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We are pleased to welcome you to the current issue of Archives of Clinical Neurology. In this
issue, we present a collection of 5 articles addressing topics of great interest and potentially
significant impact on the practice of neurology.

In a consensus article, the members of the Headache Scientific Panel of the Hellenic Neu-
rological Society present recommendations on the use of monoclonal antibodies and small
molecules against CGRP or the CGRP receptor in the treatment of migraine and cluster
headache. This important article addresses questions on initiation of these novel treatments,
evaluation of their therapeutic effect and decision to discontinue; these treatments could be
proven to be life-changing for many migraine and cluster headache patients.

An expert opinion article by Spanaki and colleagues covers the topic of apomorphine use in
the treatment of Parkinson’s disease and provides a reference guide for the general neurolo-
gist on how to identify and treat patients that could benefit from apomorphine intermittent
injections or apomorphine continuous infusion. The authors conclude that apomorphine holds
a unigue place in the armamentarium of advanced Parkinson’s disease treatment, and that
neurologists need to familiarize themselves with its use and consider it in the therapeutic
strategy of patients with Parkinson’s.

Kokotis and colleagues present an excellent review on small fiber neuropathy. They summa-
rize diagnostic tests that assess the severity of structural and functional impairment such as
guantitative sensory testing, axon reflex flare responses, evoked potentials, corneal confocal
microscopy and intra-epidermal nerve fiber density evaluated with skin biopsies, and focus
on processes and conditions that may lead from peripheral neuropathy to neuropathic pain.

In a teaching neuroimage communication, Zouvelou and Karandreas present a case of positive
ice test in acute anti-GD 1b neuropathy and highlight that although the ice test is considered
highly specific for myasthenia gravis, it might be positive in neuropathies with antiganglioside
antibodies, and practicing neurologists need to be aware of this condition. Last, but not least,
Zouvelou reports another teaching neuroimage of an amyotrophic lateral sclerosis patient
with split hand sign and Wartenberg sign. These two clinical signs may inform neurologists
on the timely diagnosis of motor neuron disorders.

Michail Vikelis
Neurologist, MSc in Headache Medicine, PhD
Headache Scientific Panel of the Hellenic Neurological Society
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Keipevo Opopwvias...

«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 CONSENSUS ARTICLE APBPO OMO®QONIAZ

APOPO OMOO®QNIAZ: H ATTOWH TOY KAAAOY KEODA-
NANTIAZ THZ EAAHNIKHZ NEYPOAOTIIKHZ ETAIPEIAZ
MNA TH XPHZH MONOKAQNIKQN ANTIZQMATQN KAl
MIKPQN MOPIQN ME 2TOXO TO MONOIATI TOY CGRP
2TH ©EPAIEIA THX HMIKPANIAZ KAI THX A©GPOIXTIKHL
KEOAAAATIAZ XTHN KAINIKH MNMPAXH

MixanA Bikens !, Eupavouni Agpuit{dkns 2, Avbpéas A. Apyupiou B! Anuntpios Pikos “, Mavayicddtns LoAbdros P, Mewpyios Lt. BAdxos
6l Kwvortavtivos Natas!”, Jobst Rudolf 8, EuBduios Aapbiitns H, Be6bwpos Kapanavayiwtibns™, Mavayicdtns A. Mnitoias 1'% ek pépous
tou KAdbou Kepananyias tns EAAnvikns Neupodoyikns Etaipeias

" latpeio Kepaadyias Mupdbas, MMupdba

2 Neuponoyos, Euromedica levikn KAvikn, ©sooaiovikn

3 E161KO latpeio Kepadanyias, NeupoAdoyikn KAvikn, [eviké Noookoueio INatpwyv “Ayios Avbpéas”, lNdtpa

4 Mavermotnpiakn Neuporoyikn KAvikh, Noookopegio Adpioas, Mavernotiuio ©sooadias, Adpioa

°> Neuponoyos, Kadaudta

¢ NeupoAdyos, XaAdvdpi

7 A" Neuporoyikn KAivikn, latpiki 2xoin, Apiototédeio MNaveniotipio ©sooaovikns, M.1.N.©. AXElA, Bsooarovikn

8 Neuporoyikn KAvikn, Noookopeio lMNanayswpyiou, ©sooarovikn

9 B” Neuporoyikn KAvikn, latpikn Xxorn, Apiototédeio Maveniotnuio ©gooanovikns, [1.I.N.6. AXEIA, ©sooaovikn

10 Neuporoyikn KAvikn, [Maveniotnuiakd eviké Noookoueio HpakAeiou, latpikn Zxodn, MNaveniotipio KpAtns, Hpdkieio

NepiAnyn

To veuponentidio CGRP (calcitonine gene -related peptide) kal o unodoxéas tou (CGRP/CGRPr) ano-
1eAoUV 10 OTOX0 HIas oslpds Kalvotopwy Bepansimy yia tnv npikpavia. Hon, téooepa povokAwvIKa
avuowpata pe otdxo 1o CGRP/CGRPr éxouv Adfel éykpion yia xphon otnv npoguAaktkn Bepansia
s npikpavias otnv Eupwnaikn Evwon Kkal, ws €k toutou kal otnv EAAGSa. Tpia anéd autd ival epno-
pikda 6100éo1pa otn xwpa pas kai anodnpimvovial and tov EOMNYY, uné npoUnobéaeis. H évbei§n tous
agopd tnv npofnnukh Bepaneia tns nuikpavias o€ acbeveis pe 4 h NEPICOOTEPES NUEPES PE NUIKPA-
via to pnva. Enions, éva pikpd poplo pe otéxo tov unodoxéa tou CGRP éxel AdPel évdei§n téoo otnv
npofAnnukh Bepaneia tns npikpavias, 6co kal otnv Oepaneia tns nUIKPAvIKNs Kpions Kal avapévetal
va gival eunopikd 1a0éacipo otn xwpa pas péoa oto Npwto tpipnvo tou 2023. O KAddos Kepadanyias
tns EAANnvikhs Neuponoyikns Etaipeias, o€ cuvéxela NponyoUEVOU OXEUKOU ApBpou Kal NPOKEIPEVOU
va dieukonUvel nepaItépw v opain EVOWHPATWOoN TwV VEWV dUT®OV GapHAKwy otnv KAIVIKA NPAKTUKA
wwv EAAAvVwV veuponoywv, anogdoioe va dSnpioupynoel 1o napév apbpo opowvias, katéniv ave§ap-
ntns a§loAdynons OTOIXEiWV TwV ENICNPWY EYKPITIKWV KAl PETEYKPITIKWY HEAETMY, KateuBuvinpiwv
ouotdoswv and Siebveis enotnpovikés gtaipeies, anfd kal tns tPéxoucas NPAyPAtKOTNTAs Kal Katd-
otaons otnv kAIvikA npd&n twv veuponoywv otnv EANGda. 1o npwto pépos tou dpbpou yivetal pia
ouvonukh avapopd ota kAivikd dedopéva yia ta povokAwVIKA avuowpata Kai ta PIKkpd pépla katd
tou CGRP/CGRPr, evid oto eUtepo napéxovial ouvaivetikés ouotdaoels, fdosl KAIVIKWV KpItnpiwv, ws
npos us ano@dosis évapéns, aloidynons kai Siakonns aut@v twv Bepaneiwv. O CUCTACEIS AUTES
kpivetal 6u Oa npénel va enava&iodoynBouv oe didotnpa 6xi peyanutepo and 3 €tn and tnv napouaca
avaBewpnon tous.

Né€eis eupetnpiou: npikpavia, npoguiaktkn Bepaneia, Ogpaneia npikpavikhs kpions, CGRP, povokAwvikd
avuowpata, erenumab, fremanezumab, galcanezumab, eptinezumab, rimegepant, atogepant
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ApBpo opowvias yia us vées Bepaneies otnv npikpavia
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CONSENSUS ARTICLE: THE OPINION OF THE HEADACHE

SCIENTIFIC PANEL OF THE HELLENIC NEUROLOGICAL SO-
CIETY ON THE USE OF MONOCLONAL ANTIBODIES AND

SMALL MOLECULES TARGETING THE CGRP PATHWAY

IN THE TREATMENT OF MIGRAINE AND CLUSTER HEAD-

ACHE IN CLINICAL PRACTICE
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Abstract

Novel anti-migraine therapies act by antagonism of CGRP (calcitonine gene -related peptide) or its
receptor (CGRPr). Currently, four monoclonal antibodies targeting CGRP/CGRPr have been approved for
migraine prophylaxis in the European Union. Their core indication refers to the preventive treatment of
migraine in patients with 4 or more monthly migraine days. Three of them are commercially available in
Greece and are reimbursed by the National Agency for the Provision of Health Services, provided that
certain clinical conditions are fulfilled. In addition, a small molecule targeting the CGRP receptor has been
approved in both the preventive and the acute treatment of migraine and is expected to be commercially
available in Greece in the first quarter of 2023. The Headache Scientific Panel of the Hellenic Neurologi-
cal Association, following a previous article and in order to further facilitate the smooth integration of
these new drugs into the clinical practice of Greek neurologists, decided to create this consensus article,
following an independent evaluation of data from official approval and post-authorization studies, guid-
ing recommendations from international scientific companies, as well as the current real life practice of
neurologists in Greece. The first part of the article briefly describes the clinical data on the efficacy/safety
of monoclonal antibodies and small molecules against CGRP/CGRPr, while the second provides concensus
recommendations, based on clinical criteria, as to the decisions to initiate, evaluate and discontinue these
treatments. The current recommendations should be reassessed no more than 3 years after their present
revision.

Key words: migraine, prophylactic therapy, migraine attack treatment, CGRP, monoclonal antibodies, erenum-
ab, fremanezumab, galcanezumab, eptinezumab, rimegepant, atogepant

xwpa pas. H évbeitn tous apopd o aoBeveis pe 4 1

1. Elcaywyn

Téooepa povoKAWVIKG avUoWHATa KAtd ToU VEU-
ponenudiou CGRP n tou unodoxéa tou (erenumab
katd tou unodoxéa, fremanezumab, galcanezumab
Kal eptinezumab katd tou veuponenudiou) Exouv hdN
AdpPel éykpion yia xphon otnv npoguiakukh Bepaneia
s npikpavias otnv Eupwnaikn Evwon 1234 kal ta
npwta tpia and autd kukAopopoUv eunopiké otn

Apxeia Kivikns Neuporoyias 32:1-2023, 18-28

NEPIOCOTEPES NUEPES WE NPIKpavia To phva. And 1o
2021 1o npwto and autd (fremanezumab) pnhke otn
Beukn Aiota tou EBvikou Opyaviopou Mapoxns Ynn-
peoiwv Yyeias (EOMYY), akonouBnoe to erenumab,
kal tov OktwpPplo tou 2022 1o galcanezumab. Etol,
gival epIktd va ouvtayoypapnBouv, anolnpiwpéva
katd 100% péow EOMYY. MNa va yiver autd anaitei-
Tal éykplon o€ aitnpa tou Bgpdnovios veupondyou
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Héow ToU Tuothpatos HAasktpovikns Mpogykpions
(ZHM). H éykpion AapBdvetar pe andpaon tou AloiKn-
TKoU YupPoudiou tou EOMYY kar petd and eichiynon
yvwpodotolviwy 1atpwv. Ekatoviddes aoBeveis AdN
éxouv Eekivhoel npopuiakukh Bepaneia pe k&nolo
and autd ta ApUaKa Kupiws pEcw ouviayoypdaopn-
ons, adnd kal YEow CUPPETOXNS OE KAIVIKES PENETES
(erenumab & fremanezumab) n kai 161IWTKAS ayopds
T0U pappakou. Ta okeudopata autd, nepa anod
pappakonoyikd kail kAvika dedopéva nou diabétouv
Kal ota onoia Ba yivel ava@opd otn CUVEXEID, EXOUV
10 €NINPOCBETO XAPAKINPICUKO OU Eival OKEUAOUAT
uynAoU olkovopikoU KOotous. Ta véa pApuaka Je
Opdon oto povondu tou CGRP, 6ev e€avidouvtal pe
ta povokAwvikd avuowpata. Eva pikpd popio pe oto-
x0 tov unodoxéa tou CGRP (rimegepant) éxel AGRel
otnv Eupwnaikn Evwon évoeign yia xphon, 1éoo atnv
npoAnnukn Bepaneia tns nuikpavias, 6co Kal oty
Bepaneia tns nuikpavikns kpions Bl To rimegepant
avapévetal va eival egnopikd S1a6£01po otn xpa Jas
péoa oto Npwto tpipnvo tou 2023. Tia éva Geltepo
hopIo auths Tns katnyopias 1o atogepant, €xel uno-
BAnBei pdkenos kal avapévetal n anégacn tou Eu-
pwnaikou Opyaviopou Gapudkwy, OXEUKA U EvOeign
ylda xphon oty npoAnnukn Bepaneia s nuikpavias
[6]. Ta pikpd poépia katd tou CGRP avapévetal enions
va ouykatangyovtal ous Bepaneies uyniol KOGTOUS.

O KAdabos Kepananyias tns EAANvikAs Neupo-
doyikhs Etaipeias, npokeipévou va dieukonuvel tnv
opanih evowpdtwon twv VEWV papudkwy 6Awv Twv
KatnyopIidv otnv KAIVIKA NPakukh twv EANAvwy veu-
ponddywv, anid kal us apxes ous ONoles anoPAcels
T0US, Kal afioAoymvias td Yéxpl Tpa eNICTNPOVIKA
bedbopéva, anopdolos va avaBewpnoel 1o KEIPEVO
kAvikns kaBodnynaons nou €ixe dnpoaoieutel tov OKtw-
Bplo tou 20197, d6nws Kal eixe deopeutel. Yto na-
POV Keipevo, 1o onofo éxel eykpiBei and ta pénn tou
Knadou Kepananyias, apxikd yivetal pgia ouvonukn
avagopd ota kAvikd dedopéva yia ta povokAwvika
avuowpata évavt tou CGRP 1 tou unodoxéa tou otnv
npo@uAiakukh Bepaneia s eNeicodIaKAS nuikpavias,
NS Xpovias npikpavias kal tns aBpoiotukns keganan-
yias, adnd kal ota avtiotoixa PIkpd poépia otny Oe-
paneia tns kpions nuikpavias kar oty NPo@UAAKTKN
Bepaneia s npikpavias, evd akoAouBei 1o Keipevo
kAIvikns kaBodhnynaons, yia v évapén, agiondynon
Kal dlakonh auty twv Bepansidv.

2. MovokAwvVIkd avuompata yid thv npogpu-
Aakukn Oepansia tns eneicodiakns Kal Xpovi-
as nuikpavias

Ta povokAwvIka avuowpata (mAbs) eival opol-
oveveis nAnBucpol avoooo@aIpIVMY NoU NPoépXovTal
and éva povadikd niacpatokUttapo Pe npokabo-
plopévn €161KOTNTA NMPOS €va avuyovikd €Nitono Kal
duvatétnta yia in vitro atépuova napaywyn. EidIka

1a mAbs nou pefethBnkav Kal kukiopdpnoav yia
v NpdANYnN s npikpavias avacténfouv tnv ék-
@paon tou calcitonin gene-related peptide (CGRP),
evos veuponenudiou nou Bpioketal ous anoAngels
twv C kar Ad a10BnTKMV VEUPIKDY VDV Tou Tpidupo-
ayyelakoU oUCTAPATOS Kal €XEl oNPaviko pdAo oto
pnxaviopd tou névou oty nuikpavia, npokanwvias
pETagu annwv kal évtovn ayyesiodiagtonn Bl

Auth tn ouyph tocepa mAbs yia tnv npo-
Anyn s eneicodiakns N/kal xpovias NpIkpavias
gxouv penetnBei kar éxouv Ndpel €ykpion yia xpnon
otwnv Eupwnaikh Evwon og acBeveis pe 4 n nepio-
OO0TEPES NPEPES NUIKpavias tov phva. Autd gival 1o
erenumab (Aimovig™), to fremanezumab (Ajovy™),
10 galcanezumab (Emgality™) kai 1o eptinezumab
(Vyepti™) U4 Adyw tou peydiou YoplakoU tous
Bdapous Bewpeital 6u dev dianepvouv oV AIPato-
eyKePANIKO Pppaypd kal n dpdaon tous neplopiletal
nepIPePIKG oto pidupo-ayysiakd clotnpa. O xpovos
nuiogias {whs 6Awv twv mAbs eival peydnos Kal ta
pia kukAo@opouvia xopnyoUvtal unodopiws yia
@opd tov phva (A Kal pia eopd 1o tpiunvo ta 625
mg tou fremanezumab) 4. Tuvonukd, ta Bacikd
XOPAKTINPIOUKA WV TECOAPWY EYKEKPIPEVWY POVO-
KAWVIKOV aviowpatwy neplypapovial otov Mivaka 1.

O1 kuploTtepes KAIVIKES PEAETES NOU Tekpnpiwoav
v anoteAeopaukédnta kaBs mAb eivar or €€hs (o€
6Aa ta anoteAéopata unnpxe Slapopd os oTATCUKA
onpavuko Babud oe oxéon pe tnv opdda oUykpions):

H pedéin ARISE "%, n onofa &1e€AxBn kal oe
EPEUVNTKA KEVIPA OTNV XWPA Pas o€ AdoBeveis pe
eneicodlakn nuikpavia, €5eI€e peiwon twv NPEPWV
nuikpavias avé phva katd 2,9 otnv pnviaia unodoé-
pla xophynon 70 mg erenumab og oxéon pe 1,8
oT0 €lkovikd pappako (placebo). Ztnv pedéwn STRIVE
0 enions og aoBeveis pe eneicodiakn nuikpavia, t
70 kai ta 140 mg erenumab (unviaiws yia 6 pAves)
peiwoav Katd 3,2 kal 3,7 nuéPEs avtiotoixa Us Nué-
PES npikpavias o oxéon pe 1,8 NUEPES OTO EIKOVIKO
@dppako. O apiBuods twv nPepDV nuikpavias/phva
otn Baoikh ektiynon Atav 8,3.

H peAémn HALO "% og aoBeveis pe eneicodiakn
nuikpavia é6ei€e peiwon katd 3,7 nuépes npikpavias
tov phva ous 12 eBoopddes dtav xopnynBnke n 66on
twv 225 mg fremanezumab pnviaia unodopiws Kal
peiwon katd 3,4 nuépes nuikpavias tov phva oétav
xopnyouvtav n 66on twv 625 mg fremanezumab avd
pipgnvo. H avtotoixn peiwon ous nPEPES npikpavias
av@ pnva pe 1o €IKovikG gapuako htav 2,2 ous 12
epoopades.

H peféin EVOLVE-2 13! ge aoBeveis pe enel-
ocobiakn nuikpavia €6gi&e peiwon katd 4,3 kal 4,2
NPEPES niIkpavias avd pnva yia t 120 kal 240 mg
unodopiws galcanezumab avtiotoixa, o oxéon Ye
2,3 NnUEPES ava pnva yia 1o €IKOVIKO GAPPAKO. XNV
penétn REGAINU, oe aoBeveis pe xpdvia npikpavia
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MNivakas 1. Xapakinpioukd twv JovoKAWVIKWOV aviiowpdtwy katd tou CGRP A tou unodoxéa tou

Eunopiko évoua Aimovig™ Ajovy™ Emgality™ Vyepti™
. AMG334/ TEV-48125/ LY2951742/ ALD403/
INN A code name .
erenumab fremanezumab galcanezumab eptinezumab
Etaipeia Amgen/ Novartis TEVA Eli Lilly & Co Lundbeck

Molecular format

Human IgG,

Humanized IgG,

Humanized IgG,

Humanized IgG

1

Y16x0s CGRP Receptor CGRP CGRP CGRP
Xophynon SC SC SC v
) . |225mg SC ava 120mg SC 1o phva | 100-300mg
Aoconoyiké oxhpa ;g :]42259 SC ava uhva h 3 x 225mg | (240mg apxikh IV k&Be 12
HER SC avé 3 pnhves bo60on) eBooudbes

‘Evbeitn oe EE kal
EAnada (kovh Kal
yla ta 4)

Evoeikvutal yia tnv npo@uAiagn and tnv nuikpavia og evAAIKES MOU €XOUV
toufdxiotov 4 nuépes nuikpavias avé phva

Xpovos Anyns

évoeins 712018

2/2019

11/2018 1/2022

Ytnv EANada

) Ano 2/2019
KUKAOQOPEI

Andé 7/2020

Anod 6/2021 Oxi

Ocukn Niota

EOMYY Anoé 2/2022

Anoé 7/2021

Ané 10/2022 Oxi

Ol OVTOTOIXES PNnvIaies NPEPES PEIONS TS nuIKpavias
htav 4,8 yia ta 120 mg kal 4,6 yia ta 240 mg, evid
n pnviaia peiwon yia to eikoviké Gappako ntav 2,7.

H evbopnépia xophynon eptinezumab peiwoe
US NPEPES NpIkpavias avd yhva and us 8,5 otn Bacikn
eKtipnon, katd 3,9 ous 12 €Bdopddes yia th ddon twv
300 mg, katd 3,9 nuépes/pnva yia  6éon twv 100
mg Kal Katd 4,0 nuépes/unva yia  ddon twv 30 mg,
évav peiwons 3,2 npépes/unva nou eneteuxdn pe 1o
EIKOVIKO papuako 'L,

Yus kAVIKES PeNEtes twv mADbs, ol aveniBupuntes
evépyeles (AE) htav ws eni to nAgioto Anias péxpl
Hétplas coPapotntas Pe Napduola Nocootd EPEAavi-
ons PETaty ns evepyns ouddas kail tns opddas tou
€IKOVIKOU Qappdkou. AveniBUunTes evEPYEIES MOU
obhynoav og diakonn twv MAbs avapépbnkav oe
xapnid nocootd (1-4%) kal agpopouoav Kupiws du-
okolfiétnta kar duoaveia otnv kdNwon, enions Ye
napoéyola Nocoatd oty opdda tou IKovikoU (pap-
pdakou. AveniBupuntes evépyeles pe ouxvotnta >2%
Atav ACIPMEEIS TOU aVWTEPOU avanveUoTKkoU, vautia,
Iydopiuda, papuyyiuda, ouponoipwén, apbpadyies,
uuikof onaopof, kal {aAn. Asv SianiotwBnke nnatoto-
€ikdtnta, av&non s aptnplakns nieons h auénuévos
Kivbuvos yia onolodhnote kapdiayyeiakd cuppdv.
©a npénel enions va toviotel pntd 6t @ mAbs nou
XpNaolponolouvtal otny NpIkpavia dev éxouv ws otoxo
10 avooonointkd cuotnua. Y& autd diapépouv and
ta mAbs nou xpnoiponolouvtal og dnines nabhoeis

Apxeia Kivikns Neuporoyias 32:1-2023, 18-28

oty veuponoyia énws tnv noAdanin okAhpuvon.
Yroixeia and us kAvikés penétes €dei€av tnv avantuén
€EOUBETEPWTIKMV AVIOWHATWY O PUIKPO NOCOOTO,
and 0 péxpl 3,1% kar auth tn ouyun &g Bewpeital
avaykaio oty kAIvIKh Npdgn n avadhtnon tous 10191,

3. Mikpa pépia pe otoxo to CGRP yia tnv npo-
@uidakukn Bepaneia tns npiIkpavias n Kai tn
Oepansia twv Kpioswv npikpavias.

To NPMTO HIKPSO POPIO PE OTOX0 TOV UNodoxEa
tou CGRP nou odokANnpwae to KAIVIKG Npdypappa
kal éxel adeia kukno@opias €ival 1o rimegepant, nou
kukAogopei otnv EE pe 1o epnopikd évopa Vydura™.
H epnopikh tou kukdogopia otnv EAAdda avapé-
VETAI TO MPWTO Tipnvo tou 2023. H peAétn 301 119
yla v ofgia Bepaneia tns npikpavias pe A xwpis
aupa €6¢eiEe aus 2 wpes eniteuén eneubepias and
v kepadanyia oe nocootd 21,2% kal eAeubepia
and 1o nio evoxAntkd cupuntwpa (ewrtoeoPia/vau-
tia/nxopopia) os nocootd 35,1% twwv aoBevmv nou
¢naPav and tou otdopatos epanag 66on rimegepant
75mg (otauoukd onpavukd peyanutepa nocootd o
ouykplion pe 10,9% kal 26,8% avtiotoixa yia Tous
aoBeveis nou énaPav eikovikd pdpuako). H penémn
305 'yia tnv npoAnnukh Bepansia s nuikpavias
og aoBevels pe 10TopIkd 4-18 kpiogwv 1o phva, €deiEe
peiwon otov Yéoo apiBud nuepV npikpavias avé
puAva (HHM) katd 4,3 nuépes ous epdouddes 9-12
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Ue xophynon pia @opd kB Geltepn nuépa and tou
otdpatos rimegepant 75mg (otauctukd onpavukn
BeAtiwon og oUykpion PE TO €IKOVIKO PAPUAKO Mou
nétuxe 3,5 nuépes peiwon). Enions og nocootd 49,1%
enIteuxBnke pe 1o rimegepant peiwon =50% ous HHM
évavu 41,5% otnv opdda tou €IKovIKOU GapUAKoU.

To atogepant €ival éva pIkpO PHOPIO PE OTOXO
tov unodoxéa tou CGRP. To kAvikd Npdypappa €Xel
odokAnpwBsi, av kal dev éxel dnpooieutel NANpws Kal
éxel unoPnnBei (louios 2022) aitnpa otov Eupwnaikd
Opyaviop6 ®apudkwy yia €ykpion otnv NpoAnnukh
Bepaneia s nuikpavias. H penétn ADVANCE 181 og
aoBeveis pe eneicodiakn nuikpavia €deie peiwon katd
3,7, 3,9 kar 4,2 npepes npikpavias ava pnva yia us
b6osis 10 mg, 30 mg kal 60 mg atogepant avtictoixa
ous 12 efdouddes. H avtiotoixn peiwon ous nuépes
nUIKpavias ava pnva Pe to eIKoviKO Gappako htav 2,5
nuépes ous 12 efdopddes. Ltnv peAétn PROGRESS '
o€ aoBevels pe xpdvia NpIKpavia ol avioToIXES Pnviaies
NUEPES PEIWONS TNS NPIKPAvias ntav 6,9 yia tnv pia
Popa npepnaiws xophynon 60 mg atogepant kal
peiwon katd 7,5 npépes npikpavias yia us dUo Qpopés
npepnoiws xophynon 30 mg atogepant. H avtiotoixn
Heiwon ous NUEPES NIKpavias ava phva pe 1o EIKOVIKO
@dppako ntav 5,1 ous 12 eBOouddes. Yuvonukd, ta
Baoikd xapakinpIoukd v SUO HIKPMY Popiwy Nou
otoxevouv tov unodoxéa tou CGRP nepiypdpovral
otov lNivaka 2.

4. YuotdoE€ls OXEUKA YE TNV XPACNH TWV HOVO-
KAWVIKOV aviuowpatwy pe otéxo to CGRP/
CGRPr otwnv kAivikn npagn

Tn ouyph nou ypd@eetal autd 1o keipevo (No-
¢uPpros 2022) ta Aimovig™, Ajovy™ kal noAy
npéoeata 1o Emgality™ éxouv evtaxBei otn Beukn
diota tou EOMYY, kal €101 cuviayoypa@ouvial Kal
anolnuivovtal and tov EOMNYY petd anod €ykpion
péow tou XHIM. AkonouBei 1o Vyepti™, mbBavdtata
petd 1o 2023. Ta ta pia npta undpxel aopands n
duvatétnta 1I8IWTKAS ayopds. H évdeién pe tnv onoia
kukAo@opoUv otnv Eupwnaikh Evwon, avagépel nws
pnopouv va xopnynBouv yia thy npdAnyn s NUIKPa-
vias oe aoBeveis pe toundxiotov 4 PEPES Pe nuikpavia
to phva 4 H dnoyn tou KAddou Kepananyias s
EAnnvikhs Neuponoyikhs Etaipeias eival nws n xphon
WV PAPUAKWY AUTWV MNPENEI va NPAyPATonoleital Pe
T0Us akoouBous yevIKoUs KavOVes.

Katapxds, n évapén, napakodouBnon kai dio-
konn Bepaneias pe povokAwvIKG aviohpata / pikpd
popia katd CGRP/CGRPr npénel va yivetar anokieiou-
k& ano veupondyo. Xe nepintwon napakodouBnons
aoBevv og dAna pn-e101ké 1atpeia, énws yia napd-
Oelypa 1atpeia névou, Kpivoupe anapaitnto Nws yia
N Xphon autv twv Bepaneidv Npénel otnv KAIVIKA
opdba va cuppetexel veuponoyos. Avandyws e n
pnviaia ouxvotnta tns npikpavias (U€pes avd phnva),
Bdoel nueponoyiou kepanayias Mou npénel va -

MNivakas 2. XapaktnpioTKd Twv JIKpGV popiwv pe atdxo tov unodoxéa tou CGRP

Epnopiké 6voua Vydura® Agv undpxel akopa oty Eupwnn
INN i code name BHV3000/ rimegepant AGN-241689/ atogepant
Etaipeia Pfizer/Biohaven AbbVie

Molecular format Mikpo popIo Mikpo popIo

2TOX0S CGRP Receptor

CGRP Receptor

Xophynon Anod tou otopatos

Anod tou otopatos

©epanegia s npIKpavikns kpions:

Mpodnnukn Bepaneia otnv

Aocofoyiké oxhua

75mg ané tou otépatos, avanoya pe
us avaykes, pia eopd v npgpa (o&eia
Bepaneia)

MpoAnnukn Bepaneia: 75mg and tou
otépatos kabe deUtepn nuépa

enelcodiakn npikpavia: 10 mg, 30 mg
N 60 mg nuepnaiws

MpoAdnnukn Bepaneia otnv xpovia
nuikpavia: 60 mg pia opd tnv nuépa
n 30mg 6Uo QOpPES NUEPNTIWS

Evbeitn

Evoeikvutal yia xphon:

e otnv ofela Bepaneia tns npikpavias pe h
xwpis aupa, og eVANIKES

e otnv nponnnukh Bepaneia tns eneico-
diakhs npikpavias og evARIKES MOU €xouv
toufdxiotov 4 Kpioels nuikpavias avd
unva. (06/2022)

Aev undpxel. Eyive katdBeon EMA tov
lounio 2022

rinv EAAGda
KukAoQopei

Avapévetal

Oxi

©cuxn diota EOMNYY

Oxi

Oxi
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peital yia toundxiotov 3 phAves nNpo s évapéns Bepa-
nefas, kar apou yivel n BéAuotn npoondBeia yia v
QVUPETONION TwV Kpiogwv Pe v kadutepn duvatdv
QapuakeuTkn aywyhn andnd kal us anapaitntes ania-
yés otov 1pono {wns (Npdéoinyn enapkous NoodtNTas
0bartos, TaKUKE yeupata, doknon, eNapkhs Unvos),
av o Bepdnwv 1o Kkpivel anapaitnto, tOte npoteivetal
n évap&n Bepaneias pe povokAwVIKE avuowuata va
yivetal ws €&hs:

Luotdoels oXetKa pe thv évap&n npoguia-
KUKNs Oepangias pe povokAwvVIKA avucwpata
otwnv npikpavia

A Méxpl ohpepa dev undpxel tekunpiwon ou
Ba weennBouv acbeveis pe 1-3 npépes nuikpavias
oV phva.

B. Y& aoBeveis pe Slayvwopévn npikpavia kai
TPEXOUOA ouxvOTNTta 4-7 NUEPES PUE NUIKpaAvia to
phAva (xapnAnhs ouxvotntas eneicodiakn npikpavia)
Kal epdoov o Bepdnwv 1atpds kpivel OU anaiteital
npogunakukhn Bepaneia, évap&n Bepaneias e povo-
KAWVIKA avUoMUATa Nou otoxeUouv To PépIo N tov
unobdoxéa tou CGRP pnopsi va yivel dtav o acBevhs
éxel toundxiotov Pétpia avannpia and us NPIKPAVies
tou. Na v afloAdynon s avannpias nou npokanel
n nuikpavia, npoteivetal n xphon KAIPdkwy 6nws
n HIT-6 A n MIDAS, n onoia ival otaBuiopévn kai
ota eAlnvikd [20]. Métpia avannpia gival auth nou
kataypdgpetal pe BaBuonoyia otnv kAipaka MIDAS
>11 h otnv kAipaka HIT-6>50.

H évap&n npoguiakukns Bepaneias otous na-
panavw acBeveis Unopel yivel it Pe TS EYKEKPIUEVES
npoAnnukés Bepaneies NPWINS ypapuns (tonipapdtn,
nponpavondan, eAouvapidivn), eite pe povokAwviké
avuompata katd tou CGRP, ta onofa oto kAvikd Tous
npdypappa éxouv anodeitel anotefeopatkdtNta 1000
oe aoBeveis pye noANannés anotuxnpéves Bepaneies,
600 Kal o€ aoBeveis Xxwpis epneipia NPoNNNTUKAS ayw-
yhs. Na onpelwBel nws yia yivel aitnpa yia éykpion
Bepaneias pe povokAwVIKA avioWUaATd HECW TOU
Yuothpatos Hiektpovikns Mpogykpions tou EOMYY,
anaiteital ouxvétnta TouAdxiotov 8 NPEPDY PE NI-
Kpavia to phva, kal ws ek 1oUtou dev gival duvatév va
yivel 6ektd aftnpa yia auth tnv katnyopia acBevav.
Oa npénel va onpeliwbel nws otnv KAIVIKA Npagn,
av pia nponyoupevn and tou otépatos NpoAnmnuKA
Bepaneia BewpnBei Nws €xel anotixel NANPWS, Pno-
pei va Olakonei otadiakd kal napdninia, epdoov
nAnpoUvtal ta NPOTEIVOUEVA KPITAPIA, va yivel évapén
Bepaneias pe yovokAwviko avtiowpa. Av dpws n and
T0U otdpatos Bepaneia Bewpeital Nws éxel kdnola
Beukn enidpaon, pnopei va ocuvexiotel napdninia
HE v évapgn tou povokAwvIKoU avuomuatos, Kal
otwn ouvexeia va aglofoynBei and tov Bepdnovia n
niBavétnta ouvéxions f diakonns tns and tou oto-
patos AauPavopevns aywyns.

I. Ye aoBeveis ye diayvwopévn nuikpavia Kai
PEXoUoa ouxvotnta 8-14 nuEPEs Ye nPIkpavia 1o
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uhva (uynans ouxvétntas eneicodiakh npikpavia) dev
anaiteital n miotonoinon Babuou avannpias péow
KAIuGKwv, pe dedbopévo Nws Pe auth tnh ouxvotnta
Kpfogwv npikpavias n nAgiovotnta wv acBeviv Ba
napouciddel touAdxiotov pEtpia avannpia ous kali-
pakes HIT-6 kal MIDAS.

H évap&n npoAnnukns Bepaneias otous napa-
navw acBeveis pnopei va yivel €ite Ye TS EYKEKPIUEVES
nponnnukés Bepaneies NPWINS ypappns (tonipaudmn,
nponpavondnn, eAouvapidivn), eite pe povokAwviké
avuowpata katd CGRP, ta onoia oto kAIvIKS Tous
npoéypaupa éxouv anodeitel anotefeopatkdtnta 1600
o€ acBeveis pe noAdanAés anotuxnuéves Bepanei-
€s, 600 Kal og aoBeveis xwpis epneipia NpoANNUKAS
aywyns. Na onpeiwBei nws o€ nepintwon aItpatos
yia éykpion Bepaneias pe povokAwvIKA aviiompata
Héow Tou Zuothpatos HAasktpovikhs Mpogykpions
tou EOMYY, anaiteftal n anotuxia nh aviévdeiEn otn
xphon ONwvV Twv gykekpIpévwy Bepansidv NPwINs
YPauuNs ylia auth tnv katnyopia acBevav Kal eni-
ouvayn kAigdkwy, 6nws n HIT-6 h kar n MIDAS. 6a
npénel va onpeiwBel nws oty kAIvikh Npdén, av pia
nponyoupevn and tou otdpatos npoAnnukh Bepa-
neia BewpnBei Nws éxel anotuxel NANPWS, UNopEi
va Siakonel otadlakd kal napdAdnia, epoéoov nAn-
pouvtal ta NPotelvVOPEVa KPITNPIa, va Yivel évapgn
Bepaneias pe povokAwvIKG avtiowpa. Av dpws n and
ToU otdpatos Bepaneia Bewpeital nws éxel kadnola
Beukn enibpaon, pynopel va cuvexiotel napdddnia
UE TNV évapén tou povokAwvIKoU aviiodpatos, Kal
otwn ouvexeia va agonoynBei and tov Bepdnovia n
niBavétnta cuvéxions N diakonns tns and tou oto-
patos AapBavopevns aywyns.

A. Y& aoBevels pe xpovia nuikpavia Sev anaiteftal
xphon kAipdkwy. H évap&n npoAnnuknhs Bepaneias
otous napandvw acBeveis Ynopei va yivel eite pe us
EYKEKPIPEVES Mponnnukés Bepaneies NPWINS ypapuns
(tonipapdtn, nponpavoddnn, eAouvapidivn, va An-
@Bl undYIV dWSs Nws Pévo n tonipapdn diabétel
onpavukn BiAioypa@ikh tekunpiwon yia th 6pdon
s otn xpovia npikpavia), N pe Botounivikn toivn
wnou A, 1 pe povokiwvikd avuompata katd CGRP,
1a onoia oto kAIVIKG Tous Npoypapua éxouv anodeitel
anotefeopaukdtnta 16oo o€ aobeveis pe nonAannés
anotuxnuéves Bepaneies, 600 Kal 0 aoBeveis xwpis
euneipia npoAnnukNs aywyns, énws dARWoTE Kal
n Botounivikh to&ivn winou A. Na onpeiwBei nws
O€ MePINtwon aIthuatos yia éykplion Bepaneias pe
HOVOKAWVIKE avUomPATa JECW TOU Xuothpatos Hie-
KtpovIKNs Mpogykpions tou EOMYY yia auth v kamn-
yopia acBevav, anaiteital n anotuxia o€ 3 KUKAoUS
Bepaneias pe Botounivikh to&ivn tnou A h aviévoeltn
ot xphon s Kal eniclvayn KAgdkwy 6nws n HIT-
6 " kar n MIDAS. Enions, av otnv xpovia nuikpavia
0 aoBevhs NapPaver and tou otdPATos NPOANMTUKA
Bepaneia kal Bewpeital Nws éxel anotuxel NANPwWS,
unopei va diakonei otadiakd kal napdAnnAa va yivel
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évap&n Bepaneias. Av 6pws n and tou otéuatos Be-
paneia Bewpeital Nws éxel kanola Beukn enibpaon,
Unopei va ouvexiotel, va yivel n évap&n povokAwvikou
avVUOMUATos, Kal ot ouvéxeld va agjofoynBei and tov
Bepanovia n mniBavétnta cuvéxions h SIAKOMAS Ns.
Avtiotoixn npénel va ival kal n Npocéyyion os aoBe-
veis nou unoPdniovtal oe Bepaneia pe Botounivikh
to€ivn wnou A. Eni nAhpous anotuxias (uetd and 3
eyxUoels oUPQwva pe 1o npwtdékoNdo PREEMPT), n
aywyn pe tnv Botounivikh to&ivn tinou A diakéntetal
Kal yivetal évap&n pe povokAwvikd avuowpata. Eni
hepIkns anotuxias, Ba pnopouoe va a&lofdoynBei n
ouvéxion tns Bepaneias pe Botounivikn to&ivn tinou
A kal n ek napaninhiou évaptn aywyns Pe pJovokiw-
VIKé avuompata. Tevikdtepa, to nbavd 6¢penos ns
ouyxophynons otnv xpovia npikpavia, Ba ynopouoce
va e€nynBei and t ouvepyikh dpdion s BoutoAivikhs
to€&ivns tinou A (nou 6pa ous eEwkpavies apUenes
C aioBnukés ives avaotéNAovias tnv €kkpIon Kal Tou
CGRP) pe 1a povokAwviKd avuowuata nou oToxeu-
ouv 10 i610 1o CGRP 1 tov unoboxéa tou. Eidikd yia
v ppepaveloupdunn €xel SeixBel du anotpénel tnv
evepyonoinon twv Ad aioBnuk®v vav, anid oxi twv
C vadv B H anoyn tns ouyxopnynons unootnpiletal
kal BiBAoypagikd 2 kal and to updated consensus
tns American Headache Society 3, adnd &ev eival
€ni Tou napdévros anodekth anod tov EOMYY. O1 ou-

otdoels tou KAgdou Kepanadyias nepinapBdavovtal
ouvonuka otov lNMivaka 3.

Luotdoels oxeuka pe tnv a§lofdéynon tns
npo@uAaktiknhs Oepansgias tns nuyikpavias pe
HovokAwVIKA avuowpata kai g tnv a§ioddyn-
on Siakonns tns npo@uAiaktikns Oepansias pe
HovOoKAWVIKA avuowpata

YUpowva ye ta diaBéaiua BiBAioypaikd dedo-
péva, onpavukos aplBuods acbevav nou unoBdanetal
o€ npoguAiaktkn Bepaneia pe povokAwVIKE avtow-
gata katd s nuikpavias, Ba gl onuavukh Bedtiwon
and tov Npwto phva Bepaneias. Qotdoo, undpxouv
acBeveis nou n apxikn Tous avtandkpion yivetal Jetd
tov 20 h kal tov 3o phva Bepaneias. Epdoov kénoios
aoBevnhs Eekivhoel npoeuiakukn Bepaneia Ye pyovo-
kAwvikd avuompata, agiondynon ts nopeias tou Ba
npénel va yivel yetd v 3n pnviaia xophynon (h katd
Tov Tpito pnva Bepaneias, av n Bepaneia yivetal pe avd
1piunvo xophynon fremanezumab). Ze NEPINTWOEIS e
BePapuppévo 1otopikd kal noANaniés anotuXNUEveEs
npoANNUKES aywyés, N aglondynon tns anotefeoua-
UKOTNTAS PE PovoKAwVIKG aviIoWPata NPoteivetal va
yivel og didotnpa 6 pnvv and v évapén.

Onws oupBaivel Kal ye us and tou otdPATos
npodnnukés Bepaneies, enituxnuévn Bewpeital pia
Bepaneia nou éxel peimoel T ouxvotnta (NUEPES Je
nuikpavia/uhva) touAdxiotov katd 50%, v Kal 1o

MNivakas 3. Xuvonukés cuotdoels KAddou Kepananyias ENE yia tnv évap&n xphon mAbs évavu CGRP/

CGRPr otnv npoAnnukh Bepaneia tns nuikpavias.

Huépes pe npikpavia

YUotaon yia xphon, Bdael enionuns
évbeiEns kai BiBAIoypagias kal epdoov

Anaithoeis EOMYY oto 2HI

H oeipd xpnhons kaBopiletal and tov
Bepdnovta o€ eEatopikeupévn Baon

10 pnva anaiteitar npoAnnukh Bepaneia otov
aoBevn
. Agv gykpivetal, kaBws anaitouval
1-3 Agv nporteiveral . ) )
tounaxiotov 8 NUEPES To Phva
Ta mAbs avAKouv OUS EYKEKPIPEVES
enifoyés, dnws Kal n tonipapdn, n . , .
. ' . Aev gykpivetal, kaBws anartouvtal
4-7 @Aouvapidivn kar n nponpavoionn. ) . .
R : . touAdxiotov 8 nuéPEs 1o phva
H ogipd xphons kaBopitetal and tov
Bepdnovia oe e€atopikeupévn Baon
Ta mAbs avhkouv ouis eyKEKPIPEVES - . .
_ M p,“ Anotuxia n aviévoeiEn dAwv s
ennoyes, énws kal n tonipapdtn, n . . .
g . EYKEKPIUEVWV Bepaneidv Npdns
8-14 @Aouvapidivn kal n nponpavondAn.

ypapuns (tonipapdtn, nponpavoAsonn,
¢@nAouvapidivn)

Ta mAbs avhkouv ous eyKeEKPIUEVES

Anotuxia n aviévoeiEn éAwv s

Xpovia Huikpavia

enidoyés, OnNws Kal n onipaudn** Kal
n Botounivikn to&ivn Winou A. H ogipd
xphons kaBopietal and tov Bgpdnovia
o€ e§atopIkeupévn Baon

EYKEKPIPEVWVY Bepaneiv NpmIns
ypaupnhs (tonipapdn, nponpavononn,
¢@Aouvapidivn) kal anotuxia tpImv
KUkAwv Botounivikhs to&ivns tinou A

YHM: Zuotnpa HAektpovikhs Mpogykpions tou EOMNYY

* epOOooV cuvundpxel touldxiotov PETpia avannpia

** n nponpavondnn kal n gAouvapidivn gival enions eyKekpIPEVES OTn XpOvia nuikpavia, Ye xaunAotepo
eninedo tekunpiwons s anoteNecpatkoTNTas Tous
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ApBpo opowvias yia us vées Bepaneies otnv npikpavia

25

30% peiwon pnopei va BewpnBei ws onpavtko, 10ikd
O€ NEPINTWOEIS XpOVIas npikpavias. Adda kpithpia
ektipnons tns anotedsopaukotntas pias Bepaneias
eival n BaBponoyia ous kAipakes MIDAS kal HIT-6.
Enituxnpévn Bewpeital pia Bepaneia av n Babpono-
yia otnv kAfpaka MIDAS peicdvetal onpavukd, yia
napdderyua katd toundxiotov 5 Babuous yia apXxikeés
BaBponoyies ws 20 n katd 30% H nepIocdTEPO yia
apxikés BaBuonoyies peyanutepes tou 20. Ytnv KkAi-
paka HIT-6 peiwon tns apxikns BaBuonoyias katd
toundxiotov 5 BaBuous ouviotd BeTkn avtandkpion.

Ynuavukd gival kal 1o xpovikd Sidotnpa yia 1o
onoio npénel va ouvexiotei n Bepaneia. Auth n and-
@aon npénel navia va Aapdvetal éxovias unoyiv
otoixeia acpdneias, anotefeopaukdtntas, adid kai
v xpdvia kal unotponidlouoca guon s vooou. Ta
povokAwvIKG avuowpata éxouv enideitel 1o Calpe-
ukd npo@in BpaxunpdBeouns anoteNECUATKOTNTAS
aocaneias Nou éxouv otis OXETKA pIKEES SINAG-TuPnés
kAvikés penétes, pe didpkeia 3 M 6 pnvav otny dinAd-
weAh edon kal ws 2 €1V 0NV AVoIKTh Tous Gdcn
7121 EminpooBétws, 1a ws 1hpa HOKPOXPOVId OTOIXEla
ouvnyopouv yia eniBePaiwaon autou tou npoin, 1oo
yia v aopdnela, 600 Kal yia Ty anoteAeopaukétnta.
Ma 1o erenumab, Tou onoiou 1o KAIVIKG NPdypaupa
nponyhBnke xpovikd, undpxouv dSnpocieupéva otol-
XEIQ AVOIKTNS EMNEKTAONS WS KAl NEVIAETOUS XOpNyNnons
24 evih avtioToixa oToIXela UNdEXouv anod PIKPOTEPNS
b1GpKelas enektdoels penetv h and penétes napa-
thpnons kai yia ta difa povokAwvIKE aviuowuata
(25261 Enions, eival 6edopévo nws n npikpavia ival
gia xpévia vdoos, n onoia pnopei va napouciadel
blakupdvoels otnv KAIVIKA Tns Nopeia kal nws undp-
XOUV MEPINTWOEIS MOU YAKPOXpovia Bepaneia unopei
va anaiteitar.

Me Bdon ta napandvw Kail Pe KpItplo navia 1o
6penos tou acBevh, n dnoyn tou KNddou Kepananyi-
as s EAAnvikAs Neuponoyikns Etaipeias sival nws o
NEPINTWOEIS ENITUXNPEVNS Bepaneias Pe ovoKAwVIKA
avuopata, yia tnv anégaocn s diakonns s Be-
panegias npénel va AN@Bei unowiv 1o eEATOUIKEUPEVO
I0TOPIKG ToU a0BevoUs. Ze NEPINTWOEIS NPIKpaAvias pe
apXIKA ouxvotNta 4-7 NUEPES WE NPIKpavia to phva,
a&lofdynon evbexdpevns Siakonns ts Bepaneias pno-
pei va yivel otous 12 phves. Xe apxikh ouxvotnta 8-14
NUEPES UE NUIKpavia To phva kal og Xpovia nuikpavia,
a&londynon evdexdpevns diakonns tns Bepaneias npé-
nel va yivel otous 18-24 phves. EIGIka otnv teneutaia
nepintwon, auths s xpovias NPIKpavias, unopel va
undp&er avaykn pia netuxnpévn Bepaneia va SiapkEoel
OaQWSs NEPIOOOTENPO LUVENWS, avanoya PE TNy apXIKA
Katéotaon, 10 I0T0PIKG AnoTUXNPEVWY NPOANMTUKWOV
Bepansimv kal tov Babud aviandkpions 1ou acBevous,
n ouvéxion tns Npo@uUAaKUKAS Bepaneias pe povo-
KAwvIka avuompata yia peyanutepo xpovikd Sidotnua
Ba npénel va evanokeital otnv kpion tou Bepdnovia
10TPOU, KaBWs pe tov 6po a&loAdynon tns diakonns
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s Bepaneias 6ev onpatodoteital n andiutn avdykn
yia dokipaoukh diakonh. MNa va napabéooupe €va
napdadeiyua, 1o onoio npo@avms 6ev kKanuntel dAes
TS NEPINTWOEIS: Y€ aoBevh pe uwnins cuxvotnNtas
€neicobiaKn nuIKpavia, anotuxia o€ 3 NPoANMUKES
aywyés NPWINS ypauuns kal enituxn Bepaneia pe
povokAwvikd avtiowpa yia éva €tos, énou and us
14 ¢€xel n€oel ous 7 NPEPES PE NPIKPAvia TO phva, n
ouvéxion tns Bepaneias eival nio opBonoyikh enidoyn
and t diakonh tns. Luvodikd, o opOPwves BECEIS Tou
KA&bou Kepananyias tns EAAnvikhs Neupodoyikhs
Etaipeias kataypdagovtal otov Nivaka 4.

LUOTAoEIS OXEUKA PE TNV XpNhon HIKPWV
Hopiwv nou aviaywvilovtal tov CGRPr yia tn O¢-
PAneia NHIKPAVIK®V KPiogwv N tnv npoAnnukn
Oepaneia tns eneiIcodiakns npikpavias

Ooov apopd katapxds T xphon Tou rimegepant,
otav kal epdoov auto sival eunoplkd diabéoipo oty
EAnada (npto tpipnvo 2023), n xphon tou otn Be-
PANEia WV KPIOEWV NPIKPAVias NPOTeivetal apxika
va e€etdletal o€ aoBbeveis Nou €xouv avenapkn ano-
teneopaukdTNTd, aviéveeiEn otn Xphon N PN aveKTES
aveniBUpNTes evépyeles ous undpxouoes Bepaneies
npmINs ypapuns (avadynukh, MXAQ, tpintdves). H
xphon tou otnv npoAnnukh Bepaneia tns engicodi-
akhs npikpavias npoteivetal va e€etdletal oe aobe-
VEIS UE avenapkh anotefeouatkdINTa, aviévoeign
otn xphon N PN avektés aveniBUNTES eVEPYEIES OUS
undpxouoes Bepaneies, nou nepinapBdavouy us kAa-
oIkés and tou otépatos Bepaneies, alAd kal ta po-
vokAwvika avuompata katd CGRP/CGRPr. To av kal
note 1o pdppako Ba eicaxBei otn Beukn Aiota tou
EOMYY eivarl eni tou napévios dyvwoto, wotdoo Pe
NV €PnopIkh KukAoPopia evés papudkou otn XWwpa
yas ival epikth n katdBeon aithpatos oto XHM, otnv
Katnyopia «papuaka eKtos eyKekpIPEvwY evOeiEewv»
av autd anaiteital, katd v kpion tou Bepdnovra.

Luotdoels oxeuka pe tnv évap€n npoguna-
KUKNns Oepangias pe HovokAWVIKA avuowpata
otwnv aBpoicukn kepafadyia

Me Béon kAivikd dedopéva nou unoaotnpilouv
ot n evbo@néPRia xopnynon CGRP pnopei va nupodo-
thoel kpion aBpoiotkns kepadanyias oty cuvipInukh
nAgioyngia acBeviv pe aBpoioukn kepananyia og
evepyh @don [27], oxedidoBnkav KAIVIKES pENETES
pe avt-CGRP povokAwvikd aviiomuata ws npopu-
Aakukh Bepaneia. To galcanezumab Sokipdobnke
and tous Goadsby et al [28] og pia wuxalonoinpévn
OUYKPITKN UE €IKOVIKO pApuako pedétn oe 106 aobe-
veis pe eneicodiakh abpoioukh kepanadyia. Mapdu n
penén teppatiobnke npdwpa Ndyw xauniol pubuou
évtaéns aoBevv, napatnphBnke onuavukn peiwon
otwnv eBdopadiaia ouxvdtnta Twv KPIoEwy PETE TN
xophynon pévo pias 6éons 300 mg galcanezumab
(ueiov 8,7 kplogls), CUYKPITIKA WE TO EIKOVIKO QPAp-

) EAAHNIKH
NEYPOAOTIKH
2=J ETAIPEIA



26 MixanA BikeAhs Kar ouv.

Mivakas 4. Yuvonukés ocuotdoels KNddou Kepananyias ENE yia tnv afiondynon Bepaneias pe mAbs
¢vavu CGRP/CGRPr otnv npoAnnukn Bepaneia tns npikpavias kal tnv ag§loddynon Slakonns tétolas
Bepaneias.

Xpodvos dokiua-
oukns dlakonns Kal
enava&londynons*

Huépes pe nuikpavia
10 ynva otav

éyIve n évapén s
Bepaneias

Xpovos apxIkhs
atloddynons
anoteAeopatKkoTNTas

Kpithpia agiondynons
anotefeopatkdTNTas

Huépes pe npikpavia to phva: Meiwon
>50%

KAiuakes

Apxiké okop MIDAS 11-20: peiwon >5
BaBuous

Apxiké okop MIDAS >20: peiwon
>30%

HIT-6: peiwon > 5 Babuous

Huépes pe nuikpavia to phva: Meiwon
>50%

KAfpakes

Apxikd okop MIDAS 11-20: pgiwon >5
BaBuous

Apxikd okop MIDAS >20: peiwon
>30%

HIT-6: peiwon > 5 Babuous

Huépes pe nuikpavia to phva: Meiwon
>30%

KAipakes

Apxiké okop MIDAS 11-20: peiwon >5

12 pnves

4-7 3-6 pnves

12 -24 pnves

8-14 3-6 pnhves

12-24 pnves

Xpoévia Huikpavia 3-6 prves

BaBuous

Apxiké okop MIDAS >20: peiwon
>30%

HIT-6: peiwon > 5 Babuous

dako (ueiov 5,2 Kpioeis) yia ouvonikd didotnpua 3
epdopdadwv. To galcanezumab €ixe napduolo npoin
aoQanelas e 1o €IKOVIKO PAapuako, népav anod 1o
anyos otnv NEPIOXN TNS XOPAYNONS MOU avapéponke
and 8% twv acBevmv nou €Aafav galcanezumab. O
Eupwnaikos Opyaviopds Gapudkwy otnpl{OUevos o
authv v penémn, Bewpei du bev pndpece va ano-
beixBei EgkdBapa 6T 1o galcanezumab peiwoe tnv
ouxvoTNTa Twv Kpioewv otnv eneicodiakn aBpolctikA
kepananyia kar 6ev npdaobeae tnv évdeiEn auth otnv
adeia kukAopopias Tou pappdkou otnv EE [29].

Mia npéogpatn noAukevipikn inAd tueAn ou-
YKPITKA HE EIKOVIKO pApuako penétn and tous Dodick
et al [30] o€ 237 aobeveis pe xpdvia aBpoIcTKN KePa-
Aafyia ev katdPepe va enTUXel TOV NPWTAPXIKO NS
otdxo nou kabopioBnke ws N onpavikn Peiwon s
epbopadiaias ocuxvotntas twv Kpioswv o aobeveis
nou éAaPav 300 mg galcanezumab cuykpitukd pe
10 €IKOVIKO PAPUAKO.

Auo noAukevipikés dINAG tuPNés ouykpl-
TUKES PE EIKOVIKO QAPUAKO PENETES PE TN Xphon

fremanezumab, n pia o€ xpoévia [31] kal n dAnn oe
eneicodiakn [32] aBpoiocukn kepananyia teppatiodn-
Kav npdéwpa Adyw pataidtntas (futility) oAokAhpwaons
TOUS, XWPIs va UNApXouv CUYKEKPIUEVA OTOIXEIA Yia
v anotefeopaukdnta s fremanezumab. Me Bdon
0 Napandvw, Ta undpxovia oToIXEia ouvnyopouv
unép pias pannov PETpIas anoteNeouatkoOTNTAS TwV
avti-CGRP povokAwVIKDV avUowPATtwy ws NpoQu-
Aakukn Bgpaneia yia tnv engicodiakh aBpolotkN
kepananyia, adAd éxi yia t xpdvia popen s [33].
MapdAo autd, n xophynon galcanezumab Ba pno-
pouce iows va dokipaoBel ws NpoPUAAKTKA aywyn
yla tnv eneicodiakh abpolotkn kepanadyia, os av-
Bekukés otn Bepaneia nepINtoels, péoa and aitnpa
oto YHIM ws Bepaneia ektds eykekpluévwy evOsiewy,
uéxpl neploodtepa dedopéva va eivar diabéoiua. H
npopUAAKTKA aywyn yia Ty eneicodiakh aBpolotikh
kepananyia e eptinezumab aflonoyeital tnv napou-
oa ouyuh ota nAaiola pias peydins NoAUKEVTIPIKAS
INAd tuPNNs CUYKPITKAS PE EIKOVIKO PpAPUAKO [E-
Aéwns nou dieCdyetal kal oty EANada.

\ EAAHNIKH ) ) )
NEYPOAQTIKH Apxeia KAvikns NeupoAoyias 32:1-2023, 18-28
=1 ETAIPEIA



ApBpo opowvias yia us vées Bepaneies otnv npikpavia

27

5. X0voyn Kal cupnepdopata

Mia ceipd andé kaivotopes Bepaneies pe otdxo
10 CGRP 1 tov unodoxéa tou €ival diaBéoipya otn
xdpa pas h enikertal n éAsuch tous. Na kanola ané
autd, undpxel n duvatdnNta cuviayoypd@Nons JEow
EONYY. Onws ot kaBe véa Bepaneia, n evowpdtwon
otnv kAvikh Npaén gival ouciacukhs onpacias yia v
napoxnh tns kanutepns duvaths epoviidas oe Goous
v xpeidlovtal, AauBavovias unodyiv Katapxas v
ac@dneia kal tnv anotefeopaukdntd s. Or npoa-
vapepBeioes cuoTtaoels eKPPAOUV TNV EUNEPICTATW-
pévn anoyn tou KAddou Kepanadyias tns EAANvikAs
Neuponoyikns Etaipeias, petd ané agiondynon twv ws
wwpa diabéoipwy 6edopévwv. MNa tn dnpuioupyia tous,
népa anoé ta dnuooieupéva kAvikg dedopéva yia ta
povokAwvikd avuompata éxouv AneOei undyiv Kal
avtiotoixes ouotdoels and us HIMA kai tnv EE [23,34-
36], nou dnpioupynBnkav pe avtiotoixo tPoMo Kal
aVvTiOTOIXO OKENTUKO, NPOCAPHUOOCHEVES OUS OUVONKES
s xwpas pas. O napouoes ouotdoels Ba npénel va
enavagioNoynBoulv oe didotnua 6x1 peyanutepo and
3 € anoé v napodoa avaBempnon Tous.

ANAWoN CUPPEPOVTWV

MB: éxel tnv teneutaia tpietia AAREN apoifn yia
ouppeToxn o€ KAVIKES penétes n/kal cUPPOUNEUTIKES
unnpeoies A/Kal ENoTNPOVIKES opiAies A/Kal CUPPE-
T0XN O€ 1aTPIKA CUVESpIa and us etaipeies Abbvie/
Allergan, ®APMAZEPO®- Lilly Lundbeck, Novartis kai
Teva. E.A: éxel tnv teneutaia tpietia AGRel apoifn yia
ouppeToxn o€ KAVIKES penétes n/kal cUPPOUNEUTIKES
unnpeoies H/Kal ENoTNPOVIKES opiAies A/Kal CUPPE-
T0XN O€ 1aTPIKA cuVESpIa and us etaipeies Abbvie/
Allergan, Lundbeck, ®APMAZXEP®- Lilly, Novartis,
Tikun, ELPEN kal Teva. 'B: éxel tnv tefeutaia tpIETia
AaPer apoifn yia cuppetoxn o KAIVIKES peRétes n/kal
ouppouneutkés unnpeafes n/kal EMOTNPOVIKES opIies
A/Kal CUPPETOXA O€ 1aTPIKG ouvéSpIa and TS eTaIpEi-
esAmgen, Novartis, Teva, Lundbeck, Abbvie, Eisali,
Pfizer. AA: éxel tnv teneutaia tpietia AGRel apoiPn yia
ouppetoxn o€ KAVIKES penétes n/kal cUPPOUNEUTIKES
unnpeoies h/kar eniotnovikes opinies N/kal CUPUETOXN
o€ 10TPIKG ouvedpIa and us etalpeies Abbvie/Allergan,
Lundbeck, Novartis kal Teva. JR: é€xel tnv tefeutaia
tpietia N&Per apoifn yia ocupPouneutkés unnpeofes H/
Kal enioTtnpovikEs opiAies h/kal CUPPETOXN O€ 1aTPIKG
ouvédpla and us etalpeies Novartis Teva, Abbvie. Ol
undénoinol cuyypageis 6ev ava@épouv kanola ou-
YKPOUON CUPQEPOVTIWVY.
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ApOpa...

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

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

«H xprion epyaneiwv, KAIUdKwY kai NoyIouIKOU MoU avapePETal atis epyaoies eival euBuvn
WV OUYYPapewy, ol orofol npemel va éxouv €aopaniosl TS OXEUKES dOglEs
Kai va ts kpatouv oTo Mpoowriiko TOUS apxeio»
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H ©EXH THX A[TOMOPO®INHZ X TH ©EPATEIA THZ NO-
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MNepiAnyn

Eicaywyn: H anopop@ivn gival évas vionapivepyikods dywviotis Nou Xpnolgonolsital atn Bepansia
s vooou Mapkivoov. Exel upnAn anotefeopaukdtnta Kai taxeia évapgn dpdons. Ltn xwpa pas dev
undpxouv gnionpes odnyies yia tn xphaon ns.

Zkonos/ YAika/ MéBobol: Zkonds tns epyacias €ival n dnpioupyia evos keipévou nou Ba BonBdel tov
‘EAANva veupondyo va eniféyel tnv anopop@ivn otov katdAAnAo acBevi kal otov katdAAndo xpévo
ouppwva pe tn 1eBvin BiAioypagia Kal tnv pnelpia €16IK@V ous KIVNTUKES dlatapaxés.
Anoteféopata: H anopop@ivn kukAo@opei otnv EAAGSa o€ popph unoddpias éveons nou xopnyeital
epanag kal og popPn ouvexous unodoplas éyxuans pe €161KA avidia. H éveon anopopgivns evoeikvu-
Tal yIa TNV AvUPET®NIoON TS NPWIVAS dkivnoias Kdl twv eneicodiwv off nou gugavifovial napd tnv
owoth AAYn tns aywyns, 16iws étav autd sival pepovwpéva h anpéfAenta. Kabws n anotedsopau-
KOtntd tns dev aivetal va anoduvapwvetal Ye 1o Xxpovo, pnopei va xopnynBei and to apxiké otddio
s npoxwpnpévns vooou. H avtdia anopopivns sival pia ané us tpels texvonoyikd unofonBouUpeves
Oepaneies nou evbeikvuvtal yia tous aoBeveis nou epgavidouv duaneitoupyikés KIVNTUKES SIAKUPAVOEIS
napd tn BéAuotn and tou otdPatos PAapPakeUTKN aywyn. Odnyei o€ onpavukh peiwon tou ouvo-
AIkoU npephalou xpoévou off. Zuviotd tnv nio eukofn va epappootei texvonoyikd unofonBouUpevn
Oepaneia kaBws 6ev anaitei tn ouvdpopn dlAwv siIbikothtwy, oute peifoves NapePPacels oto owpa
ToU aoBevous. Qotdoo, 1o npoil tou KdBe aoBevous cival autd nou Ba kabopioel tnv katdAAnAn
texvonoyikd unofonBouUpevn Bepaneia yia thv avUPETONIoN TwV ENINAOKWY TOU NpoxXwpnpévou ota-
6iou tns véoou.

Zupnépaopa: Avadeikvietal n povadiknh B€on tns anopop@ivns otn Bepaneuukn gapétpa tns véoou
Mapkivoov.

Né€eis eupetnpiou: Nooos Mapkivoov, Texvonoyikd YnoBonBoupeves Oepaneies, Méva Anopopeivns, Avtiia Ano-
pop®ivns

EXPERT OPINION: APOMOPRHINE IN THE TREATMENT
OF PARKINSON DISEASE
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Abstract

Background: Apomorphine is a potent short-acting dopamine receptor agonist for the treatment of Par-
kinson disease (PD). In Greece, official guidelines for its use in everyday clinical practice are lacking.

Aim: This document is designed to serve as a reference guide for the general neurologist on how to iden-
tify and treat PD patients that could benefit from apomorphine intermittent injections in continuous infu-
sion. It is based on experts’ opinion and a literature review.

Results: In Greece, apomorphine can be found in two formulations; as a pen for subcutaneous injection
and as a pump for continuous infusion. Due to its rapid onset of action, apomorphine injection can be
used as a rescue therapy in case off-symptoms emerge despite good compliance to medications, such as
morning akinesia, unpredictable "off" periods, delayed “on” or dose failures due to erratic levodopa ab-
sorption. As its efficacy does not decrease with time, it can be used from the early years of the advanced
disease stage. Apomorphine continuous infusion is one of the three device-aided treatments that are
recommended for the management of motor fluctuations that can no longer be controlled with oral medi-
cations. It results in a significant reduction in daily off-time. Apomorphine infusion is easily implemented,
does not require the collaboration with other medical specialties and is less invasive compared to intraje-
junal levodopa infusion and deep-brain stimulation. However, it is the patient’s profile that should dictate
the best device-aided treatment choice for the management of an advanced PD patient.

Concusion: Apomorphine holds a unigue place in the armamentarium of advanced Parkinson disease
treatment. Neurologists need to get familiar with its use and consider it in the treatment of their patients.

Key words: Parkinson Disease, Device Aided Treatments, Apomorphine pump, Apomorphine Pen

1. Elcaywyn

H vooos Mapkivoov gival n 2" og cuxvotnta xpovia
veupoek@uAioukh dlatapaxn petd tn véoo Alzheimer.
H enintwon ts augavetal onpavukd pe tnv naikia
[1,2]. Xapakwnpiletal ané noikifia kAIvVIKwv ekbnAw-
ogwv avd otddlo vooou, yeyovds nou kabiotd ouxvd
duokonn t BepaneuTKA TS AVUUETDONION.

H Bepansutkn gpapétpa tns vooou Mapkivoov ano-
okonei otov kaAUtepo duvatd €AgyXo TwV oUPNTWUAE-
twv Kal nepinapBaver and tou otduatos, S1adeppIkd N
unobopiws xopnNyoUpEVa VIONAPIVEPYIKA OKEUAOUATA
annd kai texvonoyikd unofonBoUpeves Bepaneies
onws n Ev tw BaBel Eykepanikh Aiéyepon-Deep Brain
Stimulation (DBS) kal o1 avtiies ouvexous éyxuons
Qappakwy (Nefovtdna Kal anopopeivns).

H anopop®ivn gival évas vionapivepyikds aywviotns
nou xpnalgonoinBnke Npwtn opd otn Bepaneia
s vooou Mdépkivoov 1o 1951 [2] kal anotenei ava-
néonNaoTto PEPOS ts BEPANEUTKAS AUTNS PAPETPAS.
Xopnyeital unodoépia, ite pe diadsinovia 1poéno, oe
pop®n névas, €ite o€ yopPh avtAias yia cuvexn urno-
bopla éyxuon [2]. Mapd v ektetapévn BiRAIoypagia
yIO TN XpNon tns OTovV NPAaypatko KOOPo, otn Xmpa
pas dev undpxouv enionpes odnyies (€Bvikés odbnyies,

Apxeia Kivikns Neuporoyias 32:1-2023, 30-41

consensus, yv@pn €18Ikwv) 60ov apopd us evOeitels-
NS anoPop®ivns Kal TN 0WOoTh EQAPPOYA TNS oTNV
QVTUPETONION s vOoOoU, PE aNOTENECHA VA NAPAPEVE
Ayvwotn yia éva peydno apiBuod veupoldywvy [2].

Me okond v avanAnpwaon autou tou Kevou diop-
yavwbnke pia ouvavinon dwdeka eNAnvwy veupond-
ywv, €10IKMV 0TS KIVNTKES SIOTAPAXES, e HAKPOXPOVI
euneipia otnv xphon ts anopop®ivns. O CUPUE-
TEXOVIES Yolpdotnkav th BewpnTKA Tous Katdption
Kal TNV EPNEIPia Tous avaPopika PYe th Xxphon tns
anopop@ivns otn vooo MNdapkivoov, avaokonnoav tn
oxeukn BiBAIoypagia kal kANBNKav va anavthoouv
pia oe1pG epwthoswy, ol ONoies Kataypagpovial otov
nivaka 1. T6oo ol anavthoels 6oo kal n culhtnon nou
akoAoubnoe e ta tefikd cupnepdouata cuvoyidovtal
oto napov keipevo nou piRodoei va anotenécoel évav
obnyod yia tnv opBn xphon s anopopeivns otny
kaBnpepivn kAvikh Npdén tou éAnnva veupondyou.
MNepinapPBdvel us evoeiels, ta nAcovekthyata anAd kal
US 161aITEPOTNTES TNS XPAONS TNS, KAl NEPIYPAQE! T0 Be-
PAneUTKO Kevd nou épxetal va kanuyel otn diaxeipion
v aoBevayv, cupewva ue tn diebvh BiPnioypagia,
10 XOPAKINPIOTKA TV NPOIOVIWY anopop@ivns nou
kKukAogpopouv otnv EANAda kal tn pakpoxpodvia KAl-
VIKN EPNEINIA TWV CUPPETEXOVTWV.

EAAHNIKH
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Mivakas 1: Epwthpata nou culnthBnkav

1. Moéte katd n didpkeia s Bepaneias pe AeBovidna apxiouv o1 KIVNTKES eNINAOKES KAl NMS AVUPETW-
nidovtal autoi ol acBeveis (Bepansutikd oxnpata, ouxvotnta xophynons Nefoviona).

2. Na nodoo xpovikd Sidotnpa xpnolyonoloUvtal ta and tou otéPaTos VIONAUIVERYIKA oKeudopata, npiv
nepacouv ol aoBeveis pe vooo Mapkivoov and tn Aefovidna oe evéoipes N ANNES XEIPOUpPYIKES Bepaneies.

3. Moid kAvikd onpeia eivar ekeiva nou odnyolv tov Bepdnovia otny évap&n s anopop®ivns o€ Hopen
névas kal noid diapopeuxkd npoin acBeviv pnopolv va eival unowh@ia yia Bepaneia ye anopop@ivn
O€ JopPn névas.

4. Toid gival ta o@énn — nAgovekTNpata s unoddpias xophynons anouop@ivns évavu twv per os Oe-
PANEIDV.

5. Ns yivetal n utdonoinon s anopop@ivns o€ yopeh névas kai noid eival n katdAdnAn npogtoipacia
tou aoBevh npiv tnv évapén ts ttdonoinons wns.

6. Ta nooo xpovikd didotnpa unopei évas acBevns va Ppioketal o Bepaneia pe anopop@ivn o€ Hopen
névas.

7. Mewapdannetar (ki av val, Nws) n and tou otduatos aywyn os BaBos xpovou dtav o acBevhs Bpioketal
o€ Bepaneia pe anopop@ivn o€ popPh névas.

8. Mol €ival ta kAIVIKG onpeia ekeiva nou odnyouv tov Bepdnovia otnv évapén tns avidias anopopeivns
kal noidé diapopeukd npodin aoBeviv Ynopouv va gival unowneia yia auth tn Bepaneia.

9. Moid €ival ta opéAn — NAEOVEKTAPATA TNS cuvexoUs unodopIas xophynaons anopop@ivns évav twv
per 0s Bepanei®v (KIvnukd, un kivnukd ocupnuopata, noidétnta {wns)

10. Moid €ival ta o@énn — nAgovekthpata tns napepPatkns Bepaneias pe avidia ouvexous unoddpia xopn-
ynon anopop@ivns évavt twv enepBatkdy Bepaneidv (Kivnukd, pn KIVNTKA cupntdpata, noidtnta {wns)

11. Nws yivetar n katédAinAn npogtoipacia tou acBevh npiv v évapén s utdonoinons tns avidias
anopop®ivns

12. ThBavés aveniBupntes evépyeles Katd tnv utionoinon og anopop®ivn Kal avuuetnion

13. ThBavés avenBuuntes evépyeles Katd t xpdvia Anyn s unoddépias Xxophynons anopop@ivns Kal
avievoei€els.

14. Xophynon anopop@ivns kal DBS.

15. KAivikés diaxwpiopds Bepanei®y yia  vooo tou Mdpkivoov: and tou otopatos Bepaneies, napeupa-
ukés Bepaneies, enepPaukés Bepaneies

16. KAivikd odnyd onpeia yia tn diadoxikh addnfouxia epappoyns twv Bepanei@y otn vooo MapKivoov.

17. KAivikés ouotdoels avd Bepansutikd otddio kal nigovekthpata tns kaBe peboddou.

2. H éiayvwon tns véoou Mapkivoov apkKei va avupponouvtal and v Unapén avuotoixou

apIBuoU UNOCTNPIKTKMY KPITNEiwy.

H didyvwon ts «kAivikd eykateotnpévnsy («knl-
vikd B€Bains») véoou Mdapkivoov anaitel apevos tnv
napouaia Bpadukivnoias nou va ouvundpxel Pe tpo-
po, duokapwia h kail ta dUo, APETEPOU NV anouacia
Kpitnpiwv anokAgiopoU n «KOKKIVWY onUaichv» nou
napanéunouv os AAAes SIayVWOTKES ovioTnNTes [3].
EninpooBétws, anaiteital n napouacia dUo and ta
akéiouBa teooepa KAIVIKG UNOOTNPIKUKG KpIthpla
onws:

(1) tpduOos npepias
(2) Beapaukn BeAtiwon e TN VIONAPIVEQYIKA aywyn

(3 epeavion unepkIvnolwy Nou oxetidovial Pe tn
AePovténa

(4) diatapaxn tns 6oepnons N kapdiakn cupna-
Onukh anovelpwon oto  onmvBnpoypdenua
puokapdiou pe lwdio-123 (MIBG) [3].

Na i didyvwon s «niBavhs véoou Mapkivoovy,
HMOPEI vO UNAPXOUV PEXPI 2 «KOKKIVES ONPaies»,

Ta teneutaia xpdvia, ektés and ta KIvnuké ou-
UATOPATa Tou TpdPou, tns Bpadukivnaoias Kal tns
duokapyias, €xel avayvwpIotel N onNPAvukoNTa Kal
TWV PN KIVNTK®OV oupntwpdtwy. Autd pnopei va
nEONYoUVtal XPOVIKA TNS EUGAVIONS TWV KIVNTKOV
oupnwpdtwy, enideiviovovtal o€ BaBos xpdvou Kal
nepinapPdvouy, petatu dAnwy, diatapaxés daoppn-
ons, 6168¢gons, Unvou, yvwolakh duonetoupyia kai
duoautovopikd cupntopata énws opboaotatkh unoé-
taon, duokoifiotnta, Siatapaxés pibpwons, oupnons
kal oe€ouanikns Agitoupyias, KGNwon, NGvVos Ka.

3. H g§€Mi§n tns vooou Mapkivoov

Ortav ekdnAwBoUV ta NPMTA KIVNTIKEG CUPNTWOUATA
s vooou Ba tebei n idyvwon kal Ba Eekivhoel n
(QUPUAKEUTKN Bepaneia vionapIvepyikhs Unokatdota-
ons, nou Katd kavova odnyei oe onpavukh BeAtiwon
autv. Na xpovikd didotnpa KAnolwv €1y, N vOoos
€NEYXETal IKAVOMOINTUKE UE TN VIONAPIVEPYIKN aywyn.
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Auth n nepiodos kaihs puBuions tns vooou kadeital
«nepiodos tou penitos». H didpkeld tns kupaivetal
and aoBevh og aoBevn (cuvhBws 3 ws 5 xpdvia).
Katé tn nepiodo auth, o acBevhs Aaufdvel, katd
kavéva, xaunin &éon kar andd doconoyikd oxhpata
per 0s h SIa0EPUIKMV PAPHAKEUTIKMV OKEUAOUATWY
Kal napapével xwpls cofapd n duoneitoupyikd oup-
nwpata 6o 1o 24wpo.

Me tnv ndpodo twv 1wy, n vdoos Ba nepdaoel,
and auth v apxikn «otaBepn» nepiodo, o€ éva nio
«aotaBés», otddio. To otddio autd onpatodoteital
and duo kupiws petafonés otn cuPnepIPpopd NS
véoou, nou oxetidovtal Pe T deiwaon ts dIGPKEIas Kal
NV EKNTwon oty noldtnta ms 6pdons s vionapi-
vepyikns Bepaneias [4-7]. H 1n €€’ autdv exdnAmvetal
HE TNV ENAVEUPAVION TWV NAPKIVOOVIKWY CUPNTWHUA-
v Péoa otn pépa. Apxikd autd ocupPaiver Aiyo npiv
v eNGPeVN Npoypaupatiopévn ddon tns Aefovidna.
To gaivépevo autod kaneitar “npwigo off” (wearing
off) kal ynopei va ekdnAdvetal Ye Kivnukd f/kal gn
KIvNUKG oupntopata [4]. Ogeifetal otn otadiakn
peiwon tns didpkelas dpdons tns eKACTOTE OOONS TS
neBoviona e€aitias tns ouvexiCdpevns ekPpUAIoNS TS
penaivopaBdwtns 0dou [5]. Zto npoxwpnpévo atddio
ta eneicodia off pnopei va eugavidovtarl kai og AAAES
ouypés, anpopienta h aipvidia. Kanoies and us anpé-
BAentes KIvNTKES OIAKUPAVOEIS TOU MPOXWPNUEVOU
otadiou (6nws yia napddelyua n kabuotépnon otnv
évap&n &pdons pias 66ons AeBovidna (delayed-on)
kaBws kal n nAnpns anotuxia s dpdons s (no-
on h dose failure), opeifovtal otnv npoPANPaTKA
anoppoéenon s AeBovidna and 1o Suceitoupyikd
YaoTpeViepIKG cUotnua twv aoBevay, éva cUotnua
nou naocxel hdn and ta npwipa otddia s véoou
[5, 6]. H 2"anAayn nou cupPaivel katd n petdpaon
ano 1o «otabepd» oTo «aotabés» atddio tns vooou,
aeopad v guPavion wwv ungpkivnolmy. O unepki-
vnoles (otnv ayyAikh oponoyia «dyskinesias») €ival
aKoUOIES XOPEIOABETWOIKES 1 SUCTOVIKES KIVAGEIS MoU
ouviotoUv eniNAOKES TNS XxpdvIas VIONAPIVEPYIKAS
aywyns. upPaivouv ouvhBws otnv dixph ths dpdons
s ekdaotote bdons s Nefovidna, anAd pnopouy,
onaviotepa, va ekdnNwBoulv Kal Katd tnv évapgn f tn
Angn ts dpdons s (SIpacikés). Mvwpiloupe onpepa,
6u n arvofoyia twv cuVABWY UNEPKIVNOIWV AIXPNS
bod0ons, oxetiCetal apevos Pev Pe TN ouvexi(OUEVN ek-
QuAion tns pefaivopaBdwths odou, apetépou e
™ xpoévia diaAsinouca xophynaon VIONAPIVEQYIKWV
QPAPUAKWY PE PIKPS xpovo nuicelas (whs, 6nws N
AeBovidna [8]. Eva nocootd 40% twv aoBeviv pe
vooo Mdpkivoov, Bivouv UnepKivnoies petd and
10 Npwta 4 pe 6 étn Bepaneias pe AeBoviona [9]. H
EU@Avion tous oxetidetal Ye tn SIAPKEIA NS VOOOU
Kal to Uyos tns doconoyias tns AeBovidna Kal oxi
1000 PE TN SIAPKEID XOPNYNONS TNS VIONAUIVEPYIKNS
aywyns [10, 11].

Apxeia Kivikns Neuporoyias 32:1-2023, 30-41

O1 6lakupavoEls ota NAPKIVOOVIKG CUPNTOUATd
Kal T UngPKIVNTIKA paivopeva kadouvial oto oUvo-
Ad Tous «KIVNTKES eNINAOKES» Kal N EUPAVION TOUS
onpatodotel tn PETdnTtWwon oto Npoxwpnpévo otddio
s vooou 2. Mpdopata éxel avapepBei 6U o 1ponos
nou o KAIVIKOs opidel 1o Npoxwpenpévo otddio s vo-
oou dlagépel and xwpa o€ xwpa [13]. Ma tov akpiPh
kKaBopiopd tou otadiou autou pe andd kpithpia, €U-
Kona epappdoiua kal and pn €181kouUs, éxel Npotabei
0 Kavovas «5-2-1». ZUPewva Pe autdy, o acbevhs
Bewpeital npoxwpnpévou otadiou epdoov NANpof
Toundaxictov pia and us Nnapakdtw npoUnobéoels:
1. Xpeidletal toundxiotov 5 popés v nuépa diokia
AeBovtodna, 2. napoucidlel cuvonikd NUePNaIo XPAVo
off didpkelas touAdxiotov 2 wpv, Kail 3. epeavidel
bduonetoupyikés unepkivnaies yia toundxiotov 1 pa
v npépa [14].

To aotaBés autd otddio enideIvVdVETal NPOO-
deutkd, nayidevovtas eviénel tous aoBeveis og pia
anpéPienta kupaivépevn KAVIKA katdotaon, drnou
nepiobol prwxns N unoPéntotns AEITOUPYIKOHTNTAS
(AdYw NAPKIVOOVIKWY CUPNTWHATWY N UNEPKIVNTKDV
Qaivopévwy) evanidooovtal pe, odoéva Kal PIKpod-
tepns dIApKelas, nepidGdous kanns AeitoupyikdTNTas,
KaBiothvias aduvato 10 NPOYPAUUATIoUS NS Ka-
Bnpepivotntds tous. EminAgov, pe tnv ndpodo tou
xpovou pnopel va avantuxBoulv «a&ovikd» Kivntkd,
KaBws Kal un KIVNTUKA cupntopata (M.X. yVwotkA
€Kntwon, Yuxwolikd eavépeva, ducautovopia k.a.)
nou avBiotavtal otn vionapivepyikh Bepaneia [12].
H e€dptnon twv acBevv and tous pPovUoTES Yivetal
Slapkds peyanutepn. To OIKOVOIKS Kal YUXIKO KOOTOS
s epovtidas tous eival yeydno kabws AauBdavouv
noAunioka doconoyIkd oxhuata kal n avannpia and
T CUUNTOPATA TS NPOXwPNPEvNs vooou Kablotd
EMITAKTUKN Kal avaykaia v 24wpn nAnpn gpovtida
tous andé dAna dtopa [15].

4. H Ospaneia tns véooou Mapkivoov

KaBws dev undpxel d1aBéoipn onpepa veuponpo-
OTateUTKN aywyn, n Bepaneia s vooou Mapkivoov
anookonef ot BeAtiwon twv GUCAEITOUPYIKDY CUU-
nwpdtwv pe v eddaxiotn duvath enifdpuvon anod
Bepaneia, pe otdxo T SIATAPNON TNS AUTOVOWIAS Kal
n BeAuotonoinon tns noidtntas {whs tou acBevous.
Mepifappavel pappakonoyikés kal un gappakoioyi-
kés npooeyyioels. Anaitel eyneipia and tnv nAgupd tou
Bepdnovtos 1atpou, cuppdpewaon and v nAsupd
ToU aoBevous, kaBws Kal tn Béonion Pias Yakpo-
xpoVIas ouppaxias peta&u tous nou Ba otnpiletal oe
oxéon apolfaias epniotoouvns. [bavikd, ogeifel va
e€atopikeUetal kal va npooappdletal oto 1d1aitepo
npo®id Tou kKaBe acBevous. H cwpatkn Aoknon xel
guepyeukd anotenéopata os 6Aa ta otddia tns véoou
Kal cuothvetal Eapxns ws 1ponos (whs o€ GAoUS ToUS
aoBeveis [16-20].
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H Siaxeipion ts vooou oto npiyo otédio, nepi-
AapPaver tnv katdAnnAn enifoyh apPAKwWY UE OKo-
noé, 6xi yovo n BeAtiwon twv SUCAEITOUPYIKWDY OU-
pntwpdtwy, afnd kal tnv kaBuotépnon N tn peiwon
s NiBavotntas EPEAVIONS TWV KIVNTKWOY ENINAOKMY
ToU Npoxwpnpévou otadiou. Ytdxos €ival va eniteuxBei
10 kKaAutepo duvatd Bepaneutikd anoténeopa e tnv
anfouotepn Kkal xapnAdtepn o 6GON PAPUAKEUTIKN
aywyh (BA. KateuBuvthpies Obnyies kal Bepansut-
kd Mpwtdkonno yia tn Néoo Mdpkivoov) [16]. Ta
VIONAPIVEPYIKA PAPPAKA MOU EXOUV CUPNTWHATKA
dpdaon kal ynopouv va xpnolponoinBolv ws apxikh
povoBepaneia, nepifauPdvouv tn AgBoviodna, Tous
anod Tou otouatos Kal d1adeppikd xopnNyoUPEVOUS
VIOMAPIVEPYIKOUS aywVICOTES Kal TOUS avactoneis tns
povoapivo&eldddns B (MAO-B). Ané autd, tnv Ka-
Autepn anotefeopaukdnta €xel n Agfovidna, ako-
AouBoupevn and tous aywviotés Kal 1€Aos and tous
avaotoneis MAO-B. Qaotdoo, teivoupe va eninéyoups
n Bepanesia évapéns pe Bdon tnv nAikia tou k&Be
aoBevoUs. Xe peyanutepns nAikias aobeveis Eekivape
ouvhBws pe NePovidna ev o véous aoBeveis, ws
Bepaneia évapéns, eninéyoups ouxvd Tous avaotoneis
MAOQO-B h kanolov vionapivepyikd aywviot. Or ayw-
vIotés kal ol avaotoneis MAO-B, napdu dev ival to
idlo anoteAsopaukoi pe tn Agfovidna, pnopouv va
BeAuwoouv o€ kdnolo Babud ta cupntuata s otd
apxika otddia kal va avapdanouv v évapén ts Aefo-
viona, pe v ennida va kaBuotephoouv thv epepavion
TWV KIVNTK®OV €NINAOKOY Nou oxetiovial Je authy.
Epdoov 6pws anarteital peyaddtepn cuPnIwpPatkh
dpdon, pnopoupe va Eekivhooupe pe AgBovidna Kal
o€ veapdtepous aobevels h va npooBéooupe NeBovto-
na oTous VIONAUIVEQYIKOUS aywVvIOTES. H ouyxopnynon
NeBovidna-aywviotmy oto NPWIPo otddio cuuPdne
oto va eniteuxBei 1o emBupntd Bepansutkd anoténe-
opa pe xapnAdtepn doconoyia Aefovtdna [17-20]. O
aveniBupNTes evépyeles dGNws n unvnia kar ol Yuxi-
aTPIKES KAl YVWOTKES OIATApaXES ival OUXVOTEPES JE
TOUS ayWwVIOTéSs 0€ oxéon pe tnv Agfovidna, yia autd
Kal Ol VIONAWIVEQYIKOT aywVIoTES Ba Npénel va xpnal-
ponolouvtal pe npoooxn, 161aitepa os peyanUtepns
nnikias aoBeveis. Asv undpxel kapia anddeiEn oéu évas
VIOMAUIVEPYIKOS aywVIoTNs €ival avidiepos and &vav
anno ava@opikd Pe Tov ENEYX0 TWV KIVNTIKDY CUPNTW-
pdtwv s vooou (e e€aipean tv anopop@ivn nou
Opws dev éxel Béon oto NpwIPo otddio s vooou).
Qot600, 01 Un €pYOTAPIVIKOI aywVIoTES, Ba npénel va
npouudvtal and tous Nanaidtepous EpYOTApIVIKOUS
aywviotés (n.x Bpwpokpuntivn), Adyw tou auénpévou
KivdUvou nveupovikhs kal kapdiakns ivawons [17, 18].

Mapd v opBn avupetdnion s véoou OTo Np-
Iyo otddIo, €va onpavukd Nocooto twv acBeviv Ba
epgavioel 1eNIKG O1akUPAvoEIs Kal UNEPKIVNOIES YE
v Ndpodo tou xpdvou. H eppdvion twv eninAoKhv
autwv enitooel S1aPopetikn diaxeipion tns vionapl-
VEPYIKNS Bepaneias oto npoxwpnpévo otddio. H avu-

HETDNIoN tou npwipou off nepiNapBdver otpatnyikes
nou pnopouv diadoxikd va ouvduaotolyv Peta&l tous
o6nws: 1. tnv at€non s ekdotote ddons s AeBo-
viéna, 2. tnv au&non s ouxvotntas twv 000wy, 3.
v BeAtiwon s Blodiabeaipdtntds s NeBovidna
HE TNV NpooBhkn avaotoNéwv twv PetafoniKdV tns
povonaumy 6nws s katexon-o-uebuitpavopepdons
(COMT, n.x. evtakandévn) kar tns MAO-B (ogAeyinivn
kal pacayifivn) kar 4. tnv NpooBnkn A KAIHAKwon
TWV VIOMAPIVEPYIKWDY aywviotwv. H diaxeipion twv
UMNEPKIVNOIV otnv aixph tns dpdons tns AeBovidna
nepiAapBaver v peiwon s 6ons twv Vionapivep-
YIKOV pappdkwy, ouxva pe napdAdnin atgnon tns
ouxvotntas xophynaons s AeBovidna, Kabs Kal tn
xphon apavtadivns. EISIKE yia us S1aKUpPAvoEls nou
efte eppavidovtal anpoéPAenta, eite enipévouv napd
TOUS Napandavw xelpiopous, cuviotdtal anopdkpuvon
NS aywyns anéd td yelpata, avupetnion s Suokol-
Adidtntas kai n xphon névas anopopeivns [17-20]. Ev
ténel, ol aoBeveis katannyouv va AapBdvouv ofoéva
kal nio noAunfoka docoAoyikd oxhpata nou kabi-
otouv duokoANn ™ CUPPOPPWON TOUS, CUXVOTEPES
us napevépyeles kal us aniniemdpdoels pe dnAda
Qdpuaka Kal npoBANPATKA TV ThpNon Tou wpapiou
[19, 20].

Auotuxws, napd tous BepaneutkoUs autous Xelpl-
opous pe anod tou otduatos, diadepuikd h unododpia
VIOMAPIVEPYIKA @ApUaKa, évas onpavukos aplBpos
aoBevv Ba ouvexioouv va gp@avifouv eninAokEs
UE ooPapés eNMTMOEIS oTNV KaBnpepivh tous Ael-
TOUPYIKOTNTA KAl OT0 GopPTio vOCOU Nou enwio-
vtal ol ibiol karl ol ppovuotés tous [12]. Ze auth tn
duokonn nepiodo, ol texvodoyikd unofonBoUpeves
Bepaneies (DBS kal avidies papudkwy) pnopouv va
BeAumoouv Mo anoteAEoPATKA Td CUPNTMUATA Kal
mv noidtnta {wns twv acBevav [16-20]. Or avtdies
éyxuons papudkwy anodidouv tnv katdANNAN yia tov
k&Be aoBevh nocdtnta vionapivepyikoU Gapudkou
pe tpéno ocuvexn, diacpanifovias nio otabepn Kal
afiénion avakoUeion and ta cupntopata. H Agfo-
vtona kai n anopop®ivn gival ta 6Uo PAPUAKa Nnou
xopnyouvtal pe €181kés ouokeugs/avinies ouvexous
éyxuons. H anopop@ivn xopnyeital unoddpia and
pia BeAdva nou tonobeteital Katw and 1o dépuUa evmd
n AeBoviéna (o€ ouvbuaoud pe kapPiviona, évav
avaotonéa s nepipepikns anokapBo&uldons twv
aPWHATKWY apIvo&éwv), xopnyeital dlapéoou ya-
otpootopias and évav kabetpa dinAou auiou nou
ENITPENEI TNV €yxUuoh s otn vhcuda. And s TPEIs
b1aB€aipes onpepa texvonoyikd unofonBoUpeves
Bepaneies, n anopop@ivn givar n pdvn nou dev eival
enepPaukn [17, 18].
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5. H 6éon tns anopop@ivns otn Bepaneia tns
vooou Mapkivoov.

5a. ®appakonioyika 6£6opéva tns anopop-
@ivns

H anopopeivn ival évas pn epyotapivikds viona-
HIVEQYIKOS aywVIOTAS Nou xopnyeital unoddpia [2].
Aeopeuetal kai dieyeipel 1éoo tous D1 600 Kal Tous
D2 vtonapivepyikoUs unodoxeis dnws n vionapivn,
annad éxel 10 popés uPnAOTEPN CUYYEVEID UE AUTOUS
o€ oxéon e tn vionapivn[21]. Otav xopnyeital uno-
bopiws, n anopop®ivn anoppoPdtal taxéws NdYyw
s uynAns Aino@iNikdtntds ts kal dlanepva ypn-
YyOpad TOV aIatoeykePanikd gpayud [22], gtdvovias
OTN PEYIOTN CUYKEVIPWOhH Ts oTo NAAopa €neita anod
10-20 Aentd kar oto ENY pioh dpa petd v gveon.
Mapdyovies 6nws 1o onyeio s éveons, to BABos tns
éveons, n BeppoKpacia Tou omUATos Kal To NAxos
WV Yanakmv yopiwv pnopouv va ennpedoouy TNy
anoppoé®naon, v n cuyxopnyoupevn déon s Ae-
Bovténa, n niikia, to eUAo, 10 BAPOos kai n SIApKEIa
s véoou dev qaivetal va €xouv kanoia enidpacn oto
petaBoniopd tns anopop®ivns [22]. H anopop@ivn
gival o nio anotefeopatikés and 6GAous Tous viona-
HIVEPYIKOUS aywviotés. H yphyopn évap&n dpdons
kai n 100% Biodiabeoipdtnta tns nou opeifetal otov
unodoplo 1péno xophnynons, anotefolv onPavukd
nAeovekthpata nou t diagoponololv and us dnnes
Bepaneies ns vooou.

58. EykeKpIPEVES HOPPES XOPNYNONS TNS Amno-
pop@ivns Kai ol evoeifels tous otn Bepaneia tns
vooou Mapkivoov

Ynv EARGda kukNo@opoUv SUO eyKEKPIPEVES Op-
P€s anopop®ivns unoddpias xophynons, N Anopop-
@ivn og pop®n névas (otufeol) yia epdnag éveon Kal
n anopop®ivn og opeh aviiias yia cuvexn yxuon.
[2, 17-20]. LOp@wva ye us enionpes evOei€els Tous :

1. O1unobdples evéoels anopop®ivns (Néva) pno-
poUv va xpnaoigonoinBouy yia tnv taxeia Kal
apeon avaotpogn enelcodiwv off oe aoBeveis
ue vooo MNapkivoov.

2. H ouvexns unodopia éyxuon anouopeivns
(avtiia éyxuons) pnopei va xpnolponolnBei
yla n peiwon twv dlakupdvoewy os aoBeveis
pe vooo Mapkivoov nou eugavidouv ooPapés
KIVNTKES eninAokés napd i Bénuotn and tou
otopatos Bepaneia. H évapén tns Bepaneias Ba
npénel va yivetal anokAeIotkd o€ eEeIBIKEUUEVD
Kévipa pe duvatdtnta enapkous napakonou-
Bnons.

KaBws eneicddia off kal diakupdvoels dev undp-
XOUV OT0 NP®IYo otabepd otddio tns vooou, n ano-
Hopivn éxel Béon pévo otn Bepaneia Tou NPOXW-
pnpévou otadiou.
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H néva anouop@ivns kai n xpnoiudtntd s otn Oe-
pangia tns vooou lNdpkivoov

H unodopia éyxuon tns anopop@ivns Pe Hopen
névas eival pia Bepaneia yphyopns kal anoteNeopat-
kns «b1dowaons» and ta NapKIvoovika gaivéueva off,
n onoia pnopei va xpnoipgonomBei ous akdénouBes
nepINtwoels pe Baon tn BiBAioypaia:

e 0c aoBeveis nou ePeavi(ouv PEPOVWUEVA ENEl-
o066ia "off" pe duonertoupyikd cupntuata
nou KaBiotouv emBuPNTA TNy Taxeia avaotpo-
on tous [2, 23]

e o€ aoBeveis pe npwivh akivnoia [2, 24]

e 0c aoBeveis pe npwivd enwduva”off" pavo-
peva n.x npwivn off duotovia [2].

O1 evéoels anopop@ivns ynopouv va avupetwni-
oouv e€foou anoteAecPaTKA ta KIvnukd Kal ta pn-
KIVNTIKA Cupntopata nou oxetidovial Pe Ty Katd-
otaon off. ZUpgwva pe tn yvdun twv €IbIK@Y, ta
eneioddia off nou pnopouv va avupetwniotoly Pe
€VEOEIS anopop®ivns unopei va sival noikiAns arto-
Aoyias kar va ouvictouv aipvibia on-off, anotuxies
ddoewv h kaBuaotephaels otnv évapén tns andvinons
otwn AgBovtona, pepovwpéva wearing off, npwivd
aKivnukd@ @aivopeva n akopa kal kabapd pn-kivn-
ukd off pe duoneitoupyikh cupntwpatodoyia dnws
yia napddeiypa o névos. Menétes éxouv Oeifel 6T n
uynAh anoteAecPaTKOTNTA TNS €VEONS ANOUOPPIVNS
dev peidveral otadiakd pe 1o xpovo [23], yeyovds nou
ENITPENEI OTOUS VEUPONOYOUS VA TN XPNCIPOMOINGOUY,
aveta kal pe aopdaneia, hdn and ta apxikd otadia ou
npoxwpnpévou otadiou, PeAtwvovtas anod vwpis tnv
noiénta {wns twv aoBevv [25].

H anopop@ivn, ws Bepaneia didowaons, xopnyeital
pe unododpia éveon nou dlevepyeital and tov idio tov
acBevh 1 tov gppovuoth tou [26]. H évap&n Spdons
eival taxutat, ocuvhBws o€ 10 Aentd. O1 aocBeveis
npénel va gival ikavol va avayvwpilouv v évapén
Twv oupntwpdtwy “off” kal va ynopouv va kavouv
v €veon POVoI TOUS N va EXOUV €va pPOoVUOTA IKaVO
kal 6106€01uo va Tous KAvel TNV éveon OTaV XpEla-
0B¢i. O Bepdnwv veupondyos ogeifel va kabopioel
n 6don s anopop@ivns nou aipel yphyopa Kal
anotefeopatikd ta ocupntwpata off tou acBevn. H
bd6on auth dev eival ibia og dAous. Epdoov Ouws
kaBopiotel, cuvhBws napapevel otabepn. lNa to oko-
né autd akodouBeital n napakdw diadikaacia: Avo
UEPES MPIV TNV NPOypaPpaTtoPévn €vapén tns ano-
pop®ivns anaiteital npostolyacia tou acBevous pe
dopnepidbovn and to otdpa (10 mg TpEIs PopEs v
npépa), Mou oKomno éxel tnv HECUEUON TWV NEPIPE-
PIKMV VIOMAUIVEPYIKWDV UNoSOXEwV NPOKEIUEVOU Va
ano@euxBouv ol cUVNBEIS YOOTPEVIEPIKES NAPEVEP-
YEIES TNS anopop®ivns ONws N vautia Kal O EUETOS.
Mpiv napBei n ané@aacn yia évap&n Bepaneias pe
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6opnep1d6vn kal anopopivn, Oa npénel va aglo-
AoynBouUv npooektikd ol napdyovies kivduvou yia
v napdtaon tou diacthpatos QT, npokeipévou
va Slacpaniotei 6u 1o 6@eNos tns Oepaneias une-
péxel tou KIvbuvou. H dopnepid6vn Ba npénel va
Slakéntetal otadiakd Kai oxeukd cUvVIopd PETd Tn
utdonoinon. H utAonoinon yivetal og ¢pdon off.
XopnyouUvtal au§avépeves 6Gagls anopop@ivns e
bladoxikés evéoels unodopiws, Eexiviovtas and 1
mg Kai ¢tavovtas péxpl ta 9-10 mg, ye andotaon
45 Aentwv n pia and v addn. H déon ekeivn nou
eival ikavh va @épel tov acBevh and katdotaon off
o€ katdotaon on evios 10-15 Aentv, xwpis nape-
vépyeles, emnéyetal ws BeAuotn [26]. Enitpénovtal
Uéxpl kal 10 evéoels v npépa. O aoBevhs duws nou
xpelGletal NePIoOOTEPES and 5-6 VEOEIS NUEPNTIWS,
gival nio owotd va nepdoel os avidia anopopeivns.
O1 evéoels anopop®ivns pnopouv va xopnynBouv
oe off onolaocdnnote didpkeias, arnonoyias kal Ba-
putntas, apkei o acBevhs va xpeidletal v dueon
avaoTPO®N TWV CULNTWHATWY NS vOOOU Nnou BIWVE!
ekeivn tn ouyph. H anopop@ivn Sev evdeikvutal yia
TNV QVUPETDMION TWV UNEPKIVNOIDV aIXpPns 6ans, Ts
onoigs paniota mBavd va enideivaoel. Mapdu pnopei
va BeAuwoel us SIPaoikEs UNePKIVNaies, dev EXel e-
AetnBei yia 1o okonoé autd, ondte dev UNAPXEl OXETKN
enionpn évoeitn.

H avtAia ouvexoUs unobopias éyxuans arnouopeivns
ot Bepaneia tns vooou [1dpkivoov

H ouvexns unododpia éyxuon anopop@ivns pe aviia
evoeikvutal, ws kaBnpepivh Bepaneia, o aoBeveis pe
ooPapés diakupdvaoels, nou dev eAéyxovial ENAPKMS
ge in BéAtotn and tou otépatos aywyn [16-20]. H
anoteneopatkdtnta tns avidias anopop@ivns (CSAI)
otV peiwon tou cuvonikoU npepnaoiou xpoévou off
avadeixtnke npdopata otn dINAG-tu@An Tuxalonol-
nuévn penétn TOLEDO kal tnv enéktaon tns[27, 28].
MNapddinda dianiotwbnke 6T n évap&n avinias ano-
Hop®ivns gixe ws anotéfeopa tn peiwon otnv and
TOU OTOPATOS VIoONAPIVERYIKN aywyn. Ze nafaidtepn
penén, ol Pietz et al penétnoav 25 aoBeveis pe vooo
Mapkivoov otous onoious n évapéns Bepaneias pe
aviiia anopop@ivns €ixe ws anotéfeopa tn peiwon
s ouvonikns nuephalas ddons s AeBovidna katd
50%, t onpavukn BeAtiwon kar AAAwy Napapétpwy
onws o unvos, n didBeon/andbelq, YAOTPEVIEPIKES
diatapaxés, ta ouponoyikd kal oe€ouanikd npoPAn-
gata, v 6ev napatnpnbnkav coBapd Yuxwaoikd
Qavopeva[29]. Ztnv enéktaon s Penéns autns, (the
EuroInf survey), ol Reddy et al dianiotwoav onpavukh
BeAtiwon 1600 ats KIVNTKES GO0 KAl OTS PN KIVNTIKES
napapétpous os dnAous 43 aoBeveis ektpvias ot
10 péyebos tns anotefeopaukdTNTas tns Bepaneias
HE anopop®ivn, gival cuykpioipo pe ekeivo tou DBS,

xwpis naviws va €xel yivel aneuBeias ouykpion otnv
i61a penétn [30].

H avtiia anopopeivns unopsi va xpnolponoinBef
otav ol and tou otoépatos Bepaneies éxouv e€aviin-
o€l us Bepaneutkés tous duvatdtntes [2,16,20]. Ta
EUEPYETKA anoteNéopata tns aviiias anopopeivns
otn Bepaneia tns vooou Parkinson €ival ta akéiouba:

e edduiwon tou xpovou off [27, 28].

e QUENON TOU XPOVOU ON Xwpis NPoRANPATIKES
duokivnoies [27, 28]

e gAdtiwon AoINWY avUNAPKIVOOVIKWV Papud-
Kwv (Levodopa Equivalent Dose) [27-29]

e BeAtiwon ot CUPPOPPWON aoBEVDY
e BeAtiwon pn KIVNTUKOV oupntwudtwy [27-31]

ApKketés penétes éxouv avadei€el ta duvnukd opéfn
NS AnNopoPPivns ot PN KIVNTUKA CUPNTOPATa TS
vooou Mapkivoov xwpls dpws va éxel AdRel enionun
gvbeItn yia autd B39, Tuykekpipéva, avapépouy Ot
N anopop®ivn UNopei va €xel UEPYEUKN enidpaon
O€ VEUPOWUXIATPIKA CUUNTMPATA, ous Olatapaxeés
unvou, otov névo, otnv ouponoyikh duofeitoupyia,
aKopa Kal ous diatapaxes eNEyxou TV NAPOPUNCEWY
[30-33]. Enfons, n ouvexns unobopia Bepaneia pe
anopop®ivn, unopsi va enitpéyel In peiwon h anfo-
noinon tns per os XxopnyoUPEevNS VIOMAUIVEPYIKNS
Bepaneias, ye anoténeopa o acBevns va ananiaxBei
ané noAundoka doooAoyikd oxApata twv and tou
otdpatos Bepaneldv nou duoxepaivouv onpavukd
ouppépewon [35-37].

Me Bdon ta napandvw, ta Npo@ii twv acbevov
nou pnopel va weeAnBouv and tn xpnon avidias
anopop®ivns cuvoyilovial otov nivaka 2.

Mpiv anod v évapén ts Bepaneias ouvexous uno-
bdplas éyxuons anopopeivns pe avidia, eival anapai-
N10s 0 KaBopiopds s anoteAeopatkhs ddons tns
OUVEXOUEVNS PONS yid Tov ekdotote acBevh. Onws
Kal Je tnv néva anopop@ivns, ol aoBeveis nou eni-
Aéyovtal yia avidia anopyop@ivns Ba xpelaotei va
AdPouv Gounepidovn toundxiotov dUO NUEPES MPIV
and v évapén tns Bepaneias. Na 10 Adyo autd Ba
npénel va aglonoynBoulv npooektkd edv eugpavifouv
napdtaon tou diacthpatos QT 1 Napdyovies nou
au€dvouv tov Kivduvo EPpAvions Tou, ONws Kal PE Ty
néva [39]. Anapaitntn Bewpsital n npaypatonoinon
evos NAEKTpoKapdIoypaPLIATos NpIv thy évapén s
Bepaneias. H dopnepibdvn Ba npénel va diatnpeital
ot xapunAddtepn anotefeopatkn ddon kai va Slako-
MTETAl T0 CUVTOPOTEPO duvatdv. MNa tnv cuvexn umno-
bopia éyxuon pe avtiia, n ouvhBns 66on évapéns s
anopopivns gival 2 mg avd wpa [39]. AkoAouBws
n pon unopei va au€dvetal Katd 1 mg avd dpa Péxp!
10 6 mg ava dpa maximum. H cuvoAikh nugpnaia
b6on s udpoxnwplikns anopoppivns &€ Ba Npénel va
unepPaivel ta 100 mg [39]. H dooonoyikn cuoxéuon
peta&u anopopeivns kai AeBovidna eivar 1 npos 10,
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Mvakas 2: & nolous aoBeveis pnopouue va okeptoUpe tn Bepaneia pe Anopopeivn

Ztuneds Anopop@ivns

Avtdia ZuvexoUs Eyxuons Anopop@ivns

enwbduvn duactovia) otnv apunvion?

Ye aoBeveis pe npwivh akivnoia n gpaivopeva off (nx.

Ye aoBevels pe SUONEITOUPYIKES KIVNTKES (Kal PN
KIvntkés) Slakupdvoels napd in Bénuotn and
Tou otopatos Bepaneia’s20-31.32

Ye aoBevels yia tn didowon and kivnukd kai
UN KIVNuKé @aivopeva twv eneicodiwv off nou

32

oupBaivouv napd  owoth ARYN s aywyns'e20 2431

Xe aoBeveis nou xpeidlovial noAAEs eveoels pe
owned anopopeivns

dpdons ns NePfovidona’

Ye aoBeveis nou avapepouv kaBuatepnpevn gvapén

Ye aoBevels nou éxouv eniféCel enepPaukés
Bepaneies (DBS, avidia Nefovidna) adfd

n npaypatonoinon tous kaBuaotepei h
avtevbeikvutal

Ye aoBevels nou avapépouv anotuxies dOoEwV?’

MNa tnv peiwon tou xpovou off oe acBeveis pe
otevo Bepansutkd NapdBupo Kal UNePKIVNOIES
aixphs 66ons nou nepiopiCouv v NEPAITEPW
kAIPGKwon s per 0s aywyns

AeBoviona Adyw duoneitoupyias tou M3

Ye aoBeveis nou €xouv npoPinpata anoppdenons s

Y€ aoBeveis pe noAunnoka doconoyikd
oxhpata nou e cuppop@wvovtal Kafd Pe Ty
aywyn.

Ye aoBeveis nou éxouv onpavukd npofninuata
HE TNV anoppo®Nnaons s AeBovidna kar twv
Aoindv and tou otoPatos eapudkwy, Adyw
buofeitoupyias tou X h aAdnAsnidpaons Ye ts
NPWTEVES TNS TPOPNS

Ye aoBevels nou dev pnopouv va AdRouv
Bepaneia and 1o otdua

gnopévws ta 6 mg avuotoixolv o 60 mg AePfovidna
mv wpa. H ouyxopnyoupevn and 1o otopa vionai-
VEPYIKN aywyh pnopei va anokipakwOei, epdcov
gival eQIKTo, Katd tn didpkela tns utdonoinons s
PONS €yxuons TNs ANouopPQIvNs.

O1 aveniBUpNTes evépyeles NS anopop®ivns eival
ouvhBws Nnies kal eppavifovtal cuxvotepa o aobe-
veis o1 onoiol unoPdénovtal os Bepaneia pe v avidia
ouvexouUs €éyxuons, Ue ouvnBéotepa ta Hepuatikd
o(iéia, tnv unvniia, tn vautia, th duokivnoia Kal ta
VEUpOWUXIaTPIKG cupntpata. O Bwpakikés Névos,
n otnBdyxn Kal n cofaph opBoaotatikh undtaon &ival
ondvies aNnd coPfapés aveniBUUNTES EVEPYEIES, EVMD
éxel napatnpnBei o éva apiBud aoBeviv napdtaon
tou QT, yia autd Kal §Goels éyxuons YeyanUTeEPES Twv
6 mg avd wpa dev ouviotwvial. rnavidtepn annd
oofaph napevépyelia avapéPetal n algoAuTKn aval-
uia. H anotedeopaukn diaxeipion twv aveniBuuntwy
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EVEPYEIDV anotenei onpavukéd napdyovia yia va na-
papeivel évas aoBevns pe vooo MdpKivoov otnv ano-
popivn kal €1bikdtepa otnv aviiia. H avuyetonion
Twv ouvhBwv eninflokwyv 6nws ta deppatkd odidia,
nepidappavel tn xphon €1dikns BeAdvas otnv avidia,
n Bepaneia pe uNéPNXous Kal pacdad, v kadn uyleivh
ToU O€pPaTos Kal Twv Yanakmy popiwy, t xphon gel
oifikévns kAn. Ta 1o okond autd, 1diaitepn onuacia
éxel n anoteneopaukn unoothpiEn and egeldikeupévn
voonfeutkn unnpeoia [39, 40].

H anopop@ivn avievdeikvutal ye fdon tv nepinn-
YN XApAKINPICUKDV TWwV NPOIGVIwY, OE:

e (aoBeveis e avanveuoukn kataotonn, dvoia,
Wuxwaoikd ouvdpopa " NNatkh avendpkeia.

e 0t aoBevels pe unepeuaiobnoia otn 6paACTIKA
ouofa h og kadnolo and ta £kdoxa ns
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e oe naidid kar ephPous nAikias KATw twv 18
gtV [39].

5y. H xpnon tns anopop@ivns otnv EAAdéa.

Xwnv ENAGda n anopopeivn givar dyvwotn yia évav
ApKETa peydio apiBud veupoddywv. Or 1dikoi twv
KIVNTIKWOV S1atapaxav, and tnv KAIVIKA Tous epnelpia,
oupPwvoUv 6T ol aoBeveis pe vooo MNapkivoov xpeid-
(ovtal tnv anopop®ivn noAu vwpitepa and tdte Nou
i AapPdavouv. To yeyovds autd opeifetal oto ét ol
veupofdyol nou tn xpnalponololv, ouvnBidouv va
etavinolv 600 Pnopouv NePICoOTEPO Ta NePIBmpPIa
s and Tou OtdOPATos GAPPOKEUTIKAS aywyns, npiv
NV Npoteivouv ws Bepaneutkn enifoyh otov aoBevn
tous. MNondof aoBeveis éxouv yia noAnd xpodvia (>4)
npwivh akivnoia Kal napapévouy eni pakpov o anod
Tou otépatos Bepaneies ol onoies Sev pnopouv va
NV QVUPETWNIOOUV.

56. Xuykpion tns avtdias anopop@ivns e tTis
dAAes texvoAoyikd unoBonBoupeves Ospancies

Y€ oxéon pe v avinia evbovnoudikns xophynons
AeBovidona, n anopop@ivn xopnyoupevn unodopiws
UE popon avidias, epeavidel ta napakdtw NAEoVeKTn-
pata: 1. napakduntel nANpws to NeENukd cuotnua
nou duoneitoupyei onpavukd otn vooo Mépkivooy,
2. n anoppoenaon tns dev ennpeddetal and v IPoen
Kal us npwrteives nou AauPdvovtal ota yeupata, 3.
n enidoyn évapéns tns, anotefel anokAsIouka anod-
@aon tou Bepdnovtos veupondyou kal Slevepyeital
ano ekeivov xwpis va anarteital n ouvdpoph aAdwv
elbikothtwy, 4. 6ev npoUnobétel peioves napepPdoels
OT0 oWPa Tou aoBevous népa and tnv tonobétnon
uias BeAdvas unoddpias xophynons, yia autd Kai ival
dueoa kar eukona avaotpéyiun Xe avtiBeon, ol AAAEs
duo texvonoyikd unofonBoupeves Bepaneies anai-
o0V NapePPAcels oto owpa tou aoBevous dnws tn
bievépyeia yaotpovnoudoaotopias Kal th XEIPOUPYIKA
EPQUTEUON ToU veupodieyéptn DBS. Ta tous Adyous
autous, n avtdia anopop@ivns Bewpeital n nio €u-
koAn va &ekivhoel (kal va otapathoel) texvonoyikd
unoPonBoupevn Bepaneia. ZUPPWVA YE TS odnyies
NICE 2017, o1 Bepaneies tns vooou MNépkivoov tag-
vOPOUVTal O€ PUPUOKEUTIKES KAl XEIPOUPYIKES KAl N
anopop@ivn, 16oo o€ HoPPh NéEvas GO0 Kal O YOPPN
avtdias, katatdoostal ous Nptes [17]. Zuviotdtal
va e€aviiolvtal oI SUVATOTNTES TWV PAPHUAKEUTIKMDV
Bepaneiv Npiv va npoteivovial otous aoBeveis Ye
npoxwpnpévo otddio ol xelpoupyikeés Bepaneies [17,
18]. Zuppwva pe n PiBioypagia nou NepypAEl
v npaypaukétnta os adda Kkpdtn, n anopop®ivn
QaiveTal va €XEl TO PIKPOTEPO KOOTOS CUYKPITKA e
us annes enepPaukés Bepaneies, dGnws 1 DBS kai n
avtdia éyxuons Aefovidna [42-44].

v EANGda ouykplitkd pelovéktnpa s avidias

anopop@IVNs o€ oxéon Pe ts anies dUo texvonoyikd
unoPonBouUpeves Bepaneies, €ival to yeyovés 6T n
dandvn npounBeias tns anopop®ivns eniBapuvel,
ev pEpel, tov acBevn. Eva eninpdoBeto oxeuko pel-
oveKtnpa anotenel to yeyovos Gu ondavia pnopei va
eniteuxBei povobepaneia pe anopop®ivn yia pakpo
xpovikd didotnua. Katd kavéva anaiteital n ouvéxion
s Xxophynons and tou OTOUATOS VIOMAUIVEPYIKDV
QapUAakwy, av Kal, 6nws npoavapépbnke, os xapn-
Aotepes bdaels kal andouotepa oxnpata. H avantuén
0{biwv anotenei va ouxvo NEPIOPICTKO NApdyovid
yla tnv ouvéxion tns Bepaneias. TéAos, N avaykn
unap&ns epovuotn Ikavou va unootnpilel tn Bepa-
neia givar évas neplopiopods oe oxéon pe 1o DBS kal
TNV AUTOVOWIa MoU autd CUVENAYETAI yid Tov aoBevh.

KaBws kai ol tpels texvoloyikd unofonBoulpeves
Bepaneies (avtdia anopopgivns, avtdia Aefoviona,
DBS) poipadovtal tnv ibia évéeign, agiel va enion-
pavBei 6t 1o Baoikd kpithpio emiAoyns tns katdn-
AnAns texvondoyikd unofonBoupevns Bepansias
gival 1o ouykekpipévo npo@in tou KOs acBevous
[16-20]. Mapdyovies 6nws n niikia, n Baputnta
s vOooU NEPAV TwV KIVNTKWY eNNAOKWY, N ou-
vofikh 1I006Uvapn d6on AgBoviona (Levodopa
Equivalent Dose (LED)), o BaBuds avtandékpions
otnv vionapivepyikn Bepaneia, n Unap&n vonuknis
ékntwons N Yuxiatpikns cupntwpatodoyias, 1o
npocdokipo enifiwons, n tnap§n gpovuotn, n
unap&n opBootaukns undétaons, ol TUXOV CUVO-
onpotNtEs K.d., €ival kaboploukoi yia tnv ané-
(aon autA, nNou npénel va e§atopikeUstal Kal va
anotenei Npoidv cupPwvias Tou acBevous Kal Tou
Bepdnovtos veupondyou o onoios, 1I6avikd, npénel
va €xel ePneIpia Kal ous Tpels autés peboddous. Ol
texvonoyikd unofonBouUpeves Bepaneies, kabBws
ep@avifouv dlapopetikoUs pnxaviopous dpdons,
pnopoUv va cuvbuaotolv o€ enineypévous aoBe-
veis npoo@épovias aBpoioukd Oepaneutkd Ope-
fos [45]. Zuykekpipéva, o ouvduaouds tou DBS
pe avtdia éyxuons gapudkou pnopei va cupPanel
otnv aképa kanutepn Siaxegipion unoNsINOpeEvwY
N enavep@avi{OPEVWY KIVNTUKWVY €NINAOKWV O€
€161Kés NepINTWOEIs aoOevwV.

6. Enidoyos - Zupnegpdopata

Zkonos s napouoas epyacias ival N napouai-
aon s B€ons tns anopop®ivns otn Bgpaneia tns
vooou Mapkivoov oUppwva Pe v dnoyn enfnvwy
veupondywy, €I0IKWV OTS KIVNTIKES SI0TAPAXES Kal T
bi1a6éoiun onpepa BipAioypagia.

Yuvouyilovtas, n Bepaneia didowons pe unoddpia
€veon anopop®ivns evoeikvutal yia Ty avupewmnion
s Npwivhs akivnaias anAd Kal KIvNTKov (Kal gn Kivn-
ukwv) eneicodiwv off nou epeavidovtal napd v per
os aywyn, 16iws étav autd eival anpoéPienta, pepo-
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vwpéva h Aiya og apiBud. H anotedeopaukdtnta Kal
n aoedansid s gival yvwotn yia nepiocdtepo and 25
XpOVIa Kal ta KUpla nAgovekthpatd s nepifapBavouy
I yphyopn évap&n Spdons kal v dueon avakougion
and ta cupntopata nou dev éxel va enibei€el kapia
aAnn vionapivepyikh aywyn. KaBws n anotefeopa-
UKOTNTA NS Oev Paivetal va anodUVAPMVETAl PE TO
xpOvo unopei pe aopdansia va xopnynBei hdn ano to
apxikd ot@dio s npoxwpnpevns vooou.

H ouvexns éyxuon anopop®ivns péow avtiias (PFS)
anotenei Bepansuukn emioyn oty NPoxXwpnNpévn
v6éoo Kal evdeikvutal yia tous acBeveis nou, napd
n B€ATOTN and 10U OTOPATOS PAPUAKEUTIKNA aywyn,
eCakonoubouv va eppavidouv SUCAEITOUPYIKES Ki-
vnukés eninnokés. Alaoeanidel onpavukh Bentiwon
Tous Onws auth avayvwpilgtal otn peiwon Tou ouvo-
AikoU nuepnalou xpdvou off. Zuviotd tnv nio etkonn
va Eekivhoel, anid Kal va teppPatotel, texvonoyikd
unofonBoupevn Bepaneia, nou dev anaitei cuvdpo-
pn dndwv eidikothtwy h peidoves napepPAaocels oto
owpa tou acBevous. Tia autd kal Ba pnopouoe va
xpnolgonolinBei vwpitepa N eukonNdtepa and annes
texvonoyikd unofonBolpeves Bepaneies.

H xphon ts anopop@ivns otnv avupenion twy
aoBevav pe véoo Mdpkivoov otnv EANGSa eival oxeu-
K& neplopiopévn og oxéon pe anna kpdtn. H napouoa
epyaoia okond éxel va BonBhoel tnv anopop@ivn va
naper tn 6éon nou s ailel otn Bepaneutkn GAPETPa
tou énAnva veupondyou Nou PPovTilel NapKIVOOVI-
KoUs aoBeveis npoxwpnpévou otadiou.

AnAwon X0ykpouons ZUPPEPOVIWV: H cup-
Bouneutkn ouvavinon ts napouoas ouddas €1di-
KV veupondywv opyavaBnke kal unootnpixBnke
0IKOVOIKG and tn Oappakeutkh etaipeia ITF Hellas.
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SMALL FIBER NEUROPATHY: PATHOPHYSIOLOGICAL
MECHANISMS AND DIAGNOSTIC METHODS
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Abstract

Peripheral neuropathy is a prevalent disorder dominated by both sensory and motor fiber loss, leading
to a significant reduction in quality of life. Nevertheless, only a minority of patients with peripheral or
central lesions suffers from neuropathic pain. Here, we summarize diagnostic tests that assess the severity
of structural and functional impairment such as quantitative sensory testing, axon reflex flare responses,
evoked potentials, corneal confocal microscopy and intra-epidermal nerve fiber density evaluated with skin
biopsies. We focus on processes and conditions that may lead from peripheral neuropathy to neuropathic
pain, and on the identification of pain mechanisms also including results from direct nerve recordings
(microneurography). Recent studies analyzing specific neuronal markers such as CGRP, sodium or calcium
channels, inflammatory mediators and growth factors may help to characterize the mechanisms that
induce neuropathic pain.

Keywords: Neuropathic pain, painful neuropathy, peripheral neuropathy, nerve fibers, pathogenesis of painlatelet,
anticoagulation

NMEPIOEPIKH NEYPOINAGEIA: MTAGO®YZIOAOIKOI
MHXANIZMOI KAl ME©OAOI AIATNQXHX

Panagiotis Kokotis I, Antigoni K Soufla. ", Martin Schmelz 2

(1" EBvikd kai Kanobiatpiakd Maveniotiuio ABnvayv, Neupodoyiké Tunua, Epyactipio KAvikins Neupopuaionoyias, ABnva EAddda

B avernotiuio XaideuBépyns, Turua Experimental Pain Reasearch, Mdvxaiu

MNepiAnyn

H nepipepikh veupondBeia anoteei uia enikpatoUoa diatapaxhn otny onoid enikpatouv too aloBntikés 6o
Kal KIvNTKés Slatapaxés, odnywvias os ekoeonpaopévn peiwon tns noidtntas whs tou aoBevous. Mapdna
autd, pévo pia peioyneia acBevv Pe NEPIPEPIKES EITE KEVIPIKES evionioels veupondBeias napouacidlouv
veuponabntkd névo. Xn napoloa avaokdnion, cuviyidovial ol diayvwotkoi uébodol ol onoies agloAoyouv
n coPapdtnta s dopikhs kal Agitoupyikhs BAARNS nou npokadel n veupondBeia, 1ov noootikd €Agyxo s
aioBnukétntas pe diadeppikn nAekukn digyepon, ta NnpokANTd duvapikd Kal v nukvotnta evOoenIdepUIKDY
VEUPIKWV Vv atlofoyoupevn ue Olevépyela Browimv 6éppatos. Eoudloupe ous Kataotdoels Nou Pnopei va
odnynoouv and v NepIPepIKh Veupondbeia atov veuponabnukd NOvVo Kal GTovV EVIONIOUS TWV PUNXAVIOUMY
nou to npokanouv. Mpdéogates Yenétes Nou avanUouv CUYKEKPIPEVOUS VeEUpwVIKOUs deiktes dnws 1o CGRP,
ta kavania vatpiou h aoBeotiou, pAsypovmbels peconaBntés kal augntikous Napdyovies ol Ornoiol, Ynopouv
va BonBhoouv otnv Slacaghivion twv PUNxaviopwy nou odnyolv and tnv NepIPePIKh vEUpondabeia otov
veuponabnukd novo.

NE€e1s-kA&161a: veuponabnukds NOVos, xpOVIos NOVOs, NEPIPEPIKES veupondBeies, endOuves veupondBeles,
naboyéveon tou névou
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Introduction

The basic characteristics of peripheral neuropathy
include both motor and sensory loss including all
types of sensory nerve fibers—Ilarge myelinated and
small unmyelinated. Thus, primarily, one might expect
an impaired pain sensation. However, a minority of
patients with either peripheral or central lesions
develop neuropathic pain despite the reduced
responsiveness to acute noxious stimuli. Neuropathic
pain is defined by the International Association for
the Study of Pain (IASP) as, “pain caused by a lesion
or disease of the somatosensory nervous system.”
Management of patients who present with chronic
pain is a common problem in medical care (Jensen and
Finnerup, 2007) and therapeutic options are often
insufficiant. Well-established functional assessment
is enabling the identification of different sensory
phenotypes in neuropathy, but it is still unclear to
determine whether these functional phenotypes
are linked to pain mechanisms (Baron et al., 2010)
in particular, as these sensory phenotypes do not
differentiate between neuropathy patients with and
without pain (Held et al., 2019;Forstenpointner et al.,
2020;Matesanz et al., 2020;Schmelz, 2020). Patients
with predominant features of small fiber neuropathy
coupled with clinical and nerve conduction findings
from large sensory fibers dysfunction should be
considered as having a mixed (small and large fiber)
sensory neuropathy, also referred to as predominant
small fiber neuropathy (SFN) (Cazzato and Lauria,
2017; Lauria, 2010).

Mechanisms that determine whether a periphery
lesion leads to a complete loss of sensory or is
accompanied with chronic pain have not been
described yet. In the attempt to clarify the structural
and functional patterns of small fibers to patients
with neuropathy and pain, research has been focusing
on guantitative sensory testing (QST) (Aasvang et al.,
2008; Dyck et al., 2000; Freynhagen et al., 2007;
Jaaskelainen et al., 2005; Maier et al., 2010; Rolke et
al., 2006), the spatial extent of the axon reflex flare
(Bickel et al., 2002; Kramer et al., 2004b; Novak et
al., 2001), and intraepidermal nerve fiber density in
skin biopsies(Devigili et al., 2008; Ho et al., 2008;
Oaklander, 2001; Oaklander, 2008; Polydefkis et al.,
2002; Cazzato and Lauria, 2017; Kokotis et al, 2016).

Although earlier studies (Oaklander, 2001;
Polydefkis et al., 2002) had shown that the more
pronounced loss of nerve fibers in the epidermis is
able to predict the intensity of neuropathic pain,
recent studies no longer find this correlation and
epidermal nerve fiber density (histologically evaluated)
as an objective indicator of small fiber neuropathy
(Cruccu et al., 2010; Devigili et al., 2008; Ho et
al., 2008; Oaklander, 2008). However, no obvious
correlation between reduced fiber density and pain
was detected (Devigili et al., 2008; Landerholm et
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al., 2010; Karlsson et al., 2019). As a result, the
mechanisms determining the development of
neuropathic pain remain unclear.

In an attempt to clarify this question, studies
have been conducted that combined the functional
and structural examinations of small nerve fibers
in chronic patients with and without pain in order
to reveal these mechanisms that lead some of
the patients with neuropathy to feel pain, either
localized, or generalized and diffused. More
specifically, quantitative sensory testing, axon reflex
flare, microneurography, and skin biopsy are used,
as well as additional tests, such as measuring small
fiber-related evoked potentials and corneal confocal
microscopy, that might contribute to a better
understanding of these neuropathies. Biochemical
markers might also serve a tool in screening patients
for the presence of small fiber neuropathy and in
assessing disease progression.

DIAGNOSTIC METHODS

Skin biopsy

Punch biopsy is used for the diagnosis procedure.
The removed skin tissue, after being properly treated
with immunohistochemistry and immunofluorescence
to be readable, is analyzed with an optical
fluorescence microscope (e.g. Zeiss Axiophot) with
conventional filters that allow different lengths of
radiation to pass through the tissue depending on
the fluorescent antibody that is conjugated within
the target structure. Fluorescent images are collected
with a high-definition camera (e.g. Sony, dkc-ST5)
and processed with appropriate software (eg imageJ,
Photoshop) to measure cutaneous, subcutaneous,
and dermal nerve fibers. Specific fiber subpopulations
such as the sympathetic postganglionic fibers for
the sweat glands, or depending on the expression
of peptides, such as peptide P or CGRP, can also
be evaluated. Finally, the number of macrophages
or T lymphocytes in the skin can be assessed. The
reliability of skin biopsy has been strengthened by the
evidence that the value of Intra epidermal nerve fibers
(IENF) density is consistent when comparing biopsies
taken from the right and left ankle of both healthy
individuals and neuropathic pain patients, and that
it is stable at 3-week follow-up, through a follow-
up biopsy in the same sensory territory (Lauria and
Devigli, 2007; Lauria, 2010; McCarthy et al., 1995;
Cazzato and Lauria, 2017; Sopacua et al., 2018).

Corneal confocal microscopy

Corneal confocal microscopy (CCM) was
introduced very recently for assessing abnormalities
of the small corneal fibers in patients with diabetes.
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Recent studies have strengthened the use of this
non-invasive and repeatable technique that has been
already applied to neuropathies of several causes.
Automated analysis of corneal nerve images and the
development of normative values have made CCM
more reliable for diagnosing small fiber neuropathy.
The diagnostic sensitivity and specificity of this
technique in diabetic polyneuropathy are 91% and
93% respectively, and the quantification of small
fibers in the cornea by use of corneal confocal
microscopy has been shown to be associated with
the severity of diabetic polyneuropathy. Despite the
promising findings of corneal confocal microscopy
to date, additional studies are needed to determine
its specificity and sensitivity for neuropathic pain
conditions before the method can be used as a tool
for diagnosing SFN in clinical practice and research
settings. While intra-epidermal fiber density quantifies
single unmyelinated axons, CCM quantifies the
density of small subcorneal nerve fascicles. Decreased
density or alterations in corneal nerve fibers have
been demonstrated in patients with Sjégren’s
syndrome through CCM, and more recently, in those
with HIV infection, amyloidosis, Fabry’s disease, or
sarcoidosis (Cazzato and Lauria, 2017; Terkelsen et
al, 2017; Séne, 2017).

Axon reflex erythema

Laser Doppler scans are performed to assess
the increase of the axon reflex erythema that
develops upon increasing the stimulation intensity.
For the electrically induced axonal reflex erythema,
transcutaneous electrical stimulation (1 Hz, 0.5 ms
duration) is applied through bipolar electrodes. In
parallel, the severity of electrically induced pain is
monitored.

The center of the stimulus is usually identical to
the site of the subsequent skin biopsy and should
display the center of the painful area—it is the most
painful part for localized neuropathies and the dorsal
surface of the foot for generalized neuropathies. The
scan area must be at least 50 cm?.

The area and extent of increased blood flow is
assessed with a Laser Doppler Flowmeter, either
Moor Laser Doppler Imaging (LDI) or Perimed Laser
Doppler (Periscan PIM).

The area and amplitude of the electrically
generated stimulus are defined by the increase in
blood flow which should be 2 times greater than the
initial one. Each point above the threshold is included
in the axon reflex erythema surface (given in cm?).
This test evaluates the function of peptidergic C-
nociceptors, presumably, mainly mechano-insensitive
chemonociceptors (Schmelz et al., 2000).

Evoked potentials

Nociceptive evoked potentials can be generated
by either radiant heat (laser-evoked potentials, LEPs)
or contact heat (contact heat-evoked potentials,
CHEPs). Both LEPs and CHEPs are based on selective
activation of A6- and C-fibers, whereas induction of
pain-related evoked potentials (PREPs) involves the
preferential stimulation of Ad-fibers. Skin denervation
induced by topical capsaicin tends to decrease the
LEP amplitude. Laser-generated radiant heat pulses
selectively excite free nerve endings in superficial skin
layers, synchronously activating Ad and C nociceptors
and resulting in heat that evokes potentials. Research
has shown that LEP amplitudes are grossly in
accordance with the reported intensity of perceived
pain, but do adapt upon repetition unlike the pain
(Liberati et al., 2018). Recent studies on different
peripheral and central nervous system diseases
suggest a highly significant difference in controls,
with high specificity but low sensitivity. As mentioned
above, CHEPs are recorded after the thermal
stimulation of the skin through a contact thermode
using heat pulses with different peak temperatures
to stimulate A6- and C-fibers. The main advantage
of CHEPs when compared to LEPs is that there is
no evident lesion of the skin. A strong correlation
was found in a cohort between CHEP amplitudes
and the degree of skin innervation. Patients with
sensory neuropathy and an Intra epidermal nerve
fiber (IENF) loss seem to have lower-amplitude CHEPs.
Age and gender adjusted standardized values have
been reported for the clinical use of CHEPs. It should
be noted that due to the slower rise time of the
contact heat stimulus compared to the laser pulse,
the latencies of CHEPs are longer than that of the
LEPs. Even though no microneurographic studies
are available to establish the selective activation of
nociceptors after contact heat cutaneous stimulation,
a dipole modeling study demonstrated that the same
cerebral areas activated by laser pulses delivered
on the skin are also involved in CHEP topography
building. Further studies about CHEPs and their
correlation with neuropathic pain need to be
conducted. Intraepidermal electrical stimulation (IES)
has also been described as a potential additional tool
in detecting functional changes in Ad-fibers and C-
fibers in patients with neuropathic pain (Sopacua et
al, 2018; Lauria et al, 2010; Pazzaglia and Valeriani,
2009; Lacesa et al., 2015).

Although laser stimuli activate both Ab- and
C-fibers, ‘ultra-late’ potentials (750-1200 ms), are
related to C-fiber activation (C-LEPs). These potentials
can be obtained only with dedicated techniques
that have not yet been standardized for clinical
application. To obtain evoked potentials specifically
related to C-fibers, the A& component of the evoked
potential’s afferent current must be suppressed by
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pressure-block of A-fibers, or by various technigues
such as stimulation of tiny skin areas, spectral analysis
of expected time windows, selection of single trials
devoid of AS-LEPs or stimulation of large areas at
low intensities. LEPs are more sensitive than any
other neurophysiological test, and the finding of
LEP suppression helps to diagnose neuropathic pain
(Cruccu et al, 2010).

Quantitative sensory testing

For the quantitative sensory testing, a bilateral
functional assessment is conducted on the painful
site and the corresponding healthy one in unilateral
diseases (e.g. postherpetic neuralgia, radiculitis),
while in systemic neuropathies, the test is conducted
in the peripheral and proximal parts of the limbs,
using standardized stimulators (e.g. Somedic®
Thermo Test, Medoc®). Measurements are taken
for thermal thresholds, i.e. warm/cold and painfully
hot/cold. The average of at least 3 measurements is
used to determine the sensory threshold.

In some studies, thermal threshold deterioration
was associated with the intensity of pain in peripheral
neuropathy (Ng Wing Tin, et al., 2014), but more
recent studies did not find such correlation (Held et
al., 2019;Forstenpointner et al., 2020). Interestingly,
increasing pain intensity may also have some central
inhibitory effects on pain detection as observed in
patients with carpal tunnel syndrome that also had
impaired sensory function in the non-injured radial
nerve (Matesanz et al., 2020). While confirming
the utility of QST for the diagnosis of sensory
neuropathies, particularly diabetic and small fiber
neuropathy (SFN), QST is not being suggested as a
stand-alone examination for diagnosing neuropathic
pain. Therefore, a standard methodology, validated
algorithms and reference values adjusted for
anatomical site, age, and sex should be used. The
German Research Network on Neuropathic Pain has
developed a standardized QST protocol consisting
of seven different tests measuring 13 parameters.
Standardizing reference values are available for
both sexes, all age groups, and several body regions
(including the face, hand, and foot). QST parameters
have proven to be region specific and age dependent,
and less sensitive in older patients than in young
individuals. Such a comprehensive test protocol
has been shown to be sensitive in detecting small
fiber neuropathy even in children (Blankenburg et
al., 2012). However, QST mirrors sensory function
rather than ongoing pain experience (Gierthmuhlen
et al., 2019), and cannot be used for the evaluation
of clinical pain levels (Forstenpointner et al., 2020).

Patients’ mood and cognitive settings that could
make the results unreliable should also be taken into
consideration when attempting the interpretation in
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the clinical context. Nevertheless, using appropriate
standards of equipment and examination protocols,
and the certification of examiners should reduce
variability, thereby contributing to a more reliable
classification of patients (Cazzato and Lauria, 2017;
Bakkers et al, 2013; Terkelsen et al, 2017). Thus,
phenotypes based on various aspects of clinical and
ongoing pain appear to have profound implications
for the preferred therapeutic approach (Bouhassira
et al., 2020) and may also include somatization,
depression, and anxiety to sensory function (Gaynor
et al., 2020).

Microneurography

Microneurography is used to record the activity
of C-nociceptors and sympathetic fibers and to test
the efficacy of different compounds in blocking
abnormal on-going activity in both animal models
and in patients. The use of microneurography is
increasing in disorders affecting the peripheral
nervous system. Signs of hyperexcitability have been
observed in peripheral nerve fibers in connection
with neuropathies and peripheral neuropathic pain
conditions, and the affected fibers have been shown
to be greater in neuropathic patients with chronic
pain than in neuropathic patients without pain
(Sopacua et al, 2018; Mainka et al, 2015). Most
importantly, higher levels of spontaneously active
nociceptors were found in patients with painful
neuropathy as compared to patients with painless
neuropathy (Kleggetveit et al., 2012).

Co-evaluation of the tests

Perceptions of heat, cold, and pain from heat
were reduced on patients' skin, as was the area of
axonal reflex erythema and the epidermal density
of nerve fibers. Therefore, the functional and
structural parameters of the afferent sensory nerve
fibers confirmed the neuropathy in patients' skin.
The impairment of cold and warm thresholds was
associated with lower density of the epidermal fibers
while the pain caused by the hot, cold or electrical
stimulus, as well as the area of the axonal reflex
erythema was correlated with the deeper inner layer
of dermal innervation. Pain intensity was found to
be higher in those patients with a smaller reduction
in epidermal fiber density and a better threshold for
cold sensation. However, no reliable indicator of the
onset or absence of pain was determined in patients
(Cazzato and Lauria, 2017; Karlsson et al., 2019;
Matesanz et al., 2020).

Patients with localized pain had the highest clinical
pain ratings (spontaneous and induced) and were
more likely to experience cold or tactile allodynia,
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as reported by other researchers in traumatic injury
(Landerholm et al., 2010; Kleggetveit and Jorum,
2010). In contrast, these patients had a better
retained sense of heat, with no apparent relationship
between the heat threshold and neuropathic pain.
Thus, to interpret this finding we must either
speculate about a connection of the warm-sensitive
channels (TRPV3) to those of the neuropathic pain
(Facer et al., 2007), or it is much more likely that the
less affected heat threshold reflect the slightly higher
density of epidermal fibers in patients with pain.

In patients with generalized neuropathy, a
greater reduction of the heat threshold and the
corresponding pain was found, which was associated
with a greater loss of skin fibers. This means that skin
denervation can be protective against allodynia. A
weak correlation between epidermal fiber density and
clinical pain assessments confirms recent observations
by other researchers in postherpetic neuralgia
(Petersen et al., 2010) where a greater reduction
in the number of epidermal fibers does not mean
a greater reduction in pain sensation. Cutaneous
innervation obviously reflects the degree of small
fiber neuropathy (Attal et al., 2008; Devigili et al.,
2008; Ho et al., 2008; Oaklander, 2008) but does not
appear to be a determining factor of pain sensation
in these patients.

In another research for diabetes without sensory
large nerve involvement, a significantly lower (IENFD)
Intra epidermal nerve fiber density and higher cold
perception threshold were found in comparison with
controls, with no correlation to whether they had
symptoms of polyneuropathy or not. Nevertheless, a
reduction of IENFD was the most common abnormal
finding in the subgroup of patients with neuropathic
symptom, and consequently seemed more sensitive
as a diagnostic tool (Loseth, et al., 2008; Sopacua
etal., 2019).

Although skin biopsy selectively assesses
endodermal nerve fiber density and accurately
diagnoses small fiber neuropathy, no studies have
reported a direct relationship between neuropathic
pain and skin biopsy data. In other words, whereas
the examination of skin biopsy invariably points to
reduced dermal nerve fiver density in patients with
painful neuropathy, it also does so in patients with
painless neuropathy (Cruccu et al, 2010).

MEDICAL CONDITIONS THAT ARE
ASSOCIATED WITH NEUROPATHY

I. Alcohol induced painful neuropathy

Regarding alcohol induced neuropathy, recent
reviews have indicated that it involves sensation
disorders with or without neuropathic pain, also,

distal paresis and vegetative dysfunction may also
appear. Axonal sensorimotor neuropathy has been
confirmed through nerve conduction studies.
Neuropathological tests reveal that the small
nerve fibers are particularly affected, explaining
the associated pain. Treatment includes alcohol
abstinence and modified dietary habits to correct
malnutrition. If abstinence is maintained, neuropathy
can resolve within months to years (Sommer et al.,
2018).

Il. HAART treatment and IEFND

It has been observed that the duration of
highly active antiretroviral therapy (HAART)
treatment, expressed as the sum of the months of
administration, is clearly associated with decreased
cutaneous nerve fiber density (IENFD) in the lower
leg and an increment in the latency of sympathetic
skin response, SSR, (foot-arm) indicative lesion, both
afferent and efferent. This result is consistent with
previous observations that indicate a significant
reduction in IENFD accompanied by other structural
abnormalities. These changes can occur in the early
stages of HIV treatment in patients, even during
the asymptomatic stage of neuropathy. The above
findings were initially identified in the lower leg as
a result, of a dying back process (Pardo et al., 2001;
McCarthy et al., 1995; Herrmann et al., 2004; Zhou
et al., 2007; Skopelitis et al., 2007).

However, in addition to the change in the
number of epidermal fibers, increased branching
and sprouting were considered as early signs of nerve
fiber dysfunction in many neuropathies (Lauria and
Devigili, 2007). Therefore, we evaluated the epidermal
fibers in the skin biopsy of our patients and observed
that their branching, as estimated by counting the
epidermal fibers not passing through the basal
membrane of the epidermis, decreased slightly only
during treatment. In contrast, the number of nerves
passing through it (IENFD) decreased significantly.
Therefore, the sprouting / IENFD ratio increases
with the duration of HAART therapy, indicating an
intact compensatory mechanism that promotes the
germination of the remaining number of fibers. One
study investigated the global spatial sampling in order
to determine the epidermal nerve fiber length density
(ENFLD), taking into account its biologic complexity
(Karlsson, et al., 2013). Results showed that ENFLD
is comparable to IENFD in differentiating between
SFN and healthy individuals (Karlsson, et al., 2013).
It should be noted that there is no consensus about
the benefits of certain molecular mechanisms linked
to HAART treatment, leading to neuropathic pain.
Even worse, there is even no consensus if it's induced
from peripheral or central pathways. We therefore
summarized the most common candidates.
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lll. Fabry Disease(FD)

Fabry disease (FD) is X-linked, lysosomal storage
disorder caused by a mutation in the GLA gene on
chromosome Xq22 resulting in alpha-galactosidase
A enzyme (a-Gal A) deficiency. In Fabry’s Disease,
increased amounts of glycosphingolipids (Gb3) can
lead to signs of neuropathy. lon channels such a
Nav1.7 characterize acute pain sensation and as a
result, loss of Nav1.7 function leads to congenital
insensitivity to pain. Meanwhile mutations in the
SCN9A gene, that encodes Nav1.7 are associated
with painful neuropathies. Also, NaV1.8 channels in
nociceptors has been associated with neuropathy,
and ablation of NaV1.8 channels are linked with the
development of mechanical allodynia and thermal
hyperalgesia. In Fabry disease NaV1.7 and NaV1.8
channels were analyzed in relation to conduction
velocity and this resulted to heat hyposensitivity
in FD compared to controls Furthermore, the
over-expression of hyperpolarizing activated cyclic
nucleotide-gated (HCN) channels is been observed in
animal models of chronic, neuropathic pain and was
suggested to be associated with the development
of FD neuropathy and possibly neuropathic pain.
Other ion channels associated with FD are KCa
channels because they speed the repolarization of
the action potential as well as they generate the
after-hyperpolarization of the plasma membrane.
These channels were found altered in FD patients
inducing nociceptive neuron hyperexcitability, ectopic
firing, and spontaneous pain (Weissman et al, 2021).

IV. Amyloid neuropathy

Amyloid and toxic oligomers may cause cell
damage through various mechanisms involving
cellular damage, tissue injury, and organ failure.
This damage caused by amyloid is involved in the
development of peripheral neuropathy. To begin
with, amyloid proteins disrupt the integrity of the
phospholipid bilayer, but oligomers form small
pores in the plasma membrane that can act as non-
specific ion channels. These are called “amyloid
pores” In neurons, causing ectopic discharges and
neuronal damage by membrane depolarization.
Thus, the disruption of membrane integrity due
to amyloid depolarization increases the exposure
of polyunsaturated fatty acids to cytosolic reactive
oxygen species (ROS) leading to composition of
reactive aldehydes. Amyloidogenic proteins tend
to misfold and aggregate, which puts pressure
on the endothelial reticulum and this stress is
implicated in cytotoxicity in amyloid neuropathies.
Also, peripheral neuropathy is associated with
mitochondrial dysfunction, such as reduced oxidative
phosphorylation, reduced ATP production and
increased production of reactive oxygen species (ROS)
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and altered mitochondrial transportation, suggesting
a mitochondrial involvement. Then amyloid strongly
activates macrophages to clear protein aggregates,
but also causes inflammatory responses and cell
death due to the inability of macrophages to process
amyloid effectively. As a result, these inflammatory
macrophage processes can cause neurotoxicity and
neuron apoptosis. In familial amyloid neuropathy is
observed a phenomenon of defective myelination
and impairment in Schwann cell function leading
in a defective structural and functional integrity of
peripheral nerves (Asiri et al, 2020).

V. Chemotherapy-induced peripheral
neuropathy (CIPN)

It must be noted that nervous system
complications have been noted for as many as 21
different chemotherapy agents, including cisplatin,
carboplatin and oxaliplatin, either autonomic, or
motor and sensory complications. The complications
associated with chemotherapy are specific to each
chemotherapy agent. Chemotherapeutic agents
deregulate activity of cell membrane proteins such as
receptors and ion channels and affect mitochondrial
morphology, disbalancing, intracellular homeostasis,
signaling and neurotransmission. The final outcomes
include production of reactive oxygen species (ROS),
neuroinflammation, DNA damage, demyelination,
cytoskeleton damage and apoptosis. For example,
platina chemotherapy agent induces unregulated
proteolysis through an array of intracellular
signaling pathways and intracellular Ca2+ plays
a very important role in cellular homeostasis. The
disturbance of Ca2+ is involved in CIPN, since Ca2+
is stored in mitochondria and endoplasmic reticulum.
Alternations in Ca2+ concentration may interfere
with membrane excitability, neurotransmitter release
and gene expression. Development of CIPN has also
been associated with malfunction of ion channels
such as sodium and potassium channels and transient
receptor potential (TRP) channels. Voltage-gated
channels initiate action potentials in neural cells,
and alternations in their function changes peripheral
nerve excitability leading to neuropathy (Stevanovi
et al.2020).

Pathogenesis of neuropathic pain

Microvascular Blood Flow

Structural and functional microvascular
abnormalities of the vasa-nervorum have been
identified to be involved in the pathogenesis of
distal symmetrical neuropathy. Studies have shown
that regulation of peripheral blood flow is altered in
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patients with painful- compared with painless-painful
neuropathy. Moreover, other studies that estimate
serum markers of angiogenesis (vascular endothelial
growth factor, VEGF) and endothelial dysfunction
(soluble intercellular adhesion molecule-1, sSICAM-1)
both been found to be increased in painful
neuropathy.

Furthermore, punch skin biopsy studies have
identified that skin microcirculation is maybe a
pathogenic factor of painful neuropathy. Also,
hypoxia, inflammation, overstimulation, and chemical
damage can induce fiber degeneration and alterations
in channel expression and composition, resulting in
ectopic firing and faulty signal transmission which
are recognized as factors of painful neuropathy too.
Thus, in response to axonal damage, satellite glia
and autonomic neurons can induce pain-promoting
states though alterations in their overall numbers,
distribution, sprouting patterns, and channel
expression. Recently, the group of Shillo et al. has
also found cutaneous von Willebrand factor (vVWF)
immunoreactivity as a blood vessel marker, to be
significantly elevated in subjects with painful diabetic
peripheral neuropathy, in comparison to subjects
with painless diabetic peripheral neuropathy, patients
with diabetes mellitus but without diabetic peripheral
neuropathy, and healthy volunteers (Shillo, 2007;
Meacham et al., 2017, Vinik et al., 2013; Grotle,
2019).

Nerve growth factor (NGF)

The axons sprouting process in their final stages
depends on the neurotrophic factor, NGF (nerve
growth factor), a critical protein for the survival and
maintenance of sympathetic and sensory neurons.
NGF secretion increases during the acute phase of
denervation but may also decrease in the long term
in denervated skin (Madduri et al., 2009). As a result
of the reduced density of nerve fibers, relatively more
NGF may be available for the remaining fibers and
thus trigger the sprouting. Contrary to the results
of the treatment, the increase in the severity of
the disease did not reduce the number of IENFDs
(intraepidermal nerve fiber density) as much, but
especially the number of sprouting fibers. Thus,
our results suggest a different mechanism of HIV
damage than highly active antiretroviral therapy
HAART therapy on small fibers. The reduction in
I[ENFD density from neurotoxic antiviral therapy has
already been described in models in rodents, which
was done with neurotoxic antiviral therapy (Wallace
et al., 2007). However, gp120 may not be the only
mechanism of HIV neurotoxicity and, therefore, the
link between the clinical stages of HIV infection
and the preferred reduction of sprouting fibers
may be interpreted. HIV is known to interact with

Langerhans skin cells and the keratin layer. However,
the mechanisms that control the growth of nerve
fibers in the epidermis are unclear.

It is important to note that neuropathic and
other types of pains are often present in the same
patient (e.g., degenerative spine disease). Even in
cases of definite neuropathic pain, a coexisting
inflammatory pain may be clinically more crucial.
Identification of the presence of neuropathic pain
requires evidence for a disease process or lesion
affecting a neuroanatomically identifiable part of the
peripheral or central somatosensory system, which is
concordant with the distribution of the pain (Treede
et al., 2007).

The CGRP peptide

The peptide CGRP (calcitonin gene related
peptide) is an indicator for a class of afferent fibers
and has been shown to be involved in the production
of mechanical and thermal hyperalgesia (Khodorova
et al., 2009). In addition, the CGRP peptide has been
associated with the expression of nerve growth factor
(NGF) (Dallos et al., 2006), a neurotrophin associated
with nociceptor sensitization (Rukwied et al., 2010)
(Obreja et al., 2018) and chronic pain (Lane et al.,
2010)(Schmelz et al., 2019). Indeed, it was found
in this study that the threshold of heat-induced
pain was associated with staining of CGRP in the
subcutaneous layer of nerves. This confirms that the
CGRP-positive subset of the C-fiber population is
highly associated with the heat pain thresholds and
therefore might contribute to peripheral sensitization
(Dussor et al., 2009).

Transduction proteins

Similarly, a wide variety of sensory proteins
such as Transient Receptor Potential (TRP) channels
and sodium channels involved in painful or non-
sensory mechanisms expressed in cutaneous fiber
subpopulations, as well as in the epidermis (Petersen
etal., 2010; Albrecht et al., 2006; Zhao et al., 2008),
may be possible biomarkers of neuropathic pain. In
a large cohort of 921 patients, 75% of them had no
known comorbidities before the diagnostic workup.
Immunological conditions were found in 175 patients.
Other associated conditions found were sodium
channel gene variants, diabetes mellitus, vitamin B12
deficiency, alcohol abuse, chemotherapy, monoclonal
gammopathy of undetermined significance (MGUS),
and haemochromatosis (de Greef BT, 2017). Another
study demonstrated that the prevalence of Fabry s
disease is not correlated with adult small fiber
neuropathy (SFN) patients, a finding that allows the
exclusion of this genetic screening in patients with
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confirmed diagnosis of SFN (de Greef, et al., 2016).

However, in addition to the above methods,
which are quite specialized and not available
in most laboratories, there are possible simpler
tests that combine the functional and structural
assessment of small nerve fibers to draw useful
conclusions regarding their subpopulations in specific
neuropathies. In such an effort by our team, part
of which is still unpublished, we examined small
fiber neuropathy in HIV patients known to cause
potentially painful peripheral neuropathy (Skopelitis
et al., 2006). We used a combination of sympathetic
dermal reflex (SSR) to functionally assess sympathetic
C-fibers and morphological features of epidermal
nerve fibers in skin biopsy to structurally assess small
fibers.

Voltage-gated sodium and calcium
channelopathies in small fiber neuropathy

Sodium channel-related small fiber neuropathy
can be induced during childhood, adolescence,
or adulthood, and both sporadic and familial
cases have been identified. The clinical picture is
mainly characterized by burning feet, but single
mutations can cause different phenotypes and cell
electrophysiological changes. The mechanism leading
to the preferential degeneration of small nerve fibers
in sodium channel gene mutations is supposed to
involve the altered function. Recent research has
identified various neuropathic disorders as well
as Chemotherapy induced peripheral neuropathy
(CIPN) due to mitochondrial impairment, relevant
impairment of Ca2+ signal pathway, and reactive
oxygen species (ROS) that are related to pain
behavior. Various neuropathic disorders as well as
CIPN are due to mitochondrial impairment, serious
impairment of Ca2+ signaling pathways and reactive
oxygen species (ROS) that ultimately lead to apoptosis
(Waseem et al., 2018).

It is remarkable that mutations in COL6A5
have been first described in familial and sporadic
patients with neurogenic itching and small fiber
neuropathy. Sensitive skin and itch have recently
been defined as thermo-occurrence of unpleasant
sensations (stinging, burning, pain, pruritus, and
tingling sensations) in response to stimuli that
normally should not provoke such sensations.
These unpleasant sensations cannot be explained
by lesions attributable to any skin disease. The skin
can appear normal or be accompanied by erythema.”
Degeneration of small fibers is a common finding,
before the development of any symptoms in patients
carrying TTR (Transient Receptor Potential) mutations,
whereas in the symptomatic stage of familial amyloid
neuropathy, patients more likely present a mixed
neuropathy. It is proposed that in a patient with
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neuropathic pain, characterized by constant pain with
exacerbations that are provoked by body temperature
changes, and a decreased cold sensation as measured
with QST and an abnormal intraepidermal nerve fiber
density (Cazzato and Lauria, 2017; El-Abassi, 2014;
Schmelz, M. ,2019;).

The sodium channels Nav1.7, Nav1.8, and
Nav1.9, coded by SCN9A, SCN10A, and SCN11A
respectively, are all preferentially expressed in
peripheral nerves. Although the exact mechanism
for axonal degeneration is not completely clear, it
is plausible that DRG (dorsal root ganglion) neuron
hyperexcitability results in neuropathic pain (De Greef,
B. T. Aetal., 2017; Ossipov et al., 2005). Drugs
blocking calcium channels play an important role
in neuropathic pain, but with synaptic mechanism,
they in fact reduce neurotransmitter release. Nav 1.8
and 1.9 sodium channels are expressed mainly in the
medium and small diameter size of DRG neuron and
the selective block of these channel subtypes should
reduce hyperexcitability without serious effects on
central nervous system and on the heart. It's not
just the ionic channel that determines membrane
excitability but also the current passing through
it. Consequently, an increase of the current flux
through a fixed number of channels could have the
same effect as increasing the number of present
channels. This could happen through an increase
of channel conductivity. As a result, the change in
the channel kinetics further represents a process
explaining neuronal hyperexcitability. This change
could be related to a cAMP-phosphorylation and/
or dephosphorylation of some sodium channels.
If it is possible to reduce sodium channel density,
the threshold of repeated discharge will increase,
distancing itself from the threshold for a single
discharge, so that the single discharge can be evoked
and spread without the opposite stimulus to the
repeated discharge (Ossipov et al, 2005; Aurillio et
al., 2008).

Moreover, a recent review comparing painful and
painless diabetic neuropathies with advances in gene
sequencing technology have led to several studies
examining genetic variants associated with distal
symmetrical polyneuropathy (DPN) and disabling
neuropathic pain (painful-DPN). In genome-wide
association studies, Chr8p21.3 and Chr8p21.3
polymorphisms were associated with neuropathic
pain. Recently also, there has been great interest
in voltage-gated sodium channels and their role in
neuropathic pain. The Nav1.7 sodium channel is well
recognized to be involved in pain signaling, and the
“gain of function” mutations of its encoding gene,
SCN9A, cause rare pain disorders. Finally, studies
have identified Nav1.7 mutations in idiopathic small
fiber neuropathy and painful-DPN and found that
none of the participants with painless-DPN were
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found to have a genetic variant. However, patients
with painful-DPN and the genetic variants were found
to have a shorter duration of diabetes, yet more
severe burning pain (Shillo et Al., 2007; Waseem
etal., 2018).

Conclusion

In conclusion, there are numerous well-
established techniques for determining the severity
of nerve damage in the periphery, even for specific
subpopulations of neurons requiring subjective and
objective approaches. However, neither severity
nor sensory phenotype appears to provide crucial
information about pain mechanisms or treatment
options. Concerning molecular mechanism of
neuropathic pain, analysis of neuronal markers as
seen in CGRP or sodium channels seems to be a
more promising approach to characterizing the
mechanisms that characterize how neuropathic
pain is induced. However, the clinical expression of
pain is the result of a complex neuronal interaction
between primary peripheral sensory neurons and
processing of the transmitted signal in the spinal
cord and brain. Thus, numerous interdependent
circuits and functional markers remain to be studied
in their specific role and contribution to the clinical
manifestation of neuropathic pain.

Refercences

[1] Aasvang EK, Brandsborg B, Christensen B,
Jensen TS, Kehlet H. Neurophysiological char-
acterization of postherniotomy pain. Pain.
2008;137:173-181.

[2] Albrecht, PJ., Hines, S., Eisenberg, E., Pud, D.,
Finlay, D.R., Connolly, M.K., Pare, M., Davar,
G., and Rice, FL. Pathologic alterations of cu-
taneous innervation and vasculature in affected
limbs from patients with complex regional pain
syndrome. Pain. 2008;120, 244-266.

[3] Asiri, M. M. H., Engelsman, S., Eijkelkamp, N.,
& Hoppener, J. W. M. Amyloid Proteins and
Peripheral Neuropathy. Cells, 2020;9(6), 1553.
doi:10.3390/cells906 1553

[4] 10.3390/cells9061553

[5] Attal N, Fermanian C, Fermanian J, Lanteri-Mi-
net M, Alchaar H, Bouhassira D. Neuropathic
pain: are there distinct subtypes depending
on the aetiology or anatomical lesion? Pain.
2008;138:343-353.

[6] Aurilio, C., Pota, V., Pace, M. C., Passavanti,
M. B., & Barbarisi, M. lonic channels and neu-
ropathic pain: Phisiopatology and applications.
Journal of Cellular Physiology, 2008; 215(1),
8-14.

[7]1 Bakkers, M., Faber, C. G., Peters, M. J. H.,

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Reulen, J. P. H., Franssen, H., Fischer, T. Z., &
Merkies, I. S. J. Temperature threshold testing:
a systematic review. Journal of the Peripheral
Nervous System, 2013,18(1), 7-18.

Baron, R., Binder, A., and Wasner, G. Neu-
ropathic pain: diagnosis, pathophysiological
mechanisms, and treatment. Lancet Neurol.
2010; 9, 807-819.

Bickel A, Kramer HH, Hilz MJ, Birklein F, Neun-
dorfer B, Schmelz M. Assessment of the neuro-
genic flare reaction in small-fiber neuropathies.
Neurology. 2002;59:917-919.

Blankenburg, M., Kraemer, N., Hirschfeld, G.,
Krumova, E.K., Maier, C., Hechler, T., Aksu, F,
Magerl, W., Reinehr, T., Wiesel, T., and Zernikow,
B. Childhood diabetic neuropathy: functional
impairment and non-invasive screening assess-
ment. Diabet Med 29, 2008; 1425-1432.
Bouhassira, D., Branders, S., Attal, N., Fer-
nandes, A.M., Demolle, D., Barbour, J., Ciampi
De Andrade, D., and Pereira, A. Stratification of
patients based on the Neuropathic Pain Symp-
tom Inventory: development and validation of
a new algorithm. Pain.2020.

Cazzato, D., & Lauria, G. Small fibre neuropa-
thy. Current Opinion in Neurology, 2017; 30(5),
490-499.

Cruccu G, Sommer C, Anand P, Attal N, Baron
R, Garcia-Larrea L, Haanpaa M, Jensen TS, Serra
J, Treede RD. EFNS guidelines on neuropathic
pain assessment: revised 2009. Eur.J Neurol.
2010.

Cruccu G, Anand P, Attal N, et al. EFNS guide-
lines on neuropathic pain assessment. European
Journal of Neurology. 11(3):153-162. 2004;
doi:10.1111/j.1468-1331.2004.00791 .x
Dallos A, Kiss M, Polyanka H, Dobozy A, Ke-
meny L, Husz S. Effects of the neuropeptides
substance P, calcitonin gene-related peptide,
vasoactive intestinal polypeptide and galanin
on the production of nerve growth factor and
inflammatory cytokines in cultured human ke-
ratinocytes. Neuropeptides. 2006;40:251-263.
Devigili G, Tugnoli V, Penza P, Camozzi F, Lom-
bardi R, Melli G, Broglio L, Granieri E, Lauria G.
The diagnostic criteria for small fibre neuropa-
thy: from symptoms to neuropathology. Brain.
2008;131:1912-1925.

Dussor G, Koerber HR, Oaklander AL, Rice FL,
Molliver DC. Nucleotide signaling and cutane-
ous mechanisms of pain transduction. Brain
Res.Rev. 2009;60:24-35.

Dyck PJ, Larson TS, O'Brien PC, Velosa JA.
Patterns of quantitative sensation testing of
hypoesthesia and hyperalgesia are predictive
of diabetic polyneuropathy: a study of three
cohorts. Nerve growth factor study group. Dia-

) EAMMHNIKH . o
NEYPOAOTIKH Archives of Clinical Neurology 32:1-2023, 42-53
2=J ETAIPEIA



Small fiber neuropathy: Pathophysiological mechanisms and diagnostic methods

51

[22]

betes Care. 2000;23:510-517.

El-Abassi, R., Singhal, D., & England, J. D. Fab-
ry's disease. Journal of the Neurological Sci-
ences, 2014; 344(1-2), 5-19.

Facer, P, Casula, M.A., Smith, G.D., Benham,
C.D., Chessell, I.P, Bountra, C., Sinisi, M., Birch,
R., and Anand, P... Differential expression of
the capsaicin receptor TRPV1 and related novel
receptors TRPV3, TRPV4 and TRPMS8 in normal
human tissues and changes in traumatic and
diabetic neuropathy. BMC.Neurol. 2007; 7:11.,
11.

Forstenpointner, J., Ruscheweyh, R., Attal,
N., Baron, R., Bouhassira, D., Enax-Krumova,
E.K., et al. No pain, still gain (of function):
the relation between sensory profiles and
the presence or absence of self-reported
pain in a large multicenter cohort of patients
with neuropathy. Pain.2020; doi: 10.1097/j.
pain.0000000000002058.

Freynhagen R, Rolke R, Baron R, Tolle TR, Rutjes
AK, Schu S, Treede RD. Pseudoradicular and
radicular low-back pain - A disease continuum
rather than different entities? Answers from
guantitative sensory testing. Pain. 2007;.:
Gaynor, S.M., Bortsov, A., Bair, E., Fillingim, R.B.,
Greenspan, J.D., Ohrbach, R., Diatchenko, L.,
Nackley, A., Tchivileva, I.E., Whitehead, W.,
Alonso, A.A., Buchheit, T.E., Boortz-Marx, R.L.,
Liedtke, W., Park, J.J., Maixner, W., and Smith,
S.B. Phenotypic profile clustering pragmatically
identifies diagnostically and mechanistically in-
formative subgroups of chronic pain patients.
Pain.2020.

Gierthmuhlen, J., Schneider, U., Seemann, M.,
Freitag-Wolf, S., Maihofner, C., Enax-Krumova,
E.K., Azad, S.C., Uceyler, N., Birklein, F., Maier,
C., Tolle, T., Treede, R.D., and Baron, R. Can
self-reported pain characteristics and bedside
test be used for the assessment of pain mecha-
nisms? An analysis of results of neuropathic
pain questionnaires and quantitative sensory
testing. Pain 2020; 160, 2093-2104.

Grotle, A.-K., & Stone, A. J. Exaggerated exer-
cise pressor reflex in type 2 diabetes: Potential
role of oxidative stress. Autonomic Neurosci-
ence, 2019; 222, 102591.

Held, M., Karl, F., Vickova, E., Rajdova, A.,
Escolano-Lozano, F, Stetter, C., et al. Sensory
profiles and immune related expression patterns
of patients with and without neuropathic pain
after peripheral nerve lesion. Pain. 2019; doi:
10.1097/j.pain.0000000000001623.

Ho TW, Backonja M, Ma J, Leibensperger H,
Froman S, Polydefkis M. Efficient assessment of
neuropathic pain drugs in patients with small
fiber sensory neuropathies. Pain. 2008.

Archives of Clinical Neurology 32:1-2023, 42-53

(28]

[29]

(30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

Jaaskelainen SK, Teerijoki-Oksa T, Forssell H.
Neurophysiologic and quantitative sensory test-
ing in the diagnosis of trigeminal neuropathy
and neuropathic pain. Pain 2005;117:349-357.
Jensen, T.S. and Finnerup, N.B. Management
of neuropathic pain. Curr.Opin.Support.Palliat.
Care. 2007; 1, 126-131.

Karlsson, P, Hincker, A.M., Jensen, T.S., Free-
man, R., and Haroutounian, S. Structural,
functional, and symptom relations in painful
distal symmetric polyneuropathies: a system-
atic review. Pain 2019; 160(2), 286-297. doi:
10.1097/j.pain.0000000000001381.

Keswani SC, Jack C, Zhou C, Hoke A. Estab-
lishment of a rodent model of HIV-associated
sensory neuropathy. J Neurosci 2006; 26:10299-
10304

Khodorova A, Richter J, Vasko MR, Strichartz G.
Early and late contributions of glutamate and
CGRP to mechanical sensitization by endothe-
lin-1. J Pain. 2009;10:740-749.

Kokotis, P, Schmelz, M., Kostouros, E., Karan-
dreas, N., & Dimopoulos, M.-A. Oxaliplatin-In-
duced Neuropathy: A Long-Term Clinical and
Neurophysiologic Follow-Up Study. Clinical
Colorectal Cancer, 2016; 15(3), e133-e140.
Kramer HH, Schmelz M, Birklein F, Bickel A. Elec-
trically stimulated axon reflexes are diminished
in diabetic small fiber neuropathies. Diabetes.
2004b;53:769-774.

Kleggetveit, I.P, Namer, B., Schmidt, R., Helas,
T., Ruckel, M., Orstavik, K., et al. High sponta-
neous activity of C-nociceptors in painful poly-
neuropathy. Pain 2012; 153(10), 2040-2047.
Kleggetveit, I.P. and Jorum, E. Large and Small
Fiber Dysfunction in Peripheral Nerve Injuries
With or Without Spontaneous Pain. J Pain.2010;
Landerholm SH, Ekblom AG, Hansson PT. So-
matosensory function in patients with and
without pain after traumatic peripheral nerve
injury. EurJ Pain. 2010;14:847-853.

Lane NE, Schnitzer TJ, Birbara CA, Mokhtarani
M, Shelton DL, Smith MD, Brown MT. Tanezum-
ab for the treatment of pain from osteoarthritis
of the knee. N.Engl.J Med. 2010;363:1521-
1531.

Lauria G, Devigili G. Skin biopsy as a diagnostic
tool in peripheral neuropathy. Nat Clin Pract
Neurol 2007; 3:546-557.

Lauria, G., Hsieh, S. T, Johansson, O., Kennedy,
W. R., Leger, J. M., Mellgren, S. 1., ... Valls-Solé,
J.(2010). European Federation of Neurological
Societies/Peripheral Nerve Society Guideline on
the use of skin biopsy in the diagnosis of small
fiber neuropathy. Report of a joint task force of
the European Fe-deration of Neurological Soci-
eties and the Peripheral Ne. European Journal

3§ EAAHNIKH
7| NEYPOAOQTIKH
2=J ETAIPEIA



Kokotis Panagiotis, Soufla K. Antigoni , Martin Schmelz

[41]

of Neurology, 17(7), 903-e49.

La Cesa, S., Tamburin, S., Tugnoli, V., Sandrini,
G., Paolucci, S., Lacerenza, M., ... Truini, A. .
How to diagnose neuropathic pain? The con-
tribution from clinical examination, pain ques-
tionnaires and diagnostic tests. Neurological
Sciences, Sciences, 2015; 36(12), 2169-2175.

[53]

Schmelz, M., and Namer, B. Nerve growth fac-
tor locally sensitizes nociceptors in human skin.
Pain. 2018;159(3), 416-426. doi: 10.1097/j.
pain.0000000000001108.

Ossipov, M. H., & Porreca, F. Challenges in
the development of novel treatment strate-
gies for neuropathic pain. NeuroRX,2005; 2(4),

[42] Liberati, G., Algoet, M., Klocker, A., Ferrao 650-661.
Santos, S., Ribeiro-Vaz, J.G., Raftopoulos, C.,  [54] Pazzaglia, C., & Valeriani, M. (2009). Brain-
and Mouraux, A. Habituation of phase-locked evoked potentials as a tool for diagnosing
local field potentials and gamma-band oscilla- neuropathic pain. Expert Review of Neurothera-
tions recorded from the human insula. Sci Rep peutics, 9(5), 759-771.
2018; 8, 8265. [55] Pardo CA, McArthur JC, Griffin JW (2001). HIV
[43] Madduri S, Papaloizos M, Gander B. Synergistic neuropathy: insights in the pathology of
effect of GDNF and NGF on axonal branching HIV peripheral nerve disease. J Peripher Nerv
and elongation in vitro. Neurosci Res 2009; Syst 6:21-27.
65:88-97. [56] Petersen KL, Rice FL, Farhadi M, Reda H, Rowbo-
[44] Maier C, Baron R, Tolle TR, Binder A, Birbau- tham MC. Natural history of cutaneous innerva-
mer N, Birklein F, Gierthmuhlen J, Flor H, Geber tion following herpes zoster. Pain. 2010.
C, Huge V, Krumova EK, Landwehrmeyer GB,  [57] Polydefkis M, Yiannoutsos CT, Cohen BA,
Magerl W, Maihofner C, Richter H, Rolke R, Hollander H, Schifitto G, Clifford DB, Simp-
Scherens A, Schwarz A, Sommer C, Tronnier son DM, Katzenstein D, Shriver S, Hauer P,
V, Uceyler N, Valet M, Wasner G, Treede RD. Brown A, Haidich AB, Moo L, McArthur JC.
Quantitative sensory testing in the German Re- Reduced intraepidermal nerve fiber density in
search Network on Neuropathic Pain (DFNS): HIV-associated sensory neuropathy. Neurology.
somatosensory abnormalities in 1236 patients 2002;58:115-119.
with different neuropathic pain syndromes.  [58] Rolke R, Baron R, Maier C, Tolle TR, Treede
Pain. 2010;150:439-450. RD, Beyer A, Binder A, Birbaumer N, Birklein
[45] Mainka, T., Maier, C., & Enax-Krumova, E. K. F, Botefur IC, Braune S, Flor H, Huge V, Klug
Neuropathic pain assessment. Current Opinion R, Landwehrmeyer GB, Magerl W, Maihofner
in Anaesthesiology, 2015;28(5), 537-545. C, Rolko C, Schaub C, Scherens A, Sprenger
[46] Matesanz, L., Hausheer, A.C., Baskozos, G., T, Valet M, Wasserka B. Quantitative sensory
Bennett, D.L., and Schmid, A.B. Somatosensory testing in the German Research Network on
and psychological phenotypes associated with Neuropathic Pain (DFNS): standardized protocol
neuropathic pain in entrapment neuropathy. and reference values. Pain. 2006;123:231-243.
Pain.2020. [59] Rukwied R, Mayer A, Kluschina O, Obreja O,
[47] Meacham, K., Shepherd, A., Mohapatra, D. P, Schley M, Schmelz M. NGF induces non-inflam-
& Haroutounian, S. Neuropathic Pain: Central matory localized and lasting mechanical and
vs. Peripheral Mechanisms. Current Pain and thermal hypersensitivity in human skin. Pain.
Headache Reports, 2017;21(6). 2010;148:407-413.
[48] McCarthy BG, Hsieh ST, Stocks A, Hauer P, [60] Schmelz, M. Itch Processing in the Skin. Fron-
Macko C, Cornblath DR, Griffin JW, McArthur tiers in Medicine, 2019; 6.
JC .Cutaneous innervation in sensory neurop-  [61] Skopelitis E, Kokotis P, Kontos AN, Panayio-
athies: evaluation by skin biopsy. Neurology takoloulos GD, Konstantinou K, Kordossis T,
1995; 45:1848-1855 Karandreas N. Distal sensory polyneuropathy
[49] Novak V, Freimer ML, Kissel JT, Sahenk Z, Pe- in HIV positive patients in the HAART era: an
riguet IM, Nash SM, Collins MP, Mendell JR. entity underestimated by clinical examination.
Autonomic impairment in painful neuropathy. Int J STD AIDS 2019;17:467-472.
Neurology. 2001;56:861-868. [62] Skopelitis E, Aroni K, Kontos AN, Konstantinou
[50] Oaklander AL. The density of remaining nerve K, Kokotis P, Karandreas N, Kordossis T Early
endings in human skin with and without detection of subclinical HIV sensory polyneu-
postherpetic neuralgia after shingles. Pain. ropathy using intraepidermal nerve fiber den-
2001;92:139-145. sity quantification: association with HIV stage
[51] Oaklander AL. Mechanisms of pain and itch and surrogate markers. Int J STD AIDS 2018;
caused by herpes zoster (shingles). J.Pain. 18:856-860.
2008;9:510-518 [63] Séne D., Small fiber neuropathy: Diagnosis,
[52] Obreja, O., Rukwied, R., Nagler, L., Schmidt, M., causes, and treatment. Joint Bone Spine.2017.

¥ EAAHNIKH ) L
NEYPOAOTIKH Archives of Clinical Neurology 32:1-2023, 42-53
2=J ETAIPEIA



Small fiber neuropathy: Pathophysiological mechanisms and diagnostic methods

53

[64]

[72]

[76]

Shillo, P, Sloan, G., Greig, M., Hunt, L., Sel-
varajah, D, Elliott, J., ... Tesfaye, S. Painful and
Painless Diabetic Neuropathies: What Is the Dif-
ference? Current Diabetes Reports, 2019; 19(6).
Schmelz, M., Mantyh, P, Malfait, A.M., Farrar,
J., Yaksh, T,, Tive, L., et al. Nerve growth factor
antibody for the treatment of osteoarthritis
pain and chronic low-back pain: mechanism
of action in the context of efficacy and safety.
Pain 2019; 160(10), 2210-2220. doi: 10.1097/j.
pain.0000000000001625.

Schmelz, M., Michael, K., Weidner, C., Schmidt,
R., Torebjork, H.E., and Handwerker, H.O. Which
nerve fibers mediate the axon reflex flare in hu-
man skin? Neuroreport 2000;11(3), 645-648.
Schmelz, M. What can we learn from the failure
of quantitative sensory testing? Pain.2020;
Schmelz, M., Mantyh, P., Malfait, A.M., Far-
rar, J., Yaksh, T., Tive, L., and Viktrup, L. Nerve
growth factor antibody for the treatment of
osteoarthritis pain and chronic low-back pain:
mechanism of action in the context of efficacy
and safety. Pain 2019; 160, 2210-2220.
Sommer C, Geber C, Young P, Forst R, Birklein
F, Schoser B Polyneuropathies, Dtsch Arztebl
Int. 2018; 9;115(6):83-90.

Sopacua, M., Hoeijmakers, J. G. J., Merkies, I.
S.J., Lauria, G., Waxman, S. G., & Faber, C. G.
Small fibre neuropathy: expanding the clinical
pain universe. Journal of the Peripheral Nervous
System.2018.

Stevanovi, M., Lazic, A., Popovi, J., Paunesku,
T., &amp; Woloschak, G. E. Insights into
platinum-induced peripheral neuropathy-
current perspective. Neural Regeneration
Research, 2020;15(9), 1623. https://doi.
org/10.4103/1673-5374.276321

Terkelsen, A. J., Karlsson, P, Lauria, G., Free-
man, R., Finnerup, N. B., & Jensen, T. S. The
diagnostic challenge of small fibre neuropathy:
clinical presentations, evaluations, and causes.
The Lancet Neurology, 2017; 16(11), 934-944.
Treede, R.-D., Jensen, T. S., Campbell, J. N,
Cruccu, G., Dostrovsky, J. O., Griffin, J. W., ...
Serra, J. Neuropathic pain: Redefinition and a
grading system for clinical and research pur-
poses. Neurology, 2007,70(18), 1630-1635.
Vinik, A. |., Nevoret, M.-L., Casellini, C., &
Parson, H. Diabetic Neuropathy. Endocrinol-
ogy and Metabolism Clinics of North America,
2013;42(4), 747-787.

Wallace VC, Blackbeard J, Segerdahl AR, Hasnie
F, Pheby T, McMahon SB, Rice AS . Characteriza-
tion of rodent models of HIV-gp120 and anti-
retroviral-associated neuropathic pain. Brain
2007,;130:2688-2702.

Waseem, M., Kaushik, P, Tabassum, H., &

Archives of Clinical Neurology 32:1-2023, 42-53

[77]

[78]

[79]

Parvez, S. Role of Mitochondrial Mechanism in
Chemotherapy-Induced Peripheral Neuropathy.
Current Drug Metabolism, 2018;19(1), 47-54.
Weissmann, C., Albanese, A. A., Contreras, N.
E., Gobetto, M. N., Castellanos, L. C. S., & Uchi-
tel, O. D. lon channels and pain in Fabry disease.
Molecular Pain, 17, 174480692110331.2021;
doi:10.1177/17448069211033172

Zhao, P, Barr, T.P, Hou, Q., Dib-Hajj, S.D., Black,
J.A., Albrecht, PJ., Petersen, K., Eisenberg, E.,
Wymer, J.P, Rice, FL., and Waxman, S.G. Volt-
age-gated sodium channel expression in rat and
human epidermal keratinocytes: evidence for a
role in pain. Pain 2008; 139, 90-105.

Zhou L, Kitch DW, Evans SR, Hauer P, Raman
S, Ebenezer GJ, Gerschenson, M, Marra CM,
Valcour V, Diaz-Arrastia R, Goodkin K, Millar
L, Shriver S, Asmuth DM, Clifford DB, Simpson
DM, McArthur JC. NARC and ACTG A5117
Study Group. Neurology 2007; 68:2113-2119.

3§ EAAHNIKH
7| NEYPOAOQTIKH
2=J ETAIPEIA






AIAAKTIKEZXZ
NEYPOAOTIKEX EIKONEX...

«H énpooieuon dpBpwv ato nepiobikd “APXEIA KAINIKHE NEYPOAOIIAX " 6ev bniwver anoboxn
TV andwewv kai BEoswv Tou ouyypapea and tnv Xuviakukn Enitponn f v 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»



56

TEACHING NEUROIMAGE AIAAKTIKH NEYPOAOTIKH EIKONA

EAAHNIKH
NEYPOAQTIKH
ETAIPEIA

SPLIT HAND SIGN AND WARTENBERG SIGN IN
AMYOTROPHIC LATERAL SCLEROSIS

Vasiliki Zouvelou MD, PhD"", Nikos Karandreas MD, PhD!"

[111st Neurology Department, Eginition Hospital, National and Kapodistrian University of Athens, Greece

Split hand sign and Wartenberg sign in amyotrophic lateral sclerosis

A 72-year-old female, suffering from amyotrophic lateral sclerosis (ALS), presented with a 6-month history
of painless, progressive right hand weakness. There was predominant atrophy of the first dorsal interosseous
and thenar muscles with relatively preserved hypothenar (split hand sign) (Figure 1A, B). The fifth digit was
involuntarily abducted (Wartenberg sign) (Figure 1C) due to the unopposed action of the abductor digiti
minimi (hypothenar muscle). The split hand sign was first reported by Wilbourn in 1992 and is specific for
anterior horn cell disorders [1]. In ALS, this is an early sign because in the advanced stage there is more or
less equal wasting of the lateral and medial hand muscles [2]. The original report of the Wartenberg sign
was by Robert Wartenberg himself at 1939. He emphasized the diagnostic importance of this sign in ulnar
neuropathy [3]. Adduction of the little finger is performed by palmar interosseus muscle and abduction by
hypothenar muscle, both are ulnar innervated. In ulnar palsy, the radial innervated extensor digiti minimi
and the branch to the little finger of the extensor digitorum communis, predominate and abduct the fifth
finger. Differentiation of the cause of Wartenberg sign is based on history and associated clinical signs.

Key words: split hand, Wartenberg, amyotrophic lateral sclerosis

Figure 1: Split hand sign (Fig 1A,1B) and Wartenberg sign (Fig 1C) in ALS

Figure 1A Figure 1B Figure 1C
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POSITIVE ICE TEST IN ACUTE ANTI-GD1B NEUROPATHY

Vasiliki Zouvelou MD, PhD!

[117st Neurology Department, Eginition Hospital, National and Kapodistrian University of Athens, Greece

Positive ice test in acute anti-GD1b neuropathy

A 53-year-old male presented with an acute, post-infectious sensory ataxia, generalized areflexia and left
eyelid ptosis (Figure 1A). The eyelid ptosis was fatigable and indicative of neuromuscular transmission
defect. The application of an ice cube over the left eyelid for 2 minutes (Figure 1B) resulted in unequivocal
resolution of ptosis (Figure 1C). Cerebrospinal fluid examination revealed mild protein increase. High
titer of serum anti-GD1b antibodies (Abs) was detected while anti-GQ1b, anti-GM1 and anti-GT1a Abs
were negative. The diagnosis of anti-GD1b positive acute sensory ataxic neuropathy was set. Ganglioside
GD1b is localized on dorsal root ganglia [1]. Neuropathy-related anti-ganglioside antibodies may target
neuromuscular junction, as presynaptic membrane is ganglioside-rich and outside the blood-nerve barrier
[2]. Ice test is a safe and simple bedside diagnostic tool for myasthenia gravis, with high specificity [3]. False
positive ice test has been reported in Miller-Fisher syndrome with anti-GQ1b Abs [4]. This report highlights
that although ice test is highly specific for myasthenia gravis, it might be positive in neuropathies with anti-
ganglioside antibodies because of antibody-induced affection of the presynaptic neuromuscular junction.

Key words: ice test, neuropathy, ganglioside

Figure 1: Positive ice test

Figure 1A
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s EAAnvikns Neuponoyikhs Etaipeias. Me tnv Ynoupyikh Andgaon AY2a/l.M.oik. 66198/1/6/2006, nou &n-
poolelBnke oto O.E.K. 1034/B/1-08-2006, npootébnke otov katdioyo twv nepiodikwv pe EBvikn Avayvapion.

“YAn tou MNepi1odikoU

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

2. Epyaoies: KAvikés h epyaotnplakés penétes. Aev npénel va unepPaivouv us 4.000 Aé€els (cupnepinauPa-
VOUEVWV €Ws 6 MIVAKWY Kal €IkOvwv). Agv npénel va éxel nponynBei dnuooicuch tous o€ adnfo évtuno.
MNepinapBavouyv oenida titdou, Sdopunpévn nepinnyn, eicaywyn, pébodo, anoteNéopata, cudhtnon Kal
BiBRioypania.

3. ZUvtopEs avakovaoels kal Mpdupata npos tn olviagn: Ixodia yia epyacies nou éxouv dnpooieuBei h
oUvtopes avagopés oe éva Bépa. Aev npénel va unepPaivouv us 1.500 Aé€eis kal nepifapBdvouy éws 2
Nivakes N eIKOVES.

4. Evbiapépovta nepiotaukd: Opio Aé€ewv 1.500, pe tn oenida titAou, nepifnyn kai us PiBAIOypa@IKES
avagopés. Enitpénovial péxpr 2 eIKGVeS N NIVOKES.

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

Emidoyés kal oxoniaopds s BiRnioypaias.

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

lvovtal dektés epyaoies ota eAANVIKE 1 ayynikd.

YnoBdanfetal ndviote o UtAos, 10 OvOUATa Twv CUYYPAPEWY Kal n nepinyn kal ota ayynikd.

Ta keiyeva Ba npénel va anooténnovtal og popen Microsoft Word document.

Zeniba titou: Mepiéxel tov tito, ta NAnpN ovopata twy ouyypaPéwy, 1o idpupa npoéisuons, tn dielBuvon
Kal To tnAépwvo tou uneuBuvou yia tnv addnAoypagia Kal ToV KATaPeTPNpéVo apiBud NéCewy.

Mepidnyn: Mapouoiadlel ta kKupIdtepa onpeia tns epyacias. Asv npénel va unepPaivel us 250 AgCers. 1o Aos
s napatiBevtal 3-10 Aé€els eupenpiou.

Ayyaikn nepidngn: MNapouci@lel os ouvtopia tnv gpyacia. H éktacn tns ival ws 400 Ag€els. v apxn s
yPA@ovTal 1a ovOHATa Twv Cuyypadéwy Kal o Ttios tns epyacias ota ayyAikd.

Ne€eis-kAgibid: éws 6 NéEels kNeldId.

BiBrioypagia: O1 BIBioypagikés napanopnés apiBuouvtal pye au&ovia apiBud avanoya ye t oeipd PepAavions
T0Us oto Kefuevo (Vancouver). Ones ol BiBAIoypaikés napanopnés va avagépovial Yéoa os aykunes. M.x. O
Smith [1] avépepe 6T ... kal 1a euphpata autd eniBeaiwBnkav and tov Adams kai ouv [2]. Avaypdgovial éws
Kal ol 6 NpWTol cuyypageis. Xtov nivaka s BifAioypagias nepifapfavovial yévo exeives ol BIBAIOypapIkés
NaPAnopnés nou avapépovial oto KEiPEVO Kal 0 Nivakas ouvtdoostal Pe au&ovia apiBud nou avuotoIxel otn
oglpd epPavions twv BIBAIoYPaPIKOY Napanopn®y oto KEIUEVO M.X.

Mivakes: Tpdgovtal o€ Eexwploth oenida, petd 1o Aos twv BIRAIoypadik@y avapop@y. ApiBuouvial Ye
oglpd €PPAVIONS TOUS OTO Kefuevo kal ouvodevovtal and clviopn eneghynon.

Eikdves: Anooténfovtal ta npwtdtuna oxédia h pwtoypagies kanns noidétntas. Na unofdannovtal oav apxeia
€lkévas Eexwplotd ano 1o keipevo tou MS Word. ApiBuouvial pe tn ogipd epeAavions oTo KelPevo. 110 Kei-
pevo Ba npénel va undpxel caphs napanopnn otov ttlo twv NAEKTPOVIKDY apxeiwyv. Ze &exwploth oenida
avaypdeovtal ol Utiol Twv EIKGVWY Kal 01 TUXOV ENeENYNOEIS.

latpikn Agovtofoyia: Y& NEPINTWOEIS EQEUVMOV MOU aPOPOoUV avBpwNous, N €épeuva NPENEl va €Xel YiVel
pe Baon tn diakhpuén tou EAaivki (1975). Ze NePINTMOEIS PwTOYPAPIDV aoBeviv, Ba npénel va undpxel
€yypaen 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 epyaacia - evbiapépov nepiotatkd O Avaokénnon
Q Bpaxeia avackénnon O Eibiko dpbpo QA Mpdppa otn ouvtaén T Neupo-€IKOVES

TitAos:
YneuBuvos yia v afdndoypaia cuyypapéas:
AlguBuvon:

TnAgpwvo: FAX: e-mail:

EniBepaiote v nAnpdnta s unofonins tou xelpoypdeou aas, onpeiwvovias OAA ta napakdtw onpeia

TitAos tou dpBpou ota EAANvIKA Kal ota AyyAikd pe PIKpd ypdupata

Ovoépata ouyypapéwv ota EARnvikd kal ota AyyAikd (mAnpn ovéuata n.x. Nikénaos MNanaboénounos)
Kévipo npoéneuons tns epyacias ota EAAnviké kal ota AyyAikd

Aopnpévn nepidnyn ota EAANvIKG kar ota AyyAikd

[ W Sy W W]

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

O OAda ta ovopata twv cuyypagéwy ous BIBAIOYPAPIKES NAPAMOUNES
(L€xpl 6 Kal 0T OUVEXEIQ «Kal OUV.» N «et al»)

Q H BiBrioypapia ous teAsutaies oenides twv dpBpwv

Anflwon
AnAmvw unevBuva ou:

1. OAol oI ouyypageis NS €pyacias CUPPWVOUV UE TO MEPIEXOUEVO TNS KAl YE TNV unoPfoin tns
oto nepIodIkG: Apxeia KAivikns Neuporoyias.

2. To ibio kefpevo h ta anoteféopata tns epyacias dev éxouv unoPAnBei yia dnpooieuon os dANo 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
npénel va avagpépetal oto €Aos tns Epyacias.

O unevuBuvos yia tnv adindoypagia cuyypagéas

(unoypaon)





