera-
tive diseases is of paramount importance with implications on our understanding
how such diseases evolve clinically. As a consequence, such knowledge can con-
tribute to establishing appropriate biomarkers allowing early clinical diagnosis and
ultimately early therapeutical interventions.

In the past over nearly three decades, it has become clear that from the earliest
disease stages neuropathological progression takes place in an anatomically ste-
reotypical manner. As a general rule neuropathology is thought to start in well-de-
fined, circumscribed anatomical areas of the central nervous system from where it
progresses in a predictable manner to additional cerebral regions via pre-existing
neural networks.

The significant body of data that is relevant for understanding disease progres-
sion has essentially emerged by studying large cohorts of preclinical cases with
early pathological changes, together with cases with intermediate level of clinical
presentation and neuropathological changes and also end-stage cases with fully
developed clinical presentation and neuropathology. The best studied examples
include Alzheimer’s disease (AD) and Parkinson’s disease (PD). In the former both
the amyloid- (AB) and tau (neurofibrillary tangle) pathologies while in the second
the Lewy (-synuclein) pathology have been shown to progress in anatomically
determined, stereotypical manner in distinct stages.

In this chapter, patterns of progression of a number of neurodegenerative
diseases is briefly discussed, including AD, Parkinson’s disease PD, corticobasal
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degeneration (CBD) and progressive supranuclear palsy (PSP). It is emphasised
that understanding the neuropathological changes which characterise the early
disease phases including the preclinical stage of diseases, is of paramount signifi-
cance as this information help also to understand clinical progression.

Key words: CBD, neuropathology stadies, early phase of neurodegenerative
diseases

Introduction to understanding aspects of neurodegeneration

Neurodegenerative diseases represent a major group of neurological condi-
tions, characterised by relentless clinical progression, which is closely associat-
ed with a gradual topographical expansion and an increase in the severity of the
underlying pathological changes affecting distinct groups of neurons, neuronal
networks. Some of the conditions in this group, such as AD and PD, are of para-
mount public health importance while others, such as frontotemporal dementia
(FTD), motor neuron disease/amyotrophic lateral sclerosis (MND/ALS), progres-
sive supranuclear palsy (PSP), corticobasal degeneration (CBD) and Hunting-
ton’s disease (HD), although have significantly lower general population preva-
lence rates, are relatively frequently seen in specialist clinics.

The neurodegenerative diseases which are in the focus of this chapter are
characterised by misfolding, abnormal aggregation and accumulation of spe-
cific diseaseproteins, hence they belong to the wider group of proteinopathies
or proteopathies [29]. Although the initial trigger of the pathological process
that leads to protein aggregation is not fully understood, several genetic mecha-
nisms and post-translational modifications of disease proteins have been shown
to be able to destabilise the normal secondary structure of proteins [24].

In the majority of neurodegenerative conditions one of four disease proteins
form intracellular or extracelluar inclusions/deposits, while in AD two patho-
logical proteins deposit. 1.) The A peptide, which is the main component of
the extracellular senile/neuritic plaques and the vascular amyloid of cerebral
amyloid angiopathy also seen in the majority of AD cases [10]. 2.) The microtu-
bule-associated protein, tau, which forms the filaments of the neurofibrillary
tangles (NFTs) in AD and other tauopathies. Tau is also the disease protein of
other neuronal inclusion types such as the Pick bodies and astrocytic as well as
oligodendroglial inclusions in the different tauopathies [26]. 3.) The a-synuclein
protein, which is the major component of the neuronal Lewy bodies in PD as
well as dementia with Lewy bodies (DLB) and the glial (oligodendroglial) cyto-
plasmic inclusions in multiple system atrophy [27] and finally 4.) the TAR DNA-
binding protein, 43kDa (TDP43), which is the major disease protein composing
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intraneuronal inclusions in a significant proportion of frontotemporal lobar de-
generations and in the majority of sporadic MND/ALS [21, 22].

Understanding the neuropathological changes underlying preclinical and
early disease stages is a precondition to early clinical diagnosis

Relentless clinical deterioration is a hallmark feature of neurodegenerative
diseases, which is determined by a continuous anatomical progression of the
underlying pathology specific for a given disease. Since the early 1990s, the pat-
terns of neuropathological progression of a number of neurodegenerative diseas-
es have been studied and clarified. These include AD [2, 3], PD [4], argyrophilic
grain disease [25], MND/ALS [7], behavioural variant of FTD [6], Pick’s disease
[14], PSP [18, 30] and CBD [19, 20]. These studies provided evidence that neurode-
generative diseases are not static, but dynamic, constantly evolving conditions
also implicating that pathology appears in clinically asymptomatic individuals
(preclinical phase) and that after the preclinical phase, due to progression of the
underlying pathology, patients enter initially into a phase characterised by mild
clinical symptoms/signs and finally into a phase with full blown clinical picture
[5, 15, 20]. Working with this hypothesis, neuropathological studies of some of
the conditions led to the identification of the groups of neurons and neuronal
networks that are first affected by a given neurodegenerative disease process
and also the structures which are affected in subsequent disease stages. In the
following section the early neuropathological changes in AD, PD, PSP and CBD
will be briefly discussed (Table 1).

23



Neurodegenerative diseases challenges: Early diagnosis and pandemics (2021; Rijeka); pp 21-29

(IA-]) Sloquunu UBWOY YIIM PIJEDIPUI 1B 3SEISIP S, JoWIayZ|y Ul sade)s (ney) 9|3ue) AJe[[1iqIJOININ e
sode)s [eoiuloaud yuasaidal z pue | sadels yeyy Ajy1| st )1 ‘Asjed seajonueidns
aAIssaldoid ul paulwialep uaaq jou sey siy) ‘yanoyl|y ‘Adojoyied [eotuioaid saiiudis ,Mo[|A, padjiew smoy

‘sBaR
Iojowaid pueR  ¥a)020a8U
SUl JO SBAIE UONEIOOSSE

(@00 Tensta Areurad Surpnjour)
seare

SoseasIp O>E@.®C®W®UO‘_3®C inoj ul

2qo] repdiong 3 frosuss  gepro  jsmg eorpososu Arewid pue Arepuodag %9
X2}10008U
rewogerd pue X)10008U
SY} JO SBalE UONBIOOSSE (xep00 syernsuad oy Surpnjour)
2qo Terodwe) “aqo] [B)SLIE A frosues  Iepio  yYSIH wnjjaqere) JUSWSAJOAUT [EITH0D08U  SAISUSIXH +S
(snxayd-7v D) Xepo000[e
Ple (uordar fetifGiGINSSGRS)
2qO] [euoIg A KSI6505St reroda L wajsuTerg SBATE UOTJBIDOSSE [BITLI0003N «
snajonu Xa[102 ¥I5T enue)sqns
Plejusp ‘wnjelns ‘erepsAwy | [ejuon JOLI3)S0d oty jo epedwod sed uoreydaousiq 1AS [en3ur] pue woyIsn g %€
xa[dwod
, NSHIE65gHs—snarnia0d
aseq aurjuod ‘sneponu
©JESUO[QO E[JNPATE X310 Ternonal RH{E5610EEE sndweododdrg
‘wnjuswse) ureIqpry | ¢ JUHOHSIA rersierosioq ‘raponu aydey snduresoddrpy UoTFar TeuTyIoNIg «2
BIBTH enyueysqns 2U0Z Je[nonaI
(refSonse
‘SNSTONU OIUETEYIGNS Aqureur) SJBIPAULISIUT JO,PUR X2)100 TEUTICIUSStRET
Anmono
‘snprred snqof |  enSuURd [eseqg |  SNa[onU Jojow X/X] [eSIoq X3}10008N] SAIMIONYS U0 +1
[81J(&Soronyed [0z](43ojoyyed - .
ne) [euoanan) Asied ne)) MONEIRUISp [ J&Sooyed wpnuis-n) [gz](sanberd) gv [ZT(er8wey Areqriqyo.anau) neJ, asess
aeapnuerdns aarssaaSorg TESEGOIAI0S ASEISIP S WOSUDILJ Sarso[oyjed J5easIp S IWRYZY| [eddojoqiedoinan

CO_wmw,_wo,_Q oseasip JO mwwmum JualajjIp ul pajoejje seale ®>_~®~C®m®‘_o_ww_ “L 9|qelL

24



T. Revesz: What can we learn from the neuropathological studly of preclinical and early neurodegenerative diseases?

By investigating large cohorts of preclinical cases and cases with full-blown
disease, the pioneering and highly influential studies by Heiko Braak and his
colleagues demonstrated pattens of disease progression in the two, most com-
mon neurodegenerative diseases AD [2, 3, 28] an PD [4]. Their initial study of AD
suggested that the neurofibrillary tangle/tau pathology starts in anterior mesial
temporal lobe structures from where it progresses stereotypically in a predictable
manner, which they divided into six distinct stages (Braak stages) [2, 3]. A more re-
cent revision of the scheme indicates that tau deposition is likely to start in brain-
stem neurons with diffuse projections to the cerebral cortical areas. This initial
tau deposition is followed by a caudorostral progression leading to involvement of
anterior mesial temporal lobe structures in Braak neurofibrillary tangle pathology
stages I and II (transentorhinal and entorhinal cortices, hippocampal formation),
followed by involvement of basal temporal cortical (fusiform gyrus), insular and
basal frontal areas (Braak stages III and IV) and finally neocortical areas such as
the prefrontal cortex as well as the high-order sensory association neocortex in
Braak stages V and the premotor and primary motor areas as well as sensory first-
order association areas and primary fields in Braak stage VI [2, 5]. In contrast to
the tau pathology, progression of the A3 pathology takes place in a rostro-caudal
direction as described by the so-called Thal phases [28]. Accordingly, Af3 depo-
sition starts in the neocortex followed by involvement of structures such as the
hippocampus and parahippocampal gyrus in Thal phase 2, the diencephalon in

Thal phase 3, the brainstem in Thal phase 4 and finally the cerebellum in Thal
phase 5 [28].

Progression of the Lewy pathology In PD also shows a stereotypic, anatomical
progression pattern with the Lewy pathology appearing in the nuclei of the IX/
Xth cranial nerves and the intermediate reticular zone of the medulla and also
in the olfactory bulb in clinically asymptomatic individuals years before clini-
cal disease onset [4] (Braak Lewy body stage 1). From here the Lewy/a-synuclein
pathology shows a caudorostral propagation with pontine structures, including
the locus coeruleus-subcoeruleus complex being affected in Braak stage 2. The
pars compacta of the substantia nigra and magnocellular nuclei of the basal fore-
brain become involved in Braak stage 3, the anteromedial temporal mesocortex
(transentorhinal cortex) and allocortex (CA2-plexus) in Braak stage 4, and finally
Lewy pathology appears in neocortical areas in Braak stages 5 and 6 [4]. Com-
pared to cases with clinically manifest PD, the Lewy pathology is variable in in-
cidental Lewy body cases (preclinical PD). The Lewy pathology may correspond
to Braak stages 1, 2 or 3 (without significant loss of pars compacta dopaminergic
neurons) or it may be similar to, but less severe than that seen in PD cases [1, 4, 9].
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Data regarding disease progression in PSP are rather scant. In 2007 our re-
search group published a study, in which we applied a scoring system for the
assessment of the tau pathology in cases with typical PSP (PSP-Richardson syn-
drome or PSP-RS) or PSP-parkinsonism (PSP-P). The scoring system we devel-
oped, took into consideration the severity and anatomical distribution of the
PSP tau pathology [30]. Our study [30] and a recent one [18], have found evidence
that tau pathology initially is likely to appear in basal ganglia structures from
where it propagates towards the neocortex on one hand and towards brainstem
structures and cerebellum on the other.

In two recent studies our research group has demonstrated that in clini-
cally asymptomatic individuals, basal ganglia structures are affected initially
by tau pathology in CBD from where, via corticostriatal networks, it propagates
towards the dorsolateral prefrontal cortex [19, 20] and, with further disease pro-
gression with an anterior-posterior gradient of the tau pathological changes to
more posterior frontal and ultimately to other cortical areas and also towards
the brainstem. We also showed that in the earliest phases of the CBD disease
process in clinically asymptomatic individuals, the astrocytic tau pathology is
predominant with neuronal tau pathology becoming more apparent in cases
with advanced disease [19, 20]. A scientific commentary was commissioned by
the Editor of Brain [17] to accompany our publication, which emphasised the sig-
nificance of identifying structures affected in preclinical CBD as this informa-
tion may become helpful for the diagnosis of early CBD by in vivo tau imaging.

It is a major research goal that the mechanisms of clinical and pathological
disease progression are clarified. In recent years, a significant body of data have
emerged from both experimental investigations and human studies indicating
that major disease proteins including tau, -synuclein and A mimic the behaviour
of disease-associated prion protein [8, 12, 16]. This would indicate that disease
proteins can show 1.) self-amplification via the process of ‘permissive templating’
[13], 2.) a propensity for cell-to-cell propagation explaining disease spread [12] and
3.) an ability to form different protein conformers, ‘strains’ which are responsible
for the different disease types such as e.g. PSP or CBD within the larger group of
tauopathies [11] or for PD and MSA within -synucleinopathies [23].

Conclusions

In this brief chapter I wished to emphasise that several neurodegenerative
diseases have been shown to have an often lengthy, preclinical phase, associated
with early stages of neuropathological changes. Understanding the neuropatho-
logical changes characterising such preclinical stages is of paramount impor-
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tance as this information may facilitate the design of appropriate biomarkers
and application of refined imaging techniques to aid the clinicians to make an
early diagnosis. The knowledge thus obtained may also help early application
of appropriate disease -modifying therapeutical approaches once they have be-
come available.
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Summary

The common neurodegenerative brain diseases have a long and slowly pro-
gressive course. Although the diagnosis of dementia and parkinsonisms can be
made when the typical clinical presentation develops, pathophysiological pro-
cesses begin many years earlier. The concepts of a presymptomatic or preclini-
cal and prodromal disease stages are becoming widely accepted in search for the
effective causative treatments for neurodegenerative diseases, which is a major
unmet need in neurodegenerative brain diseases. One of the possible explana-
tions for many failed trials in search for neuroprotective treatment is that trials
were conducted in patients in whom clinical picture was already developed and
the neurodegenerative process in brain very pronounced and widespread. The fo-
cus of scientists’ attention has therefore shifted towards earliest phases of diseases,
its detection and course. It is now already possible to identify the neurodegenera-
tive diseases at their “silent” preclinical stages even before the occurrence of the
first clinical symptoms. Various imaging and fluid biomarkers are being developed
for the detection of preclinical neurodegenerative brain disease stages. Metabolic
brain imaging with '8F-fluorodeoxyglucose and positron emission tomography
(2-['®FIFDG PET) is one of them as it can detect the metabolic brain abnormali-
ties caused by the earliest stages of neuronal dysfunction and neurodegeneration.
Besides early disease detection, 2-["*FIFDG PET brain imaging can be helpful in
differential diagnosis and for monitoring the disease progression.

Key words: neurodegeneration, Alzheimer’s disease, Parkinson’s disease, pro-
dromal, preclinical, metabolic brain imaging, '®F-fluorodeoxyglucose and posi-
tron emission tomography (2-['*F]FDG PET)
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Introduction

Recognizing and understanding early stages of neurodegenerative diseases
is of exceptional scientific interest. Neuronal dysfunction and abnormal protein
depositions are already detectable in asymptomatic subjects who are developing
neurodegenerative brain diseases [1] like Alzheimer’s and Parkinson’s disease,
which are the most common ones and nowadays affect 55 million people world-
wide. Preclinical research may provide a powerful tool to study the potential
therapeutic and neuroprotective compounds [2], as finding a neuroprotective
and neuromodulative medication poses a major unmet need in the field of man-
aging patients with neurodegenerative brain diseases.

Alzheimer’s disease

Alzheimer’s disease (AD) is the most common neurodegenerative disease
characterized by accumulation of misfolded proteins amyloid (3,, and tau in the
brain [3]. Dementia due to AD represents between 50 and 70% of all dementia
cases [4]. It is now generally believed that AD pathological processes start seve-
ral years prior to the appearance of first symptoms. Firstly, we can observe the
accumulation of amyloid ,, which can be detected with amyloid PET imaging
or as a decreased level of amyloid 8,, concentration in the cerebrospinal fluid
(CSF) analysis. According to modified amyloid cascade hypothesis [3], accumu-
lation of amyloid 3,, leads to the spread of tau protein beyond medial tempo-
ral lobe, seen first as elevated level of phosphorylated tau protein in the CSF
and followed by tau PET positivity [5] .The next step is synaptic dysfunction as
shown by 2-[¥F]FDG PET and finally hippocampal atrophy and increased level
of total tau protein in the CSF, followed by cognitive decline [6]. As disease pro-
gresses, structural atrophy and pathological protein depositions spread [7] and
first clinical symptoms become apparent, ie. impairment in one or more cogniti-
ve domains, but typically memory. Patients diagnosed with mild cognitive im-
pairment (MCI) have 5-10% annual conversion rate to dementia, however some
of them remain at MCI stage (8) or reverse to normal cognitive state. It would
be of great clinical and research importance to find a biomarker with reliable
predictive value for conversion from MCI to dementia.

Brain imaging studies in Alzheimer’s disease

Structural imaging with MRI has an important role in distinguishing be-
tween AD and vascular dementia [9] and furthermore, it can show hippocampal
atrophy early in the disease course [6]. In the recent years advancement in radi-
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otracers brought several new tracers that can offer new insight in AD pathology.
Tracers binding to amyloid plaques can show amyloid B depositions and thus
offer in vivo evidence of AD pathology. Although amyloid PET binding is not
correlated to scores of clinical disability [10], it has an important role especially
in patients with an unclear diagnosis [11]. New tracers that bind to tau protein
offer a promising alternative that seems more closely correlated with the clinic,
although they are still under development and not yet used in routine clinical
practice [5]. 2-['*F]JFDG PET brain imaging is well-established and widely acces-
sible method and it can reveal synaptic dysfunction which antecedes structural
atrophy in AD [12]. Novel statistical approaches can further improve 2-[*F][FDG
PET usefulness in clinical practice. 2-['"*F]FDG PET brain imaging can be used
together with network analysis to identify specific metabolic patterns. The net-
work analysis called scaled subprofile model, which is based on principal com-
ponent analysis (SSM/PCA) is a type of multivariate network analysis [13]. With
this method various specific disease-related metabolic patterns were identified
from 2-[*F]FDG PET images of patients and healthy controls [14-19]. Addition-
ally, with the use of topographic profile rating (TPR) algorithm the expressions
of specific metabolic patterns can be measured from 2-["*F][FDG PET images in
individual subjects and prospectively [13].

Alzheimer’s disease-related pattern (ADRP) has been thus far identified in
few different clinical cohorts [15,20,21]. Our group recently identified ADRP for
the first time in a cohort of demented patients with pathologically (low amyloid
in CSF) confirmed diagnosis of AD [22]. ADRP was characterized by relative hy-
pometabolism in parietal association cortices, temporal cortices and precuneus
and relative hypermetabolism in cerebellum (Figure 1).
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Figure 1. Alzheimer’s disease-related pattern (ADRP) identified by network analysis of
2-["FIFDG PET scans from 20 AD patients and 20 age matched normal controls. Relative
metabolic decreases are represented by voxels with negative region weights and are
color-coded blue, whereas associated metabolic increases are represented by voxels with
positive region weights and are color-coded red.

ADRP expression was validated in an independent cohorts of AD and cog-
nitively normal control (NC) subjects (Figure 2).

ADRP SLO (Z-scores)
&+
=
QS

Group
Figure 2. Expression of Alzheimer’s disease related pattern in identification and validation
cohort. Pattern identification cohort was comprised of 20 normal controls (NC1) and
20 patients with Alzheimer’s dementia and confirmed Alzheimer’s pathology in the
cerebrospinal fluid (AD1). Pattern validation cohort was comprised of 21 NC (NC2) and
43 patients with AD and confirmed AD pathology in cerebrospinal fluid (AD2). The
boxplots represent median and interquartile range.

34



M. Trost, M. Perovnik: Metabolic brain imaging as a biomarker of an early stage of neurodegenerative diseases

Further, we studied the expression of ADRP in MCI patients. We found that,
ADRP expression was significantly higher in patients with MCI and AD CSF
profile in comparison to patients with MCI and normal CSF profile (Figure 3).
Furthermore, it was already shown that ADRP can enable accurate prediction
of conversion from MCI to AD [23]. ADRP is therefore a promising metabolic
biomarker for disease diagnosis and prediction of prognosis.

w

Group
B3 uct_nonAD

B3 uciap

ADRP SLO (Z-scores)
~

MCI_nonAD MCI_AD
Group

Figure 3. Expression of Alzheimer’s disease related pattern (ADRP) in 19 patients
with mild cognitive impairment and normal cerebrospinal fluid (MCI_nonAD) and 23
patients with MCI and Alzheimer’s pathology in CSF (MCI_AD). ADRP expression was

significantly higher in MCI_AD group (p = 0.02, two-sided). The boxplots represent
median and interquartile range.

Parkinson’s disease

PD is the most common movement disorder and represents the second most
common degenerative disease of the central nervous system [24] after AD. De-
generation of nigrostriatal dopaminergic neurons, which results in disruption
of basal ganglia—thalamo-cortical loops, underlies the classical motor signs and
symptoms of PD (i.e, bradykinesia, rigidity, tremor and postural instability). The
typical motor PD signs may be preceded by a period that lasts several years to
decades, in which neurodegeneration has yet started and spreads throughout the
nervous system. In this period various non-motor symptoms often present. Con-
stipation was early identified as a risk factor of PD [25][26] and similarly hyposmia
[27] and REM-sleep behavior disorder (RBD) [28][29]. There is however still a lack
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of studies to give a more precise idea on the risk of PD in individuals with pro-
dromal [24] symptoms. We need to be aware that prodromal PD is not benign. At
PD diagnosis, many patients already have had symptoms of anxiety, apathy, auto-
nomic dysfunction, and motor deficits for several year [2] [30]. Various non-motor
as well as motor symptoms are therefore recognized in premotor PD [31] [32]

Brain imaging studies in Parkinson’s disease

Structural and functional brain imaging plays a crucial role in clinical diag-
nostics and research of PD and other basal ganglia disorders. Dopamine trans-
porter (DAT) imaging has been widely available to reveal presynaptic dopamin-
ergic dysfunction [33]. Significant DAT changes may precede the onset of clinical
symptoms [34]. Substantia nigra hyperechogenicity detected with transcranial
sonography has also been shown to predict onset of PD, and is already included
in PD prodromal criteria [35][36]. Meta-iodobenzylguanidine (MIBG) cardiac
scintigraphy allows visualisation and quantitative assessment of adrenergic
neuronal function of the heart and is a useful tool for the differential diagnosis
of neurodegenerative disease [37]. It has also been shown that reduced cardiac
MIBG uptake is present in prodromal PD [2] [38].

Metabolic brain imaging represents another valuable tool to improve our un-
derstanding of basic molecular mechanisms and pathophysiological processes
underlying parkinsonian disorders [39]. As mentioned above 2-["*F]FDG PET brain
imaging can be used with network analysis to identify specific metabolic patterns.

Parkinson’s disease related pattern (PDRP) is a specific PD associated met-
abolic brain pattern, which has been shown to differentiate PD patients from
healthy controls and from atypical parkinsonian patients. It is also present in
patients with REM sleep behavior disorder [40] [41] [42], which is believed to be
the most reliable prodromal PD condition. Furthermore, metabolic brain imag-
ing in an excellent tool to study cognitive changes in PD [43]. A network analysis
applied on the 2-["®*F]FDG PET brain was used to identified PD-related cognitive
pattern (PDCP). It has been shown that the PDCP expression correlates with
patients” cognitive scores [44].

Conclusion

Modern neuroimaging in conjunction with computational algorithms based
on metabolic brain pattern recognition are now commonly used in clinical prac-
tice and in research. Specific metabolic brain patterns, which are derived from
2-["F]FDG PET images are repeatedly proving to be a reliable biomarker of vari-
ous neurodegenerative brain syndromes.
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Summary

Multiple sclerosis (MS) is a chronic neuroinflammatory disorder of the central
nervous system (CNS) that is characterized by widespread demyelinating lesions
in both the brain and the spinal cord. The inflammatory lesions are not the only
pathophysiological process, with continuous neurodegeneration and atrophy pre-
sent from the very beginning of the disease. The direct cause of the disease is not
known so far but is thought to be a combination of genetic, immune and envi-
ronmental factors. Significant advances in immunology and neuroscience bring
us ever closer to understanding the complex pathophysiology that underly multi-
ple sclerosis, along with enabling us to diagnose the disease earlier than before.
The natural course of the disease in both relapsing and progressive phenotypes
includes the radiologically isolated syndrome, in which there is evident dissemi-
nation in space without any symptoms. The majority of these patients will have
radiological progression in five years, with a third experiencing their first clini-
cal symptoms. Early diagnosis facilitates early disease-modifying therapies, which
should lead to slower progression and reduced disease activity in most patients.
Furthermore, the personalized approach to therapy is now a reality in MS with a
comprehensive option of therapy suited for the clinical state of each patient.

Key words: multiple sclerosis; neuroinflammation; diagnosis; clinically isolated
syndrome; radiologically isolated syndrome
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Background

Multiple sclerosis (MS) is a chronic neuroinflammatory disorder of the cen-
tral nervous system (CNS) that is characterized by widespread demyelinating
lesions in both the brain and the spinal cord [1]. Multiple sclerosis can be consi-
dered as a disease of a thousand faces, as the first symptoms vary significantly
from one person to the other due to different locations where the lesions occur.
The most common symptoms in the start of the disease include blurred vision,
vision loss, numbness, paraesthesia and ataxia [2]. The first presentation of the
disease most commonly occurs in young adults, and approximately three-quar-
ters of patients suffering from MS are women, which follows the similar sex dis-
tribution present in autoimmune diseases [3]. The disease is present in the whole
world, but the prevalence varies greatly depending on geography and regions. It
is most prevalent in Europe, North America and Australasia [4]. The prevalence
in Croatia has been increasing in recent times [5, 6], especially in some regions
that have historically had more cases of MS than the rest of the country [7, 8].

Furthermore, MS is among the leading causes of disability in young adult
and adult age groups, thus being a significant burden on society in Europe [9].
The direct cause of the disease is not known so far but is thought to be a combi-
nation of genetic, immune and environmental factors [10]. Pinpointing the start
of the disease is impossible without a clear cause; however, we do know the
disease is active for some time before the first clinical events are present [11]. Si-
gnificant advances in immunology and neuroscience bring us ever closer to un-
derstanding the complex pathophysiology that underly multiple sclerosis, along
with enabling us to diagnose the disease earlier than before. These give us the
ability to focus on the early phases and treatment of the disease while bringing
us within reach of finding the real beginning of the disease.

Pathophysiological evolution of multiple sclerosis

The original descriptions of multiple sclerosis by Charcot describe sclero-
sing plaques in the periventricular area, pons and the spinal cord, a demonstra-
tion of the dissemination in space, which is crucial in today’s diagnostic criteria
[12]. However, in modern times we do not depend solely on clinical features
and pathology, but also on modern neuroimaging and laboratory techniques to
diagnose and measure the progression of the disease. Demyelinating lesions in
MS occur in both the white and gray matter, with each having specific characte-
ristics [11]. In general, acute white matter lesions that are present in the relapsing
forms of the disease are characterized by acute inflammation that can be quite
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heterogenous between each person [13]. At the start, most lesions have a marked
innate immune response with classical and alternative microglial activation,
bloodborne macrophage infiltration and subsequent initiation of the adaptive
immune response [14, 15]. Unfortunately, the intrinsic or extrinsic factors that
cause the lesions to form are still unknown. Recent research reveals that micro-
glial activation remote from established lesions could represent the earliest stage
of lesion development [16]. Importantly, microglia also initiate the processes of
repair during the early phase of the disease, which follows the inflammation at
the same time [17]. What occurs after initial lesion activation is the recruitment
of either predominantly T-cells or B-cells, which begins the complex interplay
between the immune system, glial cells and neurons, and ultimately can bring
the acute lesions into the chronic phase [18]. The possible outcomes of this pro-
cess is a chronic inactive lesion that is characterized by a complete lack of remye-
lination, or a remyelinated lesion that can lead to partial restitution of function.
Another possibility is a low-grade inflammation smouldering lesion, fueled by
chronic microglial activation and subsequent chronic neurodegeneration, which
is most common in progressive forms of multiple sclerosis [19, 20].

Gray matter lesions show a lesser inflammatory component than the white
matter lesions, with significantly less disrupted blood-brain barrier [21]. They
most commonly occur in the perivascular cortical space and near the leukocor-
tical junction, which affects both white and gray matter [22]. The evolution of
the lesions is less severe than in acute white matter lesions, with a more marked
innate immune response, while the adaptive immune response is present in a
lesser capacity. The leukocortical lesions show a more profound inflammation
than the pure cortical lesions, which only encompass the gray matter [23]. Intere-
stingly, they are more prevalent in the early stages of the disease and are rarely
present in the chronic, later stages [23]. Furthermore, gray matter lesions can be
present even before white matter lesions, while also predicting higher progre-
ssion of disability, even in patients with a clinically isolated syndrome (CIS) [24].

The presence of lesions and focal inflammation is only one part of the patho-
physiology in MS. There is clear evidence that continuous neurodegeneration, or
»silent progression, is present from the very beginning of the disease and conti-
nually leads to irreversible damage of nervous tissue [25]. Regional gray matter
atrophy occurs from the start and progresses through the natural course of the
disease [26]. The atrophy is especially evident in the thalamus, which happens
in the earliest stages of the disease and increases the risk of disease progression
[27]. Deep gray matter volume loss has been shown to drive the disability pro-
gression in patients, with lacking improvement to disease-modifying therapy
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[28, 29]. The progression of atrophy appears to correlate with the lesion load in
MS, but it is not clear whether there is a direct connection between the two [30].
A study by Pontillo et al. confirmed the diffuse involvement of the deep gray
matter (DGM) in MS, with differences between the progressive and relapsing
phenotype. The atrophy in the relapsing forms was determined by the white
matter lesion burden, while in progressive forms, the microstructural damage
and thalamic susceptibility changes accounted for the development of DGM vo-
lume loss [31]. Therefore, the pathophysiological evolution of neurodegeneration
in both forms appears to be driven by inflammation, with the atrophy in relap-
sing forms occurring due to structural disconnection in neuron networks, while
in progressive forms as a consequence of local microstructural damage. Overall,
it appears that the chronic neurodegeneration in MS is a direct consequence of
chronic CNS inflammation, with production of reactive oxygen and nitrogen
species, low-grade hypoxia, cytokine and glutamate release being the main dri-
vers of damage. The homeostasis of the neurons in such a milieu is disturbed, le-
ading to oxidative stress and mitochondrial damage that causes ion imbalances
and ultimately neuroaxonal damage by apoptosis and necrosis [32]. Whether the
disease beginning is driven purely by inflammation or if there is an underlying
cause for neurodegeneration is not known yet as the search for the direct cause
continues [33].

Clinical evolution of multiple sclerosis

Our understanding of the clinical disease evolution has improved in recent
times. Multiple sclerosis is classified into two primary phenotypes based on di-
sease progression; the relapsing forms and the progressive forms [34]. The initial
evolution of the disease is similar for both phenotypes, as the disease in both
cases starts before the clinical threshold is passed and observed. Early asymp-
tomatic lesions can be detected with magnetic resonance imaging (MRI) long
before first clinical events, which is called the radiologically isolated syndrome
(RIS) [35]. Studies have shown that patients with RIS can progress to both the
relapsing and progressive forms of multiple sclerosis [36].

On the other hand, clinically isolated syndrome (CIS) encompasses the first
clinical manifestation of the relapsing form of MS and is characterized by pre-
sent demyelinating lesions on MRI with neurological symptoms, but without
proven dissemination in time [35]. In both cases, we should follow the patients
prospectively, as the majority of cases will progress to relapsing or progressive
MS within ten years [37, 38]. However, even a single clinical event can be enough
to diagnose a patient with multiple sclerosis, provided it is possible to prove the
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dissemination in time and space according to the latest diagnostic criteria [39].
The fast-changing diagnostic criteria have reduced the number of patients that
are diagnosed with these syndromes; however, they still represent a stepping-
stone in the evolution of the disease.

Radiologically isolated syndrome

Incidental MRI findings suggestive of multiple sclerosis without any neurolo-
gical symptoms define the radiologically isolated syndrome (RIS) [40]. Prospective
monitoring of the patients is critical as approximately two-thirds of people with
RIS will show radiological progression, while one-third will develop symptoms
in five years from discovery. Importantly, the patients with RIS can progress to
both progressive and relapsing forms of MS [36]. The risk increases if the lesions
are present in the cervical cord at first discovery, if the age of the patient is less
than 37 years old, and if the gender is male [40]. Patients with RIS have evidence of
brain atrophy, mild cognitive deficits, increased incidence of psychiatric diseases,
axonal loss and even a subclinical inflammatory disease [41].

The current modified criteria for RIS include a demonstration of lesion dis-
semination in space, similar to that in MS, with the exclusion criteria being any
clinical evidence of neurological dysfunction. Likewise, it is required that MRI
abnormalities cannot be explained by any other disease process, especially age-
ing, vascular-associated damage and exposure to toxins or drugs [42]. Particular
caution should be given in RIS patients who present with frequent headaches,
seizures, various paroxysmal symptoms or psychiatric disturbances, as those
can also be a sign of subclinical MS [43]. The likelihood is increased in there is
evident dissemination in time on MRI, infratentorial or spinal cord lesions, the
presence of oligoclonal bands in the cerebrospinal fluid or abnormal visual evo-
ked potentials [43]. On the other hand, there is a debate in the field whether the
term RIS is antiquated, with an overlap in both symptoms and diagnostic crite-
ria as the McDonald criteria for MS keep evolving [44]. There is a lack of detailed
epidemiological data for RIS. A population-based study conducted by Forslin et
al. revealed a small incidence of RIS (0.8 cases per 100,000) in a high-incidence
region for MS (10.2 cases per 100,000), although there is a need for a higher num-
ber of participants to increase the accuracy of the study [45]. Currently, there is
no evidence to support treatment in patients with RIS, even if there is a suspi-
cion of subclinical MS. However, active monitoring is advisable, provided the
patients agree to it [42].
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Clinically isolated syndrome

Multiple sclerosis for a vast majority of patients starts with a clinically iso-
lated syndrome, which by definition entails the first clinical presentation that
shows characteristics of inflammatory demyelination but does not meet criteria
for the dissemination in time [46]. Nearly 88% of people that experience CIS with
abnormal MRI will have a second episode and progress to clinically definite
multiple sclerosis in within 20 years of onset [47]. The natural evolution of CIS
encompasses progression to relapse-remitting multiple sclerosis after proven
dissemination in time, which can be followed by continuous relapses, secon-
dary progression or remain stationary [48]. CIS most occurs in young adults,
with presenting symptoms predominately involving optic nerves, brain stem,
cerebellum or spinal cord [49]. The risk rate of progression appears to be the
same regardless of the presenting symptom [50]. In general, the risk for disease
progression increases patients who have either abnormal MRI or positive oligo-
clonal bands in the cerebrospinal fluid [51].

Relapse-remitting multiple sclerosis (RRMS)

Nearly 85% of MS patients will have the relapsing form of the disease, with
an established natural progression (Figure 1.). This phenotype is characterized
by intermittent periods of increasing neurological disability called relapses,
along with periods of clinical stability called remissions. Almost half of the re-
lapses leave residual deficits that accumulate over time, leading to increasing
disability as the disease progresses [34]. Individual states such as infections and
stress appear to be associated with increased risks for relapses [52]. Pregnancy,
on the other hand, has a variable effect on the risk of relapses, with significantly
reduced risk of relapses during pregnancy, which increases above baseline risk
during the postpartum year [53]. A significant number of patients invariably
progresses into the secondary progressive multiple sclerosis (SPMS) (Figure 1.),
but it is still not clear what causes this progression [48].
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Figure 1. The evolution of the relapsing forms in multiple sclerosis. Figure style partially
adapted from the National Multiple Sclerosis Society.
Abbreviations: RIS - the radiologically isolated syndrome; CIS - clinically isolated
syndrome ; RRMS - Relapse-remitting multiple sclerosis ; SPMS - secondary progressive
multiple sclerosis

Progressive forms of multiple sclerosis

As stated previously, the natural evolution of the relapsing form of MS leads
to a progression to SPMS for most of the patients [37]. The cause for the disease
progression is unknown so far, and there are no definitive clinical diagnostic
criteria due to no available laboratory or imaging biomarkers [54]. The diagnosis
is usually retrospective and can be delayed up to 3 years in some patients [55].
This has to be improved, as novel therapies that can be effective in SPMS create
an opportunity for intervention in this stage as well. The progression of SPMS
is characterised by periods of continuous progression of the disease, periods
of relative stability, and possible superimposed relapse activity (Figure 1.) [50].
Much of the pathophysiological characteristics are similar in both SPMS and
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primary progressive multiple sclerosis (PPMS), involving predominantly the
innate immune system and a more closed off inflammation of the CNS than in
the relapsing forms of MS [56].

Around 10% of MS patients have progressive phenotype

as the presenting form of the disease, which is characterized by an ongoing
progression of disability [57]. The natural evolution of the disease is similar to
SPMS, with possible superimposed relapses and also periods of the relative sta-
bility of disability progression [50]. Novel research shows that RIS can also pre-
cede PPMS as a first possible sign of MS (Figure 2.) [36]. Lunde et al. published a
60-year old longitudinal study that showed a two-fold increased mortality rate
in PPMS compared to RRMS, with a seven-year shorter life expectancy [58]. The
recent gulf in treatment options between the two only means that this difference
could widen. Therefore, the progressive forms of the disease are under intense
pre-clinical and clinical research in order to elucidate the pathophysiological
mechanisms that could lead to novel treatment and improve patient outcomes.

Primary progressive multiple sclerosis evolution

N 1
- Relapse
i
1 ¥ Continuous
1
RIS ! PPMS progression
i
1
i
Z !
) :
© ]
§%] H
(@] | First clinical event
1
I
MRI activity H
/ :
!

Time

Figure 2. The evolution of primary progressive multiple sclerosis (PPMS). Figure style
partially adapted from the National Multiple Sclerosis Society
Abbreviations: RIS - the radiologically isolated syndrome; PPMS — primary progressive
multiple sclerosis evolution
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Evolution of the diagnostic criteria

Main principles of MS diagnosis are demonstrating the dissemination in
time (DIT) and space (DIS) with objective clinical and paraclinical evidence. The-
re have been many changes to the diagnostic criteria over the last half-century.
Schumacher proposed the first criteria in use at al. in the ‘60s of the last century,
which included both dissemination in time and space using only clinical signs
as there were no paraclinical markers except evoked potentials [59]. The Poser
criteria included the presence of oligoclonal bands to the diagnostic criteria and
expanded the possible diagnostic conclusions, although still requiring concrete
clinical findings for DIT and DIS [60]. The discovery and use of MRI in clinical
practice have been central to increasing speed and accuracy of the diagnosis in
recent times, with the demonstration of DIS and DIT with MRI possible with
criteria set by Paty (1988) [61], Barkhof (1997) [62], Tintore (Revised Barkhof, 2000)
[63] and Swanton (2006) [64]. The MRI findings are central to the McDonald crite-
ria, that is still in use today after four revisions [65]. Each iteration modified and
reduced the number of lesions required for dissemination in space, while also
shortening the time for a follow-up MRI's to prove the dissemination in time
with gadolinium-enhancing active lesions. The 2010 revision reduced the mean
time for diagnosis from the onset from 2 years (Poser criteria) to just six months
[66]. Latest revision into the McDonald criteria in 2017 added the possibility of
using CSF specific oligoclonal bands to demonstrate dissemination in time, dra-
stically reducing the time required to make the diagnosis of MS [67]. The recent
revisions allow us to initiate treatment earlier than ever before and have brought
a significant change to the clinical management of multiple sclerosis.

Importance of early treatment

It is clear from the pathophysiological and clinical evolution of the disease
that treatment must be timely to disrupt the debilitating mechanisms that lead
to disability. The treatment of MS has improved significantly over the past years,
with a growing number of disease-modifying therapies available for patients.
All of the disease-modifying therapy (DMT) focuses on modulating the immune
system. It works via three possible ways: immunosuppressive (E.g. natalizumab,
siponimod, fingolimod, ocrelizumab), immunomodulatory (E.g. interferon-beta,
dimethyl fumarate, glatiramer acetate, teriflunomide) or via immune reconsti-
tution (E.g. cladribine, alemtuzumab, autologous haematopoetic stem cell tran-
splantation) [2]. Many of these therapeutics overlap in their way of affecting the
immune system and require a careful approach in consideration which is most
suitable for each patient. The goal of therapy is to reduce the disease activity
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as much as possible and attain no evidence of disease activity (NEDA), which
in turn slows down progression. It is well known that DMTs are capable of de-
laying disease progression and changing the natural course of the disease that
was outlined earlier in this review [68]. The general safety profile for all DMTs is
favourable, with the potency being proportionately related to potential adverse
events. General adverse event profiles are related to immunosuppression, with
a higher incidence of infections, induction of secondary autoimmunity and po-
ssible malignancies. More studies are required as currently safety outcomes are
poorly reported in most primary studies of DMTs [69].

Current guidelines for treating RRMS implemented in most European co-
untries initially include the escalation approach in which the start of therapy is
with less potent and potentially more safe DMTs such as interferon-beta or teri-
flunomide [70]. The therapy can then be escalated to more potent DMTs such as
natalizumab or fingolimod if there is no adequate control over disease activity
or progression. However; novel research by William et al. point out that starting
therapy with more potent DMTs leads to lower risk of conversion to SPMS [71].
This is evident when observing the NEDA scores for various DMTs in their pha-
se 3 trials, with the rates of patients achieving NEDA in ocrelizumab, cladribine
and alemtuzumab being significantly higher than those of first-line DMTs such
as interferon-beta and teriflunomide [2]. Moreover, the treatment should be ini-
tiated as soon as possible to reduce the risk of disease activity and progression
[72], with current recommendations that support the use of DMTs even in CIS
with abnormal MRIs [70].

The second possible strategy for treatment is the immune reconstitution the-
rapy, which aggressively induces depletion and reconstitution of lymphocytes
[73]. This method of therapy is the closest to a possible cure, as it aims to re-
pair the aberrant immune response and induce long-term beneficial changes
in the adaptive immune system [74]. Aside from the mechanism of action, the
main differences between the two strategies lie in the fact that chronic immu-
nosuppressive and immunomodulatory therapies need to be administered con-
tinuously in order to remain active. In contrast, immune reconstitution therapy
is given in pulses and is effective long after the administration. The risk of such
aggressive therapy is the development of secondary autoimmunity, particularly
in the case of alemtuzumab [75]. Other adverse effects include the reactivation of
latent infections like tuberculosis or herpes zoster [76]. The early results of this
type of therapy are encouraging as nearly 60% of patients did not need additio-
nal cycles of alemtuzumab [77], while nearly 75% of patients remained relapse-
free in the fourth year after cladribine treatment [78].
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Unfortunately, most DMTs that are used for RRMS are not effective in pre-
venting disease progression in the progressive forms of MS [79]. The only DMTs
that have shown promise are the anti-CD20 monoclonal antibodies rituximab
[80] and ocrelizumab, with the latter approved for treatment due to a favourable
effect on disease progression [81]. The positive effect of these antibodies incre-
ases in younger patients who had an active inflammation on initial MRI scans.
Therefore, treatment with anti-CD20 DMTs should be considered in patients
with PPMS or SPMS, especially in those with shorter disease duration or signs
of activity on MRI [82].

The plethora of options and the variations in their efficacy has provided us
with the tools to provide highly individualized choices in treatment [83]. Star-
ting the treatment as early as possible is the only thing clear in every patient [70].
Deciding which treatment strategy to use from the start must include a perso-
nalized analysis of prognosis in each patient. Poor prognosis is determined by
demographic factors (E.g. older age, male sex, vitamin D levels), clinical factors
(PPMS, high relapse rater, short interval between relapses, poor recovery, high
initial Expanded Disability Status Scale score), MRI observations (high number
of T2 lesions, highly active lesions, infratentorial and spinal cord lesions, signifi-
cant brain atrophy) and biomarkers (oligoclonal bands in the CSF, high levels of
neurofilament light chain) [83]. Patients with poor prognostic factors should be
considered for early aggressive therapy to delay the progression of the disease
as much as possible, although the recommendations are not equivocal in this
field and further studies are required [84]. Other factors which influence the
treatment decision include the patient preferences, possible pregnancy, route of
administration, efficacy and cost. Therefore, two major principles in treating MS
is that every diagnosed patient should be given therapy as soon as possible and
that every patient deserves a personalized approach to recieve the most appro-
priate therapy possible as safer is not neccessearily better.

Final Thoughts

Our understanding of the beginning of MS has been challenged over re-
cent years by discoveries in the field. The concept of the radiologically isolated
syndrome (RIS) has shown that the disease mechanisms of MS can be visible
on MRI scans several years before the first clinical symptoms. Nearly 2/3 of pa-
tients with RIS show radiological progression and 1/3 will develop neurological
symptoms during mean follow-up times of up to five years. Therefore, it can
be considered as the beginning in both MS phenotypes, until the mechanisms
and cause for the disease are elucidated. RIS and CIS are getting obsolete and
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rare with new criteria for MS, with the syndromes gradually being incorporated
into the natural disease evolution of MS. Our understanding of the neurodegen-
eration and “silent progression” is increasing, and it is clear that these aspects
are present from the onset of MS. In general, relapsing MS patients experience
clinically significant worsening of disability that is independent of relapses or
accumulation of new T2 lesions on brain MRI. Silent progression patients have
similar imaging characteristics to patients with SPMS, which likely represents
the same pathological process as SPMS but is not recognized

as such by either clinicians or patients. Early diagnosis will facilitate early
disease-modifying therapies, which should lead to slower progression and re-
duced disease activity in most patients. Furthermore, the personalized approach
to therapy is now a reality in MS with a comprehensive option of therapy suited
for the clinical state of each patient. Ultimately, perhaps a more pertinent ques-
tion, in the end, is not when the disease begins, but how fast can we detect it and
initiate treatment to slow down the progression.
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Summary

Frontotemporal dementia (FTD) is a heterogeneous disease characterized by
atrophy of the frontal and / or temporal cortex and deposits of pathological inclu-
sions in brain. FTD can be difficult to diagnose, and because of its various behav-
ioural features and variable clinical presentation it can mimic many psychiatric
and neurodegenerative disorders. Therefore, the development of diagnostic mark-
ers is crucial for distinguishing FTD from other neurodegenerative dementias and
to differentiate FTD subtypes. An important goal of using biomarkers is to detect
the disease in the presymptomatic phase. To this end, a number of neuroimaging
methods are used to detect morphological and functional changes in the brain,
present years before the onset of symptoms. FTD is characterized with intracellu-
lar inclusions of various proteins, but in order to enable targeted therapy, it is nec-
essary to determine the underlying pathology. This is very difficult based just on
clinical presentation and numerous studies are focused on detection of changes
in specific protein concentrations in CSF which may reflect pathophysiological
changes in the brain. Finally, FTD is a highly hereditary disease and knowledge of
genetic changes is also becoming increasingly important. There is a known gen-
otype phenotype correlation in pathological mutations in common FTD genes,
which is of great importance for prognosis assessment and for asymptomatic fam-
ily members. Early diagnosis requires understanding of the neuropathology of the
disease and its neuroimaging features as well as its genetic background.

Key words: Frontotemporal dementia, neuroimaging, protein accumulation,
biomarker, genetics
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Background

Frontotemporal dementia (FTD) is a group of clinical entities causing pro-
gressive changes in personality, behavior, and speech with multiple underly-
ing pathological and genetic causes. [1; 2]. FTD is characterized by atrophy of
the frontal and / or temporal cortex and deposits of pathological inclusions in
the cytoplasm and nucleus of glial cells and neurons [3]. It is the second most
common cause of dementia after Alzheimer’s disease (AD) with a prevalence
of 10 to 30 per 100,000 people aged 45 to 65 years [4]. The characteristic age of
onset is typically younger than in AD (20-75 years of age), and affects both men
and women equally. Genetic background is an important risk factor for FTD
and there is a positive family history in 25-50% of cases [5]. The term FTD en-
compasses two main phenotypes of clinical presentation: behavioural variant
FTD (bvFTD; 60%) and primary progressive aphasia (PPA; 40%). The latter can
further be divided into three main subtypes: nonfluent/agrammatic variant
(nfvPPA), semantic variant (svPPA), logopenic variant (IvPPA). The bvFTD is as-
sociated with early behavioural and executive deficits, nfvPPA with progressive
deficits in speech while svPPA is associated with deficits of semantic knowledge
and naming. Over time, the symptoms of the clinical variants can converge until
patients finally develop global cognitive impairment and motor deficits. Clini-
cal, genetic, and pathological overlap with different neurological syndromes is
also common [6]. Because of prominent behavioural features it can also mim-
ic many psychiatric disorders which makes the diagnosis even more chal-
lenging. The basic clinical presentation in the form of behavioral changes and
speech disorders directly reflects atrophy of the frontal and temporal lobe cortex
[7]. However, in addition to the decay of gray matter, changes in white matter [8]
and in basal ganglia [9] have also been shown. Early diagnosis requires under-
standing of the neuropathology of the disease and its neuroimaging features as
well as the genetic background of the disease.

Protein biomarkers

FTD is a heterogeneous disease with intracellular inclusions of various pro-
teins. The most common accumulating proteins are tau, TDP-43 (TAR DNA-bind-
ing protein 43) and FUS (fused in sarcoma). Tau (MAPT, microtubule-associated
tau protein; FTLD-tau) or TDP-43 (FTLD-TDP) inclusions have been identified in
the majority of cases (€40-50%), while FUS (<10%; FTLD-FUS) and ubiquitin / p62
inclusions are less common (1-2%; FTLD-UPS) [10]. Because of an unclear correla-
tion between clinical syndrome and underlying neuropathology it is still challeng-
ing to predict the underlying pathological process according to clinical picture.
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In most FTD-tau patients, there is a mutation in the MAPT gene located on
chromosome 17. Tau protein is the most common protein that forms intracel-
lular inclusions in neurodegenerative diseases. These inclusions consist of an
abnormally hyperphosphorylated form of tau protein in the absence of amyloid
[ deposits. FTD-TDP form may be sporadic, but may also be associated with mu-
tations in TARDBP, GRN (progranulin), or C90rf72 (open-frame reading chromo-
some 72) genes [11]. There is accumulation of TDP-43 protein (TAR DNA binding
protein 43) consisting of 414 amino acids which is encoded by the TARDBP gene
located on chromosome 1 [12]. The TDP-43 protein has the function of a tran-
scription regulator involved in maintaining RNA stability. FTD-FUS patients
do not have a clear genetic background. FUS is a DNA / RNA binding protein
that regulates gene expression. FTD-FUS inclusions are morphologically and by
distribution similar to TDP-43 inclusions [13]. Also, a rare form of FTD-UPS has
been associated with mutations in the CHMP2B gene [11, 14]. There is no unam-
biguous link between genes and molecular pathology of FTD and it is consid-
ered that pathological changes are a result of complex molecular mechanisms.

Predicting the underlying pathology in FTD is one of the biggest challenges
in FTD diagnostics because distinguishing the accumulated proteins will be the
key for targeted therapy. Direct analysis of accumulated proteins is not easily
available but analysis of changes in specific protein concentrations in CSF may
reflect pathophysiological changes in the brain. An increase in CSF levels of tTau
and plau and a decrease in Af31 have been shown to identify AD pathology with
high accuracy and are used to differentiate it from FTD. Furthermore, an AD-
like profile is often found in patients with IvPPA, but not in patients with svPPA
nor nfvPPA [2]. On the other hand, studies of CSF values of tTau, pTau, or TDP-
43 did not show convincing results in predicting FTD [15], however it has been
shown that the p-tau : t-tau ratio is lower in FTD-TDP than in FTD-tau subtype
[2]. Neurofilament light chain (NfL) is another promising biomarker for FTD
disease monitoring and prognosis. Blood and CSF levels of NfL are higher in
patients with FID than in control individuals, and its CSF values correlate with
disease severity, survival, and cerebral atrophy [16]. However, CSF NfL is not
disease specific because it is also increased in other neurodegenerative diseases.
Furthermore, levels of NfL can not distinguish FTD subtypes [2].

Genetic biomarkers

FTD is a highly heritable disease with a positive family history in about 40%
of patients, while a clear autosomal dominant inheritance is present in only 10%.
Several genes associated with disease development have been identified, but
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genes encoding tau protein (MAPT), progranulin (GRN), and C9orf72 gene are
responsible for almost 60% of hereditary forms. The mean age of disease onset
in patients with MAPT gene mutation is 52.4 + 5.9 years, while the mean age of
disease onset in GRN mutation carriers is 61.8 + 9.9 years [17]. Both genes have
extremely high penetration, and 90-95% of mutation carriers develop the disease
by the age of 70.

The C90rf72 gene mutation causes about 25% of familial cases of FTD and is
the most common genetic cause of FTD and amyotrophic lateral sclerosis (ALS)
[2, 18]. Both, MAPT and GRN mutations cause about 5-20% of cases of familial
FTD. Mutations in MAPT gene and C90rf72 repeats are more common associ-
ated with bvFTD. MAPT is also associated with svPPA. The clinical phenotype
caused by GRN mutations includes bvFTD, bvFTD with parkinsonisms, nfvPPA,
as well as corticobasal syndrome (CBS) (Table 1). Today, in addition to the most
common MAPT, GRN, and C9orf72 mutations, many other genes are known to
be involved in FTD development, including rare variants of CHMP2B, VCP (va-
losin-containing protein), SOSTM1 (sequestosome 1), and UBQLN2 (ubiquiline
2) genes [11]. Interestingly, pathogenic variants of TARDBP and FUS genes are
absent in patients with FTD as opposed to ALS or ALS-FTD cases [19]. The con-
nection between ALS and FTD is extremely interesting. Both are progressive,
severe neurodegenerative diseases with significant clinical, genetic, and patho-
logical overlap. In recent years, genetic research has irrefutably linked these two
diseases, and a significant number of genes (I'DP-43, VCP, C90rf72) have been
identified that can cause both diseases, and there are also genes that cause pre-
dominantly only one form of ALS / FTD spectrum which can be diagnostically of
great importance (Table 2). Genome wide association studies have also revealed
an association of FTD with the TMEM106B gene (modifying transmembrane
factor 106B) and two risk loci: RAB38, a member of the RAS oncogenic family
and CTSC gene for cathepsin C, and an association with the HLA locus [11].
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Table 1. Genes associated with frontotemporal dementia

Gene CLETIEETE] Inheritance  FTD phenotype/s
location
Microtubule- e bvFTD
associated e bvFTD with parkinsonism,
protein tau 17421 AD e  CBS (more rarely PSPs)
(MAPT) e semantic PPA
e DbvFTD
. e bvFTD with parkinsonism,
f(’;‘l’g’\’,j""”" 17¢21.31 AD e CBS,
e nonfluent PPA,
e FTD-ALS
Chromosome e bvFTD
9 open reading g ), , AD e ALSFID
frame 72 PPA
(C90rf72) ¢
Fused in sarcoma
(FUS) 16p11.2 AD/AR e FTD-ALS
e IBM-FTD
Valosin-
containing 9p13.3 AD : :;Talgtic PPA
protein (VCP) e FTD-ALS
Charged. e bvFTD
mutivesicular 3p11.2 AD e bvFTD with parkinsonism
body protein 2B e FTD-ALS
(CHMP2B) B
Sequestosome 1 e DbvFTD
(SQST™M1) 2435 AD e bvFTD with parkinsonism
Ubiquilin-2 .
(UBQIN2) Xp11.21 X-dominant e FTD-ALS
TAR DNA e FTD-ALS
binding protein 1936 AD/AR e bvFTD

(TARDBP)

semantic FTD

Table adapted from: Filippi M, Agosta F, Ferraro PM. Charting Frontotemporal Dementia:
From Genes to Networks. ] Neuroimaging. 2016;26(1):16-27 [12]
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Table 2. Genetic differences and overlaps between FTD and ALS

Major aq . .
phenotype Gene Clinical Presentation(s) Brain pathology
CHMP2B FTD ubiquitin/p62
FTD GRN FTD TDP43
MAPT FTD tau
CHCHD10 ALS, FTD, myopathy Not reported
CYorf72 ALS,. FTD, AD, PD, CBS, TDP4§{p6Z/ repeatdipeptides/
ataxia ubiquitin
CCNF ALS, FTD Not reported
ALS, HMN7B, Perry
DETNI syndrome, FTD ThPa3
FTD-ALS OPTN ALS, FTD TDP43/OPTN/ubiquitin
SQSTM1 ALS, FTD, IBM, Paget's - 1ppy3/06)
disease
TBK1 ALS, FTD TDP43/p62
TDP43/p62/UBQLN2/FUS/
UBQLN2 ALS, FTD OPTN
VCP A.LS, FTD, IBM, Paget’s TDP43/p62
disease
spastic paraplegia,
KIF5A ALS TDP43
FUS/ubiquitin/EWS/
FUS ALS, FTD TAF15
ALS MATR3 ALS, myopathy MATR3
SOD1 ALS SOD1/ubiquitin
TARDBP
(TDP43) ALS, FTD TDP43
TIATa ALS, myopathy, FTD TDP43

Key: AD, Alzheimer’s disease; ALS, amyotrophic lateral sclerosis; CBS, corticobasal
syndrome; FTD, frontotemporal dementia; HMN7B, hereditary motor neuropathy, type
7B; IBM, inclusion body myopathy; PD, Parkinson’s disease
Table adapted from: Ferrari R, Manzoni C, Hardy J. Genetics and molecular mechanisms
of frontotemporal lobar degeneration: an update and future avenues. Neurobiol Aging.
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Neuroimaging biomarkers

The main feature of FID is the presence of different patterns of atrophy and
/ or hypometabolism with variable frontal or temporal predominance, varying
degrees of asymmetry, and involvement of other cortical and subcortical struc-
tures [2; 21]. Research on the application of neuroimaging methods in FTD is
mainly aimed at improving the differentiation from other neurodegenerative
diseases, as well as at distinguishing clinical, pathological and genetic subtypes
of FTD [21]. It has been shown that there are different neuroimaging patterns of
FTD depending on the underlying gene changes. In patients with GRN muta-
tion, clear asymmetric atrophy of either the left or right hemisphere involving
the frontal, temporal and inferior part of the parietal lobe, atrophy of caudatus
and thalamus and extensive lesions of white matter are present [12]. Parietal
lobe involvement is unique to GRN mutation and is not present in patients with
MAPT or C9orf72 mutations [22]. On the other hand, in patients with MAPT
mutation a more symmetrical pattern of frontotemporal atrophy is seen, involv-
ing predominantly the anterior part of temporal lobes [22]. The most variable
neuroimaging patterns are found in patients with hexanucleotide repeats in
the C9orf72 gene, but relatively symmetrical atrophy of predominantly frontal
lobes with decay of both posterior regions and cerebellum and thalamus is most
commonly seen [22]. A small number of studies have also investigated FTD pa-
tients with rare mutations. Thus, the TARDBP mutation has been shown to be
predominantly manifested by temporal lobe atrophy, while TREM2 (triggering
receptor expressed on myeloid cells) mutation is manifested by frontotemporal
atrophy and white matter abnormalities [12].

Neuroimaging methods have the potential to be used as biomarkers for early
detection and measurement of disease progression, and to be used as sensitive
markers for assessing efficacy of disease-modifying therapies. MRI is consid-
ered to be an effective biomarker for FTD also in the presymptomatic phase,
years before the clinical onset [15]. Rohrer and colleagues found that neuroimag-
ing changes in carriers of mutations of genes associated with FTD are visible at
least 10 years before the onset of first symptoms. It is emphasized that presymp-
tomatic changes are seen significantly earlier in carriers of gene mutations com-
pared to individuals who are not carriers of FTD-related mutations [7]. It has
been shown that decay of insula and temporal cortex occurs first (about 10 years
before the onset of first symptoms), followed by decay of the frontal cortex and
subcortical areas (about 5 years before the onset of first symptoms), followed by
decay of the parietal and cingulate cortex (at the time of first symptoms), and
eventually there is atrophy of the occipital cortex (5 years after first symptom
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onset) and the cerebellum (10 years after onset) [7]. The earliest changes occur in
MAPT mutation carriers, affecting medial temporal structures. Carriers of GRN
mutations have first changes in the insula, about 15 years before symptom onset,
while the earliest change in carriers of C90rf72 mutations occur as atrophy of the
thalamus and posterior cortical regions [7].

Although the basic feature of FTD is gray matter atrophy, research has shown
that white matter changes, visible by diffuse tensor imaging (DTI), are probably
more sensitive for detecting early changes in FTD than gray matter changes [2].
A significant change in white matter of frontotemporal, frontoparietal, and pari-
etooccipital regions was also found in asymptomatic carriers of GRN or MAPT
mutations [12]. Furthermore, there is a difference in white matter involvement in
FTD-tau and FTD-TDP-43 cases with significantly more damage in white matter
of patients with tau accumulation [23].

In addition to brain atrophy in FTD, changes are also visible in brain metabo-
lism. The use of FDG-PET (PET with 18F-fluorodeoxyglucose) allows the visuali-
zation of changes in brain metabolism that precede gray matter atrophy in FTD.
Most significant findings have been shown in patients with bvFTD showing
low glucose metabolism in the orbitofrontal cortex, dorsolateral cortex, medial
prefrontal cortex, anterior temporal lobes, and basal ganglia, which may distin-
guish them from those with other types of dementia [2].

Concluding remarks

FTD is a neurodegenerative disorder with significant clinical, pathohisto-
logical and genetical variability. Because of the overlap of symptoms of FTD
with psychiatric disorders and other neurodegenerative diseases diagnosis is
often challenging. The development of diagnostic markers is crucial to distin-
guish FTD from other neurodegenerative dementias and to differentiate clinical,
genetic, or pathological subtypes. Research in the field of biomarkers in FTD has
made significant progress in recent years while the main goal of further devel-
opment of new biomarkers is to detect the disease in the presymptomatic stage.
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Summary

Deep brain stimulation (DBS) is well known safe and effective method in re-
ducing motor disability and improving quality of life in patients with advanced
Parkinson’s disease (PD). DBS is typically performed in late-stage PD, a mean
of 14 to 15 years after diagnosis. Recent studies have proved that DBS could be
beneficial at an earlier stage of Parkinson’s disease for motor function, dyskine-
sia, Quality of life (QolL), freezing of gait (FOG), neuropsychiatric symptoms, so-
cial adaptation, occupational, and psychosocial function in patients with PD. It
is beneficial also for reducing medications, polypharmacy and delaying second-
ary physical and psychosocial consequences. The DBS team always weighs the
benefit and risk individually and carefully. A positive decision is supported by a
judgment of low risk factors for complications and worse outcomes. We have to
provide careful follow-up of patients with early DBS. So, in conclusion, early DBS
is good option when patients might be able to derive greater long-term benefit.

We review the current application of deep brain stimulation (DBS) in Parkin-
son disease (PD) and consider the evidence that earlier use of DBS confers long-
term symptomatic benefit for patients compared to best medical therapy.

Key words: DBS; early phase; Parkinson disease; Quality of life

Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative dis-
order after Alzheimer’s disease. Based on worldwide data, the prevalence of PD
is 428/100 000 in people aged between 60 and 69 years. The incidence rate of PD
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is 12 to 20 per 100,000 annually in Northern Europe [1]. It is estimated that there
are approximately 1 million PD sufferers in the USA and 120,000 in the United
Kingdom, 1 in 20 of whom are under the age of 40 years [2]. An analysis of
PD epidemiology suggests that the number of individuals aged >50 years with
PD in the world’s most populated countries will be double between 10 and 14
million in 2030 [3]. Parkinson’s disease is a chronic progressive neurodegenera-
tive disease in which abnormal aggregates are deposited in the area of the pars
compacte substantie nigre, leading to loss of dopaminergic neurons and striatal
dopamine deficiency [4]. It is the second most common neurodegenerative disor-
der affecting as many as 2-3% of the population aged >65 years [5]. The disease
is usually diagnosed by the appearance of the first motor symptoms, such as
bradykinesia, rigidity, tremor at rest, or postural instability. In addition to mo-
tor symptoms, non-motor symptoms (NMS) appear, such as lack of emotional
involvement and interest (apathy), excessive daytime sleepiness, sleep problems
and constipation, hyposmia, which can begin up to 10 years before diagnosis [6].

The global economic cost of PD is increasing, not only for the medication,
but also for nursing homes and social care [7]. The most significant increase of
costs is in later stage PD [8].

The typical treatment of PD is currently medical, surgical, and supportive.
But despite optimal medical therapy, there remains significant morbidity, dis-
ability and decrease of QoL yet to be addressed in PD. Medication side effects,
psychological morbidity, inadequate quality of life, and the burden on caregiv-
ers are important components which make difficult to manage PD [5].

Deep brain stimulation in Parkinson’s disease

Deep brain stimulation (DBS) is the therapeutic use of chronic electrical
stimulation in the deep brain targets points via an implanted electrode. DBS in
PD is present more than 34 years. In movement disorders it is used mostly in
PD and there are almost 200.000 implanted DBS worldwide. Although DBS is so
present as treatment, the mechanism of DBS is still unknown. It is hypothesized
that several mechanisms are included like local and network-wide electrical and
neurochemical effects of stimulation, modulation of oscillatory activity, synap-
tic plasticity, neuroprotection and neurogenesis [9].

There is currently level 1 evidence that deep brain stimulation (DBS) of the
subthalamic nucleus (STN) and the globus pallidus internus (GPi) is effective in
improving L-dopa-responsive signs in PD patients [10-13]. Many studies have
shown that with proper patient selection, there is improvement in PD patients
seen with: standard scales/measures of disease, quality of life measures, co-mor-
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bid conditions, medication intake and chronic care costs [10-19]. We know in eve-
ryday clinical practice that many patients (especially younger, working age) in
time gradually develop motor fluctuations, dyskinesias, impulse control disorder.
Unfortunately, PD patients more often lose employment and independence.

Nevertheless, DBS has been typically left until late-stage PD, a mean of 14
to 15 years after diagnosis when quality of life, social adjustment (psychosocial
competence), and professional activity are already severely impaired. In that late
phase, the possibility is existing that disease could progress to the point that the
patient may no longer be fit for neurosurgical intervention. It is proven that neu-
rostimulation improves quality of life due to improvement motor and non-motor
symptoms but in this late stage of the disease, features unresponsive to dopamin-
ergic treatment (and DBS) often predominate. Group of researchers have hypoth-
esized that neurostimulation would be beneficial at an earlier stage of Parkin-
son’s disease with mild complications and fluctuation of symptoms. The concept
of earlier DBS therapy emerged as a therapeutic tool to prevent the development
of motor complications and prolong quality of life for PD patients [20].

Early Deep brain stimulation in Parkinson’s disease

In EARLYSTIM study, researchers randomly assigned patients with Parkin-
son’s disease and a recent onset of motor complications to receive neurostimula-
tion plus medical therapy or medical therapy only. So, the EARLYSTIM study
compared DBS with best medical treatment (BMT) over 2-years. Disease-related
quality of life was chosen as the primary outcome and secondary outcomes
were parkinsonian motor disability, activities of daily living, levodopa-induced
motor complications (as assessed with the use of the Unified Parkinson’s Disease
Rating Scale, parts III, II, and IV, respectively), and time with good mobility and
no dyskinesia.

Inclusion criteria were idiopathic PD, age >18 years and 60, Hoehn and Yahr
stage 2.5 in the best ON, disease duration > 4 years, fluctuations and/or dyskine-
sias < 3 years, and one of the two following forms of impairment: impairment of
social and occupational functioning impairment in activities of daily living. In the
studied patients mean duration of Parkinson’s disease was 7.5 years, a mean of 1.7
years of the onset of levodopa-induced motor complications and mean age was 52
years. QoL was improved from baseline to 24 months by 26% in the neurostimula-
tion group but worsened by 1% in the medical-therapy group. Neurostimulation
was superior to medical therapy with respect to motor disability, activities of daily
living, levodopa-induced motor complications, and time with good mobility and
no dyskinesia. Serious adverse events were similar in both groups [21].
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Specific challenges of DBS in earlier stage of PD and inclusion criteria (dura-
tion 4 years) are the risk of inclusion of patients who later evolve to atypical
parkinsonism, the risk of a floor effect for the benefit from DBS, the need for
experienced multidisciplinary care including prevention of suicidal behavior,
and the need for highly qualified long-term follow-up.

Although the EARLYSTIM trial suggested that the effect of DBS in PD is
independent of the duration and severity of motor complications, earlier is not
necessarily better [22]. Most authorities agree that STN-DBS should be consid-
ered before the occurrence of severe psychosocial and professional limitations
and deterioration of QoL because of difficulties reversing this situation once
it is established. The suggestion is that DBS should be offered when there is
a favorable clinical benefit-to risk ratio, rather than routinely considering it at
the onset of motor complications. The appropriate time for surgery is when the
needs and expected benefits outweigh the risks. Patients have to be educated,
informed with objective and comprehensive information about individual-
ized risks and benefits of DBS. It is necessary to differ younger versus older
patients. In that area, the role of the DBS multidisciplinary team is key es-
pecially in discussion about all these issues. Some researchers and clinicians
think that the most relevant issue is not when to operate but on whom [22].
The EARLYSTIM study provides level A evidence in favor of DBS over BMT in
PD patients under 61 years with recent onset of motor complications. DBS is a
powerful tool to improve our patients, and particularly their QoL. Early DBS
should be carefully discussed with all patients who can potentially benefit
from it. The EARLYSTIM group eliminates the possibility of a placebo effect
and a lessebo effect of DBS . [23]

This EARLYSTIM group of researchers and clinicians performed a few sec-
ondary analyses of data from the previously published EARLYSTIM study. In
one, impaired QOL as subjectively evaluated by the patient is the most impor-
tant predictor of benefit in patients with PD and early motor complications
[24]. We need systematically include evaluation of disease specific QOL when
selecting patients with PD for DBS.

Other secondary analyses have shown in the large cohort with Parkin-
son’s disease and early motor complications, better overall behavioral out-
comes in group of patients treated by DBS plus medical therapy compared
with medical therapy alone. The presence of hyperdopaminergic behaviors
and neuropsychiatric fluctuations can be judged additional arguments in fa-
vor of subthalamic stimulation if surgery is considered for disabling motor
complications [25].
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Within the first 2 years of DBS, freezing of gait and other axial signs im-
proved in the medication-off condition with DBS compared to best medical
treatment, proven also in secondary analysis EARLYSTIM patients [26].

In the other sub analysis of early DBS, it was provided significant improve-
ments in social, occupational, and psychosocial function, but not in the actual
work engagement compared with BMT at 2 years for patients aged <60 years
with PD and early motor complications, They suggest that apathy may impact
ability to work [27].

DBS is a cost-effective intervention in PD patients with early motor com-
plications, offering additional health benefits at acceptable incremental cost as
study have proved. The most crucial factor in reducing the costs is possibility
of maintaining a simplified, low dose medication regimen [28].

One group reported the results of a pilot trial investigating preliminary
safety and tolerability of DBS in early PD with thirty subjects with idiopath-
ic PD (Hoehn & Yahr Stage II off medication), age 50— 75, on medication > 6
months but < 4 years, and without motor fluctuations or dyskinesias. They
were randomized to optimal drug therapy (ODT) (n=15) or DBS+ODT (n=15).
Co-primary endpoints were the time to reach a 4-point worsening from base-
line in the UPDRS-III off therapy and the change in levodopa equivalent daily
dose from baseline to 24 months. This study provided preliminary evidence
that DBS is well tolerated in early PD [29]. In the next report they have shown
5-year outcomes from the subthalamic nucleus (STN) deep brain stimulation
(DBS) in early-stage Parkinson disease (PD) .The pilot was a prospective, sin-
gle-blind clinical trial that randomized patients with early-stage PD (Hoehn &
Yahr II off medications) to receive bilateral STN DBS plus optimal drug ther-
apy (ODT) vs ODT alone Participants who completed the 2-year trial partici-
pated in this observational follow-up study, which included annual outpatient
visits through 5 years. This analysis includes 28 patients who were taking PD
medications for 6 months to 4 years at enrollment. This study provides Class
IT evidence that DBS implanted in early-stage PD decreases the risk of disease
progression and polypharmacy compared to optimal medical therapy alone
[30]. The same investigator group have published results that suggest the pos-
sibility that DBS in early PD may slow rest tremor progression. Future investi-
gation in a larger cohort is needed [31].

After all these studies it is essential to emphasize that for beneficial effect
of early DBS are important: good individual patients” selection, knowing pre-
dictors of good and bad outcomes, adverse effects, prognosis, thinking about
possible neuroprotection and ask for patients” preferences.
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Conclusion

Current evidence has shown that DBS is safe and effective method in expe-
rience hand. Studies suggest that DBS is typically performed in late-stage PD,
a mean of 14 to 15 years after diagnosis. Current guidelines recommend that
PD patients who are resistant to medical therapies, have significant medication
side effects and lengthening off periods, but are otherwise cognitively intact and
medically fit for surgery be considered for DBS.

If these criteria are rigidly interpreted, it may be that, by the time medical
treatment options have been exhausted, the disease has progressed to the point
that the patient may no longer be fit for neurosurgical intervention.

We need more studies that will give us better prediction of outcome and
long-term improvement. As previous studies have shown early DBS improve
motor function, dyskinesia, QoL, freezing of gait, neuropsychiatric symptoms,
social adaptation, occupational, and psychosocial function in patients with PD.
It is beneficial also for reducing medications, polypharmacy and delaying sec-
ondary physical and psychosocial consequences.

From the evidence available, we conclude that surgical management of PD
alone or in combination with medical therapy results in greater improvement
of motor symptoms and quality of life than medical treatment alone. There is
evidence to support the use of DBS in earlier stages of the disease than for which
it is currently used. The improving short and long-term safety profile of DBS
makes early application a realistic possibility. The evaluation and decision must
be individual. We must consider and include evaluation of disease specific QoL
in every day clinical practice. Early DBS is particularly important for patients
in younger age and working age. Adverse effects on medications are also often
reason for earlier DBS. DBS is the best method for disabling tremor and it could
be provided in an early phase. We must also consider patients” preferences and
what are the main disability. The DBS team always weighs the benefit and risk
individually and carefully. A positive decision is supported by a judgment of
minimal risk factors for complications and worse outcomes. We must provide
careful follow-up of patients with early DBS.

In conclusion, early DBS is good option when patients might be able to de-
rive greater long-term benefit.
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Summary

Parkinson’s disease (PD), as the second most frequent neurodegenerative dis-
ease, is a significant public health challenge, which is increasing in time due to the
ageing of the population and lifestyle changes. The current numerous therapeutic
options are mostly symptomatic and do little to alter the underlying pathological
changes. Furthermore, there is a big challenge for the optimisation of therapies
since patients not only respond differently to current treatment options but also
develop different side effects of the treatment. Genetic variability in the human
genome may not only serve as a biomarker for the metabolism and availability
of drugs but also, due to heterogeneity of pathogenesis, serve as a biomarker for
stratification of patients for best therapies. Unravelling the genetic variability and
utilizing appropriate treatment is the ultimate goal of personalized medicine that
will surely develop during this century. The goal of this review is to assess cur-
rently available literature in order to see if there is any possibility for translating
current knowledge into improving public health and clinical practice.

Key words: Parkinson’s disease; pharmacogenomics; personalized medicine;
genetics
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Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative
disease present today. The incidence and prevalence are highest in the popula-
tion aged >65 years old, making it a significant public health challenge in the
elderly [1]. The clinical course of the disease is progressive and is defined by
motor symptoms such as resting tremor, bradykinesia and rigidity, along with
a wide variety of non-motor symptoms like autonomic dysfunction, sleep dis-
orders, cognitive deficits and behavioural changes [2]. The first symptoms ap-
pear several years before the classic motor symptoms during the prodromal PD,
which is marked by non-specific symptoms like constipation and insomnia [3].
Our understanding of underlying mechanisms in PD has significantly increased
over recent years. The main postulated pathological mechanisms in PD are the
intracellular aggregation of a-synuclein, which form Lewy bodies [4], and the
loss of dopaminergic neurons that begin in the substantia nigra and becomes
more widespread as the disease progresses [5]. The landmark paper published
by Braak et al. describes a gradually evolving pathological severity, starting
from the lower brainstem, with a progression to the limbic and neocortical brain
regions in the later stages of PD [6].

The variations of clinical states between patients can be significant, even
though the underlying mechanisms are similar. Efforts have been made to cat-
egorise the disease into varying subtypes. Seyed-Mohammad et al. propose
three subtypes based predominantly on clinical characteristics: the mild mo-
tor, intermediate and diffuse malignant subtypes. Importantly, evidence from
the study indicated that neuroimaging correlated better with the subtypes than
genetic information, even after incorporating a single “genetic risk score “that
encompassed 30 specific PD-related mutations. However, this could also be a
consequence of a lack of patients with particular variations in the population
they studied [7]. The need to categorise the disease comes from variabilities in
presentation, response to treatment and incidence of side-effects.

Current treatment options for PD are plentiful, at least in comparison to oth-
er neurodegenerative diseases, which gives PD patients more extended control
of symptom severity and improved quality of life. Unfortunately, no treatment
halts the pathological mechanisms that drive disease progression, with most
treatment being focused on replacing or enhancing dopamine availability. The
golden standard in pharmacologic therapy is dopamine replacement therapy,
mainly levodopa, used in synergy with dopamine receptor agonists, monoam-
ine oxidase (MAOQO) inhibitors or catechol-O-methyltransferase (COMT) inhibi-
tors [8]. The challenge that stems from this type of therapy is the delicate balance
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between the beneficial and harmful effects that can arise [9]. The consequence
of this is the need to fine-tune and personalise the therapy to each patient to ac-
count for the variability in drug response, which occurs due to various clinical,
environmental and genetic factors [8].

Even though it has been thought until 20 years ago that genes do not play
a more significant role in the pathogenesis of Parkinson’s disease, we know
today that around 15% of patients have a positive familiar history, with an esti-
mation of 5-10% of patients having a monogenic form of the disease according
to Mendelian inheritance patterns. The development and broader availability
of crucial technology like the whole genome and exome sequencing lead to
the discovery of newer, rarer mutations. Discovering the genes that could lead
to the disease is essential, but the focus of current research is the insight into
the pathophysiology of the disease through gene function, which could, in
turn, lead to new treatment plans or even prevention [10]. Current research
has pointed to a total of 90 risk loci that have an association with PD, which
represents a higher percentage (16-36%) of heritability than was previously
thought [11]. The number of mutations related to both the monogenic types of
PD and the genes related to complex phenotypes that encompass the PARK
loci grows continuously [1]. “Culprit” genes which have been discovered so
far display a variety of functions on a cellular level and encompass disorders
concerning: mitochondrial function, endocytosis, autophagy, lysosome func-
tion and immune response [12]. A disturbance in any of these areas of cellular
function could causally lead to the accumulation of the intracellular protein
a-synuclein, a step considered to be the key in the development of the disease
[13]. It is certain that the importance of genetics in Parkinson’s disease will
only grow with discoveries and that, at this point, it is crucial to determine the
risk behind its inheritability, trying to predict the course of the disease and
eventually intervene with the help of gene therapy.

Personalised medicine driven by genetics

The modern concept of personalised medicine encompasses genetic and
pharmacogenomic properties, along with disease type and lifestyle specific ad-
justments [14]. Our knowledge of the human genome is increasing exponential-
ly, driven by strong initiatives in the field and cooperation between countries.
The heterogeneity and nature of Parkinson’s disease makes it a good fit for de-
veloping personalised treatment. From a genetics standpoint, the main aspects
currently being studied are the genotype specific treatment, currently in clinical
trials, as well as pharmacogenomic properties of existing PD treatment.
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Genotype specific treatment

Gene variations that influence pharmacogenomic properties and treatment
in PD are not only focused on the metabolic and activity pathways of the drugs.
There is a wide number of genes that are linked to monogenic PD, but only
some had their association proven continuously in various research studies.
Mutations in the genes coding a-Synuclein (SNCA), Leucine-rich repeat kinase
2 (LRRK?2), vacuolar protein sorting-associated protein 35 (VPS35), parkin RBR
E3 ubiquitin-protein ligase (PRKN), PTEN-induced putative kinase 1 (PINKI),
glucocerebrosidase (GBA), Parkin (PARK2) and oncogene DJ-1 [15] have mostly
been found before the onset of genome-wide association studies, while many
candidate genes found after are yet to be definitively proven to cause a signifi-
cant risk for PD. Importantly, the currently known candidate genes can explain
only a small fraction of cases where there is a known higher familial incidence
of PD [11]. It is remarkable, however, that assessing polygenic risk scores and
combining those with specific clinical parameters can yield impressive sensi-
tivity of 83.4% and specificity of 90% [16]. The unfortunate consequence of the
rapid expansion of knowledge in the field and amount of target genes is that the
studies assessing pharmacogenomics of these gene variants are not keeping up.

Current evidence, albeit limited, points to differences in treatment response
between various genotypes of monogenic PD. Mutations in the LRRK2 gene are
known to cause familial PD, especially in North African and Ashkenazi Jew
populations [17]. LRRK2 protein has a variety of physiological functions in intra-
cellular trafficking and cytoskeleton dynamics, along with a substantial role in
the cells of innate immunity. It is yet unclear how mutations in LRRK?2 influence
the pathogenesis of PD, but there is numerous evidence that links it to a disor-
der in cellular homeostasis and subsequent a-synuclein aggregation [18]. Results
in-vitro and in-vivo animal model studies for inhibition of mutant LRRK2 are
promising, and in most cases, confirm a reduced degeneration of dopaminergic
neurons [19]. The biggest challenge of human trials has been creating an LRRK2
inhibitor that can pass the blood-brain barrier, which was overcome by Denali
Therapeutics, and the phase-1b trial for their novel LRRK2 inhibitor has been
completed and is awaiting official results [18]. Furthermore, LRRK2-associated
PD has a similar response to L-dopa compared to sporadic PD, with conflicting
results for the possible earlier development of motor symptoms [20].

SNCA gene encodes the protein a-synuclein, that is now considered a central
player in the pathogenesis of PD due to its aggregation into Lewy-bodies. SNP’s
in the SNCA gene are consistently linked to an increased risk of developing PD
in GWAS studies in both familial and even sporadic PD [21]. In cases of auto-
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somal dominant mutations, there is a solid L-dopa and classical PD treatment
response, albeit with early cognitive and mental problems, akin to GBA muta-
tions [22]. There are several planned therapeutic approaches suited for SNCA
polymorphism genotypes and include: targeted monoclonal antibody immuno-
therapy of a-synuclein [23], downregulation of SNCA expression by targeted
DNA editing [24] and RNA interference of SNCA [25]. Roche Pharmaceuticals
has developed an anti-a-synuclein monoclonal antibody that is now in phase 2
of clinical trials that is still ongoing [26]. Other two methods are still in preclini-
cal testing, and their development shows promise for the future.

Glucocerebrosidase mutations represent a known risk factor for developing
PD. GBA mutation associated PD is characterised by the earlier onset of the dis-
ease, followed by a more pronounced cognitive deficit and a significantly higher
risk of dementia [27]. Gaucher’s disease (GD) is an autosomal recessive genetic
disorder that also arises from mutations in the GBA gene. The current enzyme
replacement and chaperone treatment options for systemic manifestations of
GD are not effective in treating the neurological manifestations of the disease
as they are not able to reach the CNS [28]. Three genotype-specific therapies to
address the cognitive decline are currently being tested with promising early
results, two focusing on the chaperones ambroxol [29] and LTI-291 to increase
glucocerebrosidase activity, and the third focusing on reducing the levels of glu-
cocerebrosidase with ibiglustat [27]. Current research does not show a signifi-
cant influence of GBA mutations on L-dopa response properties and is generally
followed by adequate motor symptom control [30]. A single study by Lesage et
al. in a population of European origin linked a higher incidence of dyskinesias
in GBA-PD patients [31], but that has not been replicated in a more recent study
by Zhang et al. in a population of Chinese origin [32].

Pharmacogenomic properties and genotype-specific treatment of several
other gene mutations in PD such as VPS35, PINK1, PRKN and DJ1 have not yet
been characterised fully and are currently a focus of several studies that as of
writing do not have preliminary results available [15, 33, 34].

Pharmacogenomics of Parkinson’s Disease

The general principles and goals of pharmacogenomics are to identify the
genetic factors behind the varied drug response in individuals, thereby predict-
ing response and paving the way for personalised medicine [35]. The focus in
the early days was centred on testing of single genes; however, the advent of
genome-wide association studies (GWAS) promises an increased understand-
ing in variation to therapy drug response [36]. The large sizes of cohorts are a
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prerequisite for the strength of GWAS, which favours common diseases such
as PD. Only approximately 10% of current GWAS focus on pharmacogenomics,
signifying the need for further studies in this field [36].

The two main areas where the variability of drug response is studied are
the pharmacokinetics and pharmacodynamics of the drug. Pharmacokinetics
incorporates all processes that affect how the drug is absorbed, distributed, me-
tabolised, and excreted in the body, while pharmacodynamics is focused on the
target actions of the drug. Current evidence points out that genetic variability
and its effects on drug characteristics are concentrated in three major steps: the
initial pharmacokinetic processes that ultimately affect the plasma concentra-
tion, the capability of drugs in passing the blood-brain barrier (BBB), and finally,
the modification of target pharmacodynamic properties of the drug [20]. Ex-
panding the knowledge of the variations that affect these three factors will pave
the way for predicting drug response, thus improving personalised medicine in
all diseases. It is crucial to bear in mind that genetic factors can also modify the
pathological characteristics of the disease, creating sub-types, even though that
is still not the case in PD, as mentioned earlier [7].

Pharmacogenomics of Parkinson’s disease treatment

Current treatment in PD is focused on alleviating the symptoms and does
little to slow down the pathophysiological progression of the disease. As such,
the therapy goal is to increase the amount of dopamine to compensate for the
loss of dopaminergic neurons. The therapeutic of choice for this is levodopa, or
L-dopa, which relieves the motor symptoms by increasing the availability of
dopamine in the central nervous system (CNS) [37]. All the current pharmaceu-
tical treatment options centre around the dopamine metabolic pathway. Unlike
dopamine, L-dopa can cross the blood-brain barrier. However, it is primarily
metabolised outside of the CNS by aromatic L-amino acid decarboxylase (DDC)
and to a lesser extent by catechol-O-methyltransferase (COMT) enzymes. The
metabolism of L-dopa continues in the presynaptic neurons, where DDC con-
verts it to dopamine. Ideally, this causes an increase in synaptic dopamine ves-
sels and subsequently an increase in dopamine neurotransmission, but some
of the dopamine is lost due to the enzyme monoamine oxidase B (MAO-B) that
converts it to 3,4-dihydroxyphenylacetic acid (DOPAC). The final step in dopa-
mine activity is the activation of dopamine receptors 1 through 5 (DRD1-5) on
the postsynaptic terminal that exerts the function of this pathway in the post-
synaptic neurons [38]. There is a significant variation in therapy response and
side-effect incidence in treating PD, which can be linked to the varied subtypes
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mentioned earlier, along with increasing evidence of complex environmental
and genetic factor interaction [39, 40]. Understanding the key players in the me-
tabolism of L-dopa has put the pharmacogenomic research focus on genes that
influence the enzymes and receptors that are present in the metabolic pathway
of L-dopa [20].

Drug specific pharmacogenomic properties
Levodopa

Clinically L-dopa is always combined with DDC inhibitors, which causes a
switch in L-dopa metabolism to the COMT pathway, thereby increasing the bio-
availability of L-dopa in the CNS [37]. The genetic variability of several genes
has been implicated in varied response to L-dopa. catechol-O-methyltransferase
(COMT) gene is a protein-coding gene that provides instructions for creating
the COMT enzyme, and its polymorphisms are involved in the varied response
to numerous CNS diseases and treatments [41, 42]. The most studied polymor-
phism of the COMT gene is rs4680 (G>A), which results in a valine to methio-
nine substitution at codon 158 (Vall58Met). Single nucleotide polymorphisms
of the COMT gene form haplotypes that result in lower (A_C_C_G), medium
(A_T_C_A) and higher (G_C_G_G) enzyme activity, which in the case of high-
er activity impacted the required dosage compared to noncarriers [43]. Studies
have shown that the higher dosage is required during chronic administration
in patients with greater COMT activity, while acute L-dopa administration was
unchanged [44-46]. Similar changes were observed in a recent study by Sam-
paio et al,, where higher COMT enzyme activity was linked to higher doses of
L-dopa required, while no significant changes in dosage were found in lower
COMT enzymatic activity compared to the control [47]. Common characteristics
of patients that required the higher L-dopa dosage in multiple studies were ad-
vanced PD and earlier onset. A contradicting result was published in patients
of Korean origins, with no significant association between the rs4680 polymor-
phism and the response to L-dopa; however, the study population did not have
a considerable number of patients with advanced PD [48]. Higher L-dopa doses
were needed for patients with SLC22A1 gene rs622342A>C polymorphism that
encodes the Organic Cation Transporter 1, along with the patients having higher
mortality than the control population [49]. On the other hand, lower required
doses of L-dopa were found in patients with SV2C rs30196 polymorphism, as
well as in SLC6A3 polymorphism after multivariate analysis [50].

Increased incidence of adverse events in L-dopa treatment has been linked
with various gene polymorphisms. Although the variations in COMT enzymat-
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ic activity on the onset of adverse events is still under debate, several studies
have linked the lower COMT enzymatic activity to the increased incidence of
motor complications such as dyskinesia, especially in advanced PD [47, 51]. Hy-
pothetically, more moderate COMT enzymatic activity could lead to inadequate
dopamine inactivation and the accumulation of dopamine in the synaptic cleft,
thereby causing the dyskinesias. The same result was not replicated in studies
by Watanabe et al. [52] and Contin et al. [46].

There is some evidence that the activation of the mTOR signalling pathway
contributes to L-dopa induced dyskinesia. It was indicative of earlier animal
studies that the inhibition of mTOR pathways reduces the L-dopa related dys-
kinesia, most likely due to impaired metabolic homeostasis [53]. These findings
were corroborated in a recent human study by Martin-Flores et al. that found
significant associations with several SNPs affecting the mTOR pathway, indicat-
ing that the mTOR pathway contributes genetically to L-dopa induced dyski-
nesia susceptibility [54]. Similarly, a functional BDNF Val66Met polymorphism
can lead to aberrant synaptic plasticity, which has been associated with L-dopa
induced dyskinesia in a single study by Foltynie et al. [55]. Increased risk for
developing L-dopa induced dyskinesia was seen in the DRD3 rs6280 polymor-
phism in a Korean population [56]. The effect of DRD2 SNP’s on dyskinesia is a
point of contention in current literature, as some studies indicate an increased
risk of developing dyskinesia [57, 58], while others revealed a protective effect
on the incidence of dyskinesia [59, 60]. Interestingly, both studies that show re-
duced dyskinesias were made in the Italian population with the polymorphism
DRD2 CAn-STR. Lower risk of L-dopa associated dyskinesias was also found in
patients with HOMER1 rs4704560 G allele polymorphism [61].

There is contradicting evidence whether COMT polymorphisms can influ-
ence the incidence of daytime sleepiness in PD patients, with differing results of
the pilot and follow-up studies by the same authors [62, 63]. Two additional stud-
ies by the same primary author revealed an association between sudden-sleep
onset and the polymorphisms in hypocretin and DRD2, which was unrelated to
a specific drug [64, 65]. Furthermore, increased risk of sleep attacks was found in
DRD4 48-bp VNTR polymorphism in a German population [66]. The L-dopa ad-
verse effects affecting emetic activity are not uncommon in PD treatment. DRD2
and DRD3 polymorphisms both showed an association with an increased risk of
developing gastrointestinal adverse effects that do not respond well to therapy
in a Brazilian population [57, 67]. However, that has not been reproduced in a
recent study in a Slovenian population by Redensek et al. [68].

Mental and cognitive adverse effects of L-dopa are common due to the shared
physiological dopaminergic pathways. A significant interaction was found be-
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tween L-dopa and the COMT gene polymorphism in causing a detrimental ef-
fect on the activity in task-specific regions of the pre-frontal cortex due to altered
availability of dopamine [69, 70]. Interestingly, carriers of at least one COMT
rs165815 C allele had a decreased risk of developing visual hallucinations [68]. In
the same study carriers of DRD3 rs6280 C allele had higher odds of developing
visual hallucinations [68], which is in line with a previous study published by
Goetz et al. [71]. Increased risk of developing hallucinations is seen in patients
that have polymorphisms in the DRD2 gene [72], cholecystokinin gene [73] and
HOMERI rs4704559 A allele [74], which encodes a protein that possesses a vital
function for synaptic plasticity and glutamate signalling. On the other hand, the
HOMER 1 rs4704559 G allele appears to decrease the risk of visual hallucina-
tions [61]. Furthermore, several studies link BDNF Val66Met polymorphism to
impaired cognitive functioning in PD, but it appears to be irrespective of dopa-
mine replacement therapy and is a genotype-specific trait [75].

The complication of impulse control disorder (ICD) is well known that can
occur in some PD patients after initiating dopamine replacement therapy by
either L-dopa or dopamine agonists [76]. Heritability of ICD in a cohort of PD pa-
tients has been estimated at 57%, particularly for OPRK1, HTR2a and DDC gen-
otypes [77]. A recent study found a suggestive association for developing ICD
in variants of the opioid receptor gene OPRM1 and the dopamine transporter
gene DAT1 [78]. Furthermore, there is evidence that polymorphisms in DRD1
(rs4857798, rs4532, rs265981), DRD2/ANKKI1 (rs1800497) and Grin2B (rs7301328)
bear an increased risk of developing ICD [79, 80]. On the other hand, there was
no significant association found in COMT Val158Met and DRD2 TaqlA poly-
morphisms [80]. Even though current data suggests high heritability for devel-
oping ICD after initiating dopamine replacement therapy, it should be noted
that the effects of individual genes are small, and the development is most likely
multigenic.

COMT inhibitors

COMT inhibitors are potent drugs that increase the bioavailability of L-dopa
by stopping the physiological O-methylation of levodopa to its metabolite 3-O-
methyldopa, and can work in tandem with DDC inhibitors [81]. Similar to L-do-
pa, the presence of the previously mentioned rs4608 COMT gene polymorphism
modified the motor response to COMT inhibitors entacapone in a small-sample
study [82]. Patients with higher COMT enzyme activity had greater response
compared to patients with lower COMT enzyme activity during the acute chal-
lenge with entacapone [82]. Subsequent studies have not found clinically signifi-

87



Neurodegenerative diseases challenges: Early diagnosis and pandemics (2021; Rijeka); pp 79-97

cant with repeated administration with both entacapone [83] or tolcapone [84],
with the impact on opicapone still unknown and merit further study. Increased
doses of carbidopa with levodopa and entacapone improved “off” times in a
recent randomised trial by Trenkwalder et al., with an even more pronounced
effect in patients that had higher COMT enzymatic activity due to COMT gene
polymorphisms [85].

Pharmacokinetic studies have shown that COMT inhibitors are metabolised
in the liver by glucuronidation, in particular by UDP-glucuronyltransferase UG-
T1A and UGT1A9 enzymes [86]. Hepatotoxicity is a known rare side-effect of
tolcapone [87], with only sparse reports of entacapone hepatotoxicity [88]. Sev-
eral studies indicate that SNPs in the UGT1A and UGT1A9 are responsible for
these adverse events, which can cause inadequate metabolism and subsequent
damage to the liver by the drugs [89-92]. Interestingly, opicapone does not have
evident hepatotoxicity related adverse events, while in-vitro show a favourable
effect on hepatocytes when compared to entacapone and tolcapone [93].

Monoamine oxidase (M AO) inhibitors

MAO inhibitors are used with L-dopa to extend its duration due to reduced
degradation in the CNS. Most MAO inhibitors used today in PD treatment (e.g.
selegiline, rasagiline) are focused on blocking the MAO-B enzyme that is the
main isoform responsible for the degradation of dopamine [94]. There have not
been many studies performed to assess MAO inhibitor pharmacogenetic prop-
erties. Early clinical studies with rasagiline did reveal an inter-individual vari-
ation in the quality of response that could not be adequately explained at that
time [95]. Masellisi et al. conducted an extensive study using the ADAGIO study
data to identify possible genetic determinants that can alter the response to rasa-
giline. They identified two SNPs on the DRD2 gene that were associated with
statistically significant improvement of both motor and mental functions after
12 weeks of treatment [96].

Dopamine receptor agonists

Dopamine receptor agonists (DAs) are often the first therapy initiated in PD
patients and are the main alternative to L-dopa [86]. The effectiveness of DAs is
lower than L-dopa, and almost a majority of patients discontinue treatment with
three years. Some significance has been found in polymorphisms of the DRD2
and DRD3 genes that could influence drug effectiveness and tolerability. A ret-
rospective study by Arbouw et al. revealed that a DRD2 (CA)n-repeat polymor-
phism is linked with a decreased discontinuation of non-ergoline DA treatment,
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although the sample size in this study was small [97]. A pilot study that included
Chinese PD patients revealed that the DRD3 Ser9Gly (rs6280) polymorphism
is associated with a varied response to pramipexole [98], which has since been
confirmed in a recent study by Xu et al. [99].

Interestingly, the same polymorphism has also been linked with depression
severity in PD, indicating that in DRD3 Ser9Gly patients with Ser/Gly and Gly/
Gly genotypes more care should be given to adjusting therapy and caring for
non-motor complications [100]. Furthermore, there is evidence from the afore-
mentioned studies that DRD2 TaqlA polymorphism does not play a significant
role in response to DA treatment [98, 99, 101]. As mentioned earlier, another cru-
cial pharmacogenomic characteristic of DA to bear in mind when administering
therapy is the possibility of genotype driven impulse control disorders, which is
a problem, especially in de-novo PD patients starting DA therapy [77].

A future perspective on personalised therapy in Parkinson’s disease

There has been tremendous progress in the field of genetics relating to Par-
kinson’s disease. The number of discovered risk mutations and loci rise fast due
to more affordable and widespread genomic testing. Many of the familial cases
of PD still cannot be explained by the currently associated risk genes, which
points to a clear objective for the near future. Even though the number of studies
with pharmacogenomic data in PD is increasing, there is a lack of high quality,
large population size studies that are required for adequate data interpretation.
Additionally, most pharmacogenomic data present today is still not consistent
enough to be entered into clinical practice, and more work needs to be done to
enable a more personalised approach to therapy for each patient. The recent
clinical trials that focus on specific genotypes are encouraging; however, most
are still in the early phases or ongoing.

The next few years will bring an improvement to assessing the risk for devel-
oping PD using composite polygenic risk scores, along with more precise guide-
lines for patients with specific disease genotypes like GBA, LRRK2 or SNCA. The
approval of first genotype-specific treatment will usher in the age of true transla-
tion of pharmacogenomics and personalised medicine into the clinics, and hope-
fully, bring better therapy and improve the quality of life in PD patients.
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Summary

Greater population life expectancy is one explanation for increased incidence
of cognitive impairment and dementia. A large number of people with cognitive
impairment and dementia is becoming one of the most important medical and
social problems worldwide, a kind of a modern epidemic, what is leading to a
number of research in this particular field.

As there is still no cure for dementia, the focus is on prevention and acting
now on dementia prevention, intervention, and care will vastly improve living for
individuals with dementia and their families, and in doing so, will transform the
future for society.

The Lancet Commission on dementia aimed to review the best available evi-
dence and produce recommendations on how to best manage, or even prevent,
the dementia epidemic.

Dementia is not an inevitable consequence of ageing and in 2017. the Com-
mission identifies nine potentially modifiable health and lifestyle factors from dif-
ferent phases of life that, if eliminated, might prevent dementia. With further ef-
forts in investigation of this particular field, the Commission in 2020. adds three
more potential preventable factors: traumatic brain injury, alcoholism and air pol-
lution. Although therapies are currently not available to modify the underlying dis-
ease process, the Commission outlines pharmacological and social interventions
that are able to help manage the manifestations of dementia.

The Commission comes up with a hypothetical life-course model, that esti-
mates about 40% of dementia cases could be prevented if certain risk factors were
eliminated; hence, a key recommendation of the Commission is to “be ambitious
about prevention” of dementia, focusing on interventions to build up resilience
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and brain reserve, to activate neuroplasticity, detect and treat risk factors and to
live healthier lifestyles.

Having in mind, a century old sentence of Santiago Ramon y Cajal that ,Every
man can, if he so desires, become a sculptor of his own brain“, the time has obvi-
ously come to teach the people how to work on that.

Key words: cognitive decline, dementia, lifestyle factors, prevention, neuro-
plasticity

Lifestyle factors in prevention of cognitive decline

The threat of cognitive decline is present in everyday life of an individual
as well as on global scale, especially due to increasing life expectancy and to
greater number of older people.

Ageing is often associated with cognitive changes, which range from mild
cognitive changes to severe impairment causing dementia. This growing num-
ber of patients suffering from dementia represents the greatest challenge for
health and social care in this century. Although Alzheimer’s disease is the most
common cause of cognitive decline in aged population, independent causes of
cognitive dysfunction such as vascular disease, subclinical brain injury, silent
brain infarction, and clinically overt stroke are important causes and contribu-
tors to cognitive dysfunction [1][2][3].

Recent data have shown that air pollution should be considered as a new
modifiable cerebrovascular and neurodegenerative risk factor. This massive
worldwide public health problem requires environmental health policies able to
reduce air pollution and thus the stroke and dementia burden [4][5].

In ]uly 2017. The Lancet Commission on Dementia prevention, intervention
and care presented a life-course model showing potentially modifiable and non-
modifiable, risk factors for dementia [2] [1]. According to this model, it is estimat-
ed that 35% of dementia cases could be prevented if we eliminate risk factors.
A key recommendation is to focus on interventions to build up resilience and
brain reserve, to activate neuroplasticity, detect and to treat risk factors and to
live a healthier lifestyle. This life course model shows us the need for preventa-
tive actions from early childhood, or even, from birth. As we already know, the
most common form of dementia, the Alzheimer’s disease, is in large part modu-
lated by genetics. Genetics is one non-modifiable risk factor, meaning that with
birth we either have already inherited ApoE4 allele, or not. Along with other
genetic material, this is among the only non-modifiable risk factors. All other
risk factors being: less education, hypertension, hearing loss, obesity, smoking,
depression, physical inactivity, diabetes and social isolation, belong to poten-
tially modifiable risk factors and they account for about 35%.
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The same group of authors, members of The Lancet Commission on De-
mentia prevention, intervention and care, published their new report in July
2020, adding three more factors for dementia, with newer, convincing evidence.
These factors are excessive alcohol consumption, traumatic brain injury and air
pollution. They completed new reviews and meta- analyses and incorporated
these into an updated 12 risk factors life-course model of dementia prevention.
Together the 12 modifiable risk factors account for around 40% of worldwide de-
mentias, which consequently could theoretically be prevented or delayed. The
potential for prevention is high and might be higher in low-income and middle-
income countries (LMIC) where more dementias occur [6].

In early childhood, we need to start taking care of an important risk factor
for dementia, and that is education. Studies have shown that lower grade of
education brings a higher risk for dementia, pointing to a conclusion that educa-
tion protects against the onset of dementia. Education also influences the course
and the outcome of the disease in terms of a pattern of cognitive decline and
underlying brain pathology. Study shows that adult life work complexity, social
network and complex leisure activities also reduce the occurrence of dementia
[21[7] [8]-

The modifiable risk factors for dementia during midlife are hearing loss, hy-
pertension and obesity. These three factors attack people at the age of 40 or 45 (45
is officially the beginning of middle age), and if they are present for the rest of
the middle age or longer, they cause an increased risk for developing dementia
[2]. So, keeping fit, taking care of the extra weight, as well as early recognition
and treatment of hypertension will not only guard the body from disease but
also the brain [9][10].

The potential public health impact of hearing loss in the context of demen-
tia is substantial, given the high worldwide prevalence of hearing loss in older
adults. What we urgently need is an inter-disciplinary effort to bring together
hearing and mental health and to investigate further early hearing loss in the
context of brain and cognitive ageing [11] [12]. Later on in life it is necessary to
take care of smoking, depression, physical inactivity, social isolation, and diabe-
tes [7] [12][13][14].

Change from a sedentary lifestyle to moderate physical activity has benefi-
cial effects on cognitive functioning, and preliminary evidence suggests that
such change may reduce the incidence of dementia. [15] [16] [17]

Dance is very useful complex activity and dance training is superior to re-
petitive physical exercise in inducing brain plasticity in the elderly [18].

The National Academy of Sciences in 2017 reported that there are no specific
interventions that have sufficient evidence to warrant a public health campaign
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for the prevention of dementia except: cognitive training, blood pressure man-
agement in people with hypertension, and increased physical activity [19] [20]
[21]. In 2017, the presidential advisory from the American Heart Association/
American Stroke Association, tried to decide on a definition of initial optimal
brain health in adults [7]. The working group identified seven metrics to define
optimal brain health in adults, and these originated from well-known Life’s sim-
ple 7 [22], identified by Ralph Sacco in 2011. He then identified four ideal health
behaviors; non-smoking, physical activity, healthy diet, and a body mass index
under 25 kg/m? and three ideal health factors such as untreated blood pressure
under 120/80 mmHg, untreated total cholesterol under 200 mg/dL and fasting
blood glucose less than 100 mg/dL. Along with these recommendations in order
to maintain cognitive health, it is advised to incorporate control of cardiovas-
cular risks and suggest social engagement and other related strategies. There is
always an opportunity to improve brain health through adult prevention and
other interventions.

Overall, white matter fiber-tracking on MRI evidenced an early signature of
damage in hypertensive patients when otherwise undetectable by conventional
neuroimaging. In perspective, this approach could allow identifying those pa-
tients that are in initial stages of brain damage and could benefit of therapies
aimed at limiting the transition to dementia and neurodegeneration. (23) In
adults with high baseline blood-pressure, those using any blood-pressure low-
ering drug, regardless of drug class, had a reduced risk for developing all-cause
dementia and Alzheimer’s disease compared with those not using blood-pres-
sure medication. It’s also interesting, that this meta-analysis looked not only at
dementia but also Alzheimer’s disease specifically, and found a benefit of blood-
pressure lowering. This suggests that the onset of Alzheimer’s disease may be
slowed through treatment of high blood pressure [23].

SPRINT Memory and Cognition in Decreased Hypertension (MIND), a sub
study of SPRINT MIND Study [24] evaluated the effect of intensive systolic blood
pressure lowering on mild cognitive impairment and probable dementia, with
a subset of participants completing MRI. Intensive lowering of blood pressure
did not result in a significant reduction in the incidence of probable dementia,
compared with standard management of blood pressure (the primary outcomes
in SPRINT MIND). However, mild cognitive impairment and the composite of
mild cognitive impairment and probable dementia (the secondary outcomes
in SPRINT MIND) were significantly reduced in the intensive lowering group
compared with the standard treatment group [25]

Intensive lowering of systolic blood pressure was also associated with a
significantly smaller increase in cerebral white matter change but a greater de-
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crease in total brain volume compared with standard treatment, although the
changes were small [25].

Several studies showed that increased arterial stiffness has greater value in
predicting the cognitive decline in healthy subjects, than blood pressure [26]. It
is superior to blood pressure in predicting cognitive decline in all domains and
in explaining the hypertension-executive function association. Arterial stiff-
ness, especially in hypertension, may be a target in the prevention of cognitive
decline. [27][28][29]

An increasing number of studies confirm the positive correlation of obe-
sity and inflammation with cognitive impairment [30][31]. There is sufficiently
strong evidence, from a population-based perspective, to conclude that regular
physical activity [32] and management of cardiovascular risk factors (diabetes,
obesity, smoking, and hypertension) [33] reduce the risk of cognitive decline
and may reduce the risk of dementia. Also, there is sufficiently strong evidence
to conclude that a healthy diet and lifelong learning/cognitive training may also
reduce the risk of cognitive decline, thus enhancing the inborn mechanism of
neuroplasticity [34][35][36][37].

Findings indicate that older men with the history of depression are at increased
risk of developing dementia, although depression in later life is more likely to be
a marker of incipient dementia than a truly modifiable risk factor. Older people
with depression may be better viewed as potential targets of indicated prevention
strategies, rather like people with mild cognitive impairment [38].

The window of opportunity for beneficial effects of physical activity seems
to be broad, and may extend to people who become active later in life. However,
beyond already available general recommendations for health promotion, it is
very challenging to draw specific practical recommendations from the current
evidence regarding the type, frequency, intensity, and duration of physical ac-
tivity that could protect against AD. It is likely that physical activities that have
additional social and cognitive stimulation components may be most effective.
The multi-domain approach to dementia prevention also seems more promising
compared with the traditional, single-domain approach [14] [39] [41].

Loneliness predicted greater dementia risk, whereas being married and hav-
ing many close relationships with friends and family were related to a lower risk
of dementia. Further epidemiological research is needed to understand the pos-
sible causal nature of these associations, including the likely underlying mecha-
nisms [40].

The Finnish Geriatric Intervention Study to Prevent Cognitive Impairment
and Disability (FINGER) is the first multi-domain lifestyle intervention that has
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shown that a combination of lifestyle interventions is able to prevent or slow
down cognitive decline [41]. Lots of evidence from epidemiological studies indi-
cates that these different modifiable lifestyle factors are related to dementia and
Alzheimer’s disease. The intervention areas were diet (Nordic diet), exercise,
cognitive training (individualized) and vascular risk monitoring. The results
showed a reduction of cognitive decline by 30%. There are now 3 multi-domain
trials going on globally. The FINGER study was taken as a model. The FINGER
study included 1109 participants in the analysis: 362 APOE ¢4 allele carriers (173
interventions and 189 controls) and 747 non-carriers (380 interventions and 367
controls). The difference between the intervention and control groups in annual
neuropsychological test battery total score change was 0.037 (95% CI, 0.001 to
0.073) among carriers and 0.014 (95% CI, —0.011 to 0.039) among non-carriers.
Intervention effect was not significantly different between carriers and non-car-
riers (0.023; 95% CI, -0.021 to 0.067). Healthy lifestyle changes may be beneficial
for cognition in older at-risk individuals even in the presence of APOE-related
genetic susceptibility to dementia.

In another study it was found that lifestyle factors, such as physical activity,
sleep, and social activity appear to be associated with cognitive function among
older people. Physical activity

and appropriate durations of sleep and conversation are important for cog-
nitive function [42].

To quantify the impact of a healthy lifestyle on the risk of Alzheimer demen-
tia, using data from the Chicago Health and Aging Project (CHAP; n = 1,845)
and the Rush Memory and Aging Project (MAP; n = 920), a healthy lifestyle
score was defined on the basis of nonsmoking, >150 min/wk moderate/vigorous-
intensity physical activity, light to moderate alcohol consumption, high-quality
Mediterranean-DASH Diet Intervention for Neurodegenerative Delay diet (up-
per 40%), and engagement in late-life cognitive activities (upper 40%), giving
an overall score ranging from 0 to 5. The results suggest that a healthy lifestyle
as a composite score is associated with a substantially lower risk of Alzheimer
dementia [43].

Assuming a causal relation and intervention at the correct age for preven-
tion, relative reductions of 10 or 20% per decade in the prevalence of each of the
7 risk factors would potentially reduce the prevalence of AD in 2050 by between
8 and 15% - between 8,8 and 16,2 million cases worldwide. After accounting
for non-independence between risk factors, around a third of Alzheimer’s dis-
ease cases worldwide can be attributed to potentially modifiable risk factors.
Incidence of Alzheimer’s disease can be reduced through improved access to
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education, reduction of vascular risk factors (through the use of effective meth-
ods such as physical inactivity, non-smoking, diagnosing and treating midlife
hypertension, obesity, and diabetes) and depression [44][45].

As already mentioned the Lancet Commission continued its work and pub-
lished the new report in September 2020. adding three more risk factors to their
model of preventing cognitive decline and dementia [6].

TBI is usually caused by car, motorcycle, and bicycle injuries; military expo-
sures; boxing, horse riding, and other recreational sports; firearms; and falls [46].
A nationwide Danish cohort study of nearly 3 million people aged 50 years or
older, followed for a mean of 10 years, found an increased dementia and Alzhei-
mer’s disease risk [47]. Dementia risk was highest in the 6 months after TBI and
increased with number of injuries in people with TBI to reduce reverse causa-
tion bias [47].

Similarly, a Swedish cohort of over 3 million people aged 50 years or older,
found TBI increased 1-year dementia risk); and risk remained elevated, albeit
attenuated over 30 years [48].

The term chronic traumatic encephalopathy describes sports head injury,
which is not yet fully characterized and covers a broad range of neuropatholo-
gies and outcomes, with current views largely conjecture [49].

Heavy drinking is associated with brain changes, cognitive impairment,
and dementia, a risk known for centuries [50]. An increasing body of evidence
is emerging on alcohol’s complex relationship with cognition and dementia
outcomes from a variety of sources including detailed cohorts and large-scale
record-based studies. Alcohol is strongly associated with cultural patterns and
other sociocultural and health-related factors, making it particularly challeng-
ing to understand the evidence base. A number of studies are analyzing the role
of alcohol consumption to cognitive impairments, each of them with varying
quantity of alcohol and based upon these results the Lancet Commission pro-
posed the quantity of more than 21 units of alcohol per week as a risk factor [6].

As previously mentioned, air pollution and particulate pollutants are associ-
ated with poor health outcomes, including those related to non-communicable
diseases, with a special attention to their potential effect on the brain. [4][5] A
systematic review of studies until 2018 including 13 longitudinal studies with
1-15 years follow-up of air pollutants exposure and incident dementia, found
exposure to PM 2-5, NO 2, and carbon monoxide were all associated with in-
creased dementia risk [51].

Lifestyle changes for modifying 12 risk factors might prevent or delay up to
40% of dementias. We should be ambitious about prevention. Contributions to
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the risk and mitigation of dementia begin early and continue throughout life, so
it is never too early or too late to act. These actions require both public health
programs and individually tailored interventions [6] [39].
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Summary

Multisystem atrophy (MSA) and Dementia of Lewy body (DLB) as well as idio-
pathic Parkinson’s disease are belonging to the neurodegenerative group disorders
called synucleionopathies due to an excessive accumulation of alpha synuclein in
the brain. MSA and DLB have progressive courses with an average life expecta-
tion less than 10 years from the onset. There are characterized by parkinsonism,
failure of autonomic nervous system, dementia and various sleep disorders. Both
disorders are representing diagnostic and therapeutic challenges, due to lack of
either diagnostic or longitudinal biomarkers. Apart of the symptomatic treatment,
the causal treatment is not available.

Key words: Multisystem atrophy, Dementia of Lewy body, synucleionopathies

Multiple-system atrophy (MSA) is a rare (global estimated incidence of
1.8/100.000, and prevalence of 3.5100.000) progressive, neurodegenerative dis-
ease that is characterised by autonomic failure in addition to various features
of parkinsonism, cerebellar ataxia, and pyramidal dysfunction. In fact, the term
multiple-system atrophy was introduced in 1969 as an efficient way to encompass
the disease entities of olivopontocerebellar ataxia, striatonigral degeneration,
and the Shy-Drager syndrome. The more recent detection of a-synuclein, ag-
gregates which make glial cytoplasmic inclusions (GCI) in all three of these dis-
eases, lends credence to a unified concept of MSA [1]. The origin of a-synuclein
in GCI as well as the pathogenesis of MSA remain uncertain, although there
has been some recognition that the misfolding and aggregation of a-synuclein
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plays an important role in pathogenesis. What is clear is that neuronatomically,
MSA is characterised by severe neuron loss supratentorially in the substantia
nigra and posterior putamen; infratentorially in the pons, cerebellum and infe-
rior olives; and spinally in the intermediolateral cell columns. Nonetheless, the
pathogenic mechanisms underlying MSA remain unknown, making it difficult
to develop effective treatment therapies targeted at specific pathophysiological
mechanisms, and to date there are no available treatments aimed at slowing or
halting disease progression.

Clinical Presentation of MSA

Clinically, MSA is typically classified into two subtypes: subtype C (MSA-
C) characterised predominantly by cerebellar ataxia, and subtype P (MSA-P)
characterised predominantly by parkinsonism. Of note, the MSA-C subtype
has been reported to be relatively more prevalent than subtype P in Japanese
populations, whereas subtype P has been reported to be more prevalent than
subtype C in European and North American populations. MSA-P and MSA-C
appear to share a similar natural history, with a median duration from onset to
death of almost 10 years. Rapid eye movement (REM) sleep behavioural disor-
der, although not specific for MSA, is often one of the earliest symptoms of MSA,
which curiously typically improves as the disease progresses. Sleep breathing
disorders including stridor and sleep apnea may also appear years before the
presence of motor symptoms. Additionally, depressive symptoms often precede
the onset of motor symptoms. Autonomic failure, expressed either as urinary
incontinence (UI) or orthostatic decrease of blood pressure (ODBP) must be pre-
sent for a clinical diagnosis in both subtypes of MSA. However, standard meas-
urements of blood pressure over three minutes to detect orthostatic hypotension
may prove too short a duration and often miss ODBP in a significant number
of MSA patients compared to measurements conducted over 10 minutes [2]. It
has been recommended therefore to conduct blood pressure measurements for
this period of time [3]. Regardless of subtype and initial presentation, virtually
all patients with MSA will develop parkinsonism during the course of the dis-
ease [4]. An akinetic-rigid syndrome typically presents bilaterally but can be
asymmetric in severity. The typical parkinsonian type of resting tremor is rare,
although two-thirds of patients have irregular, jerky actions or postural tremor.
In fact, it is this irregular, small amplitude myoclonic movements (termed pol-
yminimyoclonus) of the hands and/or fingers in an outstretched posture, which
is sometimes touch- or stretch-sensitive, that is indicative of MSA. A quivery
voice with increased pitch reminiscent of myoclonic speech is also suggestive of
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MSA, as is significant dysphagia. Also, early falls (i.e. in the first year of disease)
are not uncommon. Cerebellar dysfunction (limb and gait ataxia, dysarthria) are
present in more than two-thirds of MSA patients, regardless of initial subtype
or origin. The presence of two or more “red flags”, including early instability,
rapid progression, abnormal posture, bulbar dysfunction, respiratory dysfunc-
tion and emotional incontinence in subjects with parkinsonism is indicative of
MSA. Cognitive impairment, exhibited mainly as frontal system or executive
dysfunction in MSA patients is considered to be ubiquitous (present in up to
75% of patients) but is not in itself diagnostic. Typical dementia features have
been reported in up to 18% of patients [3]. Finally, pain is an under-recognised
symptom of MSA and is more severe and common in MSA-P subjects, affecting
mainly lower limbs followed by neck and back pain. As in other neurologic dis-
orders, pain intensity has been shown to correlate more with affective function
than motor severity [5].

Cerebrospinal fluid (CSF) and Imaging Biomarkers of MSA

A number of studies have recently sought to promote candidate biomark-
ers to aid in MSA diagnosis utilising blood and cerebrospinal fluid (CSF), but
no reliable biomarkers have been validated in terms of diagnostic specificity. In
addition to the prominent role of a-synuclein, the most promising biomarkers
thus far include plasma norepinephrine levels [6], plasma catecholaminergic ve-
sicular storage levels [7] and plasma and CSF neurofilament light chain protein
[8]. In addition, the utility of such biomarkers as outcome measures in clinical
trials is based upon the assumption that these biomarkers are valid proxies for
the pathophysiologic changes associated with MSA and/or can serve as reliable
surrogates that are reasonably likely to predict clinical benefit.

Although structural brain magnetic resonance imaging (MRI) may be unre-
markable in the early stage of disease, two MRI abnormalities are common as
the disease progresses. The first of these has been described as the “hot-cross
bun” sign as seen on T2 or FLAIR MRI reflecting selective loss of myelinated
transverse pontocerebellar fibres in the pontine raphe with preservation of the
corticospinal tract and tegmentum. Although highly suggestive for MSA [9], this
sign has also been described in other disorders such as spinocerebellar ataxias,
leptomeningeal carcinomatosis, and vasculitis. The second neuroimaging ab-
normality described as a “putaminal slit” caused by a hyperintense signal in
the dorsolateral margin of the putamen also has high positive predictive value
for the diagnosis of MSA [10]. Similar to the higher sensitivity of T2*-weighted
echo gradient MRI to reveal putamenal abnormalities, these imaging techniques
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seem to be more sensitive for the detection of the hot-cross bun sign than clas-
sical T2-weighted MRI. Therefore, imaging protocols in MSA studies should
include T2*-weighted echo gradient imaging or equivalent sequences [3]. In re-
gards to molecular neuroimaging, a reduction in 18FDG-PET uptake in both the
putamenal nuclei with a rostrocaudal gradient is the most prominent finding in
MSA-P, although decreased 18FDGPET uptake can also be detected in the thala-
mus, brainstem and cortical areas. The current consensus diagnostic criteria [11]
or MSA established hypometabolism in the putamen nucleus, mesencephalic
region and cerebellum as being supportive for MSA-P. Additionally, the devel-
opment of PET radiotracers that can image aggregated a-synuclein has been
a development priority for a number of companies seeking not only to define
disease state but promote a biomarker that can track disease progression and
treatment effects of MSA therapies. Despite the fact that several chemical entities
have moderate affinity for a -synuclein, their binding affinities and selectivity
versus tau and beta amyloid have made them less than ideal as candidate PET
radiotracers.

Diagnostic Difficulties in Multiple system atrophy (MSA)

The heterogeneity of clinical phenotype noted above and lack of diagnostic
biomarkers renders the diagnosis of MSA in clinical trial settings quite chal-
lenging, particularly in patients at the early stages of the disease where a dis-
ease-modifying drug may be most likely to show benefit. Not surprisingly, the
most common misdiagnosis for patients with MSA-P is idiopathic Parkinson’s
disease (IPD). An autonomic presentation of MSA may be confused with pure
autonomic failure (PAF) which usually has Lewy body pathology, or with Par-
kinson’s disease presenting with autonomic failure. Most patients of MSA pre-
senting with autonomic failure develop other neurological features within five
years, but in rare cases this interval can be longer. When considering cerebellar
signs and symptoms, approximately 25% of patients with idiopathic late onset
cerebellar ataxia (ILOCA) will ultimately turn out to have a diagnosis of MSA.
The introduction of consensus diagnostic criteria [11] in 2008 was intended to
improve diagnostic accuracy and aid clinical trial conduct. These criteria recog-
nise definite, probable, and possible MSA. Definite MSA requires neuropatho-
logic demonstration of GCIs with neurodegenerative changes in striatonigral or
olivopontocerebellar structures. Probable MSA requires a sporadic, progressive
adult onset disorder including rigorously defined autonomic failure and poorly
levodopa responsive parkinsonism or cerebellar ataxia. Unfortunately, lack of
response to L-dopa is present in less than 50% of patients and although this

114



T. Babic: Overcoming challenges in clinical trials of multiple system atrophy and dementia with Lewy bodies

response to L-dopa might be suboptimal, when present it is surprisingly sus-
tained with a mean duration of 3 to 3.5 years, suggesting that levodopa respon-
siveness should be critically reconsidered as a requirement for the diagnosis
of probable MSA-P. Possible MSA requires a sporadic, progressive adult onset
disease including parkinsonism or cerebellar ataxia and at least one feature sug-
gesting autonomic dysfunction, plus one other feature that may be a clinical or
a neuroimaging abnormality. Despite the acceptance of the consensus criteria
over the past ten years, clinical trials have not meaningfully benefited in terms
of homogeneity of patient populations or signal detection. Of note, a large series
of MSApatients from the Mayo Clinic Brain Bank exhibited an unexpectedly low
diagnostic accuracy, suggesting further refinement of these consensus criteria
may be needed. Of 134 patients with clinically diagnosed MSA, only 83 (62%)
had definite MSA confirmed at autopsy [12].

Multiple system atrophy (MSA) Outcome Measures in Clinical Trials

In addition to the diagnostic difficulties with initial misclassification, the
selection of experienced investigators in MSA trials is paramount toward the
successful conduct of a controlled clinical trial. This is important not only for
diagnostic purposes but to ensure reliable and consistent outcome measures.
Due to the disease rarity, complex disease neurobiology and clinical heterogene-
ity, there are only a handful of clinical research sites of excellence present across
a small number of countries. In fact, one of the largest countries (the United
States) is the only country close to approaching double digit numbers of sites of
excellence in MSA research. Even in such experienced sites, monitoring of strict
adherence to diagnostic criteria is mandatory and we have found it useful to
have an independent expert’s supervision of diagnostic procedures to ensure
appropriate patient selection. Additionally, our experience across multiple or-
phan and ultra-orphan neurological indications support Singer et als reliance
on an oligocentre model that selects the smallest number of very experienced
and high-performing sites to ensure proper patient identification and to reduce
outcome variability [13].

Additionally, a standardised rater training programme covering both diag-
nostics and assessments for site raters and clinal research monitors has been
shown to reduce variability and improve signal detection via a multi-pronged
training approach: assessment through audio or video recordings which must
achieve at least 85-90% concordance with the score of an expert consensus panel
as well as the group consensus score; applied skills assessment training through
a live interview with an actor trained to portray a subject with MSA; and ongo-
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ing in-study monitoring of assessment data to ensure rater consistency utilising
electronic data capture “flags” to identify scoring trends, inconsistencies, and
changes in scoring that may infer rater bias or drift.

The most common efficacy outcome measure in MSA trial is the Unified
Multiple System Atrophy Rating Scale (UMSARS) which allows scores ranging
from 0 to 104 with higher scores indicating greater impairment. This instrument
consists of four parts. The first part is the UMSARS activities of daily living
subscale (range 0-48), and the second is the motor examination subscale (range
0-56). The third part is measurement of autonomic function, and the fourth is a
five-grade overall clinical status, similar to Hoehn and Yahr in Parkinson’s dis-
ease. UMSARS has proven to be a, reliable and valid scale for semi-quantitative
assessments of MSA patients with known rates of change associated with natu-
ral history [13]. These rates can be used to power models of disease progression
with the caveat that changes in slope vary with length of disease with steeper
declines seen earlier in the illness (thus requiring fewer patients) while plateau-
ing later in the illness®. Unlike Alzheimer’s disease, where the steepest part of
the clinical decline is seen in the more moderate patients, MSA patients with
the steepest declines are still in a phase of illness that is early enough to have a
significant impact on disease progression.

Additionally, accelerated UMSARS progression was predicted not only by
shorter symptom duration at baseline, but also by an absent levodopa response.
It appears that UMSARS-related disease progression slows down as early as
the second year of follow-up, which is important to consider when embarking
on therapeutic trials of long duration. Of note, a minimal clinically important
change using the UMSARS has not yet been established for MSA patients mak-
ing it difficult to appreciate the relationship between statistical significance and
clinical importance. As the scale was initially validated in Europeans, its validi-
ty and applicability across various populations requires further examination. In
particular, some items regarding cutting food, handling utensils, and dressing
may not apply to some rural and geographically isolated cultures. Furthermore,
due to the need to design a scale that was reasonably simple, short, and user-
friendly, some prominent features of MSA are not fully covered by the UMSARS
and other validated scales may need to be supplemented to evaluate items not
covered by the UMSARS that may have an impact on the overall function of
MSA subjects, such as bradyphrenia, anhedonia, depression, sleep disorders,
fatigue, and overall quality of life. Finally, the long-term follow-up of MSA pa-
tients is restricted by the rapid neurodegenerative process resulting in reduced
life expectancy. This may help explain the high rate of attrition and serious ad-
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verse events often seen in MSA trials. Given the rapid disease progression, sur-
vival rates might be considered as an outcome measure particularly when inclu-
sion criteria are not restricted to early stages of the disease. In contrast, choosing
patients earlier in the disease course should help improve attrition. Utilising the
correct analysis that takes into account attrition patterns coupled with limiting
the sites to those experienced investigators and demanding rigorous training
on diagnostic and outcome measures which minimise error variance will help
to ensure the chosen sample sizes will be able to detect treatment effects should
they exist.

Dementia with Lewy bodies (DLB) is a neurodegenerative disorder charac-
terized by parkinsonism and cognitive impairment but may also manifest with
dysautonomia, sleep disorders, hallucinations, and cognitive fluctuations. Al-
though first described several decades ago, DLB is still considered a diagnostic
challenge because of the clinical and pathological overlap with other neurode-
generative diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD)
and frontotemporal lobar degeneration'. The temporal sequence distinguishes
DLB from another related condition, Parkinson’s disease dementia (PDD). The
term DLB is used when dementia develops before, or within one year after, par-
kinsonism onset. The term PDD is used when dementia appears more than one
year after the onset of otherwise typical Parkinson’s disease. Cognitive decline
and parkinsonism are insidious, so the distinction can be difficult to draw and
may be influenced by the subspecialty interest of the diagnosing neurologist
(for example, movement disorder versus behavioral neurology) [14,15]. Data on
the relative frequency of DLB and PDD may be similarly affected by this sub-
specialty referral pattern. DLB and PDD share the same neuropathology, may be
manifestations of the same neurodegenerative disorder, possibly related to the
abnormal accumulation of a-synuclein and it is often impossible to differentiate
DLB from PDD at autopsy [16]. However, there is a frequent coexistence of AD
pathology with DLB [1718] which tends to be modest in typical PDD [19]. The
overlap between DLB and AD these two diseases is so extensive that “pure”
Lewy body disease (without any Alzheimer-type pathology beyond that attrib-
utable to normal ageing) is relatively uncommon, accounting for no more than a
third of all cases of Lewy body disease and at perhaps 10% of all cases of clinical
dementia [20].

DLB is an under-recognized disease. The diagnostic criteria have low sen-
sitivity (12 to 32 %) and high specificity (>95 %) [14] so many cases are not diag-
nosed. Therefore, meta-analytic studies suggesting that DLB accounts for 4 % of
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dementia diagnoses [21] underestimate the true prevalence [22], which may be
closer to 20 % of dementia [23]. PDD accounts for a further 3 to 5 % of dementia
cases [24]. Many symptoms of DLB are noncognitive in nature, and many are
under-recognized [25,26,27]. It can be helpful to divide the array of symptoms
into five symptom categories: cognitive, neuropsychiatric, movement, autonom-
ic, and sleep. Patients often view DLB as a purely cognitive disease, and conse-
quently will not volunteer non-cognitive symptoms since they do not believe
they are a consequence of the disease. Directed questions in each of the five
categories can form the basis of a comprehensive drug research strategy that can
improve the patient’s quality of life. The disease course can be rapid, although
prognosis varies between individuals. In one study, life expectancy at diagnosis
is 2.3 years shorter for DLB compared with Alzheimer’s disease [27].

Designing the study protocol for Dementia with Lewy bodies (DLB) and
Pervasive developmental disorders (PDD)

DLB and PDD are very complex diseases and both have identical clinical and
neuropathological phenotypes [28,29]. During early stages DLB and PDD might
be differentiated by the predominance of dementia in DLB and of parkinsonian
motor features in PD [28], but there is no single sign, symptom or biomarker,
that definitively distinguishes PDD from DLB [29]. The management of both is
replete with quandaries: in choosing to treat one symptom, we often produce
complications in other facets of the disease. For example, dopamine replacement
for motor symptoms frequently exacerbates a patient’s neuropsychiatric symp-
toms, antipsychotic treatment of hallucinations worsens parkinsonism and risks
a potentially fatal adverse reaction, while cholinesterase inhibitor treatment of
cognitive symptoms can complicate cardiac and gastrointestinal dysautono-
mia. Due to aforementioned similarities, an ideal patient population for clinical
study in patients with dementia with Lewy body will be those aged 50-85 years
with diagnosis of “all cause dementia” [30] specifically due to probable DLB [31],
or PDD [32]. One of the unique features of both PDD and DLB, but not of AD, are
cognitive fluctuations, with episodes of confusion, hypersomnolence, incoher-
ent speech, and staring spells. These are seen in 15% to 80% of patients with DLB
[33] and are also as common in patients with PDD [34]. Visual hallucinations
occur in 60 to 70 % of DLB patients, whereas auditory hallucinations are present
in 40-50% of subjects with DLB. Delusion and misidentifications have been ob-
served in 40-60% of DLB subjects [35].

The clinical presentation at that stage is difficult to distinguish from deliri-
um which can be seen in severe Alzheimer’s Disease, and it should be seriously
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considered during the clinical assessment, (avoiding testing at that time, for in-
stance) particularly cognition and behavioural symptoms. The inclusion MMSE
range should be fairly wide 12-24.

DLB and PPD are conditions where falls are very common, and potential
preventive effect on falls might be ideally investigated in these patients popula-
tions. Typically, all studies in DLB and PPD would have a randomised, parallel
placebo-controlled design with drug exposure at least 12, preferably 24 weeks,
to capture clinically important efficacy signal.

Endpoints selection

Regardless of what will be selected as primary efficacy endpoint, the inten-
sity of cognitive and non-cognitive symptoms/syndromes (neuropsychiatric,
movement, autonomic, and sleep) should be assessed either as an efficacy or
safety endpoints in all protocols. Unfortunately, there is no unified scale which
will be used as comprehensive assessment of symptoms or disease progression
in DLB as we have been used in other neurodegenerative disorders (UPDRS in
PD or UMSARS in MSA). Therefore, the changes within each of the syndromes
should be assessed with specific scale (i.e UPDRS-3 in motor syndromes, NPI
in neuropsychiatric syndromes). For instance, if treatment of psychosis will be
selected as an efficacy objective, the Scale of the Assessment of Positive Symp-
toms (SAPS) might be used. It provides coverage of hallucination, delusions, and
behavioural changes associated with psychosis and was developed for schizo-
phrenia. Information is acquired from both the patient and an informant. If cog-
nition will be selected as primary efficacy endpoint, DLB and PDD have promi-
nent visuospacial, executive and attention dysfunctions, and selection of specific
assessment instruments should be done accordingly.

If psychosis and/or cognition have been selected as and efficacy endpoint,
the assessment of autonomic features, sleep and motor symptoms should be
done as a safety endpoint.

Conclusion

Although DLB has been considered as the second the most common demen-
tia, number of therapeutic clinical studies so far is very low, mimicking the DLB
as an orphan disease. In spite of some lessons learnt, there are plenty of meth-
odological issues affecting patient’s selection and assessment. We have already
addressed some of them, but the greatest challenge of these studies is to create
clinically feasible, state of art protocols, which will be able to capture signals in
this multi domain complex neurodegenerative synucleinopathy.
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Summary

Coronavirus disease 2019 (COVID-19) is a highly contagious viral disease that
is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Recent research shows that SARS-CoV-2 enters the host cells by binding its spike
protein to angiotensin-converting enzyme 2 receptors, which are also present on
cells in the central nervous system. The cognitive changes that occur during the
acute SARS-CoV2 infection encompass mild and severe deficits that happen in all
ages. Research from the COVID-19 rehabilitation units show that as high as 80%
of patients had deficits on Montreal Cognitive Assessment and Mini Mental State
Evaluation tests. The cognitive deficits present in the post-COVID-19 chronic pe-
riod encompass a variety of cognitive domains, and it is unclear what will be the
rate of permanence. It is clear that COVID-19 had a profound effect on cognition
both directly and indirectly. The challenges that we face now encompass both
acute and chronic cognitive impairments with uncertainty on the length of symp-
toms. Previous viral pandemics have taught us that the battles we face today may
just be the beginning of further challenges in patients that can occur years after
initial infection. A major focus in the future will be to better define the cognitive
changes that occur due to COVID-19 infections and how to treat them.

Key words: COVID-19, SARS-CoV-2, cognitive impairment, dementia
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Introduction to COVID-19

Coronavirus disease 2019 (COVID-19) is a highly contagious viral disease
that is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)[1]. The speed at which the pandemic spread was staggering and has
changed the world and society significantly since the start. At the time of wri-
ting, there have been upwards of two-hundred million cases and more than
four million deaths [2]. For example, COVID-19 was the third leading cause of
death in the United States in 2020 after heart disease and cancer [3]. The advent
of vaccinations has brought hope that the pandemic would be soon over, but the
virus is prone to rapid genetic evolution and multiple variants, which makes it
unclear whether there will be newfound resistances to vaccination [4]. Classi-
cally, respiratory symptoms have been given the primary focus as they are the
cause of death in patients and the respiratory system is the main target of the vi-
rus; however, it has quickly become clear that neurological symptoms can have
a significant impact in the acute and post-COVID periods [5].

SARS-CoV-2 enters the host cells by binding its spike protein to angioten-
sin-converting enzyme 2 (ACE2) receptors that are present on the respiratory
epithelium, among multiple other cell types in the gastrointestinal tract and
kidneys [6]. Recent research has shown that ACE2 receptors are present in the
central nervous system as well, which creates a potential target for infection [7].
ACE2 receptors are present on most cells, and include neurons, microglia, astro-
cytes and oligodendrocytes [8]. Most expression was found in the motor cortex,
posterior cingulate cortex, ventricles, substantia nigra, olfactory bulb, middle
temporal gyrus and widely in the brainstem including cardiorespiratory nucle-
uses [9]. The later one opens the possibility that pathological change due to the
SARS-CoV-2 can affect the respiratory center in the medulla oblongata [10] thus
leading to the failure of respiratory system in the early period of infection [11].

There are three ways that SARS-CoV-2 can invade the central nervous system
and include retrograde transsynaptic transfer through the olfactory nerve, vas-
cular endothelial cell infection or through the leukocyte migration [12]. The most
common neurologic symptoms in COVID-19 are headache, anosmia, ageusia,
but there are numerous reports of encephalopathy, encephalitis, consciousness
impairment, and even peripheral nerve disorders [13]. The pathophysiological
mechanism to these symptoms is heterogenous, but can be linked to the exce-
ssive cytokine release that can be present in COVID-19, both in and out of the
central nervous system [14] and direct cytopathogenic effects of the virus [12].
It is becoming increasingly clear that these mechanisms could be the cause in
acute and chronic cognitive impairment as well, which is becoming a key symp-
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tom of the post-COVID or long-COVID period [15]. Taken together, it is clear that
SARS-CoV-2 can influence changes in the central and peripheral nervous system
directly and indirectly and presents a challenge in clinical practice [16].

Effects of COVID-19 on cognition

Viral infections can affect cognition in both acute and chronic periods of
infections. Previous research of SARS-CoV and MERS-CoV indicates that a third
of patients develop cognitive symptoms in the acute period, with a fifth retai-
ning cognitive impairments for an extended period of time [17]. Furthermore,
there are theories that infections with herpes viruses can increase dementia risk
later in life [18], while neurodegeneration was seen years after infections with
the Spanish influenza [19]. Early research is unequivocal that COVID-19 can cau-
se cognitive impairments in the acute period, and there is indication that this
can persist and even influence patients with existing cognitive impairment.

Cognitive impairment during acute infection period

The cognitive changes that occur during the acute SARS-CoV2 infection en-
compass mild and severe deficits that happen in all ages [20]. Research from the
COVID-19 rehabilitation unit at the San Raffaele Hospital (Milan, Italy) shows
that as high as 80% of patients had deficits on Montreal Cognitive Assessment
(MoCA) and Mini Mental State Evaluation (MMSE), with indications of depressi-
on, as measured by the Hamilton’s scale for depression [21]. Importantly, a signi-
ficant portion of patients retained cognitive deficits in the one month follow-up
[21]. The incidence of cognitive impairment correlated with age, while cognitive
impairments were dominantly present in patients requiring oxygen therapy.
Importantly, the severity of cognitive deficits was less pronounced in patients
who required orotracheal intubation, indicating that the cognitive disturbance
cannot be attributed directly to symptom severity. However, a study by Beaud et
al.,, focusing on severe COVID-19, revealed that the majority of patients presen-
ted with agitation and confusion, with a major proportion exhibiting dysexecu-
tive syndrome [22]. This pattern of cognitive impairment is consistent with those
previously described during ARDS [23], and could mean that the acute cognitive
deficits in severe COVID-19 could be attributed to the already known systemic
inflammatory patterns [24]. In general, it is known that any intensive care unit
treatment often leads to cognitive deficits on its own, as most of the patients
have critical severity of symptoms, regardless of cause [25]. Furthermore, deliri-
um and encephalopathy was present in more than 80% of patients treated in the
ICU due to COVID-19, which in line with other respiratory illness [26].
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Persistent cognitive impairments were found in the sub-acute COVID-19 pe-
riods [27]. A research by Pistarini et al. clearly shows impaired executive func-
tion, short and long term memory, abstraction and orientation in up to 70% of
patients who suffered from COVID-19 [28]. MoCA was found to be a more sen-
sitive test to detect cognitive impairment than MMSE in this study, considering
it encompasses more cognitive domains [28]. The early period after active in-
fection could be the time when cognitive rehabilitation should be initiated, as
previous research in other neurological disorders has shown that this could be
warranted [29, 30]. Overall, there is a need for further research with regards to
cognitive impairment directly at the bedside, during the acute period, as the
current literature is scarce.

Cognitive impairment during the chronic period

Effects of COVID-19 on cognition have been extensively studied in the early
post-COVID-19 and long-COVID-19 periods, with multiple studies and reports
discussing the adverse effects of the infection. A large retrospective study with
more than two-hundred thousand participants by Taquet et al. found that de-
mentia is was present in 0.67% of all patients, with the percentage increasing to
1.46% in the hospitalized patients [31]. Interestingly, it is unclear whether acute
cognitive changes, such as delirium, lead to chronic problems as a McLoughlin
et al. did not find an association between acute and chronic cognitive symptoms
[32]. This is further corroborated by a study that found a higher degree of cogni-
tive deficits in the post-COVID-19 period than in the acute phases, indicating a
different pathophysiological mechanism between the two phases of the disease
[16, 33]. In studies assessing global cognitive function, we can see that the im-
pairment can be present in nearly 15% of patients three months after infection
[34]. The severity of impairment one month after hospitalization, as measured
by MoCA scores, is highest in patients who were more dependent on oxygen
(15.90 + 6.97) [21], while patients without hospitalization has scores close to mild
cognitive impairment (26.50 + 2.90) [35]. Residual cognitive deficits after ICU dis-
charge are present in as high as 25% [36], and importantly, the same can be seen
in COVID-19 patients who were not treated in the ICU [37]. On the other hand,
a study by Raman et al. found that while cognitive impairment was profound
in COVID-19 patients, the results did not significantly differ from the healthy
control groups, indicating the need for further studies in the field [38].

The cognitive deficits present in the post-COVID-19 period encompass a va-
riety of cognitive domains. Research has shown that the cognitive domain of
attention, executive function and visuospatial function is most affected in CO-
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VID-19 related cognitive impairment in MoCA testing [38], with further corro-
boration of changes in fluency, inhibition and conceptualization using the Fron-
tal Assessment Battery [22, 39, 40]. Deficits in memory have also been noted in
several studies, mostly in short-term memory[21, 40] , while language was not
affected to a significant degree [41].

Finally, it is still unclear whether the deficits are temporary or long-lasting
despite that some meta-analysis data suggest that multiple effects after COVID-19
persist [42]. A study by Lu et al. has shown that the incidence of cognitive deficits
increases from the acute period [33], while a study by Sykes at al. has shown that
the burden of cognitive impairment lessens during time [43]. It is a question that
will only be answered as time passes and our experience with COVID-19 grows;
however, current research on viral infections shows that multiple virus types,
such as Herpes simplex virus or Varicella zoster virus can all cause long lasting
cognitive impairment that significantly affects the quality of life [44].

Indirect effects of COVID-19 on concurrent cognitive diseases

An important aspect of COVID-19 is the pandemic itself, that changed our
society greatly, and can negatively impact the health of patients with dementia
without infection [45]. We can speak about an epidemic of dementia, with more
than 50 million worldwide living with dementia, all of which could be impacted
negatively by social isolation restrictions due to COVID-19 [46]. Studies focu-
sed on the community based effect of lockdowns in Europe and Latin America
reveal a significant worsening of cognitive and behavioral symptoms, with an
increase of prescribed medications in the period [47]. Studies by Tsapanous et al.
and Borelli et al. revealed that cognitive worsening was present in more than a
half of patients during the brief pandemic period, with a significant strain on the
caregivers as well, due to a disruption of daily routines and social isolation [48,
49]. Neuropsychiatric and behavioral symptoms worsened even more during
the pandemic, with an immense increase of depression, anxiety and agitation
[50]. An interesting study by Lara et al. compared the effects of the lockdown by
applying The Neuropsychiatric Inventory and EuroQol-5D questionnaire scores
before and 5 weeks into the lockdown, which revealed worsening of agitation
and apathy in both patients and caregivers in a short amount of time [51]. This is
quite concerning, especially as we know that these symptoms are related with
lower quality of live in dementia patients [52, 53].

The possible reasons of such rapid worsening are imposed changes in the
daily life habits of dementia patients, as there was a sudden stop in social and
leisure activities that fill a significant period of their routine [54]. Furthermore,

127



Neurodegenerative diseases challenges: Early diagnosis and pandemics (2021; Rijeka); pp 123-132

separation from family members and loved ones induce significant stress, which
dementia patients deal with less successfully than healthy adults [55]. One way
to help would be to address the issue by raising it to the patients and caregivers,
inform them of the risks isolation and social changes hold [56], while organizing
educations on coping mechanisms to reduce the induced stress [57].

Conclusion and future directions

Itis clear that COVID-19 had a profound effect on cognition both directly and
indirectly. The challenges that we face now encompass both acute and chronic
cognitive impairments with uncertainty on the length of symptoms. Previous
viral pandemics have taught us that the battles we face today may just be the
beginning of further challenges in patients that can occur years after initial in-
fection. A major focus in the future will be to better define the cognitive changes
that occur due to COVID-19 infections and how to treat them.

Furthermore, current dementia patients face a significant burden due to ma-
jor changes in our society, and their impaired abilities to cope with them. A
large portion of our efforts should be turned towards assisting the patients and
their caregivers in empowering their ability to deal with stress, to reduce the
cognitive and behavioral worsening that happens rapidly during the pandemic.
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Summary

The COVID-19 pandemic has major consequences on our society and way
of life and has changed the way we practice neurology. Studies have observed
that patients with COVID 19 infections can develop other movement disorders
symptoms like myoclonus or confusion and encephalic symptoms. Individuals
with Parkinson’s disease (PD), the most often movement disorders, are particularly
vulnerable to experiencing the negative squeals, not only because of changed
lifestyle, which causes an increased stress and reduction in physical exercise, but
also because of compromised respiratory system that put them at higher risk of
COVID-19 pneumonia: rigidity of respiratory muscles, common dyspnoea and
reduced cough reflex. Also, less capability to adopt to new circumstances is a big
issue in PD patients. People with PD demonstrated more anxiety and depression
as well as decreased levels of quality of life and physical activity as compared to
controls during the COVID-19 lockdown. Since PD affects elderly population the
risk factors for a more severe COVD-19 presentation in general population. Ac-
cording to the current literature in advanced PD, a rapid worsening of PD could
mean onset of COVID-19 infection. Recent studies have shown higher risk for
a worse course and outcome. The common risk factors for higher mortality are
older age, longer disease duration, use of advanced therapies, dementia, and hy-
pertension. In the last year we have developed telemedicine-based communica-
tion with our patients. Also, elective interventions including new implantations
of deep brain stimulation (DBS) and initial programming were postponed in first
wave but not so much in the second and third. Since public health guidelines and
bad capacity vary across countries and rapidly change, each medical, movement
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disorders (MD) and DBS center needed to develop quickly strategies and clear
recommendations how to care for MD and DBS patients.

We will give in this paper an overview of challenging experiences on manage-
ment of movement disorders’ patients and DBS implanted patients in COVID-19
pandemic time.

Key words: Movement disorders; COVID 19 pandemic, Deep brain stimulation

Introduction

The new coronavirus (SARS-CoV-2) that originated in China spread rapidly
around the world, so in March 2020 a pandemic was declared. In the last years
we have witnessed the impact of the COVID-19 pandemic on the lives of particu-
larly affected families, on health systems, the economy and the world economy.

The COVID-19 pandemic has major consequences on our society and way
of life and has changed the way we practice neurology. Studies have observed
that patients with COVID 19 infections can develop other movement disorders
symptoms like myoclonus or confusion and encephalic symptoms [1]. Individu-
als with Parkinson’s disease (PD, the most often movement disorders, are par-
ticularly vulnerable to experiencing the negative squeals, not only because of
changed lifestyle, which causes an increased stress and reduction in physical
exercise, but also because of compromised respiratory system that put them at
higher risk of COVID-19 pneumonia: rigidity of respiratory muscles, common
dyspnea and reduced cough reflex. Also, less capability to adopt to new cir-
cumstances is a big issue in PD patients. People with PD demonstrated more
anxiety and depression as well as decreased levels of quality of life and physical
activity as compared to controls during the COVID-19 lockdown [2]. Since PD
affects elderly population the risk factors for a more severe COVD-19 presen-
tation in general population. According to the current literature in advanced
PD, a rapid worsening of PD could mean onset of COVID-19 infection. Recent
studies have shown higher risk for a worse course and outcome. The common
risk factors for higher mortality are older age, longer disease duration, use of
advanced therapies, dementia, and hypertension. In the last year we have devel-
oped telemedicine-based communication with our patients [3,4]. Similar is with
other disabling neurological conditions especially neurodegenerative diseases
like Alzheimer disease, multiple sclerosis etc.

Deep Brain Stimulation

Deep brain stimulation (DBS) is a well-established, safe, and effective treat-
ment for the management of patients with advanced Parkinson’s disease and
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other movement disorders [5]. Patients with DBS require often visiting DBS cent-
ers and life-long management of the medical device as well as medications. Such
management is depending on geography, socioeconomic factors, and support
systems. The COVID-19 pandemic has changed the way we practice

neurology, especially movement disorders and, nevertheless, our manage-
ment of patients with deep brain stimulation implanted for movement disor-
ders worldwide. The global lockdown has forced movement disorders patients
(Parkinson’s disease, essential tremor, dystonia) to stay at home or they became
infected by virous or became worse due to interruption of therapy due to neu-
rostimulator battery reaching end of life, device malfunction or infection. They
can develop due to COVID 19 infections other movement disorders symptoms
like myoclonus or confusion and encephalic symptoms [6].

In first wave of COVID-19 pandemic, the most medical centers were postpon-
ing elective procedures and prevent spread of COVID-19 what presented unique
challenges for management of DBS patients and transitioning to predominantly
telemedicine or remotely by smartphone consultations for outpatient care [7].
Urgent intervention to maintain or restore stimulation were required mostly for
patients with Parkinson’s disease who could develop a rare but potentially life-
threatening complication known as DBS-withdrawal syndrome and patients
with generalized dystonia with potential developing status dystonicus. Also,
DBS system infection required urgent, and rarely emergent surgery (like lead
fractures, electrical malfunction). Elective interventions including new implan-
tations and initial programming were postponed in first wave but not so much
in the second and we will observe the consequences in the future. Since public
health guidelines and bad capacity vary across countries and rapidly change,
each medical and DBS center needed to develop quickly strategies and clear
recommendations how to care for DBS patients.

Parkinson’s disease and COVID 19 pandemic

Recently, due to the difficult situation with the coronavirus, all public atten-
tion has been focused on combating the infection. Many activities had to adapt
to the emerging pandemic, including neurology (7). In many Institutions, neu-
rology accommodation facilities have been reduced, or relocated to the COVID
department. Many doctors and nurses were withdrawn to COVID wards. In
the first wave, only emergency activities and more urgent outpatients worked.
Patients themselves avoided visiting a neurologist for fear of infection despite
significant exacerbations. Even in emergencies such as acute stroke, it has been
observed that 25% of patients did not even seek help in the emergency neuro-
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logical service, despite the symptoms of stroke [8]. These were usually milder
symptoms. Many movement disorders services have had telephone, telemedi-
cine, zoom, email and other virtual consultations and examinations of patients
in order to avoid unnecessary patient arrivals if possible and to receive an ap-
propriate recommendation. Behind the first wave, we all had a rush of patients
with significant exacerbations and complications in our clinics, multidiscipli-
nary teams, and wards. In the other two waves, however, they came in larger
numbers to both clinics and wards, especially in acute conditions and worsen-
ing of movement disorders.

Patients with chronic progressive neurodegenerative diseases, regardless of
whether they had COVID 19 infection, had exacerbations. Isolation and social
distancing that should be adhered due to coronavirus, are behaviors that do
not contribute to the good condition of patients with chronic neurodegenerative
diseases, including Parkinson’s disease, with a lack of physical activity. Thus, in
a study conducted in the spring of 2020, 7,209 people with Parkinson’s disease
were found to be infected with COVID 19 with new symptoms or worsening of
motor and non-motor symptoms of 63% (similar in post covid 19 time) and 75%
and those without COVID 19 infection with worsening motor skills, and nonmo-
tor symptoms 43-52% [9].

We know that Parkinson’s disease is more common in the elderly popula-
tion and can cause respiratory disorders especially in the advanced stage such
as more frequent aspiration pneumonia and, among other things, reduced lung
breathing capacity due to bent posture and muscle rigors. According to some
studies, prolonged stress can reveal many latent clinical pictures of Parkinson’s
disease so there is a possibility that during and after this pandemic we are
witnessing a greater number of diagnosed patients with Parkinson’s disease.
This state of pandemic, which changes the routine of all citizens with increased
stress, anxiety and depression, leads to worsening of control and motor (tremor,
blockage, gait, dyskinesia) and non-motor symptoms (cognitive problems, anxi-
ety, depression, digestive problems, sleep, etc.) with Parkinson’s disease. One
should be aware that due to the pathophysiology of the disease itself, the re-
duced adaptive capacity to cope with such situations, which is associated with
the dopamine system, puts patients in an even more unenviable position and
increases psychological stress, hopelessness and feelings of loss of control. Oth-
erwise, we know that any infection, even respiratory, can worsen the symptoms
of Parkinson’s disease and reduce the effect of antiparkinsonian drugs, which
has been described in the last year [2,4]. Parkinson’s disease does not increase
the risk of infection with COVID-19, but older patients are known to have a more

136



V. Vuletic: Management of movement disorders and deep brain stimulations” patients in Covid 19 pandemic

severe clinical picture and a higher risk of poor outcome. Common risk factors
for higher mortality are older age, longer disease duration, application of ad-
vanced therapies, dementia, and hypertension [3].

We often had to do reevaluations of therapy and most often increase the dos-
es of antiparkinsonian drugs or introduce new groups, especially those groups
of drugs that reduce OFF and prolong the action of drugs. Patients with Parkin-
son’s disease that is chronic and progressive are predominantly elderly with
comorbidities such as high blood pressure and diabetes present and therefore
are likely to have a higher risk of a poor outcome. That is why prevention and
vaccination are the best, and those suffering from all neurodegenerative dis-
eases must be especially careful and protect themselves - hand washing, social
distancing, not touching the face, nose, mouth and eyes with unwashed hands.
We already know that hyposmia is both a symptom of COVID-19 infection and
a prodromal symptom of Parkinson’s disease, so researchers are trying to find
a link, whether the same mechanism of occurrence or just sharing is the same
symptom of the two diseases. Mostly after 8 months the sense of smell returns
with COVID 19 infection. There are 3 reported cases of transient parkinsonism
in COVID 19 infection that had both a positive DAT scan and little or no response
to antiparkinsonian therapy. Although we know that the Spanish flu was caused
by a completely different virus, it is also known for delayed parkinsonism as a
neurological consequence. Viral parkinsonism is known but it is clinically and
pathologically different from Parkinson’s disease. The proposed mechanisms
have always been considered such as structural and functional damage to the
basal ganglia, inflammatory (neuroinflammatory) processes, hypoxic brain in-
juries due to encephalopathy, the occurrence of latent Parkinson’s disease and
the hypothetical possibility of viral infection triggering (as a trigger) long-term
development of Parkinson’s disease with a genetic predisposition [10]. For now,
the causal link between SARS-CoV-2 infection and the development of Parkin-
son’s disease is not supported by solid evidence and it is up to scientists to find
out if there is a link or not and what the real mechanisms underlie all these de-
velopments. Prospective well-planned and coordinated studies and long-term
follow-up of patients with COVID-19 infection are needed, as possible neuro-
logical consequences should not be ignored.

The same is true for other neurological diseases such as multiple sclerosis,
Alzheimer’s disease, etc., in which we record many exacerbations with and
without COVID-19 infection, as well as in Parkinson’s disease. As we learned,
observationally and in basic and clinical research, COVID 19 infection, recom-
mendations of world, European and national bodies / societies for the care of
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patients with various neurological diseases were issued, which facilitated daily
work. It is certainly necessary to monitor all neurological patients and those
who had COVID 19 infection and who are not, so that in the event of a signifi-
cant increase in the incidence of some of these diseases, the health system and
society are ready and organized for it and respond in a timely manner [11,12].

Post Covid neurological symptoms in Parkinson disease patients

Beside the respiratory symptoms, the virus is also neurotropic. It could enter
a nerve cell. The SARS-COV-2 virus enters the cell via the angiotensin receptor
by converting enzyme 2. Regardless of the severity of respiratory symptoms,
85% of patients with SARS-CoV-2 had acute and subacute symptoms and com-
plications of the peripheral and central nervous systems. The most common are
headache, dizziness, hyposmia, hypogeusia, stroke, encephalopathy, menin-
goencephalitis, and acute polyradiculoneuritis (Guillain Barre syndrome) [13]

Also, there are studies that recognize the increasing numbers of ex-patients
with Post COVID Neurological Syndrome (PCNS). A small number of people
who recovered from COVID-19 are reporting neurological concerns such as
headache, dizziness, lingering loss of smell or taste, sleep problems, fatigue,
muscle weakness, nerve damage, and trouble thinking or concentrating —
sometimes called “COVID fog” or “brain fog”. In the United Kingdom, the Na-
tional Institute for Health and Care Excellence has defined the “post-COVID-19
syndrome” as “signs and symptoms that develop during or after an infection
consistent with COVID-19, continue for more than 12 weeks and are not expla-
ined by an alternative diagnosis [11] .” In everyday practice it was recognized
that some of the post-COVID-19 symptoms may be part of the PD clinical phe-
nomenolog. It was very hard to study post covid in PD so researcher considered
symptoms as part of the clinical manifestations of a post-COVID-19 syndrome
only if these occurred after a confirmed SARS-CoV-2 infection or in case of an
acute or subacute worsening of a preexisting symptom that had been previously
stable. In multicenter case series investigating the occurrence of post-COVID-19
syndrome in patients with PD were reported motor worsening and increased
levodopa equivalent daily dose requirements within the long-COVID spectrum.
In one study, 85.2% patients with PD developed post-COVID 19 symptoms .
They founded that the most common long-term effects of COVID-19 were worse-
ning of motor function (51.9%) and increased levodopa daily dose requirements
(48.2%) followed by fatigue (40.7%); cognitive disturbances (22.2%), including
“brain fog”, loss of concentration and memory deficits; and sleep disturbances
(22.2%), such as insomnia (9). Broadly these symptom complexes concur with
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the existing literature on long COVID in the general population [12-17]. Ne-
vertheless, post-COVID clinical manifestations may result from a combination
of new symptoms and lockdown as well as viral illness-related worsening of
preexisting PD features. So, PD patients had in post COVID period, beside this
classical PCNS symptoms, appearance of new PD symptoms or worsening of
previous motor and non-motor symptoms

Conclusions

In conclusion, we had to adopt MD out-patients’ clinics and Units and intro-
duce remote consultations in this COVID-19 pandemics. The guidelines for in-
vasive treatment like DBS were needed. For now, the causal association of SARS-
CoV-2 infection with the development of Parkinson’s disease is not supported
by robust evidence yet. But, the potential neurological sequelae of this novel
coronavirus should not be underestimated and must be carefully monitored in
the future. A coordinated international effort to investigate viral effects is es-
sential and should be based on well-designed prospective studies. Undoubtedly,
we need additional studies to confirm/refute the trigger effect of SARS-CoV-2 on
the neuroinflammatory and neurodegenerative processes leading to the devel-
opment of parkinsonian symptoms. It remains unclear therefore, whether the
COVID-19 and PD are related or merely share a symptom. Although the Spanish
flu was caused by an entirely different virus from SARS-CoV2, it does stand as
an example of a primarily respiratory infection associated with delayed par-
kinsonism as a neurological consequence. We need further neurological and
cognitive/affective monitoring of all cases of COVID19 (irrespective of the sever-
ity from asymptomatic, mild to severe) for PCNS and patients with movement
disorders too. Global clinical registries MD patients with a meticulous systems-
based approach to the assessment, management and reporting of post-COVID
patients will help us.
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Summary

The new coronavirus (SARS-CoV-2) that originated in China spread rapidly
around the world, so in March 2020 a pandemic was declared. We have wit-
nessed the impact of the COVID-19 pandemic on the lives of particularly affected
families, on health systems, the economy, and the world economy. Beside the
respiratory symptoms, the virus is also neurotropic. It can enter a nerve cell. The
SARS-COV-2 virus enters the cell via the angiotensin receptor by converting en-
zyme 2. Regardless of the severity of respiratory symptoms, 85% of patients with
SARS-CoV-2 had acute and subacute symptoms and complications of the periph-
eral and central nervous systems. The most common are headache, dizziness,
hyposmia, hypogeusia, stroke, encephalopathy, meningoencephalitis, and acute
polyradiculoneuritis (Guillain Barre syndrome). There are studies that recognize
the increasing numbers of ex-patients with Post COVID Neurological Syndrome
(PCNS). A small number of people who recovered from COVID-19 are reporting
neurological concerns such as headache, dizziness, lingering loss of smell or taste,
sleep problems, fatigue, muscle weakness, nerve damage, and trouble thinking or
concentrating — sometimes called “COVID fog” or “brain fog”. We need further
neurological and cognitive/affective monitoring of all cases of COVID19 (irrespec-
tive of the severity from asymptomatic, mild to severe) for PCNS. Global clinical
registries with a meticulous systems-based approach to the assessment, manage-
ment and reporting of post-COVID patients will help us.

Key words: Neurological diseases; COVID 19 pandemics; post Covid neuro-
logical syndrom
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Introduction

The new coronavirus (SARS-CoV-2) that originated in China spread rapidly
around the world, so in March 2020 a pandemic was declared. Since then, more
than 175 million people worldwide have been infected after a year, and over 3.8
million people have died from the coronavirus disease 2019 (COVID-19) [1]. In
the last years we have witnessed the impact of the COVID-19 pandemic on the
lives of particularly affected families, on health systems, the economy, and the
world economy.

For the past years all efforts from the scientific and medical community
have been directed to sequence, diagnose, treat, and prevent COVID-19 in acute
phase. Since acute respiratory syndrome is the main feature of severe COVID-19,
most initial studies on COVID-19 have focused on its impact on the respiratory
system. But SARS-CoV-2 can also cause neurological complications [2].

Many previous viruses” studies have shown that central nervous system
could be affected. It is also hypothesized that SARS-CoV-2 infection could pro-
mote or enhance susceptibility to different forms of CNS changes that may lead
to neurodegeneration as a long-term effect, especially in individuals already at
risk [2]. Moreover, other viral infections suggest that systemic inflammatory
mediators may access the CNS and trigger damage via impaired BBB function.
More investigation of post-mortem brain and spinal cord tissue from deceased
COVID-19 individuals are needed and may provide evidence for parenchymal
infection. The hypothesis of direct neuroinvasion of COVID-19 is based on in-
volvement and role of angiotensin-converting enzyme-2 (ACE-2) [3]. It is a po-
tential receptor for SARS-CoV-2 entry. ACE-2 is expressed on various brain cells
and cerebral parts, i.e., subfornical organ, paraventricular nucleus, nucleus of
the tractus solitarius, and rostral ventrolateral medulla, as well as in non-cardio-
vascular areas such as the motor cortex and nuclei raphe. The hematogenic path-
way is an additional probable route of virus entry into the nervous system that
includes the vagus nerve, the olfactory nerve, or the enteric nervous system [4].

Beside the global dimension and effect of the current pandemic, we could
recognize a possible long-term impact of COVID-19. As we could see in the past
years, persistent symptoms following COVID-19 infection are prevalent, debili-
tating and appear to affect individuals regardless of acute infection severity or
prior health status [4].

Especially in the beginning the terminology of this prolonged symptoms has
been confusing and not standardized. Different authors have used several terms
to describe prolonged symptoms following COVID-19 illness, such as “Long
COVID-19”, “post-acute COVID-19”, “persistent COVID-19 symptoms”, “chronic
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COVID-19”, “post-COVID-19 manifestations”, “long-term COVID19 effects”, “post
COVID-19 syndrome”, “ongoing COVID-19”, “long-term sequelae”, or “long-haul-
ers” as synonyms. Most recently, the term “post-acute sequelae of SARS-CoV-2 in-
fection” (PASC), “long-COVID-19”, and “post-acute COVID-19”, has been used (5).
In the United Kingdom, the National Institute for Health and Care Excellence has
defined the “post-COVID-19 syndrome” as “signs and symptoms that develop
during or after an infection consistent with COVID-19, continue for more than 12
weeks and are not explained by an alternative diagnosis [6].

Furthermore, a cytokine storm is seen in COVID-19 cases with higher levels
of different cytokines where some of them can cross the blood-brain barrier and
activate the brain’s immune cells to produce neural cytokines, leading to neu-
ronal dysfunctions, delirium and neurodegeneration as a late long-term effect
[7]. Nevertheless, the serious worsening of clinical pictures have been observed
in many neurodegenerative diseases like Alzheimer dementia, Parkinson dis-
ease and Lewy body dementia who survive COVID-19 infection [8,9]. The most
common impairment reported was delirium, non-motor and motor symptoms
[8-10]. Influence on working memory and attention have been recorded [8,9].

In patients who develop neurological complications long clinical follow up
and investigation of CSF samples for the presence of viral antigen/RNA and
inflammatory mediators should be provided to determine direct CNS infection.
Careful follow up of COVID-19 patients with neurological complications in the
long term is mandatory:.

Regardless of the severity of respiratory symptoms, 85% of patients with
SARS-CoV-2 had acute and subacute symptoms and complications of the pe-
ripheral and central nervous systems [5]. The most common are headache, diz-
ziness, hyposmia, hypogeusia, stroke, encephalopathy, meningoencephalitis,
and acute polyradiculoneuritis (Guillain Barre syndrome). Recently, due to the
difficult situation with the coronavirus, all public attention has been focused
on combating the infection. Many activities had to adapt to the emerging pan-
demic, including neurology. In many Institutions, neurology accommodation
facilities have been reduced, or relocated to the COVID department. In the first
wave, only emergency activities and more urgent outpatients worked. Patients
themselves avoided visiting a neurologist for fear of infection despite significant
exacerbations. Many neurological services have had telephone, telemedicine,
zoom, email and other virtual consultations and examinations of patients. Be-
hind the first wave, we all had a rush of patients with significant exacerbations
and complications in our clinics, multidisciplinary teams, and wards. In the oth-
er two waves, however, they came in larger numbers to both clinics and wards,
especially in acute conditions and worsening of chronic diseases.
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Patients with chronic progressive neurodegenerative diseases, regardless of
whether they had COVID 19 infection, had exacerbations. Isolation and social
distancing that should be adhered due to coronavirus, are behaviors that do
not contribute to the good condition of patients with chronic neurodegenerative
diseases, including Parkinson’s disease, with a lack of physical activity.

There are hypothesis about increasing number of patients with Parkinson’s
disease in the future due to this COVID 19 pandemic [11]. The proposed mecha-
nisms have always been considered such as structural and functional damage to
the basal ganglia, inflammatory (neuroinflammatory) processes, hypoxic brain
injuries due to encephalopathy, the occurrence of latent Parkinson’s disease and
the hypothetical possibility of viral infection triggering (as a trigger) long-term
development of Parkinson’s disease with a genetic predisposition [12]. Prospec-
tive well-planned and coordinated studies and long-term follow-up of patients
with COVID-19 infection are needed, as possible neurological consequences
should not be ignored. It is certainly necessary to monitor all neurological pa-
tients and those who had COVID 19 infection and who had not. We have to
prepare our health systems and societies on possible pandemic of neurodegen-
erative diseases in the future and if patients with post covid consequences will
be added to those possible pandemics, the health systems have to be organized
for it, and respond in a timely manner [13].

Post COVID-19 neurological syndrome

There are already studies recognizing an increasing number of patients with
neurological manifestations not only in the acute phase but also long after over-
coming the infection. These manifestations are present regardless of the severity
of the clinical picture of COVID-19 infection. A new term and a new challenge
for the neurological profession is post COVID-19 neurological syndrome. It is
described in 30-40% of patients and 6 months after COVID-19 infection [14,15].
In one study of over 236,000 survivors of COVID 19 infection, 33.6% had neu-
rological and psychiatric manifestations 6 months after infection and 13% had
such disorders for the first time [16]. It is a post-viral syndrome caused by the re-
sponse of the brain and body to infection with the SARS-CoV-2 virus. In general,
the medical profession has observed post COVID-19 syndrome, which includes
many specialist activities (cardiological, pulmonary, psychiatric, psychological,
neurological, etc.). Although not known for sure but post COVID neurological
syndrome is thought to be due to abnormalities in the nervous, metabolic, and
immune systems. It is characterized by prolonged depression, various neuro-
muscular diseases from muscle weakness and myopathy and further, anxiety,
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fatigue, sleep disorders, various cognitive problems from problems with concen-
tration, attention, memory and further, “brain fog” dizziness, headache, loss of
smell, disease movement, epilepsy, cerebrovascular disease, etc. Severe symp-
toms were present in severe acute infections (mechanical ventilation, ICU stay,
encephalopathy, etc.) [1718]. In another study of neurological symptoms lasting
more than 6 weeks after COVID infection, the presence of most fatigue (92%), loss
of concentration and memory (74%), weakness (68%), headache (65%) and dizzi-
ness (64%). At least one neurological symptom was reported by 87.4% of patients
and the quality of life was affected in 44.1% of patients [19]. In one meta-analysis
the prevalence of long-term effects in COVID-19 patients is a rather high. A total
of 55 long-term effects we identified as associated with COVID-19, mostly the
fatigue, headache, joint pain, anosmia, ageusia, etc. In addition, diseases such
as stroke and diabetes mellitus were also present. One long-term symptom or
more were reported in 80% patients with COVID-19. The 5 most common mani-
festations were fatigue (58%), headache (44%), attention disorder (27%), hair loss
(25%), dyspnea (24%). Other symptoms were related to lung disease (cough, chest
discomfort, reduced pulmonary diffusing capacity, sleep apnea, and pulmonary
fibrosis), cardiovascular (arrhythmias, myocarditis), neurological (dementia, de-
pression, anxiety, attention disorder, obsessive—compulsive disorders), and oth-
ers were unspecific such as hair loss, tinnitus, and night sweat. A couple of stud-
ies reported that fatigue was more common in females [5].

The post of COVID-19 in Parkinson ‘s disease was also described, where the
most common long - term effects of COVID 19 infection in the post - infection
period: deterioration of motor function present in 51.9%, increase in daily levo-
dopa dose in 48.2%, new fatigue (40, 7%), cognitive disorders, “brain fog”, mem-
ory and concentration disorders (22.2%), sleep disorders (22.2%) [10].

Acute and long-term neurological complications caused by COVID-19 are
frequent and represent a risk that compromises the functional capacity and the
life of patients. The suspicion of these conditions, the strict control of metabolic
alterations and cardiovascular risk factors, the effective and safe treatment of
these entities, and prompt and effective neurorehabilitation are a current chal-
lenge throughout the pandemic.

Post-COVID Syndrome can include symptoms related to residual inflamma-
tion, organ damage, impact on pre-existing health conditions or non-specific
effects due to hospitalization or prolonged ventilation (post-intensive care syn-
drome) [20].

Further monitoring of the entire multidisciplinary team (neurologist, psy-
chiatrist, psychiatrist, physiatrist, etc.) is required for all cases of COVID 19 in-

147



Neurodegenerative diseases challenges: Early diagnosis and pandemics (2021; Rijeka); pp 143-150

fection regardless of severity from asymptomatic, mild to severe form of the
disease. They would also use clinical registries to monitor, evaluate and report
on post-COVID patients.

Given the large number of requested consultations for neurological mani-
festations long after the infection, the neurological departments had to organize
out-patients clinics where they can monitor, diagnose and treat these manifes-
tations, the so-called post COVID- 19 neurological clinics with the possibility
of processing and treatment, and monitoring. The short-term and long-term
neurological effects of COVID 19 are still being investigated and monitored. In
this way, we make it easier for patients to search and process, which is more
accessible to them in this way. We could process and direct them faster with
respect to peripheral and central nervous system disorders and our available
diagnostic processing (from serum analysis, cerebrospinal fluid, cognitive tests,
electromyoneurography, electroencephalogram, evoked potentials, polysom-
nography, ultrasound and neuroradiological imaging methods). Also, we could
faster provide appropriate therapy and rehabilitation, and monitor them for a
longer period. This way of organizing is also a good platform for translational
investigations bringing together preclinicians and clinicians.

Conclusions

The potential neurological sequelae of this novel coronavirus should not be
underestimated and must be carefully monitored in the future. A coordinated
international effort to investigate viral effects is essential and should be based
on well-designed prospective studies. Undoubtedly, we need additional studies
(pathological, translational, clinical etc.) to confirm/refute the trigger effect of
SARS-CoV-2 on the neuroinflammatory and neurodegenerative processes lead-
ing to the development of many neurological (acute and post COVID-19) symp-
toms. The prognosis of recovery from post-COVID neurological syndrome must
be evaluated in a personalized way, depending on target organ damage, espe-
cially brain, lungs, and heart, which intervene in the process of physical activity
and maintenance of daily life activities. It is also necessary to design a specific
protocol for patients with PCNS, as well as to establish guidelines for treatment
and neurorehabilitation of PCNS patients.

In conclusion, we need further neurological and cognitive/affective moni-
toring of all cases of COVID19 (irrespective of the severity from asymptomatic,
mild to severe) for PCNS. Global clinical registries with a meticulous systems-
based approach to the assessment, management and reporting of post-COVID
patients will help us.

148



V. Vuletic: Post covid neurological syndrome — a new challenge to the neurological profession

References

[1] Ritchie, H., Ortiz-Ospina, E., Beltekian, D., Mathieu, E., Hasell, J., Macdonald, B., Giattino,
C., Appel, C., Rodés-Guirao, L., & Roser, M. Coronavirus Pandemic (COVID-19), 2021.

[2] Sharifian-Dorche M, Huot P, Osherov M, Wen D, Saveriano A, Giacomini PS, et al.
Neurological complications of coronavirus infection; a comparative review and lessons
learned during the COVID-19 pandemic. ] Neurol Sci 2020;417

[3] Ni, W,, Yang, X., Yang, D. et al. Role of angiotensin-converting enzyme 2 (ACE2) in CO-
VID-19. Crit Care 2020;24:422.

[4] Burks SM, Rosas-Hernandez H, Alejandro Ramirez-Lee M, Cuevas E, Talpos JC. Can
SARS-CoV-2 infect the central nervous system via the olfactory bulb or the blood-brain
barrier? Brain Behav Immun. 2021;95:7-14.

[5] Lopez-Leon, S., Wegman-Ostrosky, T., Perelman, C. et al. More than 50 long-term effects
of COVID-19: a systematic review and meta-analysis. Sci Rep 2021; 11:16144

[6] National Institute for Health and Care Excellence (NICE). COVID-19 rapid guide-
line: managing the long-term effects of COVID-19. https://www .nice.org.uk/guidance/
NG188. Accessed February 1, 2021.

[7] Liu, YH., Wang, YR., Wang, QH. et al. Post-infection cognitive impairments in a cohort
of elderly patients with COVID-19. Mol Neurodegeneration 2021;16:48.

[8] M.Fathi, F.Taghizadeh, H. Mojtahedi, S. Zargar Balaye Jame, N. Markazi Moghaddam, The
effects of Alzheimer’s and Parkinson’s disease on 28-day mortality of COVID-19, Revue
Neurologique, 2021

[9] Killen A, Olsen K, McKeith IG, et al. The challenges of COVID-19 for people with demen-
tia with Lewy bodies and family caregivers. Int ] Geriatr Psychiatry 2020;35(12):1431-
1436. d0i:10.1002/gps.5393

[10] Leta V, Rodriguez-Violante M, Abundes A, Rukavina K, Teo JT, Falup-Pecurariu C, Irin-
cu L, Rota S, Bhidayasiri R, Storch A, Odin P, Antonini A, Ray Chaudhuri K. Parkinson’s
Disease and Post-COVID-19 Syndrome: The Parkinson’s Long-COVID Spectrum. Mov
Disord. 2021 Jun;36(6):1287-1289

[11] Fearon C, Fasano A. Parkinson’s disease and the COVID-19 pandemic. J Parkinsons
Dis 2021;11(2):431-444.

[12] Merello M, Bhatia KP, Obeso JA. SARS-CoV-2 and the risk of Parkinson’s disease: facts
and fantasy. Lancet Neurol. 2021 Feb;20(2):94-95

[13] McAlpine LS, Fesharaki-Zadeh A, Spudich S. Coronavirus disease 2019 and neurodegen-
erative disease: what will the future bring?. Curr Opin Psychiatry. 2021;34(2):177-185.

[14] Rubin, R. As their numbers grow, COVID-19 “long haulers” stump experts. JAMA
2020;324: 1381-1383.

[15] Wijeratne T, Crewther S. Post-COVID 19 Neurological Syndrome (PCNS); a novel syn-
drome with challenges for the global neurology community. ] Neurol Sci 2020;419

149



Neurodegenerative diseases challenges: Early diagnosis and pandemics (2021; Rijeka); pp 143-150

[16]

[17]

(18]

[19]

[20]

Taquet, Maxime et al. 6-month neurological and psychiatric outcomes in 236 379 sur-
vivors of COVID-19: a retrospective cohort study using electronic health records. The
Lancet Psychiatry 2021;8: 416 - 427

Nuzzo, D.; Vasto, S.; Scalisi, L.; Cottone, S.; Cambula, G.; Rizzo, M.; Giacomazza, D.;
Picone, P. Post-Acute COVID-19 Neurological Syndrome: A New Medical Challenge. |.
Clin. Med. 2021;10:1947.

Davis HE, Assaf GA, McCorkell L, et al. Characterizing long COVID in an interna-
tional cohort: 7 months of symptoms and their impact. medRxiv 2020. https://doi.
org/10.1101/2020.12.24.20248802

Tabacof L., Tosto-Mancuso J., Wood ]., Cortes M., Kontorovich A., McCarthy D., Rizk
D., Mohammadi N., Breyman E., Nasr L., et al. Post-Acute COVID-19 Syndrome Neg-
atively Impacts Health and Wellbeing despite Less Severe Acute Infection. medRx-
iv. 2020:20226126

Camargo-Martinez W, Lozada-Martinez I, Escobar-Collazos A, Navarro-Coronado
A, Moscote-Salazar L, Pacheco-Hernandez A, Janjua T, Bosque-Varela P. Post-COV-
ID 19 neurological syndrome: Implications for sequelae’s treatment. ] Clin Neurosci.
2021;88:219-225.

Corresponding author:
Vladimira Vuletic
E-mail: vladimira.vuletic@gmail.com

150












NEURODEGENERATIVE DISEASES CHALLENGES:
EARLY DIAGNOSIS AND PANDEMICS

Nakladnik / Publisher
HRVATSKA AKADEMIJA ZNANOSTI I UMJETNOSTI
Trg Nikole Subica Zrinskog 11, 10000 Zagreb

Za nakladnika / For the Publisher

Dario Vretenar, glavni tajnik / Secretary-General

Graficka urednica / Layout editior

Nina Ivanovié¢

Naklada / Copies
120

Tisak / Print
Stega tisak d.o.o.

Studeni / November 2021









	Blank Page
	Blank Page

