EAHNIK NEYPONOTIKH ETATEIA EAAHNIKH K7 HELLENIC
| | NEYPOAOTIKH iﬁ NEUROLOGICAL
ETAIPEIA | #%| SOCIETY

www.enee.gr

Apyxeia KAlVlan
NeupoAoyiag

www.jneurology.gr EMIZHMO MNEPIOAIKO THZ EAAHNIKHZ NEYPOAOTIKHZ ETAIPEIAZ

KQAIKOZ ENTYNOY: 017159

Topos 30 - Teuxos 9

Vol. 30 - Issue 9

APOPA / ARTICLES

e BEATIXTH ETPATHIIKH ©EPATEIAX A THN BAPIA MYAXOENEIA:
EMTIIEIPIA ENOXZ KENTPOY / OPTIMUM TREATMENT STRATEGY
FOR MYASTHENIA GRAVIS: A SINGLE-CENTER EXPERIENCE

* MYAXSENEIA ME HAEKTPO®YZIOAOTIKH EIKONA KAI MYAXLOENIKOY
YYNAPOMOY. TYXAIA LYNYMAPEH H FEXQPIZTO ZYNAPOMO NEYPOMYIKHE
LYNAWHZ; MAPOYZIAZH MEPIETATIKOY KAl ANAXKOIMHZH THEZ BIBAIOTPAOIAL /
AChR POSITIVE MYASTHENIA GRAVIS WITH ELECTROPHYSIOLOGICAL FINDINGS
OF PRESYNAPTIC NEUROMUSCULAR TRANSMISSION FAILURE. A CASE REPORT
AND LITERATURE REVIEW

o KAAXZIKOI BIOAEIKTEX THE NOXOY ALZHEIMER XTO MNMAAZMA.
MNOY BPIZKOMAZXTE *HMEPA,; / CLASSICAL ALZHEIMER'S DISEASE BIOMARKERS
IN PLASMA. CURRENT STATUS

e T[EQIPAOIKEX AIAOOPEX XTH ®PONTIAA THZ ANOIAL /
GEOGRAPHICAL DIFFERENCES IN DEMENTIA CARE

* YYNAPOMO KENTPIKOY YINOAEPIZEMOY LZYNETIEIA TMPOMHKIKOY EMOPAKTOY:
MAPOYZIAZH MEPIXTATIKOY KAI ANAXKOIMNHZH BIBAIOTPA®IAY / CENTRAL
HYPOVENTILATION SYNDROME AS A CONSEQUENCE OF MEDULLARY INFARCTION:
A CASE REPORT AND REVIEW OF THE LITERATURE

e KAINIKH EOAPMOIH THE OTKOMETPHEHE TOY ETKE®AAOY ME EIAIKEE
ME©OAOYZ ATEIKONIZHE MAITNHTIKOY XYNTONIZEMOY £TH AIATNQXH
KAI MAPAKAKOAOYOGHXH TON AZOENQN ME MOAAATAH EKAHPYNZH /
APPLICATIONS OF MAGNETIC RESONANCE IMAGING - BASED BRAIN VOLUMETRY
IN THE DIAGNOSIS AND FOLLOW - UP OF PATIENTS WITH MULTIPLE SCLEROSIS

YentéuPpios - OktwpPplos 2021 / September - October 2021






Alpnviaia ékboon tns

EAAnvikns Neupofoyikns Etaipeias
Adkpdvos 10, Abnva 115 28

TnA.: 210 72.47.056 - Fax: 210 72.47.556
www.enee.gr  info@jneurology.gr

AIOIKHTIKO XYMBOYAIO ENE

Apxeia KMVlan
NeupoAoyiac

www.jneurology.gr

Topos 30, Teuxos 5, XentépPpios - OktwPpios 2021

[lepiexopeva

Mpoedpos: I. ToiByounns
Avunpéedpos: K. Badikonias
I. FTpapuatéas:  N. Fpnyopiddns
Tapias: I'. Pouvion®
Ménn: ©. ABpapiéns
K. BoupBoupdkns
I. ERdouA
K. KuAivinpéas
T. Ntbokas

YMNEYOYNOX EKAOXHX

[. ToiByoufns

YMNEYOYNOI LYNTATHZ

. Navvénounos - I. ToiByouAns

LYNTAKTIKH EMITPOIMH

E. Aapbidns
I. Aepetgh

I. EAdouA

T. Ntdokas

I'. Pouvtodg

FTPAMMATEIA

I Tiykapdkn - M. Zuvtpo@piou

TEXNIKH AIAXEIPIZH

M. Zuvipopiou

AIAAIKTYAKH EKAOZH

[pappateia ENE

IAIOKTHZIA

EAAHNIKH NEYPOAOTIKH ETAIPEIA
AlgeUBuvon: Afkudvos 10,
Abnva TK 115 28

MAPATQIH ENTYTMNHX EKAOXHZ
KAl HAEKTPONIKQN APXEIQN

Auxvia A.E.

Avbpapibas 7

136 71, Xapépuio Axapvav

TnA.: 210 34.10.436 - 1, Fax: 210.34.25.967
www.lyhnia.com

LYNAPOMEZX

MéAn tns ENE  Awpedv

Kwbikds AletBuvons Enonteias MME:
7159ISSN 1106 - 3106

A OPTIMUM TREATMENT STRATEGY FOR MYASTHENIA GRAVIS:

A SINGLE-CENTER EXPERIENCE

(BEATIZTH LTPATHIIKH ©EPAMEIAZ TIA THN BAPIA MYAXZOENEIA:
EMTIEIPIA ENOZ KENTPQY)

EAiodBet Xpovn, Anuntpa Bentoiota, Lévia Madspdkn, Edsva Anuntpiou

A MYAYOENEIA ME HAEKTPOOYZIOAOTIKH EIKONA

KAI MYAZGENIKOY ZYNAPOMOY. TYXAIA ZYNYTIAPEH

'H TZEXQPIZTO YYNAPOMO NEYPOMYIKHE LYNAWHE;

MAPOYZIAXH MEPIZTATIKOY KAI ANAXKOIMHXZH
THX BIBAIOTPA®IAL

Apidbvn Aandvie, Be6bwpos Maupidns, Bwuds Zaunérns, Baoidikn ZouBeAou

A KAAZXIKOI BIOAEIKTEEX THE NOZOY ALZHEIMER XTO NMAAXMA.

MNOY BPIXKOMAZXTE HMEPA;

lewpyios Mapaokeuds, lwdvva Toavilann, EAévn Xibepn, Aikatepivn Beobwpou,
Avtwvns Maupduartos, Baoidikn Kotoann-leteivennn,

Kwvotavtivos BouuBoupdkns

A TEQIPAOQIKELZ AIAOOPEY XTH OPONTIAA THZ ANOIAX

Baoiikn Zaxaponounou, [ewpyia Zaxaponouou

A YYNAPOMO KENTPIKOY YMNOAEPIZMOY XYNETEIA

NMPOMHKIKOY EMOPAKTOY: MAPOYXIAXH MNEPIZTATIKOY
KAI ANAXKOMMHXH BIBAIOTPADIAL

lewpyios Euotabiou, Kwvotavtivos Ntacdnouros, ©e6bwpos ABpapibns

18

27

35

40

49



A APPLICATIONS OF MAGNETIC RESONANCE IMAGING -
BASED BRAIN VOLUMETRY IN THE DIAGNOSIS
AND FOLLOW - UP OF PATIENTS WITH MULTIPLE SCLEROSIS
(KAINIKH E®OAPMOIH THX OTKOMETPHZHZ TOY ETKEQAAQY
ME EIAIKEX MESOAQOYZ AMEIKONIZHE MATNHTIKOY LYNTONIZMOY
YTH AIATNQZH KAI TTAPAKAKOAOYBHXH TON AXS6ENQN
ME MOAAANAH LKAHPYNZH)
Mapia Medexpivn, Aavdn-Edgvn Xtepdvou, Mapia-lwdvva Xtepdvou,
Baoifeios K. Katoapds 53

100

110




Archives of Clinical
Neurology

www.jneurology.gr

Official Journal of the

Hellenic Neurological Society

10, Alkmanos str., Athens

Tel.: 210 72.47.056 - Fax: 210 72.47.556
www.enee.gr  info@jneurology.gr
e-submission: submission@jneurology.gr

Volume 30:5 September - October 2021

HNS BOARD OF DIRECTORS

Contents

President: G. Tsivgoulis
Vice President: K. Vadikolias
Gen Secretary:  N. Grigoriadis

Treasurer: J. Rudolf 5
Members: T. Avramidis
K. Voumvourakis
|. Elloul
K. Kilintireas
T. Doskas 11
EDITOR IN CHIEF
G. Tsivgoulis
EDITORS
5, Glenmepaules - G, wvgeuls A OPTIMUM TREATMENT STRATEGY FOR MYASTHENIA GRAVIS:
A SINGLE-CENTER EXPERIENCE
ASSOCIATE EDITORS Elisabeth Chroni, Dimitra Veltsista, Sonia Malefaki, Elena Dimitriou 18
E. Dardiotis
IG-E:ID;J?tZi A AChR POSITIVE MYASTHENIA GRAVIS
T. Doskas WITH ELECTROPHYSIOLOGICAL FINDINGS OF PRESYNAPTIC
J. Rudolf NEUROMUSCULAR TRANSMISSION FAILURE. A CASE REPORT
AND LITERATURE REVIEW
HNS SECRETARIAT Ariadne Daponte, Theodoros Mavridis, Thomas Zambelis, Vasiliki Zouvelou 27
G. Tigaraki - M. Sintrofiou
TECHNICAL MANAGEMENT A CLASSICAL ALZHEIMER'S DISEASE BIOMARKERS IN PLASMA.
M. Syntrofio CURRENT STATUS
' George P Paraskevas, loanna Tsantzali, Eleni Sideri, Ekaterini Theodorou,
WED-EDITION Antonis Mavromatos, Vasiliki Kotsali-Peteinelli, Konstantinos Voumvourakis 35
HS secretanat A GEOGRAPHICAL DIFFERENCES IN DEMENTIA CARE
OWNER Vasiliki Zacharopoulou, Georgia Zacharopoulou 40
ey et A CENTRAL HYPOVENTILATION SYNDROME AS A CONSEQUENCE
115 28 - Greece OF MEDULLARY INFARCTION INFARCTION: A CASE REPORT
AND REVIEW OF THE LITERATURE
PRINTED EDITION AND PDFs Georgios Efstathiou, Konstantinos Ntasopoulos, Theodoros Avramidis 49
Lychnia S.A.
%@”ﬂ?ﬂﬁj};;lOAZhhea”rf]on A APPLICATIONS OF MAGNETIC RESONANCE IMAGING -
Ivekxl1arﬁg~ggﬁ36- 1, Fax: 210.34.25.967 BASED BRAIN VOLUMETRY IN THE DIAGNOSIS
e AND FOLLOW - UP OF PATIENTS WITH MULTIPLE SCLEROSIS
Maria Pelechrini, Danai-Eleni Stefanou, Maria-loanna Stefanou,
Vasileios K. Katsaros 53

SUBSCRIPTION FEES

HNS Members  Free

110







Evhnpépwon and tnv.EkdotikhA Enttponn
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‘Exete ota xépla ota xépIa 0as, 10 NPWIO TeUX0s tou neplodikoU tns EAAnvikns Neupoioyikns
Etaipeias pe 1o véo titio «Apxeia Kaivikihs Neuponoyias» (Archives of Clinical Neurology — Arch
Clin Neurol). H affayn tou ovopatos €yive ota nAaiocla tns npoondBeias pas va dieBvonoinBei
10 NePIodiké tns ENE.

Me auté 1o okono €yive kaneopa npos 6Aous tous AleuBuviés KAivikv kal tous ouvadén-
@ous Neupondyous tns nuedanns kal andodanns yia unofodn uywnAns noidtntas apBpwv
Katd npotipnon otnv AyyAikn yAdooa. Méoa ota endpeva €In eueANICTOUPE VA EXOUPE IKAVO
ap1Buod dpbpwv otnv ayyAikh wote va nAnpoUpe ta Kpithpia éviagns tou neplobikou otnv
nAektpovikn BIBAI0BNKN PubMed. Apwyoi otnv kommdn kai xpovofdpa auth npoondbeia
anoteolv ol vedtepol Kal devétepol ouvadengol Mavayions Zns kal Apioteidbns Katodvos.

Euxapiotoupe 1d1aitépws v Kabnyntpia ka Xpdvn yia tnv dueon avianodkpion tns otnv npoé-
okAnon pas. To dpBpo s pe titdo “OPTIMUM TREATMENT STRATEGY FORMYASTHENIA
GRAVIS: A SINGLE-CENTER EXPERIENCE" eykaividlel e 1o kaAUtePo TpdMo TN VEA JoPPN ToU
neplodikou. Euxapiotoupe enions tov K. Katoapd kai tnv opdda tou yid o Enions onpavuko
ayydéewvo apBpo “APPLICATIONS OF MAGNETIC RESONANCE IMAGING - BASED BRAIN
VOLUMETRY IN THE DIAGNOSIS AND FOLLOW-UP OF PATIENTS WITH MULTIPLE SCLEROSIS”.
Euxdépaote noinév pia kanh nopeia oto Archives of Clinical Neurology kal oas kadoUpe ayanntof
ouvaden@ol va ouvOPAUETE OE AUTA.
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ApOpa...

«H énpooieuon dpBpwv ato nepiobikd “APXEIA KAINIKHE NEYPOAOIIAX " 6ev bniwver anoboxn
vV anowewv kai Béoewv tou ouyypapéa and ty Zuviakukn Emitponn n ty ENE»

«TO MEPIEXSIEVO TWV KATaxwpnoewy gival EUBUVN TV ETAIPEIDY MOU avapepovial
Kai oQeiel va akoNouBer tis npoBAendueves vOuILES MPoUnoBEoeis»

«H xprion epyaneiwv, KAIUdKwY kai NoyIouIKOU MoU avapePETal atis epyaoies eival euBuvn
WV OUYYPapewy, ol orofol npemel va éxouv €aopaniosl TS OXEUKES dOglEs
Kai va ts kpatouv oTo Mpoowriiko TOUS apxeio»
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OPTIMUM TREATMENT STRATEGY FOR MYASTHENIA
GRAVIS: A SINGLE-CENTER EXPERIENCE

Elisabeth Chroni', Dimitra Veltsista’, Sonia Malefaki?, Elena Dimitriou’

" Department of Neurology, Medical School, University of Patras, Greece
2 Department of Mechanical Engineering and Aeronautics, University of Patras, Greece

Abstract

Background and Purpose: Patients with Myasthenia Gravis (MG) suffer from chronic fluctuating fatigue
and occasionally permanent weakness despite treatment. This study aims to evaluate whether early im-
munotherapy and careful monitoring of MG patients in a specialized center could improve the clinical
outcome.

Methods: A total of 113 patients (median age 57 years, 59 females) with ocular or generalized MG and
varied autoantibody profiles were subdivided into 59 patients who had received intense and early immuno-
therapy from disease onset (subgroup A) and 54 patients who were initially treated conservatively and later
switched to an intense approach (subgroup B). Classical scales for quantitative assessment of symptoms
were employed and rescue therapy or medication switching were based on preset criteria, common for all
patients.

Results: A desirable Postintervention Status was achieved in 66.4% of our patients, with no detectable
weakness in 33.6% of them. Crisis occurred in 1.8% and no MG-related deaths were recorded. Subgroup
A compared to subgroup B showed a significantly better Postintervention Status and a much lower chance
of generalization of ocular myasthenia (7.7% versus 75.0%). Patients in subgroup B also showed better
clinical outcome i.e. lower Quantitative MG score and MG Foundation of America class, following optimi-
zation of treatment.

Conclusions: The suggested approach, consisting of early initiation of immunotherapy, close monitoring,
and appropriate treatment modifications, meets the main treatment objectives, i.e. prompt and sustained
improvement, reducing the risk of generalization, preventing or minimizing crises and achieving a positive
impact on the quality of patients’ life.

Key words: myasthenia gravis, ocular myasthenia, immunosuppressive drugs, quantitative scores, clinical outcome

BEATIZTH ZTPATHIIKH ©EPAMNEIAZ A THN BAPIA
MYAZOENEIA: EMIEIPIA ENOXZ KENTPOY

EAiodBet Xpovn', Ahuntpa Bedtoiota', Xévia Madepdkn?, Edsva Anuntpiou’

" Neupodoyikn KAvikr, Tunpa latpikns, Mavermotipio Matpwv
2 Tunua Mnxavoddywv kai Aspovaurinywv Mnxavikwv Mavermothuio Matpav

MNepiAnyn

O1 aobeveis pe Bapid puaocBéveia (MG) unogépouv and xpdvia KUPAIVOPEVN KOMWon Kal eviote and
péviun puikh aduvapia napd v Bepaneutkn aywyn. H napouoa pedétn éxel otdxo va SiEpeUVNoel €4V
npWIPN avoooBepansia kal cuctnpatkn napakodouBnon twv aoBevav pe MG og €EeIbIKEUPEVO KEVTIPO
unopsi va BeAuwael v E€NIEN tns vooou. Tuvonikd pedsthBnkav 113 aobeveis (ueoaia uph nAikias 57
étn, 59 yuvaikes) ye o@Banuikn A yevikeupévn puacBévela kal noikino avooonoyikd npo®id kar Xwpiotnkav
o€ 2 uno-opddes: 59 aoBeveis ol onoiol éAafav dueoa petd i didyvwon avoooBepaneia (uno-oudda A) kal
54 o1 onoiol apxIK@ avUPETWNIoTNKAY N0 CUVINPNTKA evdd apydtepa otnv nopeia aAfdgav og nio eviaukn
avoookataotafukh aywyn. EQappdotnkav o KAaooikés KAIJAkes ektiynons s BapUtntas Kal KAtavopns
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TWV CUMNTWHATWY Kal n xophynon Bepaneias didiowons Paciotnke oe NnpokaBopiouéva KpIthpid, KOIVA yia
6nous tous acBeveis. Ta anotenéopata €deiav ou emBuuntd eninedo PeAtiwons petd v Bepaneutkh
napéppaon enitelxBnke oto 66.4% twv acBevav pas, pddiota 6 n NANPNS uNoxwPENoN s PUikhs aduva-
ias épBaoe oto 33.6% tou cuvodnou. MuacBevikh Kpion eupavios 10 1.8% kal dev KataypdPnKe Kavévas
Bavatos oxeuldpevos pe MG. H uno-oudda A cuykplitkd pe tnv B eppdvioe kanutepo eninedo petd tnv He-
paneia kal pia oaps Pikpdtepn niBavotnta yevikeuons tns o@Banuikns puacBéveias (7.7 % évavu 75.0%).
O1 aoBeveis tns B uno-opddas €dei€av kAvikh PBeAtiwon (pikpdtepn BaBuonoyia ous kAipakes Quantitative
MG kar MG Foundation of America) petd tnv Beduotonoinon ts Bepaneutikns aywyns. LUPNEPACUATKG,
N NPOTEIVOUEVN NPOCEYYIoN, NMoU cuviotatal og NPWIPN avoooBepaneia, otevh napakodouBnon kar katdn-
AnAes, éyKUPES TPOMNonoINGEls Tou BepansutikoU oxnpatos odnyei oto eniBupuntd anoténecpa, dnAadn otnv
apeon karl d1apkN UNOXMPENGCN TWV PUTK@OV CUPNTWHATWY, TN PEiwon Tou KIVOUVOU YeViKEUONS, TNV anotponn
A eAdttwon s NiBavétntas puacBevikhs kpions, Napéxovias €101 Betkd avtkiuno otnv noidtnta {whs twv

a0Bevy.

Né€eis eupetnpiou: Bapid puaocBéveia, opBanuikn puacBéveia, avoookataotanukd edpuaka, KAUAKES ektpnons

HUiKNS KOnwons, eE€AIEN vooou

Introduction

Myasthenia Gravis (MG) is an antibody-mediated
autoimmune disease that affects young and older
persons of both sexes and characterized by a chronic
fluctuating course. Focal or generalized muscle weak-
ness and fatigue has a negative impact on patient’
daily living activities and a potential risk of life threat-
ening complications i.e. respiratory insufficiency and
dysphagia.

International Task Force committees have pub-
lished basic guidelines for MG treatment which are
adopted by neurologists worldwide [1, 2]. However,
the panel of experts underlined the heterogeneous
and variable course of the disease, leaving clinicians
to determine the best possible treatment on an in-
dividual basis for each patient. In this context, many
questions need to be answered. How long is “an
adequate trial of pyridostigmine” before deciding to
start immunotherapy? Could a delayed initiation of
treatment have an impact on the long-term outcome,
given that eventually the vast majority of patients will
require immunosuppression drugs? The definition of
remission requires “absence of weakness”, which is
achievable in daily routine. But what about fatiga-
bility during demanding tasks, especially in young
persons who want to engage in physical activities and
be productive? How is the level of efficacy of a drug
judged, and which are the criteria for substitution?

In practice, a suboptimal treatment effect is not
uncommon and often acceptable by doctors and
MG patients, who learn to live with the disability of
fluctuating fatigue and even permanent weakness
of some muscles. Moreover, MG crisis and admission
to intensive care unit (ICU) is unavoidable in some
patients. One might wonder whether these unfavor-
able situations can be minimized. We hypothesized
that an intense treatment approach combined with
close follow-up would prove to be superior to the
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standard, more reluctant practice in terms of control-
ling disease relapses and enhancing the long-term
outcome. To address these issues we presented data
from a single specialized center, accumulated over
the last 10 years.

Materials & Methods

Participants

This is an observational cross-sectional study that
presents the experience of a single neuromuscular
center in a tertiary Public University Hospital. This
center is attached to the Department of Neurology,
which is the only public unit for neurological patients
in the south-west of Greece with a general popula-
tion of approximately 800.000 people. Patients who
were regularly monitored in our center were studied.
The most recent medical visit of all subjects extended
over a period of 6 months from July 2020 to February
2021, with the exception of those who died earlier.
Patients were excluded if they were lost to follow-
up, moved out of the district or examined once for
a second opinion. The research was performed in ac-
cordance with the 1964 Helsinki declaration with its
later amendments. All participates gave their written
informed consent and the study was approved by
the Institutional Ethics Committee of the Patras’ Uni-
versity Hospital (no. of approval 1134 /19-12-2019).

Diagnosis of MG was made based on clinical
manifestations of fluctuating muscle weakness and
fatigue after exclusion of alternative diagnoses and
confirmed by the presence of 1 or more of the follow-
ing paraclinical findings: 1. Antibodies, against ace-
tylcholine receptors (AChR) or muscle specific kinase
(MuSK) 2. Positive neurophysiological test, repetitive
nerve stimulation (RNS) or single fiber electromyog-
raphy (SF-EMG). 3. Positive neostigmine pharmaco-
logical test [3]. 4. Definite positive ice- pack test [4].
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Methodology

Over the last 10 years a detailed clinical data registry
has been gradually built and a treatment algorithm
developed to standardize the clinical evaluation, the
treatment options and the outcome assessments of
MG patients. Standard clinical scales were employed
to define the disease extension and severity [5]. These
were: (a) Myasthenia Gravis Foundation of America
(MGFA) classification |-V classes with the addition of
an asymptomatic post-intervention class; (b) Quantita-
tive Myasthenia Gravis (QMG) score (range 0-39); (c)
Postintervention Status assessed at most recent visit
as compared to our initial assessment, after reaching
maximal disease severity; this was defined as Complete
Stable Remission (CSR), Pharmacological Remission (PR)
or Minimal Manifestations (MM) 0-3 when patients
had no functional complains and a total QMG score
of <3 from >2 items. Change in status was defined
as Improved (I), Unchanged (U), Worse-Exacerbation
(W/E) or Death from MG (D). The impact of MG on
the patients’ quality of life at the most recent visit to
our center was measured by MG-QOL15 [6].

The following definitions were used during monitor-
ing: MG crisis is defined as the need for intubation due
to respiratory distress and admission to ICU. In order
to define a relapse, deterioration of MG symptoms
should appear after at least a month of remission and
these changes should last> of 24 hours. Two states of
relapse severity were recognized: a. Relapse, increase
of QMG score by >3 from 1 or more items and a total
QMG score of >6; b. Severe relapse, bulbar QMG score
of 3 or respiratory of 1 or QMG total score of >15.
Treatment decisions were taken accordingly, i.e. in
most cases relapses were dealt with by modification
of therapeutic regimen, whereas in severe relapses
rescue therapy was always administrated.

Therapeutic interventions included data on a. thy-
mus imaging and thymectomy with histology results
and b. medication: pyridostigmine and steroid doses,
additional immunosuppressive drugs and their severe
side-effects. Response to treatment after an appropri-
ate time period was characterized as:

i. favorable, reaching CSR, PR or MM stage, Qol<
9 and QMG score <3 from 2 or more items.

ii. improvement but not favorable, QMG score de-
crease by >6 but total QMG score> 3.

iii. no improvement or insignificant change. MG was
defined as refractory according to Mantegazza
and Antozzi[7] and to the international consensus
guidance report [1], if any of the following condi-
tions was met: (a) inadequate response to steroids
and at least two other drugs; (b) prolonged need
of high doses of potentially harmful therapies;
(€) requirement of repeated rescue therapies; (d)
occurrence of severe or intolerable medication
side effects.

Patients grouping

For the aim of this study, patients were divided
into two subgroups according to the management
strategy they received. Subgroup A: included patients
who were diagnosed and treated in our center from
the beginning of the disease. Our approach is based
on the following practices: a. immediately after the
definite diagnosis, immunotherapy is administrated
to all cases (with rare exceptions) regardless of the
disease severity; b. close monitoring with regular
visits and early addition or change of drugs is pro-
vided; c. pyridostigmine is kept at a minimum dose
and used mainly for bridging between changes of
treatment regimens. Subgroup B: included patients
who were initially treated by other neurologists in
the area and later attended our center because of
retiring of their doctor or a non-satisfactory outcome.
The initial management of these patients before we
took over their care, particularly for those with ocular
onset myasthenia, had one or more of the follow-
ing characteristics: a. treatment with pyridostigmine
alone, occasionally in an ever-increasing dose; b. ad-
ministration of steroids at low dose, intermittently
or for a short period of time; c. reluctance to add or
change immunosuppressive medication, d. unsched-
uled visits, mainly at an emergency basis.

Statistical analysis

The basic descriptive statistics of the demographic
and clinical variables were computed along with the
frequencies of the ordinal variables for each of the
two subgroups. The normality assumption of the
data was tested using the Shapiro-Wilk test since
it is more powerful than the commonly used Kol-
mogorov-Smirnov test [8]. In order to examine dif-
ferences between the two subgroups independent
samples t-test was utilized if the normality assump-
tion was met and Mann Whitney U non-parametric
test otherwise. For testing the difference of the first
to the recent visit of the patients within each sub-
group, paired samples t-test was utilized when the
normality assumption was met and Wilcoxon signed
rank test otherwise. For ordinal data the analysis was
based on Chi-Square test with estimation of Fisher
exact asymptomatic significance or, in case of non-
parametric values, on Marginal Homogeneity test.
The significance level for all tests was set to 5%. The
data entry and statistical analysis was conducted us-
ing the software SPSS version 23 for Windows (IBM
SPSS Inc., Chicago, lllinois, USA).

Results

Our registry consisted of 132 entries. Of those, 19
patients were excluded from further analysis since
they did not regularly attend the clinic. In total, 113
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Table 1. Clinical and laboratory features in total and two subgroups
Total Subgroup A Subgroup B P-value#
No of cases 113 59 54
Current age, yrs* 57.0 (44.5-69.5) 52.0(39.0-70.0) 57.5 (47.5-68.0) 0.554
Age at onset, yrs* 44.0 (34.5-61.5) 46.0 (34.0-66.0) 42.5(34.8.0-53.3) 0.248
Female sex, no (%) 59 (52.2) 30 (50.8) 29 (53.7) 0.761
Duration from diagnosis, yrs* 6.0 (2.4-13.0) 3.5(2.0-7.0) 11.5(3.5-18.4) 0.000
Duration of our monitoring, yrs* 3.0 (2.0-7.0) 3.5(2.0-7.0) 3.0 (2.0-6.1) 0.294
MGFA at onset, no (%) class | 37 (32.7) 16 (27.1) 21 (38.9) 0.650
I 26 (23.0) 14 (23.7) 12 (22.2)
1l 41 (36.3) 22 (37.3) 19 (35.1)
v 4 (3.5) 3(5.1) 1(1.9)
V 5(4.5) 4 (6.8) 1(1.9)
Auto-antibodies, no (%) AChR 80 (70.8) 46 (78.0) 34 (63.0) 0.341
MuSK 8(7.1) 4 (6.8) 4(7.4)
AChR+MuSK 4(3.5) 1(1.7) 3(5.5)
Thymus pathology, no (%) hyperplasia 17 (15.0) 6(10.2) 11(20.4) 0.283
thymoma 20(17.7) 9(15.3) 11(20.4)

* values expressed as median (interquartile range); #comparison between subgroups with different management approaches;
no = number and (%) percentage of patients in the specified groups or otherwise indicated

patients of Caucasian race with monitoring of at
least 6 months and a stable condition within the 3
months prior to their last visit were included. The
scheduled visits were in average 2.6 (SD1.6, range
1 to 7) annually.

Disease profile

Data on demographics and disease characteris-
tics are presented in total and separately for the
two subgroups which were defined in the methods
based on the different management attitude (Table
1). Inter-group comparison showed no statistical
significant differences with the exception of longer
disease duration in subgroup B. At the beginning of
undertaking the medical care in our unit 6 patients
were supported in ICU; 4 patients in subgroup A
developed severe respiratory muscle weakness as
the presenting manifestation of MG and 2 patients
in subgroup B suffered a myasthenic crisis.

Management of MG patients in our center

Symptomatic treatment i.e. pyridostigmine was ini-
tially given to all patients at a mean dose of 176mg/
day with the exception of anti-MuSK cases and a
maximum dose of 240mg/day. At recent visit, the
mean pyridostigmine dose was 83mg/day, while 32
in subgroup A and 17 patients in subgroup B dis-
continued this drug.
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A total of 42 patients (17 in subgroup A), includ-
ing all of those with thymus pathology underwent
thymectomy in addition to medication. Assessment
of the effectiveness of thymectomy per se was not
attempted since data were not suitable for this pur-
pose. Since the first visit in our center, together with
symptomatic treatment, steroids was initiated or
continued in all patients but 2 because of co-existing
kidney cancer in one and very old age of the other.
A favorable response was recorded in 45 patients
(76.3%) in subgroup A versus 17 (32.7%) in subgroup
B (p = 0.000). Steroid dependency was recorded in
30.6% of the patients during the tapering period
and eventually 54% required the addition of another
drug in order to improve treatment effectiveness or
avoid a relapse (Table 2). Throughout the disease
course, some patients, particularly in subgroup B,
had to try 2 or even 3 different drugs in succession to
reach the optimum condition, but none was treated
concurrently with 2 immunosuppressive agents, in
addition to steroids. The efficacy of immunotherapy
after an appropriate time-lapse period from initiation
of each drug is presented in Figure 1.

Besides the expected and manageable side-effects
of medications, such as steroid induced transient
hyperglycemia and cataract, the following notable
events were registered. Osteoporosis and spontane-
ous fractures in 4 patients, rupture of large intestine
in 2 and pancreatitis in 1 due to steroids; in addition
two patients under steroid monotherapy were hos-
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Table 2. Treatment data, disease course and clinical outcome

Total, Subgroup A, | Subgroup B, | *
no 113 no 59 no 54 Pl
Immunosuppressants, no of pts (%):  none 2 (1.8) 0 2(3.7) 0.000
steroids alone 0(44.2) 37 (62.7) 13 (24.1)
1 or 2 more drugs 3 (46.9) 22 (37.3) 31 (57.4)
3 more drugs ( 1) 0 8(14.8)
Relapses# no of pts (%) 2 (37.2) 21(35.6) 21 (38.9) 0.269
no of episodes 84 37 47
Severe relapses# no of pts (%) 26 (23.0) 13 (22.0) 13(24.1) 0.163
44 15 29
Myasthenic crises# no of pts (%) 2(1.8) 2(3.4) 0
no of episodes 5 0
Postintervention Status, no of pts (%): CSR 2(1.8) 1(1.7) 1(1.9) 0.019
PR 27 (23.9) 23(39.0) 4 (7.4)
MM1 15(13.3) 10(16.9) 5(9.3)
MM2 2(1.8) 1(1.7) 1(1.9)
MM3 29 (25.7) 12 (20.4) 17 (31.5)
Change in status, no of pts (%): I 96 (85.0) 51(86.4) 45 (83.3) 0.783
U 14 (12.4) 7(11.9) 7 (13.0)
WV/E 3(2.6) 1(1.7) 2(3.7)
Refractory no of pts (%) 9.7) 2(3.4) 9(16.7) 0.023
Ocular — Generalized¥ no of pts (%) 33516 48.5)| 13— 1(7.7) | 20 > 15(75) 0.000
MG-QOL15 at recent visit§ 5.0(2.0-10.0) | 4.0(2.0-8.0) | 8.0(3.0-13.3) 0.012

* comparison between the subgroups; # referred to our follow-up; ¥ only ocular myasthenia cases with disease duration of at least

two years were considered; § values expressed as median (interquartile range)

;
e
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pitalized in ICU due to covid-19 infection and both
had a good outcome. Withdrawal of azathioprine
(AZP) was required in 10 patients; 7 within the first
month of administration due to biochemistry ab-
normalities (megaloblastic anemia or liver enzymes
elevation), and 3 after several months of treatment
due to occurrence of varicella, hepatic abscess and
recurrent urinary infections respectively. Mycophe-
nolate mofetil (MMF) was early discontinued due to
diarrhea in 1 patient and severe distal limb numbness
in another; 1 more patient experienced over the first
year of treatment recurrent episodes of herpes zoster.
Rituximab (RIT) caused severe allergic reaction during
administration and was discontinued in 1 patient.
MG was characterized as refractory in a total of 11
patients (Table 2). Six patients failed to response suf-
ficiently to 3 consecutive immunosuppressants, 4
required continuous high dose of potentially harmful
medication, and 1 developed a life-threatening side
effect of medication.

Disease progression, relapses, and clinical
status at most recent visit

Table 2 presents the main quantifiable variants
during our monitoring. In general, while a similar

Figure 1. The efficacy of various medications in
the two subgroups. The percentage was calculated
in those who received a particular drug
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Figure 2. Improvement of MGFA class at the last
comparing with the first visit in our Department
for each subgroup
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clinical course in terms of exacerbations was observed
in both subgroups, the indices of disease control and
patients’ satisfaction at the most recent visit were
better for patients in subgroup A than subgroup B.
At the beginning of our intervention MGFA class was
similar in the 2 subgroups (x?, p = 0.698). The intra-
group change of MGFA class is presented in Figure
2. There was a statistically significant improvement,
i.e. reduction in class, during our monitoring period
for both subgroups (Marginal Homogeneity test for
related samples, p < 0.0005). Figure 3 depicts the
fluctuation of QMG score. In each subgroup, there
was a significant difference of QMG score between
the first (or worst) and the most recent visit in our
center (Wilcoxon signed rank test for related samples,
p < 0.0005). Over the last decade, 4 of our patients
died. The cause of death in all cases were unrelated
to MG, i.e. rupture of aortic aneurysm, stroke, com-
plications of dementia and breast cancer.

With regard to the 8 patients with only anti-Musk
antibody positivity, 3 had an onset of ocular MG
and 5 experienced additional bulbar weakness. Four
patients showed a moderate initial response to ste-
roids and 4 remained dependent on this drug. At the
recent visit, 5 responded well to RIT, 2 in MMT and
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Figure 3. Changes of QMG score during our
monitoring in both subgroups. Box-plots indicate
median value, interquartile range and outliers
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Diagram. Definition of the early disease period
for each subgroup

Diagnosis & intervention Recent visit
I Subgroup A, no 58
I Subgroup B, no 47
Diagnosis Start our intervention Recent visit

1 had refractory disease, with 3 patients from this
group achieving asymptomatic status.

Subgroup comparison during an early disease
period

The effect of treatment was evaluated after an
early period i.e. our monitoring time for subgroup A
and from diagnosis to the onset of our intervention
for subgroup B (Diagram). To balance for disease
duration between subgroups only patients with du-
ration less than 20 years were included. The median
duration (25-75 quintile) for 5 patient in subgroup A
was 3.5 years (2.0-7.0) and for 47 in subgroup B 3.0
years (1.0-9.0) (Mann-Whitney test, p = 0.367). At
the end of this early period the following differences
were measured and values are presented as mean
(sd): QMG score for subgroup A was 1.8 (2.6) and for
subgroup B 7.6 (5.2), p < 0.0005; MGFA class was
similar at disease onset in both subgroups but at the
end of the early period became significantly lower in
subgroup A as opposed to B (p < 0.0005). Similarly,
medication daily dose was lower in subgroup A as
opposed to B: for pyridostigmine was 64.0 mg (80.4)
versus 178.0mg (62.7) (p < 0.0005), and for steroids
was 10.2mg (7.7) versus 38.4mg (19.0) (p < 0.0005).
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Discussion

A considerable proportion of patients experience
MG as a devastating chronic disease associated with
low physical endurance, superimposed by recurrent
relapses or life-threatening events With current
advances in treatment options and the increasing
popularity of the ‘hit hard and early’ strategy, one
would expect a better outcome compared to the past
[9-11]. We initiated a registry for systematic record-
ing of clinical data and follow-up measurements in
order to assess the results of an intense and flexible
to alterations management approach that we adopt.

Overall, at the recent visit, 33.6% of the patients
had no detectable weakness, another 19.5% had
symptoms restricted to eye muscles and in a total
of 66.4% the Postintervention Status was evaluated
as desirable (including CSP, PR, MM). Similar results
were observed in a recent study of 126 MG patients
in Austria by Rath et al [12] who reported after a
minimum of 2-year follow-up asymptomatic stage or
ocular weakness in 69.8% of patients and desirable
Postintervention Status in 61.9%. Likewise, in a Japa-
nese multi-center study including 395 MG treated
patients, 30% were classified as asymptomatic and
35% as MGFA class | [13]. The Postintervention Status
of 123 patients attending a single neurologic clinicin
China was MM or better in 78.1% [14]. All studies
emphasized the importance of immunotherapy in
optimizing the outcome. In analogy to the improve-
ment of clinical indexes, our patients satisfaction was
reflected in a low score of MG-QOL (median value
5), close to 5.2 reported in a comparably designed
study [10].

During our monitoring, a considerable number of
relapses and severe relapses were identified accord-
ing to standardized criteria. However, the prompt
administration of rescue therapy and/or modification
of the chronic therapeutic regimen in these cases led
to the avoidance of crises in all but 2 patients who
and no disease related to deaths due to MG. In the
current literature the percentage of patients with
crisis ranges from low values of 7.9% and 11.5%
[12, 13] up to 28.5% [14] and the mortality rate
varies between 1.6% [14] to 9.5% [12], and raises
to 12.1% when elderly patients are included [15].

The purpose of dividing the patients into two
subgroups was to better understand the immediate
and long-term effects of the different therapeutic
strategies: patients who were closely monitored and
received optimum immunosuppressive medication
soon after diagnosis were classified in subgroup A,
patients who, were initially treated elsewhere with a
more conservative therapeutic approach constituted
subgroup B. At the end of an early disease period,
during which diverse approaches were followed in
the two subgroups, patients in subgroup A required
lower dose of medication and showed greater im-

provement in clinical measurements than those in
subgroup B. When the changes over the period of
our neurological care for all patients in both sub-
groups were examined, the following conclusions
were reached: (a) Both subgroups showed similar-
ity in effectiveness of immunosuppressive agents,
number of relapses/major events, change in status,
and intra-group MGFA class as well as QMG score
reduction. Therefore, one can assume that even in
cases with a long disease duration and unsatisfactory
previous status (i.e. unchanged MGFA class despite
intervention), such as in subgroup B, treatment opti-
mization is an option worth considering. (b) Achieve-
ment of favorable Postintervention Status, number of
refractory cases and MG-QOL15 score were better in
subgroup A than in B. The possibility of permanent,
treatment-resistant weakness that developed over
the years could be an explanation for the inferior-
ity of subgroup B in the above parameters. (c) It
is known that up to 80% of isolated ocular cases
will go on to develop symptoms in other muscles
during the first two years [16, 17]. In subgroup A,
where all patients received immunotherapy immedi-
ately after the diagnosis, including those with pure
ocular symptoms, only 7.7% of patients with ocular
MG and a minimum 2-year follow-up experienced
generalization. On the contrary, in subgroup B, the
disease became generalized in 75.0%, a percentage
close to that expected by the natural course of MG
in the Caucasian population [18, 19]. Our results
suggested that early initiation and continuation of
immunotherapy, as applied in subgroup A, lowered
the risk of generalization in cases of ocular myasthe-
nia, confirming the results of previous retrospective
studies [20, 21].

Pyridostigmine was kept at the lowest effective
dose at all stages. The need for doses higher than
180mg on a daily basis constitutes a “red flag” for
treatment modifications. At the recent visit, pyr-
idostigmine was withdrawn in 43.4% of all patients
and remained at low dose (< 120mg/day) in 27.4%.
A similar approach towards symptomatic treatment
has been reported recently by Rath et al. [12], who
estimated pyridostigmine free patients 34.8% in the
treatment responsive group and 14.3% in the refrac-
tory cases. The efficacy of immunosuppressive drugs
in our patients was in agreement with that reported
previously [16, 22]. The small number of patients
treated with a particular drug did not allow statisti-
cally supported conclusions. However, in agreement
with the literature [23-25], RIT appeared to have
a very good effectiveness in 27 out of 28 treated
patients. The adverse drug events were predictable
[26, 27] and manageable due to the frequent clini-
cal and laboratory surveillance. In our cohort 9.7%
of patients fulfilled at least one of the criteria for
refractory MG, which is close to the lower values of
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previous reports that range from 10% [7] and 14.8%
[28], to as high as 27.4%, which was observed in
patients with at least 1 crisis [29].

Limitations

The main limitation is the study design which is
a common drawback of many MG studies as was
pointed out in a recent article by Tannemaat and
Verschuuren [30]. Our data collection, which was
partly retrospective for subgroup B, did not intend
to evaluate the effect of certain treatment regimen
over a restricted time period as presented in a recent
single blind study from France [31]. In our view, in
diseases such as MG, which might have unexpected
clinical fluctuations, and relapses after long peri-
ods of remission and no certain final outcome, a
cross sectional observation study provides a realistic
presentation of a patient cohort at any given time.
Another noticeable point is that the cohort of pa-
tients attending a specialized center could introduce
a possible bias in favor of severe cases which might
have compromised the outcome. Nevertheless, as
the only Neurology department in the district, the
grand majority of patients with MG of any severity
are diagnosed and followed up by us.

Conclusion

In summary, a physician treating MG patients aims
at a fast and steady improvement in severe cases,
an avoidance of weakness expansion in ocular cases,
while keeping myasthenic crises to a minimum and
thus providing an optimum long term-outcome and
good quality of daily living. Our results indicated that
all these goals were better achieved in a specialized
unit, where two necessary steps were taken in order
to decide on the best possible treatment and at the
right time: (a) well-defined criteria to quantify the
degree of deterioration/ improvement and the effec-
tiveness of treatment were set. (b) medical decisions
were made in accordance to preset rules ensuring
equality in treatment options for all patients with
similar clinical status and resulting in immediate in-
terventions and treatment modifications.
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MYAXZOENEIA ME HAEKTPOOYZIOAOTIKH EIKONA

KAI MYAZOENIKOY XYNAPOMOY. TYXAIA ZYNYTIAPEH
'H EEXQPIZTO ZYNAPOMO NEYPOMYIKHEZ LYNAWHE;
NMAPOYZIAZH MNMEPIZTATIKOY KAI ANAXKOINHZIH

THZ BIBAIOTPAOIAX

Apidbvn Aandvte, ©d6bwpos Maupidns, Owuds Zaunéns, Baoiikn ZouBeAou

EBvikd kai Kanobiotpiakd lNavernotnpio ABnvav, 1" Neupodoyiki KAviki, Alyiviteio Noookoueio

MNepifinyn

H puaoBéveia kai 1o puaoBevikéd olvdpopo Lambert-Eaton eival autodvooes 1atapaxés tns VEUPOUUIKNS
ouvayns. Xapakwnpidovtal kal t dUo and puikh aduvapia, aAnd anotedolv SUo OIAKPITES OVIOTNTES UE
dlagopeukd kAvikd, avooonoyikd Kal nAektpopualonoyikd xapaktnplotkd. Mapouacidloupe pia acBevih 35
€MDV HE YeviKeUPEvn puacBévela pe Beukd avuowpata évavu unodoxéa Ach kar apxiké niektpopuaoiono-
YIKO éNeyx0 UE euphpaTa petaocuvanukns diatapaxns. Metd and 10 €n, Adyw unotponns Pe KEVIPOUENIKN
abuvapia twv dkpwv, NPAyHatonolnBnke ek véou NAekTpoPualonoyikos €Agyxos Kal avadeixBnke eikdva kal
NPOCUVANUKAS SIATApaxXAs, eV Ta aviiomuata évavt dialAwv acfeatiou htav apvnukd.

Ol nepINtoEls puaoBévelas Ye NAEKTPOPUOIONOYIKA EIKOVA puacBevikoU ouvbpopou eival eEaIpeTIKA
ONAVIES Kal €XOUV MEPIYPAPE! HOVO PEPOVWUEVA MEPIOTATIKA. Agv éxel akOua SIEUKPIVIOTE av MPOKEITal yid
ia 181aitepn popeh ths puacBévelas h av anotenel éva Eexwplotd ouvdpopo. MpaypatonoiNcape Yia eKtevh
avackonnon s BIRRioypaias Kal cuyKevipwaoape 6Aa ta dSnpooieupéva nepiotatikd avooonoyikd BERains
puacBéveias pe niektpopualonoyikn eikdva Kal npocuvanukis diatapaxns. H nAgioyneia twv acBevav gixe
puikh abuvapia dkpwv, NPOPNKIKA kKal o@Banuikd cupntduata Kal Katnpynpeva tevévua aviavakiaotkd,
Kal T0 NJIoU €K Twv aoBevav epgavidav kal ducautovopia Aveupébnoav diva nepiotaukd pe dinAn opobe-
ukéwnta pe Beukd AChRabs (nio ondvia évavu npwteivns MuSK) kal avuompata évavu diauAwv aoBeatiou.
Ye apketous aobeveis n xopnynon 3,4-Alapivonupidivns BeAtiwoe tnv KAVIKA €IKkdVa.

H Sidkpion petal puaoBéveias kal yuaoBevikoU ouvdpoduou eival anapaitntn Adyw s SlIaPopeTiKns
KAIVIKNS Nopeias, BepaneuTiKAS NPOGéyylions Kal CUOXETIoNS e kakonBeles. H puaoBéveia pe nAektpopuaio-
doyikh eikéva puaocBevikoU cuvbpduou Qaivetal Nws €xel 161aitepa KAIVIKE XapakinpIoukd kaBms kal Bgpa-
NEUTIKES 18101TEPOTNTES, YI' AUTO Kal €ival onpavukn n duvatdtnta avayvapions autns ts 1I81aitepns HOPeNS.
N€€eis eupetnpiou: puacBéveia, puaoBevikd ouvdpopo Lambert-Eaton, nAektipopuaionoyikos €Reyxos

AChR POSITIVE MYASTHENIA GRAVIS

WITH ELECTROPHYSIOLOGICAL FINDINGS

OF PRESYNAPTIC NEUROMUSCULAR TRANSMISSION
FAILURE. A CASE REPORT AND LITERATURE REVIEW

Ariadne Daponte, Theodoros Mavridis, Thomas Zambelis, Vasiliki Zouvelou

National and Kapodistrian University of Athens, Greece, 1°t Department of Neurology, Eginition Hospital

Abstract

Myasthenia gravis and Lambert-Eaton myasthenic syndrome are autoimmune disorders of the neuromus-
cular junction. They are both characterized by muscle weakness and fatigability. The differential diagnosis
is based on clinical pattern, neurophysiological features and associated antibodies. \We present a case of a
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35 years old female with MG and electrophysiological findings of postsynaptic dysfunction. Ten years later,
due to a clinical relapse with lower limb muscle weakness, the patient was reevaluated with electrophysi-
ological testing that revealed a presynaptic neuromuscular transmission deficit. The P/Q type voltage-gated
calcium channel antibodies were negative.

The literature concerning cases with characteristics of both diseases is limited, and the coexistence of MG
and LEMS as an overlap syndrome is controversial. We provide a review of all published cases with clinical
and immunological diagnosis of MG with co-existing presynaptic neurophysiological findings. The major-
ity of these patients presented with limb weakness, oculo-bulbar symptoms and absence or reduction of
tendon reflexes, and half of the patients also had dysautonomia. A few cases were double seropositive
for AChRabs (1 MuSK+) and voltage-gated calcium channel antibodies. In many cases good response was
reported with 3,4 diaminopyridine.

The distinction of Myasthenia gravis and Lambert-Eaton myasthenic syndrome is important due to differ-
ent clinical course, therapeutic management and associations with malignancies. MG with electrophysi-
ological presynaptic pattern indicative of Lambert-Eaton, is a rare condition associated with distinct clinical

characteristics and therapeutic choices. Therefore, the recognition of such cases is imperative.
Key words: myasthenia Gravis, Lambert Eaton myasthenic syndrome (LEMS), neurophysiological study

Eicaywyn

H MuaacBéveia (MG) kal to MuaoBevikd XUvOpopo
Lambert-Eaton (LEMS) €ival autodvooes diatapaxés
NS PJETAOUVANUKAS KAl MPOCUVANUKAS MEPIOXNS TNS
VEUPOWPUIKNS ouvayns, avtiotoixa. Ta 6Uo autd ouv-
dpopa napouaialouv KAIVIKES OPOIOTNTES ONWS PUIKNA
abuvapia. Mpokertal Opws yia dUo KAIVIKA SIaKPITEs
ovtoTNTEs: H katavopn s Yuikns aduvapias dlagépel
HETAEU twv dUo. Zto LEMS eival BapUtepn ota kdtw
aKpa kal kevipopenikd evd otn puacBéveia evioniletal
enions kevipopenikd, afnd eivar BapUtepn ota dvw
AKPQ KAl OTOUS PUS TOU QUXEVOS. TN puacBeévela gival
ouxvh n npoofonh twv oPBAAPIKWOVY HUDY, eV eival
Alyétepo ouxvh oto LEMS, touddxiotov ota apxiké
otwadia. Ta tevovua aviavakiaoukd gival {wnpd otn
puaoBéveia kal katapynpéva h vwBpd oto LEMS oto
onoio €ival enions ouxvd ta cupntopata anod 1o au-
tévopo veupikd ouotnpa (ANL), kupiws Enpootopia
kal diatapaxés otions otous avdpes. Otav undpxel
n xapaktnpiotkn KAvIKA Tp1dda, KeVIpopeAIKA pui-
KA aduvapio KAtw AKpwv UE Katnpynpéva N vawbpd
tevovua aviavakiaotkd kal diatapaxh tou ANZ, n
diayvwon tou ouvdpduou npénel va AapPBdvetar co-
Bapd un’ dyiv. Kal ta 6Uo voohpata pnopsi va ival
napaveonnaopaukd. H puacbévela oxetiCetal ye BU-
Hwpa og noooaotd nepinou 10-15% [1] kai to LEMS pe
annes veonAaoies, kupiws Mikpokuttapiké Neonnaopa
Mveupova (MKIM), o nocootd 50-65% [2, 3].

H kAvikh eikéva B<tel apxikd tnv unowia HUacHeé-
VEIOS N puaoBevikoU ouvbpodpou, kal n didyvwaon
eniBePaivetal pe tov niektpopuaoionoyikd €lgyxo
Kal Tov €Agyxo €16IKMY auToaviCWPATWwy. XN Yua-
oBévela aveupiokovial avuomuata évavt twv uno-
doxgwv tns aketuioxonivns (AChR abs) oto 85-90%
TWV NEPINTWOEWV YEVIKEUPEVNS HUaOBEVEIas Kal OTO
50% o@Banpikhs puacBéveias, avuowuata évavt s

npwrteivns MuSK nepinou oto 4-8% twv aoBevv pe
YEVIKEUPEVN PuacBévela Kal Mo ondvia aviomuata
gvavu s npwteivns LRP4. O1 tpinAd opoapvnukof
aoBeveis anotefolv Nocootd <5% twv aoBeviv pe
YEVIKEUPEVN puaocBéveia [4-6]. 1o MuaoBeviko LUv-
bpopo avixveovtal avuompata évavt twv dlaunwy
aofeotiou (P/Q VGCC) og nocootd 85-90% [7, 8].
Xtn puaoBéveia o enavannnukds epeBiouds pe ou-
xvétnta 2-5Hz, npokansi peiwon tou Uous tou oUv-
Betou puikoU npokAntou duvapikou evepyeias (EMT1A)
>10% o€ dladoxikés oelpés 5-10 epebiopdtwy. To
nAektpopuoypd@Nua povhpous Puikns ivas (HMMI),
av kal ival n nio euaioBnn €€étaon yia tov €nNeyxo
twv dIaTapaxwy s VEUPOUUIKNS auvayns, gival nabo-
Aoyikh kal ota dUo voohpata o N0oOoTd NAvw anéd
90% [9] kai 6 BonBdel otn diapopodidyvwaon Tous.
HAektipopuaioAoyikd 1o puaoBevikd cUVOPOUO €Xel
OUYKEKPIPEVa xapaktnplotkd: 1. Xapnid uyos IMMA
oty npepia. 2. AUEnon tou IMIMA petd anod ekouaoia
ouonaon bidpkeias 10-15 sec, ouvhBws >100%. 3.
AUEnon tou Uyous tou IMIMA cuvhBws >100% otn
dokipaoia enavaAnnuKoy EPEBICUMY UE CUXVOTNTA
epeBiopwv 30-50Hz (tetavikos epebiopods) [3].
Mapoddo nou n puacBéveia kal 1o LEMS eival Uo
kAivikd, opoAoyikd kal niektpopuailonoyikd O1aKpITES
OVIOTNTES, €XOUV NEPIYPAPEI OPIOUEVES ONAVIES NEPI-
NTWOEIS PE TAUTOXPOVN EUPAVION XAPAKINPICTKDV
evoeIKUKDY 1000 puacBéveias 6co kal LEMS. Adyw
NS onavidTNTas Twv NEPICTATIKWY, ta BIBAIoypapIké
bebopéva eival Aiya kal apopolv PePOVWEVA NEPI-
otaukd pe yeydin etepoyéveid 6oov apopd ta KAVIKA,
avooonoyika kal nAekipopualonoyikd otoixeia kal dev
éxel S1eukpIvioBel av Nnpokeital yia tuxaia cuvunapén,
av npokertal yia Eexwploth voooAoyIKA ovidtnta f yid
uno-opdda puacBbéveias h puaoBevikoU ouvdpduou.
Meplypagoupe aoBevn Ye yevikeupévn puaoBéveia
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pe Beuko ttlo AChR Abs kal niektpopuaionoyikd
XAPAKTINPIOUKA PJETAOUVANUKAS KAl MPOoCouvanukns
Slatapaxhs s veupopuikhs olvayns. Eival n npd-
N NEPINTWOIsS autou tou ouvdpdpou atnv EAANVIKA
BiBRioypania.

Mepiypapn acBevous

MNpokeital yia yuvaika, 35 €1y, Ye yvwoto 101opIko
AChR Abs(+) yevikeupévns puacBéveias anéd 10etias
Kal Pe 10TtopIko Kal dAfwv autodvoowy voonudatwy:
YnoBupeoeibiopd, autodvoon aipgoAutkn avaiyia
and 20etias, cuoTNUATKG epuBNpat®@dN AUKO (ZEA)
kal avupwo@onindikd cuvdpopo (Bpdupwon nunai-
as PA£Pas kar eneioddia nAgupiuk®v cudfoywv). H
puaoBévela epgpaviotnke to 2010 pe Bdupos opd-
osws, dinAwnia Kal kevipopenikh adbuvapia Kupiws
TV KATW Akpwv, Pe d1athpnon twv Tevovtiwy avia-
vakAaotkmv.O Betkos titlos avicwpdtwy évav
unodoxéwv aketufoxonivns eniBePaiwoe tn didyvwon
s puacBévelas (AChR Abs: 324nM, Beukos titos >
0.6nM). H aneikévion tou pecoBwpakiou dev avédeite
BUpwpa kal ta avuowuata évavu utvns Atav apvn-
uKkd. H aoBevns 1€Bnke og aywyn pe nupidoouyuivn
pe kaAn aviandkpion kar dev unofAnBnke og Bupe-
Ktopn, Adyw au€npévou xeipoupylkoU KIvOUvVoU s
aoBevous e€artias s ouvvoonpotntas. Alaxpovikd
avupetwniotnke pe npedviCondvn, pitougipdpunn kal
puko@avodikh pogetiin. Yno tnv avoookatactanukn
auth aywyh n puacBévela htav oe gpappakonoyikn
Ugeon. Tov louAio tou 2019 petd and pia €§apon tou

Eikéva 1. Enavainnukd epebiopata otov anaywyd tou dikpoU daktidou AUEnon twv NpokANTMOVY OUVAPIKDV

otov tetaviké gpeBiopd katd 90%

30 Hz
86 %
-15 %

12:33:02
9.2 mV
37.3 mVms

[ 12:32:33
| 8.6 mV
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YEA pe nigupiukh cuddoyn, n aoBevhs eppavios Ke-
vipopeAikn puikh abuvapia twv KAtw akpwv Kal TOTe
npoonABe otnv KAVIKA pas.And v kAvIKA eEétaon
dianiotBnke diathpnon twv aviavakAdoewy Kal na-
Bonoyikés dokipaaoies KAUATOU TwV HUDV TwV GKPWY
Kal twv oPBaAuIK@V YumyV. Xtov nAektpopuaoiono-
yIK6 €neyxo n dokipacia enavafnnukoy epeBioumV
ntav naBonoyikn oto dentoeldn (Mwon duvapiKmV
€ws 62%) kal puolofoyIKh otov anaywyo Tou Pikpou
daxtnou. To HMMI Atav naBodoyikd ctov Kovo
ekteivovta tous daxtunous kail otov Mpdabio Kvnpidio.
210 niektpoveupoypdpnua 6e dianiotwBnke nonu-
veupondBeia. To IMMA and 1o 6g€16 Anaywyd tou
HikpoU daktiou (AMA) htav guaoiodoyikd (7,6 mV)
anAd petd and ekouoia oclonaon 15 dsuteponéntwy
au€nbnke ota 10,2 mV (34%). H auEnon aut, av Kal
Uikpn, €Bgog tnv unowia npoouvanukhs diatapaxhs
Kal otov enavaninnukd epebBioud pe kataypapn and
ov AMA, ev® NpoteTavikd napampninke niwon
twv duvapikwy 8%, os cuxvotnta epebiopmv 40Hz
napawnpnBnke al&non tou NpokAntoU duvapikou éws
90% (e1k6va 1), elpNua NMou vioXUoE TV unowia npo-
ouvanukns diatapaxns. Ta avuowuata évav diauAwy
aoPeotiou htav apvnukd. O aneikovioukos éAEYX0s PE
afovikh Bwpakos kal dvw kdtw koldias dev avébeie
kakonBela. Ztadiakd n aoBevhs BeAuwbnke petd and
autnon wns npedvidondvns. Katd v enavektiynon
éva phva apydtepa, o véos enavannnukés epebiouds
¢bei€e enfons npoouvanukn diatapaxn pe au&non tou
pUikoU npokAntou duvapikou aTtov Tetavikd epebiopd
Katd 70%. Znueicvetal 6t Katd tn Sidpkela Napako-

12:33:42
8.6 mV
36.2 mVms

30 Hz
a0 %
-18 %

12:34:14
8.8 mV
37.0 mVms
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AouBnons tns aoBevous, ol enavéneyxol Tou ttiou
v avuowpdtwy evavu AChR napépeivav Beukoi
o€ uynnouUs titAous, Napd t xpdvia avoconoyikn
Bepaneia. Tuykekpipéva, 1o 2015 htav 160 nM, 10
2019 Atav 93 nM kai 102021 Atav 102 nM.

Avaokonnon NEPICTATK®WY avooofloyika
BéBains puaoBéveias kal pe nlektpopuaiono-
YIKN €IK6va npoouvanukns diatapaxns

MNpayuatonolhoape piav ektevh avaokonnon s
BiBnioypagias (oto Google Scholar kar oto PubMed/
MEDLINE), nepifapBdvovtas nepiotatkd pe KAVIKA
eIkéva oupPath e puacBéveia, Beuxkd avuompata
évavu AChR h MuSK kar niektpo@uaiofoyikh eikéva
Kal npocuvantkhs S1atapaxns VEUPOUUIKNS ouvayns
ue NEeis eupetnpiou: Myasthenia gravis, Lambert-
Eaton Myasthenic syndrome, overlap syndrome.

Yuvoniké evionioape 35 nepiotaukd cupnepinap-
Bavopévou tou napovios nepiotatkou [10-33]: 34 pe
Beukd AChR abs kai 1 pe Musk abs (Mivakas 1). Ané
10 ouvofo twv 35 aoBevv ol 21 Atav yuvaikes (60%)
kat ol 14 avipes (40%), pe péon nilikia évapéns vooou
10 48 €. To 97% twwv acBevav gixe YuUikh aduvapia
akpwv, 10 82% o@Bandpuikd cupntwpata 1 77% npo-
pNKIKN cupntwpatonoyia 1o 69% eixe Katnpynuéva
tevovua aviavakiaoukd, 1o 44% duoautovopia kal
10 7% eppavioe puaoBevikh kpion. To 34% twv aoBe-
vV (9 &K Twv 26 Pe yvwotd KAVIKA XapakinplotKd)
€ixe hdN yvwotd 1otopikd puacBéveias, pe didpkela
vooou and 1 éws 11 émn kal n igpelivnon nou odn-
yNoe atnv avakdaduyn tns Npoouvantkhs diatapaxns
€yive NOYW EPPEAVIONS VEWV CUPNTWUATWY N Adyw
onpavukhs embesivawons twv Ndn unapxoéviwy. Yu-
YKEKPIPEva, 2 acBeveis eypdvioav puaoBevikh kpion
(0 évas petd anoé xophynaon koupapiou), 2 epepavicav
yia np@tn popd ekdbniwoels ducautovopias, 1 na-
pouciaoe yevikeuon v apxikd gixe povo o@Banpika
oupntopata kal 4 eppdvicav onpavukn enidsivwon
NPOUNAPXOVIWY CUPNTWHATWY KAl KUPIWS KEVIPOUE-
Aikhs aduvapias kdtw dkpwv. AINAd opoBetkol pe
Beukd AChRabs (h MuSKabs) kal Bgukd VGCCabs
Atav 9 (43%) and tous 21 aoBevels yia tous onoious
avapépetal nANnpns avooonoyikéds éAgyxos. YMNoKeiue-
vn kakonBeia eixav 6 aoBeveis (17%), 4 pe MK kal
2 pe BUpwpa. Enavektipnon npaypatonoinbnke oe
10 aoBeveis (29%) kai o véos nAektpoPuUaIoNoyIKOS
énieyxos ntav apetdPintos oe 5 €€ autwv evw ot 4
BpéBnke puaoloAoyikds. Avtandkpion oty nupidoaoty-
uivn avagépetal kanh o 14 and tous 25 aoBeveis yia
Tous onofous €éxoupe dedopéva (56%), pétpla o 5
(20%) kai pndevikn og 6 (24%). H xophynon 3,4-DAP
Opws (ws povoBepaneia n pad ye nupidboauypivn),
gixe kaNUtepa Bepansutkd anoteéopata otous 7
and twous 10 acBevels.

Baoikds neplopiopds tns avackdnnons nou npay-
gatonoinoape gival 6t Adyw s onaviotntas twyv
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NEPIOTATIKWY, aveupébnoav povo pePovwpéva ne-
pIOTATUKG pE peydnn €tEpoyEvEld ws NPOos 1a KAIVIKG
kal napakAivika dedopéva. Eninpdobeta, otoxevovias
otn ouykévipwaon aoBevv pe BERain puaoBéveia
eniné€ape va kataypdyoupe pévo aocBeveis pe Beukd
avuompata évavt AChR h MuSK, ue anoténeopa va
g&aipoupe Tous opoapvnukous acBeveis. H enifoyn
auth éyive Pe okono v au&non s €181kOTNTAS ToU
Sefyparos eis BApos ns euaiobnaoias.

Tulhtnon

H aoBevns pas eixe BEBain AChR Abs(+) yevikeu-
pévn puacBévela pe apxikd NAEKTPOPUGCIoNoYIKS
éleyxo Pe eupNpata petaouvantkns d1atapaxns s
VEUPOWUIKAS oUvayns otnv onoia og enavéneyxo Adyw
unotponns pe kevipopeNikh aduvapia, avadeixbnke
Kal nAeKTpoPuUaIonoyIKA IKOVA NPoouvanukns dia-
tapaxns. H npoouvanukn diatapaxn htav 1dionabhns
onws €0eixBn and tov apvnukd yia kakohBeia €Agyxo
Kal enfons ané tn ouvunapén dAfwv autodvoowy
voohudtwy ta onofa gival ouxvé oto 16ionabés, un
napaveoniaopatké puaocBeviké ouvdpopo [34, 35].
To veapdv s nAikias tns enions unootnpidel v 101-
onabn @uon tou cuvbpodpou [35] kaBws enions Kal
ta apvnukd VGCC abs. H BéBain puaoBéveia, oe
ouvbuaop6 pe tnv anouoia VGCC avuowudtwy Kal
v napoucia kal dAfwv autoavoowy Voonpatwy
LEICVEl TNV AVAYKAIOTNTA CUOTNUATIKAS iEpEUvNONS
yla unokeipevn kakonBeia. Mapapével dpws o npo-
BAnpatopos yia 1o Néoo ektevhs Ba npénel va eival
0 €Meyx0s yla unokeipyevn kakonBela, otous aoBeveis
pe 6inAn opoBeukdtnta.

To xapnnd Uyos tou IMMMA otnv npepia gival Tuniké
Tou cuvdpopou afnd, dnws NapatnPhBnke Kal os
npdoeatn yeAétn pas, Sev napatnpeital oe dous Tous
JUS Kal Xpeldetal €Reyxos o€ NEPICOOTEPOUS TOU eVOS
hUs (3). H atgnon tou IMMA otov tetavikd epebioud
enions dev eival ibia oe dAous tous pus. AlEnon tou
YMMA peyanutepn tou 60% Bewpeital Slayvwaotkn
ToUu ouvdpdpou (36). Ztnv acBevin yas n algnals htav
90% otov Anaywyod tou pikpoU daktufou.

KaB’ 6An n didpkeia napakoiouBnons ta AChR
abs Atav naviote Beukd napd i xpdvia avoconoyikn
Bepaneia, ev ta anti-P/Q VGCC Abs htav apvnukd.
EninpooBeta, Ndyw ths kaAhs aviandkpions otnv
Bepansutkn aywyh nou AauPdvel péxpl otuypns, dsv
éyive npoaBnkn 3,4-DAP. Eival dpws evdexduevn
Bepansutkn emioyn os peAdovukn enideivawon s
KAIVIKAS EIKOVAS.

O Oh SJ [36] npoéPn oe avaokdénnon twv dnpo-
OlEUPEVWV PEPOVWHEVWV MEPICTATKWY OTNV Onoia
nepiénafe 6na ta nepiotaukd ye puacBéveia kai
nAsktpo@uaolofoyikh gikéva ocupPBathn pe LEMS (xa-
punAd CMAP otnv npepia kar auénon tou >60% otn
dokiyaoia enavafnnukwy epeBIoP@Y uPNANS ouxvod-
ntas A petd and doknon). Ztnv avackénnon auth 39
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neplotatkd nAnpoUdoav Ta avwtépw KPIThpla kal BAcel
aut®V Npotdbnke 10 cuvduaotikd cuvdpouo MLOS
(myasthenia gravis Lambert-Eaton overlap syndrome).
Ex twv aoBevav pe MLOS 10 95% eixe opBanpo-
npounkikés ekbnAwaoels, 10 41% duoautovopia, 0
74% katnpynuéva tevovua kal 10 96% Beukd teot
edpopwviou. Ta AChR abs petphBnkav oto 72% twv
aoBevav Kal €€ autwy 10 82% htav Beukd. BUuuwa
avaeépetal oe 5 aoBeveis kar MKIM o 7. Metd and
oUyKPIoN TWV KAIVIKDOV XapaKINPICUKDV WV aoBeviv
pe MLOS pe peyann oeipd 235 aoBevv pe puaocHe-
vela kal pe ogipd 44 aoBevadv pe LEMS, dianiothon-
ke 6u ol aoBeveis e MLOS €ixav pikpotepn nAikia,
HIKpOTEPN cuoxEuon Pe kakonBeles kal peyanutepn
avianoékpion otnv 3,4 Siapivonupibivn (3,4 DAP).
O ouyypa@éas unoatnpilel tnv Unapén Eexwplotou
aAnnAoenikafuntépevou ouvdPOUOU TS VEUPOUUIKNS
oUvayns nou diaeépel and s aiyeis yop@és MG kal
LEMS kai npoteivel ws niBavéd pnxaviopd i popiakh
pipnon petaty evos likou h BaktnpliakoU enitonou Kal
HIkphs neploxns twv AChR kal VGCC, nou pnopei va
AeItoupynael ws ouvOUAoPEVO avTyOvo.

O1 Alboini et al [37] og pia peAgin avackdnnons
napouciaocav NEPICTATUKA PE PEIKTA XapaKINPIoUKA
MG kal LEMS, xwpis ta avwtépw auotnpd kpithpia.
Yupnepiénapav 36 aoBeveis pe npoouvanukn diata-
paxn ek Twv onoiwv dinAh opoBeukdtnta dianiotwon-
ke 0 6.: 5 pe AChR abs kai VGCC Abs kai 1 pe MuSK
abs ka1 VGCC Abs. O1 cuyypageis katadhyouv nws n
Unapé&n tou cuvopbduoU Napapével aueineydpevn Kal
anarteital avoconoyikn tekpnpiwon Pe v napouaia
dinAns opoBeukdtntas.

YNPavukés NePIOPIoPOS TV aVWTEPW 2 aVAOoKO-
nhoswv [36, 37] €ival n avopoloyévela Twv KAIVIKWDV
bedopévwy. Yuykekpipéva, ta avooonoyikd dedopéva
eival eAAINA, didu noAnd and ta nepiotatkd dnuoaoi-
eutnkav npiv v diadedopévn xphon twv VGCC avu-
owpdtwy kal ddda akdpa nanaidtepa, nNpiv th xphon
twv avuowpdtwy évavu AChRs. Qs ek toutou, kdnoia
and 1a NePICTaTKd Pe npocuvanukh diatapaxn xwpfs
otoixeia yia 1o avooonoyiké Tous Npo®id, evoéxetal
va avhkouv €€apxns oto GAacpa tou puaocBevikou
ouvbpodpou Lambert Eaton.

YInv avackonnon pas n dinAn opobeukdtnta oto
43% autwv nou engxBnoav yia AChR/MuSK abs kai
yla VGCC abs, evioxUel avooonoyikd v Unapén evos
EexwpIoToU oUVOPOUOU PE PEIKTA XAPAKINPIOTKA
MG kal LEMS. H afdayh twv eupnpdtwy tou nie-
Ktpo@uaolodoyikoU efigyxou otnv nopeia tns vooou
ot0 40% twv acBevv otous onoious dlevepynbnke
enavéneyxos, MBavws dnAdvel 6u n cuvunapén kai
npoouvanukns diatapaxns oe aoBeveis Ye pUacHEé-
VEIO Pnopel va gival nio ouxvh and 6,u niotevetal.
Av kal n euaioBnoia twv AChR abs otn puaoBéveia
noikinAel avanoya pe t pop®n s vooou (peyanu-
TepN €UaIoONGia OTN YEVIKEUPEVN CUYKPITIKA PE TV
o@Banuikn), n eidikdtnta eival upnihn >99% [38]. Xe

nafaidtepn penétn avapépetal xapnnés ttlos AChR
abs ot0 13% aoBevv pe LEMS kal VGCC-abs 010 3%
aoBevav pe puaocBéveia [39]. Ta dbedopéva autd eite
ouvioToUv Yeudbs Betikd anoteféopata eite anote-
Aouv nepintoels cuvunapéns twv 6Uo voonudtwy,
xwpis OUws va éxouv Ppebei otoixeia npoouvanukns
dlatapaxns otous AoBeVels TS CUYKEKPIPEVNS JERETNS.

H Bepaneia pe 3,4-DAP qaivetal va gival anote-
Aeopaukh otous acBeveis Pe PEIKTA XapakinpIotkd
MG kal LEMS. H 3,4-DAP xpnoiponolgital enituxws
ot ocupntwpatkn Bepaneia aoBevav pe puaoBevikd
ouvdpopo LEMS [40], evd éxel npotabei ws niBavn
Bepaneutkn enifoyn yia KANOIES HOPPES CUYYEVIDV
puaoBeveiwv [41] kaBws enions kar otn MuSK (+)
uuacBéveia [42]. Tuvduaoukd pe v 3,4-DAP Suvatal
va xopnynBei nupiboouypivn [43, 44]. AvadeikvUetal,
Aoindv, n onpacia avayvopions auths s 161aitepns
popens BIatapaxns s VEUPoUUikns olvayns, KaBws
duvatal va undpxel onpavukd Bepansutkd 6¢eNos.
AcoBeveis ol onoiol gite 6ev avtanokpivovtal, aviano-
Kpivovtal pepIkws h dev avéxovtal Ty nupidoaotiypivn,
pnopel va weeinBouv onpavukd and v povobepa-
neia pe 3,4-DAP.

Zupynépacpa

H Sidkpion petatu puacBéveias kal puacBevikou
ouvdpoépou eival onpavukn Adyw tns SIaPOPETKAS
kAIVIKAS nopeias, BEpaneutikns NPOCEéyylons Kal Ou-
oxéuons ue kakonBeia. H puacBéveia e nAeKTtpopuUal-
onoyIkn IkOva kal puacBevikol cuvdpdpou eaivetal
nws éxel 161aitepa KAIVIKA XapaktNpIoTKa Kal 1d1arepod-
Ntes ous Bepansutkes enifoyés. Agv éxel GUwWS aKOUA
bieukpliviotel av npodkeital yia pia 1dlaitepn gop@n s
puacBéveias h av anotenel éva Eexwpiatd oUvopopO.
H Bewpia tou autoteous ouvdpdpou pe clyxpovn
dlatapaxn s NPoouUVaAntKAS Kal JETICUVANTUKAS
NeEPIOXNS TNS VEUPOUUIKNS clvayns unootnpiletal
avooodoyikd and tnv avelpeon aoBevav pe diInAn
opoBeukotnta, afnd dev duvatal va tekunpiwdel pe ta
péxpl ouyphs dedopéva. Anartouvial Nnio CUCTNHIATKES
penétes pe peyanutepo apiBud acBevv.
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KAAZZIIKOI BIOAEIKTEZ THX NOZOY ALZHEIMER
2TO NAAZMA. NMOY BPIXKOMAZXTE ZHMEPA;

lewpyios MNapaokeuds*, lwdvva Toavi{ann*, EAgvn Xibepn, Aikatepivn ©gobwpou, Aviddvns Maupduatos,

Baoidikn Kotoann-lleteivénin, Kwvotavtivos BoupBoupdkns

B Neuporoyikn Kivikri EQvikoU kai KarobiotpiakoU Maveniotuiou ABnvayv, Mavernotnuiaké levikd Noookopgio « Attikdvs
* Kai o1 600 ouyypageis ouppeteixav e€ioou atn dnuioupyia tou napdvios dpbpou

MNepiAnyn

O1 Biobeiktes s vooou Alzheimer oto eykepanovwtaio uypd (apunoldés AR, unep@wo@opuniwpévn
npwteivn T kal oAikN npwteivn 1) anotefolv xphoigo BonBnua oty dlagopikn SiayvwotKA s vOooU Kal
éxouv evowpatwBei oe noAnd diayvwoukd kpithpia. O npoacdiopiopds twv idiwv Biodeiktby oto nAdoua
ano@eUyEl TNV OXETKWMS NAPEPPATIKA oopuovwTaia Napakévinon Kal tnv niBavn, éotw Ppaxeia, voonneia,
Kal enitpénel akdpa kal noAdannés enavannyels av kpiBei anapaitntn n napakodoudnaon, N yia enavéneyxo
apoeiBonwy anotefeopdtwyv. Ta péxpl twpa dedopéva, av kal éxi noAnd, unoowmnpilouv U N UNEPPW-
ogopufiwpévn NPWTEivN T (T, ,,) 010 NAdopa napouoialel uynin diayvwoukn a&fa napduola Pe auth tou
eykepanovwuaiou uypoU pe IKavonointkd diaxwplopd and dina afua dvoias, v td enineda apunoidbous
nAdoparos (Adyos AB,,/AB,,) anotefolv eGaipetkd deikin tou apunoediKol Goptiou otov eyKEPaAno, IKa-
vonoINTKG UNokatdotato tns Topoypagias eknopnns noditpoviwy Kal, evhexopévws, Ikavornointkn e€étaon
enéyxou (screening). Apketés peétes xpeldlovial akdpa, Kupiws yia v BeAuotonoinon tns peBodonoyias
npoodiopiopoU twv Blodeiktyv tou nAdopatos, tnv BeAuotonoinon ts dlayvwaotikns tous agias, 161aitepa
péow ouvduaopoU aut@V Kal TNV OIKOVOPIKG npoalth iddoaon ts Xphons Tous oty KaBNPEPIVA NPAKTIKNA.

Né€eis eupetnpiou: vooos Alzheimer, apunoeibés AR, unepewopopuiwuévn Npwieivn T, ofIKN NPWIEVN T,
Blobeiktes nAdopatos

CLASSICAL ALZHEIMER'’S DISEASE BIOMARKERS
IN PLASMA. CURRENT STATUS

George P Paraskevas, loanna Tsantzali, Eleni Sideri, Ekaterini Theodorou, Antonis Mavromatos, Vasiliki Kotsali-Peteinelli,
Konstantinos Voumvourakis

2 Department of Neurology, National and Kapodistrian University of Athens, Medical School, «Attikon» General University Hospital

Abstract

Cerebrospinal fuid (CSF) levels of amyloid peptide AB, phospho-tau protein and total tau protein are
currently considered as the 3 established (core) biomarkers for Alzheimer's disease (AD). They have been
incorporated in various diagnostic criteria as a useful tool in the (differential) diagnosis of AD. Assessment
of the same biomarkers in plasma does not require the relatively invasive lumbar puncture and allows sam-
pling in the community, storing of larger quantities of plasma, testing a larger spectrum of analytes and re-
peated testing when this is considered necessary for follow up and for marginal or conflicting results. Data
so far indicate that plasma phospho-tau (t, .,,) offers a high diagnostic value, similar to that of CSFt, ..,
with a very good discrimination between AD and other dementia disorders. Plasma amyloid, in the form of
the AB,/AB,, ratio, seems to be very good predictor of brain amyloid burden and offers a useful screening
tool and a good substitute of amyloid positron emission tomography. The above data are encouraging;
however, further studies are needed for optimization of assessment methods for plasma biomarkers, opti-
mization of their diagnostic value and for widespread availability in every day practice.

Key words: Alzheimer's disease, amyloid peptide AB, phospho-tau, total tau, plasma biomarkers
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1. Eilcaywyn

O1 ouyKevIPWOEIS oTo eykepanovwuaio uypod (ENY)
ou B apuAosdikol nenudiou pe 42 apvotéa (AB,)),
s NpwIeivns T pwoPopuiiwpévns atn Bpegovivn tns
Béons 181 (1, ,,,) Kal s oAikns npwteivns T(t,) Bew-
pouvtal onpepa ws kAaooikol Brodeiktes tns vdoou
Alzheimer (NA) [1]. O1 npwtor 6Uo aviavakAoUuv Tous
BaoikoUs nabofioxnuikous pnxaviopous s NA, én-
Aadn tnv e§wkuttdpia cucowpeuon apuiogidous und
Hop®n apunoelbIk®mY NAAKOY Kal TV UNEPPWOPOPU-
Aiwon s npwteivns T Pe evOOKUTIAPIA CUCOMPEUCN
unoé pop®n veupoividiakwy BAaBav avtictoixa [2, 3],
eV 0 1pitos anotenel pn 161kd Seiktn veupwvikns H/
Kal agovikns ekpuAions/katactpoens [4]. Ta napand-
VW popla éxouv PeetnBel extetapéva us teneutaies
2 bekagties kal, pe €101kdGTNTA Kal euaioBnaoia nou
npooeyyicel h Eenepvd 10 90%, éxouv NNEoV evowpa-
wwBei oe dlayvwoukd kpithpia [5] kal cuctdoels [6],
ws Slayvwaotkd epyaneia xpholpa yia v (O1agopikn)
biayvwaon tns NA ev {wh. Mpdogata, evidooovial ota
«MUPNVIKE» XAPAKINPICUKA yia TNV avayvapion s
NA in vivo, ws pia BioAoyikn naBodoyikh diadikaaoia,
ave€dptnta anod to €ibos, v Baputnta kal v na-
pouacia h anouoia, Twv CUPNTWHATWY evos aoBevous
OFE JIa CUYKEKPIPEVN XpovIKh ouyun [7].

2. Narti Brodeiktes aipatos;

KaBws to ENY Bpioketal og otevh dopikn Kal Ael-
TOUPYIKN Oxéon pe 1o e§wkuTtdplo/didueco uypo,
Bewpeital du aviavaknd pe oxeukn akpifeia us Ploxn-
Hikés diepyaaies nou oupPaivouv otov eyképano [8].
Qo160 yia v delypatodnyia ENY anaiteital oopuo-
vwuaia napakévinon (ONM). Mpokeital yia diadikaoia
poutivas yia us veuponoyIkEs KAIVIKES, MOoU cuvhBws
gival kaAd avektn, pe xaunnd nocootd aveniBupntwy
EVEPYEIDV, N NIO oUXvh and us onoies gival n Kepa-
Aanyia [9]. H xpnoigonoinon pn tpaupaukis BeAGvNs
elattwvel tnv miBavotnta kepananyias [9] kai, oto
ouvnBes nAIkIakd PACHA TwV aoBeVdV e VONTIKES
biatapaxés, 10 nooootd kepananyias petd and ONI
eival <4.5% [10] akdpa kar étav xpnoiyonolovval
ol kaooikés BeAdves winou Quincke [11]. Map’ éna
autd, n ONMM napapével Pia OXEUKWS NAPEPPATKA
diadikaoia, nou ondvia ekteneital and yiatpous an-
Awv €I0IKOTATWY, analtel VoookouEelakh voonieia og
K&noles xwpes N 16pupata, anotelsl cuxvd nnyn @o-
Bou h avnouxias yia Tous aoBeVeis Kal TOUS OUYYEVESS
T0Us, eV kal N noodtnta tou AapBavopévou ENY Sev
eivar angpiopiotn. And tnv anAn pepid n aiponnyia
gfval ouolaoukd pia un napepBauxn diadikaoia, nou
bev anaitei voonneia, pnopel va npaypatonolnBei
eukona, enitpénel tnv oufioyn capms peyandtepou
belypatos yia tov npocdiopiopd noAd NepIocOTEPWY
oualWv, ev kal n enavanauBavéuevn aigoAnyia (yia
€PEUVNTKOUS OKoMnous, yia Hakpoxpovia napakofou-
Bnon, h yia enava&londynon Siayvwoukd apeifonwy

anotefeopdtwvy) bev anotenel npoPAnua kai, o€ k4B
nepintwon, €ival yakpdv nio anodekth and v ena-
vanapBavéuevn ONI.

Me Baon ta napandvw, ta teneutaia Aiya xpdvia,
peta&l anfwv, ol kAaoaoikoi Brodeiktes tns NA on-
Aadn AB,,, T, ., and T, oto aipa (ouvnBws nAdoua,
onaviotepa 0pds) €XOUV APXIOEl VO CUYKEVIPWVOUV
T0 €PEUVNTIKO eVOIAMEPOV APKETWY KéVTpwy [12,
13]. Exel napatnpnBei, 6u otn NA or beiktes autoi
petapandovtal npos otnv nabodoyikh kateuBuvon
oto nAdopa oxebdv tautdxpova pe 1o ENY kar pe
Kapnunes petafonns napdpoles Ye autés tou ENY
[14]. Napd v noloukn opoldtnta twv yetafoiwy, o
BaBuods noootukns petaBonns npos otnv nabonoyikn
kateuBuvon yia 1o AB,, (giwon) kal v T, (abgnon)
gival PikpodteEPos oto nidoua o€ oxéon pe to ENY,
Opws yia v T, .. 0 Babuds alénons eival napouoios
kal ota dUo uypd [14].

3. Enineda apuioegibous

LT0UOTUK®DS ONPAvUKn peiwon ou AB,, oto nidopa
aoBevav pe NA éxel napatnpnBei and tous Shin kal
ouv. [15], xwpis petafonn tou AR, og oxéon pe v
opaba eféyxou. Qotdéoo, o Adyos AB, /AB,, ékave
aképa nio gygpavih v dilagopd. Opoiws, n Janelidze
kal ouv. [16] napathpnoav oto NAAcHa onuavikn
peiwon tou AB,, kai tou Adyou AB,/AB,,. xwpis
petaponn tou AB,,. Mpos otnv idia kateuBuvon pe
OTaTUoTKMS ONPAVIKES dlagopés Ntav Kal ta euphpata
6Uo aképa pefetwv [17, 18] dpws, o Adyos AR,/
AB,, (av kal kanutepos and uoévo 1o AB,,) napouciale
H€pIa DlaxwpIouKA IKavotnta PETagl onopadikns
npoyepovukns NA Kal puCIOAOYIKDY UYEIDV atOPwY,
pe egRadov katw and v kapynuAn ROC tns tdéns
tou 0,76 kal suaioOnoia kar 161K6TNTa, Nou dev Ee-
nepvouoav 1o 70% [17], Adyw Ikavou BaBuou afnn-
Aognik@Auyns tpwv peta&y NA kai Aoinwv opddwy
[16, 18]. Qot6o0, ue e€eNIyUEVES TEXVIKES aVIXVEUONS
akpiBeias (multiplexed, densely aligned sensor array),
o Aodyos AB,./AB,, ®aivetal 6u pnopel va @taocer oe
Ikavé nooootd diaxwplopoUu ts NA and v oudda
enéyxou pe euPaddv kdtw and v kapnuan 0,925
Kal euaiobnaoia kai e1dikdtnta s 1¢Ens tou 90% [19].

O Adyos AB,,/AB,, oto nAdopa gaivetar 6u npo-
BAénel 1o poptio apufoeibous atov eyképano ave-
Eapthtws ns napouacias N anoucias CUPNTWPAETWY
avolas [18, 20, 21] yeyovds nou pnopsi va anodeixei
XPAGIPO YIa TNV NP@IPN (010 NPOCUPNTWHATIKG Otd-
610) diayvwon s NA kal tnv évtaén atdpwy autol
tou otabiou og pefétes véwv @apudkwy. O nabo-
Aoyikos Adyos AR, /AB,, avayvwpilel tnv napouacia
apunogidous otov eyképano pe egpaddv kdtww and
v KapnuAn s tééns tou 0,88, nou autavel o€ 0,94
av npootebei kal 1o APO E4, evy avayvwpilel tnv na-
pouaia augnpévns phospho-tau oto ENY pe epPaddv
K&tw anod v kapnuAn s tééns tou 0,85 [22]. Enions,
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peiwpéva enineda AB,, ouvdEovtal Pe PEIWPEVO OYKO
INNOKAPNouU Kal au&npuévo Kiviuvo eppdvions NA [23].

Agv ouppwvouv OAes o1 HEAETES Pe Ta Napanavw
kai ol Feinkohl kar ouv., 6ev napatnpoUv oTtatouKwMSs
onpavukn diagopd oto AB,,, AB,, kai AB,,/AB,, oto
nidoua aoBevv pe NA [24], evw, avtiBeta, 2 penétes
Bpiokouv augnpévo 1o AB,, oto nidopa s NA og
oxéon pe v opdda enéyxou [25, 26].

Ytnv nAigloyn@ia tous ol NnpoavapepBeioes pe-
Aétes xpnoiponololv nio nponypévn peBodonoyia,
onws unepeuaiobntes texvikés avooonpoaodiopi-
opou, pacpatopetpia pddas, Simoa (single molecule
array), Luminex xMAP®, 1 IMR (immunomagnetic
reduction). To yeyovos autd ouvendyetal kanola au-
€non tou kbotous, kaBws n NpoUndpxouca, xauniou
Kdotous texvikn unodoun s ouvhBous ELISA, nou
XPNOIPOMOIETal yIa Tov NPoadIopIopd TwV KAAGOIKMY
Blodeiktwv oto ENY, us nepioodtepes popés Oev pno-
pei va agiononBei oto nAdopa.

4. Enineda ungppwo@opufiwpévns NPWIEIVNS T

H 1, ,,, 010 nAdopa ivar auénuévn otn NA katd 3,5
POpPESs o€ oxéan pe v opdda eAéyxou kal n auénon
auth eival n peyadutepn and kaBe dAno Brodeiktn
[14, 27, 28, 29]. Ta enineda oto nAdopa cuoxetio-
vtal Ioxupd kai pe ta enineda oto ENY [14] kal pe 1o
poptio evandBeons npwreivns T Kal apuiogidbous otov
eyKEPano, 6nws autd ekppddetal Ye tnv Topoypagia
eknopnnhs nodtpoviwy [27]. L& acupntwuatkd dropa
n og hnia vonukh diatapaxn, n avelpeon uynAwv
ennédwv NAdopatos npopnvuel tnv peAnovikh gu-
@avion avolas wnou Alzheimer [29].

Ta enineba nAdopartos s t, .. €6€1Eav onpavukn
a€ia yia tov diaxwpiopd ts NA and dARes veupoek-
ouAiotkés vdéoous pe eupadov kdtw and tnv kapnuAn
s té€ns tou 0,94-0,98 [29]. EibIKAG yia 1otonoyIKd
eniBePalwpévn petwnokpotadikn ekpuAion to eupa-
66V kdtw and v kapnuAn eival s 1¢éns 0,88 [28].
To 610 epBadodv, yia v ayyeiakn dvoia eivar 0,92, yia
i véoo Parkinson A atpogia noAdanAwy cuotnudtwy
0,82 kai yia tnv npoioUoa ungpnupnvikh napdiuon
n epAolofacikd ouvdpopo 0,88 [30]. H SlaxwploTKN
auth IKavotnta Qaivetal cadws avotepn and auth
ou Adyou AR, /AB,,, kaBiotdvtas tnv T, .. Tou NAd-
opatos noAnd unooxopevo Plodeiktn, pe diayvwotkn
afia napépola e authy s 1, ., tou ENY [31]. Kai
nénl duws xpNnolyonoleital UnepeuaiodnTn Texvikh
avooonpoadIopIopoy Pe NAEKTPOXNPEIOPWTAUYEIQ,
nou éxel avantuxOei kal otabpiotel og ouykekpIpéva
kévtpa [27, 30] kai bev €ival eni tou napdvios padikd
b1aBéaipn.

5. Enineda ofikhs npwteivns t
Kai anddol Blodeiktes

MNapd kKAnoles apxikKES NAPATNPNOEIS YIa Peiwon
[31], ta enineba tns 1, €ival augnpéva oto nAdoua

Apxeia Kivikns Neuporoyias 30:5-2021, 35-39

aoBeviv pe NA av kal xwpls 1I0XUph cUCXETON E Ta
enineda tou ENY [32, 33]. Qotooo auEnon éxel napa-
tnpnBei kal oe dANa voohuata, cupnepidapfavopévns
NS PeTwnokpotagikns dvolas [34], nepiopidovias v
e1d1kéTNta autou tou Blodeiktn, Tou onoiou o Npoo-
biopiopds oto nidopa anaitei péBodo Simoa.

Agiktns aovikns kataotpopns Bewpeital enions
kal n NFL (neurofilament light) nou napouaciadlel on-
pavukh augnon oto nidopa aocBevv pe NA [35],
anid kal o dANa voohuata, kaBiothvias autdv 1o
Blobeiktn euaioBnto, anid oxi 161ké [13].

H a-ouvoukneivn tou nAdopatos, nou eival augnpé-
vn otn véoo Parkinson [36], 6a pynopouce Bewpnukd
va anoteféael xpnoipo Biodeiktn yia tov diaxwpioud
peta&u NA kar ouvoukigivonaBelwv pe cwpdua Lewy.
Qotooo nonundoka pebBodonoyikd npoBAnuata, nou
apopolv 1600 oto €ibos tou Npoadiopilduevou popi-
ou (uovopepns, oAlyopepns, oAIKA, PwopopuUiwé-
vn), 600 Kal otnv enibpaon noARANAmY CUYXNTKWOY
(kupiws npoavadutkwy) napayoéviwy, enipanfouy
NEPAITEPW EPEUVA YIA TNV EKTINON TS SIAYVWOTKNS
agfas s a- ouvoukAegivns tou nAdopatos [13].

6. Tupnepdaopata

Adyw twv Npoava@epBéviwy NAEOVEKTNPATWY NS
algoAnyias, évavu tns ONI, katd to tedeutaio did-
ownpa, o npoaodiopiopds Plodeiktwy yia tn NA oto
NAGOoUa, €XEl CUYKEVIPWMOEI oNPAVTIKO evllapépov
[12, 13, 37, 38]. Av kai ol yedétes dev eival Npos
10 Napdv noAudpiBues, o apiBuds Tous autavel Je
yphyopous puBpous. Av xpnoigonolnBei évas pepo-
Vwpévos deikns, N T, ., UNOpPE( va €xel v ueyandtepn
diayvwoukn aia [29, 30]. And tnv aAAn pepid, o
noyos AB,/AB,, unopei va npoPnéyer pe eGaipeuxn
Ikavotnta v napoucia apuiogidous otov eyképano
aképa kal oty acupntwpatkh edon s NA [22],
NpocoPEpovias éva epyancio akéua kal padikns avi-
Xveuons tou NAnBucopoU Kal éva oapms pBnvOTEPO
Kal Mo NpoaoItd UNoKatdotato s TOPoyPaPias exmno-
unhs noQtpoviwv (PET apuiogidbous), nepiopidovias
v avaykn s teneutaias péxpl kal katd 90% [39].
Apketés penétes xpeldlovial akoua, KUpiws yia v
BeAuotonoinon tns peBodonoyias npoadiopiopoy
twv Blodeiktdv tou nAdopatos, v BeAuotonoinon
s diayvwotikns tous agias, 1dlaitepa péow ouvdua-
opoU autV Kal tnv oIKovopikd npooith diadoon s
XPAONS TOUS oTNV KABNPEPIVA NPAKTKNA.
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Baoifikn Zaxaporioudou’, lewpyia Zaxaponouou?

" Aibdktwp, Maverotipio MeAonovvinoou, XxoAn Oikovopias, Aloiknons kai [Anpopopikns, Tunua OIKOVOUIKWY Eniotnudy,
Maverotnpiakn Ynotpoos, lNaveniotiuio Matpwyv, Exoln Enotpwy Anokatdotaons Yyeias

2 Aibdktwp, Maveniotipio MeAonovvioou, Xxonn Oikovopias, Aioiknons kai lAnpoopikns, Tunua OIKoVouIKwY Emotnudv,
QuaoikoBepaneutpia, Kévipo Yyeias Kafaudtas

MNepiAnyn

Ta 1biaitepa KAVIKA Kal KOIVWVIKO-OIKOVOUIKA XAPAKTINEIOTKA Twv aoBeviv PE Avola o€ OIQQOPETIKES YEW-
YPOAPIKES Neploxés Bev €xouv TUxel avanoyns kataypaens. EnimAéov n cupPonn ns yewypapikhs dlapopo-
noinons oty 066 ts gpovtidas s dvolas Kal N xpnon twv texvoioyImyV yid v aopddsia twv acBevov
eival oxebdv dyvwotn. Ma tnv SiEpeUvnon Twv XapaKINPIoTKDY aut@y 61e€AxBn cuyxpovikh penétn pe 779
aobeveis, 1a otoixeia twv onoiwv eNNEBNoav and ta apxeia Twv eEWTEPIKWDY VeupoNoyIK®Y latpeiwy dnpo-
olwv voookopegiwv ts 6ns Yyeglovopikns Mepipépeias. Baolkd epyansio s ocuinoyns twv dedopévwy ano-
éneoce epwtnuatondylo, e NANPOMOPIES YIa TO 1ATPIKG 10TOPIKG, T SNPOYPAPIKA KAl KOIVWVIKOOIKOVOUIKA
otoIxeia, kaBws kal otoixeia yia i diaxeipion s vooou. Ta epwinpatonoyia cufAéxBnkav e NPoownikEs
ouvevieUEels, apou e€ac@aniotnke N ypanth cuvaiveon twv aoBevav Kal Twv Gppoviotwy tous. Kataypden-
Kav otatotkd onpavukeés S1apopEs oTs AoTKES Kal aypOoTKES MEPIOXES OOV aPopd: ato KAIVIKO Npodin, ous
avanoyies Kal tov aplBud twv ouvodwy voonpudtwy Kal otov apiBud gapudkwy. Ynnpxav nions Siapopés
Kal otnv KOIVWVIKO-0IKOVOUIKN KATAotaon twv aoBeviv KaBms Kal otny emioyh tou KUPIoU Gpovuoth, tn
XPNON TWV UNNPECIMV UYEITs, KOIVWVIKNS-KOIVOTIKAS ppovtidas kal atnv uioBétnon tns texvonoyias.

Né€eis eupetnpiou: Gvola, yewypa@ikh Slapoponoinon, epoviidba otnv Kovétnta, UNnNPeoies uyeias,

KoIVWVIKA gpovtida, Texvonoyies NMANpo@opIkAs Kal EMIKoIvwvIDY

GEOGRAPHICAL DIFFERENCES IN DEMENTIA CARE

Vasiliki Zacharopoulou', Georgia Zacharopoulou?

"' PhD, University of Peloponnese, Faculty of Economy, Management and Informatics, Department of Economics,
Teaching Fellow, University of Patras, Health Rehabilitation Sciences

2 PhD, University of Peloponnese, Faculty of Economy, Management and Informatics, Department of Economics,
Physiotherapist, Kalamata Health Center

Abstract

The particular clinical and socio-economic characteristics of patients with dementia in different geographi-
cal areas have not been adequately recorded. In addition, the contribution of geographical differentia-
tion to the path of dementia care and the use of technologies for patient safety is almost unknown. To
investigate these characteristics was conducted cross-sectional study with 779 patients, the data of which
were obtained from the records of the external neurological clinics from public hospitals under the 6th
Health District. The main tool of data collection was a questionnaire, with information on medical history,
demographic and socio-economic data, as well as data on disease management. The questionnaires were
collected through personal interviews, after obtaining the written consent of patients and their caregiv-
ers. Statistically significant differences were recorded in urban and rural areas in terms of: clinical profile,
proportions and number of comorbidities as well as number of drugs. There were also differences in the
socio-economic status of patients as well as in the choice of the primary caregiver, the use of health ser-
vices, social-community care services and the adoption of technology.

Key words: dementia, geographical differentiation, community care, health services, social care, Information and
Communication Technologies
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EIZATQrH

H avola anotenei pia and us KUPIES aIties voon-
poOINTas, avannpias kal EApTNons twv NAIKIWUEVWY
pe coBapd Kovwvikd Kal olkovopikd avtikuno [1].
Baoikh pépipva twv Kpatwy, yia th cuykpdnon tou
kdoTous, €ival n napapovn tou acBevous otnv Kol-
votnta Kal n kaBuotépnaon eicaywyns 1ou og Gopn
pakpoxpoévias nepiBafyns [2]. BéBaia n gpovtida s
dvolas otnv koIvodtnta anaitel éva clvono unnpPecihv
[3], 6nou n xpnon tous ennpeddetal and noikinous
NapAyovies ONws To KOIVWVIKOOIKOVOUIKS eninedo [4]
anAd kal n nepioxn diapovns twv acBevav [5, 6, 7.

Mefétes éxouv EETATEI KAl OUYKPIVEI TNV AyPOTKA
kal aoukn diafiwon og NoANEs Ntuxés s Avoias,
nou oupnepidapBavouv T ouvelIoPopd ToUs oTtnv
avanweén s véoou [8], tous diapopeukous napd-
yovtes Kivouvou (kAivikoUs Kal nepifafiovtikous) Kal
10 KAvIKd npo@in [9], us dlapopés otov eninoacud
[8], in SiaBeaipdtnTa Kal npooBaacipydétnta oe 101
KEUUEVES UMNPEOIies yia aobeveis kal pPOVUOTES, Ta
SIaPOPETIKE KOIVWVIKOOIKOVOUIKE XAPAKINPICUKA Kal
n Siaxeipion ns gpovtidas [5, 10].

AYPOTIKES-OOTKES DIAPOPOMOINTEIS EXOUV EVIONIOTES
oty éykaipn didyvwon, otnv npocfaciydtnta Kai
610Be01udTNTa €CEIBIKEUPEVWVY UMNPECIMV Kal OTNv
Unapén evos onokANpwpévou cuathpatos diaxeipions
ToU aoBevous kal unootnpIEns tns olkovéveias [5, 6,
10, 11]. O1 neploodtepes penétes unodeikvuouy O
n npdofaocn oe 1atpikh epovtidba uynAns noldtntas
pnopei va ival 1diaitepa duokoAn yia oous KAtol-
KoUv o€ aypoukés nepioxés [10, 11]. Autoi ol aoBeveis
unopei va pnv éxouv enapkn npéofacn oto pdoua
v NPwtoR&BuIwy, eIOIKEUPEVWY Kal KOIVOTIKWOV
UMNNPECIWV UNOCTAPIENS MoU €ival anapaitntes yia
n Slaxeipion twv noAunAokwy avaykwv tous [11].

YKonos tns napouoas penémns htav n digpedvnon
Kal kataypagh tou KAvikou, dnuoypa@ikoU Kal Kol-
VWVIKOOIKOVOUIKOU npo@®id twv EAfAvwy acBevdv
pe dvola otnv KOIVOTNTA OE AYPOTKES KAl AOTKES NneE-
ploxés. AvaldntnhBnke enions n oupBonin s NePIOXNS
biapovhs otov kaBopiopd tns 0dou dlaxeipions s
ppovtidas nou akonouBouv autof ol aoBeveis Kal ol
OIKOYEVEIES Tous. MNepaltépw, Nws auth ennpeddel
XPACN UMNPECIWOV UYEIs Kal KOIVWVIKAS ppovtidas,
kKaBws kal v uloBetnon kavotdpwy AUCEWV yia TV
aogdneia kal tnv napdtacn s aveEdpnins Siafiw-
ons oty KoIvoTNta.

ME©OAOZ

Acgiypa peféwns. Ta otoixeia twv acBeviv enn-
oBnoav and apxeia twv EEwtepikmv Neuponoyikwv
latpeiwv kal Kévipwv Wuxikns Yyeias, dnpoaoiwv vo-
OOKOopElwv s 6™ Yyelovopikns MNepipépelas, PYeta
mn Anyn s oxeukns dbeias (apiBu. npwrtokdAnou
7110-18/3/15). EminéxBnkav 779 acBeveis, dvw twv
65 g1y, ye didyvwon onoloudnnote twinou dvoias. H
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ounnoyn twv dedopévwy anod tous aoBeveis npayua-
TONOINBNKE e NPOCWMIKES OUVEVTEUEEIS. XpNOIUOmMol-
NBnke yeviko epwinpatondylo e NANPOPOPIES yia 1o
I0TPIKO 10TOPIKO (CUVODE vOOhaTa KAl PAPHAKEUTIKN
aywyn), 1a dnpoypaikd, KOIVWVIKOOIKOVOUIKE OToI-
xefa (eninedo exnaibeuons kal 1068NUA) Kal TS MTUXES
s nepiBanyns kar cuvoRikns Slaxeipions tns vdoou.
Ta kiivikd otoixeia twv aoBevdv (cuvodés nabnaoels,
(PUPHOKEUTKA aywyn) aviAnBnkav anod us Kataypapés
TV 1aTPWV €10IKOTNTAS, Ota EWTEPIKA 10TPEIT Kal Ta
KEVTPO WUXIKNS uyeias. Kataypdgenke n agionoinon twv
dopwv uyeias (bnpdoio voookopeio, NpwtofdBuia
opovtiba uyeias (M.0.Y.): MEAY, Movabes Yyeias,
Kévtpa Yyeias, 1610TES 1aTp0f) Kal KOIVOTUKMY HOUDV-
unnpeoiwv (KAMH, KHOH, npdypappa «BonBeia
ot0 XLniu»). TEBNKav EpWTNTEIS Kal yId TN XpAon Twv
texvonioylv NANPo@OoPIKAS Kal enikoivwviay (TME)
nou agopd Kupiws BonBhyata PvApns Kol CUOKEUES
ao@dnelas péoa kal €Ew and tnv oikia.

Zrauoukn Avaduon. la v NEPIypaQn twv UETa-
BAnTtY v dnuoypadikwy Ctoixeiwy, twv avBpwno-
HETPIKMDV Kal KAIVIKOV XapaKtNpIoTKOV, £YIVE Xphon
twv Bacik®dv pétpwy Béons kail diaornopds kabws Kal
TWV OUXVOTATWY KAl OXEUKWV ouxvothtwy. Na thv
MEPIYPAPN TWV NOCOTKWY PETARANTMY Xpnolyonol-
nBnkav ol péoes upés, ol wnikés anoknioels (SD), ol
diapeool Kal ta evOoTETapTNUOPIaKE epn: Péon TWA
+ otaBepn andknion (Mean + Standard Deviation),
diapeon uph (Median) kai to 25° kal 75° onyeio s
Katavouns (25 - 75" quartiles). Na v neprypagn
TWV NOIOTUK®V PETaRANTMVY XxpnoigonolhBnkav ol
andAutes (N) Kal oI OXETIKES (%) ouxvotntes. ApXxIikd,
npaydatonomenke povopetapAnth diepelivnon. Lus
unod digpelivnon CUOXETIOEIS EQAPUOOTNKE O €Ngy-
x0s X2, evid 6nou dev nAnpouvtav ol NpoUnobéoels
€QApPoYNs xpnalyonoinBnke to Fisher's exact test.
Ta p-value pe uph xapnidtepn andé 0,05 Bewpouvral
WS OtauoTUKE onpPavukd anoteNéopata. Xin cuve-
XEI0 npaypatonoinBnke noAupetapAnth avanuon.
H biepedivnon twv napaydviwy nou ennpedlouv v
EUPAvIoON ToU apiBuoU cuvodwy voonpudtwy twv
aoBeviv npaypatonomBnke pe tn diatd&iun Aoya-
piBuiotkn nandivbépounon. H e€aptnpévn petafAnta,
ap1Buods ouvodwyv voonudtwy, anotefeito and us
Katnyopies (a) 0-2 voonhuata, (B) 3-4 voonpata kai
(y) 5-7 voohparta. MNa m digpelvnon twv Napaydviwy
nou mBavév va oxetidovial Pe Ty eniokewn o€ OOpES
uyeias epappdotnke n noAuwvupikh AoyapiBuicukh
nadivépdéunon. H eEaptnpévn petafinth anoteneital
and us katnyopies (a) dnudoio voookopeio (B) M.O.Y.
MNa v afloAdynon twv napayéviwy nou nibavov
va OXeT(ovtal JE TN CUPPETOXA OF KOIVWVIKES SOUES
epappdotnke n AoyapiBuioukn nafivépdunon. H
eCaptnuévn petaPnnth eival diupn pe katnyopies in
OUPPETOXN O€ KOIVWVIKES dopés (KAMH, KHOH «ar
«[Mpoypappa BonBeia oto Lnit») kal tn pyn CUPPETOXA.
MNa v alonéynon twv napayéviwy nou niBavov va
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ennpeddouv n xphon twv TMNE epapudotnke enions
n AoyapiBuiotkn nadivépéunon. H e€aptnpévn pe-
tapANth eival diuun pe KAatnyopies Tous XpPNOTES Twv
TME kai tous pn xphotes. Qs avetdptntn petapin-
th opiotnke n neploxh Siapovns. MNa v kaddtepn
gppnveia twv anotefeoPdtwy NPayPatonolnbnke o
katédAAnAos aviioTpoPos PETAOXNPATIOUOS TWV OU-
vieneotwv nafivépdpnaons, ouvenms déOnke o Adyos
twv cupninpwpatukov niBavothtwy (OR). MNa tnv
npayuatonoinon s ctaucukhs avaduons XpNnolpo-
noinBnke to Aoyiopikd SPSS (Statistical Package for
the Social Sciences Inc., 2003, Chicago, USA).

AMOTEAEXMATA

Anpoypa@ika otoixeia. H péon nAikia wv aoBe-
vy htav ta 77,7 éin (SD = 6,9 €tn), 10 58,8% nhtav
yuvaikes kal 10 56,9% Oiépeve o€ aoTKh NEPIOXN.

®povrtida. Ynnpxav aypotkés-aotkés dIapopEs
otn Xphon olkoyevelakoU epovuoth (86,9% vs 60%),
un enayyepatia eni nAnpwph epovuoth (12,7% vs
37%) kal enayyenuatia ppovuoth (2,9% vs 0,4%). Oi
diapopés ous avanoyies ival otatouKd oNPAvUKES
(p-value < 0.001).

Eknaideuon-e1066npa. Aypoukés-aoukés diapo-
pés kataypdpnkav kal oto eninedo eknaideuons kal
NV olkovopikh katdotaon. Or aoBeveis Twv aypotkoV
nepIoxXwv gixav xapnnn exnaideuon (69% vs 42 %) kal
xaunno €106d6nua (59,5% vs 28,7%) os otaUOTKA
onpavukd eninedo (p-value < 0.001), o oxéon pe
ToUs SIQPEVOVTES OE AOTUKA NEPIOXN.

KAivika otoixeia

Zuvoba voonpata. 10 98,7% tou ouvdAou Twv
aoBevv Kataypdpnkav cuvodd npoPAnpata uyei-
as: unéptaon, kapdiayysiakd, katabAiypn, ayxwons
biatapaxn, oakxapmdns diantns (ZA), ayyelakd
eykepanikoé eneioddio (AEE), véoos Méapkivoov (NIT).
To 39% tou ouvonou twv acBevav gixe Tpia ouvodd
voohpuata, v 10 24,6% eixe ndvw and tpia. Ynhpxe
otauoukd onpavukn diagoponoinon twv avanoyl-
WV OPICPEVWY OUVOOMV VOONUATWY O OXé0N WE TNV
nepioxn dlapovns twv aoBevav. H katdbAiyn kai n
ayxwbons dlatapaxh aveupéBnkav og uwnid Noco-
Otd OTNV O0UKA O OXEON PE TNV AyPOTKN MEPIOXN
pe noocootd 34,1% vs 17,8% kai 31,4% vs 17,8%
avtiotoixa (nivakas 1).

YTaTuouKd onuavukn S1apopd NPoékuye enions
otov apiBud ouvodv voonudtwy Twv aoBevmv Kal
otn povonapayovukn (nivakas 2) kal oty NoAUpETa-
BAnth avdduon (nivakas 3). O1 aoBeveis and aotukh
nepIoXh €ixav onpavukd uynAiotepo apiBud voonud-
Twv anod autous and aypoukn NEPIOXN.

dappakeutkh aywyh. H nAgioyngia tou ouvo-
Aou twv aoBevav (99,2%) AduPave pdpuaka yia v
avola, evd o€ peydna nocootd AduPavav napdAinAia
aVTNNKUKE, avVUIUNEQTAOIKA, avukataBninukd, avudi-

apnukd, ayxoAutKd, avunapkIvVooVIKE, avUPUXwOoIKd.
To 82,3% tou ouvdiou twv acBevv énaipvav Navw
and 2 edpuaka.

YTOUOTUKE onpavukn S1apopd NPoEKUYE Kal oTov
ap1Buo6 pappdkwv avdafoya pe v neploxn dlapovis.
To nocootd wwv acBevv nou AduBavav ndvw and
2 @pdappaka htav onpavukd uynAotepo o€ eKeivous
nou &iéuevav o€ Aotk NEPIOXN And 10 AvVtioTOIXO
ekeivav and aypoukn (nivakas 4).

A&lonoinon Ynnpeoimv

Xpnon Ynnpeoiwv Yyeias. H ouxvotepn avaykn
nou dnAwaoav 6t kaAuntouv ol aoBeveis avd nepi-
oxn dlapovhs, oto CwTePIKG VEUPONOYIKG IaTPEio
Tou dnpdbaiou voookopegiou Atav n enaveéétaon oe
napopola Nocootd, v unnpxav S1aQopéEés otn ou-
viayoypdenaon kai tn didyvwon (nivakas 5).

YUP@wva PE ta anoteféopata s NoAUWVUPIKNS
AoyapiBuiotkns nadivdpoéunans, yia tnv aglondynon
niBavv NpoadIopIoTKWOY NApayoéviwy oty enifoyn
twv dopwv uyeias, ol acBeveis and acukh NePIoXn
gixav peiwpévn mbavétnta katd 75% va eNIoKEPTOUV
6opés M.0.Y. and 10 va enoKEPToUV SNPAsIo VOoo-
KOWEIO OUYKPITKA UE eKEIVOUS and aypoTKN NePIOXN.
Vool biépevav og nuIactkh neploxn eixav dinAdola
niBavotnta va eniokeptouv dopés M.M.Y. and 1 va
ENIOKEPTOUV T0 OnpdoIo voookoueio (nivakas 6).

ZUMPETOXN TWV A00EV@V O€ KOIVOTUKES SOUES
Kal npoypdappata. Xy nigiovédtntd ous (74,1%) ol
aoBeveis oto oUvono tou deiypatos, dev cUpUETEiXav
o€ Kapia doun h npdypappa, 10 16,7% ouppeteixe ota
KATH, 1o 8,9% &ndwoe 6T xpnaoldonolel us unnpeoi-
€S TOU npoypdpuatos «BonBeia oto Iniuy Kal gévo 1o
0,4% ouppetéxel oe KHOH. e npdypappa vonukns
evbuvapwons, ouppeteixe 10 10,3% twv aoBevay, Kal
HOVO 10 9,2% XxpnolponoloUoe KAMOIA PEPOVWHEVN
ouokeun Baoiopévn ous TME. Or cuokeués TME nou
xpnolgonoloucav ol acBeveis pe dvola apopoloav
Kupiws npoBAnpata pvhpns (UnevBupions appdkwy,
avixveuans Kanvou-vepou, napakoAouBnons/popntés
OUOKEUES yewevtoniopou GPS). Me Bdon tn povopeto-
BAnt avéiuon, oto KAMH cuppgixouy nio ouxvd ol
Slapévovies aus aotkeés NePIOxEs (21,9% vs 3%), evd
upnAdTEPN XpNon Tou Npoypdppatos «BonBeia oto
Zniu» kAvouv ol acBeveis and us aypouKESs MNEPIOXES
(17,8% vs 4,3%) o€ otauoukd onpavukd eninedo
(p<0,001). Meyanutepn cuppetoxn o€ Npdypapua
VONTIKNS evOUVAPWONS éxouv autoi nou diapévouv
og aoukn neploxn ((p=0,026).

YUpewva pe t AoyaplBuioukh nafivépdpnon yia
v a€loAdynon niBavmv NPocdiopIoUK@Y NApaydvIwy
OTN OUPHETOXN OE KOIVOTKES HopEs, oI aoBeveis nou
Slapévouv o€ aypotkn NePIOXN eupavifouy Peiwuévn
niBavotnta katd 37% va CUPPETEXOUV OUYKPITIKG PE
ekelvous nou diapévouv oe aoukh neploxn (nivakas 7).

H AoyapiBuiotukn nadivdpdéunon yia tnv aglondyn-
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Mivakas 1. MNepiypa@n katavophs ouxvotntas cuvodmy voonpudtwy avé neploxn diapovis
Mepioxn Siapovns
Aotukn Huplaoukn Aypotuikn X2
(n = 443) (n =100) (n = 236) p-value
N % N % N %
Oxi 6 1.4 1 1,0 3 1.3
fuvoda voonpata 1,000’
Nai 437 98,6 99 99,0 233 98,7
Oxi 325 73,4 73 73,0 187 79,2
A 0,211
Nai 118 26,6 27 27,0 49 20,8
Oxi 294 66,4 60 60,0 148 62,7
Ynéptaon 0,39
Nai 149 33,6 40 40,0 88 37,3
Oxi 364 82,2 79 79,0 176 74,6
AEE 0,066
Nai 79 17,8 21 21,0 60 25,4
Oxi 380 85,8 80 80,0 186 78,8
NI 0,051
Nai 63 14,2 20 20,0 50 21,2
Oxi 308 69,5 68 68,0 159 67,4
Kapbiayysiakd 0,837
Nai 135 30,5 32 32,0 77 32,6
Oxi 434 98,0 96 96,0 234 99,2
ABnpwpatkh véoos 0,138
Nai 9 2,0 4 4,0 2 0,8
Oxi 292 65,9 80 80,0 194 82,2
KataBniyn <0,001*
Nai 151 34,1 20 20,0 42 17,8
Oxi 304 68,6 82 82,0 194 82,2
Ayx@bns Alatapaxn <0,001*
Nai 139 31,4 18 18,0 42 17,8
Oxi 406 91,6 89 89,0 217 91,9
Xpoévia Anoppaktkn MveupovondBeia 0,651
Nai 37 8,4 11 11,0 19 8,1
Oxi 422 95,3 90 90,0 213 90,3 0,022*
MpoPAnuata Opaons !
Nai 21 4,7 10 10,0 23 9,7
Ox 134 30,2 43 43,0 91 38,6
Anda 0,014*
Nai 309 69,8 57 57,0 145 61,4
'Fisher's exact test p-value.
* grauoukd onpavuko anotéieopa o€ eninedo otatotkns onPAvukotntas 5%.
Nivakas 2. MNepiypapn katavopns apiBuou cuvodwv voonpudtwv/nepioxn diapovns
Mepioxn Alapovns Iuvono
Aotukn Hpiaoukn Aypouknh . X? p-value
N % N % N %
0-1 22 5,0 6 6,0 27 11,4 55
ApIBUGS GUVOBHY 2 119 26,9 37 37,0 72 30,5 228
o o 3 184 | 415 33 33,0 87 369 | 304 0,013
H >3 118 26,6 24 24,0 50 21,2 192
Yuvono 443 100 100 100 236 100 779

* oTauouKd onpavuko anotéfecpa oe eninedo otatoukhs onpavukédtntas 5%.

Apxeia Kivikns Neuporoyias 30:5-2021, 40-48

/] EAAHNIKH
NEYPOAOTIKH
- ETAIPEIA



44

Baoidikh Zaxaponounou, lewpyia Zaxaponoudou

MNivakas 3. Anotedéopata avanuons diatd&iuns AoyapiBuiotkns nafivbpdunons yia tnv agiondynon niBavaov
NPoodIopICTKWY NAPAYOVIWY OtV EPPAvIon apiBuol cuvodmv voonpdtwy

Mepioxn Siapovins OR 95% A.E. p-value
Aotkn (Gvw twv 10.000) 1,48 (1,03-2,12) 0,034
Huiaoukn (2.000 - 10.000) 1,15 (0,71-1,87) 0,571
Aypotukh (kdtw twv 2.000) 1 (kat. avapopds)
OR = Odds Ratio, A.E. = Aidotnpa Epyniotoouvns, p < 0.05.
Nivakas 4. Tuoxéuon s nepioxns dlagovhs v aoBevdv Pe T XpAoN TwV UNNPESIMV UYEias
Mepioxn Alapovis X2 p-value
Luvoio
Aoukn Hpiaocukn Aypotukn
N % N % N % N
1-2 62 14,0 16 16,0 60 25,4 138 *
Ap1Oubs papuakwv <0,001
> 2 381 86,0 84 84,0 176 74,6 641
*oTauoUKG onpavukd anotenecpa oe eninedo otatcukhs onpavukétntas 5%.
MNivakas 5. Mepiypapn katavopns apiBpou pappdkwv/nepioxn dlapovhs
Mepioxn Alapovns i
- - - Zovoflo X2 p-value
Acukn N (%) | Huiaoukn N (%) Aypoukn N (%)
Avdykes nou kaduntovtal and to E§wtepikdé Neuponoyiko latpeio
Tuvtayoypagnon 221 (49,9) 18 (18,0) 71 (30,1) 310
Enavetétaon 433 (97,7) 96 (96,0) 224 (94,9) 753 <0,001*
AlGyvwon 144 (32,5) 32 (32,0) 65 (27,5) 241
*oTauoUKG onpavukd anotédecpa o eninedo otatcukhs onpavukétntas 5%.
Mivakas 6. Aflondynon niBavv NpoodlopIcuK®VY Napayéviwy otny enifoyh twv oWV Uyeias
OR
- - - 95% A.E. p-value
Mepioxn Siapovns MN.0.Y vs. Noookopeio
Aotkn (Gvw twv 10.000) 0,26 (0,17 - 0,39) <0,001
Huiaoukn (2.000 - 10.000) 2,02 (1,11 - 3,68) 0,021
Aypotukh (kdtw twv 2.000) 1 (kat. avagopds)
OR = Odds Ratio, A.E. = Aidotnpa Epyniotoouvns, p < 0.05.
MNivakas 7. A&ondynon mbavaov npoadiopIcTKOY Napaydviwy yid TN CUUPETOXN O KOIVOTKES SOUES
Mepioxn Siapovins OR 95% A.E p-value
Aotkn (avw twv 10.000) 1 (kat. avagopds)
Huiaoukn (2.000 - 10.000) 1,48 (0,90 - 2,44) 0,119
Aypoukn (kdtw twv 2.000) 0,63 (0,40 - 0,99) 0,045
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OR = Odds Ratio, A.E. = Aigotnpa Eyniotooulvns, p < 0.05.
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MNivakas 8. Afiondynon niBaviv NpoadiopIcTKMY Napayoéviwy otn xphon twv TIME

Mepioxn Siapovns OR 95% A.E p-value
Aoukn (dvw twv 10.000) 1 (kat. avapopds)
Hulaoukn (2.000 - 10.000) 0,34 0,11-1,1) 0,058
Aypouknh (kdtw twv 2.000) 0,16 (0,05 - 0,56) 0,004

OR = Odds Ratio, A.E. = Aidotnpa Epniotoouvns, p < 0.05.

on nBavdyv NPocdIopICUK®MY NAPAYOVIWY OTn Xphon
pepovwpévwy ouokeuwv TIE €6giEe du ol aoBeveis
ané NPIAcTKA Kal aypotkh nepioxn eggavifouv yel-
wpévn NiBavdtnta katd 66% kal 84% avtiotoixa, va
kévouv xphon twv TINE og oxéon pe 6oous diapévouv
O€ QOUKES NePIOXES (nivakas 8).

YYZHTHZH

Evblapépovta htav ta euphpata s napouaoas pe-
Agtns Goov apopd TS ayPOTIKES-AOTKES BIAPOPES Ota
Xapakmnpiotukd twv acBeviv anid kar ous odous
s gpovtidas.

Mop@pwtiké eninedo. ITs aypoTUKES NMEPIOXES N
nAgioyneia twv acBevav ntav avadedpntor h Baol-
KAS ekNaideuons, v autol Ye avatatn Kal avatepn
eknaibeuon biépevay KUPIWS O OOUKES NEPIOXES. Y€
avtiotoixn EAANvikA peAétn, ta anoteféopata é6eitav
AYPOTIKES—AOTIKES HIaPoPEs 0To xapnnod eninedo ex-
naibeuons, pe noocootd 76,3% kai 35,8% avtiotoixa
[12]. H xapnAn eknaibeucn os apketés PeNETES Exel
ouvbeBei pe uwnnd kivbuvo avantuéns avolas [13],
101aitepa ous aypotukes neploxés [14]. Opws Kal 1o
XEIPWVAKTKO endyyenua étav nepinapPavel v na-
paywyn ayabwv, éxel avapepBei 6t Ba unopouoe va
au&noel tov kivbuvo avoias [15, 16].

Oikovopikn katdotaon. Oi acBeveis pe noAU
xapnAo 1066npa, Sléuevav KUPiws O AyPOTIKES Me-
ploxés. Ynapxel éAAgiyn aviiotoixwy anoteNeopdtwy
oe eAANVIkG NANBUCUS, evd ol ENAXICTES YENETES Me-
plopidovtal otV OIKOVOUIKA KATAoTAON KUPIws Twv
PPOVUCTMV Kal OxI twv idlwv twv acBevav [17]. H
oxéon elcobnuatos kai uyeias €ival noAunAokn. To
NPWTo pnopei va ennpedoel 1o 6eUtepo pe didpopous
POMous, dnws oty NPdoPacn otNV UYEIOVOUIKA ME-
piBanyn, evdd N pakpoxpdvIa OIKOVOUIKA OTEPNON €XEl
avapepBei ws 1biaitepa enPBAaBns yia tnv uyeia [18].

®povtidba aocBevous. Ooov apopd tn xphon
Twv enf NANPwPN GEOVIICTMOV NPAYUATONOIEtal ous
QOTUKES NEPIOXES O PeyaNUTEPO NOOOOTd, KAT Mou
OUPQWVET Ye TNV €peuva tou Mouyia [19], énou 1o
21,75% twv acBeviv e dvola o€ Aotk NePIOXn
gixav NpoonaRel enikoupika enayyenpatia ppovioTA.
O1 aoBeveis ous aypoTIKES NePIOXES Ppovtidoviav oto
peyanutepo nocootd (86,9%) and oIKoyevelakd ppo-
vuoth. Auté pnopsi va anodoBei otnv avtdnyn éu n
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ppovtida eival euBuvn s oIKoyEvelas N onoia gival
IOXUPOTEPN OUS PIKPOTEPES Kovwvies [20], aAnd kal
otn XeIpOTEPN OIKOVOUIKA KATAoTaoN Twv aoBeviv
ous aypotkés nepioxés. H mbavotnta uynidtepns
xphons €upioBns @povtidas, eaivetar 6u ouvdEstal
pe uynAidtepo ei06dnpa [21].

Zuxvotnta Kal apiOpoés ouvodwv voonpdtwy.
O1 aoBeveis pe dvola éxouv katd nAsioyneia kal dAnes
OUVUNAPXoUoEes xpovies Nabhoels, anoténecpa nou
oupwvei pe tn 61EBvn kai eAdnvikn BiBnioypagia
[12,19,22]. H ouvvoonpotnta extés and napdyo-
vtas KivbUvou qaivetal 6t ouppdannel os pia taxutepn
eNGEiVWON TWV CUPNTWHPATWY TNS YEPOVTIKAS Avolas
[23,24], napouaidlovias 161aitepes NPOKANTEIS yIa
v npwtoPdéBuia kar deutepoPdBuia nepiBanyn [25].

H ouxvétnta kal o apiBpoés twv ouvodwv voonud-
TV ot PeA€n pas, kataypapnkav o ugniotepa
NOCOOTA OUS ACUKES NePIOXES. AviiBeta, oUpPwva
pe tous Tountas kal ouv [26] otous Katoikous tns
unaiBpou, avapévetar uynidtepn cuvvoonpoNta,
ouvhBws NOYW aVENAPKEIDY TOU CUCTAHIATOS UYEIOVO-
HIkNs nepiBanyns ous aypotikés nepioxés tns EARGdas
[26]. O1 nAikiwpévol and acUKES NEPIOXES MAPOUOI-
acav o uynidtepa Nocoatd katdBAiyn kar ayxwon
diatapaxn, evad n unéptacn, n NI, 1o AEE kai ta kap-
diayyeiakd, PpéBnkav va unePTeEPOUV OUS AYPOTKES
neploxés. Lnv EAdnvikn pedgn twv Jelastopulu kal
ouv [12], o1 ouxvétepes ouvodes nabhaoels (unéptaon,
annes kapdioAoyikés dlatapaxés, LA, Puxiatpikes &i-
atapaxés, NIM) unepioxuoav oTs aypOTKES MEPIOXES.
Ye penén enions o€ eANNnvikd aypotukd nAnBuoud, o
emnoniaopds tns katabAiyns enf dvolas Ppédnke o€
xapnAé nocootd (7,2%) [27]. e aypoukés NEPIOXES
twv HMA, eavnke va gival Alydtepo niBavo va diayvw-
otolv o€ aobeveis pe dvoia, 1o AEE kal n kataBaign,
evad eixav neploodtepes NIBavotntes va Siayvwotouv
pe ZA kar unéptaon. Autd ta anoteféopata dikalo-
Aoyouvtal fows, Adyw s uNodIAyvwons o€ oxéon
UE TS AOTKES MEPIOXES OMOU UNAPXOUV NEPICTOTEPOI
latpoi 16ikdTNTas [10].

Ap1Ouo6s papudkwv Kai nepioxn diapovis. To
nocootd v aoBeviv nou AduPavav ndvw and 2
@dppaka, otnv napouca Pefétn htav onuavukda uyn-
Adtepo o€ ekeivous nou diépevav O aoTikKh NEPIOXN
o€ Ox€on Pe v aypotkn (86% vs 74,6%). Mapduola
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otous Jelastopulu kar ouv [12], n Ahyn papudkwy
(>3), ous aoukés neploxés Ntav uPnAdtepn o€ oxéon
UE TS aypoukes (39,3% vs 31,2%), napd 1o yeyovos
ou n ocuvwoonpotnta Bpébnke uPNAGTEPN OTIS AYPO-
UKES NEPIOXES.

Luppetoxn twv aocBevwv oe Sopés uyeias.
H xphon twv unnpeoiwv uyeias ennpeddetal anod
noikinous Napdyovies kal ocUPPWVa JE 10 Poviéno
Andersen & Newman [28] AapPdvel undéyn noAnous
ATOHIKOUS NApAyoVIEs, Ornws dnPoypa@Ikd oToIXeia,
KOIVWVIKOOIKOVOUIKA katdotaon, annd kal avuin-
ntés avaykes, tn Paputnta tns avoias, us SiaBéoipes
unnpeoies K.An.

Ta dropa nou Oiéuevav O aoUKA NEPIOXN MPOT-
pouoav va eniokéntovial 1o 6nPdoIo VOCOKOWEIO,
€V oI aoBeVEis and NPIACTKES KAl AYPOTIKES MEPIOXES
eNiokénToviav Pe peyanUtepn ouxvotntd Ts SOUES
s MN.0.Y. Mefémn nou Sigpelivnoe s dlapopés otn
XPAoN WV UNNPECIV and acBevels pe avoia, €del-
€e peyanutepn niBavotnta ota dropa nou {ouv ous
QOUKES MEPIOXES va eNIOKEPBOUV évav €1BIKS yIatpd
(veupoddyo, wuxiatpo) kal yevikdtepa uynnotePo
Nooootd xphons twv eEEIBIKEUPEVWVY UNNPETIV [29].
YUS AYPOTIKES NEPIOXES, CUXVA avapépovtal AIYOTEPES
enidoyés unnpeoiwv eCeIdIKEUPEVWY Yia TV Gvoila,
ano 6u ous aoukés [7]. Emnnéov, ol 1atpofi eidIkOn-
1as tefivouv enions va dpactnpionololvial o€ Peyd-
Aa aoukd Kévipa yia va unootnpi€ouv TS NPaKTIKES
tous [10]. Tevikétepa, adbuvapa onpeia oty M.O.Y.
evionidovtal otV evnuéPwon Kal eknaideuon, ota
npoAnnukd npoypdypata, otnv npoofaciydtnta,
otn cuvtoviopévn @povtida, otn CUVEXEID NS PPO-
vtibas (anoonaopatkh gpovtida) Kal atnv noidtnta
Kal avenapkh kaduyn twv unnpeoiav [5].

Xphon unnpeci®Vv KOIVOTIKAS ¢ppovtidas
- Zuppetoxn og npoypdppatd. To peyaddtepo
nocootd twv aoBeviv tns Yenéns Sev CUPUETEIXE
O€ aVTOTOIXES UNNPEOIES KAl MPOYypPAUPAta ta onoia
oUtws N édnAws dev eival e€eibikeupéva yia tnv dvola.
To KHOH pnopef va 6exBei kal avoikoUs acBeveis (e
Ania dvola), wotdéoo n cuppetoxh ntav efdxiotn. Ol
a0BevEls TV aypoTKMY NEPIOXWDY EUPAVIOAV PEIWE-
VN NIBavOTNTa VO CUPPETEXOUV OUYKPITIKG E EKEIVOUS
nou Slapévouv o€ Aotk MEPIOXN, EVMD €kavav Xphaon
ToU Npoypdupatos «BonBeia oto Xniuy». Ze peen wv
McAuley kai cuv [30], pdvnke 6T oI nAiKIwPEVOl Mou
KOTOIKOUV O€ aypOTKES NEPIOXES, ival nio niBavd va
XpNaolgonomoouy onoladhnote enionun Kat' ofkov
Qpovtidba, O OXEON PIE TOUS KATOIKOUS TWV AOTIKWDV.

AKOMQ Kal av Ol KOIVWVIKES UMNPECIES KAl AUTES
HE BAon tnv KovotNta, €ival anapaitntes Kal Ynopei
va anoteféoouv noAutpo NéPo yia v UNnocthpign
TWV EVIATKOV Nnédwv povtidas, ta PiRNioypagIikd
bedopéva deixvouv xapnAd nocootd xphons [3,31]. O
ouvnBéatepol Adyol yia autd, nepiAapfdévouy v avu-
Annth éAneiyn avaykns, v anpoBupia tou acBevn,
v éAfeipn xpdvou Kal EvnUEPWOons, TNV napouacia

oIKIoK@WV BonBav, anAd Kal tnv avendpkeia kal v
andotaon [31]. ZuvhBws unnpeoies e€eIdIKEUPEVES yia
v dvoia eival 1aBéaoipes Kupiws ota peydna aoukd
KEVIPQ, Y€ anoténeopa va unv weeiouvial ol Enapxi-
aKés NONeIS Kal ol aypotkEs nNeploxés [5]. Akoun kal
yIO TOUS GPOVTCTES undpxel onpavukn duokonia otn
ouppetoxn og 6paotnpIdTNTES UNOOTNPIENS KAl GUVA-
vthoels opddwv Adyw yewypapikhs andatacns [32].

Xphon HEPHOVWHEVWV CUCKEUWYV Baciopévmv
ous TIE. O KAToIKOI TwV aoTK®OV NEPIOXWY PE uynid
€1066npa, xpnoigonolovoav o€ YeyanUtepo Nocootd
us TME pe tn gop®h s unoBonBnukns texvonoyias
(Assistive technology) yia va unokataothoouv Kupiws
ta eAneiypata pvauns, kai va npowBhoouy tnv aopa-
Aela ous kaBnpepivés Opaotnpidtntes. LUPPWVA HE
annes €peuves [33] ol aoBeveis xaunAoU KOIVWVIKOOI-
KOvouIKoU eninédou éxouv pikpotepn npdofacn ots
TME ka1 unootpiEn otnv kdAuwn twv 1I810iteEpwy ava-
YKV tous, aid kal Ayétepes niBavotntes ekudBnons
véwv deClothtwv kal yvoswv. H xphon twv TME €fte
ye t xphon diadiktuou, eite noAUuNAokwy cuctnud-
twv napakodouBnons kat' oikov N anAdv CUCKEUDV
NPOCAPHOCHEVWY OUWS aus I01AITEPES AVAYKES TwV
nAiKiwpévwy e dvola, éxel avagepBei 6u BeAum-
vel in Siafiwon twv aoBev@y Kal Twv OIKOYEVEIAKDV
PPOVUOTWY Tous, cupBdandovias otny npowBnon s
noléwntas {wns Kal twv 6uo [34, 35]. O1 unnpeaies
unootpi€ns e Baon us TME éxouv tn duvatdtnta
va npoo®épouv peyanutepn BonBeia os aoBeveis kal
PPOVUOTES AKOUA KAl 0TS AYPOTIKES MEPIOXES, KABWS
pnopoUv va napéxovial Kal va npoopépovial aveEdp-
nta and Us YEWYPAPIKES anootdoels [32].
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2YNAPOMO KENTPIKOY YINOAEPIZMOY XYNENEIA
NMPOMHKIKOY EMOPAKTOY: NMAPOYZIAZH
MEPIZTATIKOY KAl ANAZKOIHZH BIBAIOTPA®IAL

lewpyios Euotabiou, Kwvotavtivos Ntaodnouros, ©edbwpos ABpauibns

Neuporoyikn Kivikri, TNA «Kopyiadéveio - Mnevdkeio», EAAnvikds EpuBpds Xtaupds

MNepifinyn

O npopnkns puelds eival (wukns onuacias yia v avanveuoukn Asitoupyia kaBws ekei Bpiokovtal ol
opGoEs veupwvwy nou eAéyxouv kal ouvtnpoUv thy autdpatn avanvon. H ducfeitoupyia autiy twv veu-
pwVwV ouvnBéotepa Ndyw 10XaIPIKoU EUPPAKTOU 0dNyel oe onpavukn diatapaxn tns autdpatns avanvons,
nou ekdnAwvetal ws coPaph avanveuotikh avendpkela katd tov Unvo. Xtnv napoloa epyacia napoucid-
Cetal apxIkG n nepintwaon pias yuvaikas nou petd and eyke@anikd epQAvice eneicdOIa anvolmy Kal Katdniv
AVOMNVEUCTUKA avakonh, Je OUVENEia va Xpelaotel enepPatikd Pnxavikéd agpiopd Kal éneita yivetal pia ouvio-
pn ava@opd ota avanveuoukd KEVIPa ToU OTEAEXOUS.

Né€eis eupetnpiou: npopnkns, eykepaniko, avanveuoukd KEVIPO

CENTRAL HYPOVENTILATION SYNDROME
AS A CONSEQUENCE OF MEDULLARY INFARCTION:
A CASE REPORT AND REVIEW OF THE LITERATURE

Georgios Efstathiou, Konstantinos Ntasopoulos, Theodoros Avramidis

Neurology Department, Red Cross Hospital “Korgialeneio - Benakeio”, Athens

Abstract

The medulla oblongata is crucial for respiratory function as it contains groups of neurons that control
and maintain spontaneous respiration. Dysfunction of these neurons most commonly due to ischemic in-
farction leads to a significant disturbance of spontaneous respiration which manifests as severe respiratory
failure during sleep. We present the case of a woman who after a stroke experienced episodes of apnea
and subsequently respiratory arrest requiring invasive mechanical ventilation.

Key words: medulla oblongata, stroke, respiratory center

Mapouciaon nepiotatikou

2t Agitoupyia tns avanvons onuavuké pédo dia-
Spapatidouv Ta avanveuoukd KEVIPA TOU OTENEXOUS
kal 181aitepa tou npophkn pusiou kabms eival ana-
paitnta yia  diathpnon tns autdéuatns avanvons.
Mia o&gia npoofonn autv twv opddwy VEupWOVWY
obnyef oto AeydpEVO «OUVOPOIO KEVIPIKOU UMOAEQI-
opoUy», 6nAadn oe aipvidia avanveuotukn avendpkela
katd tn Gidpkeia tou Unvou. E6W napoucidletal n
nepintwon pias aoBevous nou eueAavioe 1o olvopouo
auUTo PETE and I0XAIYIKO EUPPAKIO TOU NMPOUNKOUS.

Apxeia Kivikns Neuporoyias 30:5-2021, 49-52

Fuvaika 82 €1V PE atopIKG avapvnouké koAni-
KNS pappapuyns und anm&aundvn diekopiobn ota
eneiyovia Adyw ékntwons eninédou cuveidnons ané
12mpou kar evos eneicodiou epgtou. 1o TEM n aobe-
vhs Atav algoduvapiké otabeph pe opanh avanveu-
oukn Aertoupyia. And tov epyactnpiakd éneyxo Oev
npoékuye kanola diatapaxn (yevikn aipatos, NAekTpo-
AUTes, ve@pikh Kal nnatikh Aeitoupyia, Oeiktes epReypo-
vns). H acBevns htav unvniikn, agunvi{étav pe annid
eCwtepikd epebiopata kal ev napouaciale AQACIKES
diatapaxés. Ané v veuponoyikh eEétaon Sianiotm-
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Bnke duoapBpikn opiia pe appotepdnieupn NApeon
unoyAwaooiou veupou kal aduvapia eE6dou s yAwo-
oas and to otépa kabws kal napeykepanidikn ata&ia
aplotepwyv ékpwv, onpeio Barre de€loU Gvw akpou
Kal ektaukd néApata apgeotepdnieupa. H agovikh
topoypagia eykepanou avédeIEe eupnuata PIKPOI-
oxalpikns Aeukoeyke@anondBeias. To kupavopevo
eninedo ouveidbnons tns aoBevous anokatactdOnke
nNAAPWS EVIOS TOU NPWTOU 24WMPOoU TS voonAeias tns.
2N Jayvnukn topoypagia eykepdnou nou dievepyn-
Bnke v endpevn npépa dianiotwBnkav npdopata
IOXQIYIKG Euppakta otnv Npdabia kal apioteph nAdyia
ENIPAVEIQ TOU NPOPNKN, ota péoa napeykeanidikd
OoKéNN ap@otepdNAeUPa Kal 1o apIoTEPO NAPEYKEPA-
A16Ikd nuioeaiplo. H payvnukn ayysioypagia avédeite
anéepaén s apiotephs anovounikns aptnpias oto
evboKkpavio hpa s Kal ins He€1ds onovounikns
aptnpias nNepIPePIKGTEPA TS €kPuons s PICA kaBws
Kal unowia otévwons s ékpuaons tns eCids onioBias
eykepanikns. Enions napatnpnBnke anéepaén s
Baoikhs aptnpias Oto KATIEPO NPICU PE VNPATOEIDN
poN ato avtepo Npiou. Akéun dianiotwBnke peyd-
Aou Pabpou otévwon Tou onPayyOoous TUNPATOS
s apiotepns éow kapwtidas. H aoBevhs us endpeves
nuépes napouaiace eneicddia dnvoias Katd tov Unvo
didpkelas €ws kal 15 deutepdnenta. Or cuyyeveis ns
dev avépepav NponyoUpEevo ICTOPIKG UNVIKAS Anvol-
as. Katd v eyphyopon n aoBevins dev napouaciale
Olatapaxn Tou agpiopoU Kal ta agpla aipatos htav
Quaolondoyikd. Tnv 6" nuépa voondeias tns Katd
BiGpKela Tou VUKTEPIVOU Unvou n aoBevhs napouoi-
00€ NAPATETAPEVO €NEICOBIO ANvOIas KAl XPEIAOTNKE
SlacwAhvwaon kal unxaviko agpioud. Ta aépia aipatos
katd tn didpkeia tou eneicodiou €deiCav pH = 7,2,
pO, = 55mmHg kai pCO, = 69mmHg. H acBevns
petapépBnke oe MES, énou katénnge petd and 7
npépes Ndyw onnukns katanAngias.

Zulhtnon

To neplotatkd autd napoucidlel evolapépov Ka-
Bws pas divel tnv eukalpia va SlEpEUVACOULE TOUS
HNXaVIOPOUS KEVIPIKAS OPYAVWOoNS TNS avanvons Kal
10 avanveuaotkd kévipa tou npopnkous. H diatapa-
XN Tou eninédou ocuveibnons Nou ePPAvIcE apXIKA
unopei va anodoBei otnv npoofonn tou diktuwtou
oxnuatuopou. H apgotepdnisupn npoofonin twv
NP6abiwy TUNUAETWY TOU NPOPNKOUS OTN CUYKEKPIPEVN
nepintwaon dnpioupyel pia eikéva nou otn BiRAioypa-
oia avagépetal ws «heart appearance sign» [1, 2] kal
ouvNBws npokuntel and andéepagn twv kKAadwv tou
evOOKPAVIOU TUNPATOS TwV onovOUAIKMY aptnpImV
MoU aIPaTVoUV v NpdoBia enipdveia Tou Npopn-
Kous. To ap@otepdNAEUPO MNPOUNKIKO EUPEAKTO ival
pIa apKketd ondvia Katdotaon Pe onpavukh avannpia.
To ouvnBéotepo cupnwpa os pia t€tola Katdotaon
gival n npinAnyia h tetpanAnyia kar akofouBouv n

diatapaxn s ev 1w PéBel aioBnukdtntas, n ducap-
Bpia kal n napdAuon tou unoynwaoaoiou. BéBaia otn
ouykekpipévn aoBevh dev unnp&e 1diaitepn Siatapa-
XN s kKivnukotntas. Qs KUpIGTEPN aItia Tou au@po-
EPONNEUPOU EPPPAKTOU avapépetal n evbokpdavia
aBnpwpdtwon [3].

YInv avanveuotkn Asitoupyia npwielovia pdio
naifouv d1aQopes OUABES VEUPDVWY OTN YEPUPA Kall
otov npopnkn. Oualaotikd undpxouv dUO avanveu-
OUKG KEVTPA: TO YEQUPIKO aVaNMVEUCTUKO KEVTPO, Mou
anoteneital and 10 NveUPOTagIké Kal 10 anveuotkod
KEVTPO KAl TO MPOUNKIKG avanveUoUKSd KEVIPO, Mou
anoteneital andé to paxiaio kai 1o koifiakd avanveu-
ouKO Kévipo [4].

O npopnkns naicel 1o Baoikétepo péno otny ava-
nveuotkn Aeitoupyia kaBws pia eykdpaoia diatoun
avwbév tou be diatapdooel Tov avanveuotkéd pub-
po, evad pia diatopn akplfms katw and to eninebou
Tou npopnkous diakéntel NANpws v avanvon. To
paxiaio avanveuoukd KEVIPo, Pia opgdda veupwvwy
Katé pAKOS NS paxiaias eNPAveIas TOU NPOPNKOUS
akpIBs niow and 1o KoIRIaKS KEVIPO, éxel 1o Paaikd-
1epo pdAo kabs ekkivei tn Siadikacia ns el0nvons
Kal puBpilel to pubusd s avanvons. Mpokeital yia
AUIYWS EICNVEUCTIKO KEVTPO, Ol VEUPWVES TOU OMoiou
€V JEPEI aVAKOUV OTOV NUPAVA s Jovhpous deopidas
Kal ev P€pel 0To HIKTUWTO OXNUAToPO Kal OtéAvel fves
a@evos otov aviinAgupo vwuaio pyueid péow tou
nupapidikoU Gepatiou VEUPWVYOVTAS TOUS KIVNTKOUS
VEUPWVES TOU PPEVIKOU VEUPOU KAl APETEPOU OTO KOI-
Alakd avanveuotko KEvipo [4, 5]. Aéxetal aioBnukés
ives and 10 yAwooo@apuyyikd Kal 1o NVEUPOVOYaoTpl-
K& VEUPO, Mou péow s povhpous deopidas peta-
P€pouv NANPoPopies and tous xNPeIoUNOdOXEIS Twv
MVEUPOVWY. ZUVENMS TO paxIaio kévipo Bewpeital ws
éva opyavwuko Kévipo, nou atlonolsi ta epebiopata
NS NEPIPEPEINS yia va eAgyEel To pubud tns avanvons
péow tou KolniakoU kévtpou [4]. To koifiakd KEvipo
anoteneital and veupves, MOU Kupiws eAgyxouv Tn
b1adikacia s eknvons Kal otéAvouv VEUPIKES fVeES
avtinigupa oto vwuaio puedd nou katadhyouv oTous
BwpakikoUs Kal MNIKOUPIKOUS avanveUoTkous PUES.
To koifiakd KEVIpo Oténvel avaotanuKes ives Oto
AnvEUOTKO KEVIPO Tns yépupas [4].

Y10 €ninedo tns yépupas 10 NVEUPOTALIKG KEVIPO
Bpioketal otov avIEPO TWNPA TNS Kal eNNPeAdel 1o
puBU6 Kkai 1o potiPo s avanvons. H kUpia Neitoupyia
10U €ival va neplopilel i diadikaoia s €lonvons péow
IV(OV NOU OTEAVEI OTO PaxIaio NPOWNKIKG KEVTIPO [6, 7].
Enions éxel avtaywviotkn Agitoupyia ws npos 1o
ANVEUOTKO KEVTPO, TO OMoio BpiokeTal OTo KATWTEPO
OPIO TNS YEPUPAS KAl MPOAYEl TNV EIONVON YECW VDV
OTO PAXIAIO MPOUNKIKO KEVTPO.

‘Ooov agopd ta eyke@anikd nuiogaipia, ol gAoll-
KES MEPIOXES KUPIws aokoUv avaotanukh dpdon otn
biadikacia tns avanvons ektds anod Tov Kivnukd Kal
Tov npokivnukd eAold, nou dieyeipouv eAappws v
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Eikéva 1.

avanvon. OI NEPIOXEs Mou eunAékovIal KUpiws ots
avanveuotkés dlepyaaies eival n npoobia Innokduneia
énIKa, n éow eMPAVEId ToU KpotagikoU Aofou kal
n np6aBia enipdveia s vacou. Mevikd ta npio@ai-
pia Sev naifouv kpiolpyo péo otnv avanvon kabms
N avanveuoukh Agitoupyia onaviws dlatapdoostal
ooBapd ous NEPICOOTEPES NEPINTWOEIS EYKEPANIKDV
€KTOS AN TS NEPINTWOEIS PeyaNwyv aupotepdnAsupwy
nuioealpik®v BAaBav [4].

O1 opddes veupvwy nou ival uneuBuves yia tnv
autépatn avanvon katd kUpio Adyo Ppiokoval otnv
nAaylopaxiaia enipaveia 1ou npounkous. MpooBoin
aUTAV TV VEUPWVWY cuvnBéotepa Ndyw Ioxalpias
obnyei oto Aeydpevo LUvdpopo KevipikoU Ynoaepl-
opou [8]. Zn &iebvn PiBAIoypagia auth n katdota-
ON OVOQEPETAl APKETA CUXVA PE TO XAPAKINPIoUS
«katdpa s Ovtiv» (and pia evbiapépouca iotopia
s yeppavikhs pubonoyias) [9, 10]. Or acBeveis pe
auto 1o ouvdpopo dev napouaidlouv diatapaxh ns
avanveuotkns Aeitoupyias katd v eyphyopon anid
Opws katd n Gidpkela Tou Unvou otav dev undpxel
0 ouveIdNntds éleyxos €Ni TNS avanvons, PNopei va
EUPAVIOTOUV MOPATETAPEVES ANVOIES €ws Kal NAApN
nadon s avanveuoukhs Neitoupyias pe enakdéAoubo
Bdvarto [4]. O1 nepioodtepol aobeveis €xouv etEPO-
nAgupn npoofoAin Tou avanveuotukoU KEVIPOU Kal
ouvnBéatepa ns apiotephs NAeUpds (dNws kar otny
aoBevh pas) kaBws éxel diatunwbei n unéBeon 6u
10 apIoTERO AVANVEUOTKO KEVIPO TOU MPOPNKOUS EXEl
enikpatnukd pdno [4]. To ouykekpipévo ouvopopo
UMNopEl va eupaviotel alpvIOiws apKeTES NPEPES PETd
NV eykatdotaon tou eyke@anikoU Kal og noAnEs nepi-
NtOoEIs Napatnpeital unepkanvia kar unoguyovaiyia
Katd tn SIAPKEIa TwV anvoik®v eneicodiwv kaBws
Kal aipvidia napatetapévn Nnavon NS avanveuotkns

Apxeia Kivikns Neuporoyias 30:5-2021, 49-52

Eikéva 2.

Aeitoupyias, nou anaitei dlacwAnvwon tou aobe-
vous. H pévn ouciactkh Bepangia yia tnv anoguyh
s dlaowAnvwons gival n epapuoyn CPAP [11]. To
ouvdpopo cuvodeuetal and onpavukh Bvntdtnta [9]
adnd undpxouv Kal NEPINTMOEIS PEPIKNS ANOKATACTa-
ons s avanveuotikns Agitoupyias Petd and ikavod
XpovIKG didotnua.

Zupnépacpa

H avanveuotukhn avendpKeia cuvensia NpopunKikou
ePppAKTOU €ival pia katdotaon nou Ynopei va anopPei
enikivbuvn yia tn {wh tou aoBevous Kupiws Adyw
s aipvibias emodeivwons nou unopsi va oupei. e
KGO aoBevin pe eykepanikd nou €xel unootei BAARN n
nAdyla neploxh Tou Npophkous Ba nNpénel va UNdpxel
n unévola avanwéns autol tou ouvdpdUoU Kal N ou-
VEXNSs napakoouBnon twv (WTUKWY ToU AEITOUPYIWDV.
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Abstract

Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system (CNS) character-
ized by a widely variable clinical manifestation and course. Although MS is generally considered a disease
of the white matter (WM), pathology is also found in the gray matter (GM). Axonal loss and neurodegen-
eration occur early and can lead to permanent neurological and cognitive impairment.

Magnetic Resonance Imaging (MRI) offers excellent anatomical - structural information and since 2001,
MRI has been incorporated in the diagnostic workup of patients with a clinical suspicion of MS (1). Chang-
es in brain volume, detected from the early stages of MS and proceeding throughout the course of dis-
ease, may offer an accurate measure of neurodegeneration and tissue damage. Qualitative (i.e., visual)
interpretation of structural brain images can detect only macroscopic changes and shows a low level of
interobserver agreement. On the other hand, advanced MRI techniques -such as MRI-based brain volum-
etry— developed in the recent years through the advances in computational technology have greater sen-
sitivity than conventional MRI and allow quantitative assessment of structural brain images. Since manual
identification and measurement of MS lesions on MRI can be extremely time-consuming and subjective,
multiple semi-automated and automated methods for the determination of overall and regional brain
volumes and of “lesion load” have been suggested. Nonetheless, although these methods seem sensitive
and reproducible, their role should be mainly supportive to that of visual assessment of brain structural
images, since variable factors (e.g. pseudoatrophy) can have a confounding influence on measurements.

After a brief overview of the different volumetric MRI techniques, this review will assess the clinical use
of MRI-derived brain volumetry in the diagnosis, follow-up and monitoring of treatment effects in patients
with MS.

Key words: magnetic resonance imaging, volumetry, Radiologically Isolated Syndrome, Clinically Isolated Syndrome,
multiple sclerosis
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MNepiAnyn

H okAnpuvon katd nAdkas h noAdanin okAnpuvon (MY) eival pia xpdvia anopuefivwtikh aoBéveia tou
KEVTPIKOU VeupIkoU cuothpatos (KNX) nou xapakinpidetal and pia eupéws petaBant kAivikn ekdhiwon kai
nopeia. Mapdio nou n okAhpuvon katd NAdkas Bewpeital yevikd acBéveia s Aeukns ouaias, n nabonoyia
€NeKTeivetal kal pnopei va avixveuBbei enions kal otn @aid oucia. H andAgia twv VEUPMVWY Kal N VEUPOEK-
Qunion spgavifovial vwplis kal pynopei va odnyhcouv o péviun veuponoyikn kai yvwolakhn e€acBevnon. H
Aneikévion MayvnukoU XuvioviopoU (MRI) npoo@épel eEQIPETKES AVATOUIKES - HOPPONOYIKES NANPOPOPIES
kal ané 1o 2001, n MRI evowpatmBnke otn diayvwaoukn digpelivnon acBevav pe kAvikh unowia ML (1). O
anfdayés otov Gyko tou eykePAnou, nou avixveuovtal and ta npwta otddia wns MX kal npoxwpouyv kab 'éAn
n bi1Gpkela tns acBévelas, YNopel va NPooPEPOUY €va PETPNOIUO NOooTKA PéyeBos Tns veupoekpuAions Kal
s npoioloas 1oukhs BAGRNs. H noloukn (dnA. oanukn) epunveia twv HOPPOAOYIKMOV EIKOVWV TOU EYKE-
@Aanou Pnopei va avixveUoel ydvo Jakpookonikes andnayés karl To eninedo oup@wvias PHETaty SIapopPETKWDY
napanpnt®yv eaivetal xapnAod. And tnv dAin nisupd, ol nponypéves texvikés MRI -6nws n nocoukh aglo-
Adynon péow NS OYKOPETPNONS Tou eykepdnou pe Bdon tnv MRI- nou avantixBnkav ta tefeutaia xpdvia
péow twv eCeniCewv otnv unonoyiotkn texvoAoyia éxouv peyanUtepn euaioBnaia and t cupPatkn MRI kal
ENITPENOUV TNV Noootikh agloAdynon €1dIkwY pop@odoyik@v akonouBidv tou eykepdniou. Aedopévou 6t n
Xelpokivnn avayvapion kail pétpnon twv BAaBdv tns M otn MRI pnopei va eivar €aipgukd xpovoBopa Kal
UMOKEIYEVIKN, €xouv Npotabei noAnés NpI-auTOPATES Kal autopatonoinuéves pébodol yia tov npoodiopioud
Tou ouvonikoU éykou tou eykepdnou, noAnaniwv Eexwplotmv dopmyv autol Kal tou «Poptiou twv PBAa-
Bwv» s M. Map' 6Aa autd, av kal autés ol pébodor paivovial euaioBnTes Kal avanapaywyipes, o pénos
Tous Ba npénel va gival Kupiws UNOoTNPIKUKOS O AUTOV TS MOIOTIKAS-0MTUKAS aflofdynons twv Yoppono-
YIKOV €IKOVWV Tou eykepdnou, kabBms petafAntol napayovies (n.x. yeudoatpopia) pnopoulv va €xouv pia
OUYKEXUPEVN enibpaon ous PETPNOEIS.

Metd and pia clviopn eniokénnon twv SIAGOPWY OYKOUETPIKWOV Texvikdv MRI, auth n avackdnnon
Ba a§odoynoel us kAIVIKES XPAOEIS TS MOCOTKNS OYKOUETPIKAS a&londynons Tou eykeQAAoU PECW €10IKDV
peBddwv MRI otn didyvwon, tnv napakoiouBnon, addd kal tnv a§loNdynon twv Bepaneutik@y anotene-
opdtwv oe aoBeveis pe ML,

Né€eis eupetnpiou: Angikdvion MayvnukoU ZuvtoviopoU (MRI) eykepdnou, oykopétpnon (volumetry),
Akuvofoyikd Mepovwpévo Zuvdpopo (RIS), KAvikéd Mepovwpévo Xuvdpopo (CIS), noAdandh okAnpuvon (MS)
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Introduction

Imaging is broadly used in the diagnosis and moni-
toring of neurological diseases, including MS. MRI has
become the cornerstone for the diagnosis, follow-up
and management of numerous neurological and psy-
chiatric conditions. In current clinical practice though,
these assessments are based on the visual inspection
of MR images by experts, who are responsible for
the initial diagnosis and for the interpretation of
follow-up examinations.

Lately, within the scientific literature, we find an
increasing interest in the use of quantitative medical
imaging biomarkers, i.e., relevant numerical values
that can be extracted with advanced image process-
ing techniques from 2D or 3D image data sets. Many
imaging biomarkers, such as volumetric assessment
of brain structures, have shown excellent sensitivity
and specificity in the diagnosis and prognosis of vari-
ous neurological diseases, including MS.

The aim of this review is to enlighten the useful-
ness of quantitative volumetric evaluation of MS
patients in the everyday clinical routine for the initial
diagnosis, as well as for the follow-up and even in
treatment modification, if needed.

Background

MS is a chronic autoimmune, inflammatory and
demyelinating disease of the CNS characterized by a
widely variable clinical manifestation and course. MS
commonly affects young adults and causes changes
in the morphology and structure of the brain, leading
to disability and cognitive impairment. Although in
some cases MS may not directly affect the patients’
life expectancy, it has a significant impact on their
quality of life.

Establishing the prognosis for MS early in the dis-
ease course is important for selecting the appropri-
ate treatment and for determining, throughout the
course of disease, when the therapeutic approach
should be modified. Nonetheless, our ability to pre-
dict how a patient’s disease will evolve is still lim-
ited. For many years, we have known that specific
clinical features of MS are associated with a more
benign course (e.g., female gender, clinical onset
before the age of 40 years, few early relapses, few
early fixed deficits, initial involvement of only sen-
sory systems), but these clinical features offer limited
help in decision making since they have a low prog-
nostic value. Throughout the years there have been
various attempts to develop paraclinical tests, that
could reinforce this clinical prognostic information.
Among these, the use of MRI markers, including
gadolinium enhancing lesions, new T2 lesions, vol-
ume of T2 and/or T1 lesion burden, brain atrophy
(either whole brain or separately for grey and white
matter), spinal cord atrophy, cortical connectivity, and
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chemical composition of the normal appearing white
matter (NAWM) have been investigated.

Conventional MRI is an excellent, non-invasive
imaging technique, very sensitive in detecting brain
multifocal WM damage, but it is often not satisfac-
tory in detecting evidence of subtle and widespread
abnormalities in the so-called NAWM [2, 3] and in
the GM [(4, 5]. The most common MRI protocols
(Hashemi et al., 2012) used in discerning MS lesions
are T1-weighted (T1-W), T2-weighted (T2-W), PD-
weighted (PD-W) and fluid attenuated inversion re-
covery T2 (T2-FLAIR) sequences. Lesions (also known
as “plagues”) can be visualized with several MRI se-
quences: (1) on T1-WI: chronic lesions with axonal
destruction and irreversible damage appear as dark
spots (“black holes”), compared to the surrounding
WM tissue intensities; (2) on gadolinium - enhanced
T1-WI: "active” inflammatory lesions that enhance
indicate breakdown of the blood-brain barrier and
ongoing disease activity, since only new lesions (under
6 weeks old) enhance; (3) on T2-WI, FLAIR and PD-
WI: lesions appear as hyperintense spots compared
to the surrounding brain parenchyma.

Double inversion recovery (DIR) is an additional MRI
sequence that can increase the conspicuity of WM
plagues on T2 -WI. It is an inversion recovery MRI pulse
sequence that uses two different inversion pulses se-
lected to suppress signal from CSF (e.g. Tl, = 2000-
3000 msec before readout) and from WM (e.g. Tl, =
450 msec before readout). It is useful in the estimation
of lesion load, in the differentiation of juxtacortical
from mixed GM-WM plagues, and in the detection
of infratentorial or spinal cord lesions. Another MRI
sequence helpful in the revelation of spinal cord le-
sions is T1-W Phase-sensitive IR (PSIR) [6] although it
is somewhat tricky to implement since it suffers from
phase error artifacts and long scanning times.

The “lesion load”, defined as the lesions’ total
volume in the brain, is one of the key biomarkers in
MS. Usually, a distinction is made between T2 lesions
(i.e., lesions that appear hyperintense on T2-W!I or
FLAIR images), T1 lesions (i.e., lesions that appear
hypointense on T1-WI, “black holes”) and contrast-
enhancing lesions (Figure 1a).

Apart from the lesion load, brain volumetry [7]
and, more precisely, cerebral atrophy [8] and, specifi-
cally, GM atrophy [9] are currently considered to be
important biomarkers, that seem to have a positive
correlation with the speed of disease progression.
Consequently, not only the detection of lesions, but
the quantification of brain volumes and atrophy rates
is crucial in the management of patients with MS
(Figure 1b).

Widespread application of MRI biomarkers is hin-
dered by issues such as non-standardized imaging
protocols, imaging artifacts, lack of normative data
and manual segmentations to interpret values in
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Figure 1a. Longitudinal follow up report (lcometrix ®) of a 57-year-old male patient with RRMS.
The volume of FLAIR and T1-W lesions is estimated. The lesions are classified into N = new,
E = enlarging and S = shrinking and their volume is presented in a chart to facilitate their quantitative

evaluation and show disease progression

E HAME | ] DATE OF BIRTH | MR DATES
75218 110780 201e-01-05
TEEAEA Y TS
[ 11 STATUS REMARKS ]
8 ﬂtmﬂﬁmtm& mﬂhﬁ. The reporied groy
Approved wifh remarks

rather wohame aned Mrophy B0 consasred naciurile

B
5
b
i
=
2
]
=
Vokume 1T
Wohume changs Jomm
[ o | Mew 108l
| £ | | Enlarging 0.8 m
| & | Shenking 137 m
| <
| B
| &
z
&
| = .
| B8 i1 WL -
= ] o= C Kl
| = ki 5t -
(2| 48
Va 3
[B| 358 i B |
= 1
- 1

clinical practice. In order to mitigate such issues, the
MAGNIMS study group published guidelines for the
use of MRI in MS diagnosis [10], as well as recom-
mendations to improve imaging and analysis of brain
lesion load and atrophy in longitudinal MS studies
[10, 11]. The recommended brain MRI sequences
are 3D FLAIR, pre- and post-gadolinium 3D T1-W,
axial T2-W and/or PD-W, obtained with a minimum
MRI field strength of 1.5 T and near-isotropic spatial
resolution. It should be noted that total head cover-
age should include the entire brain and brainstem.
This article offers a brief review of the different
volumetric MRI techniques and discusses the clini-
cal relevance of MRI-derived brain volumetry in the
diagnosis and follow-up of patients with MS.

Brain Volume

The volume of the whole brain and of brain struc-
tures can be calculated through brain segmentation
techniques. Brain segmentation relies on high-contrast
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borders between brain tissue and cerebral spinal fluid
(CSF) (Figure 2a). Standard high-resolution 3D acquisi-
tions (that can be acquired in less than 10 minutes)
decrease partial volume effects and yield good CSF/
brain and GM/WM contrast, allowing imaging and
measurement of small regional structures. Firstly,
“brain extraction” is performed to ensure that only
brain tissue is conveyed to the segmentation path-
way. Various brain extraction methods, such as the
brain extraction tool (BET) [12] and the brain surface
extractor (BSE) [13] are available and their approaches
vary including morphological and geometrical tech-
niques, as well as image processing and modelling
functions (hole filling, surface modelling, edge de-
tection, intensity thresholding, atlas matching, etc.).
Once brain extraction is completed, the process of
brain segmentation begins. This process is typically
based on a probabilistic modeling of voxel intensi-
ties that takes advantage of the fact that different
tissues have different MRI characteristics. Literature
provides an excellent overview of brain segmentation

Archives of Clinical Neurology 30:5-2021, 53-68
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Figure 1b. Automated MRI Brain volumetry system report by lcometrix® of the same patient,
showing cerebral and GM atrophy; important biomarkers, that seem to have a positive correlation

with the speed of disease progression
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methods [14] that include FSL FAST [15], SIENAX [16]
and FreeSurfer [17]. To give an example, SIENAX [18]
(Structural Image Evaluation, using Normalization of
Atrophy-Cross-Sectional) uses a fully automated algo-
rithm to quantify the volume of whole brain, GM and
WM. An automated BET is used to segment brain from
non-brain tissue and appraise the outer skull surface.
The brain images are registered to a stereotactic space
to perform normalizing for head size and then a brain
mask is applied to exclude extracerebral tissue. SIEENAX
can segment the extracted brain into GM, WM, and
CSF with great accuracy and low mean absolute error
of volume measurements [18].

Lesion Detection and Volume Estimation

Automatic lesion segmentation methods can be
divided into supervised and unsupervised classifica-
tion methods. The first group requires a prototypical
training dataset in order to build a model that will
then be used on new patients for lesion segmenta-
tion. Although excellent results can be obtained with
the proposed variants of this group [19-22] building
a training dataset that incorporates MS lesions of all
possible shapes and intensities that are heteroge-
neously distributed in the WM is difficult. Moreover,
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it is difficult to preprocess new images —acquired on
different scanners than the one used for the train-
ing dataset- in order to match the characteristics
of the training dataset. The second group includes
methods that are mainly based on stochastic mod-
elling of voxel intensity distribution. These perform
brain segmentation into GM, WM and CSF (with or
without lesion detection) and often depend on post-
processing approaches for lesion segmentation. The
assumptions made for the lesion segmentation have
a great effect on the results. For example, LST [23]
and MSmetrix [24] detect FLAIR-hyperintense outliers,
which are further characterized as lesions according
to their spatial probability of being in the WM, where
the WM segmentation is basically derived from T1-WI
segmentation. LesionTOADS [25] on the other hand,
combines information from different MR sequences
in order to synchronously segment lesions and brain
structures. In the meantime, the segmented lesions
are confined to typical locations by using maps from
the boundaries of structures such as CSF (Figure 2).

Longitudinal Biomarkers

Brain volume measurements derived from a single
scan are often hard to interpret because there is a
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Figure 2. Brain segmentation (volBrain) after brain extraction in a 27-year-old female patient
with no clinical history of demyelinating attacks or other alternative causes for WM lesions
(such as vascular, infectious or toxic) presented with dizziness

broad normal variability. Since small volume changes
are apt to being concealed by the interindividual vari-
ability in absolute brain volumes, normalization to in-
tracranial volume should be carried out. Longitudinal
measurements allow for a more accurate monitoring
of the disease progression by identifying the extent
of true interindividual differences (Figures 1, 3).

Diffuse atrophy from consecutive scans can be
assessed by image subtraction, as less errors occur
when we directly quantify the volume change. To
do so, however, serial images must be positionally
registered (spatially matched). Longitudinal meth-
ods typically try to match two MRI scan registra-
tion techniques and directly extract small changes in

Archives of Clinical Neurology 30:5-2021, 53-68
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Figure 3.

(3a) Initial MRI based Volumetry report (Icometrix®) of a 24-year-old female patient identifies FLAIR
lesions with a volume of 6.9 ml and “active” inflammatory (Gd enhanced) lesions with a volume

of 0.5 ml, “black holes” volume of 3.08 ml (Imagilys, SurferMagix®). As far as brain atrophy

(<1 normative percentile - matched for her gender and age) the report (Icometrix®) shows

no GM atrophy and normal thalamic volumes (Imagilys, SurferMagix®) (3b)

(3¢). After treatment, the report (Icometrix®) shows decrease of lesion volume in FLAIR (3.54ml).
Their distribution is 2.79 ml periventricular, 0.03 ml juxtacortical, 0.09 ml infratentorial and 0.63 m|
involving the deep WM. No “active” (Gd-enhanced) lesions where demonstrated. “Black holes”
(chronic lesions with axonal destruction and irreversible damage that appear as dark spots on T1-WI)

coexist with a volume of 2.14 ml
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brain volume from this process. For example, SIENA
(Structural Image Evaluation, Using Normalization, of
Atrophy) (18) uses the outer skull surface to restrict
the registration of serial images while normalizing to
image geometry changes. The brain surface is per-
ceived using a local threshold and smoothness factor,
and the percentage brain volume change is based on
the displacement of this edge between images, with
sub-voxel accuracy. Edge finding is relatively insensi-
tive to changes of intensity in tissues through serial
images, making this technique applicable to different
acquisitions with great accuracy [18].
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In what concerns lesion load, there are many
methods that focus on segmenting MS lesions at a
single time point. However, according to the review
of Lladd et al. [26] there is not yet a single approach
that can be used as a standard in everyday clinical
practice for the analysis of lesion evolution over time,
since quantification of atrophy and lesion load using
registration-based techniques such as SIENA may be
affected by differences in tissue intensity between
consecutive images and incorrectly interpret changes
in voxel intensity between a baseline and a repeat im-
age as atrophy of the brain or change in lesion load.
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Clinical Course and Imaging Findings

From a clinical point of view, MS starts with a
“radiologically isolated syndrome” (RIS) or a “clini-
cally isolated syndrome” (CIS) suggestive of MS. RIS
[27] refers to an entity in which brain and /or spine
MRI reveals serendipitous WM lesions that fulfill the
revised 2017 McDonald Criteria for dissemination in
space (DIS) but the patient has no clinical history of
demyelinating attacks or other alternative causes for
the WM lesions such as vascular, infectious or toxic.
RIS has been linked to MS and the prevalence of RIS
is known to be increased in healthy relatives of pa-
tients with MS. In their study Gabelic et al [28] found
that the prevalence of RIS in the healthy relatives of
patients with MS was 2.9% compared to the preva-
lence of RIS in unrelated healthy controls that was
2.4%. On the other hand, patients are considered to
have CIS when they present with their first clinical
symptom suggestive of CNS demyelination but they
do not fulfill the McDonald criteria for clinically defi-
nite MS. CIS patients who have a normal brain MRI
at presentation have only a 5 % risk of progression
to clinically definite MS in the next 1-5 years [29].
Diversely, RIS and CIS patients with cerebral lesions
on MRI at presentation have a substantially higher
risk, although the risk remains below 50 % when
the total lesion volume does not exceed 1.2 ml [29].

After disease onset, MS may take one of the fol-
lowing forms: (1) relapsing-remitting MS (RRMS),
which is characterized by acute attacks followed
by periods of remission; (2) primary progressive MS
(PPMS) and (3) secondary progressive MS (SPMS),
both of which are predominantly characterized by
progressive accumulation of disability, but may also
present concomitant clinical and/or MRI activity [30].
MR studies have demonstrated the existence of le-
sions and the development of brain atrophy in all
MS subtypes [31-33].

Clinically the progression of MS is characterized
by both motor and cognitive deterioration [34, 35].
Pathological changes in the NAWM have a better cor-
relation with progressive cognitive deficits than with
visual, sensory and motor symptoms [9, 36]. Brain
atrophy, defined as the diminution of brain volume
over time, is considered one of the characteristic con-
sequences of MS even though its pathophysiological
mechanisms remain unclear [37]. Patients with MS
show a higher rate of brain volume loss compared
to healthy controls, that is, 0.5-1 % per year in MS
patients versus 0.1-0.3 % per year in age-matched
healthy controls [38].

It has been reported that 60-80% of patients with
CIS suggestive of MS (e.g., optic neuritis) that under-
go MRI evaluation of their brain that detect lesions
develop clinically definite MS in the following years
[39]. Notably, previous studies have demonstrated
greater ventricular enlargement within one year in

people who develop MS compared to those who
remain stable (+0.5 to 0.8 cm? /year compared to
-0.1 to +0.06 cm? /year) [18]. A three-year follow-
up study of 58 patients with CIS observed a 17.9%
increase in the ventricular volume in 31 patients who
developed MS, while only a 2.3% increase was found
in 27 patients who remained stable [40]. Statistical
Parametric Mapping (SPM) was used to analyze BPF,
WM lesion load and GM lesion load changes in these
58 patients, showing significant decreases in both MS
(n=31)and CIS (n = 27) patients (-1.4% and -0.6%
in BPF and -3.3% and -1.1% in GMF, respectively).
The decreases were greater in the MS group, with the
later also showing a weak but statistically significant
increase (1.3%) in WM lesion load.

Okuda et al. [41] in their multicenter study of 451
patients with RIS, found that approximately two-
thirds of them developed new lesions on longitudinal
MR imaging, while one-third of them developed CIS
within 5 years of the index MR imaging.

Various studies have shown that brain volume is
notably reduced in RRMS patients when compared
to age-matched controls [42-44]. The majority of
longitudinal studies —even when including subjects
in the earliest stages of MS with no significant dis-
ability- have estimated atrophy rates of around -0.5
to -0.8% /year. A study of the mean atrophy rate in
34 subjects, estimated using SIENA, found a 0.7%
/year (SD = 0.9) decrease in brain volume over an
interval of one year [ 45].

It is widely accepted that atrophy occurs from the
earliest stages of MS and continues throughout the
disease course, but it is not yet established if there are
differences in the development of atrophy between
PPMS and RRMS, or if the atrophy rate changes dur-
ing the disease course. One study suggested that
atrophy is confined to the supratentorial brain during
the RR stage, but extends to the brain and spinal cord
during the SP phase [42]. A SPM analysis of brain
atrophy measured by SIENA was used to explore the
evolution of brain atrophy in MS patients according
to their subtype (RRMS, SPMS, and PPMS) [46], and
the results suggested that while ventricular enlarge-
ment was predominant in RRMS, cortical atrophy
was the dominant feature in PPMS.

Cross-sectional correlations between normalized
brain volume (NBV) and disease duration [43, 47,
48] indicate that brain atrophy is progressive. In a
longitudinal analysis of 27 RRMS and 9 SPMS pa-
tients brain atrophy was greater in SPMS patients
who had a longer disease duration, than in RRMS
patients [47]. Another longitudinal study indicated
higher annual atrophy rates in RRMS and SPMS com-
pared to PPMS, even though the PPMS patients had
a longer disease duration. On the other hand, similar
annual atrophy rates were found in PPMS and RRMS
patients [49], with reduced rates in SPMS; however,
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the differences were not statistically significant and
the analysis was conducted on a moderately small
number of subjects. Whether atrophy rates deceler-
ate or accelerate during the course of progressive
disease is yet to be determined. An analysis of 100
PPMS subjects indicated that the degree of atrophy
over the first year did not correlate with that over
the second year [50]. However, an ensuing five-year
follow-up study indicated a relatively consistent at-
rophy rate within individuals [51]. For the temporal
dynamics of atrophy in MS to be clarified, studies of
patients over longer periods are necessary.

It is worth emphasizing, that although focal de-
myelination in the cerebral WM was until recently
considered the pathological hallmark of MS, we now
know that in addition to WM lesions MS is also char-
acterized by GM lesions [52]. Brain atrophy in MS
is nowadays considered a global process related to
both GM and WM pathology. Actually, MRI- based
volumetric data have shown that GM atrophy (espe-
cially that of thalamus) has a better correlation with
physical and cognitive disability than WM atrophy
and T1 and T2 lesions do [9, 53, 54]. Morgan et al.
examined, and confirmed, the unwritten “rule of
five”, according to which five new lesions compared
to the baseline MRI scan are correlated to a higher
risk of ensuing relapses [55]. Sormani et al. followed-
up 58 patients with RRMS for a 10-year period and
their study confirmed the long-term clinical relevance
of lesion load since it showed that the escalation of
clinical disability measured by the Expanded Disability
Status Scale (EDSS) correlated with the increase of
T1 lesion load [56]. Their study showed an annual
volume increase of (+0.25 + 0.5) cm? for T2-W lesions
and of (+0.20 £ 0.31) cm? for T1-W lesions [56]. In
the analysis, EDSS worsening over 10 years correlated
best with the combination of baseline T1-W lesion
number and the increase of T1-W lesion load (R =
0.61, p < 0.001). Fisniku et al. evaluated the longi-
tudinal relationships between the MRI lesions and
clinical course of 107 MS patients over a period of
20 years. They found a lesion load increase of 0.80
cm3/year in those with RRMS but of 2.89 cm?3/year in
those with SPMS [57]. In addition, a multicentre 10-
year follow-up study by Popescu et al. showed that
brain atrophy and lesion load have a complementary
predictive value for disease progression since they
correlate with long-term disability in MS [58].

The correlation between cortical lesion load and
cognitive impairment has been investigated with
conflicting results. Nelson et al. in a study that com-
bined two different MRI techniques, DIR and T1-W
phase-sensitive inversion recovery (PSIR), showed that
intracortical and mixed lesions play a more impor-
tant role than juxtacortical lesions and measures of
atrophy in cognitive impairment [59]. A longitudinal
study of 13 MS patients showed that cortical lesions
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have a tendency to increase over time and this is as-
sociated with a cognitive decline. More specifically,
the authors found a significant correlation between
the hippocampal lesion load and the location learn-
ing test score (LLT), while investigating visuospa-
tial memory [60]. Mike et al. [61] found a similar
correlation between cortical lesion load and WM
volume damage. They also found that cortical le-
sions were a good predictor of verbal learning and
memory assessed by California verbal learning test
(CVLT-II). Calabrese et al. [62] demonstrated that
cortical lesions, GM damage volume, and age are
good predictors of cognitive impairment, showing
also a better correlation of cognitive impairment with
cortical lesion load, than with WM damage in MS
patients. However, Papadopoulou et al. [63] did not
confirm these findings, as their study demonstrated
that WM lesion load plays a more important role
in the development of cognitive impairment when
compared to cortical lesion load.

Treatment monitoring

It is widely accepted that MRI has an indispensable
role in the monitoring of disease progression and of
therapeutic efficacy [64, 65]. Newly developed treat-
ments, especially those prescribed in the early stages
of MS, focus not only on treating the symptoms
but on modifying the natural course of the disease.
Because of their serious side effects many of these
disease-modifying therapies are not prescribed as
first-line treatments. Even though imaging criteria
for switching from one treatment to another are
still under consideration, MRI-based monitoring of
therapeutic effects becomes more and more crucial
in clinical trials and clinical practice, a fact that in-
creases the need for standardization of MRI-derived
metrics [64-66].

Currently, in patients with a clinically active disease
(showing relapses and disability progression), who
develop at least three active MRl lesions, a change in
treatment is recommended [66]. During the course of
disease-modifying therapy, new or enlarging lesions
should be monitored with MRI at regular intervals,
ranging between 3, 6 and 12 months, based on in-
dividual clinical assessment and in line with national
and international guidelines [67-70]. The develop-
ment of one or more gadolinium-enhancing lesions
on a 6- or 12-month follow-up scan, or two or more
new or enlarging lesions on a 12-month follow-up
scan, should trigger consideration of treatment modi-
fication; however, in cases of isolated MRI-activity
(i.e., without evidence of clinical activity) individu-
alized risk/benefit assessment, which besides MRI
findings takes into account the patient’s history and
clinical status, is warranted to guide decisions on
potential treatment modification [67, 70, 71].
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Clinical trials indicate that the use of lesion load
and brain atrophy as endpoints is more efficient than
the Expanded Disability Status Scale (EDSS) [54], since
it decreases the required sample size for the dem-
onstration of statistically significant therapeutic ef-
fects in placebo-controlled trials. Moreover, in clinical
practice, MRI indices may facilitate early detection
of subclinical disease activity, and instigate timely
modification of disease-modifying treatments (DMTs)
to avert clinical relapses or EDSS progression.

There is no consensus on whether whole-brain at-
rophy should be used as the point of reference for the
evaluation of therapeutic efficacy after the first year
of treatment (38).The main hampering factor is that
whole-brain atrophy after 1 year of treatment might
be an inaccurate parameter, due to the occurrence
of pseudo-atrophy, with the latter representing an
early decrease of brain volume due to the diminu-
tion of inflammation [72]. Pseudo-atrophy seems to
affect WM more than GM [38] and may persist for
more than 2 years after treatment initiation. There-
fore, measuring GM atrophy, instead of whole-brain
atrophy, might be more useful.

Some clinical trials have shown that brain volume
loss (or GM volume loss) is a good prognostic in-
dicator for the natural course of the disease [72].
However, in clinical trials where DMTs were used, the
results were contradictory. The inconsistency between
the acquired results could be attributed to various
factors, such as differences in the action mechanism
of DMTs, patient populations, applied MRI protocols
and software applications used for the analysis.

It is obvious that if brain atrophy is to be used as
a representative marker of axonal loss in clinical tri-
als, reliable detection of atrophy over short intervals
would probably ameliorate trial efficiency and reduce
costs. However, the effect of measurement errors on
brain atrophy quantification is increased over short in-
tervals; therefore larger subject numbers are needed
for credible results to be obtained. For example, in
a study of 30 RRMS patients, no significant brain
atrophy was found over three months [73].

Agents such as interferon and glatiramer acetate
are considered efficacious in lowering relapse rates
and lesion formation, but it is still uncertain whether
they actually slow down neurodegeneration and dis-
ability progression. Although brain atrophy cannot be
used to directly monitor neurodegeneration, it has
been used as a representative marker and outcome
measure in several interferon-B trials in MS (Table 1).
Brain atrophy seems to progress despite treatment
with these alleged disease-modifying drugs; however,
the results of longer follow-up periods in studies by
Paolillo et al [74] and Turner et al [75] suggest that
either therapeutic action is delayed or a beneficial
effect from baseline becomes apparent only in later
atrophy measures. It is becoming increasingly impor-

tant to develop neuroprotective strategies, and brain
atrophy rates are likely to be included as outcome
measures in such strategies. The acquisition protocols
and atrophy measurement techniques used in clinical
trials must be highly reproducible and robust, since
the data will be acquired over multiple sites (Table 1).

Relationship Between Lesions and Brain Atrophy

It is widely accepted that focal inflammation can
eventually cause brain atrophy; nonetheless, attempts
to correlate brain atrophy with lesion measures have
produced diverse results. In the literature we find stud-
ies of CIS and MS that show an association between
brain volumes and T1-hypointense lesions [40, 76,
77], T2-hyperintense lesions [40, 42, 44, 76-78], and
gadolinium (Gd) -enhancing lesions [79] and others
that do not [47, 72, 76]. It is evident that to evaluate
such a relationship consecutive data are needed.

CIS patients that had T1-, T2-, or Gd-enhancing le-
sions at baseline showed greater ventricular enlarge-
ment over a period of one year compared to patients
who had no lesions on baseline imaging [80]. In the
existing literature we find many studies that show
a relationship between brain atrophy and change in
lesion volumes over the same period of time [48, 50,
81]; however, we also find studies that indicate no
correlation [82]. Studies that included therapeutic
trials indicated that the number and volume of Gd-
enhancing lesions discerned during the early study
periods were highly correlated with brain atrophy
developed over periods of 18 months to three years
in CIS and MS patients [79, 82-84]. This is probably
due to the fact that focal inflammation seems to
have a delayed effect on neuroaxonal degeneration
and ensuing atrophy. Even though many studies have
shown mixed results about the existing relationship
between lesions at baseline and subsequent atrophy
[81, 85, 86], findings from studies that included a
longer follow-up period enhance the belief that at-
rophy results from earlier inflammation. Chard et al.
followed 28 RRMS patients for 14 years after their
initial onset of symptoms and discovered that the
alterations in lesion load during the first five years
was more closely correlated to brain atrophy at 14
years than later alterations in lesion load [87].

In order to explain the fact that some studies have
found no correlation between lesions and atrophy
one may consider the presence of small lesion loads,
the fact that lesion activity may lead to variable de-
grees of axonal damage, the presence of inflamma-
tion causing edema, or the fact that GM lesions could
have a greater effect on following atrophy than WM
lesions. Additionally, there is evidence that factors not
related to lesion formation play a part in the progres-
sion of atrophy. It is worth noting that Inglese et al.
showed in their study that their attempt to suppress
the inflammation with autologous hematopoietic
stem cell transplantation this did have a significant
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Table 1. Indicative Therapeutic Trials of Interferon B That Have Used Brain Atrophy as an Outcome Measure
Subjects Study Design Atrophy measure Comments it
number
263 CIS | 123 treated subjects (22 pg) with | SIENA Brain atrophy rate 1.18% reduc- 91)

2 year data. 117 assigned placebo
with 2 year data.MRI at baseline, 1
year and 2 years.

tion (SD 1.51) in treated and
1.68% reduction (SD 1.99) in
placebo over a 2 years period.

Significant treatment effect de-
tected at 2 years.

31% of treated and 47% of pla-
cebo developed MS.

Median 2 year atrophy rate 1.63%
and 0.97% reduction in those
developing MS compared to those

years.

who did not
(P=0.046)
386 189 subjects treated for 3 years (30 | Brain parenchymal | Brain atrophy greater during the (92)
RRMS ug). fraction first year than the following 2
years.
197 subjects treated for 3 years (60 68% of the atrophy occurring dur-
1g).MRI at baseline, 1 year, 2 years ing the first year occurred during
and 3 years. first 4 months of treatment.
138 subjects had MRI at 3 months, Annual atrophy rates were evalu-
and 2 months before treatment, ated -0.33% (95% Cl -1.50 to
and months 4, 5, 6, 10, and 11. -0.62) during the treatment phase
and -1.06% (95% Cl -0.39 to
-0.27) during the pretreatment
phase.
140 68 subjects treated for 2 years. Brain parenchymal | Similar rate of brain atrophy (48)
RRMS fraction during year 1 was found in both
treated and placebo groups.
72 assigned placebo. Brain atrophy rate was significant-
ly lowered during year 2 in the
treated group.
MRI at baseline, 1 year and 2 years.
106 106 subjects treated for 2 years. Brain parenchymal | Significant brain atrophy over 8 (93)
RRMS MRI at baseline, 2 years and 8 fraction years.

and sustained effect on Gd enhancement and T2
lesion formation but did in the long term it did not
hinder atrophy [88].

We should also contemplate the fact that lesions
may affect both segmentation- and registration-
based brain atrophy measurements. For example, it
is possible for T1-hypointense lesions to be incorrectly
classified as CSF or for GM lesions to cause indistinct
signal intensity changes and affect segmentation.
However, Sharma et al. analysed 10 MS patients
with high T1 lesion loads and found that lesion mis-
classification had a frivolous effect on brain volume
measurements by SPM [89]. Likewise, in the literature
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we find studies that show no significant difference
in tissue volumes estimated with SPM between im-
ages with simulated WM lesions and those without
[90]. We may assume that brain volumes calculated
with SPM segmentations are relatively insensitive
to WM lesions, and therefore measurement of GM
atrophy may provide a more thorough assessment of
neurodegeneration in MS, not affected by alterations
in tissue volume due to inflammation.

Conclusion
MS is a chronic demyelinating disease of the cen-
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tral nervous system that leads to disability and cogni-
tive impairment. Conventional MRl is considered the
modality of choice for diagnosing and following up
patients with MS. Manual detection of MS lesions in
the MRI images is a time-consuming and subjective
process. Newly developed MRI methods and software
applications can assist in the quantitative evaluation of
MS. Both segmentation- and registration-MRI based
methods may be used to measure brain volume. Brain
volume loss and in particular GM volume loss occurs
early and progresses throughout the course of MS;
it is considered one of the most valid prognostic pa-
rameters of subsequent disability progression in pa-
tients with MS. Nonetheless, serious considerations
should be made before widely implementing it in clini-
cal practice, mainly because despite recent progress,
there is not yet a robust enough automated lesion
segmentation approach. It seems that there is still
room for improvement; new algorithms and advances
in MRI acquisition protocols will unequivocally assist
neuroradiologists in the early diagnosis, follow up and
assessment of treatment effects.
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Xapifdaos E. Mikponounos, In memoriam

O Xapinaos E. Mikpdnounos, yevwnBnke ous
30/1/1928 ownv ABnva, otnv KanniBéa, anod
yoveis nou hpBav otnv EAAGda and tov Mo-
V1o kal tnv Kwvotavuvounonn.

EAaBe t oxodikn tou eknaideuon and 1o
1933 €ws 10 1945 kar anogoitnoe and 1o
fupvdolo tou EAAnvikoUu Exnaibeutnpiou
MNavayiwténoudou-EAguBepiadou («Aiav Ka-
AWs»).

®oitnoe otnv latpikn ZxoAh tou Maveniotnpi-
ou ABnvav and to 1945 €ws 1o 1952. ENaPe
abela ackhoews 10TPIKOU enayyeApatos and
10 1953 kar doknoe v 1atpikn €ws t 2016,
EYYEYPAUUEVOS otov latpikd ZuAnoyo ABnvav.

Eibikeutnke otn Neuponoyia-Wuxiatpikh oto
Alyivhtelo Noookopegio unoé tov Kab. I. Ma-
pgnoukn and 1t 1953 €ws 1o 1956, ondte Kal
¢naPe tov titAo e1dikdTNTas Neupoddyou-WYu-
X1GTpOoU.

MetéBn ous HMA 10 1956 ws unéTPOPOs Tou
npoypduuatos Fulbright. Meteknaibeutnke
owin Neuponoyia oto Montefiore Hospital
and Medical Center tou Albert Einstein
College of Medicine tns Néas Yopkns ané 1o
1956 €ws 10 1958, pe tautdxpovn unnpeaia
oto Neupoxelpoupyikoé (uno tov L.. Davidoff),
®uoloBepaneutkd, Hektpoeykepanoypapikd, HAektpopuoypa@ikd, Neupoo@Banoponoyikd Kal
Neupoakuvonoyikd twhpa, pe tautdxpovn napakodolBnon peteknalbeUtK®Y NAektpoeykepanoypa-
QIKDV paBnudwwv oto Maveniothpio Columbia.

To 1958 kai 1959 peteknaidettnke oty Wuxiatpikh oto Kpatkd yuxiatpikd voookopeio Creedmoor
s Néas Yopkns, pe tautdxpovn epyacia oto naidiatpikd Yuxiatpikd THAPA ToU VOOOKOUEIOU Kal na-
pakodouBnon paBnpdtwv tou Apepikavikou lvottoutou Wuxavadlosws oty yuxiatpikh Bepaneia
tou naidioy, oty opadikn Wuxoduvapikn kar Wuxavaiuon, kar otn pedémn eni tns lotopias tns Wuxa-
vaduaons.

YIn ouvéxela diaténeoe yia 6 pnves ws Fellow tou Montreal Neurological Institute kKupiws oto Tphpa
HAektpoeykepanoypapias kal HAektpopuoypapias unoé tov H. Jasper, kaBds kal ota eEWTEPIKG VEU-
pofoyikd 1atpeia karl 1o Eidiké latpeio EmAnnukdv AcBevayy, oe ouvepyaoia pe tous W. Penfield kai
T. Rasmussen.
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Enéotpeye otnv ABrva to 1960. And 1o 1961 diatéAece enipennths Neupoddyos-Wuxiatpos kar Hie-
Ktpoeykepanoypapioths tou EANNvikoU AvukapkivikoU lvotutoutou oto Noookopeio «Ayios ZapRas»,
Kal anoé 1o 1966 £ws 10 1988 Kkateixe tov Titdo tou AleuBuvth Tou TWAPATOS, cUVEPYA(OPEVOS OTeVd PE
oV Veupoxelpoupyd |. Tantd, pe tov onoio ekdwoav to BiPAio «Kepadadyiar - Neupanyial, Kpavio-
npoownikd Adyn» to 1967, éva onpavukoé €pyo yia tny enoxn tou. MNa noAAd xpovia diatéAeos olp-
Bounos og Béuata veuponoyias kar yuxiatpikns s Maidiatpikns KAvikhs tou Maveniotnpiou ABnvav
kal tns MNaibiatpikhs KAvikns Aapdkn, kabws kal o€ AAAES KAIVIKES.

And 10 1960 €ws 10 2016 doknoe enions 161wTKA Us €101KOTNTES Tns Neuponoyias kal tns WuxiatpikAs,
diatnpwvrtas kal Epyacthplo HAsktpoeykepanoypagias, HAsktpopuoypagias kal Onukav MpokAnthv
Auvapikav, oto onoio dievepynBnkav noAnés xiAidbes tétoles eEetdoels.

To 1963 avaknpuxBnke apiotouxos Aiddktwp tou Maveniotnpiou ABnvav pe Baon tn Siatpifh tou
«Oykol tns Tpitns Koidias tou Eykepanou». Meydio pépos tou ufikoU Npogkuye and tn ouvepyaacia
TOU pe tov veupoxelpoupyo L. Davidoff.

And 10 1975 €ws 10 1985 napakodouBnoe noAnanid Ppaxeias Sidpkeias pyeteknaldeutkd oepivapla
otnv nAektpopuoypagia oe veuponoyikés kAvikés tns Mayo Clinic, Montreal Neurological Institute,
Vancouver General Hospital, Queen Square Hospital, Walton Hospital.

And to 1958 diaténece pénos tns Apepikavikns Akadnpias Neupofoyias kal to 1959 tns ApepIkavikns
Wuxiatpikhs Evwons, kal apyotepa tns EAAnvikns Etalpias Neupodoyias kal Wuxiatpikns, ts EAANVIKAS
Etaipias HAektpoeykepanoypapias kal tns EAAnvikns Etaipias Kepadanyias. Enions, ntav pyénos tou
Royal Society of Medicine tou Aovbivou.

MAéov TPNTUKA Atav n napoucia tou ws pénos s AleBvous Opdadas Epeuvas tns Hulkpavias Kal twv
Kepananyiov s Maykoéopias Neupodoyikhs Evwons (Migraine and Headache Research Group, WFN),
Mou MPOEKUYPE and tn otevh Tou ouvepyaoia pe tov A. Friedman, pe tov ornoio 1o 1958 &nuoaisu-
oav éva 101aitepa onpavukd apBpo nepi ABpoioukwv Kepanadyiwv oto nepiodikd Neurology (Cluster
Headaches, A. P. Friedman, H. E. Mikropoulos, Neurology, Vol. 8, No. 9, September 1958), Bdoel
penémns tv onoia o i610s Napouaciace oto €1Nolo cuvEDPIO ths Apepikavikns Akadnpias Neuponoyias
0 1958.

‘EAae pépos oe ekatovtades diebvn kal eNANVIKG cuvédpla kal cepivapia and to 1956, evd diaténsoe
npoebpelwv Kkal opiANths o Sekddes NepINWOoEls, Kupiws o Béuata Kepananyias, EmAnyias kal
HAektpopualonoyias. EmnAéov, oupueteixe otn ouyypapn noAAdy dpBpwv yia nepiodikd kal BiRAia.

Eqpantépevos otevd pe 1o akadnpaikd nepifaniov tins Neuponoyias, kupiws, otnv EAAGOad, npooépepe
yia 64 cuvantd éin (1952-2016) us eupéws paopatos adnd kar 1diaitepns Ee1bIKEUONS YVMOEIS TOU O
xifiades Bpépn, naidid kai evanikes kABs nAikias, nou énaoxav and éva eupU GAcPa VEUPOROYIKDY
nabnoswv. O NaNaIdTEPOI EvAMOPEIVAVTES TS YevEAS Tou, KaBMs Kal autoi tns enduevns, tov Bu-
gouvtal and tnv TaKUKA ToU NApoucia ata cuvédpIa Kal tnv akdpeotn eniBupia tou yia ouvexi{ouevn
latpIkh eknaideuon.

AneBiwoe kat' oikov ous 9/4/2021.
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rNA TO AKAAHMAIKO ETOX 2021-2022

» 30 OktwPpiou 2021: «H latpikn tns Akpifeias kal n Teveukn ous Kivnukés Alatapaxés»,
Movonhpepo Xepivapio

% 20 NogpBpiou 2021: «Biobeiktes otn Sidyvwon twv Avoik®dv Zuvdpopwv», Webinar

w4 AekepPpiou 2021: «latpikn Baciopévn otnv tekpnpinon: Ané tn Bswpia otnv npagn»,
Huepida, ABnhva

% 29-30 lavouapiou 2022: «Teveukoés Edeyxos ota Neupondoyikd Noohpata-Oepanegiaoipa
Neupoyeveuka Noohpata», Ainpepida, ABhAva

»  26-27 Oefpouapiou 2022: «Kepanadyies», Ainpepida, Hpdkneio Kphtns

< 19-20 Maptiou 2022: «Anopusdivwukd Noohpata o€ Opipn niikia», Ainpepida,
©eocanovikn

7

< 9 Anpifiou 2022: «Nedtepes Siayvwotikés kKal Oepancutikés eEeni§els oto xwpo
twVv Neupopuikwv Noonpdatwv», Movonpepo Xepivaplo, MNétpa

7

< 14 Mdiou 2022: «Mpakukn &iaxegipion twv acbevwv pe Avola otnv KaOnpepivétntan,
Movonhpepo Lepivépio, ABhva

7

< 16-19 louviou 2022: 33° Navednnvio Zuvédpio Neuponoyias, HpdkAsio Kphtn
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1o Yuvébpla - Huepibeg - Zupndota
- Entotnpovikég ekbnAwoelg

2021 - 2022

< 13-15 OktwPpiou 2021: 37* Congress of the European Committee for Treatment
and Research in Multiple Sclerosis, Aiadiktuaké

< 9-12 NogpPpiou 2021: 6t Nasche/UEMS Scientific Meeting - New Frontiers
in Open Innovation, ABhva

< 11-14 NospBpiou 2021: 9° MaveAdnvio Zuvédplo Ayyelakwv Eykepadikwv Néocwv,
©eooanovikn

< 9-11 AskepPpiou 2021: 7t ENEA Workshop: Cushing’s Disease, Dubrovnik, Croatia

< 16-19 Aekepppiou 2021: 8° MaveAAdnvio Zuvédpio EAANvikns Akadnpias
Neupoavooonoyias, YRp18iIk6, Osccanovikn

% 24-27 ®eBpouapiou 2022: WCN 2022, Kuala Lumpur, Malaysia
% 13-18 Maprtiou 2022: XVII World Congress of Neurosurgery WFNS, Bogota, Colombia

% 24-27 Maprtiou 2022: 16 World Congress on Controversies in Neurology (CONy),
London Uk

% 2-8 Anpifiou 2022: AAN Annual Meeting, Seatle, UK
% 4-6 Mdiou 2022: 8 European Stroke Organisation Conference (ESOC), Lyon, France
< 16-19 louviou 2022: 33° Mavednnvio Xuvédpio Neuponoyias, HpdkAsio KpAtns

« 25-28 louviou 2022: 8" Congress of the European Academy of Neurology,
Vienna, Austria

< 9-13 loudiou 2022: 14t European Epilepsy Congress, Geneva, Switzerland
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