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Issue Highlights

The current issue of Archives of Clinical Neurology contains three significant articles detailing the
latest clinical consensus on the use of CGRP-targeted treatments for the management of migraine
healthcare system, cognitive impacts of long COVID and complications in Parkinson's disease therapy

In a consensus article by the Headache Scientific Panel of the Hellenic Neurological Society,
updated clinical guidelines for using monoclonal antibodies (mAbs) and small molecules
(gepants) targeting the Calcitonin Gene-Related Peptide (CGRP) pathway are provided. The report
synthesizes data from all major phase il clinical trials, real-world studies and international guidelines.
The authors establish clear criteria for treatment initiation and evaluation. In addition, emphasize that
preventive therapy with mAbs or gepants should be recommended among first line treatments for
patients experiencing at least 4 migraine days per month and requiring prevention. The consensus
underlines the importance of a personalized approach to therapy, advocating for regular monitoring
of treatment response and using scales such as HIT6 and MIDAS to monitor progress. Adherence to
specific state requirements for reimbursement is recommended, but the need for re-evaluation of the
obsolete current reimbursement policy is also clearly mentioned. Overall, the article serves as a thor-
ough and practical framework for integrating these novel, targeted migraine therapies into standard
clinical practice.

Ntinopoulou and colleagues present a preliminary retrospective case-control study examining
the neuropsychological impact of Long COVID Syndrome combined with cardiovascular
dysautonomia (LC-DYS). Comparing 30 LC-DYS patients against 30 healthy controls, researchers
utilized a standardized neuropsychological battery to assess domains such as memory, attention, and
executive function. The LC-DYS group demonstrated significantly lower performance in verbal learn-
ing, delayed verbal recall, inhibition control, and processing speed. Interestingly, while these patients
reported higher levels of anxiety and depression, these mood factors did not statistically predict their
cognitive performance, suggesting a functional dissociation between affective and cognitive neural
networks. The study concludes that central autonomic network dysfunction likely drives these defi-
cits. These findings highlight the necessity for multidisciplinary rehabilitation strategies that integrate
neurocognitive support with autonomic monitoring to improve functional outcomes for individuals
suffering from the persistent effects of Long COVID.

The study by Sfikas et al. investigates peripheral polyneuropathy as a complication in advanced
Parkinson’s disease patients treated with levodopa-carbidopa intestinal gel. Through clini-
cal assessments, nerve conduction studies, and electromyography of two male patients, researchers
evaluated the possible link between high-dose levodopa exposure and severe sensorimotor axonal
polyneuropathy. The pathophysiology is multifactorial, primarily involving levodopa metabolism which
increases homocysteine levels, leading to deficiencies in vitamin B12 and folate. Case 1 showed chronic
axonal damage linked to folate deficiency, while Case 2 exhibited active denervation and sensory
ataxia associated with B12 deficiency and significant weight loss. The authors emphasize that early
prophylactic vitamin supplementation and regular neurophysiological monitoring are essential to miti-
gate these heterogeneous but potentially aggressive neuropathic phenotypes in levodopa-carbidopa
intestinal gel treated populations.

The articles of the current issue highlight the evolving landscape of neurological care, from imple-
menting cutting-edge, targeted migraine therapies to managing treatment side effects in Parkinson’s,
ultimately emphasizing the importance of personalized, multidisciplinary approaches to improve patient
outcomes and long-term quality of life.

Michail Vikelis

Neurologist, MSc in Headache Medicine, PhD
Greek Research Alliance for the Study of Headache and Pain
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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»



18 ApBpo opopwvias Consensus Document

CONSENSUS ARTICLE: UPDATED RECOMMENDATIONS
OF THE HEADACHE SCIENTIFIC PANEL OF THE
HELLENIC NEUROLOGICAL SOCIETY ON THE USE OF
MONOCLONAL ANTIBODIES AND SMALL MOLECULES
TARGETING THE CGRP PATHWAY IN THE PREVENTIVE
TREATMENT OF EPISODIC OR CHRONIC MIGRAINE AND
CLUSTER HEADACHE IN CLINICAL PRACTICE, 2026

Michail Vikelis™, Dimitrios Rikos?, Andreas A. Argyriou?, Theodoros Karapanagiotidis®, Maria Chondrogianni®, Panagiotis Soldatos®,
Penelope Papachristou’, Andreas Galanopoulos®, Evgenia Avdelidi®, Nikos Dimisianos'™, Christos Tsironis’', Konstantinos Notas'?, Maria
Koutsokera', Aikaterini Foskas®, Panagiotis D. Mitsias™, Georgios Tsivgoulis® Jobst Rudolf'>, Emmanouil Dermitzakis'® on behalf of the
Headache Section of the Hellenic Neurological Society

'Glyfada Headache Clinic, Glyfada, Greece
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ABSTRACT

Calcitonin Gene-Related Peptide (CGRP) and its receptor (CGRPr) are the targets of a new class of molecules
for the treatment of migraine and cluster headache. Four monoclonal antibodies (mAbs) targeting CGRP/
CGRPr (fremanezumab, eptinezumab, galcanezumab, erenumab) have been approved for the prophylactic
treatment of migraine in the European Union, and thus in Greece as well, and are commercially available in
our country. Under certain conditions, they may be reimbursed by the public insurance agency. They share
the same indication, namely the prophylactic treatment of migraine in patients with four or more migraine
days per month. Furthermore, another small molecule targeting CGRPr (rimegepant) is indicated for both
the prophylactic and acute treatment of episodic migraine, while another one (atogepant) is indicated solely
for the prophylaxis of migraine. Both molecules are approved in the EU and are commercially available in our
country. Atogepant is available for reimbursement, whereas rimegepant is expected to become available.
The Headache Sector of the Hellenic Neurological Society, following its previous articles in 2019 and
2023 and in order to facilitate the implementation and use of these drugs in clinical practice, has decided
to create this updated consensus article. In this paper, the authors have independently evaluated data
from approval and post-approval studies, guidelines from international societies, and the clinical reality in
Greece. In the first section of this article, available clinical data on anti-CGRP/r mAbs and small molecules
are presented. In the second section, based on clinical criteria, consensus recommendations regarding
the initiation, evaluation, and discontinuation of these treatments are provided. These recommendations
should be updated no later than three years from now.

Keywords: migraine, prophylactic therapy, migraine attack treatment, CGRP, CGRP receptor, monoclonal antibodies,
erenumab, fremanezumab, galcanezumab, eptinezumab, rimegepant, atogepant
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APSPO OMOO®QNIAZX TlA TIZ ©EPATIEIEZ XTOXO TO MONOTIIATI TOY CGRP £THN NMPOAHWH THX HMIKPANIAZ 19
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MNMATI TOY CGRP XTH ©EPATIEIA THZ ENEIZOAIAKHZ KAl
XPONIAZ HMIKPANIAZ KAI THZ AGPOILTIKHZ KEDA-
NAANTIAZ X THN KAINIKH NMPAZH, 2026
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NEPIAHWH

To veuponentidio CGRP (calcitonine gene -related peptide, CGRP) kal o unodoxéas tou (CGRPr) anoteAouv
1a teAeutaia xpdvia To otdX0 pias ogipds Bepanel®y yia v nikpavia kar tnv aBpoioukhn kepanadyia. Téo-
ogpa PovokAwvIKa avuompata e otdxo 1o CGRP/CGRPr (Fremanezumab, Eptinezumab, Galganezumab,
Erenumab) éxouv NdRel éykpion yia xphon otnv npoAnnukn Bepaneia s nuikpavias oty Eupwnaikh Evw-
on Kal, ws €k toutou kal otnv EARGda kal ival eynopikd diabéaipa otn xwpa pas, anolnuiodpeva und npo-
UnoBéoels and tov EOMYY. H évdeign tous gival kovh kal agopd tv npodnnukn Bepaneia s npikpavias o
aoBevels pe 4 " NEPICOOTEPES NUEPES PE NWIKpavia to phva. Enions, éva pikpd YdpIo pE otdXo Tov unodoxéa
tou CGRP (Rimegepant) éxel NaPer évdeiEn t6oo otnv npoAnnukn Bepansia s eneicodiakns nuikpavias,
600 Kal otnv Bepansia s NPIKPAVIKAS Kpions, v éva anfo pikpd péplo pe otdxo tov unodoxéa tou CGRP
(atogepant) éxel évbeiEn otnv npogunaktkh Bepaneia s npikpavias. Kai ta 6Uo pépla autd sival eykekpl-
péva otnv Eupwnaikh Evwon, KUuKAopopoUv EUNOPIKA Kal Otny xMpad pas. 1o atogepant nepinauBdvertal
otn Beukn Aiota tou EOMYY evd yia 1o rimegepant avapévetal n evowpdtwon tou otn Beukh Aiota. O KAd-
6os Kepananyias tns EAANvikhs Neuponoyikhs Etaipeias, o cuvéxela NponyoUUeEvwY OXEUKWY dpBpwv 10
2019 kal 10 2023 kal npokelpévou va dleukoAUveEl NEPAITEPW TNV OPANN EVOWPATWON Kal Xpaon Twv VEwY
autV Qappdkwy otnv KAVIKA npaktkh twv EAAnvey veupondywy, anogdoioe va Snuioupynoel 1o napdv
4pBpo opogwvias, katdniv aveEdptntns afloAdynons CTOIXEiwY TwV ENICNUWY EYKPITKMV KAl JETEYKPITIKDV
penety, kateuBuvinpiwy cuctdoewy and diebveis emotnuovikés etaipeies, aAnd Kal s Tpéxouaas KAIVIKAS
NPAyHaukotntas twv veupoddywv otnv EANdda. L1o npdto pépos tou dpbpou yivetal yia cuvonukh ava-
@opd ota kAIvIkG 6edopéva yia 1a yovokAWVIKE aviowuata Kail ta pikpd popia katd tou CGRP/CGRPr, evd
ot0 HeUTEPO NAPEXOVTAI CUVAIVETKES OUOTAOEIS, BACEI KAIVIKMV KPItnpiwy, ws Npos Us anopdaels évapéns,
agoAdynons kai diakonns aut®v twv Bepansidv. O ouotdoels autés kpivetal éu Ba npénel va enavalono-
ynBouv og didotnpa éxi peyanutepo and 3 €in and v napolcod avabemdpnon Tous.

Né€eis- KAeidia: npikpavia, npopuiakukn Bepaneia, Bepaneia npikpavikis kpions, CGRP, unodoxéas CGRP povokiw-
vIk@ avuowpata, erenumab, fremanezumab, galcanezumab, eptinezumab, rimegepant, atogepant
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EIZArQrH

Téooepa povokAwVIKG avioWUaTa Katd Tou VEUPO-
nenudiou CGRP (fremanezumab, galcanezumab, ep-
tinezumab) n tou unodoxéa tou (erenumab) éxouv
AdPel éykpion yia xphon otnv npoguAiakukh Bepa-
neia s npikpavias otnv Eupwnaikn Evwon .4 kal
KUKAOPOPOUV €UNOpIKE otn x@pea pas. H évdeiEn
T0Us apopd os aoBevels pe 4 h NEPIOCOTEPES NUEPES
HE nuIkpavia to phva. And to 2021 kar ws to 2024,
biadoxikd, 6Aa 1a avuompata autd evidxBnkav otn
Beukn Aiota tou EBvikou Opyaviopou Mapoxns Yrn-
peolwv Yyeias (EOMYY) kal ypnopouv va ouviayo-
ypapnBouyv, pe 100% anolnpiwon, péow EOMYY.
lMNa va yivel auté anaiteital €ykpion o€ aitnpa tou
Bepdnovtos veupondyou Péow tou ZUoThpatos Hie-
Ktpovikns Mpoéykpions (ZHM). Ta diabéoiya pdpuaka
pe 6pdon oto povondu tou CGRP, dev e€avtiouvtal
HE ta povokAwviKd avuompata, kKabms pikpd popla
nou anokneiouv tov unodoxéa tou CGRP (Gepants)
otoxeUouv oto 610 povondu, adAd pe Slapopetkd
TPOMNO0. ZUYKEKPIPEVA, €va PIKPO POPIO PE To dvoua
rimegepant éxel AdRel otnv Eupwnaikn Evwon év-
beIEn yia xphon, 16oo otnv NpoAnnukh Bepaneia tns
enelcodiakns npikpavias, oo kar otnv Bepansia s
nuIKpavikns kpions. 'Eva deltepo PodpIo auths s
Katnyopias, 1o atogepant, éxel eykpIBel yia tnv npo-
Annukn Bepaneia s npikpavias, e v id1a akpIPws
évbeIEN Nou €xouv Kal Ta JovokAwVIKA aviiompata. ©!
Téoo 1a povokAwvikG avuompata, 600 Kal 1a PIKpA
popla katé tou CGRP/CGRPr ouykatanéyovtar ous
Bepaneies uyniol KGOTOUS.

O KAdados Kepanadyias tns EAANvIkhs Neupo-
Aoyikns Etaipeias, npokeipyévou va dieukonUvel Ty
XpNon Kal tnv NEPAItépw opann evowuatwon twv
Pappakwy autv otnv kAIVIKN Npaktkh v EAfAvwy
veupondywv, anAd kai Ts apxes ous ONoles anopAcEls
T0Us, Kal agloAoymvias ta PéXp! TPa EMNICTNHOVIKA
bebopéva, anodolos va avaBewphaoel To KEIUEVO
kAIvikns kaBobhynans nou gixe dSnpooieutei 1o 2023,
10 onoio anotenoUoe enfions evNPEPWON APXIKOU KEl-
pévou nou eixe Gnpooieutel Tov OktwpPplo tou 2019,E
210 NapoV Keipevo, 1o onoio éxel eykpiBei and ta pénn
tou KAdadou Kepananyias, apxikd yivetal yia cuvont-
KA avapopd ota kAvika Sedopéva yia 1a povokAwvIKG
avuowpata évavt tou CGRP 1 tou unodoxéa tou otnv
npogunakukh Bepaneia tns eneicodlakhs npikpavias,
s xpovias npikpavias kal s aBpoloukns kepanan-
yias, adnd kai yia ta avtiotoixa pikpd popia oty Be-
paneia tns kpions npIkpavias kar oty npo@UAAKTKN
Bepaneia s npikpavias, evd akoAouBei 1o Keipevo
kAIvikns kaBodhynaons, yia tnv évapén, aflondéynon
Kal dlakonh autv twv Bepansidv.

MONOKAQNIKA ANTIZQMATA 1A THN MPO-
AHITIKH ©EPANMEIA THZ EMEIZOAIAKHZ KAl
XPONIAZ HMIKPANIAZ

Ta povokAwvIKa avuompata (mAbs) eival opoloyevels
nAnBucpoi avocooealpIviy NOU NPOEPXoVIal and
éva povadikd niacpatokUtapo pe npokabopiopévn
€101kéTNTa NPOs éva avuyoviko enitono kal duvatdtnta
yia in vitro atéppova napaywyn. Eidikd ta mAbs nou
pefetnBnkav kal kukAo@opnoav yia v npéAnyn
s npikpavias avactéAfouv T dpdon tou calcitonin
gene-related peptide (CGRP), evés veuponenudiou
nou Bpioketal ous anoAngels twv C kal Ad aioBnukov
VEUPIKWV VAV ToU TpIUP0-ayyEIaKoU GUCTAHIATOS Kal
€xel onPavuko pdAo oTo Pnxaviopd Tou NdvVou otnv
nuikpavia, npokadwvias Petaty dndwy Kal éviovn
ayyegiobiaotonn.®

Auth TN ouypn t€oogpa mAbs yia tnv npéAnyn
s eneicodlakns n/kal xpdvias NPIKPAvVias €Xxouv
penetnBei kal €xouv NAPEl €ykpIon yla xphon otnv
Eupwnaikh Evwon og acBeveis pe 4 h nepiocdTepes
NPEPES nuIkpavias Tov phva. Autd eival 1o erenumab
(Aimovig™), 1o fremanezumab (Ajovy™), to galcan-
ezumab (Emgality™) kai to eptinezumab (Vyepti™).
-4 Adyw tou peyadnou poplakoU tous Bapous Oe-
wpeital 6u dev dianepvolv Tov AIPatoeyKePanikod
@paypo kal n dpdon tous neplopiletal NePIPePIKE OTO
1pibupo-ayyelakd ouotnpa. O xpdvos nuioeias {whs
o6Awv wv mAbs gival yeydnos kai ta tpia xopnyouvral
unodopiws pia opd tov phva (M Kal pia eopd 1o
pipnvo ta 625 mg tou fremanezumab)!'®' evd to
éva (eptinezumab) xopnyeital evbopiéPia, pia opd
KGBe 12 eBdopddes. uvonukd, ta Bacikd xapakn-
PIOTUKA TWV TECOAPWV EYKEKPIPEVWY POVOKAWVIKDV
avuowpdtwy neplypdgovtal otov Mivaka 1.

O1 kuplotepes KAIvikés penétes gaons lll, nou tek-
unpiwoav tnv anotedeopatkotnta Kal tnv acansia
Kal odnynoav o€ éykpion kai xophynon adelas KukAo-
opias yia 1o k&dBs mAb eival o1 e€hs (og 6Aa ta ano-
teNéopata unnpxe Slapopd o€ OTaUCTKA CNPAVUKO
BaBuo oe oxéon pe v opdda olykpions):

H pedémn ARISE,? n onoia &1e€hxOn kal o€ gpguvn-
KA KEVIPA OtV XWPa pas oe aoBevels pe engeicodiakn
nuikpavia, €6€1€e peiwon twv NUEPWV NPIKpavias
ava pnva katd 2,9 otnv pnvidia unodopia xophyn-
on 70 mg erenumab oe oxéon pe 1,8 OT0 €IKOVIKO
@dppako (placebo). Zinv penéwn STRIVE' enions oe
aoBeveis pe eneicodiakn nuikpavia, ta 70 kai ta 140
mg erenumab (Unvigiws yia 6 Pnves) peiwoav katd
3,2 ka1 3,7 nUEPES avTioToIXa TS NPEPES NPIKPAvias
o€ oxeon pe 1,8 nPEPES ato IKOVIKO pApuako. O
ap1Bués twv NPep®V npIkpavias/puhva otn Bacikh
ektpnon Atav 8,3.

H penéin HALOM oe aoBeveis pe eneicodiakh nyi-
kpavia €6eie peiwan katd 3,7 nUEPES npIKpavias Tov
phva ous 12 efdopdades 6tav xopnynBnke n 66Gon
twv 225 mg fremanezumab pnviaia unodopiws Kal
peiwon katd 3,4 nuépes nuikpavias tov phva otav
xopnyouvtav n 66on twv 625 mg fremanezumab avd
iunvo. H avtiotoixn peiwon ous nPEPES npikpavias
ava phva UE 1O €IKOVIKO GApuaKko htav 2,2 ous 12
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Nivakas 1. XapaKwnpIouKd twv HOVOKAWVIKOV aviowpdtwy katd tou CGRP h tou unodoxéa tou.

PAVES

Epnopikn Aimovig™ Ajovy™ Emgality™ Vyepti™
ovopaaia
INN h code AMG334/ ere- | TEV-48125/ freman- LY2951742/ galcan- ALD403/ eptin-
name numab ezumab ezumab ezumab
Etaipeia Amgen/ No- TEVA Eli Lilly & Co Lundbeck

vartis
Molecular for- |Human IgG2 Humanized 1gG2 Humanized IgG4 Humanized 1gG1
mat
Ztéxos CGRP Receptor |CGRP CGRP CGRP
Xopnynon SC SC SC \%
Aoconoyikd 70 A 140mg SC | 225mg SC avé phva 120mg SC avé pnva 100 h 300mg IV
oxhpa ava 28 npépes | 3 x 225mg SC avé 3 | (240mg apxikh &éon) KGBe 12 efdouddes

‘Ev6ei€n o< EE
kal EARGéa
(koivih kai yia
ta 4)

NUEPES NUIKpavias avda phva

Evoeikvutal yia tnv npo@uAagn and tnv nuikpavia g evhAiKes nou éxouv touddxiotov 4

Xpovos Anyns 7/2018 2/2019

€évbel€ns

11/2018 172022

Hpepovnvia Ano 2/2019 Ano 7/2020
Kukdo@opias

EAAada

And 6/2021 Ané 7/2024

Ogukn Aiota Ano 2/2022 Ano 7/2021

EONYY

Ano 10/2022 Ano 8/2024

eBoopades.

H penémn EVOLVE-2U""! oe aoBeveis pe eneicodia-
Kh nuikpavia €dei&e peiwon katd 4,3 kai 4,2 nugpes
nuikpavias ava pnva yia 120 kar 240 mg uno-
dopiws galcanezumab avtictoixa, o oxéon pe 2,3
NUEPES Ava PNVA YIO TO EIKOVIKO GAPUOKO. XNV LIE-
Aétn REGAIN,"® oe aoBevels pe xpdvia nuikpavia ol
OVTOTOIXES PNVIAIES NPEPES PEIWONS TNS NPIKpavias
ntav 4,8 yia ta 120 mg kai 4,6 yia ta 240 mg, evi
N pnviaia peiwon yia 1o gikovikd eappako htav 2,7.

H evbopnéfia xopnynon eptinezumab peiwoe us
Nnpépes nuikpavias avd phva and us 8,5 otn Pacikn
ektipnon, katd 3,9 ous 12 €Bodopddes yia tn 6éon
twv 300 mg, katd 3,9 nuépes/unva yia tn d6on twv
100 mg kai katd 4,0 nuépes/phva yia tn d6on wwv 30
mg, évavu peiwons 3,2 nuépes/Unva nou eneteuxon
LE TO €IKOVIKO pdpuako.l']

Yus kAIvIkes peAgtes twv mADbs, ol aveniBupntes
evepyeles (AE) htav ws eni 1o NAgioto Anias PExpl
pétpias cofapodtntas, Ye napodpola Nocootd eppa-
vIons PETAtU s evepyns opddas kail s opddas tou
€IKOVIKOU Gapudkou. AveniBUpntes evéPyelEs NOU
obnynoav oe diakonh twv mAbs avapépBnkav ot
xapnnd nocootd (1-4%) kal agopoucav Kupiws du-
okolAdTNTa Kal ducavegia otnv KGNwWon, v unnp-
Xav napopold Nocootd otny opdda Tou €IKOVIKOU
PapPAEKoOU. AvenIBUPNTES EVEPYEIES UE OUXVOTNTA
>2% ntav NoINWEEIS TOU aVWTEPOU avANVEUCTKOU,
vautia, iydopiuda, papuyyiuda, oupodoipwén, ap-
Bpanyies, puikol onacpoi, kai {aAn. Aev dianictwBnke

Archives of Clinical Neurology 35:2-2026, 21-30

NnNatotogIkéINTa, au&non tns aptnpiakns nieons N
autnpévos kivduvos yia onolodhnote kapdiayyela-
k6 oupBdv. ©a npénel enions va toviotel pntd ou
ta mAbs nou xpnoiponololvial otnv nuikpavia dev
EXOUV WS OTOXO TO aVOoOonoINTKO cUoTNPA. X€ autd
dlapépouv piIdika and ta mAbs nou xpnaoiponolouvial
oe dnnes nabhoeis otnv veuponoyia, 6nws v non-
AanAn okAnpuvon. Ztoixeia and us KAIVIKES PeNETes
€be1tav tnv avantuén eEoudETEPWTKDY avUICWPETWY
o€ pIkpd nooootd, and 0 uéxpl 3,1% kal & Bewpeital
avaykaio otnv kAvikh npdén n avadhnon tous.[17]

O1 peteykpiukés penetes, KaBWs Kal oI PENETES
npaypatkou kéopou, oxi andws enifeRaiwaoav ta
bebopéva twv eykpItkmy PeAetwy o€ Bépata aopa-
Aeias, aAfd napeixav pia gikéva yia v anotedeopa-
ukétnta noAU nio eviunwaolakn, kaBds n kataypaen
NOCOOTMV HEIWONS TNS CUXVOTNTAS TNS NUIKPAvVias
anoé 50-70% eival KoIvos 1Onos, v akopn uyn-
Adétepa nocootd (80-100% Ugeon) napatnpouvtal
ouxvd. Autoi, ol eviunwaolakoi opgoNoyoUpévws
ap1Bpoi, empePaimvovtal and v cuvhBdn euneipia
otnv KAIVIKA NPAtn twv NEPICOOTEPWVY VeUPOoNOywY
nou xpnaolygonoloUv autés s Bepaneies. O1 penétes
og ouvBnkes npaypaukns {wns 6i1eBvis annd kal
og EAAnvikd nAnBuopd, ep@avicav Ikavonoinukd
anotenéopata aviandkpions. O nAnBuopoi autol
nepleNdpPavav acbeveis pe eneicodiakn n xpdvia
nuikpavia,'® anotuxia oe noAAanAés npoAnnukés
aywyés h napouocia eNiNA€ov cUVWOONPOTNTWY OMNWS
ayxwbén kai/n peiCova katabAinukn diatapaxn.i'?!
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Ektos and t ouxvotNta twv NPEPWV PE NPIKpavia
ava phva, onpavukn BeAtwon @davnke va undpxel
oe knipakes Baputntas s npokafoUpevns avannpi-
as kaBws kar og kAfpakes agloAdynons tns noldnta
(wnhs twv aoBevv. EminAéov ol peAgtes npaypatkou
kdopou dev avédeiEav KANola véa avnouxia OXeTKA
de v aoedaneia xphons twv MmAbs Kal n GuvIpINuKA
nAgloyneia auty Ntav ANIEs Kal eUKoNa avupETwni-
Olpes akdpN Kal og aoBeveis Ye NabBNoels nou eixav
anokneiotei and us kAvikés peAétes. 2%

MIKPA MOPIA ME LTOXO TO CGRP A THN
MPOOYAAKTIKH ©EPAMEIA THZ HMIKPANIAX
H KAI TH ©EPANEIA TQN KPIZEQN HMIKPA-
NIAZ

To NPMTO PIKPO POPIO PE OTOXO TOV UNodoxéa tou
CGRP nou ofokANnpwaoe 1o kAIvikd NpOYpapa Kal €xel
dbeia kuknoopias gival to rimegepant, Nou KUkAo-
@opei otnv EE pe 10 eunopikd évopa Vydura™. Av kal
kukAo@opnaoe epnopikd otnv EAAGda tov lavoudpio
Tou 2023, avapévetal n glocaywyh tou otn Beukn Ai-
ota tou EOMYY kal n duvatdtnta cuvtayoypdenons
tou. H penémn 30127 yia tnv ofgia Bepaneia tns npi-
Kpavias pe h xwpis aupa €6ei€e oTS 2 MPES eNiteutn
eneuBepias and nv kepananyia og nocootd 21,2%
kar eAeuBepia and 1o nio evoxNnTuké cUPNtwHA (pw-
topofia/vautia/nxopopia) oe nocootd 35,1% twv
aoBevmv nou éAafav and tou otduatos epanag ddon
rimegepant 75mg (otauoukd onpavukd peyanutepa
nooootd o€ ouykpion pe 10,9% kai 26,8% avtiotoixa
yia tous aoBeveis nou éAaBav eikovikd Gpapuako). H
penétn 305221 yia tnv npoAnnukh Bepaneia s nui-
Kpavias oe aoBeveis ye 10TopIko 4-18 Kpiogwv 10 phva,
¢0eIEe peiwon otov Péoo apiBud NPEPmY NUIKpavias
avé phva (HHM) kata 4,3 nuépes ous efdopades 9-12
HE xopnynon pia popd kdBe deltepn npépa and tou
otépatos rimegepant 75mg (0tauoTKE oNUAVTKA
BeAtiwon og oUyKPION PE TO EIKOVIKG PAPUAKO Mou
nétuxe 3,5 npépes peicwon). Enions ae nocootd 49,1%
€nIeUxBnke e 1o rimegepant peiwon =50% ous HHM
évavu 41,5% oty opdda tou eIkovikoU GapudaKou.

‘Onws kai pe ta povokAwvikd aviiomuarta, €10l Kal
€ 10 gepants, 1a otoixeia and peétes npayuatukou
kKdopou Oeixvouv oapms kKanUtepa anoteNéopata
and us eyKPIUKEs peAétes. Ln povadikn, ws twpa,
dnpooieuon ané v EANGa,?*! cuvonika 54 aoBeveis
(32 pe eneicobiakn kai 22 pe xpdvia nuikpavia) éAa-
Bav rimegepant 75 mg toundxiotov pia gopd Katd
i bidpkeia pias pévo kpions nuikpavias (cuvonikd,
140 660eis). H ndnpns anafddayn and tov névo ous
2 mpes enteuxonke o€ 45/140 (32,1%) twv bOCEWV.

‘Ooov apopd v anoteleopatkdINTa s NPWMINS
dbons rimegepant (n = 54), napatnphBnkav onpa-
VUKES PEIOEIS OTNV EVTIAON TOU NOVOKEPANoU PETagy
twv péowv Babuooyidv VAS npiv Kal 2 pEs YeTd n
Bepaneia (-4,8 + 2,8 péoos 6pos, p < 0,001). Opoiws,

ol ibles péoes peloels aus péoes Pabuonoyies VAS
napatpnBnkav étav avanuBnke n andkpion 2 wphv
kal ous 140 &6oels (-5 = 2,8, p < 0,001). H anandayh
ané MBS (Most Bothersome Symptom, Mo Evoxin-
UKO ZUPNTWHa, To onoio unopei va diagpépel os KAOE
aoBevnh, aAnd ouvnBws gival n pwto@oPia N n vautia)
ous 2 WPES PETA tn ddoN enteUxBNKe yia pwtoPoRia
010 43%, yia pwvoofia oto 53% kal yia vautia oto
57%. H duvatétnta nAnpous enictpoPns ous kabn-
HEPIVES SPacTNPIOTNTES 2 WPES PETA TN XOpAyNoN NS
b6ons eniteuxBnke oe 83/140 nepintwoels (59%).
Kataypdpnkav pévo hnies aveniBUpntes evépyeles
oe 24/140 ddoels.

To atogepant €ival éva pikpd pépIo Pe OTOXO ToV
unodoxéa tou CGRP kal givar eykekpipyévo otnv Eu-
pwnaikn Evwon yia xphon otnv npofnnukh Bepaneia
s enelcoblakns Kal xpdvias npikpavias. KukAogo-
pei otnv EANada pe 1o epnopikd évopa Aquipta™.
H penétn ADVANCER4 oe aoBeveis pe engicodiakn
nuikpavia €dei&e peiwon katd 3,7 kal 4,2 nu€pes
nuikpavias avé phva yia us déoeis 10 mg kar 60 mg
atogepant avtictoixa, ous 12 €Boopddes. H avtiotol-
XN PEiwoNn ouUs NPEPES NPIKPAvias avd phava pe to
€IKOVIKO pappako htav 2,5 nuépes ous 12 epdoud-
Oes. v penétn PROGRESS?! g aoBeveis pe xpdvia
nUIKpavia ol NUEPEs peiwons tns npikpavias htav 6,9
yia ta 60 mg atogepant npepnoiws. H avtiotoixn pei-
WOoN OUS NUEPES NUIKpavias avd phva pE 1o EIKOVIKO
@dppako ntav 5,1 ous 12 eBdopddes. Zuvonukd, ta
Baoikd xapaknplotkd twv U0 HIKPWVY Popiwy nou
otoxeUouv tov unodoxéa tou CGRP nepiypdgovtal
otov Mivaka 2.

LYITAZEIX XETIKA ME THN XPHXZH TQN
MONOKAQNIKQN ANTIZQMATQN KAI TON
GEPANTS, ME ZTOXO TO CGRP/CGRPR XTHN
KAINIKH MNMPAZH

Ofa ta povokAwvikd avuobduata katd CGRP/
CGRPr, pe gpnopikn ovopaoia Aimovig™, Ajovy™,
Emagality™ kar Vyepti™ Bpiokovtal ot Beuknh Aiota
tou EOMYY, kai €101 cuvtayoypagoulvtal Kai ano-
(npivovtal and tov EOMNYY, étav nAnpouvtal cu-
YKEKPIPEVES NpoUnobéoels, petd and €ykpion PECW
s Siadikaaoias tou ZHIM. Ooov apopd ota gepants
Vydura™ kar Aquipta™, avapévetal eni tou napo-
vios (DePpoudpios 2026) va eicaxBel 1o Vydura™
otn Beukn Aiota tou EOMYY evd 1o Aquipta™ nepl-
AapPdvetal otn Beukn Aiota. H évbeign pe v onoia
ta povokAwvikd avuowpata Aimovig™, Ajovy™,
Emgality™ kal Vyepti™ kai 1o gepant Aquipta™
kukAogopoUv otnv Eupwnaikh Evwon, avagépel nws
pnopouv va xopnynBouv yia thv npdAnyn s NUIKPa-
vias og aoBeveis pe toundxiotov 4 PEPES Pe nuikpavia
10 phva,l 48 evdd tou Vydura™ avaépel nws Ynopef
va xopnynBef yia v npdAnyn s engicodiakns Npi-
kpavias og aoBeveis pe toudxiotov 4 PEPES Pe Npi-
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Mivakas 2. XapakinpIotKd twv HIKPWY Popiwv pe atdxo tov unodoxéa tou CGRP.

Epnopikn ovopaocia | Vydura™ Aquipta™

INN n code name BHV3000/ rimegepant AGN-241689/ atogepant
Etaipsia Pfizer/Biohaven AbbVie

Molecular format Mikpd poplo Mikpd poplo

Ltoxos CGRP Receptor CGRP Receptor
Xophynon Ano tou otopatos Ano tou otopatos

Aoocoifoyiké oxnpa

Bepaneia)

Ogpaneia s NPIKPAVIKAS Kpions:
75mg ano tou otdpatos, avanoya e
us avdykes, pia popd v nuépa (ofeia

MNpoAnnukh Bepaneia: 75mg and tou
otduatos k&Be deltepn npépa

60 mg pia gopd v nuépa

(og aoBeveis nou AapPdvouv Ioxupous
avaotoneis tou CYP3A4 h tou OATP, 10
mg pia popd v nuépa)

‘Evéei§n Evbeikvutal yia xphon: Evbeikvutal yia tnv npoguAagn and
e otnv ofgia Bepaneia tns NpIkpavias Ye | tnv NpIKpavia o€ VANIKES NOU €Xouv
N xwpis alpa, og evANIKES toundxiotov 4 nuEpes npikpavias avd
e otnv npoAnnukn Bepangia tns uAva
eneicoblakns NpIkpavias o€ evANIKES Nou
éxouv toundxiotov 4 Kpioels npikpavias
ava pnva.

Huepopnvia 01/2023 11/2025

KukAo@popias otnv

EAdada

©cukn Aiota EONYY | Oxi 2/2026

Kpavia to phva, dniadn os acBeveis pe 4-14 npépes
10 phva.Pl'H anown tou KAadou Kepananyias s
EAAnvikns Neuponoyikns Etaipeias ival nws n xphon
WV QAPUAKWY QUTWV NPENEI va NPAYPATOnoIEital Ye
T0Us akdAouBous yevIKoUs Kavoves.

Katapxds, n évapén, napakonouBnon kai diakonn
Bepaneias pe povokAwvika aviowpata katd CGRP/
CGRPr A gepants npénel va yivetal anokAelioukd anéd
veupondyo. Xe nepintwaon napakonouBnons aoBeviv
oe anNda pn-e101Ka 1atpeia, dnws yia napadelyua 1a-
peia novou, Kpivoupe anapaitnto nNws yia th Xxphon
autwv twv Bepaneiv npénel otnv KAvikh opdda
VA CUPPETEXEl vEUPONOYOos. Avaddyws Pe T pnviaia
ouxvoTNTa s npikpavias (épes avd pnva), Paoel
nueponoyiou kepananyias Nou npénel va tnpeital
yia touddxiotov 3 unves npo s évapéns Bepaneias,
Kal agou yivel n BéAuotn npoondBeia yia tnv avuye-
nion twv Kpioewv pe v kadutepn duvath gap-
HaKeutkA aywyhn adnd kar us anapaitntes anfayés
otov 1pono (wns (Npdolnyn enapkous NoodINTas
0bartos, TaKUKE yeupata, doknon, eNapkhs UNvos),
av o Bepdnwv 1o Kkpivel anapaitnto, tOte npoteivetal
n évap&n Bepaneias pe povokAwvVIKE avuowuata va
yivetal ws €&hs:

Archives of Clinical Neurology 35:2-2026, 23-30

LYITAZEIX XETIKA ME THN ENAPZH NMPO®Y-
NAKTIKHZ ©EPAMNEIAX ME MONOKAQNIKA
ANTIZQMATA H GEPANTS XTHN HMIKPANIA

A. Méxpl ohpepa Oev undpxel tekpnpiwon 6t Ba
weeNnBouv aoBeveis pe 1-3 nuépes nuikpavias tov
phva.

B. Y& aoBeveis pe npikpavia kal péxouca ouxvotnta
4-7 npépes pe npikpavia 1o phva (xapnans cuxvotntas
enelcodlakn nuikpavia) kal epdoov o Bepdanwy 1aTpds
Kpivel 6U anaiteital npopuAiakukh Bepaneia, évapgn
Bepaneias pe povokAwvIKO aviiowpa Nou OToxeUEl
10 podplo h tov unodoxéa tou CGRP 1 gepant npotei-
vetal va yivel tav o acBevns éxel Toundxiotov PEpia
avannpia ané us npikpavies ou. Na v aglondynon
NS avannpias nou npokanel n npikpavia, npoteivetal
n xpnon kAipdkwy 6nws n HIT-6 A n MIDAS, n onoia
eival otaBpiopévn kal ota eANnvikd.2e Métpia ava-
nnpia €ival auth nou kataypdgetal ye Babuonoyia
otv kAipgaka MIDAS >11 h otnv kAipaka HIT-6>50.

H évap&n npopuiakukns Bepaneias otous napand-
vw aoBeveis unopei va yivel, cup@va pe tnv emfoyn
ToU Bepdnovta kal Petd and cudhtnon Kal eVNPEPw-
on tou aoBevous, €ite Pe TS OIABEDIES EYKEKPIUEVES
nponnnukés Bepaneies nanaidtepns yevids (tonipa-
patn, nponpavonodnn), eite pe povokwviké aviiowpa
katd tou CGRP/CGRPr, €ite pe gepant, kaBws kai td
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povokAwvikd avuompata Kail ta gepants oto KAviKS
T0Us NPOYpapua éxouv anodei€el anoteNeopatko-
nta 1600 o€ aoBeveis e noAAANAEs anotuxnNUEves
Bepaneies, 600 kal og aoBevels xwpis NponyoUpevn
npoANnUKA aywyn.

Xe nepintwon nou o acBevhs Ndn AapPavel pia
npoNnnuKA aywyn, av BewpnBei Nws €xel anotUxel
nAnpws, unopei va diakonei otadlakd kal napdinn-
Aa, epdoov NAnpouvtal Ta NPOTEIVOUEVA KPITNPIa, Va
yivel évap&n Bepaneias pe povokAwvikd avtiowpa N
gepant. Av 6pws n and tou otépatos Bepaneia Oe-
wpeital nws éxel kdnola Beukn enidpacn, punopei va
ouvexiotel napdAnnAa pe v évapgn tou Jovokiw-
VIKOU avlomuatos h Tou gepant, kal otn ouvexeia va
agionoynBei and tov Bepdnovta n NiBavétnta cuvéxi-
ons n diakonhs ts ané tou otduatos Aaufavouevns
aywyns.

Na onpeiwBel nws yia yivel aitnua yia éykpion Be-
paneias pe povokAwVIKA aviiopata h pe atogepant
péow tou Zuotnpatos HAgktpovikns Mpogykpions tou
EOMYY, anarteital ouxvotnta touddxiotov 8 nuepwv
HE npIkpavia 1o phva, Kal ws ek toutou, €ni tou napo-
vtos Oev eival duvatdv va yivel 6ektd aitnya yia auth
NV Katnyopia aoBevay, evd 1o rimegepant dev €xel
€ni Tou Napoévios eloaxBei otn Beukn Aiota.

I. Ye aobeveis Pe nuikpavia Kal tpéxouca ouxvotnta
8-14 npépes pe nuikpavia 1o phva (uynihns ouxvotn-
1as enelcodiakn npikpavia) 6ev anaiteital n niotonoi-
non BaBpou avannpias péow Khipdkwy, pe dedopévo
NWws PE AUTh T cuxveTNTa KPIoEWV npIkpavias n niel-
ovotnta twv aoBevav Ba napouacidlel toundxiotov
pétpia avannpia ous kAiyakes HIT-6 kar MIDAS.

H évap&n npodnnuknhs Bepaneias otous napanavw
aoBeveis unopei va yivel €ite ye us S1aBEoIpES eyke-
KpIpéves npoAnnukés Bepaneies nanaidtepns yevids
(tonipapdtn, nponpavoddnn), eite pe PoOvoKAwVIKO
avtiowpa katd tou CGRP/CGRPr, gite pe gepant,
KaBws Kal ta povokAwVIKE aviiomuata Kal ta ge-
pants oto KAivikd 1ous Npoypapua éxouv anodeitel
anoteneopatkétnta 1éoo o aobeveis pe nonNannés
anotwxnuéves Bepaneies, 6oo kal o aoBeveis xwpis
nponyoUpevn npoAnnukh aywyn.

Ye nepintwon nou o acBevhs Ndn AauPavel pia
npoNnnuKA aywyn, av BewpnBei Nws €xel anotUxel
nAnpws, unopei va diakonei otadlakd kal napdinn-
Aa, epdoov NAnpouvtal Ta NPOTEIVOUEVA KPITNPIA, Va
yivel évap&n Bepaneias pe povokAwvikd avtiowpa N
gepant. Av 6pws n and tou otépatos Bepaneia Oe-
wpeital Nws €xel kanola Beukn enidpaon, pynopsi va
ouvexiotel napdAnnAa pe v évap&n tou Jovokiw-
VIKOU avUomuatos h Tou gepant, kal otn ouvexeia va
agionoynBei and tov Bepdnovta n NiBavétnta cuvéxi-
ons n diakonhs ts ané tou otdpatos AauPavopevns
aywyns.

Na onpeiwBei nws o€ auth thv Katnyopia aoBe-
V@V, O€ NEPINTWOoN aItPatos yia éykpion Bepaneias

ye povokAwviké avtiowpa h atogepant péow tou
Yuothpatos Hiektpovikns Mpogykpions tou EOMYY,
anaiteital n anotwxia h aviévéeltn otn xphon 6Awv
twv diaBéoipwy eykekpiuévwy Bepaneldv nanaidtepns
yevids (tonipapdtn, nponpavoAdan) kar enictvayn
npeponoyiou N KAIPAKWY Nou va niotonolouyv tny
avannpia, énws n HIT-6 1 kar n MIDAS. Enions, 10
rimegepant dev éxel enf tou Napovtos eloaxBei otn
Beukn Niota kal étol dev eival Suvatdv va yivel aitnua
yia éykpion Bepaneias péow tou Xucthpatos Hie-
Ktpovikhs MNpogykpions tou EOMYY, napd pévo otnv
katnyopia «Odpuaka ektds BgukoU Katandyour.

A. Y& aoBevels pe xpdvia npikpavia dsv anaiteital
xphon kAipdkwyv. H évap&n npoAnnuknhs Bepaneias
otous napandvw aocBeveis Ynopel va yivel €ite pe us
O10B€01pes eykekpipéves npoNnnukés Bepaneies na-
Aaidtepns yevids (tonipapdn, nponpavonidnn), va
AneBei undyiv duws Nws pévo n tonipapdtn diabEtel
onpavukn BiBAioypa@ikh tekunpiwon yia tn 6pdon
s otn xpovia nuikpavia), n pe Botoudivikh toivn
wnou A, 1 pe povokAwvikd aviiowpua katd CGRP, 1
Ue gepant (uovo to atogepant éxel évbeiEn oe auth thy
opdda aobevyv). TOoOo 1t JovoKAWVIKE aviowuata,
600 Kkal 1o atogepant, oto kAIVIKO ToUs NpoOypappa
éxouv anodeitel anoteAeouaukdInta OO0 os aobeveis
pe noNdannés anotuxnpéves Bepaneies, 00 Kal o€
aoBeveis xwpis epneipia npoANNUKNAS aywyns, Onws
annwote kar n Botounivikh to&ivn tinou A.

E. Y& aoBeveis pe nuikpavia pe NeEPIOCOTEPES AN
4 nuépes ava pnva nou GEPOUV cuVUNAPXoUoa Yu-
Xiatpikh ouvvoonpoétnta (Peidova kataBaiyn H/kal
ayxwon diatapaxn) Npoteivetal n xpHon povokAw-
VIKQOV avtuowpdtwy évavu tou CGRP/CGRPr ta onoia
€XOUV I0XUPEs eVOEICeIs U PEIDVOUV TNV ouxvotnta
v Kpioewv npikpavias afid kar tn Baputnta tns
ouvundpxouaoas Yuxiatpikns ndBnons Benuwvovtas
v noidtnta (whs twv aoBevy. 2728

Ye nepintwon nou o acBevns hdn AapuPdavel pia
npoinnuKh aywyn, av BewpnBei Nws €xel aNOTUXEl
nAhpws, pnopei va diakonei otadlakd kar napdAnin-
Aa va yivel évap&n Bepaneias. Av dpws n and tou
otéuatos Bepaneia Bewpeital nws éxel kanola Beukn
enidpaon, Ynopei va ouvexiotei, va yivel n évaptn
povokAwvIKoU avuomuatos h atogepant, kal omn
ouvéxela va agionoynBei anod tov Bepdnovia n mba-
vOTNTa ouvéxions h diakonns ts. Avtiotoixn Npénel
va gival kal n npoogyyion os aoBeveis nou unofdanio-
vtal o€ Bepaneia pe Botounivikn togivn tinou A. Eni
nAnpous anotuxias (UEtd and 3 eyxUoels oUPPWVa
ye 1o npwtdkodno PREEMT), n aywyn pe tnv Botou-
Aivikh togivn winou A diakéntetal kal yivetal évapén
UE JovoknwvIKa aviiompata h atogepant. Eni pepikns
anotuxias, Ba pnopouoe va aflonoynBei n cuvéxion
s Bepaneias pe fotounivikh togivn TUnou A kai n ek
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napadfniou évaptn aywyns Ye HOVOKAWVIKG avtiom-
pata. Mevikdtepa, 1o NiBavé 6geos tns cuyxophynons
otn xpoévia nuikpavia, Ba pnopouoce va EnynBei and
I ouvepyikn dpdon ts Botounivikhs Togivns tinou A
(nou 6pa ous e€wkpavies apuenes C a10BNTKES fves
avaoténnovtas tnv ékkpion kai tou CGRP) pe ta povo-
KAWVIKE aviompata nou otoxetouy 1o id1o 1o CGRP
A Tov UNodox&a tou (6nws otov UNodoxéa otoxeUel
kal to atogepant). Eibikd yia tnv ppepaveloupdunn
¢éxel OexBel du anotpénel tnv evepyonoinon twv Ad
a1IeBNTK@V Ivay, aind oxi twv C ivav.?? H anoyn ts
ouyxophynons Botoufivikhs togfvns tnou A kai po-
vOKAWVIKMOV aviowpdtwy h gepants nou otoxeUouv
10 CGRP unootnpiletal and mn 61eBvhBEY kal eAAnvi-
kABY BiBAIoypagia kal and to updated consensus s
American Headache Society,®? aAfa bev ivar -eni
ToU napdévtos- anodekth and tov EOMYY.

Na onpeiwBei Nws og auth tnv Katnyopia aoBe-
V@V, O€ NEPINTWOoN aIThPatos yia éykplion Bepaneias
pe povokAwvik avtiowpa h atogepant péow tou
Yuothpatos Hiaektpovikns Mpogykpions tou EOMYY,
anaiteital n anotwxia h aviévdelitn otn xphon 6Awv
twv diaBéoipwv eykekpipévwy Bepaneldv nanaidtepns
yevids (tonipapdtn, nponpavondn), n anotuxia o
3 kUkAous Bepaneias pe Potouivikn to&ivn inou A

N n avtévoeign otn xphon s, kaBs Kal eniouvayn
npeponoyiou /kal KAIKAKWY NoU va nioTonolouy Ty
avannpia, énws n HIT-6 n kai n MIDAS. Enions, 1t
rimegepant Oev éxel elcaxBei otn Beukn Aiota kai €tol
bev eival duvatdv va yivel aitnua yia éykpion Bepanei-
as p€ow tou Xuothpatos HAgktpovikhs Mpogykpions
tou EOMYY, napd pévo otnv katnyopia «dappaka
€KTOS BeukoU Katanodyou.

O1 ouotdoels tou KAdadou Kepananyias ts EAAnvI-
khs Neupofoyiknhs Etaipeias, kaBs kal ol anaithoels/
npoUnoBéoeis tou EOMYY nepidapBavovial cuvonukd
otov Mivaka 3.

LYXTAZEIX XXETIKA ME THN AXIOAOIHEH
THZ MPOO®YAAKTIKHZ ©EPANEIAL THZ HMI-
KPANIAX ME MONOKAQNIKA ANTIZQOMATA
KAI ME THN AXIOAOTHEZH AIAKOINHZ THX
MPOOYAAKTIKHE ©EPANMEIAX ME MONO-
KAQNIKA ANTIZQMATA

YUugwva pe ta diabéoipa BiRnioypagikd dedopéva,
onpavukds apiBuds acBeviv nou unofdnietal oe
npoguAakukn Bepaneia pe povokAwvikd aviobua-
10 Katd s npikpavias, 6a &gl onpavukh Pedtwon
and tov Npwto phva Bepaneias. Qotdoo, undpxouv

MNivakas 3. Zuvonukés ouotdosls KAadou Kepananyias tns EAAnvikAs Neuponoyikis Etaipeias yia tnv évapén

xphon mAbs évavu CGRP/CGRPr h gepants otnv npoAnnukh Bgpaneia tns npikpavias.

Huépes pe | Zuotaon yia xphon, Bacel enionpns Anaithoeis EOMYY oto IHIM

npikpavia | évbei§ns kai BipAioypadgias kail epécOV

10 phva anaiteital npoAnnukn Ogpaneia otov
aoBevn

1-3 Aev nporteivetal Aev gykpivetal, kaBws anartouvial ToundxioTov

8 nuégpes 1o pnva

4-7 Ta mAbs kal ta gepants avikouv ots Aev gykpivetal, kaBws anartouvial TouAdxIoTov
EYKEKPIUEVES ENIAOYES, ONWS Kal N 8 nuépes 1o pnva
tonipapdn kal n nponpavoléin. H osipd
xphons kaBopiletar and tov Bepanovia
o€ e€atopikeupévn Baon. H xpnhon tous
npoteivetal v undpxel TOUAAXIOTOV PETPIO
avannpia ous KAPakes avannpias.

8-14 Ta mAbs kal ta gepants avikouv ous Anotuxia A avtévoeiEn dAwv TS eYKEKPIPEVWY
EYKEKPIUEVES ENIAOYES, ONWS Kal N Bepaneiv NpWINSs ypauuns (tompapdn,
tonipapdn kai n nponpavoAoin. H oeipd nponpavondin), npiv yivel aftnpa yia
xphons kaBopiletal and tov Bepdnovia o€ povokAwviké avtiowpa h atogepant.
e€atopikeupévn Baon

Xpovia Ta mAbs kal 1o atogepant avhkouv Anotwxia h aviévoelign AWV TS EYKEKPIPEVWV

Huikpavia OUS EYKEKPIEVES enifoyés, Onws Kal Bepanei®v NPwINS ypapuns (tonipapdn,
BotouAivikh to&fvn tinou A, n tonipapdtn nponpavononn, eAouvapidvn) kar anotuxia
kal n nponpavoiénn*. H ogipd xphons IV KUKAwV Botoudivikns togivns tinou A
kaBopiletal and tov Bepdnovia og (" avtévbeiEn oe aut), npiv yiver aftnpa yia
e€atopikeupévn Baon povokAwvikd avtiowpa h atogepant.

ZHIM: Y0otnua HAektpovikns TNpoéykpions tou EOMNYY

* n nponpavondnn eivai eykekpipyévn otn xpovia nuikpavia, addd pe xaunidtepo eninebo tekunpiwons tns
anotefeouaukdtntas tns. Eminidéov n ¢Aouvapilivn bev gival nAéov eunopikd Siabéoiun.
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aoBeveis nou n apxikh Tous avtianokpion yivetal apyo-
1€pa, fows kal petd anod apketous phves Bepaneiast3!
Epdoov kanoios acBevhs Eekivhosl NpouUAAKTUKA
Bepaneia pe povokAwvikd avuompuata, N apxikh ag)-
oAdynon anotedeopatkoTNTas tns nopeias tou Ba
npénel va yivel petd 3 1 6 pnves Bepaneias, katd tnv
Kpion tou Bepdnovta. Ze NepINtWoels Ye BeRapuppévo
10t0pIKG Kal noAAaniés anotuxnuéves NponnmnukEs
aywyés, n a&loNdynon s AnoteNECPATKAOTNTAS UE
povokAwvikd avuowuata npoteivetal va yivel og i-
dotnpa 6 unvav anod v évapén.

Onws cupPaivel kal pe us and tou otduatos nponn-
nukés Bepaneies, enituxnpévn Bewpeital pia Bepaneia
MOU €XEl PEIOEI TN ouxvOTNTa (NPEPES PE NPIKpavia/
unva) toundxiotov katd 50%, evdd n nanaidtepn éno-
wn nws kal 30% peiwon unopei va Bewpnbei ws on-
pavukn, €I0IKE O NEPINTWOEIS XPOVIAS NUIKPAVIAS,
anoppintetal nAéov, €10IKA YETd and tnv eKNEPPACUE-
vn dnoyn twv idlwv twv acBevmv ndvw oto Béua,B
otav kal &ekdBapa dnAmBNKe Nws peiwon s ta&ns
Tou 30% Oev pnopsi, katd tous idlous Tous aoBeveis,
va Bewpeital KpItplo Betikhs anoteNecPatkdTNTaS.
Afdfa kpIthpIia KTiUNONS TNs ANoteAECUATKOTNTAS JIas
Bepaneias €ival n PaBuonoyia ous kAipakes MIDAS
kal HIT-6. Enituxnpévn Bewpeital pia Bepaneia av n
BaBuonoyia oty kipaka MIDAS pei®vetal onuavt-
K@, yia napddelypa katd touddxiotov 5 Babuous yia
apxikés BaBuonoyies ws 20 1 katd 30% h NepIoodTePO
yla apxikés BaBuonoyies peyanutepes tou 20. Itnv
kAipaka HIT-6 peiwon tns apxikns BaBuonoyias katd
touAdxiotov 5 BaBuous cuviotd Beukh aviandokpion.

Inpavukoé €ivar kar 1o Xxpovikd didotnua yia 1o
onoio npénel va ouvexiotel n Bepaneia. Auth n ané-
@aon npénel navia va AapPdvetal éxovias unoyiv
otoixeia aopdaneias, anotefeopaukdtntas, anid kai
v xpdvia Kal unotponidlouca guon s vooou. Ta
povokAwvIKA aviiompata éxouv nideitel eEalpetkod
npo@in BpaxunpdBeouns anoteAeoPatkdTNTAS Kal
aopaneias ous oxeukd pikpés dINAG-tuenés KAIVIKES
penétes, pe didpkeia 3 N 6 pnvav otnv 6INAd-tuepnn
@don, andd kal o€ didotnua ws kal 5 €1y, oty avol-
Kth pdon enéktaons.'>'>38 EmnpooBétws, ta ws thpa
Hakpoxpovia otoixeia ouvnyopouv yia enifefaiwon
autoU tou npoin, oo yia v acednela, oo Kal
yla tnv anotefecpaukdnta. MNa 1o erenumab, tou
onoiou 1o KAvikd Npdypappa nponynBnke Xpovikd,
undpxouv GNPIOCIEUUEVA CTOIXEID AVOIKTAS ENEKTAONS
s Kal Neviagtous xophynons.B® Enions, pe dedopé-
VO NS N nuikpavia gival gia xpdvia véoos, n onoia
unopei va napoucialel diakupdvaoels atny KAIvIKNA ns
nopeia, UNAPXouV NEPINTMOEIS MOU Pakpoxpovia Be-
paneia pynopsi va anaiteital. Mpdogata dnpoacisupéva
otoixeia KatadelkvUouv Nws PETE TNV UNMOXPEWTKNA,
oUpewva pe tov EOMYY, toundxiotov tpipnvn diako-
nh oe aoBeveis nou cupninpwoav 2 éin Bepaneias,
ol neploodtEPOl acbeveis unotponidlouy, eva non-
Aoi dev @tavouv oto ib1o kand apxikd anotéeopa

UETd v enavévapén.B”! Avtiotoixa otoixeia undpxouv
dnpooieupéva kal and anfes eupwnaikés xwpes.B8
Me Bdaon ta diaBéoipa dedopéva and KAIVIKES pené-
€S Kal Yenétes npaypatkou kéopou, dev anaiteital
ouUCTNHATKA Epyactnplakn napakoAoudnaon katd
N XOPHYNON POVOKAWVIKOV avUoWPETwY évavil Tou
CGRP/CGRPr. Agv éxel tekunpiwBel avaykn yia nepio-
OIkd énleyxo NNatkwy evlUpwy, VEPPIKAS Agitoupyias
h aipgatoAoyIKOV NAPARETPWY, EKTOS €AV OUVIPEXOUV
e101kof kAvikoi Adyol. Na ta gepants, av kal 1o npoin
ao@aneias gival 161aitepa Ikavonointkod, o€ aoBeveis
HE yvwoth nnatukh voéoo fh ouyxophynon 10XUpmy
avactonéwv CYP3A4 cuviotdtal eEatopikeupévn kAl-
VIKN Kpion ws npos tnv avaykn BloxnuikoU eAéyxou.
Me Bdon ta napandvw Kal Pe KPIthplo navia 1o
o6@enos tou aoBevous, n dnoywn tou KAadou Kepa-
Aadyias tns EAAnvikhs Neuponoyikhs Etaipeias eival
Nws Og NEPINTMOEIS ENITUXNPEVNs Bepaneias pe povo-
kAwvIké avuowuarta, yia tnv andégacn s diakonns
s Bepaneias Ba npénel va AneBei unodyiv 1o e€a-
TOMIKEUEVO 10TOPIKG ToU aoBevoUs. Ze nepintwon
nou o Bepdnwv 1aTPods Kpivel Nws n Bepansia Npénel
va ouvexiotel, dev Ba npénel va yivetal diakonn. H
NPOCEyyIon auth épxetal o€ avtiBeon pe tnv anoyn
tou EONYY yia unoxpewukh diakonh og 6Aous Tous
aoBeveis, 6tav cupnAnpwBouv 2 €n Bepaneias, n
onoia ws pun otnpildpevn o€ eniotnpovikd 6edopéva,
ouotnvetal va avaBewpnBei. BAéne Mivakas 4.

LYITAZEIX XETIKA ME TH XPHZH KATA THN
KYHZH KAI TH TAAOYXIA

Ta povokAwvikd avuowpata évavu tou CGRP/CGRPr
Kal T gepants Oev ouviotvtal Katd thy Kunon, Adyw
énneipns enapkwv Sedopévwv aopanelas os eyKUOUS.
061 Ay Kal ta povokAWVIKA avuowpata gival peyd-
Aa poépia kar n d1anAAKoUVUAKA PETAPOPd TOUS OT0
NPWTO TPIPNVO €ival NEPIOPIOUEVN, N EVEPYOS PETA-
@opd IgG autdvetal onpavukd oto 6eUTEPO Kal TPito
iunvo.
Ye yuvaikes avanapaywyikns nAikias cuviotdtar:
e oulhtnoNn OXEUKG PE TOV OIKOYEVEIQKO MPO-
ypaupatuopd npiv v évapén Bepaneias,
e anoguyn evapéns Bepaneias katé tnv kUnon,
e biakonn s Bepaneias os nepintwon enife-
Baiwpévns kUnons, Katdniv eEATOUIKEUPEVNS
ektiynons kIvbUvou-oPEnous.
Ma ta gepants, Adyw nepioplopévwv dedopévwy,
enfons dev ouviotdtal N xpAon Katd v kUnon n
yadouxia.

LYXITAZEIX ZXETIKA ME THN ENAPEH NMPOO®Y-
NAKTIKHZ ©EPANEIAL ME MONOKAQNIKA
ANTIZQMATA XTHN AOGPOIXTIKH KEQOAAAA-
rA

Me Bdaon kAivikd dedopéva nou unootnpiCouv 6t n
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MNivakas 4. Yuvonukés ouotdoels KAddou Kepananyias ENE yia tnv a§loAdynon Bepaneias pe mAbs évavu CGRP/

CGRPr 1 gepants otnv npoAnnukh Bepaneia tns npikpavias kai v a§loéynon diakonns tétolas Bepaneias.

Hpépes pe
nuiKpavia to
phva otav €yive
n évapgn tns
Oepaneias

Xpoévos apxikns
afiodéynons
anotedeopaukotntas

Kpithpia aiofddynons
anotefeopatkontas

Xpobvos
SoKIpaotikns
Siakonns kai
enava§lodéynons

4-7

3-6 pnhves

Huépes pe nuikpavia to phva:
Meiwon >50%

KAiuakes

Apxikd okop MIDAS 11-20: peiwon
>5 Babpous

Apxikd okop MIDAS >20: peiwon
>30%

Katd i kpion tou
Bepdanovta kal pévo
(O EONYY, eni tou
napovios, anaitei
UNOXPEWTKNA Slakonn
OTOUS 24 PAVES).

HIT-6: peiwon > 5 Babuous

8-14 3-6 pnves

Huépes pe nuikpavia to phva:
Meiwon >50%

KAiuakes

Apxikd okop MIDAS 11-20: peiwon
>5 Babpous

Apxikd okop MIDAS >20: peiwon
>30%

HIT-6: peiwon > 5 Babuous

Xpovia Hulkpavia 3-6 pnhves

Huépes pe nuikpavia to phva:
Meiwon >50%

KAiuakes

Apxikd okop MIDAS 11-20: peiwon
>5 Babpous

Apxikd okop MIDAS >20: peiwon
>30%

HIT-6: peiwon > 5 Babuous

evbopnéfia xopnynon CGRP pnopei va nupodoth-
ogl kpion aBpoicuknhs kepananyias TNy cuvipINTKN
nAeloyngia acBevmv pe aBpoiotkn kepananyia og
evepyn @aon,3! oxedidoBnkav kAIvikés PeNétes pe
avti-CGRP povokAwviké avuompata ws npoguia-
Kukh Bepaneia. To galcanezumab dokipdoBnke and
tous Goadsby et al.*® ge pia tuxalonoinpévn cuykpl-
KN pE €IKOVIKO Qpdppako penétn oe 106 aoBeveis pe
eneicoblakh aBpoioukn kepananyia. Mapdu n penémn
teppatioBnke npdwpa Adyw xapndol puBpou évia-
€ns aoBevv, napatnphBnke onpavukn peiwon otnv
eBOopadiaia ouxvdTNTa WV KpioEwy PeTd T Xoph-
ynon povo pias 66ons 300 mg galcanezumab (ueiov
8,7 KPICEIS), CUYKPITKA LE TO EIKOVIKO PAPUAKO (Ugiov
5,2 kpioels) yla ouvoniké didotnpua 3 €Bdopddwy.
To galcanezumab €ixe napoépolo npoeid acpdneias
UE 10 €IkovIKO @dpuako, népav and 1o anyos otnv
nepioxn s xophynaons nou avagepOnke and 8%
twv aoBevav nou 1o énapav. O Eupwnaikds Opya-
VIopos ®appdkwy otnpi{buevos o auth tn PeAgn,
Bewpel 6T dev pndpece va anodeixBei EexdBapa 6u
10 galcanezumab peiwoe tnv cuxvétNta Twv Kpioe-
wv otnv eneicobiakn aBpoloukn kepafanyia kar dev
npdobece v évdeltn auth otnv ddela kukAopopias
T0U pappdkou otny EE 1“1

Archives of Clinical Neurology 35:2-2026, 27-30

Mia noAukevtpikn &INAG UPAN CUYKPITKN WE El-
Kovikd @dppako penétn and tous Dodick et al.l42
og 237 aoBeveis pe xpovia aBpoioukn keananyia
dev Katd@epe va eNITUXEl TOV NPWIAPXIKS TNs O1d-
X0 nou kaBopioBnke ws n onpavukn peiwon s
efdopadiaias ouxvéntas twv kpioewv oe aoBevels
nou éAafav 300 mg galcanezumab cuykpitkd pe
T0 €IKOVIKO PpApUaKo.

Auo noAukevipikés BINAG TUPAES OUYKPITKES LIE €l
Kovikd pappako PeAETEs Pe tn xphon fremanezumab,
n pia og xpovia®! kar n 4NAn oe eneicobiaknt*! aBpol-
oukh kepanafyia teppatioBnkav npéwpa Adyw
pataiotntas (futility) ofokAnpwons tous, xwpis va
UNAPXOUV CUYKEKPIUEVA OTOIXEIQ YIa TNV anotene-
opaukénta. Me Bdon ta napandvw, ta undpxovia
otoIxeia ouvnyopoUv unép pias panfov pétpias anote-
Aeopaukdtntas twv avi-CGRP povokAwVIKWOY aviow-
patwv ws npoguiakukn Bepaneia yia v engicodiaknh
aBpoioukn kepanafyia, aAid éxi yia tn xpdvia Hopeh
s Mapdno autd, n xophynon galcanezumab Ba
pnopouce iows va dokiuaoBel ws NPoPUAAKTUKA ayw-
yh yia tnv eneicodiakn aBpoloukh kepadanyia, og av-
Bexukés ot Bepaneia nepintdoels, yéoa anoé aftnpa
oto XHIM ws Bepaneia ektds eykekpIUEVWY eVOEiEEwy,
péxpl neploodtepa dedopéva va eival diabéoipa. A&icel
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va npootebei Nws o€ penétes npaypatkou KOoUOoU,
1a anotenéopata tou galcanezumab sival capws nio
evBappuvukd, 100 o€ xpovia 6o Kal oE eneicodiakn
aBpoloukn kepananyia. el

LYNOWH KAI LYMIMEPAZMATA

Mia ceipd and kavotopes Bepaneies pe otdxo 1o CGRP
A Tov Unodoxéa tou, 6nws Td JOVOKAWVIKA avtiow-
pata Fremanezumab, Eptinezumab, Galganezumab,
Erenumab kai ta gepants Atogepant kai Rimegepant,
eival 61aBéaiues otn xwpa pas. Na kanoles and au-
s, undpxel n duvatdtNta ouvtayoypdenons PEow
EOMYY. Onws oe k&Be véa Bepaneia, n evowpdtw-
on otnv kAvikh Npd&n gival ouciaotKAS cnuacias
yia tnv napoxh s kanUtepns duvatns gppoviidas oe
6oous v xpeidlovtal, AapPdvovtas undyiv Katapxds
v ao@ansia kal tnv anotefecpatkdtntd s kAbe
Bepaneias, dnou kal 6Mes ol vées Bepaneies aive-
a1 va ungpéxouv EekdBapa évavu twv nanaldtepwy
Bepaneiyv, dGNws tns ToNIPAPATNS, TS NPonpPavo-
Ao6Ans kar tns eAouvapidivns. O npoavagepBeioes
ouoTdoEls ekPPAlouV TNV EPNEPICTATWHEVN dnoyn
tou KAddou Kepadadyias tns EAAnvikhs Neupono-
yikns Etaipeias, petd and a&loddynon twv ws wwpa
b1aBéoipwv debopévwy. Ta tn dnpioupyia tous, Népa
ané ta dnpooieupéva kAvikd dedopéva yid Ta Jovo-
kAwvikd avuowpata éxouv AN@Bei undyiv kar avi-
otoixes ouotdoels anod us HIMA kar tnv EE, 2447491 noy
dnpioupyNBnkav Pe avtiotoixo TPOMno Kal avtiotoIxo
OKENTKO, NPOCAPUOCUEVES 0TS CUVBNKES TS XMDPAs
pas. O1 napouoes ouctdoels Ba npénel va enavagi-
ofoynBouv og didotnpa Oxi peyandtepo anod 3 €
ané nv napouoa avaBemdpnon Tous.

AHAQZIH XYMOEPONTQN

MB: éxel tnv teneutaia tpietia AGREN apoiPh yia cup-
petoxn o€ kAvikés penétes n/kal cupBouneutkés unn-
peoies h/kal eNotnPovIKES opinies N/kal CUPPETOXN O
latpIkd ouvédpia and us etalpeies Abbvie/Allergan,
DOAPMAZLEP®- Lilly Lundbeck, Orion Pharma, Pfizer
Kal Teva. AP: éxel tnv tedeutaia tpietia AGPel apoiBn
yla cupBouneuTikés unnpeaies N/Kal ENICTNLIOVIKES OpI-
Aies "/kal cUPPETOXA OE 1ATPIKA CUVESPIa and TS €1al-
peies Abbvie/Allergan, ®APMAZEP®- Lilly Lundbeck,
Orion Pharma, Pfizer kai Teva, AA: éxel tnv tefeutaia
tpietia AdPel apoIPn yia cUPPETOXN OE KAIVIKES PeAETes
A/kal cupBouneutikés unnpeaies R/Kal ENICTNHOVIKES
opiies N/kal cUPPETOXN o€ 1aTpIkd cuvédpia and s
etalpeies Abbvie/Allergan, Lundbeck, Novartis kai
Teva. NA: éxel tnv teneutaia tpietia AdRer apoifn yia
OUPIUETOXN OF 1aTPIKA ouvEDpIa and us etalpeies No-
vartis kai Teva. ©K: éxel tnv tefeutaia tpietia AGPel
apoIfn yia cuppetoxn o€ KAVIKES penétes h/kal oup-
Bouneutkés unnpeoies h/kal eniotnpovikés opiAies 1/
Kal CUMHETOXN O€ 1aTpIKG OuvEDpIa and Ts etalpeies

Abbvie/Allergan, IPSEN, Lundbeck, Orion Pharma,
Teva kal Viatris. XT: éxel AdRel katd tnv tefeutaia
bietia apoiBés n/kar kaAuyn e€66wV peTakivnons Kal
OI1aUOVAS IO CUPPETOXN OE EMICTNHOVIKA OUVEDPIQ,
advisory boards kai d5opupopikés opinies and: Abbvie,
Cross, Lunbeck, Teva. KN: éxel tnv tedeutaia tpietia
AaPel apoIPn yia cuppetoxn o€ KAIVIKES YeNétes A/kal
oupPouneutikés unnpeaies N/kal ENICTNPIOVIKES OpINiES
A/kal CUPIPETOXN O€ 1aTpIKG cuvESpIa and TS e1alpeies
Abbvie, Lundbeck, DAPMAZEP®- Lilly, Novartis, Pfizer
kal Teva. AK: éxel tnv tedeutaia tpietia AGPel apoiBn
yla oupuEetoxn o€ KAIVIKES penétes h/kal oupBouneut-
KES UNNPEaies N/kal ENICTNPOVIKES opiRies N/kal OUPPE-
Toxh o€ 1aTpIKG cuvedpia and us etaipeies Lundbeck,
Teva, Pfizer ka1 AbbVie. 'B: éxel tnv tefeutaia tpletia
AaPBer apoIfn yia cuppetoxh o KAVIKES penétes n/
Kal oupBouneutikés uNnpeoies A/Kal EMNICTNHIOVIKES
opinies h/kal CUPPETOXN O€ 1aTPIKA ouvEédpIa and us
etaipeiesAmgen, Novartis, Teva, Lundbeck, Abbvie,
Eisai, Pfizer. JR: éxel tnv tedeutaia tpietia AdPel apoiph
yla oupPBouneutikés unnpecies N/Kal ENICTNPOVIKES
opinies h/kal CUPPETOXN O€ 1aTPIKA ouvEédpIa and us
gtaipeies Teva, Abbvie. EA: éxel tnv tefeutaia tpietia
AaPel apoIPn yia cuppetoxn o€ KAIVIKES YeNétes A/kal
oupPouneutikés unnpeaies N/Kal ENIOTNPIOVIKES OpINiES
A/kal CUPPETOXN O€ 1aTpIKG cuvESpIa and s e1aIpeies
Abbvie/Allergan, Lundbeck, ®APMAZEPO-Lilly, Pfizer,
Orion Pharma, Cross Pharmaceuticals, Tikun, ELPEN
kar Teva. O1 unénoinol cuyypageis dev avapépouv
KAnola oUyKpouon CUUQPEPOVIWV.
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ABSTRACT

Background: The COVID-19 pandemic has resulted in a major global health crisis, with millions experiencing
persistent symptoms collectively referred to as Long COVID Syndrome. A growing body of evidence suggests
that cognitive impairment is a common manifestation of this condition, affecting attention, memory,
and executive functioning. Although the underlying mechanisms remain unclear, emerging research
implicates both neurological and cardiovascular dysfunctions. In particular, cardiovascular dysautonomia—
characterised by impaired autonomic nervous system regulation—has been associated with cognitive deficits
in various neurological disorders. Objective: This study aimed to examine the neuropsychological sequelae
of Long COVID Syndrome accompanied by cardiovascular dysautonomia (LC-DYS) and to explore the
potential role of autonomic cardiovascular dysfunction in the observed cognitive impairments. Methods:
A retrospective case-control study was conducted, comparing cognitive function in 30 adult patients
(76.6% female) with LC-DYS to 30 healthy controls (73.3% female). A standardised neuropsychological
battery was used to assess multiple cognitive domains, including visuospatial abilities, attention, verbal
learning and memory, executive functions, and processing speed. Self-reported symptoms of anxiety and
depression were also measured and analysed for their potential association with cognitive performance.
Results: The LC-DYS group demonstrated significantly lower performance than controls in verbal learning,
retroactive interference on verbal recall, delayed verbal recall, inhibition control and processing speed.
Although the LC-DYS group exhibited higher levels of anxiety and depressive symptoms, subjective mood
assessments were not predictive of cognitive performance. Conclusion: These findings suggest a potential
link between neuropsychological impairments and cardiovascular dysautonomia in individuals with LC-
DYS. Central autonomic network dysfunction may contribute to the observed neuropsychological deficits.
Further research is warranted to elucidate the underlying mechanisms and to inform targeted cognitive
and autonomic rehabilitation strategies for individuals with Long COVID Syndrome.

Keywords: Long COVID, cardiovascular dysautonomia, central autonomic network, cognitive impairments
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MEPINAHWH

Eicaywyn: H navonpia COVID-19 éxel odnyhoel og pia peifova naykOouia UYEIOVOIKN Kpion, PE EKAToppU-
pla avBpwnous va Bidvouv enigova cUPN®PAta nou neplypdgovial cuifoyikd ws YUvépopo Long COVID.
O autavépevos Gykos epeuvnukmy dedopévwy Geixvel OT N yvwotkh ékntwon anotelsi ouxvh ekdhnwon
ToU ouvdpobpou, eNnPeAloVTas TNV NPOCOXA, TN YVAUN Kal TS EKTENECTIKES AEITOUpPYiES. Av Kal Ol UNOKEIUEVO
pNxaviopol napapévouv acageis, NPOoPates PEAETES eUNAEKOUV TOCO VEUPONOYIKES OCO Kal KapdIayyEIaKES
buonetoupyies. Eibikdtepa, n kapdiayyeiakh ducautovouia, n onoia xapakinpiletar and diatapaxh otn
PUBUIoN TOU AUTOVOPOU VEUPIKOU CUCTAPATOS, €XEI CUOXETOTEl PE yvwotkd eAnfeiypata o dIAQopPES VeU-
pofoyikés diatapaxgs. Tkonos: Lkonds s napouoas Pe€tns htav n digpelivnon Twv VEUPOWUXOAOYIKWDV
enntogwv aoBevav pe Luvdpopo Long COVID kar cuvundpxouca kapdiayyeiakn ducautovopia (LC-DYS).
Mé£Bobos: AicvepynBnke avadpopikn pefétn aoBeviv-paptdpwy, oty onoia cuykpiBnkav or yVwoukés
Aertoupyies 30 evnilikwv aoBevdv pe LC-DYS (76,6% yuvaikes) pe ekeives 30 uyidv paptdpwv (73,3% yuvai-
kes). Ma tnv a§oAdynon noAAanAmY yvwoukdV TOPEWY, ONWSs ONUKOXWPIKES IKAVOTNTES, MPOCOXN, AEKUKA
pa@Bnon kal pvhpn, ektedeotkés Aeritoupyies kal taxutnta eneepyaaias, xpnolpyonolinBnkav otaBuIcpEves
veupoyuxonoyikes dokipaoies. ENnAgov, kataypd@nkav autoava@epOPeva cupndpata dyxous Kal Katd-
Bniyns, t1a onofa e€etdotnkav yia niBavh cucXEuon PE Us yvwotikés enidooels. AnotenNéopata: H opdda LC-
DYS napouciaoce xaunndtepes eNOOOEIS 08 OxE0N WE TOUS PAPTUPES OTn Aektikn pdBnon, otnv onioBevepyd
napsuPon kal otnv kaBuotepnpévn Aektukn avakAnon, otov éieyxo avaotoAns Kal otny taxutnta enegep-
yaoias. Mapdu n opdda LC-DYS eppdvioe upniodtepa enineda Gyxous kal kKataBAIMuKoy cupntwpdtwy, ol
unokelpevikés alonoynaoels diaBeons dev NpoéBAswav s yvwotkés eniddoels. Zupnépacpa: Ta UpNpaTtd
s napouoas pefgns unodnimvouv niBavh clvdeon petaty twv veupowuxonoyikmy eAAEINPATWY Kal TNs
kapdiayyeiakhs ducautovopias oto olvdpopo Long COVID. H Suodsrtoupyia tou KevipikoU autdvopou
diktou evdéxetal va oupBdanner ota napatnpoupeva veupoyuxooyikd enAgippara.

Né€eis-kAe161a: Long COVID, kapdiayyeiakn ducautovopia, kKevipikd autdévopo Siktuo, yvwoukd enfeippata

INTRODUCTION

Coronavirus Disease 2019 (COVID-19) is a viral
illness caused by Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2). Although SARS-CoV-2
infection initially manifests as a respiratory illness,
it is now recognised as a multisystem disease that
frequently involves the nervous system.!"! According
to the World Health Organisation!?! the persistence,

the acute phase of COVID-19 and not attributable
to other medical or psychiatric conditions.!"24
Recent systematic reviews and meta-analyses have
confirmed that cognitive dysfunction is a frequent
and persistent consequence of LC. Meta-analytic
findings indicate that symptoms such as fatigue
(37%), subjective cognitive complaints (commonly
referred to as “brain fog”) (32%), memory problems

recurrence, or development of new symptoms in
individuals three months after the initial SARS-
CoV-2 infection, lasting for at least two months
and not explained by an alternative diagnosis, is
defined as post COVID-19 condition, commonly
referred to as Long COVID (LC). LC is characterised
by multi-organ involvement, including cardiovascular,
neurological, psychiatric, and pulmonary dysfunction.
BICommon symptoms include fatigue, dyspnoea,
and cognitive impairment, among others, and are
generally associated with significant disruption in
daily functioning. Cognitive dysfunction in LC or
post-COVID cognitive dysfunction is conceptualised
as a new-onset impairment across various cognitive
domains, occurring at least three months following

(28%), attention difficulties (22%), and sleep dis-
turbances (31%) persist in a substantial proportion
of individuals beyond three months post-infection.
6ln a multicentre prospective study, Hartung et
al. reported that 26% of participants experienced
mild cognitive impairment and 1% moderate impair-
ment 6-11 months after infection, with risk factors
including age, sex, education, and neuropsychiatric
history”? More recently, a multicentre cross-sectional
study by Zhao et al. reported significant impairments
in processing speed and sustained attention in LC
patients, compared to recovered COVID-19 controls.
BIFurthermore, a systematic review by Panagea et al.,
synthesising data from 36 studies, confirmed con-
sistent impairments in executive functions, memory,
attention, and processing speed in individuals with
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LC.PTA study by Dacosta-Aguayo et al.'” observed
that memory impairment in Long COVID patients
was associated with microstructural white matter
alterations and abnormal functional brain network
activity, possibly reflecting compensatory or maladap-
tive neural mechanisms. Similarly, Besteher et al.l'!
demonstrated associations in LC patients group be-
tween cognitive impairment of LC patients according
to Montreal Cognitive Assessment, systemic inflam-
mation biomarkers, and bilateral cortical thickness
alterations in several areas like the prefrontal cortex,
temporal gyri, insula, posterior cingulate cortex and
parahippocampal gyrus. These findings highlighted
the need for domain-specific neuropsychological
evaluations to more precisely define the cognitive
phenotype of LC.

Interestingly, studies have revealed that a signifi-
cant percentage of patients with LC develop new-
onset cardiovascular dysfunction, even in individuals
without pre-existing comorbidities. These dysfunc-
tions are linked to the autonomic nervous system
and include arrhythmia and hypertension,!'? heart
rate variability (HRV) abnormalities,['>"! inappropri-
ate sinus tachycardia,"®! orthostatic hypotension
and fatiguel® and postural orthostatic tachycardia
syndrome.!"”! The impact of these autonomic distur-
bances on various neurocognitive systems remains
incompletely understood. In this context, autonomic
imbalance—dysautonomia—and its potential rela-
tionship to cognitive dysfunction should be consid-
ered by future studies as a contributing factor to LC
symptoms. Cognitive and autonomic processes are
linked via the central autonomic network (CAN),
which is involved both in cognitive functions and
autonomic regulation of cardiovascular functions.
'8 The CAN is a complex network of brainstem and
forebrain—cortical and subcortical—regions that
are implicated in baseline-autonomic nervous system
function." Moreover, executive functions appear
to deteriorate under conditions of cardiovascular
autonomic dysfunction?°2" and rely on the top-
down inhibitory control of prefrontal-subcortical
networks.?>24 These cognitive control processes, have
also been associated with parasympathetic activity
and vagally mediated HRV.[?>26271 Thayer et al. pro-
posed that physiological regulation of cardiac control
shares common neural mechanisms with executive
functions, both cognitive and affective regulation,
particularly inhibitory processes,!'® supporting the
Neurovisceral Integration Model (NIM) introduced by
Thayer and Lane.”?® Elevated parasympathetic activity,
as indexed by increased resting vagally-mediated HRV,
is considered a biomarker of the functional integrity
of prefrontal-subcortical circuits. These circuits are
critically involved in self-regulatory processes, facilitat-
ing flexible and adaptive responses to environmental
demands and executive function tasks.'82]
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In their systematic review, Forte et al. analysed
20 studies involving 19,431 healthy adults between
18.4 and 76.0 years old and found that higher HRV
was significantly associated with better cognitive
performance on neuropsychological executive func-
tions tasks.?' These associations remained robust
even after controlling for confounding variables com-
monly associated to HRV, including age, sex, years
of education, body mass index, blood pressure, and
cardiovascular disease.

Overall, the reviewed studies provide empirical
support for the NIM, which posits cortical integration
between executive functions and cardiac autonomic
regulation.l'® The findings by Forte et al.?®! under-
score the influence of the autonomic nervous system
on cognitive performance and suggest that lower
resting HRV, as observed in cardiovascular dysauto-
nomia (CV-Dys), may reflect diminished prefrontal
regulatory control over subcortical structures, indicat-
ing potential disruption in neurovisceral integration
and self-regulatory capacity.

More recent neuroimaging and tractography stud-
ies suggest that medial temporal structures, includ-
ing the hippocampus and parahippocampal gyrus,
should also be considered integral nodes of CAN. %331
These regions exhibit both resting-state functional
connectivity and task-based activation patterns that
are closely associated with cardiovascular autonomic
regulation, thereby underscoring their contribution
to neurovisceral integration 03334

The objective of the present study is to evaluate
the cognitive functions profile of patients suffering
from LC and CV-Dys (LC-DYS). Our study is the first
study in Greece that records data for cognitive func-
tions in LC-DYS patients.

METHOD
Study Design

This study employed a retrospective case-control
design to investigate the cognitive profiles of
individuals with LC-DYS. Their performance then was
compared to a control group of individuals who had
recovered from COVID-19 but exhibited no persistent
symptoms and no evidence of autonomic or cognitive
dysfunction. This design is particularly appropriate
given the hypothesised link between cardiovascular
autonomic dysregulation and domain-specific
cognitive impairments in LC patients, as stated in
the introduction.

The present case-control design was selected over
a cross-sectional approach to allow for better control
of confounding variables through careful selection
and matching of controls. This methodological choice
enhances the internal validity of the study by minimis-
ing bias related to potential confounders.

A subset of participants did not complete the
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emotional self-report questionnaires, potentially due
to time constraints or response fatigue toward the
end of the assessment session. In contrast, missing
data on cognitive measures were minimal, with less
than 5% missing per variable. To preserve statistical
power and reduce potential bias associated with
listwise deletion, multiple imputation was applied
to all variables with missing data. The imputation
was conducted using fully conditional specifications,
under the assumption that the data were missing at
random. Five imputed datasets were generated and
pooled for all subsequent analyses. In addition, out-
lier detection was performed to ensure data integrity.

Lastly, to ensure comprehensive and transparent
reporting, the study adhered to the STROBE guide-
lines for case-control studies.*>

Study Subjects

A total of 60 individuals participated in the
present study. Thirty patients (mean [SD] age,
41.3[10.8] years) were recruited through referrals
to the Laboratory of Clinical Neuropsychology at
the LC Centre of Evangelismos General Hospital
between June 2022 and February 2024, as part
of their multidisciplinary medical evaluations for
LC symptoms. These patients also exhibited CV-
Dys, thus forming the LC-DYS group. All patients
in this group underwent comprehensive clinical
assessments, including pulmonological, high-
resolution MRI, neurological, cardiological, and
psychiatric evaluations.

The control group (CG) also consisted of 30
healthy participants (mean [SD] age, 43.1 [11.4]
years), who had recovered from COVID-19 within the
clinically accepted timeframe of up to three months.
They were recruited and matched to the experimen-
tal group based on age, sex, and educational level.
Table 1 presents additional demographic details
concerning the study sample.

Table 1. Demographic characteristics of the samples.

Inclusion criteria for this study were: (a) adults
over 18 years old, (b) native speakers of the Greek
language, and (c) diagnosis of LC and CV-Dys by a
multidisciplinary medical team for the experimental
group and documented evidence of prior SARS-
CoV-2 infection for the control group, and (d) no
patients in the LC-DYS group was undergoing any
specific therapy at the time of the study and taking
antidepressant or other psychiatric medication.

Exclusion criteria included: (a) pre-existing or co-
existing neurological conditions that could affect
cognitive functioning, based on clinical history and/
or MRI findings (e.g., structural brain lesions, cer-
ebrovascular disease, demyelinating disorders, or
epilepsy); (b) other significant cardiovascular con-
ditions that could independently affect heart rate
or autonomic regulation, such as structural heart
disease or non-dysautonomic arrhythmias; and (c)
the presence of a major psychiatric comorbidity.

Ethical considerations

All participants were informed about the study
procedures and provided written informed consent
in accordance with the Declaration of Helsinki.
The study was approved by the Scientific Board of
Evangelismos General Hospital (Ref. No. 200/9-6-
2022).

Procedure

All patients in the LC-DYS group underwent the
full assessment procedure at Evangelismos General
Hospital, which included a multidisciplinary medical
evaluation comprising pulmonary, neurological,
cardiac, psychiatric, and neuropsychological
assessments. The cardiological examination,
conducted by the hospital’s Cardiology Clinic,
included standardised assessments of cardiovascular
autonomic function. The neurological examination

Variables Group n Mean (SD) Range
Age (years) CG 30 43.07 (11.34) 23-62
LC-DYS 30 41.33(10.82) 23-64
Education (years) CG 30 16.63(2.21) 14-23
LC-DYS 30 16.30 (2.09) 12-18
Sex (female/male) CG 22/8
LC-DYS 23/7
Right/Left-handed CG 29/1
LC-DYS 27/3
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took place at the hospital’s LC Centre and
involved a clinical assessment of motor, sensory,
and reflex functions to rule out other underlying
neurological conditions. In addition, paraclinical
investigations were conducted as indicated,
including brain MRI, electroencephalography and
electromyography. Psychiatric assessments were
conducted at the Psychiatric clinic of the hospital
by trained psychiatrists to identify major psychiatric
comorbidities and to ensure the mental health status
of participants. Pulmonary assessments, conducted at
the hospital’s Pulmonary Clinic, included spirometry,
oxygen saturation measurements, and additional
tests as clinically indicated.

The neuropsychological assessment was conducted
at the Laboratory of Clinical Neuropsychology by
trained clinical neuropsychologists and lasted approxi-
mately 90 minutes. It included a standardised battery
of tests designed to assess attention, memory, execu-
tive functioning, and processing speed. Participants in
the CG also underwent the same neuropsychological
assessment under identical conditions. These indi-
viduals scheduled appointments with the Labora-
tory based on availability and underwent testing in
a single session.

Measurement tools

Participants underwent a comprehensive
neuropsychological assessment of cognitive
functions. The Greek version of the Rey Auditory
Verbal Learning Test (RAVLT) was administered
according to the standardised Greek adaptation!3®
to assess verbal learning and memory performance,
including immediate recall across five learning
trials (RAVLT-T1:T5), total learning (RAVLT-Total),
proactive interference (RAVLT-T6), retroactive
interference (RAVLT-T7), delayed recall (RAVLT-
DR), and recognition memory (RAVLT-Recog). The
Babcock Story Recall Test (BSRT) was used to evaluate
verbal episodic memory, including immediate (BSRT-
IR) and delayed recall (BSRT-DR), based on the
standardised Greek version.?” The Rey-Osterrieth
Complex Figure Test (ROCFT) was administered to
assess visuoperceptual and constructional abilities
(ROCFT-Copy), as well as visuospatial memory via
the immediate (ROCFT-IR) and delayed recall (ROCFT-
DR) conditions.® The Trail Making Test (TMT-A and
TMT-B) was administered to evaluate attention, visual
scanning, and graphomotor speed (TMT-A), and to
assess selective attention shifting, divided attention,
working memory, and cognitive flexibility (TMT-B).1*%
The Digit Span test (DS) was administered to assess
auditory attention using the digit span forward
condition (DS-Fw), and verbal working memory—as
a specific subcomponent of short-term memory—

Archives of Clinical Neurology 35:2-2026, 35-42

using the digit span backward condition (DS-Bw) of
the Wechsler Adult Intelligence Scale-Fourth Edition,
Greek adaptation.“® The Digit Symbol Coding test
(DSC) [40] was used to evaluate mental processing
speed, visual scanning, mental flexibility, and divided
attention. The Verbal Phonological Fluency test (VF-
Phon) was administered to assess lexical access speed
and linguistic executive functioning, while the Verbal
Semantic Fluency test (VF-Sem) was used to evaluate
verbal productivity, semantic memory, and cognitive
flexibility." Finally, the Stroop Neuropsychological
Screening Test (SNST) was administered to assess
response inhibition and interference control.1*?
In this study, statistical analyses were conducted
using raw scores, and impairment percentages
were derived based on standardised z-scores from
Greek normative data to highlight patients’ levels of
cognitive difficulties.

In addition, the Beck Anxiety Inventory (BAI)4344
and the Centre for Epidemiologic Studies Depres-
sion Scale (CES-D)**!were administered in order to
measure anxiety and depression symptoms’ levels.

The evaluation of the CV-Dys was based on 4 clini-
cal techniques: (1) HR response to Valsava Maneuver,
(2) HRV with respiration (Respiratory Sinus Arrhyth-
mia), (3) the 30:15 Ratio (Active Standing) and (4)
isometric handgrip test.“6471The patients with two or

more positive tests were considered to have CV-Dys.

Statistical Analysis

Prior to hypothesis testing, the distribution of each
variable was assessed for normality using the Shapiro-
Wilk test. For consistency across outcomes and to
facilitate pooled inference, independent samples t-
tests were used even for non-normal variables, given
that t-tests are known to be reasonably robust to
violations of normality, particularly when each group
has at least 30 participants and there are no extreme
outliers.*®*1This approach allowed use of Rubin’s
Rules to pool test statistics and confidence intervals
across multiple imputed datasets (5 datasets).

To ensure the robustness of the results, non-par-
ametric analyses were also performed for variables
that violated the normality assumption. Results from
the Mann-Whitney U test were computed separately
for each imputation and average U statistic, median
p-value, and range of p-values across imputations
are reported.

The calculated effect size used for the parametric
analysis is Cohen’s d and for the non-parametric is
Rank-biserial correlation. Also, Holm-Bonferroni cor-
rection was employed in order to control for Type |
error inflation arising from multiple testing.

All statistical analyses were conducted using the
Statistical Package for the Social Sciences (SPSS),
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Table 2. Comparation of LC-DYS and CG on cognitive performance and psychiatric self-report scales scores

(pooled data).

n =30 n=30
Cognitive LC-DYS CG
Measure- t P* Cohend
ments M SD M SD
RAVLT-T1 6.53 1.852 7.50 1.756 2.074 0.462 0.535
RAVLT-Total 50.23 8.877 58.13 6.290 3.977 0.000 1.027
RAVLT-T6 6.80 2.325 8.10 1.918 2.362 0.273 0.609
RAVLT-T7 9.70 3.715 12.53 2.145 3.617 0.000 0.934
RAVLT-DR 9.73 2.981 12.46 2.239 4.014 0.000 1.036
RAVLT-Recog 12.83 2.118 13.93 1.112 2.518 0.252 0.650
BSRT-IR 14.13 3.285 14.88 2.967 0.928 0.783 0.239
BSRT-DR 12.85 3.393 13.86 3.980 1.054 0.767 0.272
ROCFT-Copy 34.68 1.886 35.46 1.272 1.885 0.640 0.486
ROCFT-IR 18.79 7.079 20.88 8.102 1.063 0.767 0.247
ROCFT-DR 18.55 6.792 20.88 8.140 1.205 0.754 0.311
TMT-A 31.10 8.281 30.53 7.582 -0.276 0.783 0.071
TMT-B 70.86 24.913 67.03 20.213 -0.654 0.783 0.168
VF-Phon 41.03 8.751 47.53 12.710 2.307 0.312 0.595
VF-Sem 56.12 10.818 61.93 16.866 1.587 0.701 0.410
DSC 65.63 13.142 77.70 14.591 3.365 0.013 0.869
DS-Fw 9.43 2.207 9.60 1.886 0.314 0.783 0.081
DS-Bw 7.60 2.313 8.06 1.89 0.855 0.783 0.220
SNST 102.59 14.498 116.87 20.678 3.096 0.047 0.799
BAI 15.82 8.830 8.01 5.150 -4.185 0.000 1.080
CES-D 19.85 10.423 9.84 7.188 -4.332 0.000 1.118

RAVLT: Rey Auditory Verbal Learning Test; T1:T5: immediate recall trials 1-5; Total: total learning score; T6:proactive inter-
ference; T7: retroactive interference; DR: delayed recall; Recog: recognition; BSRT: Babcock Story Recall Test; IR: immediate
recall; ROCFT: Rey-Osterrieth Complex Figure Test; TMT-A/B: Trail Making Test A and B; VF-Phon: Verbal Phonological Fluency;
VF-Sem: Verbal Semantic Fluency; DSC: Digit Symbol Coding; DS-Fw: Digit Span Forward; DS-Bw: Digit Span Backward; SNST:
Stroop Neuropsychological Screening Test; BAI: Beck Anxiety Inventory; CES-D: Center for Epidemiological Studies Depression
Scale; LC-DYS: Long COVID with dysautonomia; CG: control group; M: mean; SD: standard deviation; P*: Holm-Bonferroni

adjusted p-values (a: .05); Cohen'’s d: effect size.

version 26. The significance threshold was set at a
= 0.05 (two-tailed), with 95% confidence intervals.

RESULTS

Concerning the independent samples analysis, as
shown in Table 2, the pooled results indicated sig-
nificant group differences in RAVLT-Total scores (t(58)

=3.98, P <.001, Cohen d = 1.03), RAVLI-T7 scores
(t(58) = 3.62, P < .001, Cohen d = 0.93), RAVLT-DR
scores (t(58) =4.01, P < .001, Cohen d = 1.04), DSC
scores (t(58) = 3.37, P =.013, Cohen d = 0.87), SNST
scores (t(58) = 3.10, P = .047, Cohen d = 0.80), BAI
scores (t(58) =-4.19, P < .001, Cohen d = 1.08), and
CES-D scores (t(58) = -4.33, P < .001, Cohen d =
1.12). These results reflect statistical significance as
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well as large effect size, indicating clinically meaning-
ful group differences.

No significant group differences were found in the
remaining neuropsychological tests.

According to the series of Mann-Whitney U tests
that were conducted and the pooled analysis, as pre-
sented in Table 3, there were statistically significant
differences in RAVLT-T7, RAVLT-DR and CES-D scores
between the groups, suggesting that CG performed
significantly better than LC-DYS at these neuropsy-
chological tasks.

To examine the influence of anxiety and depressive
symptoms on cognitive performance, multiple linear
regression analyses were conducted using pooled
results from five imputed datasets concerning LC-
DYS group. The results indicated that neither BAI
nor CES-D significantly predicted scores on any of the
19 cognitive variables. These findings suggest that,
although anxiety and depressive symptoms occurred,
they were not significantly associated with cognitive
functioning in this group.

According to our finding we found that the cogni-
tive performance that is impacted the most when
compared to the two group was associated with
the RAVLT-Total scores, RAVLI-T7 scores, RAVLT-DR
scores, DSC scores, SNST scores, BAl scores and CES-
D scores.

DISCUSSION

The present study examined cognitive performance
as well as self-reported symptoms of anxiety and
depression in patients with LC-DYS compared to
a CG, using a comprehensive neuropsychological
battery. Participants with LC-DYS exhibited
significant cognitive impairments, particularly in
verbal-learning, retroactive interference on verbal
recall, delayed verbal recall and processing speed.

These difficulties likely reflect impaired encoding and
consolidation under increased cognitive load, slowed
information processing, and heightened vulnerability
of memory traces to retroactive interference, thereby
affecting verbal recall. COVID-related myelin damage
compromise the way neurons receive and send
information.” Indeed, multi-lineage neural cell and
myelin deregulation has been put forward by a study
on the rapport between even mild COVID infections
and lasting cognitive impairment, suggesting the
presence of memory, concentration, and processing
information abnormalities attributed to long-COVID.
[51]

These cognitive deficits may, in the context of
central autonomic network (CAN) dysfunction as-
sociated with cardiovascular dysautonomia (CV-Dys),
reflect abnormal dynamic switching between large-
scale brain networks. According to the Triple Net-
work Model,”? dysfunction of the salience network
(SN)—which includes core CAN structures such as
the anterior insula (Al) and dorsal anterior cingulate
cortex (dACC)3l—may lead to inappropriate disen-
gagement of the default mode network (DMN) and
inefficient modulation of inter-network dynamics
during externally directed cognitive tasks, resulting in
inadequate activation of frontoparietal network (FPN)
regions,>" which are essential for verbal learn-
ing, resistance to retroactive interference on verbal
recall and delayed verbal recall. A dysfunctional SN,
which normally facilitates transitions between the
internally oriented DMN and the externally focused
FPN,54571 may therefore play a central role in the
observed impairments. This interpretation aligns
with intracranial EEG findings of study by Das and
Menon,® which demonstrated that the Al exerts
dynamic, context-dependent influence on both the
DMN and FPN, directly contributing to verbal memory
encoding and recall. Furthermore, in LC-DYS patients,

Table 3. Mann-Whitney U test concerning non-normally distributed cognitive measurements.

Cognitive Measurements Mean U* Median Range
RAVLT-T1 595.0 0.090 0.000
RAVLT-T6 610.5 0.064 0.000
RAVLT-T7 660.5 0.005 0.000
RAVLT-DR 691.5 0.000 0.000
RAVLT-Recog 584.5 0.090 0.000
ROCFT-Copy 576.0 0.090 0.000
CES-D 166.0 0.000 0.000

RAVLT: Rey Auditory Verbal Learning Test; T1: immediate recall trial 1; T6: proactive interference; T7: retroactive interference;
DR: delayed recall; Recog: recognition; ROCFT: Rey-Osterrieth Complex Figure Test; CES-D: Center for Epidemiological Studies
Depression Scale; U: Mann-Whitney U statistic; P*: Holm-Bonferroni adjusted pvalues (a: .05).
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memory breakdowns may arise from core deficits in
verbal learning and recall, together with increased
vulnerability to retroactive interference and inhibi-
tory control impairments. The domains of inhibitory
control and susceptibility to retroactive interference
share a common neurocognitive substrate. Specifi-
cally, they rely on the FPN and the dACC," which
mediate conflict monitoring and inhibitory control.
Additionally, slowed information processing speed,
consistent with findings from Forn et al.,’® may be
negatively correlated with functional connectivity
within the FPN, suggesting inefficient modulation of
FPN inter-network dynamics. Taken together, these
findings support the hypothesis that the cognitive
impairments observed in LC-DYS patients may stem
from overlapping neural mechanisms, wherein CAN
dysregulation contributes to dysfunctional SN-medi-
ated switching between the DMN and FPN, thereby
disrupting the network coordination required for
efficient verbal learning, resistance to retroactive
interference on verbal recall, and processing speed.

Furthermore, significantly elevated anxiety and
depressive self-reported measures were observed in
the LC-DYS group, without significant associations
with the cognitive functioning in this group. This
pattern deviates from previous studies, which reports
significant associations between affective symptoms
and cognitive dysfunction in patients with cardiovas-
cular dysautonomia.®'¢3 One possible interpretation
is that, in the context of CAN functional connectivity,
affective symptoms and cognitive performance may
be at least partially independent, reflecting a partial
functional dissociation between affective and cogni-
tive neural networks.-Affective symptoms are known
to modulate CAN activity through altered functional
connectivity between the ACC, insula, amygdala,
and brainstem autonomic centres.?® Disruption of
CAN may result in compromised neurovisceral inte-
gration, contributing to both cognitive inefficiencies
and affective dysregulation!'82834531 35 observed in our
study among patients with LC-related cardiovascular
dysautonomia.

Collectively, these findings support the interpreta-
tion that CAN dysfunction may explain the co-oc-
currence of cardiovascular autonomic dysregulation,
cognitive impairments (in verbal learning, delayed
verbal recall, retroactive interference on verbal recall,
inhibitory control and processing speed) and subjec-
tive measures of anxiety and depression symptoms
in patients with LC-DYS.

LIMITATIONS AND FUTURE DIRECTIONS

While the present findings offer important insights
into cognitive and emotional dysfunction in long
COVID-related cardiovascular dysautonomia,
several limitations should be acknowledged. First,

an important limitation of the present study is the
absence of a control group consisting of individuals
with LC but without CV-Dys, which would have
allowed for better control of confounding variables
and a clearer understanding of the specific
contribution of autonomic dysfunction to the
observed neurocognitive outcomes. Second, the
retrospective case-control design precludes causal
interpretations and limits the ability to track changes
over time.

Furthermore, the sex distribution was dispropor-
tionate, with an underrepresentation of male par-
ticipants, which may affect the generalisability of
the results and overlook potential sex-related differ-
ences in autonomic regulation and neurocognitive
functioning.

Future studies should aim to address the aforemen-
tioned limitations by including well-defined control
groups and employing longitudinal designs to better
disentangle the specific effects of CV-Dys within the
broader context of LC. In addition, future studies are
encouraged to incorporate physiological markers such
as HRV, along with structural neuroimaging data, to
elucidate the neurobiological mechanisms underlying
the observed deficits. Lastly, further exploration of
affective and psychophysiological domains, including
chronic stress, insomnia, and chronic fatigue syn-
drome, is necessary to clarify their interplay with
cognitive outcomes.

CONCLUSIONS

Given the high global prevalence of LC, including
cases with comorbid cognitive dysfunction and
CV-Dys, research into the relationship between
neurocognitive impairments and cardiovascular
dysautonomia is important for informing appropriate
rehabilitation strategies.

The present study adds to the growing body of
evidence on the cognitive and emotional consequenc-
es of LC-related CV-Dys. The findings indicate that
deficits in verbal learning, heightened susceptibility
to interference, slowed processing speed are cen-
tral features of the observed cognitive impairments.
These cognitive impairments may reflect disruptions
within the CAN, a neuronal network integrating au-
tonomic regulation, cognitive control, and affective
processing.

Overall, the results underscore the importance of
comprehensive, multidisciplinary assessment and
intervention strategies that address both neuropsy-
chological and autonomic dysfunction in patients
with LC-related cardiovascular dysautonomia. Inte-
grating neurocognitive rehabilitation with autonomic
monitoring and management may be essential for
improving functional outcomes of LC patients with

cardiovascular dysautonomia.
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TWO CASES OF AXONAL POLYNEUROPATHY
ASSOCIATED WITH LCIG THERAPY IN PARKINSON'S
DISEASE AND LITERATURE INTEGRATION

Evangelos Sfikas', Ariadne Daponte’, Christos Koros', Athina Maria Simitsi', Nikolaos Papagiannakis’, loanna Alefanti’, Vassilios
Constantinides', Evangelos Anagnostou’, Michael Rentzos', Leonidas Stefanis'?

"1st Department of Neurology, Aiginition Hospital, School of Medicine, National and Kapodistrian University of Athens, Athens, Greece
2Biomedical Research Foundation, Academy of Athens (BRFAA), Athens, Greece

ABSTRACT

Background: Peripheral neuropathy is increasingly recognised in Parkinson’s disease (PD), particularly
in patients receiving levodopa-carbidopa intestinal gel (LCIG). While most cases are chronic and slowly
progressive, acute and subacute neuropathies with variable pathophysiology have also been reported.
Objective: To describe two cases of advanced PD complicated by severe polyneuropathy during LCIG
therapy, and to contextualise their clinical and electrophysiological findings within current literature.
Methods: We conducted a detailed clinical assessment, laboratory evaluation, nerve conduction
studies (NCS), and electromyography (EMG) in two male patients with advanced PD treated with LCIG.
Relevant laboratory and nutritional factors were also examined. Results: Both patients developed severe
sensorimotor axonal polyneuropathy. Case 1, a 67-year-old man, exhibited chronic axonal damage with
reinnervation in the context of folate deficiency, systemic illness, and renal impairment. Case 2, a 70-year-
old man, presented with active denervation and sensory ataxia, associated with mild vitamin B12 deficiency,
weight loss, and renal dysfunction. Both received intravenous immunoglobulin (IVIG) with partial clinical
improvement. Conclusion: LCIG-associated neuropathy is heterogeneous, encompassing both chronic
compensated forms and more aggressive phenotypes with ongoing denervation. Multiple mechanisms—
including high levodopa exposure, vitamin depletion, malnutrition, renal impairment, and possible immune
factors—may converge in its pathogenesis. These cases emphasise the importance of early prophylactic
vitamin supplementation, regular metabolic and neurophysiological monitoring, and timely recognition of
both acute and chronic forms to optimise outcomes in LCIG-treated patients.

Keywords: Parkinson's disease; levodopa-carbidopa intestinal gel; polyneuropathy; vitamin deficiency

AYO MNEPINTQZEIZ AZONIKHZ MOAYNEYPOIAOSEIAX
2XETIZOMENHXZ ME THN ©EPATEIA ME ENTEPIKH T'EAH
NAEBONTOIMNA/KAPBINTOINA THN NOZO PARKINSON
KAl ANAZKOIMHZH THZ BIBAIOIPAO®IAX

Eudyyenos Xonkas', Apidbvn Aanovte!, Xpnotos Kopds', Abnvd Mapia Ziuitori', NikdAaos lManayiavvdkns’, lwdvva Adepdvin’, Baoifeios
Kwvotavaviéns', Eudyyedos Avayvaaotou’, Mixanid Pévi{os', NAewvibas Ltepavns'?

A" Neupodoyikn KAvikn, Alyiviteio Noookoueio, latpikri Zxonn, EOviko kai Kanobiotpiakd lNaveniotipio ABnvav, Abriva
216pupa latpoBiofoyikwv Epeuvav ts Akabnuias ABnvav (IIBEAA), ABhva

MEPINHWH

Eicaywyh: H nepipepikn veupondBeia avayvwpiletal odoéva kal ouxvotepa otn vooo Mdpkivoov (PD),
161aitepa og aoBeveis nou NapBdvouv eviepikn véNn AeBovidna-kapPividna (LCIG). Av kal ol NEpIoOOTEPES
NePINTWOEIs €ival xpovies kal e€eniooovtal apyd, éxouv enions avagpepBei ofeies kal unoeies veupondBbeies
pe noikiin naBoguoiofoyia. Zkonds: H nepiypadn 6Uo nepIoTatikwv npoxwpnuévns PD nou napouciacav
oofapn noduveupondBeia katd tn didpkeia Bepaneias pe LCIG, kaBms kal n gpunveia twv KAVIKOV Kal
nAektpopualoAoyIKwY eupnudtwy tous oto niaioio ths undpxoucas BiRAioypapias. MéBodor: Aievepynh-
oape Agntopepn KAvikh agloAdynon, epyactnplakd énfeyxo, niektpoveupoypdenua (NCS) kal NnAEKTpOpU-
oypdonua (EMG) os dUo dvdpes aoBeveis pe npoxwpnuévn PD und Bepaneia LCIG. EEetdotnkav enions
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oxetkoi epyactnplakof kai diatpo@ikoi napdyovies. AnoteAéopata: Kai ol 6Uo aoBeveis eppdvicav copapn
aloBnukokivnukh afovikh nofuveupondBeia. To Meplotaukd 1, dvdpas 67 €Wy, Napouciaoe xpovia ato-
vikh BAdapn pe enavavedpwon, oto niaiclo édneiyns uAdikoUu o&os, ouoTNPATKAS VOCOU Kal VEPPIKAS
duonetoupyias. To Mepiotatkd 2, avdpas 70 €1y, napouciace evepyd anovelpwon Kal aioBnukn ata-
€ia, ouvbedpevn pe hmia éAAsipn Prtapivns B12, anwieia Pdpous Kal veppikh duoneitoupyia. Kar ol duo
énapav evbopnéfia avoooapaipivn (IVIG) pe pepikn kaivikn Pentiwon. Zupnepdopata: H veupondBeia
nou oxetiCetal pe LCIG eivarl etepoyevns, nepiiauBdavovias 100 XpOVIeS, avippOnoUPEVES HOPPES OCO Kal
nio eniBetkoUs @aivotunous pe evepyd anoveUpwon. Mondannoi pnxaviopoi-oupnepifaupavopévns tns
uynAns ékBeons og Agfovidona, s AAsiyns PItapivay, Tou unocitopou, s veppikhs duoneitoupyias kal
niBavav avooofoyik®v napaydviwv-unopsi va cupfaniouv otnv naboyéveld ns. Ta NEPICTATKE autd uno-
ypappidouv tn onpaocia s NpwIPNs NPOeUAAKTKAS cupunANPWUATIKNS Xophynons BITapivay, Tns TaKUKAS
uetaPonikns kal nisktpo@uaolonoyikhs napakoAouBnons, Kal tns €ykalipns avayvmplions 1000 Twv 0&Ewv
600 Kal TV XpOviwv HopP®V yia T BeAuotonoinon twv anotefeopdtwy os acBeveis unéd Bepaneia LCIG.

Né€eis-kAe161a: Nooos Mdpkivoov, eviepikn yénn Aefovidna—kapPBiviona, noAuveupondabeia, éAReiyn Bitapivov

INTRODUCTION

Parkinson’'s disease (PD) is a progressive
neurodegenerative disorder defined by motor
symptoms such as bradykinesia, tremor, and
rigidity, but it is increasingly recognised as a systemic
condition with multisystem involvement. Among
its non-motor manifestations, gastrointestinal
dysfunction is particularly relevant, not only because
of its impact on quality of life, but also because
of its role in levodopa absorption and treatment
response.[!

In recent years, peripheral polyneuropathy have
emerged as important complications in advanced
PD, especially in patients treated with levodopa-
carbidopa intestinal gel (LCIG). While the reported
prevalence varies, observational studies suggest
that neuropathy occurs in 10-15% of LCIG-treated
patients, with both symptomatic and subclinical
cases identified on electrophysiological testing.
219 Two main phenotypes have been described:
a chronic, slowly progressive axonal sensorimotor
neuropathy, and an acute or subacute form,
sometimes resembling Guillain-Barré syndrome or
chronic inflammatory demyelinating polyneuropathy
(CIDP).[6.9.11]

The pathophysiology of LCIG-associated
neuropathy is multifactorial. High-dose levodopa
metabolism increases homocysteine levels via
catechol-O-methyltransferase activity, leading to
functional deficiencies of vitamin B12, folate, and
pyridoxine, and accumulation of methylmalonic acid.
B4 Malnutrition, significant weight loss, and renal
dysfunction may exacerbate this vulnerability."” In
addition, immune-mediated mechanisms have been
proposed, with some patients showing albumino-
cytological dissociation, antiganglioside antibodies,
and partial response to intravenous immunoglobulin
(IVIG).ve 1 Finally, small fibre neuropathy has been
demonstrated early after LCIG initiation, even in the

absence of large fibre involvement, underscoring
the potential for early subclinical nerve damage.?

Preventive strategies focus on vitamin
supplementation and systematic monitoring.
Several prospective studies have shown that early
and continuous administration of cobalamin,
folate, and pyridoxine reduces the incidence of
acute and subacute neuropathies, although chronic
progression may still occur.*®'Regular surveillance
of body weight, homocysteine, methylmalonic acid,
vitamin levels, and serial neurophysiological studies
are increasingly recommended to detect neuropathy
at an early stage.’>'%

Despite accumulating evidence, the true incidence,
risk factors, and natural history of LCIG-related
neuropathy remain incompletely understood, and
clinical practice varies widely across centres. In this
report, we present two patients with advanced PD
who developed severe sensorimotor polyneuropathy
during LCIG therapy, illustrating the clinical
heterogeneity of this complication and discussing
the findings in light of current literature.

CASE 1

A 67-year-old man with an 18-year history of PD
developed motor fluctuations, hallucinations, and
orthostatic hypotension after 10 years of disease,
with poor response to oral levodopa therapy. LCIG
was initiated at 1910 mg/day, later escalated to 24-
hour infusion 2645 mg/day. Seven months later, he
reported glove-and-stocking paraesthesias and B12
supplement oral therapy was initiated.

Two months later, he experienced a generalised
seizure and systemic deterioration with hepatic and
renal failure, empyema, pneumothorax, weight loss,
and prolonged immobility. On admission, he showed
diffuse muscle atrophy, distal weakness (lower >
upper limbs), absent reflexes, and loss of vibration
and proprioception.
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Laboratory tests showed anaemia, folate deficiency
(1.8 ng/ml), with elevated vitamin B12 levels (>1800
pg/ml). Autoimmune and paraneoplastic screening
were negative; CSF revealed mildly elevated protein
(62 mg/dl). Steroid therapy was ineffective, while IVIG
provided only mild motor improvement.

Electrophysiology demonstrated a severe axonal
sensorimotor polyneuropathy with chronic denerva-
tion and reinnervation changes. Despite persistent
sensory deficits, strength was relatively preserved,
though he became wheelchair dependent, due to
osteoporotic fractures as well. LCIG infusion contin-
ues to 2248 mg/day until present day.

CASE 2

A 70-year-old man with a 13-year history of PD,
complicated by motor fluctuations and painful
dystonia, underwent LCIG initiation with infusion
at 1878 mg/day. His course was complicated by ~15
kg weight loss, episodes of epigastric discomfort, and
acute renal dysfunction, while in the past 8 months
he remained mainly bedridden, due to knee arthritis
and consequent arthroplasty and adoption of genu
varus.

By 2024 and within weeks, he developed fine mo-
tor impairment and pseudoathetosis of the hands,
distal weakness, and gait inability. On examination,
there was atrophy of the right quadriceps and gas-
trocnemius, distal upper limb weakness, absent lower
limb reflexes, glove-and-stocking sensory loss, and
severe sensory ataxia.

Laboratory studies revealed anaemia, renal impair-
ment, and low vitamin B12 (237 pg/ml). CSF protein
was elevated (87 mg/dl). He was treated with IVIG,
with partial sensory and motor improvement, and
started on B12 and folic acid supplementation.

NCS showed severe length-dependent axonal
sensorimotor polyneuropathy with possible super-
imposed right median nerve entrapment. EMG
confirmed chronic neurogenic changes with active
denervation. He remains on LCIG with periodic IVIG
therapy and vitamin supplementation.

Table 1 is indicating electrophysiological findings
of the two patients.

Table 1. Electrophysiological findings.

DISCUSSION

Polyneuropathy is a well-documented but under-
recognised complication of LCIG therapy in advanced
Parkinson’s disease. The two cases presented
here illustrate its heterogeneity, with one patient
developing a slowly progressive, predominantly
axonal neuropathy characterised by chronic
denervation and reinnervation, and the other
presenting with a more aggressive course marked
by active denervation and sensory ataxia, probably
indicating an immune-mediated course of disease.
These different trajectories underscore the clinical
spectrum of LCIG-associated neuropathy, which has
been repeatedly observed in both prospective studies
and case reports. 2679

The epidemiology of LCIG-associated neuropa-
thy is variable, with prevalence estimates ranging
from 13% to as high as 25%, depending on study
design and diagnostic methods.!>71% In general Par-
kinson’s cohorts, neuropathy is present in approxi-
mately 10-15%, but it appears far more frequent
in patients treated with LCIG, suggesting that both
cumulative levodopa exposure and pharmacokinetic
factors associated with continuous intestinal infusion
contribute to its development.l'>'3 Most cases are
chronic axonal polyneuropathies, although acute
or subacute forms have been described, some of
which resemble Guillain-Barré syndrome or chronic
inflammatory demyelinating polyneuropathy.!682.11
Havr nkov and colleagues recently reported that
acute polyneuropathy occurred in up to 11% of pa-
tients on LCIG, particularly at daily levodopa doses
exceeding 2600 mg daily.®! Case 1 patient received
high levodopa doses within this risk range, which
likely contributed to the severity of his neuropathy.

The mechanisms underlying LCIG-related neuropa-
thy are multifactorial. The most consistent explana-
tion centres on levodopa metabolism via catechol-O-
methyltransferase, which generates homocysteine.
When homocysteine is not effectively metabolised,
due to relative deficiencies of vitamin B12, folate, or
pyridoxine, it accumulates and exerts direct neuro-
toxic effects through oxidative stress, mitochondrial
dysfunction, and impaired methylation pathways® '

responses; very low ampli-
tudes; possible compressive
lesion of right median nerve

changes with fibrilla-
tions and positive sharp
waves; active denerva-
tion

Patient Age |NCS Findings EMG Findings Final Interpretation

Case 1 67 Severe reduction/absence of | Chronic denervation Chronic severe axonal senso-
sensory and motor respons- | with polyphasic motor | rimotor polyneuropathy with
es, consistent with axonal unit potentials and rein- | reinnervation
sensorimotor polyneuropathy | nervation

Case 2 70 Severe reduction/absence of | Chronic neurogenic Severe length-dependent axonal

sensorimotor polyneuropa-
thy with active denervation
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In keeping with this mechanism, both of our patients
had vitamin abnormalities: folate deficiency in the
first and low vitamin B12 levels in the second. Nu-
merous studies have confirmed the depletion of B
vitamins in LCIG-treated patients and linked these
deficiencies to both biochemical alterations, such as
elevated methylmalonic acid, and clinical neuropathy.
(415181 pyridoxine depletion, in particular, has been
correlated with higher levodopa doses.!'!

Nutritional factors also play an important role.
Weight loss has been consistently associated with
neuropathy severity in LCIG patients, with those
losing more than 10% of body weight demonstrat-
ing significantly higher rates of polyneuropathy.l'®
Both of our patients experienced notable weight
loss during treatment, which likely exacerbated their
vulnerability. Renal dysfunction, which was present
in both cases, may further impair clearance of ho-
mocysteine and related metabolites, amplifying their
neurotoxic potential. These observations reinforce
that neuropathy in this setting is not merely a phar-
macological complication but rather the product of
a complex interaction between drug metabolism,
immune pattern, nutritional status, and systemic
comorbidities.

An additional dimension is the role of small fibre
pathology. Devigili et al. demonstrated that small
fibre neuropathy can occur early during LCIG treat-
ment, sometimes within months, even in the absence
of large fibre involvement.P! This supports a step-
wise model, in which small fibre damage precedes
the emergence of clinically significant large fibre
polyneuropathy. The early paraesthesias and painful
dysesthesias reported by both of our patients may
reflect such early small fibre involvement.

Although metabolic and nutritional mechanisms
predominate, immune-mediated contributions have
been described. Several reports have documented
cases with albumino-cytological dissociation, anti-
ganglioside antibodies, or rapid deterioration sug-
gestive of a dysimmune process.l'®'"! Some patients
improved with immunomodulatory therapies, such
as intravenous immunoglobulin or corticosteroids.
8 In our series, both patients received IVIG and
experienced partial improvement, supporting the
possibility that immune mechanisms may contribute
in a subset of cases. Uncini and colleagues have
proposed that acute, subacute, and chronic forms
of LCIG-associated neuropathy may represent a con-
tinuum of related mechanisms, rather than entirely
distinct entities.”!

Electrophysiological findings in our cases further
illustrate the heterogeneity of this condition. The first
patient showed severe axonal loss with evidence of
reinnervation, consistent with long-standing com-
pensated neuropathy. The second patient, by con-
trast, exhibited active denervation, indicative of a

more aggressive and multifactorial process. Such vari-
ability has been reported across different series, with
both pure axonal and mixed axonal-demyelinating
patterns observed.’®%12 These findings emphasise the
need for comprehensive and repeated neurophysi-
ological assessments, as single-point studies may un-
derestimate the evolving nature of the neuropathy.

Management of LCIG-associated neuropathy
remains challenging. Vitamin supplementation is
currently the cornerstone of prevention. Several
studies have shown that early and continuous sup-
plementation with cobalamin, folate, and pyridoxine
reduces the risk of acute neuropathy and helps sta-
bilise neurophysiological findings, although chronic
progression may still occur in approximately one-fifth
of patients.[*'® Our cases highlight the limitations
of delayed supplementation, as both patients began
vitamin therapy only after the onset of neurologi-
cal symptoms. Other strategies, such as the use of
COMT inhibitors to reduce homocysteine genera-
tion, have been proposed, although robust clinical
evidence is still lacking."¥ For patients with rapidly
progressive neuropathy, immunotherapy with IVIG
or corticosteroids may be considered, although re-
sponses are often incomplete.l"® Finally, in the most
severe cases, dose reduction or discontinuation of
LCIG may be necessary, particularly when high doses
of levodopa are being administered.?

Taken together, our cases and the existing litera-
ture highlight several clinical implications. All pa-
tients being considered for LCIG should undergo a
baseline evaluation including vitamin levels, homo-
cysteine, methylmalonic acid, renal function, and
neurophysiological studies.”®'® Prophylactic vitamin
supplementation should be started at the initiation
of LCIG, irrespective of baseline levels, as preventive
therapy is superior to corrective therapy after symp-
toms emerge.[*® Longitudinal monitoring should
include regular assessments of weight, renal func-
tion, vitamin status, and electrophysiological testing.
219 Emerging tools, such as quantitative sensory
testing, skin biopsy, or corneal confocal microscopy,
may allow earlier detection of small fibre neuropa-
thy before irreversible large fibre damage occurs.?!
Clinicians should also maintain a high index of sus-
picion for immune-mediated contributions in rapidly
progressive or atypical presentations, and consider
immunotherapy in selected cases.!"®!

The future management of LClG-associated neu-
ropathy will depend on refining prevention strategies
and improving early detection. Multicentre prospec-
tive studies are needed to define optimal supplemen-
tation regimens, clarify the role of COMT inhibition
or other metabolic modulators, and establish the
utility of small fibre biomarkers.®®'® Further work is
also required to distinguish metabolic, nutritional,
and immune contributions to this complication, as
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treatment approaches may differ depending on the
dominant mechanism.

In summary, the two cases described here exem-
plify the heterogeneous clinical and electrophysiologi-
cal presentations of LCIG-associated polyneuropathy.
They highlight the multifactorial pathogenesis of
this condition, in which high levodopa exposure,
vitamin depletion, nutritional compromise, renal dys-
function, and immune factors all play a role. Most
importantly, they underscore the necessity of preven-
tive supplementation, systematic monitoring, and
early recognition, which remain the most effective
strategies for safeguarding neurological outcomes in
patients treated with duodenal levodopa infusion.
Larger prospective studies are needed to clarify the
interplay between levodopa dose, nutritional status,
systemic illness, and immune-mediated mechanisms.
Standardised supplementation protocols and neuro-
physiological monitoring should be integrated into
LCIG programs to minimise morbidity.

CONCLUSION

Polyneuropathy is a clinically significant complication
of advanced PD and LCIG therapy. The two cases
presented illustrate heterogeneous presentations,
from chronic reinnervation to active denervation with
entrapment neuropathy. Preventive supplementation,
vigilant monitoring, and early recognition are
essential to improve outcomes in this vulnerable
population.
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Kal o€ nAektpovikN €ékdoon ouunAnpwaote thv nAsktpovikn oas dieuBuvon:
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O6nyieg npog Toug ouyypaygeig

To nepiodikd APXEIA KAINIKHEZ NEYPOAOIAZ xukiogopei kBe dUo phves kal anotenel 1o enionpo dpyavo
s EAAnvikns Neuponoyikhs Etaipeias. Me tnv Ynoupyikh Anéeaon AY2a/T.MN.oik. 66198/1/6/2006, nou
dnpoaieubnke oto ®.E.K. 1034/B/1-08-2006, npootébnke otov Katdnoyo twv neplodikav pe EBvikn Avayvapion.

“YAn tou MNepi1odikoU

1. Avaokonikd ApBpa: H éktaon tous dev npénel va unepPaivel us 6.000 AéCers.

2. Epyaoies: KAivikés A gpyaotnplakés pengtes. Aev npénel va unepfaivouv us 4.000 AgEels
(oupnepiAauBavopévwy €ws 6 MVAkwy Kal IkOVwY). Asv npénel va éxel nponynBei dnpocieuoh tous o€
anndo éviuno. NepifauPBdvouv ceiba titAou, dopnpévn nepiAnyn, eicaywyn, pébodo, anoteféouara,
oudhtnon kai BiRAioypagia.

3. ZUVIOpES QvaKOIVOEIS Kal fpdupata npos th ouvtaén: IxoAia yia epyaaies nou éxouv dSnpocoieuBei n
oUvtopes avagopés oe éva Bépa. Aev npénel va unepPaivouv us 1.500 Aé€eis kal nepifapBdvouy éws 2
Nivakes N eIKOVES.

4. Evbiapépovta nepiotatkd: Opio AéEewv 1.500, pe tn ceida titdou, nepiAnyn kar ts PiBAioypagikés
avagopés. Enitpénovial péxpr 2 eIKGVeS N NIVOKES.

5. Neuponoyikés Eikdves pe eknaideutikd evoiapépov: Oplo 4 gikoves yia to ibio Bépa kal 200 né€els.

Emifoyés kal oxoniaouds s BiBAioypagias.

7. Neuponoyikd Néa - Eibhaoels - Evnuepwtkes Xedides, dnws vea tns EAAnvikhs Neupodoyikhs Etaipeias kal
OUYYEVMV ETAIPEIDY, AVAKOIVDOE! cuvedpiwy kal dNAwv eknaIBeUTIKDY SpactnNPIoTATWV.

o

Aopn tns UANs

Mvovtal 6ektés epyaoies ota enAnvikd h ayyAIKd.

YnoBdaAAetal ndviote o TitAos, ta ovéuata v ouyypapéwy Kai n nepiinyn kal ota ayyAika.

Ta keipeva Ba npénel va anooténnovial og pop®hn Microsoft Word document.

Zeniba titou: Mepiéxel tov ttno, ta NANnpN ovouata Twv ouyypaPéwy, 1o ibpupa npoéisuons, tn dielBuvon
Kal To tNAépwvo tou uneuBuvou yia tnv addnfoypagia Kal 1oV KAatauetpnpévo aplBud AéEewvy.

Mepidnyn: Mapouaoialel ta KUpIdTtepa onpeia tns epyaacias. Aev npénel va unepPaivel us 250 A€Cels. 1o Aos
s napatiBevtal 3-10 Aé€els eupenpiou.

AyyAikn nepidngn: MNMapouacidlel os ouviopia v epyacia. H éktaonh s sivar ws 400 Agels. Znv apxh s
ypd@ovtal T ovopaTa Twv CUYYPaPEéwy Kal o ttAos tns epyacias ota ayyAikd.

Ne€eis-kAgibid: éws 6 NéEels kNeldId.

BiBrioypagia: O1 BiBnioypaikés napanounés apiBuouvial ye au€ovia apiBud avanoya Pe t oelpd EPPAvIoNs
T0Us oto Kefpevo (Vancouver). Ones ol BiBAIoypa®ikés napanounés va avapépovial péoa o€ aykunes. M.x. O
Smith [1] avépepe 6T ... kal ta euphpata autd eniBeRaidBnkav and tov Adams kai ouv [2]. Avaypdpovial éws
Kal ol 3 nptol cuyypageis. Xtov nivaka s BiBAioypapias nepidapBavovial pévo exeives ol BIBAIoYpapIkés
NaPAnopnés Nou avapépovial oto KEiPEVO Kal 0 Nivakas ouvtdoostal Ye au&ovia apiBud nou avuotoIxel otn
oglpd euPavions twv BIBAIOYPAPIKOY NAPANOUNOY OTO KEIJEVO M.X.

Mivakes: Tpdgovtal o€ Eexwploth oenida, petd to €Nos twv BiBAIoypagikmy avagopwy. ApiBuolvial e
oglpd €PPAVIONS TOUS OTO Kefuevo kal ouvodevovtal and clviopn eneghynon.

Eikdves: Anooténfovtal ta npwtdtuna oxédia h pwtoypagies kanns noiétntas. Na unofannovial oav apxeia
glkovas Eexwplotd and 1o keipevo tou MS Word. ApiBuoulvtal pe tn ogipd eJeAavions oto Keipevo. Y10
Keipevo Ba npénel va undpxel caehs Napanopnh otov Ttio twv NAEKTPOVIKDY apxeiwv. Ze Eexwploth oeida
avaypdovtal ol Ttol Twv eIKOVWY Kal 0l TUXOV ENeENYNOEIS.

latpikn Agovrtofoyia: Y& NEPINTWOEIS EQEUVMDV MOU aPOoPoUV avBpwNous, N €peuva NPENEl va €Xel YiVel
pe Paon tn diakhpu&n tou EAaivki (1975). Ze NeEPINTDOEIS PwTOYPAPIDY aoBevayv, Ba npénel va undpxel
€yypapn ouykataBeon.



2uvodeuTIKO évtuno unoBaAAdopevNG epyaociag

©a npénel va cupninpwBouv OAA ta onpeia tou eviunou. AANn cuvodsutkn eniotonn dev eival anapaitntn.

Eidos apBpou (onueitdote povo éva)
Q Epsuvnukn epyacia O Bpaxeia epyaoia - evbiapépov nepiotaukd O Avaokénnon
Q Bpaxeia avackénnon O Eibikd dpbpo QA Mpdupa ot otvtaén O Neupo-€IKOVES

Titnos:
YneuBuvos yia tnv addnfoypagia cuyypaéas:
AlguBuvon:

TnAgpwvo: FAX: e-mail:

EniBepaiote v nAnpdnta s unofonins 1ou xelpoypdPou oas, onueimvovtas OAA ta Napakdtw onpeia

Titnos tou dpBpou ota EAANVIKE kar ota AyyAika pe pikpd ypdpuata

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

Aopnpévn nepidnyn ota EAANvIKG kar ota AyyAikd

[ W Sy W W]

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

O OAda ta ovopata twv cuyypadéwy ous BIBAIOYPAPIKES NAPAMNOUNES
(Léxpl 3 Kal 0Tn ouVEXela «kal ouv.» N «et al»)

Q H BiBrioypagia ous teAeutaies oenides twv dpBpwv

Anflwon
AnAmvw unevBuva ou:

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

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

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

kal ouvunofdnnetal).

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

O uneuBuvos yia v anindoypaia cuyypapéas

(unoypaon)





