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Issue Highlights

Dear colleagues,

It is a great pleasure for me to present the new issue of the “Archives of Clinical Neurology”. It is
the third issue in 2025, and contains three articles, a case report and two reviews.

In a narrative review, Karachaliou and co-workers analyze the spectrum of immunological diagnostic
approaches for myasthenia gravis and neuromyelitis optica spectrum disorders. Beyond established
methodologies, they focus on emerging immunological diagnostic approaches regarding potential
biomarkers of tissue damage and complement activation, enriching the conventional serological testing
with expanded autoantibody panels and markers.

In a systematic review, Katostara et al. analyze the impact of depression on neurodegeneration
in patients with multiple sclerosis. They summarize the evidence that depression may accelerate
neurodegeneration in multiple sclerosis through inflammatory and neurotoxic pathways and conclude
that early diagnosis and treatment of depression could reduce disease progression and improve patient
outcomes.

Kargiotis et al. present a case of fulminant cerebral fat embolism after total hip replacement, a
diagnosis based on clinical criteria in the absence of an intracardial right-left shunt. This case draws our
attention to the fact that systemic right-left shunts are not restricted to the heart and the pulmonary
circulation but may be located in any solid organ.

The newly elected Board of Directors of the Hellenic Neurological Society, in close cooperation with
the journal’s Editorial Board, is dedicated to continuing and intensifying the society’s efforts to broaden
the journal’s visibility. We will carry on in our quest to place the journal in PUBMED. Experience from
our past attempt teaches that we urgently need to increase the number of original research articles,
leading to a balanced mix of published papers. We are in close contact with the academic neurological
community and colleagues working in the Greek National Health System, but also those working in
the private health sector to submit their science for publication in the Archives of Clinical Neurology.
This call goes out to all Greek Neurologists at home and abroad: Publishing in the Society’s official
journal is an act of active support to the society’s goals, and a win-win situation for authors and editors.

Jobst Rudolf, MD, PhD
President of the Hellenic Neurological Society
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ApOpa...
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vV anowewv kai Béoewv tou ouyypapéa and ty Zuviakukn Emitponn n ty ENE»

«TO MEPIEXSIEVO TWV KATaxwpnoewy gival EUBUVN TV ETAIPEIDY MOU avapepovial
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WV OUYYPapewy, ol orofol npemel va éxouv €aopaniosl TS OXEUKES dOglEs
Kai va ts kpatouv oTo Mpoowriiko TOUS apxeio»



18 BIBAIOTPA®IKH ANAXKOTHZH NARRATIVE REVIEW

KAAZLIKELZ KAl NEOTEPEX ANOXOAOTIKELZ AIATNQXTI-
KEZ MPOZEITIZEIZ TIA TH MYAXZOENEIA KAI TIZ AIATAPA-
XEX TOY OAZMATOZ THZ ONTIKHZ NEYPOMYEAITIAAZ

EAévn Kapaxaiou'?, Mapia MexAiBavidou', Zopia-Ndtoouko Mkotlaudvn'?, Anuntpios Tlavetdkos?, Zwkpdtns T{aptos', lwdvvns Tlap-
tos'?
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2 B’ Neuporoyikn KAviki, MNaveriotnuiakd Mevikd Noookoueio «Attkov», latpikn Ixonn, EOviké kai Kanobiotpiakd Maveniotiuio Abn-
vav, ABnva

NepiAnyn

H puaoBéveia Gravis (MG), h puacBéveia, kar ol diatapaxés tou pdopatos ts Onukns Neupopuediubas
(NMOSD) ival autodvooa veuponoyikd voohuata nou peconafouvial and autoaviompata, Twy onoiwy n
diayvwon Paoiletal otov ouvduacoud KAIVIKWY, ANEIKOVIOTKMY KAl EpYAcTNPIak®@Y eUpnPdtwy, Pe éugpaon
OTNV QVIXVEUON OUYKEKPIUEVWY autoaviiowpdtwy. O1 Nepioodtepol aoBEeVEs e HUAOBEVEID PpEPOUV avUOW-
pata katd tou unodoxéa s aketudoxonivns (AChR) kar Aiydtepol katd tns €18IKAS puikns Kivaons (MuSK)
Kal tns oxeuldpevns pe tov unodoxéa Ainonpwieivns npwteivn-4 (LRP4). Avtictoixa, and tous aoBeveis ue
@aivétuno NMOSD ol neplocdtepol aobeveis pépouv avuowuata Katd s akouanopivns-4 (AQP4) evd
Alyétepol Pépouv avtompata Katd s yAukonpwteivns tns puedivns twv odlyodevdpokuttdpwy (MOG).
Qotd00, UNAPXOUV OPICPEVOI «OPOaPVNTIKOI» ACBEVEIS, ol onoiol Snpioupyolv CNPAVTIKES SIayVWOoTKES Kal
Bepanesutikés npokANaoels, avadeikvUiovtas tn onpacia s tautonoinans véwy PIodeIKTtv Kal thy kaBiépwaon
nponypévwv diayvwotkwv dokipaoiov. H napoloa avaokénnon ecuddel otnv napousiaon twv KAAool-
KV ueBOdwY avixveuons twv OXETKOYV autoaviowpdtwy KaBe aoBéveias (dnws avoookabidnon kar ELISA)
KaBws Kal otov onpavukod pdAo Kal TS Apxés VEOTEPWV TEXVIKWV (Onws o KUTtapikds avooodBopliopds) yia
v eniteutn ns BéAuotns didyvwons twv acBevav. Eninnéov, neplypdeovial ta tpéxovia dedopéva yia us
avaduodpeves avooonoyikés diayvwotkeés npoaoeyyioels oxetukd pe niBavous Biodeiktes 1oukhs BAGRNS Kal
gvepyonoinons tou cupninpwpatos, egndoutiovias tov cuppatikd oponoyikd éneyxo pe dleupupéva naven
autoavuowpdtwy kal Brodeiktes. Autés ol eCenitels Ba enitpéyouv otous KAVIKoUs 1aTpoUs va enituyxavouv
agiéniotn 1Ayvwon og NPONYOUPEVIS XAPAKINPIOUEVOUS «0poapvnukoUsy acBeveis kal kaAUtepn Napako-
AouBnon twv acBevav yia v eniteugn e€aTopIKEUPEVWY BEPANEUTIKMY NAPEUPACEWY.

Né€eis-kAe1d1a: Muaobévela, autoavuompata, NMOSD, avoconoyikés Slayvwaotkés dokipaaies, Blodeiktes

ESTABLISHED AND EMERGING IMMUNOLOGICAL
DIAGNOSTIC APPROACHES FOR MYASTHENIA GRAVIS
AND NEUROMYELITIS OPTICA SPECTRUM DISORDER

Eleni Karachaliou'?, Maria Pechlivanidou’, Sofia-Natsouko Gkotzamani'2, Dimitrios Tzanetakos?, Socrates Tzartos', John Tzartos'?

" Tzartos Neurodiagnostics, Athens, Greece
2 Second Department of Neurology, Medical School, National and Kapodistrian University of Athens, Attikon University General
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Abstract

Myasthenia Gravis (MG) and Neuromyelitis Optica spectrum disorder (NMOSD) are both antibody-mediated
autoimmune neurological disorders whose diagnosis is based on clinical, imaging, and laboratory findings,
and particularly on the detection of specific antibodies. Regarding their serological antibody status, most
MG patients express antibodies against acetylcholine receptor (AChR) and fewer express antibodies against
muscle specific kinase (MuSK) and the lipoprotein receptor-related protein-4 (LRP4). Similarly, most patients
with NMOSD phenotype express antibodies against aquaporin-4 (AQP4), while fewer have antibodies against
myelin oligodendrocyte glycoprotein (MOG). However, some “seronegative” patients pose diagnostic and
therapeutic challenges, highlighting the importance of novel biomarkers and the parallel establishment
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of advanced diagnostic assays. In this review, we focus on presenting the established methodologies
used to detect the related autoantibodies in each disease (such as immunoprecipitation and ELISA), as
well as the role and principles of some of the latest techniques (such as cell-based immunofluorescence
assays) in achieving an optimal patient diagnosis. Furthermore, we describe the current data on emerging
immunological diagnostic approaches regarding potential biomarkers of tissue damage and complement
activation, enriching the conventional serological testing with expanded autoantibody panels and markers.
These advancements will enable clinicians to achieve a reliable diagnosis in previously “seronegative”
patients and to effectively monitor patients to implement truly personalised therapeutic strategies.

Keywords: Myasthenia Gravis, autoantibodies, NMOSD, immunological diagnostic assays, biomarkers

INTRODUCTION

Myasthenia Gravis (MG) disease pathophysiology

MG is an autoimmune disorder caused by antibod-
ies (Abs) targeting neuromuscular junction (NMJ)
proteins, impairing synaptic transmission and muscle
contraction.['3 With a prevalence of 150-200 cases
per million and an annual incidence of 4-30 per mil-
lion, MG shows bimodal age distribution: women
are more frequently affected in their 20s-40s, while
male incidence rises after the age of 50.1 Diagnosis
relies on point-of-care tests,® electrophysiological
(e.g., repetitive nerve stimulation, single-fibre elec-
tromyography),®”! and serological testing. Accurate
diagnosis has enabled effective immunotherapies to
improve quality of life and reduce disease mortality.
[3,8-10]

The NMJ ensures precise conversion of action po-
tentials into muscle contraction. More specifically,
presynaptically released acetylcholine binds to clus-
tered Acetylcholine receptors (AChRs), a ligand-gated
ion channel, triggering depolarisation of postsynaptic
membrane. This highly specialised synapse depends
on molecular regulation: nerve-derived agrin binds
to low-density lipoprotein receptor-related protein
4 (LRP4), activating muscle specific kinase (MuSK)
autophosphorylation and downstream signalling, that
drives rapsyn-mediated AChR clustering. Higher AchR
cluster density directly enhances synaptic transmis-
sion efficiency.l'12

Approximately 85% of patients harbour anti-AChR
antibodies, of whom about 10% have thymoma.l'3!
Another 5-8% exhibit anti-MuSK antibodies, whereas
anti-LRP4 antibodies are rarer (~2%).0'*""! Recent
evidence suggests that anti-agrin antibodies may also
be pathogenic, often co-occurring with anti-LRP4,
anti-AChR, or anti-MuSK Abs.['®21 Some patients
lack detectable autoantibodies and are designated as
seronegative (SNMG). In several cases, antibodies to
intracellular antigens are also found, such as titin,??
ryanodine receptor (RyR),?*! voltage-gated K+ chan-
nel (Kv1.4),124 rapsyn,?! cortactin,’?® and collagen Q
(ColQ) and XIII,2728 which may serve as biomarkers,
although their pathogenic role remains uncertain.['®
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The pathophysiological role of MG Abs in disease
mechanism and diagnosis

In AChR MG, autoantibodies of the IgG1 and IgG3
subtype bind mainly to the extracellular domain of
the AChR a-subunit, where they either promote
receptor endocytosis or activate the complement
system, ultimately leading to receptor degradation
or block the receptor activation site.?? AChR MG
patients usually present with ocular muscle weak-
ness, in most cases followed by bulbar or/and limb
muscle weakness. Respiratory muscle involvement is
rare but, when present, can be clinically severe and
associated with high mortality.

Differing from AChR antibodies, MuSK antibodies
are predominantly of the IgG4 subclass, a subclass
with unique characteristics, including the inability
for complement or immune effector cell response
or promotion of receptor endocytosis and the ca-
pacity to mediate Fab-arm exchange (FAE).B% These
antibodies typically target MuSK's extracellular do-
main, disrupting the agrin/LRP4/MuSK interaction,
ultimately leading to the inhibition of AChR cluster
formation and impairment of the synaptic trans-
mission.B" Clinically, MuSK antibody titres correlate
with disease severity in both individual patients and
population-wide analyses,?? and patients typically
manifest a more severe clinical phenotype than those
with AChR-MG, presenting prominent bulbar weak-
ness and, sometimes, respiratory failure.!

LRP4 antibodies are mainly of the IgG1 and 1gG2
subclasses, which disrupt the interaction between
agrin and LRP4.1'7:33-33 Unlike anti-AChR, anti-LRP4
antibodies appear less dependent on complement
activation. Recent studies demonstrate that their
primary pathogenic effects are mediated through
antibody-dependent cellular cytotoxicity (ADCC) and
antibody-dependent cellular phagocytosis (ADCP)
mechanisms.2 Clinically, the symptoms tend to be
milder compared to other MG subgroups.!"!

Strational antibodies target skeletal and cardiac
muscle proteins, with anti-titin and anti-RyR an-
tibodies serving as biomarkers for MG-associated
thymoma. Titin maintains muscle elasticity and in-
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tegrity,®” while RyR regulates calcium release for
excitation-contraction coupling.®® These antibodies
are associated with AChR-seropositive early-onset
MG (EOMG) with thymoma, but also with late-onset
MG (LOMG) independently of the presence of thy-
moma. They serve as biomarkers for MG thymoma
and for disease severity.[6222339 |nterestingly, RyR
antibodies are predominantly detected in thymo-
ma-associated MG patients and correlate with more
severe disease manifestations, including potential
cardiac complications due to RyR expression in cardiac
muscle, highlighting their clinical utility as markers
for identifying high-risk patients who may benefit
from intensified monitoring or therapy.?%4% Although
anti-titin antibodies are known to be present mainly
in AChR-seropositive patients (routinely detected
by a commercial ELISA), in a multicentre European
study, anti-titin antibodies, detected by a sensitive
radioimmunoassay, were also detected in 13% of
triple-SNMG patients (AChR/MuSK/LRP4-negative;
tSNMG), while demonstrating 100% specificity as no
antibodies were detected in healthy or neurological
disease controls,*" offering an additional diagnostic
tool for MG. However, their intracellular localisation
likely precludes direct pathogenicity.['®!

MG patients may develop antibodies against
additional NMJ components, with distinct clinical
profiles, although more studies are needed in most
cases to verify/confirm the extent of their frequency
and role. Anti-agrin antibodies (0.6-15% prevalence)
are enriched in SNMG, but may co-exist with AChR,
MuSK, or LRP4 antibodies, 92142441 showing diag-
nostic value due to their MG-specificity and variable
clinical severity correlation."®43 Anti-Kv1.4 antibodies
found in 17-18% of MG patients were associated
with severe symptoms (bulbar involvement, myocar-
ditis, QT prolongation) in the Japanese population
and with milder ocular forms in Caucasians.244>46l
Anti-rapsyn antibodies (~15%) may be associated
with thymoma 2 but lack disease severity correla-
tion or MG-specificity.*#8 In contrast, anti-cortactin
antibodies were detected in 20-24% of double-SN-
MG (dSNMG; lacking both AChR/MuSK antibodies)
and 9.5% of AChR-MG, and were linked to milder
phenotypes without bulbar involvement, albeit with
limited specificity.?64%5% Anti-AChE antibodies may
occur in some ocular MG patients but show cross-
reactivity with other disorders and no correlation
with demographics or thymoma.'>3 Rare antibodies
against ColQ (3%) may co-occur with AChR/MuSK
antibodies, while anti-collagen Xlll antibodies showed
higher prevalence in AChR-negative versus AChR-
positive MG (16% vs 7%); both with unclear clinical
significance.127:28.54-561

Neuromyelitis Optica Spectrum Disorder (NMOSD)
pathophysiology

NMOSD is an inflammatory demyelinating central
nervous system (CNS) spectrum of disorders with
relapsing course that was once considered a variant
of multiple sclerosis (MS). NMOSD is characterised
by severe demyelination and axonal damage that is
targeted mainly to the optic nerves and the spinal
cord but can also affect the area postrema, the brain-
stem, diencephalon, or cerebrum as described in the
2015 NMOSD criteria.’”! A recent systematic review
concluded that the pooled prevalence of NMOSD
is 2.16 per 100.000 people,t8 although it may vary
depending on the genetic background and a few en-
vironmental factors across the populations analysed.
[t is known that it predominantly affects females, 6%
its prevalence peaks in middle-aged adults,'®-%3! and
is more common in Asian and African-American
populations.[6465]

The diagnosis of NMOSD requires a comprehensive
approach, integrating clinical manifestations with
neuroimaging techniques and specific laboratory
findings.7%% NMOSD encompasses a range of dis-
eases that include AQP4-IgG positive NMOSD and
some closely related diseases without aquaporin-4
immunoglobulin G (AQP4-IgG) Abs. AQP4-IgG serves
as a critical biomarker for differentiating NMOSD
from other inflammatory CNS disorders!®” such as
MS, which is pivotal to the patients’ course, as most
treatments destined for MS can be detrimental in
NMOSD.%8 Moreover, recent treatments for NMOSD
have shown effectiveness in patients seropositive for
AQP4 antibodies.[6°7%

MOG antibodies may be detected in patients
with NMOSD phenotype, seronegative for AQP4-
IgG. Patients with MOG-Abs may either belong in
the NMOSD group or, more frequently, to the MOG
antibody-associated disease (MOGAD). MOGAD is
typically associated with acute disseminated encepha-
lomyelitis, optic neuritis, or transverse myelitis, and
is less commonly associated with cerebral cortical
encephalitis, brainstem presentations, or cerebellar
presentations.l’"

The pathophysiological role of Abs in NMOSD
disease mechanism and diagnosis

NMOSD’s pathophysiology is mediated by the
humoral immune system. AQP4 autoantibodies are
disease-specific, and more than 80% of patients with
NMOSD express antibodies against AQP4,"2 a wa-
ter channel protein that transports water across cell
membranes. It is the most widely expressed water
channel in the brain, spinal cord, and optic nerves;
mainly expressed at the terminals of astrocytes and
the glia limitans.”3 AQP4 is a tetrameric channel com-

¥ EAAHNIKH . .
NEYPOAOTIKH Archives of Clinical Neurology 34:3-2025, 18-37
2=J ETAIPEIA



IMMUNOLOGICAL DIAGNOSTIC APPROACHES FOR MG AND NMOSD

21

posed of monomers of 2 different mRNA isoforms,
M1 and M23.74 Its main role is the transport of water
from the blood into the brain and between the brain
parenchyma and the cerebrospinal fluid (CSF),[737%)
thus ensuring CNS homeostasis, 678 while also con-
tributing to the elimination of toxic byproducts of
cellular metabolism, cell migration, the management
of cerebral oedema, and cellular homeostasis.l’”!

AQP4-Abs are predominantly of the IgG1 isotype.
The antibodies bind to AQP4 channels on astrocytes,
leading to complement-dependent cytotoxicity and
chemotaxis of T and B lymphocytes, macrophages,
neutrophils, and eosinophils.’*81 Ultimately, the in-
duced inflammation causes significant injury of the
astrocytes, with loss of aquaporin-4 channels and
glutamate transporters that disrupt cellular water and
glutamate homeostasis,®?! leading to oligodendrocyte
damage and severe demyelination.®':83]

Antibodies against AQP4 play an important role
in the pathogenesis of the disease and are a specific
biomarker for NMOSD .24 As a result, new effective
therapies targeting specific molecular pathways of
AQP4-NMOSD, such as complement (C5) and inter-
leukin-6, have been approved.®! Although anti-CD20
therapies can be used in these diseases, there are
now more specific therapeutic approaches depending
on the underlying pathophysiological mechanisms of
each disease,’® i.e., inebilizumab for AQP4-positive
NMOSD patients targeting anti-CD19 positive B-
cells 16279

MAIN IMMUNOLOGICAL ASSAYS FOR THE
DIAGNOSIS AND DISEASE MONITORING OF
MG AND NMOSD

Overview of laboratory methods for antibody
detection

As previously mentioned, antibody detection is
crucial for MG and NMOSD diagnosis, as identifying
the disease subtype helps determine the most ap-
propriate therapeutic approach.®® Ensuring accurate
antibody detection requires method selection tailored
to each antibody’s traits. The following section out-
lines the general principles of the main methods.

Radioimmunoprecipitation assay (RIPA) remains
particularly valuable for quantifying antibodies, in-
cluding very low-titre antibodies.?#” This method
uses radiolabeled ligands to tag target antigens, or
directly radiolabeled antigens, which are then im-
munoprecipitated by patients’ sera and quantified
by a y-counter.® While highly specific, RIPA requires
radioactive facilities, poses safety risks, is costly, and
may alter epitopes during antigen solubilisation.820
It is mostly used for the detection and quantitation
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of anti-AChR and anti-MuSK antibodies in MG.

Cell-based assays (CBA) have revolutionised neu-
roimmunological diagnostics because they allow the
utility of properly folded, membrane-anchored an-
tigens in transfected cells, i.e., allowing binding of
only the potential pathogenic antibodies.P" Live CBAs
preserve the native antigenic structure, enabling the
highly sensitive detection of conformation-specific
and even low-affinity antibodies via fluorescent la-
belling,®>*% albeit requiring cell culture expertise and
immediate analysis. In contrast, fixed-cell CBAs
utilise chemical permeabilisation to stabilise the an-
tigens, mostly for easier commercialisation, although
it often reduces both sensitivity and specificity for
most targets.’”1% While live CBAs remain optimal
for detecting antibodies against structurally sensitive
membrane proteins, fixed CBAs are more easily avail-
able to routine diagnosis laboratories.!7:%8!

Cell-based-flow cytometry enables high-sensitivity
antibody detection by quantifying the binding to
antigen-expressing cells, combining high throughput,
rapid analysis, and small sample volumes, while pre-
serving native antigen conformation."®" It supports
multiplex autoantibody detection and is particularly
effective for low-affinity antibodies, though it re-
quires specialised instrumentation, expertise, and is
costly.l01102 While not a universal replacement for
conventional methods, its flexibility is valuable for
complex antibody profiling.

Enzyme-linked immunosorbent assay (ELISA) is a
widely used standardised method for high-through-
put antibody detection.['%! While reliable for linear
epitopes,l'™ its sensitivity and specificity decrease for
conformational targets.['! Although convenient and
suitable for routine use, ELISA has limited sensitivity
and specificity compared to RIPA or CBA.[08!

The most important strengths and weaknesses of
the methods analysed here are presented in summary
in Table 1.

MG autoantibodies

AChR Abs

Detection of AChR antibodies, the most prevalent
in M@, is the primary diagnostic approach, with RIPA
(using AChR-125I-a-bungarotoxin) serving as the
gold standard for nearly 50 years (~99% specificity,
~82% sensitivity).[8890.107-1091 By ysing larger serum
volumes and reducing background radioactivity, the
detection threshold can be improved fivefold (from
0.5nM to 0.1nM), significantly enhancing the sen-
sitivity.[''% However, RIPA's cost and safety concerns
have driven the adoption of non-isotopic alternatives.
1160l \While ELISA offers simplicity, its lower specific-
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ity (~96%) and sensitivity (~70%) than RIPA limit
its diagnostic utility.['®104109.11.1121Similarly, FIPA may
have comparable sensitivity and specificity to RIPA
but requires specialised equipment and expertisel'!
(Table 1). Luciferase IP system (LIPS) with luciferase-
labelled recombinant AChR a1-subunits shows lim-
ited sensitivity due to its restricted epitope targeting,
reducing diagnostic reliability."'¥ CBAs are capable
of detecting antibodies in some AChR-RIPA nega-
tive sera, likely because they can detect low-affinity
antibodies and also antibodies to epitopes that have
been damaged during AChR detergent-solubilisation
necessary for the RIPA 186911091151 Qverall, CBAs are
thought to detect AChR antibodies in about 20% of
RIPA-negative MG cases.?':92110.116-120l However, fixed
CBAis not very efficient in detecting AChR antibod-
ies in sera with low RIPA titres (46% sensitivity for
1.0-3.0 nM RIPA-titre sera.l'®'%! For CBA sensitivity
enhancement, the use of both adult and foetal AChR
isoforms is recommended.!'2"]

MuSK Abs

MusSK antibody detection is typically considered
when patients with MG symptoms test negative for
AChR antibodies. Although ELISA was the first as-
say for MuSK antibody detection™ and commercial
kits are available, its lower sensitivity makes it less
frequently used.3%122 RIPA is considered the gold
standard for the detection of MuSK Abs. Lately, CBAs
for MuSK antibodies have also emerged, successfully
identifying MuSK antibodies in previously SNMG pa-
tients from different nationalities®'.'13123.1241 (Table
1). Despite their high sensitivity and specificity, IgG-
Fcy-specific secondary antibodies should be used
instead of anti-lgG (H+L)'%, and live rather than fixed
CBAs should be used, whenever available, to further
improve the sensitivity of anti-MuSK antibodies.*8!

LRP4 Abs

While LRP4 antibody assays remain less stand-
ardised, several studies have investigated assays for
reliable antibody detection. ELISA is a more acces-
sible method that can detect LRP4 antibodies in 9
to 15% of dSNMG patients; however, no validated
commercial kit is available.[®33197 LIPS was employed
in a study and LRP4 antibodies were detected in 3%
of dSNMG and 1% of MuSK-MG patients."? CBA is
the most used assay for LRP4 autoantibody detec-
tion, though studies report varying prevalence rates
(2-50%) in dSNMG 1261291 Thjs variation likely results
from differences in methods, antigen sources (e.g.,
rat®¥ and solubilised mouse LRP4!"”), as well as pa-
tients’ demographics, ethnic diversity, and variability
in diagnostic criteria. Such inconsistencies highlight
the need for standardisation in LRP4 antibody testing.

Serum LRP4 antibodies have also been detected in
a significant fraction of patients with amyotrophic
lateral sclerosis.!'29

Titin Abs

Due to the rarity of anti-titin antibodies, research
and the development of specific assays for their
detection are limited. Nevertheless, ELISA and im-
munoblotting have been used for anti-titin,['3".132
while commercial ELISA kits are also available. An
advanced method that combines CBA with flow
cytometry can enhance the sensitivity for anti-titin
antibody detection?¥ (Table 1). Interestingly, since
2016, a highly sensitive RIPA for detecting anti-titin
antibodies has been established.*" The authors de-
veloped the assay and screened 300 serum samples
from tSN-MG patients across various European clin-
ics, 114 samples from healthy individuals and 30
samples from "'disease-controls” and showed that
approximately 13% of the seronegative MG patients
had detectable anti-titin antibodies, while none of
the healthy or neuropathy control samples were
positive.*"! These data suggest that the RIPA assay
could be considered as a valuable serological tool for
diagnosing tSN-MG, as anti-titin Abs may serve as
a useful prognostic marker of disease outcomel'8!
or monitoring and indication of the severity of MG
associated with thymoma.41.107.133l

MG Monitoring

Antibody titre monitoring in MG offers valuable
insights into disease progression and treatment re-
sponse. For AChR antibodies, titre fluctuations may
reflect clinical improvement, though their correlation
with disease severity remains inconsistent.3413% No-
tably, AChR antibody titer increases up to two years
before symptom onset!'*® and could predict the risk
for neonatal MG,!"*”! underscoring the importance
of serial monitoring.l"® In contrast, MuSK antibody
titres, especially of the IgG4 subclass, strongly cor-
relate with disease severity, guiding therapeutic
strategies.2122.1381 RIPA remains the gold standard
for titre quantification.''® Regarding the other MG-
related autoantibodies, titre monitoring has not been
widely adopted.

NMOSD autoantibodies

AQP4 Abs

Various methodologies have been developed to
identify AQP4-IgG, each with its strengths and limi-
tations, influencing the sensitivity and specificity of
NMOSD diagnosis. The gold standard for the detec-
tion of anti-AQP4 Abs is the live CBA. Live CBAs are
consistently proven to be superior to fixed CBAs for

¥ EAAHNIKH . .
NEYPOAOTIKH Archives of Clinical Neurology 34:3-2025, 18-37
2=J ETAIPEIA



IMMUNOLOGICAL DIAGNOSTIC APPROACHES FOR MG AND NMOSD

23

Suspected MG
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AChR/MuSK Abs [« — AChR/MuSK Abs AChR/MuSK Abs
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MG Diagnosis

Fixed CBA for
LRP4 and Agrin

Figure 1. Diagnostic algorithm for MG.

Possible

MG Diagnosis

Ideally, RIPA and live CBA should be available. Testing may start with either of them, but if negative, it should
then be tested by the other assay. If neither RIPA nor live CBA is available, then fixed CBA, with lower sensitivity
(or ELISA, not shown, with lower both sensitivity and specificity) may be used, but confirmation with at least one
of the first two assays may be needed. It's important to note that binding to LRP4 or agrin is not exclusive to MG.
MG: Myasthenia Gravis; RIPA: Radioimmunoprecipitation assay; AChR: acetylcholine receptor; MuSK: muscle
specific kinase; CBA: Cell-based assay; LRP4: lipoprotein receptor-related protein-4, SNMG: seronegative Myas-

thenia Gravis

the detection of AQP4-Abs.[39140 The advantages of
live CBAs for AQP4-Abs are their high specificity and
sensitivity.’>4% However, in some cases, live CBAs
may not be available due to technical issues,!'*" in
which case fixed CBAs are used because they are
more easily available. While the specificity of fixed
CBAs remains high, the sensitivity decreases com-
pared to live CBAsP>14! (Table 1).

Flow cytometry is considered equally reliable as
CBAs in detecting AQP4-Abs."? Protein-based as-
says such as ELISAs, FIPA, western blot, or RIPA that
use radiolabelled AQP4 and detect antibodies via
precipitation should be used with caution, as they
are no longer considered for routine testing due to
their lower sensitivity and possible false-positive re-
sults7.72138.1421431 (Table 1). Tzartos NeuroDiagnostics
has developed a highly sensitive 2-step RIPA by the
pre-enrichment of the serum in AQP4 antibodies
by affinity semi-purification, followed by RIPA with
[125-labelled AQP4. It detects antibodies in all CBA-
positive sera and allows quantitative measurement of
the AQP4 antibodies, which may be useful for disease
monitoring (unpublished results). Yet, because RIPA
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may also detect non-pathogenic antibodies to the
cytoplasmic side of AQP4, the assay is used only for
antibody quantification and disease monitoring of
CBA-positive sera.

Differences between assays' sensitivity can be at-
tributed to multiple factors including the isoform
of AQP4 that is used, with M23 isoform of AQP4
showing in some studies higher sensitivity than M1
isoform without sacrificing the assay’s specificity,'%],
type of fixation for cells, florescent tags and volume
of serum used for each assay.l'**!

MOG Abs

Testing for anti-MOG Abs is primarily performed
with CBAs!"* while FACS has also shown similar re-
sults."* It has been shown that live MOG-CBAs are
more sensitive than fixed CBAs, apparently because
of the preservation of the native spatial conforma-
tion of the protein and, thus, are preferred.['21%9 |n a
recent study, MOG-IgG FACS with live cells exhibited
95.1% (95% Cl: 88%-99%) sensitivity and specific-
ity, whereas MOG-IgG fixed CBA had much lower
sensitivity and specificity!'“® (Table 1). Additionally,
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Myasthenia Gravis NMOSD
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y - - - Does not differentiate between High {limited use,
= High apacificky & sansitivity Abs to extracellular and cytoplasmic for quantitation
g as i
RIPA - Quantitative . " High AChR, MusK au . AQP4
. . sites of CBA-positive
- Commercially available .
- Limited sensitivity for low-atfinity & Abs)
strictly conformational Abs
- High sensitivity and specificity . .
. . - Labor-intensive
- Detection of anly potentially ..
) - Qualitative )
Live CBA pathogenic Abs . High ACHhR, MuSK High AQP4, MOG
. - Expertise Requirement
- Detection of low-affinity Abs . .
. . - Live Cell Requirament
- Native antigen structure
. . - Lower sansitivity and spacificity
- Easierthan live CBA .
. than live CBA . ACHhR, MuSK .
Fixed CBA - Nonead for Call Culture L. Moderate to high Maoderate to high AQP4, MOG
; - Qualitative LRP4
- Commercially available for somea Abs . "
- Altered antigen confermation
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- Si - L r Sensitivi P
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- Mon-radioactive - False positives & negatives MuSK
- Commercially available for some Abs
- Advantages of live CBA - Technical Complexity .
FACS-CBA High ACHhR, MuSK High AQP4, MOG

Table 1. Advantages and disadvantages of the most used antibody-detection methods for MG and NMOSD
autoantibodies.
Each method has different strengths and weaknesses, which should be taken into consideration when they
are utilised. Here is also presented the sensitivity range of these methods for each autoantibody. It is noted
for which target autoantibody each method could be used, and in bold lettering, the antibody for which each
method is preferred.
RIPA: Radioimmunoprecipitation assay; CBA: Cell-based assay; ELISA: Enzyme-linked immunosorbent assay;
FACS: Fluorescence-Activated Cell Sorting; NMOSD: Neuromyelitis Optica spectrum disorder; autoAbs: autoanti-
bodies; AChR: acetylcholine receptor; MuSK: muscle specific kinase; LRP4: lipoprotein receptor-related protein-4;
AQP4: aquaporin-4; MOG: myelin oligodendrocyte glycoprotein; AQP1: aquaporin-1.

among the different antibody subclasses, it has been
shown that IgG1-specific CBAs may be more sensi-
tive and possibly more specific than MOG-lgG CBAs
while also providing a correlation between MOG
titre and disease state.l®>14414% This is both because
MOG Abs are predominantly of the IgG1 subclass
and because MOG IgG1 CBAs can exclude reactivity
from other less specific antibody isotypes such as IgM
while IgG CBAs utilise IgG heavy and light chains as
secondary antibodies that have non-specific binding
therefore increasing the likelihood of false-positive
results.[71,99,144,146]

NMOSD Monitoring

It is now known that AQP4-Ab titres do not directly
correlate with disease activity, 414! however, it has
been shown that the antibodies’ titre in some cases
increases in clinical relapses and decreases following
B-cell directed or anti-IL-6-R therapies.['*:15% There-
fore, for interpreting a given result, it is essential to
consider the status of the disease and any treatments
given at the time of sample collection. Ultimately,
even though AQP4-Abs might decrease with immu-
nosuppressive therapy, they may not be considered
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very suitable biomarkers for monitoring NMOSD.['>]
Regarding MOG Abs, it has been shown that pa-
tients with MOG Abs exhibit a highly heterogenous
disease course and studies suggest a correlation
between Ab titre and disease severity!’!1%2153]; a5
antibody persistence has been linked to a relapsing
disease phenotype whereas low titre or conversion
of patients to seronegative was highly indicative of
milder or monophasic disease course.l'> However,
this is not universal, and seronegative conversion
does not guarantee permanent remission; MOG Abs
may still reappear, and relapses may occur.'>? Pa-
tients, therefore, may be advised to be tested every
6 to 12 months’" as antibody monitoring may help
with early recognition of monophasic course or not
and subsequently aid in determining the need for
ongoing immunosuppression and treatment strate-
gies; additional evidence is needed to establish more
definitive monitoring and treatment guidelines.
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Emerging diagnostic assays and future
approaches for MG and NMOSD in clinical
practice

The role of Ig classes/subclasses in MuSK-MG

As mentioned before, MuSK-Abs are predomi-
nantly of the IgG4 subclass,!">'> however, some
MuSK-MG patients also produce anti-MuSK 1gG1,°"
IgG2, or IgG38"122 antibodies. The presence of vari-
ous lg isotypes in MuSK-MG may represent promising
biomarkers of clinical outcomes and disease states;
thus, it has to be investigated.

Recently, Spagni et al. collected 43 samples from
20 MuSK-MG patients (45% treated with rituximab)
at different time points during their disease course
and screened them for the estimation of IgG lev-
els, affinity binding, and the detection of the pre-
dominant MuSK-IgG subclasses.!'?? In all samples,
MuSK-IgG4 was the most frequent isotype present,
representing on average 90.95% of MuSK antibodies,
followed by 1gG3 (3.29%), 1gG2 (3.27%), and IgG1
(2.47%) subclasses.'?? In all patients’ samples, during
the acute phase, MuSK-lgG4 was the predominant
subclass and remained the dominant isotype along
the disease course. The authors observed an interest-
ing event in one patient who switched from IgG4 to
IgG1 during remission, and simultaneously, the total
MuSK-IgG and MuSK-IgG4 levels remained stable,
perhaps representing an event of immune remodel-
ling. They observed a significant reduction of both
lgG4 and IgG2 titres in samples characterised by a
better clinical status based on the MGFA criteria.
However, no significant changes in MuSK-IgG2 and
IgG4 levels were reported in patients who did not
improve after treatment.['?? The authors concluded
that total MuSK-IgG and MuSK-IgG4 levels and the
combination of reduced IgG4 and MuSK-IgG2 anti-
bodies may represent a valuable biomarker of disease
severity and clinical outcomes, data that clinicians
could interpret and guide more effective and per-
sonalised treatment choices.

Recently, in Tzartos NeuroDiagnostics, we screened
sera from MuSK-MG RIPA-positive patients, and
from other neurological diseases and healthy con-
trol sera by live CBA and identified all MuSK-IgG
isotypes (IgG1-4), but also antibodies of the IgA
type. We found that although some MuSK-MG
sera had only IgG4 autoantibodies, the major-
ity had additionally other IgG subtype autoantibod-
ies, while some had IgA anti-MuSK antibodies with
or even without IgG anti-MuSK antibodies, as re-
cently presented at the 15th MGFA International
Conference on Myasthenia and Related Disorders by
our group (Gkotzamani et al., May 2025). Future
studies should determine whether MuSK-IgA au-
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toantibodies activate the complement system and
correlate with clinical status.

Anti-MOG IgA and IgG3 Ab

Emerging evidence suggests that anti-MOG IgG3
and IgA antibodies may have clinical relevance in
MOGAD.['*6157T While IgG1 remains the dominant
and best-characterised antibody in MOGAD, I1gG3
has been detected in some patients, coexisting with
IgG1 (sometimes even as the predominant subclass)
or present alone without detectable IgG1. Separately,
anti-MOG IgA antibodies have been identified in a
subset of patients seronegative for MOG-IgG/IgM
and AQP4-IgG and may be associated with distinct
clinical phenotypes, possibly influencing disease pres-
entation through regional neuroinflammation or mu-
cosal immune involvement.'">! Notably, a patient with
exclusive IgG3 and IgA positivity, without IgG1, has
been reported.!"® Their presence raises important
guestions about their role in disease mechanisms,
particularly in atypical cases or mucosal involvement.
While IgG1 remains the primary diagnostic marker,
anti-MOG IgG3 and IgA detection could provide ad-
ditional prognostic value for patient stratification,
therapy prediction, and explaining some seronegative
cases.["*®157 However, further large-scale studies are
needed to validate their clinical utility, standardise
testing methods, and clarify whether these antibod-
ies directly contribute to pathogenesis or serve as
secondary biomarkers of immune dysregulation.

Complement-based diagnostic assays in MG and
perspectives for adaptive treatment strategy

As previously mentioned, the IgG1 and IgG3
pathogenic antibodies in AChR-MG activate the
complement system."*816"1 The complement cascade
gets activated when the AChR-IgGs bind to AChRs
on the postsynaptic membrane of muscle cells, and
this antigen-antibody complex activates the classical
pathway. C1 complex binds to the Fc region of the
antibodies, initiating a proteolytic cascade that acti-
vates C4 and C2 to form the C3 convertase (C4b2a).
This enzyme cleaves C3 into C3a and C3b, leading to
the formation of the C5 convertase (C4b2a3b), which
cleaves C5 into C5a and C5b. Then, C5b initiates
assembly of the membrane attack complex (MAC:
C5b-9), which forms pores in the muscle membrane,
leading to cell damage and loss of AChRs, impairing
the neuromuscular transmission.!*816" The activation
of the complement system is the result of a serial
cascade of events, in which many potential target
molecules could serve as candidates for therapeutic
tailoring and disease monitoring.

lacomino et al. performed comprehensive comple-
ment profiling in AChR-MG, MuSK-MG, and healthy
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controls using multiplex immunoassays and ELISAS.
(162 They identified significant changes in AChR-MG,
namely decreased C2/C5 and elevated C3/C3b/C5a
levels compared to controls, while this pattern was
absent in MuSK-MG.!"%2 These findings align with
prior studies!'® and suggest that these proteins could
serve as complement-related biomarkers for MG,
promoting the early identification of patients who
may benefit from anti-complement therapies.'6?

Hoffman et al. conducted the first histopatho-
logical analysis in tSN-MG patients, performing a
cross-sectional study in treatment-refractory SNMG
patients who had undergone muscle biopsy 6.
They reported C1g-positive signal, indicating classi-
cal complement pathway activation, and significant
colocalisation of C5b-9 with IgG1 at the motor end-
plates in all SNMG and AChR-Abs positive patients.
(4 Non-disease controls, with no muscle or sero-
logical abnormalities, stained negative for C5b-9
and IgG1,0'%# consistent with findings from another
group.l'®3 The authors propose muscle biopsy as a
novel diagnostic approach to identify SNMG patients
who may benefit from complement-targeted thera-
pies based on histopathological findings in external
intercostal muscles.l'¢4

The clinicoserological screening for the detection
of either complement blood or/and histopathological
biomarkers as an upcoming diagnostic approach for
MG could be combined with a novel cell-based assay
developed by Obaid et al., which measures AChR
autoantibody-mediated complement membrane at-
tack complex (MAC) formation via flow cytometry.
(1651 In this study, HEK293T cells were utilised and
modified using CRISPR/Cas9 genome editing tools to
disrupt the gene expression of the complement regu-
lators CD46, CD55, and CD59. The authors screened
serum samples from 96 clinically confirmed AChR
MG patients and 32 healthy controls. AChR autoan-
tibodies were detected in 139 of the 155 (89.7%)
MG samples through a cell-based assay, and in 83
/139 AChR-positive samples, autoantibody-mediated
MAC formation was detected, whereas MAC for-
mation was undetectable in the healthy controls.
1651 Moreover, in most patient samples, the MAC
formation complex was positively associated with
autoantibody binding.l'*> Additionally, the authors
did not observe significant differences in autoan-
tibody-mediated complement activation between
early onset and late onset MG clinical subgroups,
nor in MG patients who underwent thymectomy.!'¢>

These findings warrant the necessity for the estab-
lishment of new biomarkers for the diagnosis and
monitoring of both MG and SNMG patients whose
condition is solely supported by heterogeneous clini-
cal symptoms, since the routine clinicoserological

diagnosis alone is challenging and carries the risk of
underdiagnosis.

Rapid, Easy, and Low-Cost Assays for Non-
Specialised Laboratories and for the point-of-care

Despite advances in immunodiagnostic tests for
MG, often simpler, more rapid assays may be required
for use in non-specialised laboratories where they
can provide immediate results, thereby improving
diagnostic efficiency and patient comfort. Trakas and
Tzartos invented a method for AChR antibody detec-
tion using a modified ELISA onto a solid support stick
(Immunostick), which dramatically reduces incubation
times without increasing nonspecific background,
offering a simple, and quick diagnostic solution with
high sensitivity (91%) and specificity (99%) compared
to regular RIPA "I Similarly, Bikoliya et al. proposed
the nonradioactive dot blot assay for a rapid, sim-
ple, and low-cost detection of AChR antibodies with
similar efficiency as ELISA."®”' Though potentially ben-
eficial for MG diagnosis, these strategies need more
thorough evaluation before clinical integration.

Similarly, even though the gold standard for identi-
fying AQP4 Abs in NMOSD patients is CBA, their reli-
ance on specialised laboratories limits access in clinical
settings, and a more time- and cost-effective method
could be highly valuable. To address that, Fu et al.
developed a rapid enzyme immunodot assay in which
patient serum is applied to a nitrocellulose filter strip
(immunodot), dramatically shortening assay time and
requiring only standard laboratory equipment.['®8 In
their study, this assay showed concordance with the
CBA, exhibiting high sensitivity and specificity!'®®;
however, more studies are needed to confirm these
results and to further validate the assay's sensitivity.
Given its speed, ease of use, and low cost, this im-
munodot approach could enable broader AQP4-IgG
screening, though real-world implementation studies
are needed before it can be recommended for routine

clinical practice.

AQP1-Abs in “seronegative” NMOSD

Although AQP4- and MOG-Abs are valuable bi-
omarkers for NMOSD patients, about 10-20% of
NMOSD patients are seronegative,’? and the diag-
nosis of seronegative NMOSD remains challenging.
AQP1 is expressed in various tissues and organs;
regarding the CNS, it is highly expressed in areas af-
fected in NMOSD patients, the spinal cord, and the
optic nerves,!'® therefore AQP1 could also be the
target of pathogenic antibodies in NMOSD. Tzartos
et. al, identified anti-AQP1 autoantibodies in a subset
of patients with chronic CNS demyelination, show-
ing clinical similarities to anti-AQP4-seronegative
NMOSD "’ This finding suggests a new potential
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biomarker for CNS demyelinating disorders, especially
considering their potentially pathogenic role that has
been presented in various studies,!'”!72 however,
further validation is needed.

Emerging biomarkers for monitoring NMOSD

Some emerging blood-based biomarkers that
might be able to transform monitoring for NMOSD
by measuring astrocytic and neuroaxonal damage,
include neurofilament light chain (NfL) and glial fibril-
lary acidic protein (GFAP).

NfL is a biomarker of neuro-axonal damage and
may be used in NMOSD as a marker of disease activ-
ity, prognosis, and treatment response when inter-
preted within the clinical and therapeutic context.
NfL is an axonal cytoskeletal protein released into
the interstitial fluid upon neuronal damage. Because
its half-life in neurons spans a few months, elevated
NfL reflects ongoing or recent neuro-axonal injury
rather than a single acute event. Standard ELISA as-
says are used to measure NfL in CSF, while, after the
recent advancements in detection technologies, the
single-molecule arrays (SIMOA) and chemilumines-
cence (by Lumipulse) assays are preferred for blood
measurements.!'’?!

Serial serum NfL monitoring may be able to de-
tect subclinical disease activity and gauge remission
stability, particularly when samples are timed before
immunotherapy or during relapse.['” Elevated NfL
during acute NMOSD attacks provides an objective
measure of neuro-axonal damage, correlating with
MRI lesion burden,!"”! and with Expanded Disability
Status Scale (EDSS) worsening and aiding risk strati-
fication for future disability!"’¢'7”l; however, serum
GFAP may be superior to serum NfL in predicting
future NMOSD attacks.["””! Moreover, NfL measured
at relapse predicts post-attack disability worsening
better than many other biomarkers, and higher base-
line NfL associates with greater risk of spinal cord
atrophy and long-term motor decline.'””? Reduc-
tions in NfL and GFAP levels over time have been
observed in AQP4-lgG+ NMOSD patients receiving
targeted therapies (e.g., ravulizumab, eculizumab,
inebilizumab), indicating that NfL can serve as a
pharmacodynamic biomarker of treatment efficacy.
771781 Additionally, another study showed that NfL
changes correlate with MOG Abs titre changes, thus
making NfL a promising biomarker for patients with
MOG Abs as well.1"79!

Despite its utility, Nfl is not a disease-specific bio-
marker, and its levels are affected by prior therapies
such as corticosteroids or plasma exchange before
sampling can lower NfL levels, risking false-negative
interpretations. Therefore, documentation of disease
phase and therapies at collection is essential.l'8
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GFAP is an intermediate-filament protein mainly
expressed by astrocytes. Upon astrocyte injury or
activation, GFAP is released into the interstitial fluid
and subsequently into CSF and blood, which can be
guantified by ultrasensitive immunoassays '8'. GFAP
levels correlate with astrocytic injury, disease severity,
MRI lesion burden, and subsequent disability, and
when combined with NfL, provide complementary
information on astrocyte versus axonal damage. ['73!

GFAP is an emerging biomarker of astrocytic in-
jury in NMOSD in addition to MS. Studies show that
NMOSD patients exhibit significantly higher serum
GFAP levels compared to healthy controls, MS, and
MOGAD patients.!'7318.182l GEAP concentrations in
serum may be associated with disease activity and
severity in NMOSD patients.l'83184 Peak GFAP levels
occur during acute relapses, with median remission
levels remaining above control ranges days to weeks
post-NMOSD attack —evidence of ongoing subclini-
cal astrocyte injury.['7478% Elevated baseline GFAP
predicts a greater risk of early relapse and higher
Expanded Disability Status Scale (EDSS) scores at fol-
low-up,l'74 while reductions in GFAP after initiation
of targeted therapies (e.qg., inebilizumab, eculizumab,
ravulizumab) could mirror clinical improvement and
decreased MRI activity.l'’8181 SIMOA is believed to
be the most accurate method for the detection of
GFAP.[187,188]

While GFAP is more specific for astrocytic injury
and may better predict relapse risk, NfL uniquely
reflects axonal damage severity and disability progres-
sion. Therefore, combining NfL with GFAP measure-
ment could enhance diagnostic accuracy and yield
complementary insights into both astrocyte and neu-
ron pathology in NMQOSD.['73.180.182] Although not
entirely disease-specific, GFAP may be useful in the
differential diagnosis of AQP4-IgG+ NMOSD from
MS and MOGAD.["8]

Overall, serum NfL and serum GFAP have a po-
tential role as biomarkers for disease severity and
future disease activity in AQP4-IgG+ NMOSD pa-
tients.[” The GFAP/NfL quotient at relapse has also
been suggested as the most specific serum biomarker
for monitoring NMOSD. Lastly, NfL and GFAP have
a potential role as biomarkers for disease severity
and future disease activity in AQP4-lgG+ NMOSD
patients,['”4 and the GFAP/NfL quotient at relapse
is a potential diagnostic marker for NMQOSD.[180.190]

CONCLUSIONS

The field of diagnostics for antibody-mediated neu-
rological disorders, including MG and NMOSD, is un-
dergoing significant advancement. While traditional
methods such as ELISA and immunoprecipitation con-
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tinue to serve as a diagnostic foundation, the adop-
tion of newer technologies, particularly cell-based im-
munofluorescence assays, has greatly improved both
the sensitivity and specificity of antibody detection.
Already, it has become a usual approach for AChR
and MuSK RIPA-negative sera to be subsequently
tested by CBAs for clustered AChR, MuSK, and LRP4
antibodies. It is also important to note that sera that
test negative for AChR, LRP4, and MuSK antibodies
in fixed CBAs, especially in cases of high clinical suspi-
cion, should be examined further by live CBA, which
offers higher sensitivity, thus reducing the possibility
of false-negative results. However, antibody detection
assays may require target-specific optimisation to
maintain antigens in their physiological state, includ-
ing structure, modifications, and oligomerisation,
for epitope integrity. This assay optimisation may
assist in the possible distribution of patients across
different clinical sub-entities, the association with
disease severity and stage, as well as the prognostic
value of the findings for patient monitoring and the
selection of the most appropriate treatments. Ad-
ditionally, the identification of emerging biomarkers
linked to tissue injury and complement system acti-
vation (i.e., decreased C2/C5 and elevated C3/C3b/
C5a levels) offers new opportunities, particularly in
addressing the diagnostic difficulties associated not
only with seronegative patients, but also with MuSK
MG patients bearing IgG4 Abs along with other Ig
subclasses/classes. Treatment needs to be adapted to
each patient’s profile based on their MG subgroup,
which could be identified based on these biomarkers
and clinical features.

For NMOSD, early and accurate diagnosis is para-
mount in preventing further relapses and facilitating
the prompt initiation of appropriate treatment strate-
gies, which are crucial for mitigating long-term optic
nerve damage and neurological disability.'* Further-
more, the role of serum GFAP and NfL as prognos-
tic biomarkers in patients with AQP4-IgG+ NMOSD
remains to be defined in prospective cohorts. All in
all, the aforementioned innovations and strategies
enhance the precision of diagnosis, enabling more
individualised therapeutic approaches, ultimately
contributing to better patient management and
clinical outcomes.
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38 LYZTHMATIKH ANAZKOIMHZH SYSTEMATIC REVIEW

H EMIAPAXH THX KATAOAIWHE X TH NEYPOEK®YAIZH
2E AZOENEIX ME MOAAATNAH ZKAHPYNZH: ZYZTHMA-
TIKH ANAXKOINHZH

Bwuan-Eipnvn Katootdpa', Aéonoiva Mwpaitow?, Maybannvi TooAdkn', Euppoouvn Koutooupdkn'

TA” Neuporoyikn KAivikn, Tunua latpiknis, 2xoAn Eniotnuav Yyeias, Apiototédeio Maverotuio ©sooafovikns
2Tunua Yuxonoyias, Apiototédeio lNaveniothuio ©sooanovikns

MEPIAHWH

H MNoAdanAn ZkAnpuvon eivar pia xpdvia veupoekpuAiotikh vdoos nou ouxvd cuvodelstal and katdBniyn.
Ykonés s napouoas peAéns sival n e€étaon tns oxéons Peta&u katdbniyns kal veupoekpuAions otnv non-
AanAn okAnpuvon. AleEnxBn cuotnpatkh avackoénnon kal avalnthBbnkav yenétes oto PubMed, to Scopus
kal 1o Web of Science. ZupnepinngBnkav 46 pefétes ol onoies nAnpovoav ta Kpithpia éviagns. Aiani-
otwBnke 6T n katdBAiwn otnv noAAanAh okAnpuvon cuvdéetal Ye aunuévn veupopieypovn, aunuéves
npo@neypovmoels Kuttapokives, ofeldbwtikd otpes kal pitoxovoplakn duoneitoupyia, nou cupPdfiouv oe
veupwvikn BAARN. O1 Gopikés aniayés tou eykepdiou, 6nws N atpo@ia Tou INNGKAPNOU Kal O UEIWUEVOS
oykos tou ¢Aoloy, sivarl nio évioves oe kataBAinukoUs aoBeveis pe noAdandn okAnpuvon, nou oxetidovial
hE tn vonukh ékntwon. EmnAéov, ta xapunAdtepa enineda tou eykepanikoU VEUPOTPoPIkoU napdyovia o€
aoBevels pe katdBAiyn kar noAdanAn okAnpuvon unodnAWYoUV PEIwpévn VEUPONPOaTaaoid. ZUPNEPACUa-
UKd, n KataBAIYn pnopei va enitaxdvel tn veupoekpunion otnv noAdanAn okAnpuvon péow Asypovwdmv
Kal veupoto€ikawv 0dwv. H éykaipn didyvwon kal Bepaneia s katdBAiyns Ba pnopouce va BonbBhoel atny
eniBpdduvon s E€AIENS tns vdoou kal otn BeAtiwon ts AEToupyIKOTNTAS Twv aoBevv.

AEZXEIZ KAEIAIA: noAdanih okAnpuvon, kataBniyn, veupoek@union, eRgypovn

THE IMPACT OF DEPRESSION ON NEURODEGENERATION
IN PATIENTS WITH MULTIPLE SCLEROSIS: A SYSTEMATIC
REVIEW

Thomai-Eirini Katostara', Despina Moraitou?, Magdalini Tsolaki’, Effrosyni Koutsouraki’

15t Department of Neurology, School of Medicine, Faculty of Health Sciences, Aristotle University of Thessaloniki, Greece
2Department of Psychology, Aristotle University of Thessaloniki, Greece

ABSTRACT

Multiple Sclerosis is a chronic neurodegenerative disease that is often accompanied by depression. The
aim of this study is to examine the relationship between depression and neurodegeneration in multiple
sclerosis. A systematic review was conducted and studies were searched in PubMed, Scopus and Web of
Science. Forty-six studies that met the inclusion criteria were included. It was found that depression in
multiple sclerosis is associated with increased neuroinflammation, increased proinflammatory cytokines,
oxidative stress and mitochondrial dysfunction, which contribute to neuronal damage. Structural brain
changes, such as hippocampal atrophy and reduced cortical volume, are more pronounced in depressed
multiple sclerosis patients, which are associated with cognitive decline. Furthermore, lower levels of brain-
derived neurotrophic factor in depressed patients with multiple sclerosis suggest reduced neuroprotection.
In conclusion, depression may accelerate neurodegeneration in multiple sclerosis through inflammatory
and neurotoxic pathways. Early diagnosis and treatment of depression could reduce disease progression
and improve patient outcomes.

KEYWORDS: multiple sclerosis, depression, neurodegeneration, inflammation
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EIZATQrH

H MoAdannn IkAnpuvon (M) eival pia xpdvia,
@Asypovdns kal veupoekpuiiotkh Siatapaxn tou
KevtpikoU NeupikoU Xuothpatos (KNX), nou ennpedlel
EKATOHUUPIa avBpwnous naykoopiws.3 Xapaktnpi-
Cetal ané eeypovmoels oties, anopueivwon twv
VEUPAEOVWY, EKQUAION TWV VEUPWDVWY, Kal NPOodEU-
kA avannpia, n onoia kaBioté v néBnon pia ané
us KUpIES aities veuponoyikhs avannpias o€ veapous
evhiikes.

H akpifns artodoyia tns ME Sev éxel nANpws ano-
oapnviotel, wotdoo Bewpeital noAunapayovukh, Ka-
Bws epnnéker yeveukous, nepifaniovukous kar avo-
oonoyikoUs napdyovies.P'Exel napatnpnbei 1oxuph
yeveukh npodiéBeon, pe au€npévo kivbuvo eppavions
NS vVOOOU Og ATOUa JE OIKOYEVEIaKO 10TopIKOS TE, av
Kal 6ev Bewpeital auompd kAnpovopikh Naddnon. 1o
MapdAnnAa, nepiBaniovukoi napdyovies, 6Nws n
édneiyn Brtapivns D, 1o kdnviopa kai ol NOINWHEEIS
and tov 16 Epstein-Barr, €éxouv ouoxeuotel pe tnv ex-
6nAwon s vooou. !

Apxikd, n MZ Bewpouviav kaBapd anopugAIvwTKA
vOo0s, Gpws oUyxpoves Penétes katadeikvuouy Ou
eival enions veupoekpuAiotikn, KaBWs epnnéxkel Npoo-
Seutkn anwneia veupagdvwy Kal veupvwy.® H veu-
poek@uAion auth gival unelBuvn yia tnv NPoodeUTKN
avannpia, aképa Kal ota npwiya otddia tns vooou.
19 Menétes éxouv O€i€el Ou n xpovia pAsypovddns
SpactnpidTNTa Kal oI TOEIKES avOooONOYIKES ANOKPICEIS
Unopef va enitaxivouv t veupoekuion.H!

O1 Baoikoi pnxaviopoi nou cupBdaniouv otn veu-
pogkpuAion nepiAapBdavouv: a) v pItoxovopiakn
duoneitoupyia, n onoia ennpeddlel tnv Napaywyn
EVEPYEIDS TV VEUPDVWY, PB) tnv anobdiopydvwon
OUVAYEWY, Nou eNdPA OTn VEUPWVIKA EMNIKOIVWVIQ,
y) T veupo@ieypovn, nou eniteivel tn veupwvikh BAa-
Bn, kal 6) In peIwPéVN NAPAYWYN VEUPOTPOPIKWDV
napayéviwy, 6nws o Eykepanikds Neupotpopikos
Mapdyovtas (BDNF), nou nailel kpioipo péAo otn
VEUPWVIKN €nifiwon.l1Z131

H veupoek@uion anotenei kUplo Nnapdyovia tns
vonuknhs duoneitoupyias nou napatnpsital otnv Mg,
ennpedlovias Aertoupyies ONws N PvApn, N ouykeE-
vipwon kai n enitefikn Asitoupyia.l'® EmnAéov, n
atpo@ia tou INNOKAPNoU, Nnou gival ouxvo eupnua
oe aoBeveis pe MNZ, ouvdéetal dueoa Pe tn vonukn
enideivawon kal v kataBAInukA oupnwpatodoyia.l'?

H kat@Bniyn anotenel tn ouxvoétepn Yuxiatpikn
ouv-voonpotnta otnv M, ye nocootd nou &enep-
vouv 10 50% twv aoBevav.['! Ta dropa pe NI éxouv
2-3 @opés peyanutepo kivbuvo epgdvions peilovos
kataBAinukns diatapaxns og UyKPIoN PE TO YEVIKO
nANBuop6.l'® H katdBniyn ennpeddel tnv noidtnta
(wns, TNV epappoyh ns Bepaneias, kal cuoxetletal
pe augnpévo kivbuvo autoktovias otous acBeveis pe
M. H avayvdpion s yuxikhs enipdpuvons autov
twv aoBevv anotenel Bacikd atdX0 Twv CUYXPOVWY

Apxeia Kivikns Neuporoyias 34:3-2025, 38-54

KAIVIKDV NnapepBaoewy.

YUPQwVva Je oUyxpoves penétes, n katdBniyn pno-
pel va enitaxtvel T veupoekPpUAIon PEowW Twv €ENS
pNXaviop®V: @) tns au€npévns napaywyhs npopAey-
Hovwd v KUTtapokIvay, énws n IL-6 kal o TNF-a, nou
npodyouv tn veupwvikh BAARN,? B) twv diatapaxiv
OTn VEUPOTPOQPIKA UNootnpIEn, kaBws n katdBAiyn
oxetiCetal pe peiwpéva enineda tou BDNF,® kal y) tou
0&eIbWUKOU OTPES Kal TS pitoxovdplakns duonetoup-
yias, mou enipapuvouy v enifiwaon Twv VEUPOVWY.”!

YKkonos s napouoas Yenétns eival va CeTaoel tn
oxéon autwv twv duo naBodoyikdv Siadikaciwv kal
va npoteivel vées BEpAneUTIKES oTpatnyikes nou Ba
unopoucav va BeAtmoouy TO00 T VEUPOoeKPUAIoN
600 Kal TNV YUXIKA uyeia twv aoBevav pe M.

ME©SOAOL

MpaypatonolnBnke Yia cuUCTNPATKA avaokdnnon
s BiBAoypagias pe BAon us KAteUBUVTNPIES YPAUES
PRISMA. Ta tn ouykekpipévn penétn n avalhtnon
twv dpBpwv 61EENXON o€ tpels NnAekTpovikés PATEls
debopévwv yia va eEaopaniotel pia oNokANpwEé-
vn avaokénnon s BiBAioypagias. uykekpipéva,
n avalhtnon npaypatonoimBnke oto PubMed, 1o
Scopus kal 1o Web of Science. lNa tnv avalhtnon
Twv PeNetdV xpnolyonolhBnke o g§hs anydpiBuos
avadhtnons: ((«depression» OR «depressive» OR
«mood disorder» OR «major depressive disorder» OR
«depressive symptoms») AND («neurodegeneration»
OR «neurodegenerative disease» OR «neuronal loss»
OR «brain atrophy» OR «cognitive decline») AND
(«multiple sclerosis» OR «MS» OR «demyelination»
OR «sclerosis» OR «CNS disease»)).

Ta kpithpia éviagns v peAswdY htav ta €gns: a)
penétes dnuoaoieupéves ota ayyAikd, B) penétes ol
onofes €ival Npwrtoyevels h GEUTEPOYEVEIS, Y) HENETES Ol
onoies éxouv dbnpoaleutel tny teAeutaia dekaetia dn-
Aadn petall 2014-2024, kai 6) penétes pe diabéoiyo
6no 10 neplexdpevd tous. Ta kpithpia anokAgiopou
Twv PeAETMY Ntav ta €ENs: a) Yenétes OnPooIEUPEVES
og 4AAn yAwooa ektés s ayyAikhs, B) oxénia h dp-
Bpa yvpuns kal y) PeAétes ol onofes éxouv dnUooIeUTel
npiv 1o 2014.Evtoniotnkav cuvoniké@ 539 penstes kal
LETE Tov €neyxo KpItnpiwv elcaywyns-anokigiopou
oupnepilh@Bnkav otn cuctNPatkh avackénnon 46
penétes (Aiaypappa 1).

AMOTEAEZMATA

H oxéon petafl katdBaiyns kar MNE anotesi avu-
Keiuevo évtovns épeuvas us tefeutaies dekaeties. Ol
penétes diepeuvolyv av n katdBAiyn otous acBeveis
npokUntel ws avidpaon otn didyvwon (avudpacukh
Katabniyn) A av anotelsi oUpNtwpa tns vooou 1720
H katdBAiyn eivar n ouxvétepn yuxiatpikn diatapaxn
nou ouvobelel tnv MZ, ye Nooootd ePPAavions Avw
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Meléteg amd Swductvaxy) avalfjtmon os PubMed (n=107), Scopus
(n=189), kar Web of Science (n=243)

Evanopsivavies PEAETES LETA TNV aQaipecT)
oumioTonmv (n=292)

Mehéteg mov anokAeicTnKuv and tov
TiTho KoL TNV TEPiANYM NaTi dev Tav
GYETIKES pE To BEpa (n=194)

Apluds TV NEAETOV TAHPOLS

ApBuog tev peletdv TATPOLS KEWEVOL OV
afodoinkay Yo v emdedipomta (n=98)

KEULEVOD OV MOKAEIGTIKAY LE Adyoug
(n=52):

Agv frov oty ayylkn yYAdooo (n=6)
Hrov oydha f| apBpa yvipng (n=14)
Agv dgopoloav acbeveig pe mollamhn
akAfpovon (n=32)

TEPLEYOUEVO Toug (N=46)

Meiéteg mov copnepilednkay dwafdlovras 6Lo o

Aiaypappa 1. Aidypappa pons PRISMA.

tou 50% otous aaBeveis, noAu uynAdtEPO and tov
yeviké nAnBuopd kal dAnes xpdvies nabnoeis. 2123
Yn penémn twv Ruiz-Sanchez et al.,? n alondynon
TV KataBAINTKOY cuPNTWUATwY Npayuatonomndnke
HE xphon s 1onavikns ekdoxns ts Beck Depression
Inventory (BDI), katadeikvdovias onpavikd ugniote-
pes BaBuonoyies otous aoBeveis pe ML OUYKPITKE pE
uylgis paptupss. Mpdogates peta-avanuoels eKtpouy
tov enimonaopé tns kataBAinukns dlatapaxns Petaty
30,5% ka1 40% ota dropa pe ML, evid n oupnw-
patodoyia tous diapkel nepiocdtEPo and 6,tu otov
yeviké nAnBuop6.20-21

Av karl n xpévia euon s MX e€nyel ev pépel tnv
uynAn enintwon ts katabnipns, ol peAétes deixvouv
OU undpxel opyavikn Bdon otn oxéon tous. H épeuva
EMIKEVIPWVETAI OTNV NPOYVWOonN tns Katabninukhs dia-
tapaxns péow s aflondynons Napaydviwy onws 1o
ayxos, n AstoupyIkn Katdotaon Kal N KoVwvIKN OtA-
pIEN.2>28 Avtiotoixa, n peAémn wwv Cuerda-Ballester et
al."xpnoiponoinoe us kAipakes BDI-Il kai STAI yia thv
nPoOPAewn kataBAINTUKWDY Kal ayXwd®OV CUPNTWHATWY,
avadeikviovtas tn onyacia s Yuxofoyikns eUeEias
Kal tns AgItoupyIkoTNTas ws KaBopIouKmY napayod-
viwv. To dyxos eNGEIVMVEI T CWUATIKE cupntuata
s MY kal cupPanAel otnv eppavion h emdeivawon ns
KataBAiyns, evd n eAAINAS KOIVWVIKNA OTAPIEN eVIOXUEI
auth tn biadikaoia.?’-%8 Ta otoixeia deixvouv &t GO0
10 Gyx0s 000 Kal N AgItoupyIKN Katdotaon Pnopouv
va xpnoigonoinBolv ws NpoyvwaotKoi Oeiktes tns

katdBAipns otn My 125261

H kataBAiyn otnv M oxetiCetal enions pe tn veu-
poekpuAioukn diadikaoia. Exel dianiotwei éu pno-
pEi va egpavioTel ws NPMIYo cUPNTwPa Apiv and
VONTKA €KNtwon Kal v KIvnukh ducetoupyia, v
oxetiCetal pe v avantuén veupoekpuAIoUKDY VOowWV
onws n Néoos Alzheimer (NA) kai n Néoos Parkinson
(NP).12%-3% MaBoeuacionoyikoi pnxaviopol, 6nws 1o
o&e1bwukd otpes Kal n veupopAeypovh, oupBaifouv
1000 otnv KatdBniyn 600 Kal 0TS VEUPOEKPUANICTKES
aoBéveies.B1-32 Aopikés eykepanikés annayés, 6nws n
peiwon tou GyKou Tou INNOKAPNoU, €xouv napatn-
pnBei o€ kataBAinukous acBeveis pe ML, evioxuovtas
N CUCXEUOoN TS KatdBAiyns Pe tn veupoekPUAIOTIKN
b1adikaoia. 22533

H xpovia @Agypovh nou xapakinpilel tnv M @ai-
vetal va enideivaovetal anod v katabiyn, péow s
anoppuBuIons Tou avooonoiNTUKoU CUCTAWATOS KAl
s au&nons twv NPoPAsYHOVWOWY KUTIAPOKIVADV.
334 H pyenén twv Katarina et al.B” aflonéynoe ta
KataBAinukd kar kataBoAikd cupnIUata e th xpnon
v BDI kai FSS, avadsikvUovtas tn cuox€Uoh tous
e Oeiktes pAgypovns 6nws n CRP Kal to oupikd ofu.
AUTh n PAgypovmONs Katdotaon evOEXETal va EMITa-
XUVEI NEPAITEPW TN VEUpOoeKPUAIoN, KaBIotwvtas Ty
kataBAiyn onpavuko napdyovia nou ennpeddel v
nopeia tns Mx.183¢)

Enopévws, n kataBAiyn otnv M eival anoténeoua
pias noAunnokns afAnAenidpaons peta&l veupoek-
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Qunions, vonukhs eEacBévions kal veupoPneyUovAs.
(20331 H kgtavénon autdv wv CUOXEToEwY Eival Kpiol-
Un yia v avantuén oTtoxeupévwy NapeuPacewy nou
Ba BeAudoouv tn cuvoAikh eunpepia Twv atdpwy
UE ﬂz_[26,37]

EMNINOAAZMOZ KAI MAPATONTEZ KINAYNOY
FNA KATAOAIWH ZE AXOENEIZ ME MOAAA-
NAH XKAHPYNZXZH

H kataBniyn anotenei pia anod s nio CUXVES GUv-
voonpotntes otny X, ennpedlovias onpavukd my
nolétnta {wns twv aoBeviv.? O eninoAaopds s
noikinAel, pe ekupnoels va kupaivovtal and 20% ws
50%, nocootd capws uynAdteEpa anod ekeiva tou
yevikoU nAnBuopou B35 Aidpopor napdyovies auga-
vouv Tnv eundBeia twv atdpwy pe MX oty katdBaiyn.
24 H &idyvwaon pias xpovias, anpoPnentns acbéveias
npokafei évtovo yuxoAoyikd OTpEs, 10 0Noio Pnopel
va nupodothoel kataBAINukd oupntopata.?833 Eni-
nngov, kaBaws n ML e&eniooetal, n peiwpévn Asitoup-
yikétnta nepiopidel us kabnpepivés SpactnpIOTNTES Kal
evieivel tTnv yuxonoyikn eniBdpuvon.?9 O xpdvios no-
VoS kal n cofaph kdMNwaon, nou cuvoéovtal AUECa PE
v ML, emdevavouv v katabAinukh diatapaxn. 3438
H kolvwvikh anopdvwaon Adyw KIVNTKDV NEPIOPICUWV
enfons oupPanner otnv avantén s katddAiyns.B
MapdianAia, n éAAeiyn euaioBntonoinons Twv IATPWV
ouxva odnyef oe unodidyvwon s diatapaxns, kabu-
otepvias tnv katdAAnAn Bepaneutkh napéuPaon.
261 H yuxiatpikn oupntwpatodoyia s ME poiddel e
auth s Meilovos KataBAinukns Aiatapaxhs, nepl-
AapPBdvovias évtovn KOGNwOoN, VONTIKA €KNtwon Kal
pelwpévn evépyela. 23 H Siagpopikn didyvwon eival
Kpioiun yia v €ykaipn avixveuon kai tn cwoth Bepa-
MEVTIKA NPOGCEyyIoN, €ite apopd Yuxiatpikh diatapaxn
efte veuponoyikh oupntwpatodoyia tns MX.2>37 Yo
nAaiolo autd, n pefétn v Mado et al.?? avédeite
n onpaoia tns kAvIKAS yuxiatpikhs aloNdynons kai
s xpnons ts MINI interview, kataypdgovtas uynid
ennonaopd ayxwdv Kal katabAimuky diatapaxwv

otov nAnBuopd pe M.

EMNIAPAXZH THX KATAOAIWHZ XTHN MNOIOTH-
TA ZOHZ AX6ENQN ME MOAAATNAH ZKAH-
PYNZH

H kataBAinukn ocupntwpatofoyia otnv ML éxel on-
pavikoé avtiktuno otny noidtnta {wns, v eEEAIEN tns
avannpias Kal th cuvonikn eunpepia Twv aoBevdvize38!
‘Epeuves deixvouv 6t ol aoBeveis pe ME kal ouv-voon-
ph katddiyn epgavifouv pelwpévn cuhpdPPWon otn
Bepaneia, au€npévn vonukh e€acBévnon Kal xapn-
Adtepn cuppEToXN O NPOYPAUKATA ANOKATAoTAoNS,
yeyovoés nou odnyei og peyandtepn xpon UNNPECIDY
uyelovopikns nepiBanyns. 2837

H vonukn e€acBévnon, nou xapaktnpilel tooo v
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MZ 600 kai tnv kataBAInukn diatapaxn, givar 1biaitepa
évtovn o aoBeveis pe ocuvundpxouoa katddAiyn.
251 Auté ennpeddel apvnukd Ty IKAVOTNTA TOUS Va
ektenolv kaBnpepivés Gpaotnpldntes, va dilatnpoulv
KOIVWVIKES ENAPES KAl VO EVOwUATmvVovIal NETtoupyIké
OT0 KOIVwVIKO oUvono, PE anotéNeopa tn onPavukn
embeivwon s noidétntas {whs tous.B Yn penémn
twv Lamis et al.?" n xpnon twv epyaneiwv CES-D,
Perceived Deficits Questionnaire kai Pittsburgh Sleep
Quality Index €6€i1&e du 10 avuAnnté yvwouko éndeiy-
pa ouvdéetal épueaa pe v katdbAiyn péow s Ka-
KAS noldtntas Unvou Kal tou avuAauBavopevou otpes.

EnminAéov, n katdBAiyn pnopei va evieivel tnv avti-
Anywn tou Névou Kal tns KONwWoNs, SNPIoUPYOVIAs
évav @auno kuknNo auénpévns avannpias kal cuval-
oBnpaukhs duopopias.?? ‘Exel enions ouvoeBei pe
uYNAGTEPO KivOUVO aUTOKTOVIKOU 16eaopoU Kal au-
Toktovias otous aoBeveis pe MX, avadeikviovtas
ocofapdtnta autns tns ouv-voonpotntas. 4041

H ouvdnapén NI kal katdBAIyns odnyei o€ augnpé-
VO KOOTOS Uyelovopikhs nepiBadyns kail peyandtepn
yuxooyikA eniBapuvon yid Tous NepIBAnMoves twv
aoBevdv.B Mapd t onpavukn auth eniBdpuvon, ol
BioAoyikof unxaviopoi nou cuvbéouv s dUo Nabhoels
napapévouv eNMiNWs Katavontoi. Qotdoo, €PEUVES
unootnpifouv 6T N veupoPAeypovN, ol avicopPonies
veupodiafifactav kal n veupoekpuAion diadpapa-
tiouv onpavukd péAo otnv eupavion KataBniyns

oty My 13436l

BIOAOTIKOI MHXANIZMOI THX KATAGAIMNTI-
KHZ AIATAPAXHX

H peifova kataBAinukn Siatapaxn oxetiCetal otevd
e diatapaxés otn Aeitoupyia wwv veupodiafiBacty,
Kupiws s ogpotovivns Kal s vopeniveppivns.#2 H
Bewpia tns povoapivns unootnpilel Ou n PeiwPEvN
d1aBeo1poTNTa autv twv veupodiaBifactdy ot ou-
vanukh oxiopyh pnopei va cupBdanel otnv epedavion
KataBAINuk®v oupgntwpdtwy.B343! Tinv nepintwon
autodvoowv voonpudwwy, n aiindenibpaon petagu
veupodiafifacukwv adfaydv kal katdBaiyns dev
éxel anooagnviotel NAnpws.*? wotdoo eaivetal va
ennpeddetal and mn xpdvia eAsypovddn aviidpaon
Kal TS VEUPOeKPUNIoTKES diepyaaies.?4

Mpdopates épeuves UNodeIkvUouv O N VEUPOPAEY-
povn diabpapartiCel kaBopioukd pdno atnv naboyé-
veEON s katdBAiyns, evepyonolmvias tn pikpoyioia
Kal npodyovtas tnv anefeuBepwaon npo@neypovwdwv
KUTTOPOKIVADY, 01 onofes evdexetal va anotefouv Ke-
vIpIkd napdyovia otn diatapaxn 303234 Finy M, n
veupo@feypovn gival Baoikd xapakinpiotukd, KaBws
0 avooonointkd KUttapa g1oxwpouv oto KNX kal
aneneuBepvouy kuttapokives nou ocupPaniouv on-
pavukd otnv anopugdivwon kar v a&ovikh BAGPn.
33401 Y yykekpIPéva, KUTIAPOKIvES ONws N IviEpAEUKI-
vn-16 (IL-1B), o napdyovtas vékpwaons dykwv-adea
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Bwpan-Eiphvn Katootdpa kai ouv.

(TNF-a) kal n vtepAgukivn-6 (IL-6) éxouv ouvOeBei pe
v eUPAvVIon KataBAINUKMOV CUUNEPIPOPWIV, KUPIWS
O€ nelpapatiké povténa 3

H anoppuBuion tou d&ova unoBanduou-undgu-
ons-enive@pidicv (HPA) anotenel kolvd otoixeio 1ooo
otn okAhpuvon katd nidkas 6oo kal otn peiova
kataBAinukn Siatapaxn 2344 To xpdvio dyxos, 1o
onoio ouxvé Bicdvouv ol acBeveis pe ML Adyw tns
apéPains nopeias tns vodoou, pynopei va odnynoel oe
buonetoupyia tou atova HPA, npokadwvtas unep-
Sdpaotnpiétnta kai auénpéva enineda koptuldnns. 2349
H au&npévn ouykévipwon koptuldins éxel CUOXETIOTE
pe kataBAInuKa cupntopata otous aoBeveis pe M2,
eV vedtepa euphpata unodeikviouy 6T Pnopei n
augnon twv eninédwv kopuldAns va éxel VEUPOTOEIKES
enidpdoels, enitaxuvovtas s d1adikaoies VEUPOEK-
QUAIoNs. 2344

O1 veupotpo@Ikoi napdyovies, Kal €161KOTEPA O
BDNF, bdiadpapatiCouv kaBopiotukd pdéAo otn diath-
pNOoN NS Uyeias Twv VEUPDVWY Kal otn puBuion ts
veuponnaoukdtntas.#>4 Exel dianiotwBel ot xaunid
enineda BDNF cuvbéovtal pe tnv katdBaiyn, v ol
avukataBAinukés Bepaneies evioxUouv v éKPpach
Tou.>48 Menétes Heixvouv U otn okARpuUvon Katd
nAdkas napatnpeital ocnpavukn peiwon tou BDNF,
yeyovos nou evbéxetal va oupPanner otnv avanwuén
kataBAinukns ocupnuwpatodoyias Kal otn VEUPOEK-
QUAIoN.145>4¢]

AITIOAOTIA THX MEIZONOZ KATAOAINTIKHZ
AIATAPAXHZ XTHN NMOAAANAH ZKAHPYNZH

O1 napdyovies nou oupBdnfiouv otnv egpavion
KataBAinukov cupntwpdtwy otn ML eival noAudia-
OTatol KAl UNOKEIVTAI OE OUVEXN €NIOTNUIOVIKN SlEpEU-
vnon.B20.28 Tg gupntopata pnopel va npokuntouv
€ite ws Apeon cuvénela s veuponoyikhs naBnons
efte ws Yuxonoyikn avtidpaon ot didyvwon kal tny
apePaidtnta nou auth cuvendyetal. H eppdvion ka-
taBAinukns didBeons otnv ML pnopei va aviavakAid
uia puaolonoyikn yuxonoyikn aviibpacn o€ éva éviova
OTPECOYOVO Yeyovds. P! H Sidyvwaon pias xpovias Kal
anpéPBAentns vooou, 161aitepa ous Nnio eNIBETKES Yop-
®€s, 6nws n Mpwtonabws Mpoiouoa M, npokansi
au€npévo dyxos kal ouvaioBnuaukn duopopia.l2028l
EminAéov, n avenapknhs Slaxeipion tou yuxonoyikou
otpes pnopei va obnynoel otnv epeavion katabni-
MUKWV CUPNTWUATWY WS PNXaVIoPos Guuvas aneva-
VU Otn ouvaioBnpatkh enifdpuvon Kal v avaykn
NpPocappoyns o€ Pia véa npaydaukdnta.?! Yn Bi-
BRioypaia, auth n popeh avtibpaaons neprypdetal
ws «avudpaaotkn katddAiyn». TUyXPOVES EPEUVES
unodeikvUouy 6t étav n katdBniyn avantiooetal ws
andvinon otn duokoAn euneipia ths vooou, Pnopsl
va €xel apvnuké aviikuno otnv g€niEn tns M, va
€NNPEAOEl TNV aNOTENEoPATKOTNTA Twv Bepaneutkwy
napepPAcewy Kal va eNITAxUVel TS VEUPOEKPUAIOTKES

Olepyaaies, cupPaniovias otov OXNPatopd VEwY
eykepaikmv BAapv.20.28]

MOAAANAH ZKAHPYNZH KAI NEYPOEK®YAI-
IH

Onws npoava@épbnke, n MNZ gival yia autodvoon
v6o0os tou KNE nou xapaktnpiletar and anopusnivw-
on, xpévia eigypovh kar veupoekpuion.!" Av kai n
akpiPns artofoyia napapéver dyvwaotn, YEVEUKO! Kal
nepiBaniovukoi napdayovies qaivetal va cupBdaifouv
otnv ekdnAwon s. Ta T-Agppokuttapa diangpvoulv
TOV QIPOTOEYKEPAAIKO Pppayud, npokanmvias pAgyuo-
vbdn andkpion nou odnyei otn dnpioupyia BAaBV.
031 Auth n avooodoyikn eniBeon nepiAauPfdvel au-
toavudpacukd T-kUTtapa Kal avuompata NouU evep-
yorolouvtal otnv NePIPEPEIN KAl UETAVACTEUOUV OTO
KNL.[147

H veupogk@union otnv MX oxetiletal pe xpovies
@neypoves nou diatapdooouy Ty opoldoTacn Twy
veupa&ovwv .24 H Aepgpokuttapikh gAgypovh kata-
OTPEPEI VEUPAEOVES Kal VEUPWVES, EVD N pItoxovOpl-
akn duoAetoupyia kal 1o 0EEIBWTUKO OTPES ENIOEIVD-
vouv tn veupoekpuAion.! O1 Siatapaxés twv 16viwv
otous 6lauAous cupBdandouv otnv anoduvapwon
Twv veupdvwy, adid napdddnia evepyonolovvial
avuotaBuIoukoi gnxaviopof.8l

H anwAisia a&évwv anotenel Kevipikd pnxaviopo
VEUPOEKPUAIONS Kal oxetietal e tn pAgypovwdn
dpaotnpidtnta. H afovikh BAGRN pnopei va npokUyel
and aueon npooPonn tou avoconointkoU h Heute-
poyevms Noyw anopuedivwons. 241 H unepPBonikn
anefeuBépwon yAoutapikoU odnyei og togikdNTa
Kal veupwvikh BAGRn.BEminAéov, ol pitoxovpiakés
duoneitoupyies kal n cucopeuan aIdNPoU evVIoXUOUV
v ofeidwukn BAGRN kal tn veupoekpUion. 4047

H veupoekunion otnv MX obnyeil o€ kivnukd ef-
Aeippata, aieBntnpiakés diatapaxés, onacukotnta,
kénwon, diatapaxés Gpaons Kal vontkh egacBévnon.
0 Nonukd edfeiypata, dnws PeiwPévn uvpn Kal
taxUtnta eneCepyaoias, eivar ouxvd kal NGeIVOVoVTal
KaBws n vooos eeniooetal.'” H ouvexis veupoekpu-
Aion cupBanier otn petdBaon and tnv Ynotponidlou-
oa-Alaneinouoca otn Asuteponabs Mpoiovoa M. 1©

©OEQPIEX KAl YINOGEZEIX IA THN EMIAEINQ-
IH THX NEYPOEK®YAIZHZ ANO THN KATA-
OAIWVH XTHN NOAAANAH XKAHPYNXH

Ta teneutaia xpdvia, éxouv Npotabei apketés Bew-
pies yia va eEnyhoouv v niBavin augidpopn oxéon
HETaty tns peiCovos katabBninukns diatapaxns Kal s
veuposgk@uAions atn M. Apxikd, n katdBAiyn Ynopei
va enNievioel ta oupntpata s M, 6nws tov Xpo-
VIO MOVO, TNV KOMWOoN Kal tn vontkn e§acBévnon.
MapanAnAa, pnopei va ennpedoel tn CUPPOPPWOoN
twv aoBevav otn Bepaneia, odnywvtas €101 o€ taxu-
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tepn e&€AIEN s vOoou Kal augnpévn veupoekpuAion.
331 H kat@BAiyn enions peicovel tnv noidtnta (wns,
odnywvtas og peiwpévn cwpatkn dpaoctnpldtnta,
KOIVWVIKN anopdvwon Kal avBuyieivés eninoyEs 1po-
nou {wns.B Autof ol napdayovtes ennpedlouy éupeca
N VEupoekPUAIoNn, KaBMS PEIMVOUV TS EUKAIPIES yIa
VEUPOMPOOCTATEUTIKES OpacTNPIdTNTES, OMNMWS N KOI-
vovikn adinAenidpaon kal n doknon.?%37 EninAéov,
n kataBAinukh Siatapaxn cuxvd cuvodelstal and
augnpévo Yyuxonoyikd OTPES, TO OMnoio éxel coPapés
ENINTWOEIS ous eykePanikés Asitoupyies. To xpbdvio
OTPES NPodyel TN veupopAeypovh kal eEaobevei tn
veuponnaoukdtnta, pia diadikaoia {wukhs onpacias
yia tnv KaBuotépnon tns veupoekeuions.[1:33:3851]

KAvikés penétes enonpaivouv tnv Unapén koivhs
@Aeypovbdous Baons yeta&l tns katabAIYns kai s
M. H oxéon peta&u gpAagypovns kal katdBniyns eival
apeidpopn: apevos, n pAeypovh epniéketal 1Goo
owmnv MNX 6oo kai otn peiCova kataBAinukh diatapaxn,
AQETEPOU, Ta KATaBAINUKE cuunN@UATa pnopouyv va
evepyonolnoouv QAeyuovmoels aviidpdoels 0To owpa
Kal OTO KEVIPIKO VEUPIKS oUotnpa B3l

‘Epeuva twv Tauil et al.B% deixvel du n kataBAintukn
oupntwpatonoyia o acBeveis pe ML ouvbéetal pe
au&npévn veupopneypovn, onws anodeikvuetal and
10 augnpéva enineda veupoividiwv (NfL), evéds deiktn
atovikns BAaPns. Ta augnpéva enineda NfL oxetido-
vial Pe nio enBeukn Katdotaon veupo@neypovns,
nou cuppaniel tdoo otn veupoekPuAion 6o Kal
ous Siatapaxés s d1aBeons. EninAgov, n katdBAiyn
pnopei va enbevioel TN veupoPeypovh PJéow tns
evepyonoinons tou G€ova HPA (unoBanduou-uno-
Quons-eNIVEPPIdiwv) Kal Tou oUPNaBnTuKoU veupikou
OUCTAPATOS, ENITAXUVOVTAS Thy anopugiviwon Kal thy
anwAeia veupagovawy. 1233340

TUugpwva pe v épeuva twv Kalatha et al.b? ta
auénpéva enineda NfL oto eykepanovwuaio uypd
ouvbéovtal pe vonukh eGaoBévnon kar duoiertoupyia
ous NPOOOEUTKES HOPPES Tns MX. Autd unodnAwvel
6u n veuposkUunion cupBaniel otn vonukh duofel-
toupyia Kal, kat enéktaon, n katdBiiyn pnopei va
enitaxuvel auth i diadikaaia.

MNapdiinia, npwrteives nou deopelouv 1o RNA,
6nws n TDP-43 npwrteivn kar 1o hnRNP A1, ¢aivetal
va epniékovial 1oo otn veupoegkpuion 6oo Kal otny
naBonoyikn avooia otn M, unodeikviovtas KOIVES
Hoplakés Bdoels petay autv twv kataotdoewy.!”
H veupoekpunion otn M ynopei va npokAnBei ano:
@ieypovmdels BAGPES, peiwpévn Tpo@IKN UNootpIEn
TV Veupwvwy, duoneitoupyia a&ovikns Petapopds,
Kal pitoxovopiakn BAGEN.B4 Onol autof o pnxavioof
oupBaniouy otn otadlakh avannpia twv aoBevay. '
EnminAéov, n Slacuvanukh ekpuiion —énou n BAGRN
€vos veupwva odnyei og ekpuniion ouvdebepévwv
VEUPWVWV— Bewpeital évas onuavukos JNxaviouos
veupoekPUAions otn M, ennpeddovias OO0 anopu-
efivwpévous 600 Kal UyIgis 1otous. !
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O1 buoneitoupyies twv cuvayewy Paivetal va oxe-
tiovtal ge vonukd cupntdpata, Pe tn Siatapaypévn
aAnnAenidpaon petaty ouvayewy Kal yAoIaKwy KUt
TdpwV Kal ta auEnuéva enineda veupopieyuovns va
biadpapatidouv kevipikd pdAo.1>1

EminAéov, n katédBAiyn oxetiCetal pe au€nuévo
o&e1bwUKO OTPES, TO OMnoio Pnopel va enBEIVIOE!
™ veupwvikn BAARN otn NX.B! MeAén twv Ahmed
et al.'" enionpaivel tov pono twv oEEIBWTKMY Kal
VITponoINTuKwy Slepyacimv otn peifova katabainukn
diatapaxn, ol onoiol cupBdaniouv enions otn veupo-
ekpuUAIoN Nou napatnpeital otnv M.

EninpéoBeta, n yAoutapivepyikh to§ikdtnNta, nou
oxetiCetal pe v katdBAyn, pnopei va cupPdaniel
otnv endeivwon tns veupoekpunions. H duonetoup-
yia otn veupodiaBifaon tou yRoutapIvikoU €xel ouv-
0€B¢ei pe au€npévn atovikn BAAGRN, enidevivovtas
nepatépw tnv e&€AIEN s ML B3

Menétes o€ (wika poviéna MX deixvouv Ou Kkata-
BAINuKEs oupnePIPOPES eNIBEIVADVOUY T xpdvia VEU-
po@Agypovn Kal T veupoekpunion.?028 EninAgoy,
KAIVIKES penétes éxouv deifel 6u n napouacia katdoni-
yns og aoBeveis pe ML oxetietal pe 1axutepn EEAIEN
s avannpias.ko

H katavénon ts oxéons Peta&u tns katdBAiyns kal
s veupoekpUnions gival kpiolpn yia t BeAtiwon s
ppovtibas twv acbevav pe M. H anAndenidpaon
peta&l pAeypovns, veupoekUAIons Kal S1aTapaxmyV
s 61aBsons Npooépel pia Bewpnukh BAon yia
otoxeupévn Bepansutkn napéupaon oo otn M
600 Kal oUS CUWOONPOTNTES NS, ONWS N Katddni-
wn. H avantuén Bepaneidyv Nou otoxeUouv td Kové
povondua s veupopAgypovAs Kal tns kataBaiyns
pnopei va oupPdnel otn BeAtiwon ts noidtntas {whs
Kal otnv tpornornoinon s nopeias s vooou.2837]

OEPATNEYTIKEZ MPOZEITIZEIZ

H kataBaiyn ennpedder dxi ydvo v Puxikn uyeia
Twv atopwv pe MX adfd kar tn veupoekpuiion, kabi-
OWDVIAS TNV QVUPETIDIoN NS KPIoIn yia tn ouvodi-
Kh gpovtida kal diaxeipion s véoou.#2 H guvdeon
petay katdBniyns kai MX @aivetar va oxetietal pe
™ veupo@ieypovh, kaBs ol pAsypovddels Kutta-
pokives oupPdaniouv otn dieyepukh to€ikdTnNTa, OT0
0&e1bWTKS OTPES Kal ot VeUPOeKPUion. 123340 T yve-
nws, ol avu@Aeypovwdels Bepaneies pnopel va éxouv
Bepaneutkn aia.®

MapdnAnAa, ol diatapaxés otn ogpotovivn Kal atn
vopenivePpivn oxetifovial 1600 pe v katdBAiyn 6co
Kal Je t veupoek@uion 2442 Ta avukataBAinukd nou
OTOXEUOUV auTtoUs tous veupodiafifactés unopef va
BeAuwoouv t 6168eon aAnd kal va Napéxouv veu-
ponpoctaaia, av kal n enifoyn tous Npénel va yivetal
pe npogoxn Adyw nBavav anAnAenidpacewy e Us
Bepaneies tns MY.1#2°0]

EninAéov, ta xapnnd enineda tou BDNF cuvdéovtal
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pe katdBaiyn kai MZ, pe tous epeuvniés va egtdlouy
Bepaneies nou evioxUouv tn Agitoupyia Tou yia tn
BeAtiwon s veuponAaoukdtntas.?4 Avtiotoixa, n du-
ofetoupyia tou agova HPA, nou odnyei og augnpéva
enineda kopuddans, euniéketal kal ous SUo nNabnoels,
YEYOVOS nou kaBiotd onpavukn tnv opgafonoinon s
Aetoupyias tou. 2344

To otelbwukd otpes ocupPanner enions otn veupo-
ekpUAIoN kal tnv KAatéBAiyn, Pe TS avUoEEIOWTKES
Bepaneies va e€etalovial ws niBavés napepPaoeis.+!

O1 eknexukoi avaotoneis enavanpdéoinyns ogpotovi-
VNS Qaivetal va Npoopépouy tOoo avukatabninukd
000 Kal VEUPOMNPOOTATEUTKA o®énn, andd anaiteital
NPOCEKUKA €nAOYN TOUs.1243]

Ténos, ol YuxoBepaneutkés napeuPacels, 6nws n
YVWOIaKA-oUPNEPIPOPIKA Bepaneia, N uNOoTNPIKT-
KN YuxoBepaneia Kal ol TEXVIKES evouveldntotNTas,
éxouv anodeixBei anoteNecpatkés otn diaxeipion
s katdBAiyns otnv M, BeAuwvovias napdinnia
v KONwon, tov NOvo Kai th cuvonikh guesgia.[27.2837)

Nivakas 1. ZUvoyn peAETV.

XPOVOS €wS TN
beltepn unotponn,
dpaonpiotnta
nPWIPNS UNOTPOMAS,
BaBuonoyia yeveukou
KIvbUvou

Yuyypaoeis Eios penéins Asgiypa MeBobonoyia Anotenéopata
Kal £10s

Dighriri et al. BiBAioypapikn | 116 penétes Avalhtnon apBpwv og | H katdBniyn ouxvd npokUntel ws
(2023) avaokoénnon Baoeis Sedopévwv oUpntwya s M
Dobson & BiBAioypapikn |61 pedétes Avalhtnon apBpwv og | H katdBniyn givar cuxvd cuuntwua
Giovannoni avaokonnon Baoeis bedopévav s M
(2018)@
Tozlu & Kuceye- | BipAioypagikn |52 penétes Avalhtnon dpBpwv oe | O eninoAacpds s katdBniyns otnv
ski (2024)E! avaokonnon Baoceis bedopévav MY kupaivetar peta&u 40%-60%
Briggs et al. YUYXPOVIKA 1587 aoBeveis | ApIBUOS peEIwpPEVWY Ta atopIkd XapaktnNpPIoTUKA, Onws
(2019)4 pe N AeItoupyIky Topéwy, | N nAikia, Ta yeveukd npo@id, n

naxuoapkia kai n katdotaon
kanviopatos cupBdannouv otnv
ETEPOYEVEIO OTNV EPPAVION TS VOOOU
kal puBpiouv tnv npwipn €E€AIEN tns
nopeias tns vooou.

Soldan & Lieber-
man (2023)5!

BiBAioypapikn
avaokonnon

233 penétes

Avalhtnon épBpwv oe
Baoeis dedopévwv

O 16s Epstein-Barr cuppdandel otn N
HEOW TOU Enavanpoypappatopoy
twv AavBdvovia ponucpévwv B
Agp@OKUTIApWY Kal NS Xpovias
napouaciaons IIKMV avuyovwy ws
niBavhs nnyns autoavudpacukoTNTas
HEOW poplakoU Piynuopou.

McGinley et al.
(2021)e!

BiBAioypapikn
avaokonnon

47 pengtes

Avalhtnon épBpwv oe
Baoeis dedopévwv

H MZ xapaktnpiletal and cwpatkn
avannpia, yvwotkh egacBévnon kai
anfa cupntpata nou ennpedlouv
v noiétnta (wns. H Bepaneia
HMNOPEl va PEIDoEl T0 N0000TO
unotponns katd 29%-68%.

Bjornevik et al.

BiBAioypapikn

157 penétes

Avalhtnon apBpwv og

H MX eival pia ondvia eninAokh s

(2023) avaokonnon Baoeis dedopévwv péAuvons and tov 16 Epstein-Barr.
Butzkueven et | Tuxalonompévn | 199 atopa Mayvnukn topoypagia | Aev Bp€Bnke peiwon s niBavotntas
al. (2024)s efeyxopevn uynAou s vooou s M pe oupgninpwpa
bokiuh KIvbUvou yia Brrapivns D3.
M (sikovikO
@dappako: 50
Gtopa, 1000 1U
D3: 49 dwopa,
5000 IU D3: 51
Gtopa, 10000 U
D3: 49 &topa)
Glukhovsky et | Zuyxpovikn 185 aobeveis Mayvnukn topoypagia | Ta cupntdpata katddAiyns
al. 2021)® PE MPWIPN ouvdéovtal pe i yvwotkh noNAanin
Nz (<5 xpdvia gpyaoia otnv npwiun M.
bidyvwons)

Apxeia Kivikns Neuporoyias 34:3-2025, 38-54
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Luyypageis Eidos pedéns Asiypa MeBobonoyia Anoteféopata
Kal €10s
Gugliandolo et | Meipapaukh 38 penétes Mpoodiopiopds MTT H kavvaBiyepdin éxel
al. (2010)@ VEUPOMPOOTATEUTKES ENIOPATEIS, MOU

unopsi va gival pia niBavh Bepaneia
Katd s veupo®eypovns Kal Tou
0&e1IbwuKOoU OTpES.

(2024)1

Calabrese et al.

BiBAioypapikn
avaokoénnon

268 penétes

Avalhtnon dpBpwv o€
Baocels 6ebopévwv

To oUotpa naBonoyikdv cupBdviwv
nou odnyei og xpoévia endeivwon

s ML ouvdéetal Pe TV NPwIUN
OUCOWPEUON BIapEPICPATONOINPEVNS
@AEYPOVAS OTO KEVIPIKO VEUPIKO
ouotnpa, kabs Kal e avenapkh
PaIvoUEVa anokatotaons Kal
prtoxovépiakh avendpkeia.

Correale et al.
(2019)12

BiBAioypaikn
avaokoénnon

170 penétes

Avalhtnon apBpwv og
Baoceis 6ebopévwv

H NZ npokadei veuponoyikn
avannpia péow eAoiwdous kal paids
ouofas egnAokns, PE PNXaviopous
6nws n avooonoyikh ducpuBuion,

n anopuenivwon, 10 o&EIdWTKO
OTPES Kal N pitoxovoplakh BAGRN,
0dnywvtas og Veupoekpunioud Kal
nNpoobeUTIKN VEUPWVIKN anmAEla.

Jain & Yong
(2022)e1

BiBAioypaikn
avaokoénnon

127 penétes

Avalhtnon dpBpwv ot
Baoels 6edopévwv

T kUTtapa pnopouv va cupdannouy
otwnv naBonoyia tou Kevipikou
VEUPIKOU OUCTNHATOS PECW

NS EKKPIONS AVUOWHATWY, NS
napouaciaons avuyovou Kal tns
€KKPIONS VEUPOTOEIKWV popiwv, 6nws
yivetar kal otnv I1E.

Altieri et al.
(2024)17

Metaavaiuon

37 penétes

Ynonoyiopds
EMOPATEWY TWV PECWV
otaBuIopévwy peyebmv
hE xpnon tou Hedges'
g

O1 aoBeveis pe MNZ kar uynidtepa
enineda kataBAINuKkAs
oupntwpatonoyias ynopsi enions
va napoucidlouv NepIoodTEPES
buokonies oe BIAPOPES MTUXES
s yvwoukns Agitoupyias, €101kd
OE QUTES Nou anaitouvtal yia

mn diathpnon, avtandkpion Kali
enegepyaoia NnAnpoPopIdV OT0
nepIBAnnov KANolou Kal OE AUTés
nou anaitouvtai va digyeipovtal
ENAPKWS OTNV ENECEPYAOIA OXETUKWDV
nANPOPOPIWV.

Sandi et al.
(2021)el

BiBAioypapikn
avaokoénnon

226 penétes

Avalhtnon dpBpwv ot
Baoels bedopévwv

H 066s tns kuvoupevivns eunnéxketal
ot veupopeypovh otny M.

Gromisch &
Dhari (2021)"

BiBAioypapikn
avaokoénnon

147 penétes

AvalnthBnkav apBpa
petagu 1991-2020 oto
PubMed, 1o MEDLINE,
kar 1o CINAHL

Aképun kal vwpis otn vooo,
nepinou 1 61% twv atdpwv pe
Nz epeavifouv onpadia ywotikhs
e€aoBévnaons. Ektos and us BAdPRes
otnv NPOooxh, tnv taxutnta
ene€epyaoias kar t pvhun,

MNOopEl va eUQavIOTEl EKTENETTUKN
buonetoupyia, n onoia Ynopei va
nepifapBavel Yeiaels otn AEKUKA
EUXEPEIQ.

Apxeia Kivikns Neuporoyias 34:3-2025, 38-54
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Luyypaoeis Eios penéins Asgiypa MeBobonoyia Anotenéopata
Kal €10s
Inanc & Kaya BiBAioypapikn |43 penétes AvalnthBnkav dpBpa | H kat@BAiyn gival n yuxiatpikh
(2022)r0 avaokoénnon peta€l 1996-2021 oto | biatapaxh pe tov uynidtepo
PubMed, to Google ennoiaopd ws cuvvoonpdtnta
Scholar, kai to Scopus | og dtopa nou éxouv diayvwoTel Pe
MX. H katabAiyn ennpeddel katd
péoo 6po 10 30% twv aoBevav pe
MX, nocootd nou €ival 2-5 popeEs
uwnAGTEPO and 6, OTOV YEVIKO
nAnBuopé.
Lamis et al. LUYXPOVIKA 77 acBeveis pe | Centre for Epide- YynAidtepa enineda avuAnnumv
(2018)r1 ng miological Studies YVWOTUKWOV EANEIPPATWY
Depression Scale OUOXETIOTNKAV PE xapnAdtepn
- Revised, Perceived nolétnta Unvou, NePICOOTEPO
Deficits Questionnaire, |avuAnnté dyxos kar uynidtepa
Perceived Stress Scale, |enineba kataBAinukwy
Pittsburgh Sleep Qual- |oupntwpdtwy. Téoo 1o avuinntd
ity Index. @yxos 600 Kal N noidtNta Tou
UNvoU XPNOIYEUOAV WS CNPAVTIKOS
peoonaPntis otn oxéon twv
avuANAty yvwotkov BAaBav kal
TV KataBAINuKWOV CUPNTWUATWY.
Mado et al. MenAgn kodptns | 103 aoBeveis Mini International Neu- | To 33% eixav 10topikd peiovos
(2024)e2 pe Nx ropsychiatric Interview, | kataBAinukoU engicodiou, evd T0

wuxiatpikn agloAdynon

8,7% ninpoucav ta kpIthpia yia
éva kata@ninuké eneicddio. O ibios
ap1Buds aobevmv unoPAnBnke

og Bepaneia yia unotponid{ouces
kataBninukés O1aTapaxés.

Tarasiuk et al.
(2022)=23

BiBAioypapikn
avaokonnon

86 penétes

Avalhtnon épBpwv oe
Baoeis Sedopévwv

H katdBAiyn Siaylyvdoketal oe
nepinou 50% twv atdpwv pe M.

H npwtoyevhs katdBaiyn otn ML
npokadeital and eAeypovmdels,
o&e1bwTKESNVITPODIKES Kal
VEUPOEKPUAITTKES OlEpYaaies Mou
obnyouv o€ anopuenivwaon, agovikn
BAARN kar atpoia tou eykePANou.
Xe Gropa pe MNX kal ouvwoonph
katdBniyn avagépetal auEnpévn
OUYKEVTPWON PAEYUOVWOWDV
peconafntiv otov opd Kal oto
gykepanovwuaio uypo.

Margoni et al.
(2023)2%1

BiBAioypapikn
avaokonnon

224 pengtes

Avalhtnon épBpwv oe
Baoeis dedopévwv

H kat@Bniyn gival n ouxvotepn
wuxikn diatapaxn os aoBeveis pe
MX kar ouvdéetal Pe v eEEAIEN NS
vooou, N yvwotkn e€aoBévnon,
Vv KONWOoN Kal I PEIwPEVN
noiétnta (wns. Or UNOKEIYEVES
arties tns katdBiyns nou oxetietal
pe tn MX eival noAunapayovukes,
Kal nepiAapPAvouy yeveukn
npodiabeon, anoppubuion tou
avooonoINuKoU oucThpatos Kal
dopikés kal Asitoupyikés avwpanies
ToU gykedanou nou ennpealouv
pUBuIon tns SiGBeaons.

Pagonabarraga
et al. (2022)®

BiBAioypapikn
avaokonnon

140 penétes

AvalntBnkav dpBpa
oto PubMed

H katdBAiyn eival noAu diadedopévn
ous veuponoyikés S1atapaxés Kal
peIVel Ty noldtnta {wns.

] EAAHNIKH
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Tuyypageis
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Eidos pedéns

Acgiypa

MeBobonoyia

Anotenéopata

Cuerda-Balles-
ter et al. (2024)

[27]

ZUYXPOVIKN

64 aobeveis pe
Mnx

Prefrontal Symptoms
Inventory, State-Trait
Anxiety Inventory, Beck
Depression Inventory
ll, Self-Compassion
Scale Short Form,
Experiences Question-
naire, Acceptance and
Action Questionnaire,
Functional Activities
Questionnaire.

H xaunih wuxonoyikn eueia eival
n petaPAnth nou npoPnénel nio
onpavukd mv napouoia dyxous
kal katédBAiyns oe aoBevels pe ML,
akofouBoUpevn and Agitoupyikh
dpaoctnpidnta Kal NpoPEIwnIales
afdoidoels.

Topcu et al. BiBAioypapikn | 30 pedétes AvalnthBnkav apBpa | H anoboxn tns M avadeikvietal
(2020)28! avaokonnon oto EMBASE, 1o MED- | otaBepd ws évas and tous
LINE, o CINAHL, 0 10XUPOTEPOUS MPOYVWATUKOUS
Cochrane Database of |napdayovies avupetonions s M kai
Systematic Reviews, 10 | éxel BpeBei du oxetiCetal avuotpdews
Web of Science kai 1o | pe tnv katdBaiyn.
PsycINFO.
Rajkumar BiBAioypapikn | 111 penétes Avalhtnon dpBpwv oe | Yndpxel onpavuki oxéon PEtaty
(2023)r9 avaokénnon Baoels 6ebopévwv KataBAINuKk®V diatapaxdv Kal
VEUPOEKPUAICTKDV dIaTapaxwy,
niBavns KoIvAs yevetknhs eundBeias
nou oxetiCetal Pe Tous NeItoupyIkoUs
noAupop@iopous tou yovidiou SNCA
kal mBavwv anAnfenidpdoswv
yovibiou-nepiBannovtos.
Tateno et al. BiBAioypapikn | 50 penétes Avalhtnon dpBpwv oe | O1 veupoekPuUAIOTIKES A0BEvEIES
(2023)e0 avaokénnon Baoels bebopévwv pnopei va ekdbnAwBolv ws
YUXIaTPIKG CUPNTMOPATA otV
npddpoun edon, npiv anod v
EUPAVION BACIKDOV CUPNTWUETWY
o6nws veuponoyikd, KIvNTKda Kal
YVWOUKE oupntopata. H auénpévn
evanobeon apuioeidous-phta
T0U gykepdnou og katabAiyn
oyiuns évapéns eival pia niBavn
avtavakdaon s npodpopuns
VEUPOEKPUAIONS.
Correia et al. BiBAioypapikn | 126 penétes Avaghtnon apBpwv os | H un guaolofoyikn Agitoupyia
(2023)B1 avaokénnon Baoels bebopévwv NS ANOKPIONS OTO OTPES, Ol

oAeypovbders Siepyaaies, n
veupodiaBifaon, n veupoyéveon Kal
n ouvanukn nAacukéta anotefolv
mn Bdon ns naboguaoionoyias

s katéddAiyns. H unepBonikn
napaywyn evepywv iSOV o§uydvou
kal n éAneiyn anoteAeoPaTUKAS
avtuo&eldbwtKAs andkpions
nupodotolv diadikaaies dnws
@Agypovn, VEUPOEKPUAIOUO Kal
VEUPWVIKO Bavarto.

Olufunmilayo et
al. (2023)k2

BiBAioypapikn
avaokoénnon

292 penétes

Avalhtnon apbpwv og
Baoeis bedbopévwv

To o&e1bwTKS OTPES KAl N OXEUKA
pitoxovdplakh duonetoupyia
eivar onpavukoi napdayovies ous
naBoguaionoyikés diepyaaies nou
eUNAEKOVTal OE VEUPOEKPUAIOTIKES
Kataotdoels.

Apxeia Kivikns Neuporoyias 34:3-2025, 38-54
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Luyypaoeis Eios penéins Asgiypa MeBobonoyia Anotenéopata
Kal €10s
Bruno et al. BiBAioypapikh | 207 penétes Avalhtnon GpBpwv oe | O1 NpoPAgyHOVMOEIS KUTIAPOKIVES
(2020)B31 avaokonnon Baoeis dedopévwv oupPannouv oe diatapaxés s

b166gons nou npokanouvtal anéd
10 OTPES Kal otn peidova katddaiyn.
Yndpxel pia Aenth addnAgnidpaon
petagu tou avooonointikou Kal

TOU VEUPIKOU OUCTAPATOS NOU
MNOPEi va éxel Tepdoto aviiktuno
o€ b1aQopes veuponoyIKES
Aertoupyies, oupnepiNapBavopévav
TV KAtaBAIMuKOV CUPNTWPATWY,
ot bdiagopetkés nabonoyikeés
Kataotdoels.

Heitmann et al. |BifAioypagikn |72 penétes Avalhtnon apBpwv oe | H Sduoneitoupyikh ene€epyacia
(2022)B4 avaokonnon Baoeis Sedopévwv avtagolpns avtinpoownevel évav
KoIvO AEITOUpYIKO PNXAVIoPO Nou
evIOXUEl T0 oUPNAEYUa CUPNTWHATWY
s KONWOoNS, NS katdBiiyns Kai tou
novou otnv IMx.
Tauil et al. Tuxalonoinpévn |40 aoBeveis Expanded Disability Ta enineda eAappids aducidas
(2021)81 efeyxopevn (opdba enéyxou | Status Scale, Hospital | veupoivwudtwy oto eykepanovwtiaio
dokipn xwpis eAgypovh: | Anxiety and Depres- uypod twv atdpwy enéyxou,
10 dtopa, sion Scale, Beck De- twv aoBeviv nou dev énafav
opéda pe pression Inventory-Il, | Bepaneia kal twv aoBevav nou
unotponidlouaa | Beck Anxiety Inven- énapav Bepaneia pe @ivykoAIpoON
MX nou bev tory, Anyn Selypdtwv | Atav onpavukd. H oxéon petagu
énape Bepaneia; | eykepafovwuaiou katdBniyns kal dyxous os aoBeveis
14 gtopa, uypou. nou éAapav Bepaneia kar eninédwv
opéda pe edappids aducidas veupoivwpdtwy

unotponidlouca
N% nou énaPe
Bepaneia pe
QIvykoAIpodN:
16 Gtopq)

bev Atav oTaTOUKE ONPAVTKA.

Gil-Gonz lez et
al. (2020)37

Yuotnpaukn
avaokonnon

106 penétes

AvalnthBnkav dpbpa
petay 2024-2019 oto
ProQuest, 1o Web of
Science Kkal to Scopus.

H avannpia, n k6nwon, n
katdBniyn, n yvwoukn eacbévnon
Kal n avepyia npoadiopioviav
otabepd ws napdayovies Kivéuvou

yia v noidtnta {wns, v n
uYnAdTEPN AUTOEKTINGN, N AQUTO-
anoteAeopaukdnta, n avBekukdnta
Kal N KOIVWVIKA UNootnpIgn
anodeixBnkav NPoCTATEUTIKA.

Katarina et al.
(2020)5!

YUyXpoviKn

98 aobeveis pe
MZ kar 35 uyin
atopa

Enineda oupikoU o&os
kal C-avudpwoas
npwrteivns, Beck De-
pression Inventory.

O1 aoBeveis pe unotponidlouca Kal
bianeinouoa ML €ixav xaunndtepa
enineda oupikoU o&éos opou

anoé v opdda eféyxou, evd ta
enineda C-avudpwoas npwreivns
htav uynAdteEPa otous aoBeveis

pe unotponiélouoa ME and tous
aoBeveis pe dianeinouca M. O1
aoBeveis oe unotponidlouoa M
eixav uynnotepes Babuonoyies
katdBAipns. Ta peiwpéva enineda
oupIkoU o&éos €deiEav aobevn
apvNUKA CUOXEUON PE TNV Napouaia
katdBniyns, ev ta auénpéva
enineda C-avudpwoas npwreivns
OUOXeTIoTNKAV BeUKA pe tn oofaph
katdBniyn.

7)) EAAHNIKH ) ) )
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Tuyypageis
Kal €10s

Eidos pedéns

Acgiypa

MeBobonoyia

Anotenéopata

Kampaite et al.
(2024)s8

ruotpaukn
avaokonnon

60 penétes

AvalnthBnkav dpbpa
peTtagu 2001-2023 oto
PubMed, 1o Web of
Science kai to Scopus.

H katédBAiyn otnv MNX oxeticetal

pe un guolodoyikh @Aolo-
PetaIxpIakh SopIKA Kal AEToupyIkn
ouvdeolpdtnta, afdolwpévn Gopikn
ouvOECIPOTNTA TOU NPOCaywyiou
kal aAfolwpévn Agtoupyikn
ouvdeoIpoNTa nou nepiNapPdvel
BdAapo, napeykepanida, petwniaio
AoPo, koIAlaKA TUNPATKA NEPIOXN,
pafBdwtd ompa, npoenifeypéva
biktua Agtoupyias kal MPOCOXNS,
Kal unepxeinia, MPOKEVIPIKN Kal
PETOKEVTPIKN €AIKA.

Cohen et al.
(2021)39

YUYXPOVIKN

147 aoBeveis
pe M

Timed-25-Foot Walk,
Nine Hole Peg Test,
Symbol Digit Modali-
ties Test, Beck Depres-
sion Inventory.

To 10T0pIKG NTWONS CUOXETIOTNKE

pe uynAodtepa kataBAINUKA
OUPNTWMATA Kal PTwXdTeEPN CUVONIKA
Kivnukn Aertoupyia. Ta uynidtepa
autoavagepodpeva katabAinukd
OUPNTOUATA CUCXETOTNKAV HE
upnAoTEPES NIBavOTNTES NTOOEWV
10 teneutaio €tos o€ éva poviéno
npooappoopévo otnv niikia. H
YVWOTKA Kal N Kivnukn eniBpaduvon
pecondBnoav ceipiakd tn oxéon
HEWaEU twv kataBAinukoy
OUPNTWHATWY KAl TOU 10T0PIKOU
ntons.

Chitnis et al.
(2022)10

BiBAioypaikn
avaokoénnon

152 penétes

AvalnthBnkav épbpa
petatu 2011-2021 oto
PubMed.

H tautdxpovn gppdvion k6nwons,
yvwoukns eEacBévnons, katddAiyns
Kal névou otwn ML eaivetal va
oxetietal pe éva kovd ouvono
armonoyIKwv napayéviwy, dnAadn
vEUpoavatopikés anfayes,
NPoeAeYUOVMOEIS KUTIAPOKIVES,
duopUBUIoN POVOAUIVERYIKWDY
0dwv kal ungpdpactnpio

a€ova unoBandpou-undeuons-
ENIVEPPIBiwV.

Mikula et al.
(2020)41

ZUYXPOVIKN

156 aoBeveis
pe M

General Health Ques-
tionnaire-28, Multi-
dimensional Scale of
Perceived Social Sup-
port, Pittsburgh Sleep
Quality Index, Multi-
dimensional Fatigue
Inventory-20.

O QUTOKTOVIKOS 16€00HOS
OUOXeTioTNKe BeUKd pe xapnAdtepn
nolétnta Unvou, uynAdTEPN YEVIKN
Kal vonukn K6nwaon, PEIWPEVN
dpaotnPIdTNTa Kal PEIWPEVO
KivnTpo, eV OXETOTNKE ApvNTUKA PE
NV KOIVWVIKA Unoatnpign kai bev
OUOXEUOTNKE OTAUCUKE ONPAavukd PE
N YEVIKA KOMWOonN.

Apxeia Kivikns Neuporoyias 34:3-2025, 38-54
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Luyypaoeis Eios penéins Asgiypa MeBobonoyia Anotenéopata
Kal €10s
Stamoula et al. | BiBAioypaikn |20 pedétes AvalnthBnkav in vitro | Mefétes in vitro €6ei€av 6u ta
(2021)42 avaokonnon Kal in vivo peétes oto | avukata®ainukd npodyouv tn

PubMed, to Cochrane
Kal to Scopus

Biwaoipdnta kai tn Siagoponoinon
TWV VEUPIKMV Kal veupoyAolakhv
KUTIAPWV, PEIOVOUV TS
npo@AeyHovmOEls KUTIAPOKIVeES

Kal aoKoUV VEUPOMPOOTATEUTKN
dpdon eCaneipovtas tnv anwela
veupa&dvwy. Menétes in vivo
eniBeBaiwoav 6t ta avukatabAinukd
kaBuotépnoav v évapén s

vOOOU Kal avakougioav ta
OUUNTMMATA OTNV NEIPAPATKN
autodvoon eykepanopueniuda, 1o
nio d1adedopévo {wikéd poviéno

MX. Mepaitépw, ol avukataBAinukof
napdyovies katéoteidav tn eAgypovn
Kal nepidpioav v anopuenivwon
peiovovtas t 61nBnon twv
OVOOOKUTIAPWY TOU KEVIPIKOU
VEUPIKOU CUOTNPATOS.

Carandini et al.

BiBAioypapikn

109 penétes

Avalhtnon apBpwv og

O1 povoayives €ival Bacikof

(2021)w3!1 avaokonnon Baoeis dedopévwv peoonaPntés tns veupoavoons
anAnAdenidpaons, nou ennpedlouv
v naboyéveon kai v nopeia s
M.

Ruiz-S nchez et | AoBevv- 58 aoBeveis pe | Beck Depression Inven- | O1 aoBeveis pe M eixav onpavukd

al. (2022)=4 paptipwv Nx ka1 58 uvyieis | tory uwnAotepa enineda katddAIyns

pdaptupes

OUYKPITKA PE TOUS UYIElS HAPTUPES.

Wang (202 1)#4!

BiBAioypapikn
avaokonnon

140 penétes

Avalhtnon épBpwv oe
Baoeis Sedopévwv

‘Ews ka1 10 50% twv acBevov

pe MY eppavidouv kataBAINTKES
biatapaxés. MoAnés duoneitoupyies,
oupnepiNapBavopévns s
VEUPOPAEYUOVAS, TNS NEPIPEPIKNS
@Aeypovns, tns duoBiwons

TOU EVIEPOU, TOU XpOVIoU
o&e1bwuKoU Kal VITpodIKoU OTpes
Kal TV VEUPOEVOOKPIVIKGDV Kal
PITOXOVOPIaKWY avwpanicv
oupBaniouv otn cuvwoonpdtnta
petatu M kal peifovos kataBAinukhs
diatapaxns. Ektds anoé autés us
dpdaaeis, n 1atpikh Bepaneia Kal

n pUBpion tou microRNA pnopef
enions va eyniékovial oTous
HNXaviopoUs tns ouvwwoonpdtntas
autns.

Nociti & Ro-
mozzi (2023)145)

BiBAioypapikn
avaokonnon

125 penértes

Avalhtnon épBpwv oe
Baoeis dedopévwv

‘Evas niBavés pnxaviopds yia 1o

VEUPOMPOCTATEUTKO anotéeopa otn
MNX nepifapPaver inv anedeuBépwon
VEUPOTPO®IKOU Napdyovia nou
npoépxetal and tov eyképano

and KUTtapa Tou avooonointkou
OUCTAPATOS OTO NEPIPEPIKO aipa Kal
oAeypovdels BAdRes, kKaBws Kal
and pikpoydoia kal aotpokUttapa
€VTOS TOU KEVIPIKOU VEUPIKOU
OUCTNJATOS.

] EAAHNIKH ; 3 3
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avaokoénnon

Luyypageis Eidos pedéns Asiypa MeBobonoyia Anoteféopata
Kal €10s
Phillips (2017)4¢! | BIBAioypa@ikh | 223 peAétes Avalhtnon apBpwv og | H enaydpevn and 10 oTpEs

Baoeis bebopévawv

kataBAinukn naBodoyia cupBaniel
otnv andaynh tou eninédou Kkai s
AeItoupyias Tou VEUPOTPOPIKOU
napdyovta nou nNPogpxetal and
oV eyképano o€ dropa pe peifova
kataBninukn diatapaxn kai, ws

€K TOUTOU, O€ OIaTapaxés s
VEUPONAQOUKOTNTAS.

Sanabria-Castro
et al. (2024)«9

BiBAioypapikn | 182 peétes

avaokoénnon

Avalhtnon apBpwv og
Baoceis 6ebopévwv

To o&e1bwukd otpes oupBdanner otnv
évapén kar tnv eE€AIEN s MZ, péow
UNXQVIOHWV ONws N JItoxovoplakn
buoneitoupyia, n diakonnh
blapoépwv 0dwv onpatoddtnons

Kal n evepyonoinon s autoavoons
anokpIons.

Schmitz (2023)

[51]

avaokénnon

Jones et al. BiBAioypapikn | 104 penétes AvalnthBnkav Aev undpxel pia eviaia Bepaneia
(2021)F0 avaokénnon OUCTNUATIKES XpUooU NpotUnou yia tnv katdeAiyn
avaockonnaoels Kal otn MZ andd ol mio KoIves
petaavanyoels. Bepaneies eival n avukataBAinukn
(PAPUAKEUTIKN aywyhn, N yVwouKN-
oupnepipopikn Bepaneia kal n
@doknon.
Schwarz & BiBAioypapikn | 432 penétes Avalhtnon GpBpwv oe | Ltn MX ta kUttapa evos

Baoels 6ebopévwv

autoavudpVIos avooonointkou
ouothpatos eioBannouv otov
eyképano kal npokafouv
veupo@Aeypovh. Ztn gaid ouaia,

n veupo@neypovh npokanei
buonertoupyies twv ouvayewy. H
yAoutapivepyikh dieyeptotogIkA
BAAPN twv cuvayewy epeavidetal ws
KUPIOS UNXaviopos.

Nx: NoAAanAn IkAhpuvon.

YYZHTHZH

H napouoa cuoctnpatkh avaokdnnon otoxeUel oty
nAnpéotepn katavonon s oUvOeTns oxéons Petagy
Mx kar katdBniyns. Av kai napadooiakd e€etalovtal
s EEXWPIOTES KATAOTATEIS, N peAétn auth avadeikvUel
v au€avopevn avayvapion tns adAnAe€dptnons
T0Us, kKaBs n kataBAiwn Qaivetal va ennpeddel Us
veupoekpunioukés diadikaoies o aoBeveis pe ME. H
ouykAion yvoewy and S1apopous ENICTNHOVIKOUS
kAddous, dnws n veuponoyia, N YUXIATPIKA Kal n avo-
oonoyia, evioxUel tnv aviAnyn auths ts oUvoeans.

Ta &iaBéaipa epeuvnukd 6edopéva deixvouv éu
n katdBAiyn otnv M oxetidetar ye tous idlous Plo-
AoyikoUs pnxaviopous nou cupBdiiouv otnv avo-
oconaBoyéveia tns vooou.?4 EninAéov, ol apvnukés
EMNINTMOEIS Ts kataBAiyns kaBictoUv anapaitntn tnv
npocekukh aglonéynon kal diaxeipion s, KaBws
unopei va enbevaoel v €€€MiEN tns MZ. Mapodu ol
undpxouoes Bepaneies yia v katadAiyn dev ival
eCeidikeupéves yia v Mx, anobdeikvUovtal 1d1aitepa

Apxeia Kivikns Neuporoyias 34:3-2025, 38-54

anoteeopatikes, odnywvtas akéun kal e nAnpn
Upeon v cupntwpdtwy. MeAdovukeEs €pguves otov
TOpEQ aUTO QVAPEVETal VO NMPOOPEPOUV VEES Bepaneu-
TKES nNpooeyyioels, niBavs Baclouéves o pAPPUAKa
nou Ndn xpnaigonololvial yia tn diaxeipion @Aey-
HovwOMmV Kal Yuxiatpikhy S1Iatapaxv.

H napouoa pefsn avadeikvUel yVOEIS CNPAVTUKES
1600 yia tnv kAIVIKN Npakukn oo Kal yia i diaxeipi-
on twv aoBevav pe MNX. Mpoteivetar pia nio oAIcUKN
npPocéyyion otnv napoxhn eeovidas, EvowPatnvovias
v takukh agloddynon ns kataBAINUKAS CUPNTWA-
tonoyias og aoBeveis pe Mz, Sedopévou tou uyniou
eninoAaocpou ns. H avayvdpion tns oUvBens oxé-
ons petaty katddAiyns kar veupoekuAions Pnopei
va gvioxUoel TNV anoteNecPatKOTNTA Twv KAIVIKOV
ekuphoswy, Aaupavovtas undyn BioAoyikous, veu-
pofoyikoUs kal yuxoAoyIKous NapdayovTes.

H éykaipn &idyvwon Kal avuuetonion tns katdoni-
yns o€ dropa pe MY eival uyiotns onyaaias,?>28 ka-
Bs n pedétn auth avadeikviel v niBavh apeidpopn

7 EAAHNIKH
7| NEYPOAOQTIKH
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OX€0N NS PE tn veupoekUuion. H anotefeopatikn
biaxeipion s pnopei dxi pévo va Befuwoel tn S160e-
on alAd kal va eniBpaduvel evOEXOpEVWS TS VEUPO-
ekpuiiotkés diepyaoies. MapaAnnia, n npooappoyh
v Bepaneutikwy Npooeyyicewv ota 101aitepa Kal
€CATOUIKEUPEVO XAPAKINPIOTUKA k&Be aoBevous gival
Cwukns onpaaoias yia i BEAtotn kAIvikA ékBaon.

Eninpdobeta, n dieniotnpovikh cuvepyacia pe-
1atu veupondywy, Yuxidtpwy, Yuxondywv kal an-
Awv enayyeNuaticyv UyEias UNopei va NpoogEpEl Jid
ofokAnpwévn diaxeipion 16oo s MY 6oo Kal s
Katdoaiyns.

Ténos, n pakpoxpovia eppovtida twv acbeviv Ba
npénel va xapakmnpiletal and cuvexn napakonou-
Bnon, takukh a&loAdynon Kal Npocapuoyh twv Oe-
PAMNEUTK@V NAAvVwY, MOTE va avianokpivovial otus
Olapks petapandpeves avaykes pias xpovias vodoou,
onws n M.

Mapd us nonudpiBues penétes e€akonouBouv va
UNApPXouV EMICTNHIOVIKA KEVA NMouU anaitouy NEPAItEPW
biepeivnon. O1 akpIPeis poplakoi pnxaviopoi péow
TV onoiwv n kataBAiyn eMbEIVAOVEl TN VEUPOEKPU-
Aion napapévouv acageis, v o pdnos twv RNA-
deopeutKkY NPWTEiVAVY dev éxel PeNetnBel eNapkws.
Enions, n oxéon petal ofelbwuKoU OTPES, UIKPO-
xAwpidas eviépou kal eykepdanou otnv ML anaitef
NEPAITEPW €PEUVA YIa va HIAcaPNVIOTOUV Of OXETKOI
unxaviopol. EninAgov, ol koivoi yeveukoi unxaviopof
HETAEU s kataBniyns kal AANwY VEUPOEKPUAITTKWDV
voonpdtwy, énws n NP kai n NA, bev éxel digpeuvnOei
o€ Babos.

H die€aywyn npoonuk@y Kal dIaXpoVvIKWY JENETDV
eivalr anapaitntn yia tnv napakodouBnon s eE€AIENS
twv aoBevav pe M, tov evioniopd agiéniotwvy Plodel-
Kty kal v alondynon s enidpaons ts Bepaneias
s KatédBAiyns ous veuposkpuniotukes diadikaofes.
EnminAéov, n pefémn s enidpacns tns yhpavons Kal
TWV CUVWOONPOTATWY OTn oxéon Peta&l katdabaiyns
Kal veupoekpuAions gival {wtukns onpaacias, KaBs
QUTOl Ol NAPAYOVIES UNOPET va ENNPEGCOUY CNUAVUKA
v KAIVIKA nopeia kal us Bepaneutikés NapePPAoels.

[biaitepn npotepaidtnta Ba npénel va 60Bei otnv
avantuén Brodeiktv Nou pnopoulv va npoPAéwouv
v guavion kai v eG€AIEN s katddAiyns kar s
veupoekpunions otnv MZ. H xphon t€tolwv BIodeiktmv
Ba enitpéyel tnv €ykaipn napéufaocn kar v eGatopi-
Keuon twv BepaneUTKMY OTPATNYIKDV.

H pennovukn épeuva npénel va enikevipwOel otnv
agiondynon s anoteeopatkoTNTas twv Bepaneimy
yla TV KatabAiyn os oxéon pE TS VEUPOEKPUAIOTKES
diepyaaies otnv MY, EVOWPATWHVOVTAS VEUPOMEIKOVI-
OUKES TeEXVIKES Kal BloAoyikous Ogiktes. H Sigpelvnon
WV apeidpopwy endpdoswy ts katdBAiyns kal tns
VEUPOEKPUAIoNS OE PopIakd Kal KUTtapikd eninedo
eival kaBopiotukh yia tn Babutepn katavdnon autns
NS OXEONS.

H avéntwén véwv Bepaneutkdv npooeyyicewy nou

OTOXEUOUV TOO0 OTN VEUPOEKPUAIoN GO0 Kal OTnv Ka-
1é0AIYn anotensi pia noAnd unooxduevn NPooNuKA.
Qotéoo, autés ol Bepaneies npénel va NapPBdavouv
unéyn tous kolvous BloAoyikoUus pnxaviopous nou
gunnékovtal otnv naBoguaoiodoyia tns M.

Ynpavukéds neplopiopos tns napouoas Penens
eival n aduvapia npoodiopiopoU tou aitonoyikou
poénou s katdBAiyns otn veupoekUAion f, evan-
AakTkd, N UNApEN KoIVWVY UNOKEIPEVWY NAPayOvIwy
nou ennpeddouv tnv addnAenidpacn tous. EninAé-
oV, n €tepoyévela Twv aoBevav ue MY, kabws kal ol
diapoponoinoels otn cofapdtnta kal 1o otddio s
vooou (N.x. eppdvion KataBAINUKWOY CUPNTWHAETWY
katd tn didyvwon), neplopifouv NV EpuUNVeia twv
gupnudtwy. H anouocia debopévwv OXeukd Pe v
evepyo Bepaneutkn napéuaon yia tnv M, v nii-
Kia twv aoBeviv Kal Tuxdv oUVWOOoNPOTNTES VIOXUEI
NEPAITEPW TNV avaykn yia yeNAovukes penétes nou Ba
€E€TO0UV QUTOUS TOUS £6ATOMIKEUPEVOUS NAPAYOVIES.

Yuvonikd, n yeAgtn cupPdaniel otnv katavénon s
anAnAenidpaons petatu katdBniyns kal veuposkPpUi-
ons otny [Z, avoiyovtas VEES EPEUVNTKES MPOOMUKES
Kal evioxUovtas Us Bepaneutkes HUVATOTNTES, PE OTOXO
i PeAtiwon s noidtntas {wns twv aoBevay.

LYTKPOYXZH tYMOEPONTQN

O1 ouyypageis dnAdvouv éu dev undpxel oUYKPOU-
ON OUPPEPOVTWV.
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ABSTRACT

Introduction: Cerebral fat embolism (CFE) syndrome is a rare complication of long-bone fractures with
characteristic neuroimaging findings. Case Report: An 83-year-old woman underwent total hip replacement
surgery after suffering a hip fracture due to a fall. Soon after extubation, the patient acutely developed
shortness of breath and eventually fell into a coma. A petechial rash was noted on her skin. Brain-MRI
showed numerous, scattered, hyperintense, small-sized, embolic lesions on Diffusion-Weighed-Imaging
sequences, and hypointense lesions located in the splenium of the corpus callosum and the cerebellum
on Gradient-Echo sequences. Transoesophageal echocardiography did not reveal patent foramen ovale
or other interatrial communication. Based on the abrupt onset, simultaneous involvement of the skin,
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brain and respiratory system, fat embolism syndrome was diagnosed. Conclusion: Massive CFE is a rare
and potentially devastating complication following acute trauma, which may develop even after a minor
trauma and without the presence of a right-to-left shunt.

Key Words: cerebral fat embolism, bone fracture, patent foramen ovale, cerebral microbleeds

INTRODUCTION

Cerebral fat embolism (CFE) syndrome is a rare
complication of long-bone fractures with character-
istic neuroimaging findings.!" Its incidence is 0.25%
to 1.25%, but could be as high as 10% in cases with
multiple fractures resulting in unstable pelvic injuries.
@1t is part of the fat embolism syndrome (FES) which
was first described by Zenker in 1862.5! Subsequent
studies have shown that FES is more common in
patients with multiple at-risk fractures compared
to single at-risk fractures.? The symptoms develop
within 24-48 hours after injury and are related mainly
to neurological, respiratory and dermatological se-
quelae.”! Fat embolism of the brain occurs in 60%
of FES cases, whereas the clinical manifestations vary
from mild presentations to coma and death.®! No
specific treatment exists for CES and management
is largely supportive.”! A meta-analysis of 7 clinical
studies found that prophylactic administration of
corticosteroids might reduce the risk of FES develop-
ment in patients with long bone fractures. However,
the quality of the analysed studies was poor.®! When
CFE is diagnosed, high dose corticosteroid treatment
is commonly prescribed to reduce the extent of the
cerebral oedema.

CASE PRESENTATION

An 83-year-old woman, after suffering a hip
fracture, underwent total hip replacement surgery
without complications. Within a few hours after
completion of the surgical procedure, the patient
developed acutely shortness of breath, became un-
responsive, and eventually fell into a coma with a
flaccid tetraplegia and a Glasgow Coma Scale of 6
(eye opening and production of sounds after stimu-

lus). An urgent brain Computed Tomography scan
was unremarkable. Chest X-ray examination showed
bilateral diffuse basal pulmonary infiltrates (Figure
1A). Blood tests were within normal values, except
from low hemoglobulin levels (10.2 gr/dl), and mildly
increased C-reactive-protein (2.6 mg/dl). The Electro-
cardiogram disclosed sinus tachycardia (>100 bpm).
Brain Magnetic resonance Imaging (MRI) showed
numerous, scattered, hyperintense, small sized, em-
bolic lesions on Diffusion Weighed Imaging (DWI)
sequences, as well as hypointense lesions located
in the splenium of the corpus callosum and the cer-
ebellum on Gradient Echo sequences (Figure 2A-F).
Brain MR-Angiography and Venography excluded the
presence of stenoses or occlusion of the large intrac-
ranial arteries, whereas cerebral venous sinuses were
patent. Interestingly, a petechial rash was also noted
on the patients’ inner thighs and axillae (Figure 1B).
To exclude infective endocarditis or other potential
embolic cardiac sources, a transoesophageal echo-
cardiography was ordered, which did not disclose
evidence for intracardiac thrombi or cardiac valve
vegetations. Notably, there was no patent foramen
ovale or other interatrial communications. Blood cul-
tures were also negative. Lower limb venous duplex
ultrasound was negative for deep venous thrombosis.
The Electroencephalogram showed diffuse slowing
with an intermittent and unstable alpha rhythm de-
tected in the posterior cerebral regions, as well as
bilateral frontal and generalised periodic discharges
of biphasic delta waves.

Based on the history of long bone fracture, the
abrupt clinical onset, and the simultaneous involve-
ment of the skin, brain and respiratory system, fat
embolism syndrome was suspected and subsequently
was diagnosed based on the proposed diagnostic
criteria by Gurd and Wilson published in 1974, since

Figure 1. Chest X-ray showing bilateral diffuse basal pulmonary infiltrates (A). Petechial rash on the patients’

inner thighs (B).
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Figure 2. Brain Diffusion-Weighted-Imaging-Sequences showing scattered, hyperintense, embolic lesions (A-C)
with a characteristic “starfield” pattern. Brain Gradient-Echo-Sequences showing numerous hypointense foci
involving the cerebellum, the splenium of the corpus callosum, and the cortex with a characteristic “walnut-
kernel” microbleed pattern, corresponding to petechial cerebral microhaemorrhages (D-F).

the patient fulfilled all three major diagnostic criteria
(respiratory distress, cerebral symptoms, petechial
rash).”? The diagnosis was further supported by the
characteristic “starfield” pattern of the DWI posi-
tive lesions and the simultaneous “walnut-kernel”
microbleed pattern on GRE sequences." The patient
received empirical treatment with intravenous meth-
ylprednisolone infusions, 500mg per day for 5 days.
Unfortunately, the patient died 2 weeks later.

DISCUSSION

The pathophysiology of fat embolism syndrome
remains controversial. According to one theory, the
release of free fatty acids results in an inflammatory
response and microvascular disruption.®! However,
the most popular theory states that lipid fragments
from the bone marrow, under increased intramedul-
lary pressure, enter the damaged venous sinusoids
and are transferred to the lungs where they get em-
bedded into the pulmonary microvasculature. In turn,
fat droplets may gain access into the arterial vascular
bed and obstruct microvessels of other organs, in-

cluding the brain. The fat emboli pass into the arterial
system through right-to-left shunt, typically through
a patent foramen ovale (PFO), or directly through the
pulmonary capillary bed.P!In the absence of PFO, it
is believed that a high velocity trauma is required to
force the fat emboli to reach the lungs and then pass
through the pulmonary microvasculature into the
arterial vasculature, and subsequently migrate to the
brain.®'® Indeed, a recent review found a significant
reduction of the incidence of fat embolism syndrome
after the age of 30, underscoring the importance of
high energy traumas that are far more common in
younger ages.!'"%

Our case report challenges both concepts regard-
ing CFE pathogenesis. First, CFE may occur without
PFO or other type of right-to-left communications.
This has been shown in a recent review of all avail-
able case reports, where PFO was present in only
12% of patients with CFE, less frequently than the
reported incidence in the general population.l'® Sec-
ond, massive CFE may even occur in the absence of a
history of high velocity/high energy impact. Indeed,
our patient suffered a simple, partial fall, with pres-
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sure from the body-weight exerted briefly on the hip.
This low energy impact resulted in a single long bone
fracture that was managed acutely and successfully.
However, it eventually caused this rare complication
of a massive CFE with fatal outcome.

In conclusion, CFE is a rare and potentially devas-
tating complication following acute bone trauma.
Clinicians should be aware of this infrequent compli-
cation, in order to promptly recognise its symptoms
and signs and manage the patients accordingly. Im-
portantly, as also shown by the present case report,
massive CFE may even develop after a minor trauma
and without the presence of a right-to-left shunt.
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Titnos tou dpBpou ota EAANVIKE kar ota AyyAika pe pikpd ypdpuata

Ovoépata ouyypagéwv ota EANnvikd kal ata AyyAiké (nAnpn ovduarta n.x. NikéAaos Manaddnounos)
Kévipo npoéneuaons tns epyacias ota EAANvIKG kal ota AyyAiké

Aopnpévn nepidnyn ota EAANvIKG kar ota AyyAikd

[ W Sy W W]

‘Ews névie NéCels eupetnplacpoU (katd npotiunon and to MeSH Hellas-Bioiatpikit Oponoyia) ota EAANvikd
kar ota Ayynikd

O OAda ta ovopata twv cuyypadéwy ous BIBAIOYPAPIKES NAPAMNOUNES
(L€xpl 6 Kal OTn OUVEXeIa «Kkal ouv.» N «et al»)

Q H BiBrioypagia ous teAeutaies oenides twv dpBpwv

Anflwon
AnAmvw unevBuva ou:

1. OAol oI ouyypaeeis NS €pyacias CUPPWVOUV UE TO NEPIEXOUEVO TNS KAl PE Ty unofonn tns
oto nepIodIkG: Apxeia KAivikns Neuporoyias.

2. To ibio keiyevo N ta anoteAéopata s epyacias dev éxouv unoPAnBel yia dSnpoacieuon oe aAfo EAANVIKG
h E&vo Neplodikd.

3. AnAdvw unglBuva éu dev undpxel B¢pa unokAonhs nveupatkns 1610KTNGias (o nepintwon eIKOVWY,
nivékwv h udikou ané dines dnuooievoel éxel (ntnBei kal AN@Bel n vopiun adeia n onoia

kal ouvunofdnnetal).

4. Aev undpxouv Bépata oUYKPoOUOoNS CUPPEPOVIWY — OE NEPINTWon Ewtepikns Xxpnuatoddtnons autd Ba
NpéENel va avagépetal oto A0S NS Epyacias.

O uneuBuvos yia v anindoypaia cuyypapéas

(unoypaon)



