ANKWANOE 10, 113 25, AGHNA EAAHNIKH |

ENTYNO KAEIZTO AP. AAEIAZ 815/94 KEMI KP.

ISSN: 2732-9119 KonIKos ENTYNOY: 017158

NEYPOAOTIKH |\
ETAIPEIA | ##

. W

HELLENIC
NEUROLOGICAL
SOCIETY

www.enee.gr

Apxeia KAIvIKNG
NeupoAoyiag

www.jneurology.gr EMIZHMO NEPIOAIKO THZ EAAHNIKHZ NEYPOAOTIKHZ ETAIPEIAZ

EIAIKO TEYXOZ / SPECIAL ISSUE
KEOQAAAANTIEEZ / HEADACHES

e HMIKPANIA KAI CALCITONIN PEPTIDE FAMILY: Tl MAPABAEIMNOYME EXTIAZONTAX
MONO XTO CGRP KAI ZTON YIMOAOXEA TOY; / MIGRAINE AND CALCITONIN
PEPTIDE FAMILY: WHAT DO WE OVERLOOK BY FOCUSING ONLY ON CGRP
AND HIS RECEPTOR?

* MIGRAINE AND CEREBROVASCULAR DISEASES: AN OVERVIEW

e CLUSTER HEADACHE: A REVIEW

e RECENT ADVANCEMENTS IN TENSION TYPE HEADACHE

e NEYPOAKTINOAOTIIKA EYPHMATA ME LYMBATIKEZ KAI MTPOHITMENEX TEXNIKEX
AMEIKONIZHZ MATNHTIKOY ZYNTONIZMOY XTIX AEYTEPOIAGEIX KEOANAANTIEE; /

NEURORADIOLOGICAL FINDINGS WITH CONVENTIONAL AND ADVANCED MRI
TECHNIQUES IN SECONDARY HEADACHES

BIBAIOTAPOYZIAZH / BOOK REVIEW

HMIKPANIA & AAAEX KEOAAAATIEX / MIGRAINE AND OTHER HEADACHES

Topos 31 - Teuxos G

Vol. 31 - Issue 0

louAdios - AUyouotos 2022 / July - August 2022






Aipnviaia ékdoon tns

EAAnvikns Neuponoyikns Etaipeias
Afkudvos 10, ABnva 115 28

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

AIOIKHTIKO XYMBOYAIO ENE

Mpbdedpos: I. ToiByounns
Avunpoebpos: K. Badikédias
I. Fpappatéas:  N. Fpnyopiddns
Tapias: I'. Pouvione
Ménn: ©. ABpapiéns
K. BoupBoupdakns
I. EAAouA
K. KuAivinpéas
T. Ntdokas

YMNEYOYNOX EKAOXHX

Apxeia KMVlan
NeupoAoyiac

www.jneurology.gr

Tépos 31, Teuxos 4, louAios - Alyouctos 2022

[. ToiByounns

YMNEYOYNOI LYNTATHZ

Y. Navvénounos - I. ToiByouAns

YMNEYOYNOX TEYXOYZX

M. BikeAns

LYNTAKTIKH EMITPOIMH

E. Aapbidns
I. Aepetgh

I. EAdouA

T. Ntdokas
I'. Pouvtodg

FTPAMMATEIA

I Tiykapdkn - M. Zuvtpo@piou

TEXNIKH AIAXEIPIZH

M. Zuvipopiou

AIAAIKTYAKH EKAOZH

[pappateia ENE

IAIOKTHZIA

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

MAPATQIH ENTYTMNHX EKAOXHZ
KAl HAEKTPONIKQN APXEIQN

Auxvia A.E.
Avbpapibas 7
136 71, Xapépuio Axapvav

TnA.: 210 34.10.436 - 1, Fax: 210.34.25.967

www.lyhnia.com

LYNAPOMEZX

MéAn tns ENE  Awpedv

Kwbikds AletBuvons Enonteias MME:
7159ISSN 1106 - 3106

[lepiexopueva
5
6
A HMIKPANIA KAI CALCITONIN PEPTIDE FAMILY:
TI MTAPABAEMOYME EXTIAZONTAXZ MONO 2TO CGRP
KAI'XTON YINOAOXEA TOY;
Eppavouni B. Agpuit{dkns 18
A MIGRAINE AND CEREBROVASCULAR DISEASES: AN OVERVIEW
Bdios Xauapds, lwdvva Koutpounou, Nikéiaos [pnyopiddns,
Bed6bwpos Kapanavayiwtidns 22
A CLUSTER HEADACHE: A REVIEW
EfeuBepios lNManaviwvdkns, MixanA Bikenns 29
A RECENT ADVANCEMENTS IN TENSION TYPE HEADACHE
Anpntpios Pikos, EuBdpios Aapbicotns 33
A NEYPOAKTINOAOTIKA EYPHMATA ME XYMBATIKEX
KAITIPOHITMENEX TEXNIKEZ AMEIKONIZHX MAINHTIKOY
LYNTONIZMOY 2TIX AEYTEPOTTAGEIL KEOAAAATIEX
Aavdn-Enévn Xtepdvou, Mapia-lwdvva Ltepdvou, Baoifeios K. Katoapds 40
A HMIKPANIA & AAAEEX KEOAAAATIEL Ap. MixdAns Bikedns kai auv.
BiBAiokpitikr napouaoiaon Ap. Fewpyiou Mewpyidbn 70
98







Archives of Clinical

Official Journal of the

Hellenic Neurological Society

10, Alkmanos str., Athens

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

HNS BOARD OF DIRECTORS

President: G. Tsivgoulis
Vice President: K. Vadikolias
Gen Secretary:  N. Grigoriadis
Treasurer: J. Rudolf
Members: T. Avramidis

K. Voumvourakis

|. Elloul

K. Kilintireas

T. Doskas

EDITOR IN CHIEF

Neurology

www.jneurology.gr

Volume 31:4 July - August 2022

Contents

G. Tsivgoulis

EDITORS

S. Giannopoulos - G. Tsivgoulis

EDITOR IN ISSUE

M. Vikelis

ASSOCIATE EDITORS

E. Dardiotis
G. Deretzi
I. Elloul

T. Doskas
J. Rudolf

HNS SECRETARIAT

G. Tigaraki - M. Sintrofiou

TECHNICAL MANAGEMENT

M. Syntrofiou

WED-EDITION

HNS secretariat

OWNER

HELLENIC NEUROLOGICAL SOCIETY
10 Alkmanos str, Athens
115 28 - Greece

PRINTED EDITION AND PDFs

Lychnia S.A.
7 Andravidas str., Athens
136 71, Hamomilo Aharnon

Tel.: 210 34.10.436 - 1, Fax: 210.34.25.967

www.lyhnia.com

SUBSCRIPTION FEES

5
11
A MIGRAINE AND CALCITONIN PEPTIDE FAMILY:
WHAT DO WE OVERLOOK BY FOCUSING ONLY ON CGRP
AND HIS RECEPTOR?
Emmanouil V. Dermitzakis 18
A MIGRAINE AND CEREBROVASCULAR DISEASES: AN OVERVIEW
Vaios Samaras, loanna Koutroulou, Nikolaos Grigoriadis,
Theodoros Karapanayiotides 22
A CLUSTER HEADACHE: A REVIEW
Eleftherios Papantonakis, Michail Vikelis 29
A RECENT ADVANCEMENTS IN TENSION TYPE HEADACHE
Dimitrios Rikos, Efthimios Dardiotis 33
A NEURORADIOLOGICAL FINDINGS WITH CONVENTIONAL
AND ADVANCED MRI TECHNIQUES IN SECONDARY HEADACHES
Danai-Eleni Stefanou, Maria-loanna Stefanou, Vasileios K. Katsaros 40
A MIGRAINE AND OTHER HEADACHES wichalis Vikelis et al.
A book review by George Georgiadis 70
98

HNS Members  Free






Editorial for the Special Issue “Headaches”

We are pleased to present a Special Issue of the “Archives of Clinical Neurology”, a Journal
of the Hellenic Neurological Society, on the topic of “Headaches”.

Migraine is the most prevalent neurological disorder, causing significant burden to large
population groups. During the last decade, extensive research has added a lot to our un-
derstanding of migraine pathophysiology, and a number of new treatment options both for
preventive and acute use have been approved, with more expected in the next few years.
Other headache types, including cluster headache, are less prevalent but even more disabling
and excruciating in terms of pain intensity. Novel treatments have also been added to our
armamentarium against this headache type, and providing relief to our patients is more
feasible than ever in the past.

In this special issue, a collection of review articles with ongoing information focusing on the
pathophysiology, clinical manifestations, diagnosis, and treatment approaches of migraine
and cluster headache is presented, encompassing all the newest advancements. In addition,
an excellent review article on the neuroradiological findings on common or uncommon
secondary headaches enriches our knowledge on the always important issue of ruling out
secondary causes in order to confirm a primary headache diagnosis.

We firmly believe that this collection offers a useful and up-to-date guide for clinical neu-
rologists.

We would like to thank all authors who have contributed to this special issue.

Michail Vikelis
Headache Outpatient Clinic
Mediterraneo Hospital, Glyfada, Greece

Georgios Tsivgoulis
Professor of Neurology
National and Kapodistrian University of Athens
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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»



REVIEW ARTICLE

ANAXKOIMHZH

HMIKPANIA KAI CALCITONIN PEPTIDE FAMILY:
TI MAPABAENOYME EXTIAZONTAZ MONO 2TO CGRP

KAI XTON YNOAOXEA TOY;

Eupavouni B. Agppit{dkns

Neupondyos, Bsooadovikn

MNepiAnyn

Ta véa @dppaka nou kukAo@dpnoav Npdoeata Kal apopolv Gtnv avUPEIMIoN NS NPIKPAVIOS €XOUV ws
otoxo 10 veuponentidio Calcitonin-Gene Related Peptide (CGRP) h tov unobdoxéa tou. H avtandkpion twv
aoBevv ous kavoupyles autés aywyés eival nepinou 60%. Lo dpBpo autd yivetar avagopd kal o dAfa
veuponentdia s idias dpws «oikoyévelas» (Calcitonin peptide family) kai twv unodoxéwv tous, o poéAos
TWV onoiwv otov pnxavioud tns npikpavias dev npénel va napafnepBei ecuddovias pévo oto CGRP.

Né€eis eupetnpiou: nuikpavia, CGRP, apunivn, adpevopedounivn

MIGRAINE AND CALCITONIN PEPTIDE FAMILY:
WHAT DO WE OVERLOOK BY FOCUSING ONLY ON CGRP

AND HIS RECEPTOR?

Emmanouil V. Dermitzakis

Neurologist, Thessaloniki

Abstract

The newly released migraine medications target the Calcitonin-Gene Related Peptide (CGRP) or tis re-
ceptor. The response of migraineurs to these new treatments is about 60%. This article mentions other
neuropeptides of the same Calcitonin peptide family and their receptors, whose role in the mechanism of
migraine should not be overlooked by focusing only on CGRP.

Key words: migraine, CGRP, amylin, Calcitonin peptide family, adrenomedullin

Anod 1o 2018 éxouv eykpiBei and tov uneuBuvo
KuBepvnukd opyaviopd twv HMA Food and Drug
Administration (FDA) ouvono 6 véa gpdppaka (4 po-
vOKAWVIKA avuompata (mAbs) kal 2 nio pikpd pépia-
gepants) yia tnv npo@uAagn N yia T CUPNTWHATIKA
QVUPETMONION TNS NPIKPAVIAS MOU €XOUV WS OTOXO
10 veuponentidio Calcitonin-Gene Related Peptide
(CGRP) 1 tov unodoxga tou. Ztn cuvéxela to id1o apxi-
(eI va oupPaivel -og oxéon PE TS eyKPIoEIsS- Kal and tov
avtiotoIxo eupwnaikéd opyaviopd (EMA). To yeyovds
ané pévo tou gival NpwtdyVwPO YId pid veupooyikn
nadnon (tdoa dppaka tautdxpova) kal €101KA yia v
néenon s nuikpavias. Ta véa autd pappaka, nou
padi pe tnv Addavukh togivn tinou A (nou eykpiBnke

ano 10 2010 yia tnv xpdvia npikpavia), ecudlouy gfte
otnv anefeuBépwaon tou veuponenudiou CGRP (an-
Aavukn to&ivn winou A), ite oto 1o 1o CGRP (mAbs
= fremanezumab, galcanezumab, eptinezumab) €ite
otov unodoxéa tou (mAb = erenumab kal gepants)
éxouv avap@ifona anidé&el tnv npo@uAagn ts npi-
kpavias. Evas onpavukos apiBuos nUIKPaviKoy aobe-
vav enweedolvial kal BeAudvetal n noidtnta {wns
T0US Xxwpis va epgavicovial 1Idlaitepes kal coPapés ave-
niBupntes evépyeles. To nocootd avianodkpions (50%
responders rate) eival nepinou 60% [1]. Apéows dPws
NEOKUNTEl 10 €pWTNEA yiati of undioinol acBeveis AEN
avtanokpivovtal. Kar yiati n avtandkpion otov id1o tov
aoBevn nou avtanokpivetal (responder) dev gival tns
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16€ews 90 pe 100%,; Enions yiat undpxel S1apopeukd
npo@in aveniBuuntwy evepyeiv atous Aiyous acBe-
vels nou autés pgavidoviarl; O onpavukos poénos tou
CGRP otnv nuikpavia gival yvwotds €6 kal oxedodv
40 éwn [2]. Ba énpene 1o pyndokdpliopa s dpdons
tou CGRP va enipépel o noAU peyanUtepo Nocootd
twv aoBevidv onpavukn Bedtiwon. Yndpxouv ondte
fows kal dnna veuponentidia h veupodiafifactés nou
OUPPETEXOUV OTOV PNXavIoPO NS NPIKPAvias Kal 1o
unAokdpiopa tns dpdons tous €ival kal autd onpa-
VUKO yia va pnv ekdnAwOel pia npikpavikh kpion; Ev
katakAeidl, eival n npikpavia pia ndBnon tou CGRP;

MNa i 6iEpelivnon autV TwV EPWTINPATWY NMou
npokuntouy, Ba npénel katapxds va yvwpiloupe ou
10 CGRP pag pe ta nentidia kanaitovivn (Calcitonin-
CT), v apudivn (@amylin), tnv adpevopedoudivn
(adrenomedullin = AM) kai tnv adpevopedounivn 2
(adrenomedullin 2/ intermedin - AM2/IMD) pnopouv
va BewpnBouv «olkoyévela» — Calcitonin peptide
family [3]. To phkos twv nenudiwy NS OIKOYEVEIAS
Kupaivetar and 32 apivo&éa (CT) péxpl 52/53 apivotéa
(AM, AM2/IMD). To €Upos tns Bionoyikhs 6pdons
autwv twv nenudiwv eival peydno [3]. H CT, nou
éxel avakanu@Bei np, eival opudvn nou napadye-
a1 ané ta C- Kuttapa tou Bupeoeidous kai o péAos
s €ival va Peivel 1o aoBéotio tou NAdopatos Kal
va oupBanner otn diapdpewon twv ootwv [4]. To
CGRP undapxel ota neploodtepa {wikd €idbn o duo
lcopop@és, a-CGRP kar B-CGRP nou diagépouyv ot
pia pévo apivogéa, ev og kanola {wiké €idn dev
undpxel B-CGRP, aldd k&noio éAno nentidio avt’
autou. AneneuBepdvetal and us NePIAyYEIKES VEU-
pIkés anonn&els Yetd and evepyonoinon tou tpIdu-
Hou velpou kai éxel onuavuko pono otn diadikaoia
s nuikpavias [5]. O péAos tou otn puBpion tou
kapOlayyelakoU cuUCTAPATOS, Napd TNV éviovn ay-
yelodlaotanukh tou dpdon, ival onpavukds Povo
og naBonoyikés kataotdoels pdanfov. Etol, 1o pnio-
ké&piopa tou CGRP og uyieis eBenoviés dev enidpd
otnv aptnpiakh tous nieon [6]. Ta enineda tou oto
nAdopa yevikd eivar nio uynid ous yuvaikes [7]. H
apunivn avakanueBnke to 1987 étav anopovdBnke
ané evanoBéoeis apunoegidous, nou NApBnkav Petd
Bdvatov, and ndykpeas acbevav pe dlafhtn tinou
I [8]. Eival pia nenudikh oppdvn anotedolpevn and
37 apivotéa, nou Ppioketal padi pe v ivooudivn ota
EKKPITKA KOKKia Twv B-KUTtdpwV ToU naykpéatos [9,
10]. H abpevopedounivn anopovaBnke to 1993 apxi-
K@ and ekxUAIopa 10ToU QaIoXPWHOKUTIOHATos [11],
adnd napdyetar teAikd kal and tous NVeUPIOVES, TOUS
VEQPOUS, ToV eykéPano, Tov otdpaxo, tov Npdobio
AoBd s unéguons, and v kapdid, ta Asia puikd
KUTtapa twv ayysiwv kar and 1o evdobnnio twv ayyei-
vV nou gival kal n kup1dtepn nNnyh s KUKAoopouU-
oas adpevopedoudivns [12]. H 6pdon tou nenudiou
abpevopebounivn 2 dev eival akdun kand katavontn.
Nvwpifoupe 6pws 6u oto KNI npokadei augnon s
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anefeuBépwons nponaktivns, PeidvEl Ty Nnpdoinyn
TPOPNS Kal EVEPYONOIEl To cupnadnukd veupikd ou-
otnpa [13]. To CGRP kal n adpevopedounivn Spouv
loxupd ayyelobiactanukd kai paniota 1o CGRP iows
gival n nio ayysiodiactafukh ouoia otnv pUon nou
yvwpiloupe [14, 15]. H abpevopedounivn npokanei
ayyelobiactodh au€dvovtas to evbokuttdpio CAMP
ota Agia puikd kUTapa twv ayysiov YEow 101KV
unodoxéwv Kal 0€ AUTO CUPHETEXE! KAl O EEAPTWIEVOS
and to evbobnAio ayyeiodiaotadtkéds Pnxaviopos
augnuévns Napaywyns tou vITtpIkou oeidiou [16]. H
ayyeliotevoivn Il avtaywviletal tn dpdon tns adpevo-
pedoudivns [17].

Ynoboxeis

‘Ona ta nentidia s oikoyeveias Spouv og UNodOXels
G protein-coupled receptors (GPCRs), kal oUykeKpI-
péva otous class B GPCRs (secretin-like) cUpgwva
pe v katdragn tou 2006 [18] nou PBpiokovtal oty
KUTTapIKN JEPPPAVN Kal n evEPYONOinaN TOUS Xl WS
anotéNgopa TNV KUTIAPIKA aviandkpion. Yndpxouv
buo tétolor unodoxeis: o CT unodoxéas (CTR) kar o CT
receptor-like unodoxéas (CLR). Enions &npioupyouvtal
eniniéov unodoxefs étav o CTR kal o CLR unodoxéas
ouvbuadlovtal pe receptor activity-modifying proteins
(RAMPs) [19], oI onoies €ival NpwTEives Mou 1ponomnol-
ouv tn 6pdon twv GPCRs unodoxéwv [20]. Yndpxouv
oto ouvono tpels RAMPs: RAMP1, RAMP2, RAMP3.
Me tous avddoyous cuvbuacpous, dnpioupyouvtal
oto ouvono 7 unodoxeis otous onofous dpouv ta
nentidia s oikoyéveias Calcitonin Peptide family
Kal gaivovtal otnv Eikova 1.

Enions ownv Eikdva 2 aivetal kal n §pdon tou
kaBe nenudiou otov ekdotote unodoxéa. Mapadeiy-
patos xdplv, 1o CGRP 6pa 1o id10 éviova 100 otov
unodoxéa CGRP égoo kar otov unodoxéa AMY1 kali
paniota pe v idia évtaon nou dpa kar n apudivn. H
apudivn 6pa pe v idia évtaon Kal otous TPEIS UMo-

Eikéva 1. O1 7 unodoxeis twv nenudiwv
wns Calcitonin peptides family
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Eppavounn B. Agppitdakns

Eikéva 2. H 6pdon wwv nenudiwv ts Calcitonin
Peptide Family otous unodoxeis
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Calitonin AMY AMY; AMY,

receptor receplor receptor receptor receplor recaptor roceplon

boxeis AMY. O CLR unoboxéas ané pdvos tou (xwpis
va ouvbuaotel dnAadn pe kanola npwteivn RAMP)
dev Qtdavel otnv eNIQAVEId NS KUTLAPIKNS PEPPPAvNS,
evad 0 unodoxéas CTR xwpis va ouvduaotel pe RAMP
evepyonoileital and tnv CT, evid 6tav cuvdudletal
ue RAMP ané tnv apudivn [3]. O unodoxéas CGRP
(CLR-RAMP1), yia tov onoio yivetal tdoos AGyos ta Te-
Aeutaia €tn kal tov onoio pnAokApel n gpevoupdunn,
anoteneitar and tov cuvbuacud CLR unodoxéa kal
RAMP1 npwrteivns kar ektds and to CGRP evepyonol-
eftal, og pIkpOTtEPO Pabusd anod tnv adpevopedouivn.

Onote Ubetal 10 EpWINUA AV CUUPETEXEI 0 AMY'1
unoboxéas atn diadikaacia tns nuikpavias kar av vai,
unopsi, av ekieiyel 1o CGRP, va evepyonoinaoel tov
unoboxéa n apudivn; Xe pikpdtepo Pabuod 1oxUel o
i610 kar yia tous unodoxeis AM1 kal AM2; Xe pia
penétn tou 2021 pia ouaoia avéioyn tns apudivns
(pramlintide), 6okipdotnke o€ 36 aoBeveis pe NpIKPQa-
via xwpis aupa kal npokdneoe otous 30 kepananyia
kal 14 and autouUs eixav kepadanyia pe xapaktnpl-
oukd nuikpavias. O1 avtiotoixol aplBuoi petd and
xopnynon CGRP o autous tous acBeveis htav 33 kal
19 kai n diapopd dev tav otauouka onpavukn [21].
KAvikd n nuikpavia and tnv pramlintide €ixe ta i6ia
XAPAKINPIOUKA NOVOU KAl EVIONIONS OE OXEON WE TNV
nuikpavia nou npokadoUviav and o CGRP. Mapopoi-
ws, n i6ia opada epelivnoe v evboPnéRia xophynon
ns adpevopedouivns oe 20 aoBeveis pe npikpavia
xwpis aupa Kal npokdneoe oto 55% and autous Kpi-
on nuikpavias (og oxéon pe 15% tns opddas enéy-
xoU nou €Aae eIKOVIKO PAPHAKO), EVL UVOAIKA TO
80% eppavioe kepanadyia. H évtaon tou névou Kal
n 61dpKela o€ autoUs Mou éKavav NPIKPAvikAh Kpion
Atav yeyadUtepa og oxéon Pe tnv opada eféyxou. O
névos evtonidoviav o€ peydnn avanoyia viakd [22].

MNépa ané to CGRP kai tov unodoxéa tou

Ta gpwthpata Nou NPOoKUNTouV petd and v ava-
k@Auyn ts niBavns enidpacns kar dAdwv nenudidv
ano v calcitonin peptide family otov pynxaviopd ts
nuikpavias (afnd kar mBavol peAnovukof Bepanegu-
TuKof otdxol) gival:

Mnopsi 1o pnAokdpiopa tou AMY1 unodoxéa A/
Kal s apunivns va cupBdiouv otnv npoguAagns tns
nuikpavias; Kar av vai, Ba npénel va yivetar tautdxpo-
va pe 1o yniokdpiopa tou CGRP kal tou unodoxga
T0U Nn.X. he noAukAwvIKG N bI€IdIKd povokAwVIKE
avuompata; O yeAétes Oxeukd pe v apudivn Kar tov
unoboxéa s eival UokoAes, yiati pnopsi n apuAivn
va evepyonolei tooo tous CTR unodoxeis nou ouvdu-
adovtal pe RAMP 600 kal tous CTR unoboxeis nou
Oev ouvdudlovtal (free CTR) [3].

To 1610 epdINa 10XUel Kal yia tnv adpevopedounivn
Kal tous unodoxeis AM1 kal AM2.

©a npénel va dlsukpiviotei o pénos tou B-CGRP
otnv npikpavia. To B- CGRP bgv Bpioketal yévo oto
EZ, 6nws ouxvd diatundvetal, anid eival n kupiapxn
popon tou CGRP nou ekppdadetal oto MEX. Exel dpws
kal 6pdon oto KNZ, padf pe o a-CGRP oto npdacbio
képas tou NM, ev 1o a-CGRP pévo tou dpa oto
onioBio képas kal otnv veupopuikh alvayn [23]. Aev
Ba npénel va anokneiotel n ouppetoxn tou B-CGRP
OTO POovOonAau Tou NGVOU NS NPIKPAVIas.

Ténos, ektos and tnv Calcitonin peptide family
undapxel to evoexdpevo Kal pia aAAn opdda nenudiwv
nou avnkouv otnv vasoactive intestinal polypeptide
(VIP)/glucagon/secretin family kal anotedouvtal
and to veuponentidio Pituitary adenylate-cyclase-
activating polypeptide (PACAP) ite pe tnv gopon
twv 27 apivo&éwv (PACAP-27) gite pe tnv Hop®h Twv
38 apivo&gwy (PACAP-38) va cuppetéxouy og 6An
diadikaoia tns nuikpavias. Mpos 1o napdv n épeu-
Va O€ OX€oN PE aUTA TNV OIKOYEVEIa veuponenudiwv
bev éxel baoEl ta avapevépeva anotenéopata, aAnd
ouvexiCetal kal MBavoé ta endueva xpdvia Ba yvwpi-
ooupe kanUtepa T dpdon autwyv twv Nenudiwv Kal
TV unodoxéwv tous nou dlapépouv evieAws anod 1o
povondu tou CGRP.
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Abstract

Migraine and cerebrovascular diseases are among the most common neurological disorders. While migraine
has traditionally been considered a benign condition, increasing evidence points to a strong association
with stroke. The latter is strongest for migraine with aura, while migraine without aura doesn’t increase
the risk of stroke. Women, younger patients, patients with frequent attacks and new-onset migraineurs
are mostly at risk of stroke. Smoking and oral contraceptive use further increase the risk. Migraine and
cerebrovascular diseases are linked in four ways as migraine can: 1) be a symptom of stroke, 2) be the cause
of stroke (i.e. migrainous infarction), 3) increase the risk of stroke and 4) can be a symptom of genetic syn-
dromes predisposing to stroke. Cerebrovascular disease mimicking a migraine attack, while uncommon,
can lead to important diagnostic and therapeutic dilemmas. Migrainous infarctions are rare and can only
be diagnosed after extensive work-up but must be considered in young stroke patients. Multiple mecha-
nisms have been proposed to explain the association between cerebrovascular disease and migraine, with
cortical spreading depression, vascular reactivity and endothelial dysfunction being the most prevalent. The
role of patent foramen ovale and microemboli is currently investigated. Unveiling the pathophysiology of
migraine-related stroke can help prevent cerebrovascular disease, while recognizing the potential risk fac-

tors can help minimize stroke risk in migraineurs.

Key words: migraine, stroke, cerebrovascular diseases

Introduction

Migraine is the most common neurological disorder
affecting almost 15% of the population in Europe [1].
In 30% of cases it is associated with transient neu-
rological symptoms (aura) commonly manifesting as
visual, sensory and language disturbances and rarely
as brainstem-associated or motor deficits [2]. Tradi-
tionally, the pathophysiology of migraine has been
associated with vascular changes in the brain, the
so-called vascular theory. While the latter is not cur-
rently considered viable, the association of migraine
with cerebral vascular disorders is undisputable.

Migraine is commonly thought of as a benign
condition but is linked to cerebrovascular disease
in four different ways: 1) headache at the onset,
during or after acute cerebrovascular accidents can
mimic migrainous headache; 2) migraine may be
the cause of ischemic stroke (migrainous infarction);
3) migraine can be a risk factor for cerebrovascular
disease (migraine-related strokes) and 4) migraine is
a core symptom in genetic syndromes characterized
by cerebral ischemia, such as CADASIL and MELAS.

Migrainous headache due to vascular disease
(migraine-mimic)

Headache can in some cases accompany acute
cerebrovascular diseases. In subarachnoid hemor-
rhage (SAH), headache occurs in the majority of
patients, with almost all patients presenting with
headache at the onset [3]. Cephalalgia preceding
hemorrhage is also often reported by patients suf-
fering from aneurysmal SAH and probably repre-
sents small sentinel bleeds or changes within the
aneurysmal wall [4]. In intracranial hemorrhage (ICH)
headache is also common, with most patients report-
ing headache in the hours following the onset of
neurological symptoms. Irritation of pain sensitive
intracranial structures by the expanding hematoma or
increased intracranial pressure is probably responsible
for the headache [3].

In ischemic stroke, headache is less often, prob-
ably underestimated and overshadowed by other
symptoms. The frequency of headache depends on
the study population and design and varies widely
between different studies. In TIA or minor stroke
headache has been reported in 16-65% of patients,
whereas in complete or severe strokes 9-31% of pa-
tients report headache. Headache can accompany
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the onset of ischemia, so-called onset headache, can
precede (sentinel headache) or follow the ischemic
event (late-onset headache) [5]. Sentinel headache,
while common in impending SAH due to aneurys-
mal rupture, is present in only 10% of patients with
stroke. Onset headache is present in 16-36% of pa-
tient with TIA and 8-34% of patients with stroke,
while late-onset headache is less strictly defined and
less common [3, 6].

Many theories have been proposed to explain
headache in acute cerebral ischemia [7]. Dilation of
collateral vessels during ischemia and stimulation of
the trigeminovascular system, platelet aggregation
and degranulation, distention of the vessels proximal
to the site of occlusion and toxic effect of the throm-
bus and the vasoactive agents released are all attrac-
tive theories. However, none of these theories can
completely explain the headache that accompanies
cerebral ischemia. In a study where 38% of patients
with acute stroke reported headache, intracranial
and extracranial atherosclerosis were inversely as-
sociated with headache frequency [8] suggesting
that healthy vessel walls are associated with more
stroke-associated pain.

Stroke subtype and localization are associated with
different prevalence of onset headache. Onset-head-
ache is most common in patients suffering infarcts in
the right anterior insular region, the somatosensory
cortex of both hemispheres and the cerebellum [9].
Ischemic events in the posterior circulation, tradition-
ally associated with headache, don’t seem to have a
higher frequency in recent studies [6]. The association
of stroke subtype with onset headache is less defined
[10]. Headache is less common in lacunar infarcts
and cortical involvement is associated with a higher
frequency of onset-headache during stroke [6]. On-
set-headache frequency in cardioembolic strokes is
probably comparable to strokes attributable to large
vessel disease. As a consequence, the presence of
headache cannot be used for the differential diag-
nosis between stroke subtypes.

Migrainous stroke

Migrainous stroke is considered a complication of
migraine with aura. It is defined by ICHD-3 (Interna-
tional Classification of Headache Disorders, 3rd edi-
tion) as a migraine attack in a patient with migraine
with aura, typical of previous attacks, persisting more
than 60 minutes and presenting with typical neu-
roimaging abnormalities of ischemia in a relevant
area. All other diagnoses must be excluded [2]. This
definition does not allow the diagnosis of migrainous
stroke in individuals suffering from migraine without
aura, a point of controversy in several reports. Most
studies show that migraine without aura does not
increase the rate of stroke, while others disagree. In
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most cases of migrainous infarction the prognosis is
favorable with good recovery [15].

Migrainous infarction is an uncommon diagnosis. It
is mostly diagnosed in young women with cryptogen-
ic stroke. Its incidence is estimated at 3,36/100.000/
year accounting for 0.2%-0.8% of all ischemic strokes
[11, 12]. Most cases present with ischemia located
in the posterior circulation [13-15]. In the study by
Kruit et al, 65% of migrainous infarction sufferers
had lesions in the posterior circulation, with 85%
of those located in the cerebellum. Most patients
showed multiple round or ovoid lesions in multiple
arterial or border zone territories [13].

The underlying mechanism of migrainous infarc-
tion is poorly understood. A multitude of theories
have been proposed, mainly implicating a reversible
decrease in cerebral blood flow that reaches critical
"ischemic"” levels during the aura. This theory is sup-
ported by the fact that aura symptoms frequently
affect the visual system, which is supplied by the
posterior circulation, where most lesions are located
in migraineurs [13, 14]. Probable mechanisms include
cortical spreading depression (CSD), increased vas-
cular reactivity or endothelial changes.

CSD, the electrophysiological phenomenon that
underlies migraine aura, could cause cerebral isch-
emia. During CSD a depolarizing wave travels the
cortex at a rate of 3-5mm/min [16]. This depolariza-
tion causes metalloproteinase activation, blood-brain
barrier disruption and changes in water and ion ho-
meostasis [17]. This further leads to increased meta-
bolic demands, coupled with raised cerebral blood
flow at the onset and followed by cerebral oligemia
due to decreased cerebral vascular responsiveness,
as shown in a rat model [18]. Thus, CSD can lead to
cerebral hypoperfusion and ischemic lesion forma-
tion or propagation [19]. Besides CSD, endothelial
changes and vasoconstriction are also considered
plausible mechanisms of stroke during migraine aura,
but most studies show conflicting evidence. Endothe-
lial activation and release of pro-inflammatory and
pro-coagulatory cytokines has been shown during
the aura phase [20], but further studies have failed
to show consistent changes in vascular reactivity
during the aura and a subsequent causal relationship
with ischemia [21, 22]. A higher prevalence of patent
foramen ovale (PFO) has been reported in migrainous
individuals versus controls. The significance of this
co-occurrence is still under investigation. [23]

Evidence that cerebral ischemia can manifest as
a migraine aura further confounds the diagnosis of
migrainous infarcts and their pathophysiology. Brain
ischemia may cause prolonged neurological signs
mimicking migraine aura and may trigger cortical
spreading depression, producing aura symptoms
[24]. Another link that connects brain ischemia and
migraine is microemboli: a study documented CSD in
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response to microemboli injected in the arterial circu-
lation of rodents; the response was more pronounced
in rodents showing ischemic brain changes [25]. The
study linked the pathophysiological equivalent of
migraine aura to arterial microemboli and provided
a potential explanation for the increased prevalence
of PFO in migraineurs.

Migraine as a risk factor (Migraine-related
stroke)

It is generally acceptable that migraine, especially
migraine with aura, is a risk factor for stroke. Im-
portantly, the overall risk of vascular disease is also
increased in migraineurs, as shown in a recent meta-
analysis of 16 cohort studies by Mahmoud et al.
[26]. In this analysis, the overall risk of major adverse
cardiovascular and cerebrovascular events, includ-
ing ischemic and hemorrhagic stroke, myocardial
infarction and all-cause mortality, was moderately
increased in individuals with migraine, reaching a
Hazard Ratio (HR) of 1.42. A cohort study in the
Danish population also showed a positive association
between the risk of myocardial infarction, atrial fibril-
lation or flutter, peripheral arterial disease, venous
thromboembolism and migraine [27]. Furthermore,
a population-based study and a prospective cohort
study in women established increased cardiovascular
risk in patients with migraine [29, 30]. While the
overall cardiovascular risk is increased in individuals
with migraine, the coronary and carotid arteries of
most migraineurs show less atherosclerotic changes
than individuals without migraine [31]. These findings
support the theory that migraine-related vascular
events are not mediated by atherosclerosis and classic
risk factors. The pathophysiology of migraine-related
vascular events remains to be elucidated.

Numerous studies showed increased risk of stroke
in individuals with migraine. Five meta-analyses have
been published in the last 15 years, all of them show-
ing an increased risk of stroke in migraineurs [26-35].
The estimated relative risk of stroke in individuals
with migraine is double compared to migraine-free
individuals. This association is stronger for migraine
with aura and remains uncertain for migraine without
aura. Furthermore, this association is strongest for
women, but not men, probably due to confounding
factors, such as the overall greater prevalence of
migraine in women [32]. Migraine is more preva-
lent during the fertile period of a woman'’s life and
oral contraceptive (OCP) use is common during this
period. An increased risk of thrombotic events in
women using OCP’s is well-established. A further
risk of stroke in migraineurs on the pill is also prob-
able, as shown by a number of studies [38]. This ef-
fect seems to be dose-dependent and low estrogen
concentrations are associated with a much lower

risk, thus making the use of modern contraceptives
safer in migraineurs [39].

Young patients have the highest risk of migraine-
related stroke, while this risk seems to drop in older
individuals [36]. Furthermore, in older patients, mi-
graine is not a risk factor for stroke, unless the head-
aches started in later life. Another factor conveying
increased stroke risk in migraineurs is the number
of attacks suffered. Active migraine is associated
with increased stroke risk, as shown in a study by
Kurth et al, in which patients with weekly migraine
attacks had an adjusted HR of 1.93 [37]. Besides
frequency, attack severity is not associated with the
risk of stroke.

Smoking increases exponentially the risk of stroke
in migraineurs. In the meta-analysis by Schurks et
al. it was shown that smokers suffering from mi-
graine with aura had an adjusted HR of1.5 [32]. In
this meta-analysis, concurrent use of OCPs further
increased the risk of stroke, with an adjusted HR of
10. Other lifestyle changes in migraineurs can also
have an impact on stroke risk. Migraine is associated
with obesity and reduced physical activity, with an
unfavorable lipidemic profile and with depression
[40-43]. All these factors undoubtedly contribute to
the increased stroke risk in migraineurs.

Another mechanism that could be potentially im-
plicated in the increased risk of stroke in migraineurs
is their exposure to drugs used to prevent and treat
migraine. Both triptans and ergot alkaloids, com-
monly used in the acute phase of migraine, have
vasoconstrictive properties. These drugs are contra-
indicated in patients with previous stroke or myo-
cardial infarction and in toxic concentrations can
lead to ischemic events. Nevertheless, most stud-
ies have not found a link between these drugs and
stroke in migraineurs [44]. Furthermore, significant
vasoconstriction was not shown in the intracranial
arteries of migraineurs taking triptans during an at-
tack, whereas vasoconstriction was present in the
extracranial arteries [45]. Thus, acute migraine treat-
ments are considered safe and do not increase the
risk of stroke in migraine with aura.

Migraine is frequently encountered in the history
in young stroke patients. In younger patients, cryp-
togenic ischemic stroke is increasingly prevalent, with
35-50% of strokes considered cryptogenic after ex-
tensive workup. A strong association of migraine with
aura with cryptogenic stroke, especially in women,
has been shown [46]. This association has in many
cases been attributed to the higher prevalence of PFO
in patients with migraine with aura [23]. A recent
study by Martinez-Majander et al. shows that risk
of stroke in patients with migraine is not dependent
on PFO status [46]. In this study, the magnitude of
right to left shunt, a marker of PFO severity, was as-
sociated with the prevalence of migraine with aura,
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thus supporting the theory of common pathogenesis
of PFO and migraine with aura.

Besides ischemic stroke, several studies evaluated
the risk of intracranial hemorrhage in patients with
migraine, most of them showing an increased risk.
A recent meta-analysis of 16 cohort studies by Mah-
moud et al, reported an adjusted HR of 1.43 relative
to non-migrainous controls, while a second cohort
study in the Danish population showed a HR of 1.94
[26, 27]. Contrary to ischemic stroke, the presence or
not of aura doesn’t seem to play a significant role in
this association. Young women have higher risk both
for intracranial hemorrhage and brain ischemia [28].

Besides acute symptomatic stroke, migraine is as-
sociated with neuroimaging abnormalities. These
include white matter abnormalities (WMA), silent
infarct-like lesions and grey or white matter changes.
WMA are detected in 4-59% of patients with mi-
graine [47]. A more robust association with migraine
with aura exists, while their presence in migraine
without aura is disputed [48]. They are not specific
for migraine and their etiology or clinical significance
remain uncertain. In a study no association was found
between WMA and cognitive decline, while another
study found higher stroke risk in patients with in-
creased WMA burden [49, 50]. Silent infarct-like le-
sions are described in migraineurs as small, discrete,
round or ovoid lesions in the posterior circulation and
especially the cerebellum [51]. Some studies have also
identified silent infarct-like lesions in the deep white
matter and the basal ganglia [48]. They are not as-
sociated with cognitive decline, while their presence
signifies increased cardiovascular and cerebrovascular
risk [48-52].

Primary prevention of stroke in individuals with
migraine with aura is based on risk factor modifica-
tion. Control of hypertension, treatment of diabe-
tes and hyperlipidemia are essential steps for stroke
prevention. Smoking cessation especially in young
women using oral contraceptives is imperative. Use
of oral contraceptives should be carefully discussed
in each case and stopped in women with increased
thrombotic risk [53]. While aspirin seems to reduce
the frequency of migraine aura and warfarin may
reduce the frequency of migraine attacks, the use
of antithrombotics is not recommended for primary
prevention in migrainous patients [54, 55].

Secondary prevention and treatment after stroke
includes use of antiplatelets and modification of risk
factors. Some antiplatelets, such as cilostazol and
dipyridamole, seem to worsen migraine, by trigger-
ing migraine attacks in migraineurs [56, 57]. Beta-
adrenergic blockers and calcium-channel blockers
have a favorable profile in migraineurs, reducing at-
tack frequency and are preferable for the treatment
of hypertension [58]. Statins, besides their effect on
lipids, may also influence migraine attacks [59].
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Arteriopathies associated with stroke
and migraine

Hereditary disorders may be associated with mi-
graine and cerebral ischemia. Cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) and mitochondrial
encephalomyopathy with lactic acidosis and stroke
like episodes (MELAS) have been extensively studied.
Beyond these two disorders, other syndromes that
commonly present with both ischemic stroke and
migraine include retinal vasculopathy with cerebral
leukodystrophy (RVCL) and hereditary infantile hemi-
paresis with retinal arteriolar tortuosity and leuko-
encephalopathy (HIHRATL). [60]

CADASIL is an autosomal dominant angiopathy,
caused by mutations in the NOTCH3 gene on chro-
mosome 19. The mutation of the NOTCH3 protein
leads to vasculopathic changes predominantly in-
volving small penetrating arteries, arterioles, and
brain capillaries. Almost half of affected individuals
report migraine with aura, in most being the initial
manifestation starting at early 30s. In most cases
aura symptoms are typical, but about 50% of the
patients experience atypical manifestations, such as
hemiplegia, confusion, or long-lasting neurologic
symptoms. Ischemic and less frequently hemorrhagic
stroke and TIAs affect 85% of these patients, usually
at a median age of 50 years [61]. Multiple strokes,
cognitive decline, psychiatric symptoms and dementia
follow. [62, 63]

MELAS is a maternally inherited mitochondrial dis-
order characterized by encephalopathy, myopathy,
stroke-like episodes and migraine-like headaches.
In patients with MELAS stroke-like episodes lead to
hemiparesis, hemianopia, or other neurologic symp-
toms, with atypical imaging characteristics. Head-
aches are common and can either mimic migraine or
be the presenting symptom of stroke-like episodes,
leading to diagnosis of migrainous stroke. [64]

RVCL is a much rarer disorder that presents with
retinal vasculopathy, migraine without aura, cognitive
changes and stroke-like episodes with focal neuro-
logic symptoms. Besides the central nervous system
and the retina, vasculopathy is also present in other
systems, such as the liver, the gastrointestinal system
and the kidneys. In late stages, imaging of the central
nervous system may show enhancing mass lesions,
potentially confounding this diagnosis. [65]

Understanding the complex genetic and patho-
physiologic mechanisms underlying these disorders
can unveil the vascular changes involved in migraine,
leading to better understanding of the relation be-
tween migraine and the acquired vasculopathies.
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Abstract

There is growing interest in biomedical literature over the past few years regarding Cluster headache, this
underdiagnosed primary headache that is the most common of Trigeminal Autonomic Cephalalgias. This
review provides the essentials to diagnose and treat Cluster headache, which presents most often with
a typical head pain accompanied with ipsilateral autonomic nervous system features that constitute the
episodic and chronic form of the disease. Important lifestyle risk factors and scales to assess the impact
in sufferers’ quality of life are reviewed alongside with a synopsis of the pathophysiology background.
Furthermore, we highlight the improvements made in early diagnosis due to the growing awareness of
healthcare providers and the evolving therapeutic repertoire that includes nowadays a monoclonal anti-
body and a handheld neuromodulation device amongst traditional agents.

Key words: cluster headache, pain, autonomous nervous system, early diagnosis, treatment

Cluster headache (CH) is a unique clinical syndrome
amongst the primary headaches, classified as a Tri-
geminal Autonomic Cephalalgia (TAC). It presents
with attacks of severe or excruciating unilateral head
pain combined with ipsilateral autonomic nervous
system symptoms, causing ictal restlessness and
agitation and significant disability to the sufferers
[1]. The natural course of the disease in its episodic
form (eCH) consists of bouts, that last weeks or even
months, followed by pain free periods, whereas its
chronic form (cCH) attacks come in longer periods,
unremitting for more than a year and in many cases,
long term. In cluster headache, stereotypical attacks
of rather short-lasting pain sometimes tend to group
predominantly at evening hours, following a bizarre
chronobiology of Circadian rhythm [1, 2]. Although
it is considered a ‘rare’ disease, compared to the
other primary headaches, it affects nearly 1/1000
people, more prevalent to men (3,6:1 ratio) with an
age of onset at around 20 up to 50 years old [3,4].
The underlying pathophysiology and the inheritance
pattern are not yet fully understood, while treat-
ment consists mainly of non-specific agents and only
recently monoclonal antibodies targeting calcitonin
gene related peptides (CGRP) have been studied [17].
Despite its striking characteristics, CH remains under-
diagnosed and mistreated by physicians, sometimes
for years or even decades [5,9].

The 3rd edition of the International Classification
of Headache Disorders (ICHD-3) defines intensity of
CH pain as severe or very severe when left untreated,;
strictly unilateral, affecting orbital, supraorbital or
temporal sites [1]. Pain intensifies rapidly within 5 to
10 minutes and may last 15 to 180 minutes leaving
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the sufferer exhausted and vulnerable to another
episode [1, 3, 4, 18]. During the pain the recumbent
position is most certainly not preferred and unlike pa-
tients with migraine, pacing, sitting, or even seeking
physical activity and exposure to cold are preferred
by patients, as are perceived to relieve the pain [18].
The number of episodes range from once every other
day to eight times a day and attacks are accompanied
with at least one of the following symptoms or signs
ipsilateral to the headache: lacrimation, conjunctival
injection, nasal congestion followed by rhinorrhea.
Less commonly, forehead and facial sweating, redness
and a sense of fullness in the ear. Signs of miosis,
ptosis and/or eyelid edema suggesting ipsilateral to
pain Horner syndrome may accompany [1-4, 18]. At
least five episodes with the above characteristics are
required to diagnose CH based entirely on the clinical
features, unless they are accounted for by another
ICHD-3 diagnosis [1]. The dissemination of bouts
in time, when recorded in headache diaries, helps
categorize CH forms and demonstrates that the vast
majority of patients suffer from eCH, while around
10% from cCH. Chronic cluster headache may start
de novo or develop from the episodic form, while
some patients with cCH may remit to the episodic
form [1-4, 18].

Past medical history of head trauma and social
habits such as smoking (>20 cigarettes/day), high
alcohol (50-100g/day) and caffeine intake (5-7 cups/
day) have been recognized more commonly than
expected among CH patients, but the significance
is not clarified [6]. A late age of onset combined
with longer course of the disease which consists of
more than one cluster bout per year or longer lasting
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cluster bouts followed by shorter remission periods
and more frequent sporadic attacks are well known
predisposing factors for relapsing to cCH. On the
other hand, use of prophylactic treatment has been
shown to favor swinging back into eCH [5, 6].

Several studies hitherto have tried to shed light
to the mystery of why this so unique clinical syn-
drome remains underdiagnosed for so long [5, 7,
9]. Delays in diagnosis are present worldwide and
vary from country to country with the mean time
to correct diagnosis in UK estimated in 2,6 years, in
Spain 4,6 years, in Italy and East European countries
5,3-6,4 years, while data report that the median
time in Greece was 1 year (range 0-7) only when
the diagnosis made after the 2010. Before 2000, pa-
tients waited patiently for a median time of 13 years
(range 0-45) [5,9]. Migraine, trigeminal neuralgia and
sinusitis were amongst the common misdiagnoses
made by general practitioners, ENT specialists, oph-
thalmologists, dentists or even neurologists or neu-
rosurgeons [5,9]. Overall, in Greece patients with CH
were shown to have consulted a median number of
2-5 clinicians before the correct diagnosis, while even
neurologists missed the diagnosis in a notable 40%
of the patients evaluated [5]. Nowadays, increasing
information shared on the internet, social media,
podcasts and patient groups have raised awareness
about the disease, leading to a considerable number
of cases of self-diagnosis by the sufferers. Early onset
of the disease, side sifts between or within bouts,
location of pain in “atypical” areas such as in the jaw,
cheek, lower teeth or ear, presence of photophobia,
absence of restlessness and absence of autonomic
features may lead to this diagnostic delay [5, 9]. In
some cases, the nature of the disease per se, and
mainly the short-lasting attacks that tend to cluster
and may disappear for quite some time from bout
to bout could explain why some patients do not
seek promptly expert care. Nonetheless, mis- or late
diagnosing leads to mistreated patients that may use
over-the-counter medications with poor response or
use inappropriate substance, such as illicit drugs. In
real life, a whole range of alternative remedies are
almost always inadequate to handle the pain caused
by cluster headache and without expert supervision,
futility seizes the patients that experience the detri-
mental effects of the condition in their socioeconomic
aspects of their life as years pass by [5, 9].

Quality of life (QoL) and Disability surveys using
scales have evaluated the impact of the disease in
daily activities and mental health [14, 15]. Only rather
recently (2016) the Cluster Headache quality of life
scale (CHQ) was published. It contains 28 items ad-
dressing the restriction of activities, impact on mood
and interpersonal relationships, anxiety, and lack of
vitality while previous studies failed as they were hos-
pital- based rather than population- based and not

sensitive to clinical changes [15]. Although patients
underwent surgical procedures for CH that alleviated
pain and reduced weekly attacks, QoL improvements
were not statistically significant [14]. Absence of
CH-guided Disability scales obliges researchers to
use either generic or migraine-specific assays like
the Migraine Disability Assessment (MIDAS) and
the Headache Impact Test (HIT-6) which are short
guestionnaires that address the negative impact of
headache the past 3 months and 4 weeks, respec-
tively [13, 14]. Either one shares its own faults given
the fact that a bout may last for only a month and
MIDAS requires a long recall period of symptoms.
HIT-6 score >60 reflects the severity and the need
for treatment though its 3rd question: “When you
have a headache, how often do you wish you could lie
down?” is clearly not designed for the CH patients
[13, 14].

Apart from identifying common environmental
factors among the sufferers, the understanding of
CH pathophysiology may help unmask any genetic
predisposition. Recent systematic reviews suggest
that while the majority of the cases are sporadic,
6,3% appear to be familial and first-degree relatives
of CH patients encounter 5-18 times higher risk of
developing this disorder compared to the general
population. Studies evaluating single nucleotide
polymorphisms (SNPs) and genome- wide associa-
tion studies (GWAS) revealed the role of HCRTR2
and GNB3 gene-containing SNPs but none of them
were significantly associated with CH [10, 11, 12].

The circannual periodicity of the attacks points for
a pathophysiological involvement of hypothalamus,
the location of first order autonomic neurons who
mediate sleep-wake cycles via the suprachiasmatic
nucleus. Imaging studies genuinely show the activa-
tion of ipsilateral hypothalamic gray matter during
the attacks but it is enigmatic how hypothalamus
contributes to the pathophysiology [10, 11, 12].
Another culprit is thought to be the trigemino- au-
tonomic reflex which is elicited via efferent neurons
of the superior salivatory nucleus that synapse in
spheno-palatine ganglion (SPG) and the facial nerve
supplying parasympathetic innervation to cranial vas-
culature and glands [10]. The trigeminal nerve serves
as the afferent branch to converge at the trigeminal
ganglion (TG) and project back to the trigeminal
nucleus caudalis (TNC). Whenever this reflex acti-
vates, neuropeptides like CGRP, vasoactive intestinal
peptide (VIP) and pituitary adenylate cyclase activat-
ing peptide (PACAP/ADCYAP1) increase in cranial
blood stream [10, 11, 12]. CGRP and its receptors are
found in abundance in the central nervous system,
especially the posterior Hypothalamus, the trigemino-
vascular system and the Ad-, C- fibers involved in pain
perception [17]. Presence of CGRP in the TNC alters
neuronal activity lowering the activation threshold,
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thus contributing to the nociception of pain [17].
PACAP on the other hand greatly increases CGRP
release in lamina I/Il of TNC, propagating pain [10].
Neurogenic inflammation is the result of vasodilation,
plasma protein extravasation, glial and mast cell acti-
vation in an unclear hypothalamus mediated response
that supports both the periodicity and the profound
autonomic activation during the pain [10, 11, 12].

Cluster headache symptoms are not always be-
nign and primary. Ekbom’s classic observation of CH
symptoms in patients with ipsilateral internal carotid
artery stenosis contributed to rule out this secondary
headache [8]. In the following years, a large number
of pathologies have been associated with second-
ary cluster headache and a thorough investigation
is usually warranted at first appearance of cluster
headache symptoms [19].

Treatment of CH is traditionally divided into three
categories: acute, bridging and preventive therapies
[3, 7]. First presented in a study of 1985, the well-
established (level A evidence) use of high-flow (12L/
min) concentrated oxygen when provided through
a non-rebreather mask can usually terminate the
attack within 20 minutes [16]. Recent data from
the largest CH survey performed hitherto, updated
the effectiveness that reaches up to 44% for “com-
pletely effective” result, although there are reported
implications regarding the difficulty in obtaining the
particular treatment as it is hard to find (apart from
the hospitals) and not always compensated for home
use by the insurance companies [16]. Comparable
effectiveness is shown with 6mg subcutaneous injec-
tion of sumatriptan, a serotonin receptor agonist for
5-HT1B and 5-HT1D, completely relieves symptoms
in 43% of patients within 15 minutes [3, 7, 16]. Zol-
mitriptan 5mg nasal spray (level A),10 mg nasal spray
(level A) and sumatriptan 20gm nasal spray (level B)
can be a plausible alternative to injections wherever
this formulation is available. Dihydroergotamine intra-
muscular injection and cafergot/ergotamine tablets
shared intermediate effectiveness and intermediate
side effects. Intranasal capsaicin or lidocaine and
the newest entry of intranasal ketamine appear safe
but of limited effectiveness acute treatment choices
[3, 7, 16]. Last but not least, opioids were only 8%
“completely effective” and around 50% “completely
ineffective”, crystallizing that they are a non -viable
solution for CH [16].

Bridging therapies consist of short-term interven-
tions that focus on rapidly decreasing the frequency
of a sufferer’s attacks when a bout starts, regard-
ing the long-term preventive methods require some
more time. Oral steroids are traditionally initiated in a
tapering dose, while suboccipital nerve block with in-
jected steroids (level A evidence) can be an alternative
when systematic use of steroids is contraindicated
[3, 7, 16]. Sphenopalatine ganglion (SPG) block with
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suprazygomatic alcohol solution or radiofrequency
ablation (RF) are not widely used nowadays [16].

Preventive therapies aim to reduce the frequency
and the severity of pain in the long run and they
are used in combination with acute and bridging
techniques. Verapamil, a calcium channel blocker
that acts in vascular smooth muscle, promotes vaso-
dilation and presents effectiveness in doses ranging
240-960mg per day. Vradycardia, constipation and
leg oedema are the main usual side effects [3, 7,
16]. Second- line agents with a lesser potential for
efficacy and noteworthy adverse effects, are lithium,
used in doses ranging 600-1500mg per day and
topiramate [3, 7, 16]. CGRP monoclonal antibody
galcanezumab was the first agent in this modern
category of preventive treatments to be approved
only for episodic CH, when 300mg of subcutaneous
injection once monthly proved effectiveness and met
safety criteria. Eptinezumab, another CGRP mono-
clonal antibody, is currently being tested for eCH and
cCH [17]. Although IgG antibodies do not cross the
brain blood barrier in large amounts, they can still
affect the trigeminal ganglion which is left outside
BBB and postulate a possible mechanism of action
[17]. Devices used for preventive reasons in refrac-
tory CH are the non- invasive vagus nerve stimulator
(NVNS) and an implantable neuromodulator of the
SPG. Deep Brain Stimulation (DBS) of the posterior
hypothalamus, especially in the refractory chronic
CH, aligns with the suspected pathophysiology of
CH, but the relevant studies had to halt [16].

This concise essay was conducted to provide the
theoretical background needed to diagnose and treat
Cluster Headache, the most common trigeminal-
autonomic cephalalgia. Open questions during the
clinical evaluation about the nature and the duration
of pain, followed by sneaky, closed- type questions
about the presence of autonomic symptoms and the
mysterious clustering of the attacks followed by pain
free periods, will finally unravel this stereotypical de-
liberating headache that causes significant disability
to the sufferers. Exclusion of secondary headaches
is most often needed for atypical cases, depicting
the brain and its vasculature. Early onset bridging
therapy and acute / abortive medication alongside
with a long-lasting preventive agent is the mainstay
for treatment. The need for psychological support
in chronic pain syndromes and lifestyle modifica-
tions are “preventive strategies” themselves and
should be broached to the patients, pointing out
the importance of alcohol avoidance, the thorough
management of comorbidities and sleep hygiene
Important notice should be given to the patient’s
adherence to the treatment due to the common
phenomenon of medication overuse which can be
overthrown by close monitoring via headache diaries
and an empathic listener- medical expert. The grow-
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ing interest of healthcare providers to acknowledge
the key features of the disease pledge to an early
diagnosis, with better outcomes and prevention of
the chronic form of the disease which is even more
disabling and difficult to treat.
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Abstract

Tension type headache (TTH) is the most prevalent neurological disorders, with a significant socioeconomic
burden. It is characterized by a featureless bilateral headache usually with a tightening or pressing quality
and its diagnosis should be followed by the elimination of other primary and secondary headaches. TTH
can be classified to episodic form -frequent or infrequent- and chronic form, according to the 3rd edition
of the International Classification of Headache Disorders. Pathophysiology of the disorder is still not fully
understood but recent findings support the contribution of peripheral mechanisms in generating the pain
and central mechanisms in pain chronification. The treatment approach is a process which starts with es-
tablishing a good and solid patient-doctor relationship for joined decisions to be made and ends with the
selection of a treatment strategy, that usually involves both non-pharmacologic and pharmacologic treat-

ments, either acute or prophylactic.

Key words: Tension Type Headache, ICHD-3, Migraine, treatment, pathophysiology

Introduction

Tension Type Headache (TTH) is the most common
headache type globally with a prevalence ranging
from 46% to 78% in different studies [1]. Including
the non-frequent TTH cases (less than 1 headache
per month) the virtual prevalence of TTH may be
100% of the population. Nevertheless, not all cases
need medical attention. While TTH is so common
with a significant socioeconomic burden there are
scant clinical and epidemiological studies, patient
awareness and education are insufficient resulting in
large numbers of untreated patients. Furthermore,
targeted treatment for TTH is still limited, thus re-
ducing patients’ compliance. TTH is characterized
by mild to moderate severity pain bilaterally in the
head. The pain has a pressing or tightening quality
and may last form minutes to a week. TTH has no
special characteristics like other primary headaches
(migraine, cluster headache). This, along with our in-
complete knowledge of the pathophysiology of TTH,
drove to a somewhat “neglection” of these patients.
Recent advancements in migraine pathophysiology
and therapeutics highlighted this discrepancy. In this
review we aim to provide insight into the epidemiol-
ogy, pathophysiology diagnosis and treatment of TTH
and raise awareness of medical practitioners for this
common and burdensome disease.

Epidemiology - burden

TTH is the most prevalent neurological disease in
the European region of the World Health Organiza-
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tion (WHO) and globally according to the Global
Burden of Disease study 2017 [2]. The prevalence
of TTH was 309,8 million cases in WHO European
region and 2,3 billion cases globally with an esti-
mated incidence of 114,4 million new cases in Europe
and 882,4 million new cases globally. The respective
prevalence for migraine was 195,8 million in Europe
and 1,3 billion globally. In the Greek population the
prevalence of TTH was calculated as 3.4% (95%Cl:
3.4-4.2) with a mean age of 45.4 and 59.5% of them
being female [3].

The estimated DALYs (Disability-adjusted life years)
for TTH was 7,1 million globally while for migraine
47,2 million DALYs. Hence, it is evident that TTH
is the most common neurological disease, but its
contribution to the overall burden of neurological
disorders in the European Union is 3%, while the
respective contribution of migraine is 20% [2]. Re-
gardless of the disability caused though, the impact
of both TTH and migraine on Health-related Quality
of life (HRQoL) seems to be similar, according to a
recent population-based Danish study [4]. This was
more evident in Chronic TTH (CTTH) suggesting that
headache frequency is related with lower HRQoL
indices.

Pathophysiology

Pain is the subjective experience one feels because
of the activation of the nociceptive system; thus, the
trigemino-thalamic nociceptive system plays a central
role in TTH pathophysiology.
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It has been suggested that myofascial tenderness
and hardness may be the initial disruption causing the
generation of noxious stimuli on the face and head of
patients with TTH. Myofascial tenderness and hard-
ness has been found to be increased in both episodic
(ETTH) and CTTH patients in days both with and with-
out headache [5]. Furthermore, pericranial muscle
tenderness was found to be increased in patients
with TTH than in controls [6]. In addition, it has been
theorized that chronic pain may lead to abnormal
sensitivity of the low-threshold AR mechanosensitive
fibers —on top of the Ab and C fibers— who normally
carry only innocuous stimuli [7].

The role of peripheral vascular mechanisms in
TTH pathophysiology had also been investigated in
a somewhat analog scheme of migraine. Although
there are some indications that NO and CGRP-in-
duced vasodilation may play a role, further studies
are needed to clarify this association [8]. However,
it has been found that high levels of nitric oxide
induce headache, whereas low levels reduce head-
ache intensity in patients with chronic TTH [9-11].
Other molecules known for their role in other pri-
mary headaches like CGRP, substance P and VIP were
investigated, but no relation of their levels and the
presence of headache was found [12-14].

Through sparce genetic studies it is hypothesized
that infrequent ETTH is caused primarily by environ-
mental factors, while frequent ETTH and CTTH are
caused by a combination of environmental and ge-
netic factors (15). This conclusion was drawn mainly
by twin studies that showed that monozygotic twins
and same-sex dizygotic twins had greater difference
in concordance rates in infrequent and frequent ETTH
[16, 17]. A threefold increase in CTTH risk in first-
degree relatives of the cases was found in a family
aggregation study [18].

Although very common, the infrequent ETTH has
a somewhat minor burden. It is the frequent ETTH
and CTTH that carries the most burden on patients
and society. Thus, understanding the mechanism of
chronification of TTH is crucial. The main theory of
chronification is based on the notion that repetitive
painful stimulus leads to the sensitization of nocicep-
tive second-order neurons at the level of the spinal
trigeminal nucleus and the dorsal horn of the spinal
cord [19]. At the same time there may be a reduc-
tion of the antinociceptive (descending) effect of
supraspinal structures [20]. The overall effect of these
changes may lead to increased excitability of dorsal
horn neurons and motor neurons of skeletal muscle,
[21] producing greater muscle tenderness and lower
pain thresholds and therefore increased headache
frequency. Furthermore, systemic inflammation may
play a role in TTH chronification, since it has been
shown that systemic inflammation markers like neu-
trophil to lymphocyte ratio, platelet to lymphocyte

ratio and C-reactive protein were significantly higher
in CTTH patients [22].

Diagnosis - Classification

The lack of specific characteristics of TTH unlike
migraine (photophobia, phonophobia, nausea) and
Trigeminal Autonomic Cephalalgias (autonomic symp-
toms), makes the diagnosis a process of eliminating
these disorders for a new patient reporting headache.
Nevertheless, TTH, and mostly its frequent episodic
and chronic type, has some characteristics that ap-
pear to be more common in TTH patients. These are
the mild or moderate pain intensity, the bilateral
location, the pressing or tightening quality and the
lack of pain aggravation by routine physical activity
[23]. Frequently, patients report a band-like pressing
sensation around the head. The 3 edition of the
International Classification of Headache Disorders
(ICHD-3) provides criteria for the diagnosis of TTH
and further classification in infrequent and frequent
ETTH and CTTH sub-types, based mostly on the aver-
age headache frequency during a time period (Table
1) [24]. Though uncommon, mild nausea may be a
manifestation of CTTH.

Diagnostic approach is primarily based on head-
ache and overall medical history. A headache calendar
may be of great help towards this. In terms of clas-
sification, when another medical condition is recog-
nized in close temporal relation with the headache
onset and it is known that this condition may cause
headache, then we must classify this headache as
a secondary one, according to ICHD-3 [24]. At the
same time, it is of great importance to recognize or
eliminate any potential secondary headache disorder
which carries great risk for the patient. Although
neuroimaging is not recommended during the diag-
nostic work-up of primary headache disorders[25], it
is common in clinical practice to perform some sort
of neuroimaging (CT scan or MRI) at least once and
indubitably when a red flag for secondary headaches
is recognized [26]. Cases of increased intracranial
pressure and Medication Overuse Headache (MOH)
are easily overlooked, so specific questions regarding
the relation of headache with the time of the day,
or patients’ position and the painkillers used, are of
great importance. In case of doubt, a fundoscopic
examination may be an easy and much informative
examination.

Triger factors - Risk factors - Comorbidities

A great portion of TTH patients may report one or
more triggering factors that precipitate headache.
Commonly reported triggers are psychological pres-
sure or anxiety, weather changes, sunlight exposure,
dehydration, or certain foods and drinks [20, 27].
Endogenous melatonin status and nutrient status
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of patients with TTH has also been studied. Lower
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NN | N[N N[N [28, 29]. A well-kept calendar may help patients and
=4 their treating physician to recognize these factors.
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approach may maximize patients’ commitment in
non-pharmacologic treatment approaches that may
need time to show a positive effect, compliance in
pharmacologic treatment and minimize nocebo ef-
fect.

Non-pharmacologic approach

European Federation of Neurological Societies
(EFNS) guidelines (34) recommends the use of a non-
pharmacologic approach as the first step in head-
ache prevention in eligible patients. Such strategies
include psycho-behavioral treatments, physical ther-
apy, and acupuncture. Along with these methods,
more recently, mindfulness-based intervention and
transcranial magnetic stimulation (TMS) were also
considered as alternative therapeutic approaches,
yet with limited quality supporting studies [35, 36].

Psycho-behavioral treatments

EMG biofeedback is the only non-pharmacologic
therapy with a class A level of recommendation by
the EFNS based on a large meta-analysis that showed
medium to large effect on reducing headache fre-
quency [37]. During biofeedback sessions patients
are trained to recognize and control muscle tension
by continuous feedback about muscle activity.

Cognitive Behavioral Treatment (CBT) and relax-
ation are less supported by quality studies. The aim
of CBT is to provide patients with a learned behav-
ioral strategy to take conscious control over their
physiologic response to pain. The same stands for
relaxation training, where patients are tought to
recognize and control tension in every-day activities
by implementing cognitive and behavioral techniques
as well as breathing exercises and meditation [38].

Even though these approaches have limited, good
quality supporting data, it is recommended that they
are used with caution. The excellent safety profile
though gives us the opportunity to offer this choice
to suitable patients. Patients who exhibit psycho-
behavioral problems may benefit by CBT, while re-
laxation training and biofeedback may benefit more
tense patients [34].

Physical therapy

Many different modalities of physical therapy have
been and still are in widespread use by TTH patients,
with a great economical cost. These methods in-
clude joint manipulation techniques, massaging,
trigger point therapy, oromandibular treatment and
posture improvement. Yet there is no robust scien-
tific evidence regarding its efficacy. EFNS guidelines
recommend the use of physical therapy in patients
with frequent TTH [34] and NICE guidelines found
no convincing data to make a recommendation for

or against manual therapies [39]. A more recent re-
view and meta-analysis found some potential positive
effect of manual joint mobilization and supervised
physical activity in headache frequency, but with low
certainty of evidence, due to risk of bias [40]. Physi-
cal activity in general, aerobic exercise and yoga, are
choices that clinicians often offer to their patients,
but they have not been adequately evaluated, even
though there is some evidence of efficacy [41, 42].

Acupuncture

Acupuncture has better quality evidence than
other non-pharmacological treatments to support
its effectiveness in reducing headache frequency in
ETTH and CTTH patients comparing with placebo/
sham intervention or routine therapy [43, 44]. Still,
there are some methodological drawbacks in those
studies, but the convenient safety profile of acupunc-
ture makes it a choice for TTH patients.

Pharmacologic approach

Acute treatment

The mainstay of TTH pharmacologic treatment is an
acute treatment, meaning medications used to fight
every single episode of headache. Ibuprofen (200-
800mg), ketoprofen (25mg) aspirin (500-1000mg),
naproxen (375-550mg) and paracetamol (1000mg)
are all recommended by the Hellenic Headache Soci-
ety as class A treatment options for acute TTH. Simple
analgesics and non-steroidal anti-inflammatory drugs
are also recommended as a first choice according to
the EFNS guidelines, while combination analgesics
containing caffeine, come as a second choice [34].

Since paracetamol and aspirin are widely used for
other indications in different dosages (paracetamol
500mg for other pain syndromes or fever and aspirin
100mg for arterial thrombosis prophylaxis) it is crucial
to inform TTH patients that only the recommended
dose has shown efficacy for reducing pain intensity.

Preventive treatment

In the case of frequent ETTH and CTTH, clinicians
should offer the choice of a prophylactic treatment.
The goal by using a prophylactic treatment is to re-
duce the headache frequency, measured by head-
ache days per month and monitored by a headache
calendar. A reduction of headache by at least 50%
is considered as successful treatment, but patients
characteristics, comorbidities and expectations should
also be taken into consideration.

Amitriptyline, venlafaxine and mirtazapine are cur-
rently the available options for TTH prophylaxis. Ami-
triptyline is considered as first choice drug since its
efficacy was documented by multiple studies [45, 46].
Side effects of usual maintenance dose (25-75mg)
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are not too common and include drowsiness, dry
mouth and weight gain. Slow titration and night-
time intake may reduce some of them. Mirtazapine
and venlafaxine where both evaluated as prophylaxis
in CTTH in small, randomized trials showing effective-
ness against placebo and comparable effectiveness
of mirtazapine of that of amitriptyline [47-49]. Major
side effects of mirtazapine (30mg) are drowsiness and
weight gain and of venlafaxine (150mq) are dizziness
and loss of libido.

Selective serotonin reuptake inhibitors citalopram,
sertraline, fluoxetine, paroxetine and fluvoxamine
showed similar effectiveness as amitriptyline and
placebo in reducing headache frequency in CTTH pa-
tients [50]. Clomipramine, maprotiline and mianserin
are also recommended as third line treatment options
based [34, 51, 52]. Botulinum toxin type A showed
ineffectiveness for the prevention of CTTH [53].

The duration of prophylaxis in CTTH patients is
a matter of debate. EFNS recommends a trial dis-
continuation of prophylaxis in 6 to 12 months of
treatment. Taking into consideration the patients’
expectations and comorbidities may dictate the
path. The same stands for the overall selection of
the prophylactic approach in every individual patient.
Personality traits, medical history, age, comorbidities
socioeconomic status and accessibility in different
medical or physical therapy services, could form a
multimodal treatment plan aiming in better compli-
ance and closer monitoring.

Conclusion

TTH is the most prevalent headache with a sig-
nificant burden. Even though it is called the “simple
headache” it is a complex disease with many envi-
ronmental, physiological, and psychological factors
contributing to its presence. The more stressful every-
day life gets, the more prevalent TTH will be with
these conditions showing a comorbid association. The
pathophysiology of TTH is still not fully understood,
but there is convincing evidence supporting both
central and peripheral mechanisms.

The diagnosis is made by headache history and
by ruling out other types of primary or secondary
headache. TTH can be classified in infrequent and
frequent episodic TTH and chronic TTH based on
average headache days per month, according to
ICHD-3 criteria.

The treatment approach is a process which starts
with establishing a good and solid patient-doctor re-
lationship so shared decision making can be achieved
and ends with the selection of treatment strategy
that usually includes both non-pharmacologic and
pharmacologic treatments, either acute or prophy-
lactic.
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Abstract

Headache is one of the most common clinical entities that neurologists are confronted with in clinical
practice and is associated with a wide spectrum of differential diagnoses. The International Classification
of Headache Disorders, 3rd edition (ICHD-III) classifies headache in two main categories: primary headache
in the absence of underlying disorder and secondary headache which is attributed to underlying systemic
or neurological disease. The classification of headache warrants a detailed patient history and clinical
examination, as well as complementary neuroradiological studies, especially when “red flags” point to-
wards secondary headache types that may require therapeutic interventions. The main causes of secondary
headache include infections, neuroinflammatory disorders, brain neoplasms, cerebrovascular diseases, and
alterations of cerebrospinal fluid (CSF) dynamics. Computed Tomography (CT) studies are primarily used
for the acute differential diagnosis of headache, for example in patients presenting with “thunderclap-
headache” when subarachnoid haemorrhage is suspected. In the sub-acute setting, however, Magnetic
Resonance imaging (MRI) studies are far more sensitive for the delineation of underlying brain pathologies.
Besides the use of conventional MRI, advanced MRI techniques, including diffusion imaging, perfusion,
spectroscopy and functional MRI, facilitate the early diagnosis of underlying functional, structural, and
metabolic changes, while they may be also utilized for treatment monitoring in patients with secondary
headaches. In the present review, the most commonly encountered secondary headaches along with as-
sociated neuroradiological findings will be presented, focusing on conventional and advanced MRI tech-
niques.

Key words: Magnetic Resonance Imaging (MRI), secondary headache, advanced MRI techniques, neuroradiology
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MNepiAnyn
H kepananyia sival éva and ta cuxvotepa cupnt®pata nou kadouvtal va atlodoyhoouv ol veupondyol
otwnv kAvikh Npd&En kar oxetiCetal pe éva eupu gacpa diagopikns didyvwons. H AieBvns Tagivounon Alata-
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paxdv Kepadanyias, 3" ékdoon (ICHD-III) ta&ivopei tnv kepananyia oe dUo KUpIes Katnyopies: Npwtonabn
kepandanyia anouoia unokeipevns diatapaxns kal deuteponabn kepananyia nou anodidetal o unokeipevn
ouotnyatkn A veuponoyikh véco. H ta&véunon tns kepanadyias anaitel Ahyn Aentopepous 10TopikoU Kal
evbenexn kAIVIKA e€€taon tou aoBevous, kaBws kal cupnAnpwPatkn veupoaktvooyikh pefémn, €16ikd dtav
OUVUNAPXOUV EUPAPATA MOU UNodEIKVUOUY TNV NApoUsia UNokeipevns vooou nou niBavms anaitel dueon
Bepansutkn napépfaon. O1 KUpIes alties tns deuteponabous kepananyias nepiNapBavouv AoIPmEES, PRey-
HovdEels S1aTapaxés ToU KEVIPIKOU VEUPIKOU OUCTAPATOS, VEONAAoUATa Tou eyKEPANoU, ayyelakes Nnabnaoels
Kal petaponés tns duvapikns s pons tou eykepanovwuaiou uypoU (ENY). H dievépyeia unondoyiotukhs
topoypagias (CT) npayuatonoleital Kupiws os ofeia @don, yia i diapopikh didyvwon s kepananyias,
eni napabeiypau os aoBbeveis nou eugavilouv «kepauvoPodno-kepananyia» kal otous onoifous tiBetal n
undévola unapaxvoeidous aigoppayias. Qotdoo, otnv unoteia aon, n Aneikdvion MayvntukoU YuvioviopoU
(MRI) éxe1 peyanutepn euaioBnaia otnv avayvapion kal Aentopeph agloAdynon unokeipevwyv anfoiboswy
Tou gykepdnou. H ouvbuaotkh epappoyn twv cUPBaTKMY TexvIK®V Aneikévions MayvnukoU ZuvioviopoU
Kl TWV NPONYUEVWV TEXVIKDV VEUPOAMEIKOVIONS, cupnepiNapBavouévns ts aneikovions tavuath S1axuons,
s aipatkns SinBnons npwins d16dou, s pacuatookonias kal tns AItoupyIkhs Angikévions MayvnukoU
Yuvtoviopou, dieukonUvel tnv éykaipn didyvwon kal a§ioNdynon pop@onioyikwy, AETOUPYIKWDY Kal yetapo-
Aikv affaydy, 6nws enions kal tv napakodouBnon s Bepaneias acBevav pe deuteponabn kepanan-
yia. Znv napouca avackdnnon Ba napouaciactoly ta cuxvotepa aitia deuteponabous kepananyias kal ta
veupoakuvoAoyiké tous euphpata, ectudlovias KUpiws ous CUPBATKES Kal Mponyuéves texvikeés MRI.

Né€eis eupetnpiou: Aneikévion MayvnukoU Zuvtoviopou (MRI) eykepdnou, deuteponabhns kepadadyia,
NPONYUEVES TeEXVIKES aneikdvions MayvntukoU ZuvioviopoU, Neupoakuvonoyia

Introduction types are assumed. In such cases, further investiga-

Headache is one of the most common symptoms  tions, including neuroradiological studies are indi-
that a patient will experience during his lifetime and ~ cated. In clinical practice, a useful mnemonic for the
one of the most frequent disabling diseases world-  identification of “red flags” that should prompt phy-
wide [1]. According to the International Classification ~ Sicians to indicate neuroimaging studies is SNOOP4
of Headache Disorders (ICHD-III) [2], headache can  (S: systemic symptoms/signs, N: abnormal findings on
be classified in primary and secondary headache, neurological examination, O: sudden onset, O: older
with the latter being attributed to underlying causal ~ @ge at onset above 50 years, P4: positional headache,
factors, including infections, neuroinflammatory dis- ~ Precipitated by Valsalva maneuver or exercise, pro-
orders, brain neoplasms, cerebrovascular diseases, ~ 9ressive headache, papilledema) (Table 1) [3].
and alterations of cerebrospinal fluid (CSF) dynamics The National Institute for Health and Care Excel-
(Figure 1). The differential diagnosis between primary ~ lence (NICE) and the American Headache Society
and secondary headache warrants thorough neuro- ~ (AHS) guidelines do not recommend neuroimaging
logical examination, as well as the acquisition of a studies for patients with normal neurological exami-
detailed patient history. If the findings of the clinical ~ hation, stable headache without atypical features,

examination and patient history are not consistent
with primary headache, then secondary headache

that fulfil the diagnostic criteria for a primary head-
ache, while - with the exception of subarachnoid

Figure 1. Secondary Headache Disorder Aetiology according to the International Classification of Headache disorders,

3 edition, beta version

Mon-vascular
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Table 1. Red flag signs for the diagnosis of headaches (SNOOP4)

Mnemonic

Presentation

Systemic symptoms

e Fever of unidentified cause, weight loss, chills and myalgia
¢ Malignancy, immunocompromised patient

Neurological symptoms

* Signs of motor weakness and sensory loss, diplopia or ataxia
e Abnormal signs in neurological examination

Onset sudden

e Thunderclap headache, sudden onset, with peak intensity in <1 minute

Onset after age 50 years

® Onset after the age of 50 years

P4

e Postural aggravation
e Papilledema

® Progressive headache or pattern change
* Headache worsening after Valsalva manoeuvre
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hemorrhage and in emergency settings - Computed
Tomography (CT) should not be performed if Mag-
netic Resonance Imaging (MRI) is available [4-7].
Conversely, neuroimaging should be performed
in all patients presenting with atypical symptoms
and signs, for example irregular or new headache
patterns; increase in the severity of headache; his-
tory of epileptic seizures or head trauma; history of
malignancy, active infections, stroke or intracranial
bleeding; focal or new neurological deficits; and other
“red flags” that may be suggestive of an underlying
disorder [5, 8, 9].

Besides the choice of imaging modality (CT ver-
sus MRI), the diagnostic protocols also depend on
several factors, including patient history, headache
pattern, duration, intensity and presence of con-
comitant neurological signs, as well as depending
on whether new-onset or recurrent headache is be-
ing investigated [9, 10]. Overall, MRI has a superior
sensitivity compared to CT, especially for depicting
abnormalities in the posterior fossa, acute ischemic
lesions, and mass lesions, while simultaneous perfor-
mance of an expanded MRI protocol with advanced
MRI methods may enable accurate differential di-
agnosis and treatment planning [11]. It should be
noted that the differential diagnosis of headache is
practically exhaustive, since headache can comprise
an epiphenomenon of many neurological or systemic
diseases [1, 2].

Herein, we will review the most commonly encoun-
tered causal factors of secondary headache along
with the associated neuroradiological findings, focus-
ing on conventional and advanced MRI techniques.

Secondary headache attributed to cranial or
cervical vascular disorder

Craniocervical artery dissection

Craniocervical artery dissection (CAD) is a frequent
cause of ischemic stroke in young and middle-aged

adults [12]. Prompt and accurate CAD diagnosis
is essential for the identification of the underlying
stroke aetiology and prevention of stroke recurrence
[13, 14]. The clinical presentation of CAD is variable,
ranging from mild symptoms, including neck pain,
Horner's syndrome and headache, to severe stroke
syndromes [14, 15]. Notably, the headache in CAD
is typically ipsilateral to the dissection site [13]. In
affected patients, ultrasonography may provide di-
rect or indirect evidence indicative of CAD [16]; in
the majority of cases, however, neuroimaging stud-
ies including Computed tomography angiography
(CTA), MR angiography (MRA), or Digital subtraction
angiography (DSA) are required to establish CAD
diagnosis.

With respect to CT neuroimaging studies, CTA
can provide images of high-resolution and con-
trast for depiction of the arterial lumen and wall.
Two-dimensional (2D) and three-dimensional (3D)
reconstruction methods can be employed to con-
struct images comparable to those acquired by DSA,
although DSA is still considered the gold standard
method for CAD diagnosis [17]. The most typical
imaging finding of CAD on CT imaging, with high
specificity but low sensitivity, is the so-called “target
sign”, which is characterized by a narrowed eccentric
lumen surrounded by a hyperdense crescent-shaped
mural thickening and thin peripheral enhancement
[18]. Additional imaging findings suggestive of CAD
include the depiction of an intimal flap and a dis-
secting aneurysm [18].

With respect to MR imaging studies, MRl and MRA
have been shown to have an excellent sensitivity of
approximately 87-99%, compared with DSA for the
diagnosis of internal carotid artery (ICA) dissection.
However, the sensitivity of MRA is reduced to 60%
for vertebral artery (VA) dissection due to the low
calibre of VA and a flow-related enhancement of the
paravertebral veins that may be misinterpreted as
CAD [19]. Consequently, if VA dissection is suspected,

Archives of Clinical Neurology 31:4-2022, 40-67
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Figure 2. On axial T2W image (A), a dilated left vertebral artery is depicted along with an hyperintense linear intimal
flap. (B) On contrast-enhanced 3D black blood T1W the wall of the left vertebral artery, as well as the intimal flap
showed marked enhancement, imaging findings suggesting left vertebral artery dissection. (Reprinted with permission

from Wang, YM. et al. Chinese specialist consensus on imaging diagnosis of intracranial arterial dissection. Chin

Neurosurg JI 3, 30 (2017). https://doi.org/10.1186/541016-017-0095-2)

CTA should be performed due to its higher diagnos-
tic sensitivity compared to MRA [19-21]. Notably,
contrast-enhanced MRA may provide better results
compared to 3D time-of-flight (TOF) MRA [19]. A
crescent-shaped intramural hematoma is the most
common finding of ICA and VA dissection on MRI.
The signal intensity of the hematoma is analogous
to the products of haemoglobin breakdown and
their paramagnetic effects. In the acute phase, the
intramural hematoma may be obscured on T1W fat-
saturated images, while in the subacute phase (7 days
to 2 weeks post-dissection) the hematoma is depicted
with high signal [21]. Additional MRI findings of CAD
include narrowed eccentric lumen and increased ex-
ternal diameter of the artery. More recently, heavily
T1-weighted flow-suppressed sequences, such as
magnetization-prepared rapid acquisition gradient-
recalled echo (MPRAGE), have also been implemented
to detect carotid intraplaque haemorrhage in CAD
[22]. Moreover, 3D black-blood fat-saturated T1W
sequence has been shown to have high sensitivity for
the depiction of intramural hematoma [23]. Addition-
ally, vessel wall imaging sequences may be performed
in addition to TOF-MRA, in order to assess the luminal
calibre. Finally, a 3D simultaneous non-contrast an-

giography and intraplague haemorrhage (SNAP) MRI
technique has been recently introduced to provide
information both regarding the arterial wall and the
arterial lumen in a single scan [23, 24] (Figure 2).

Vasculitis

Headache may be the only presenting symptom
of giant cell arteritis (GCA), and GCA should always
be considered in elderly patients (especially women)
presenting with new-onset headache [25]. GCA
-also known as temporal arteritis- is a granuloma-
tous vasculitis mainly affecting medium and large
sized arteries. The main histological feature of GCA
is granulomatous arterial inflammation caused by
lymphocytes, histiocytes, and multinucleated giant
cells [26]. It must be mentioned that in GCA, unaf-
fected areas may be noted between the inflamed
arterial sites, which are known as “skip lesions”.
Biopsy results are false-negative in approximately
8-28% of GCA patients, especially when biopsy is
taken from normal-appearing lesions, i.e., not guided
by imaging studies [27]. Although temporal artery
biopsy comprises the gold standard for GCA diag-
nosis, neuroimaging studies are increasingly used in
clinical practice for GCA diagnosis, for biopsy plan-
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Figure 3. (A) On axial FLAIR image, a high-intensity lesion in the white matter on the left temporal lobe is depicted,
which is a non-specific finding. (B) MR angiography shows multifocal segmental narrowing of right and left middle
cerebral artery and left anterior cerebral artery(arrows), suggesting primary angiitis of the CNS (PACNS)

ning, as well as for treatment monitoring [28]. Ad-  Cerebral venous sinus thrombosis (CVST)
vanced MRI sequences, such as the 3D black-blood Headache, focal neurological deficits, epileptic sei-
fat-saturated T1W sequence, facilitate the depiction  zyres, intracranial hypertension and encephalopathy
of mural inflammation and allow measurement of the comprise frequent clinical presentations of CVST,
mural thickening and quantification of the contrast  \with varying intensity depending on the site of ve-
enhancement [29]. Furthermore, TOF MRA can depict  nous thrombosis [35]. Headache is present in more
the luminal diameter, which appears decreased in  than 85% of CVST patients [36, 37]. Although CVST-
regions affected by GCA [30]. The combination of the  3ssociated headache may be accompanied by nausea,
two aforementioned MRI techniques has been shown  yomiting, papilledema, and visual disturbances, in
to have a high sensitivity and specificity for GCA some cases headache may be the only CVST present-
diagnosis, of 80% and 100% respectively compared  ing symptom. The spectrum of headache patterns
to the gold standard of temporal artery biopsy [30].  associated with CVST is very wide, but the most
Headache, when accompanied by encephalopa-  commonly encountered is subacute-onset headache
thy, may also be a presenting symptom of primary  with rapid worsening, that may mimic subarachnoid
angiitis of the central nervous system (PACNS).  haemorrhage, migraine or intracranial hypertension
Although PACNS is a rare nosological entity, high  [38, 39].
clinical awareness is warranted in patients present- Neuroimaging studies comprise the cornerstone of
ing with headache and encephalopathy, and atypical ~ CVST diagnosis and aim to answer: (1) whether there
ischemic strokes. Ischemic infarctions are noted on s evidence of cerebral venous occlusion; (2) whether
neuroimaging in approximately 53% of PACNS cases  there are findings of parenchymal or other intracra-
[31]. Conventional MRI techniques reveal multiple  nial lesions; (3) which is the underlying cause of CVST
infarctions, which are typically bilaterally located,  [40, 41]. In more than 85% cases of CVST cases,
in various stages of healing, of variable size and  a prothrombotic risk factor or a direct underlying
affecting different vascular territories [32]. Vessel  cause can be identified, while multiple CVST causes
wall MRI (VW-MRI) can also be applied for the di-  can be found in approximately 1/3 of cases [35].
agnosis of PACNS, depicting prominent vessel wall  Furthermore, neuroimaging studies are additionally
enhancement [33]. Notably, PACNS should be dif-  used for the follow-up of CVST patients, depicting
ferentiated from vasculitis that may be secondary to  the venous recanalization and treatment response,
other causes, including infection, systemic disease,  and for excluding CVST complications or recurrence.

malignancy, drug use, or radiation therapy, and his- CT is considered as first-line imaging modality for
tological confirmation is required for definite PACNS  patients admitted to the emergency room (ER) with
diagnosis [32, 34] (Figure 3). suspected CVST. Non-enhanced brain CT may depict
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Figure 4. A 65-year-old male presented with headache. (A) Time-of-flight (TOF) MR venography shows absence of
normal flow signal in the left transverse and left sigmoid sinuses, indicating CVST. (B) Axial contrast-enhanced MRV
depicts a filling defect in the left transverse sinus, corresponding to a nonenhanced ovoid thrombus

hyperdense thrombus in the dural sinus (“dense tri-
angle sign”) or in cortical veins (“cord sign”), but
in up to 2/3 of CVST cases the findings of non-con-
trast-enhanced brain CT are false negative [42]. By
contrast, CT venography (CTV) has a 95% sensitivity
for CVST diagnosis compared to DSA as the gold
standard [43].

In CVST patients, MRI findings are time dependent,
as the signal intensity of the thrombus may vary ac-
cording to the haemoglobin degradation [44]. Phase-
contrast and time of flight MRV may detect CVST,
but each technique has limitations and disadvantages
(Figure 4). Contrast-enhanced MR-venography (MRV)
is highly accurate in diagnosing CVST at all stages,
including the chronic stage compared to any other
type of MRV [45]. Digital subtraction angiography
(DSA), albeit considered the gold standard for CVST
diagnosis, is nowadays reserved for patients that may
require endovascular treatment [46].

Parenchymal abnormalities as consequence of
CVST include venous infraction, intraparenchymal
and subarachnoid haemorrhage, hydrocephalus due
to impaired CSF absorption and brain edema are
better assessed on MRI rather than on CT [47]. Use
of Diffusion weighted imaging (DWI) and apparent
diffusion coefficient (ADC) map can facilitate the
distinction between vasogenic and cytotoxic brain
edema, that may coexist in CVST [48, 49]. Finally, it
should be stressed that neuroimaging is important
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for exclusion of CVST recurrence which affects ap-
proximately 12-13% of patients [50].

Subarachnoid Haemorrhage (SAH)

Thunderclap headache is a characteristic manifesta-
tion of subarachnoid haemorrhage (SAH). Typically,
patients describe this type of headache as the “worst
headache of their life” [37]. SAH is classified in trau-
matic and spontaneous SAH. Among the causes of
spontaneous SAH, rupture of intracranial aneurysms
accounts for up to 85% of SAH cases [51]. The remain-
ing 15% of SAH patients have no discernible cause of
bleeding [52]. Crucially, perimesencephalic SAH is a
distinct type of SAH, that accounts for 5% of all SAH
cases and is related to underlying venous drainage
anomalies rather than underlying aneurysms [53].

On neuroimaging, the distribution and epicentre
of SAH can indicate the localization of a ruptured
aneurysm or other underlying pathologies that may
precipitate non-aneurysmal SAH. For example, the
presence of convexity SAH sparing the basal cisterns,
the Sylvian fissure, the interhemispheric fissure or
the ventricles with additional imaging findings of
microbleeds and cortical superficial siderosis may
indicate cerebral amyloid angiopathy as the underly-
ing cause of SAH [54]. With respect to aneurysmal
SAH, the most frequent localization of aneurysms
in approximately 90% of cases involves the anterior
circulation [55].
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Figure 5. Post traumatic subarachnoid
haemorrhage (SAH). Acute subdural hematoma
and acute epidural hematoma is depicted on

the right hemisphere and along the tentorium
cerebelli. Additionally, hyperdense material is

seen filling the sulci adjacent to the subdural

and epidural hematoma, suggestive of traumatic
SAH. Secondary features of mass effects are
depicted, including midline shift and right ventricle
compression

With respect to CT studies, (Figure 5), in a patient
presenting with thunderclap headache it is pivotal to
indicate emergent CT scan, that besides native CT
should include CTA for exclusion of underlying aneu-
rysms. For the detection of aneurysms >3 mm, CTA
—especially using subtraction and three-dimensional
reconstructions— has a sensitivity and specificity that
approaches 100% and is thus, comparable to that
of DSA [56, 57]. Nonetheless, DSA remains the gold
standard for the definitive detection or exclusion of
underlying intracranial aneurysms, and is superior to
CTA for detection of small-sized aneurysms (Figure
6). Moreover, DSA is indicated for patients that may
require endovascular treatment.

With respect to MRI findings of aneurysmal SAH,
the fluid-attenuated inversion recovery (FLAIR) MRI
sequence is sensitive for depicting SAH in the first
12 hours, when SAH appears as hyperintensity in
the subarachnoid spaces. FLAIR is superior to CT for
subacute and chronic SAH, as “aging” hematoma
is difficult to capture on CT in subacute and chronic
stages [58, 59]. MRA has a sensitivity of approxi-
mately 80% for depicting cerebral aneurysms, but its
sensitivity is lower for detection of small aneurysms

(diameter <3mm in maximum diameter) and aneu-
rysms located at the internal carotid artery and an-
terior cerebral artery [60]. The sensitivity of gradient
echo (GRE) sequences differs between the different
SAH stages, ranging from a 94% sensitivity during
the early SAH stages (up to 4 days), to a 100% sensi-
tivity beyond the acute SAH stage (after 4 days from
index event) [61]. Importantly, DWI may demonstrate
early ischemic changes associated with SAH or de-
layed ischemic changes associated with vasospasm,
which may complicate up to 20% of SAH cases [62].
MR perfusion can be a useful tool for the diagnosis
of cerebral ischemia and evaluation of the cerebral
blood flow [63]. Besides the acute SAH diagnosis, it is
important to note that MRI has an additional role in
excluding concomitant aneurysms, that are not rup-
tured or may have undergone subclinical rupture (as
indicated by haemoglobin products depicted on GRE
sequences), as well as for treatment follow-up (i.e.,
in patients with vasospasms undergoing vasodilator
therapy, or patients with aneurysms treated with
non-ferromagnetic clips or endovascular therapy).

Reversible Cerebral Vasoconstriction Syndrome
(RCVS)

RCVS is clinically characterized by thunderclap
headache, which is pathophysiologically related to re-
versible vasoconstriction of the cerebral arteries. The
headache is mainly localized in the occipital lobes, but
in some cases may be diffuse. RCVS may be noted
in the post-partum period, while typical risk factors
include the use of vasoactive substances and drugs
(i.e., marijuana, cocaine) [64]. Diagnostic criteria for
RCVS have been suggested with 98-100% specificity
including: (i) thunderclap headache with periodical
recurrence; or (i) single thunderclap headache either
without evident abnormality on neuroimaging or
with neuroimaging evidence of watershed infarct/
vasogenic edema; or (iii) abnormal angiographic find-
ings with normal neuroimaging and no headache
[65]. At symptom onset, neuroimaging may be nor-
mal in approximately 50% of RCVS cases [64]. On
neuroimaging, RCVS may be diagnosed based on
imaging finding either directly pertaining to vascu-
lar narrowing or indirectly to RCVS complications
(Figure 7).

With respect to CTA, MRA or DSA studies, find-
ings compatible with RCVS include: smooth tapered
narrowing from large to medium-sized arteries with
concomitant second-order and third-order branch
dilatation, which is the so-called “string of beads”
appearance of cerebral arteries [66]. Vessel wall MRI
(VW-MRI) may be additionally performed in order to
exclude arterial wall enhancement, which is typically
not present in RCVS, but may be noted in vasculitis
and intracranial atherosclerotic plaques [67]. RCVS
complications should also be evaluated using CT or
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Figure 6. A middle-aged male patient presented with thunderclap headache in the Emergency Room. (A) On axial

CT, subarachnoid haemorrhage and intraparenchymal cerebral haemorrhage in the right frontal lobe were noticed.
CT angiography did not reveal any aneurysm. (B) On Digital Subtraction Angiography (DSA), a small aneurysm, with
diameter less than 3mm, at the right middle cerebral artery was depicted (arrow)

MRI studies, including with decreasing frequency:
vasogenic edema (38%), cerebral convexity SAH (22-
34%), watershed infarct (29%) or lobar haemorrhage
(6-20%) [64, 68]. The typical RCVS course entails
resolution of clinical symptoms and neurovascular
findings within 8-12 weeks [69].

Cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy
(CADASIL)

CADASIL is a rare autosomal dominant microvas-
culopathy affecting young and middle-aged patients,
and is characterized by recurrent subcortical infarcts
and leukoencephalopathy, migraine with aura and
vascular dementia [70-72]. MRl is the gold standard
for CADASIL diagnosis, typically revealing three types
of lesions in CADASIL patients: i) widespread conflu-
ent white matter hyperintensities, with symmetrical
and bilateral tendency, which already at early stages
involve the anterior temporal lobe and the external
capsule; ii) lacunar infarcts; and iii) cerebral micro-
bleeds [73]. Neuroimaging findings, and particularly
the white matter hyperintensities may precede the
clinical manifestations of CADASIL (Figure 8). Ad-
vanced MR techniques may enable early detection of
neuronal loss and demyelination, in regions that may

appear normal with conventional MRI techniques.
ADC histograms, Diffusion tensor imaging (DTI) and
magnetic resonance spectroscopy (MRS) may assess
ultrastructural alterations that may be associated
with the clinical phenotype [74, 75]. Also, it has been
suggested that quantitative diffusion MRI can offer
predictive metrics for assessment of CADASIL pro-
gression [75, 76].

Secondary headache attributed to non-vascu-
lar intracranial disorders

Intracranial Hypotension

Intracranial Hypotension (IH) is a rare syndrome
characterised by decreased CSF pressure < 6cm
H,O. A CSF leak along the neuroaxis, in the cervical
or thoracic spine in the majority of patients, is the
cause of CSF pressure decrease [77, 78]. Typically,
IH patients present with a headache with postural
pattern, worsening when upright and improving in
a recumbent position, with symptom improvement
within 15 minutes from lying down. Additional symp-
toms include vomiting, nausea, vertigo, visual and
hearing disturbances and neck pain. According to the
causative factor, IH is classified in primary-spontane-
ous (SIH) and secondary i.e. iatrogenic or traumatic.
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Figure 7. A 55-year-old woman who presented with severe headache and developed left-sided weakness. DWI (A) shows
multifocal infarcts involving the centrum semiovale and left posterior parietal lobe. On coronal 3D reformatted TOF

MRA (B), there is diffuse narrowing of the bilateral middle and anterior cerebral arteries (white arrowheads). Parasagittal
postcontrast T1 high-resolution Vessel Wall Imaging (VWI) of the M1 arterial segment of the left MCA (C) shows mild
wall thickening and minimal enhancement (similar findings were noted in the right M1 arterial segment, not shown). The
patient was diagnosed with RCVS, with subsequent resolution of cerebral vasoconstriction (D)

ICHD-3 has established diagnostic criteria for SIH The pathophysiological mechanism explained by
combining both clinical and radiological findings: i)  Monro-Kellie doctrine may help understand the imag-
any type of headache fulfilling the following condi-  ing findings of IH [79]. The main imaging findings of
tions: headache developed in relation to decrease of  IH reflect the alteration of the equilibrium between
CSF pressure; or CSF leakage; or headache leading ~ CSF volume, intracranial blood and brain tissue. Since
to the discovery of CSF leak; ii) CSF pressure <6 cm  the brain tissue volume is stable, a decrease in CSF
H,0 or/and imaging findings of CSF leak; iii) is not  volume will be followed by compensatory increase
attributed to any other ICHD-IIl diagnosis [78]. of intracranial blood. These changes thus, result into
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Figure 8. On axial FLAIR images, in a 26-year-old patient with family history of cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy (CADASIL), widespread white matter hyperintensities most
pronounced in the temporal lobes are demonstrated. The thalami and pons are also affected

dilatation of vascular spaces, specifically the venous
spaces due to their higher compliance [80].

Brain CT can be a helpful tool for the initial di-
agnosis of IH in the ER as well as in the outpatient
setting [78]. Nevertheless, the imaging method of
choice for IH diagnosis and treatment monitoring is
brain MRI, while intravenous contrast administra-
tion is mandatory to depict the typical IH features. It
should be noted, that brain imaging may be normal
in approximately 20-30% of patients with clinically
confirmed diagnosis according to the aforemen-
tioned diagnostic criteria proposed by ICHD-3 [78,
81]. Complementary whole spine MRI with intrave-
nous contrast administration has been recommended
in patients unresponsive to medical treatment to
identify IH and potentially to depict the site of CSF
leakage. Although spine MRI can detect in some case
the location of CSF leak, CT myelography (CTM) is
more sensitive for leak identification [82].Conven-
tional myelography must be performed either when
a rapid leak is suspected, which may be obscured on
CTM, or when CTM findings are normal. Invasive MR
myelography with intrathecal gadolinium administra-
tion has a higher sensitivity than CTM for CSF leak
depiction, but the intrathecal use of gadolinium still
remains off-label [83-85].

During the past years, CSF flow studies on MRI
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have been increasingly used to assess and quantify
pulsatile CSF flow. 2D phase-contrast MRI (PC-MRI)
is the most widely used velocity encoding method for
CSF flow analysis. Typically, the CSF flow parameters
obtained with PC-MRI are significantly lower in IH
patients compared to healthy controls (Figures 9, 10)
[86]. Moreover, a correlation has been established
between CSF flow parameters, headache intensity
and CSF opening pressure [86]. Similarly, PC-MRI
parameters in patients with spontaneous IH may be
used for treatment follow-up [87].

Diffuse pachymeningeal thickening and enhance-
ment is the most common MRI finding in IH patients.
The thickening and enhancement is typically smooth
and continuous without skip areas. The aforemen-
tioned imaging findings are attributed to “leaky”
dural microvessels, which have been shown to lack
tight connections and enable “spilling” of gadolinium
[88]. It should also be mentioned that diffuse pachy-
meningeal thickening may not be evident in chronic
IH cases, which in conjunction with changes in clinical
findings (i.e., alteration of the headache pattern) may
hinder IH diagnosis [89]. Another common imaging
feature in IH patients, affecting approximately 50%
of cases, is the presence of hyperintense subdural
effusions due to the presence of proteinaceous fluid
leaking from the congested dura [90]. Further imag-
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Figure 9. A middle-aged female patient 5 days after sinus surgery presented with headache and fever. On axial FLAIR

(A) and TTW (B) images, enlarged subdural collections and prominent dural thickening were evident, along with strong
pachymeningeal enhancement on post-contrast T1W (C). On 2D phase-contrast MRI (PC-MRI) (D), the CSF flow metrics
did not reveal any sign suggestive of intracranial hypotension

ing abnormalities include engorgement of venous
structures, enlargement of the pituitary gland, caudal
tonsillar displacement and slit ventricles [88].
Spinal MR, in 67-100% of cases, will show fluid
collections-spinal hygromas in the epidural space.
Longitudinally, spinal hygromas typically exceed five
spinal segments, and are located either anteriorly
or posteriorly to the dural sac [91]. Other findings

suggestive of IH include engorged spinal epidural
veins, circumferential dural enhancement usually
combined with intracranial dural enhancement and
fluid between the C1-C2 spinous processes. The lat-
ter finding is attributed to transudate leakage from
the rich regional venous plexus and is considered as
a CSF "false-localizing” sign [91].
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Figure 10. Spinal longitudinal extradural collections. (A), Sagittal T2 FSE. (B), Reformatted axial 3D-T2W
images show spinal longitudinal extradural CSF collections (SLECs - arrows) and displaced dura outlined
by the CSF. (C and D), Images similar to A and B of the same patient show similar findings in the lower

thoracic region

Idiopathic Intracranial hypertension (IIH)

[IH, previously known as pseudotumor cerebri,
comprises another cause of secondary headache, at-
tributed to elevated intracranial pressure, without evi-
dent causative mass or hydrocephalus. Typically, there
is a female predominance, with IIH affecting mostly
women of reproductive age, with increased body
mass index. The most common presenting symptom
of IIH is a pressure-like, throbbing headache. Ad-
ditional clinical symptoms include transient visual
obscuration with typical tunnel vision, photopsia, eye
pain, pulsatile tinnitus, rarely 6" cranial nerve palsy
and papilledema, which warrants ophthalmological
evaluation. When lumbar puncture is performed,
the CSF composition is normal but the opening CSF
pressure is in most cases increased (>20cm H,O in
normal weight patients and >25cm H,O in obese
patients) [92]. Revised diagnostic criteria for IIH have
been proposed by Friedman et al. including both clini-
cal and neuroimaging findings [93]. Neuroimaging
must precede diagnostic lumbar puncture to exclude
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increased CSF pressure due to other causes, includ-
ing brain tumor, dural sinus thrombosis, infection,
hydrocephalus.

Structural MRl is the cornerstone for IIH diagno-
sis, which enables the exclusion of other underlying
causes of elevated intracranial pressure, but also
facilitates the identification of neuroimaging ab-
normalities characteristic for [IH. The main axes of
neuroimaging should be tailored to assess the orbits
and the intracranial compartment. Orbital changes
comprise (i) prominent subarachnoid space around
the optic nerves with vertical tortuosity, (ii) flatten-
ing of the posterior sclera followed by intraocular
protrusion, and (iii) enhancement of the optic nerve
head [94-96]. The majority of imaging findings in the
intracranial cavity are associated with the enlarge-
ment of outpouchings of the arachnoid space. The
most suggestive imaging findings of lIH intracranially
are the ‘empty sella’ sign, depicted as loss of the
midsagittal height of the pituitary gland, and the
Meckel's cave enlargement, depicted as enlargement
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Figure 11. 32-year-old female patient, complaining for headaches, with confirmed by lumbar puncture
Idiopathic Intracranial Hypertension, demonstrating in sagittal (A) and coronal T2W (B), as well as in
transverse FLAIR (C) images the classic “empty sella” sign, and the optic nerves with vertical tortuosity.
No signs of arterial or venous sinuses thrombosis in MRA (D) and MRV (E). Normal values in whole brain
Volumetric analysis (F). The patient was treated with acetazolamide, as she refused the neurosurgical

shunting procedure

of the porus trigeminus notch accompanied by a
smooth cystic space in the anteromedial petrous apex
[97, 98].Semiautomated volumetric methods can
quantitatively assess the volume of the optic nerve
sheath and pituitary gland. Objective metrics derived
from the volumetric assessment may be utilized both
for the diagnosis and follow-up of IIH patients [99].

Another suggestive imaging feature of IIH occur-
ring in 65-90% of cases is transverse sinus narrow-
ing depicted on MR venography, which may require
further investigation with contrast-enhanced 3D MR
venography or invasive digital subtracted venography
[100]. Other less common signs of IIH are slit-like
ventricles and acquired tonsillar ectopia, which is a
mimicker of Chiari Malformation Type 1 [101]. Phase-
contrast cine magnetic resonance imaging (PCC-MRI)
and derived CSF parameters have also been used as
a non-invasive technique for IIH diagnosis and treat-
ment follow-up [102] (Figure 11).

Chiari Malformation Type 1 (CM1)

The hallmark of Chiari Malformation Type 1 is
the projection and downward displacement of the
cerebellar tonsils through the foramen magnum.
The clinical features of CM1 are proportional to the
degree of tonsillar prolapse. Headache is a common
presenting symptom of CM1, along with symptoms
associated with brainstem compression / dysfunction,

syringomyelia, or hydrocephalus [103]. Furthermore,
it should be mentioned that Valsalva maneuver or
cough can provoke headache in the setting of CM1.
Low-lying tonsils (benign tonsillar ectopia) must be
differentiated from CM1, with the former being as-
ymptomatic and considered an incidental finding
compatible with tonsillar protrusion of up to 3-5
mm through the foramen magnum.

The imaging modality of choice for the diagnosis
of CM1 is MRI. The cerebral tonsillar position can be
accurately assessed on MRI and the degree of caudal
descent can be measured, preferably on midsagittal
plane. The imaging signs supporting CM1 include
pointed tonsils referred as ‘peg-like’ tonsils, vertically
oriented sulci referred as ‘UK sergeant stripes’ and
crowding of subarachnoid space at the level of cranio-
cervical junction by tonsillar prolapse mainly observed
on axial images (Figure 12) [104]. Measuring of the
CSF flow with PC-MRI may be abnormal in cases of
CM1 due to pulsatile motion of tonsils [105]. The
imaging protocol should include spinal cord MRI in
order to exclude the presence of syringomyelia, that
may be evident in 40% of patients with CM1 [106].

Brain Tumour

As already mentioned, headache can be caused
by any space-occupying brain lesion. The headache
pattern caused by brain neoplasms varies and the
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Figure 12. Cerebral tonsillar caudal descent through the foramen magnum attributed to Chiari Malformation Type .
(A) On sagittal image, the cerebellar tonsils are low-lying (>5mm) and appear ‘peg like" and pointed. Cerebellar tonsillar
position is the vertical distance (purple line) from the tip of the cerebellar tonsils to a line drawn between the anterior
and posterior rims of the foramen magnum, known as McRae line (blue line). (B) On coronal image, the tonsillar caudal
descent is depicted. (C) Axial image through the foramen shows crowding of the medulla by the tonsils. No syrinx was
evident

majority of patients presents with atypical findings
[107]. Recently, advanced MRI techniques have radi-
cally changed the diagnostic approach to intracranial
tumours. The WHO 2021 classification and grading of
brain neoplasms has added more information about
the phenotype of brain tumours and their genetic-
molecular and genetic—prognostic correlations [108].
Conventional and advanced MRI techniques enable
the diagnosis and staging of brain tumours, neurosur-
gical and radiotherapy planning, as well as treatment
monitoring differentiating between pseudoprogres-
sion, progression or recurrence (Figures 13-16) [109].

Secondary headache attributed to infection

Brain Abscess

A cerebral abscess is a consequence of encephalitis
and is typically characterized by accumulation of pus,
which is surrounded by a capsule. Encephalitis and
brain abscess can result from haematogenous dis-
semination (i.e., endocarditis), or as a complication
of contiguous spread from paranasal sinuses, odon-
togenic or ear infection. Headache may be present
in 69% of patients, but only 20% of them will suffer
from the classic triad, which consists of headache,
fever and focal neurologic deficits [110].

The pathogenesis of a brain abscess includes four
distinct stages: early cerebritis (1-3 days), late cerebritis
(4-9 days), early capsule formation (10-13 days) and
late capsule formation (from 14 days onwards). Fur-
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thermore, five histological zones have been described,
that can aid understanding of the neuroimaging find-
ings: (1) a necrotic centre; (2) an external zone of
accumulated inflammatory cells, macrophages and
fibroblasts; (3) a capsule with dense collagen; and (4)
peripheral astrogliosis and edema [111].

With respect to neuroimaging, CT scan is not as
sensitive as MR, with 6% of cases having false negative
CT-findings. CT scan is invaluable in the ER for assess-
ment of the degree of brain edema [111]. Besides ab-
scess diagnosis, both CT and MRI may be used to de-
pict potential complications, including ventriculitis and
CSF obstruction with secondary hydrocephalus. With
respect to MRI studies, conventional MRI sequences
can be combined with complementary advanced MRI
techniques (MR spectroscopy) for obtaining informa-
tion that may be suggestive of specific pathogens.
The necrotic centre of an abscess will appear on MRI
with high signal on T2W, a three-layered low-signal
capsule on T2W and vivid capsule enhancement on
T1W after gadolinium injection [112]. Beyond con-
ventional imaging, the abscess cavity is depicted with
high signal on DWI with corresponding low value on
ADC map, due to the purulent content. Furthermore,
MR-perfusion helps in differentiating a brain abscess
with low regional cerebral blood volume (rCBV) from
a brain tumor with necrotic part, which typically has
high rCBV due to high vascularization. Despite the use
of advanced imaging, however, diagnostic difficulties
in differentiating between abscess and brain tumour
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Figure 13. A 32-year-old male presented with headache and on MRI a space occupying lesion is depicted, mainly located
on the left temporal lobe. On T1W image (A), the lesion shows inhomogeneous low signal with no evident enhancement
on post contrast TTW (B). (C) On perfusion dynamic susceptibility contrast T2* (DSC-T2*) the relative cerebral blood
volume (rCBV) ration was calculated 3.79, compatible with high grade brain tumor. (D) On TE=144ms single voxel MRS
inside the lesion, increased concentrations of choline (Cho), creatine (Cr), lactate (Lac) and lipids (Lip) are depicted with
Cho / Crratio of 1.35 and Cho / NAA 2.38. Furthermore, peaks of myoinositol (ml) are depicted, a finding that supports
the differentiation of a lower-grade glioma into a higher-grade glioma. (E) Presurgical task-based functional MRI (TB-
fMRI) and Resting-State fMRI (RS-fMRI) based on the Blood oxygenation level dependent (BOLD) phenomenon were
acquired and the lateralization of hippocampal and language networks was left-sided. The lesion was in close proximity,
distance <1cm, with the posterior part of the left upper temporal gyrus (Wernicke), but also with the primary auditory
cortex. The distance of the lesion from the Broca’s area (inferior frontal gyrus) was clearly bigger than 2cm. (E) On
Diffusion tensor imaging tractography —-DTI tractography- the lesion was in close proximity with, probably infiltrating,
the posterior part of the left superior longitudinal (arcuate) fasciculus, the inferior longitudinal fasciculus and the inferior
fronto-occipital fasciculus

may arise in the early stages of capsule formation,

when increased capillary density of the abscess may ~ patients with brain abscess who have undergone

correspond to increased rCBV and lead to misdiag-  previous treatment with antibiotics. Furthermore,

nosis [111]. the peak of acetate with or without succinate on
MR Spectroscopy (MRS) is another advanced meth- MRS has been described as a signature feature for

od widely performed for differential diagnosis of brain ~ anaerobic infection (Figures 17, 18) [113].

lesions that enables the delineation of their metabolic

profile. MRS may show peaks of amino acids, lactate, Headache or facial pain attributed to disorder
lipids, succinate, acetate and alanine. The presence  of the cranium, neck, eyes, ears, nose, sinuses,

of peaks of amino acids is a sensitive marker of pyo- teeth, mouth, or other facial or cervical
genic abscess due to the breakdown of neutrophils  ¢tructures

inside the capsule, releasing proteolytic enzymes, o
which hydrolyse proteins into amino acids. However, ~Rhinosinusitis
absence of amino acids on MRS may be noted in Rhinosinusitis can be divided in acute, subacute
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Figure 14. Presurgical mapping in a 54-year-old patient presented with headache and neurological deficits. (A) Task-
based functional MRI (TB-fMRI) with a paradigm of tongue movement revealed close proximity of the space occupying
lesion and the corresponding cortical activation area of the tongue motion. (B) Inferior frontal gyrus (Broca’s area) and
superior temporal gyrus (Wernicke's area) activations in TB fMRI showed left-side lateralization of language. (C) Diffusion
tensor imaging tractography depicted signs of probable infiltration of the right corticospinal tract and the right superior
longitudinal fasciculus
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Figure 15. Artificial Intelligence (Al) segmentation for presurgical mapping and follow-up. (A) Presurgical Al anatomical
segmentation map and volumetric assessment of enhancing tumor (pink-93.70ml), edema (blue-135.52ml) and necrosis
(green-8ml) (B) Presurgical Al quantification based on perfusion dynamic susceptibility contrast T2* (DSC-T2*), for the
description of vascular heterogeneity of the enhancing tumor and edema tissues in terms of the angiogenic process
located at these regions. Red colour depicts high angiogenic enhancing tumor region-HAT (30.7ml), yellow colour depicts
low angiogenic enhancing tumor region-LAT (45.55ml), green colour depicts potentially tumor infiltrated peripheral
edema-IPE (28.86ml) and blue colour depicts pure vasogenic edema-VPE (82.75ml). (C) Post-surgery follow-up with Al
segmentation maps and volumetric metrics (enhancing tumor-94.47ml, edema-133.21ml and necrosis-18ml). (D) Post-
surgery follow-up Al with based on DSC-T2* quantification (HAT-22.88ml, LAT-54.04ml, IPE-25.61ml, VPE-83.44ml)

and chronic depending on the duration of symptoms.  findings of rhinosinusitis are non-specific and must
Headache is the most frequent clinical symptom of  always be correlated with evidence from clinical and/
rhinosinusitis. With respect to neuroimaging, imaging  or endoscopic exams. It is noteworthy that 20-40%
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Figure 16. DSC - T2* Perfusion MRI - based Fractional Tumor Burden (FTB) in the follow up of a glioblastoma multiforme
patient with prior surgery and radio-chemo-therapy (red colour-rCBV>1.556 representing areas of high relative cerebral
blood volume (rCBV), purple colour- 1<rCBV<1.556 representing areas with mild increased rCBV, blue colour - rCBV<1
representing normal rCBV). (A) Signs of relapse were evident (red colour-58.8%). (B) On the left frontal lobe, no signs of
residual tumor were evident after the second surgery, but a new lesion on the left occipital lobe was depicted. This lesion
consisted with 74.7% with rCBV>1.556, 20.8% with 1<rCBV<1.556 and 4.4% with rCBV<1. (C) Follow-up MRI after
the third surgery did not reveal signs of residual tumor or relapse. (D) On follow-up MRI post-radiotherapy and post-
chemotherapy, a new lesion on the left temporal lobe was depicted with 58.9% of rCBV>1.556

of patients undergoing MRI for any indication may  sessing the extent of the inflammation, the sphenoid
incidentally show imaging abnormalities suggestive  sinuses and potential complications of rhinosinusitis.
of rhinosinusitis [114]. Plain radiographs are part of ~ CT scan remains the imaging modality of choice for
the initial work up but have some limitations in as-  depicting sinonasal cavities with higher anatomical
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Figure 17. A female, who underwent dental surgery complained for headache and fever. On axial FLAIR (A), a high-
signal-intensity mass with a low-signal-intensity capsule was detected. Perilesional high-signal-intensity vasogenic edema
was also noted. Furthermore, high-signal -intensity was also revealed inside the right lateral ventricle. On axial T1W
image (B) the lesion showed low-signal-intensity and the right lateral ventricle showed intermediate/high-signal intensity.
On T1W post contrast (C) ring-like enhancement of the lesion was detected, as well as contrast enhancement was noted
on the wall of the right lateral ventricle. On DWI b=1000 (D) the centre of the lesion showed a high signal, as well as
inside the right lateral ventricle, with low ADC values (E), reflecting diffusion restriction. On TE=144ms single voxel MR-
Spectroscopy (F) peaks of lipids (Lip), lactate (Lac), amino acids and acetate (Ac) were evident. All the imaging findings
were compatible with pyogenic abscess complicated with ventriculitis. Staphylococcus epidermis was shown as the
pathogenic microorganism after surgical aspiration of the lesion

accuracy and can also be used as preoperative evalu-  the paranasal sinuses [116, 118]. On T1 weighted
ation method [115]. Furthermore, CT scan is pre- images the mucosal thickening is isointense to soft
ferred for bone assessment, especially when chronic ~ tissue and the fluid is hypointense. On T2 weighted
sinusitis is suspected. On the other hand, MRI has  images both mucosal thickening and fluid will be
been suggested as the preferred imaging modality for ~ hyperintense. On post contrast T1 weighted image
evaluation of intracranial and orbital complications. ~ only the inflamed mucosa will enhance in cases of
Additionally, MRI is superior to CT for differentiating ~ acute rhinosinusitis or when acute and chronic rhino-
between inflammatory and neoplastic processes, ~ sinusitis concur (Figure 19). Bone sclerosis, rarefaction
while in case of a neoplasm MRI can also facilitate ~ and periosteal reaction are best evaluated on CT scan
staging and surgery planning [116, 117]. and are considered hallmarks of chronic rhinosinusitis
Mucosal thickening along with presence of gas-flu-  [116, 118].

id level and air bubbles within the paranasal sinuses

are prominent on CT in acute rhinosinusitis, while Trigeminal Neuralgia (TN)

when fungal infection is suspected, CT may reveal Trigeminal neuralgia (TN) belongs to the neuro-
hyperdense lesions and probable calcifications within  pathic facial pain syndromes and is defined according
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Figure 18. A 66-year-old male patient with previous history of odontogenic infection presented with headache and
neurological deficits along with fever and confusion. On MRI a space- occupying lesion on the left temporal lobe was
detected. On TTW (A), the lesion showed inhomogeneous low signal with ring enhancement on post-contrast T1W (B).
The central part of the lesion showed diffusion restriction with high signal on DWI b=1000(C) and low-signal on ADC
map (D). On perfusion DSC T2* (H) the relative cerebral blood volume (rCBV) ratio was lower than 1.75. On intermediate
TE=144ms single voxel MR-Spectroscopy (F) peaks of lipids (Lip), lactate (Lac), amino acids and especially acetate were
evident. All the imaging findings and the patient history were suggestive of brain abscess, confirmed by surgical excision

to the ICHD-III as unilateral distribution of a brief
electric shock-like pain, limited to the distribution of
one or more divisions of the trigeminal nerve [2, 119].
TN most frequently affects the maxillary or mandibu-
lar division of the trigeminal nerve. An innocuous
stimulus may trigger the nerve abruptly. According
to a recently proposed classification system, TN of
unknown aetiology is categorized as idiopathic; TN
caused by neurovascular compression is labelled as
Classical TN; and TN associated with structural abnor-
malities (i.e., demyelinating lesions and neoplasms)
is characterized as secondary TN [120].

e Classical TN

Classical TN is caused by a vascular loop, most
commonly arterial, either deriving from the superior
cerebellar artery or its branches, compressing the
cisternal portion of the trigeminal nerve. Less com-
monly the vascular loop is formed by the transverse
pontine vein, which compresses the trigeminal nerve
[121]. The development of high-resolution 3D MRI
sequences has increased the diagnostic sensitivity of

Archives of Clinical Neurology 31:4-2022, 40-67

vascular loop identification which may enable selec-
tion of patients that may benefit from microvascu-
lar decompressive surgery. Of note, that imaging
findings suggestive of indentation of the trigeminal
nerve by a vascular loop may be incidentalomas in
patients undergoing MRI, but are far more com-
mon in symptomatic TN patients [122, 123]. GRE
sequences and contrast-enhanced MRA can reveal
the neurovascular contact at the root entry or exit
zone of the trigeminal nerve on the affected side
(Figure 20) [124]. Furthermore, some studies suggest
that fractional anisotropy (FA) on diffusion-tensor
imaging (DTI) is significantly lower at the affected
side compared to the contralateral side [125, 126].

o TN secondary to Multiple Sclerosis (MS)

Patients with MS suffer from different types of
neuropathic pain, among which TN is highly pre-
dominant. The prevalence of TN in patients with MS
ranges from 1.4% to 4.9% [127] and the diagnosis
of TN may precede the diagnosis of MS in some
cases [128].
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Figure 19. (A) On axial T1W, peripheral mucosal thickening in maxillary sinuses and ethmoidal cells is depicted along
with the presence of fluid-air level and strong enhancement on post-contrast T1W (B), imaging finding suggestive of
acute rhinosinusitis

Figure 20. Right neurovascular compression by an arterial loop derived from the right superior cerebellar artery indenting
the ipsilateral trigeminal nerve at its inferior surface with associated trigeminal nerve atrophy, depicted on heavily T2
weighted high-resolution axial image (A) and on MRA (B-axial, C-sagittal, D-coronal)

It has been established that TN secondary to MS  ment of the trigeminal nerve, specifically in the area
is associated with the presence of a linear pontine  between the root entry zone and the nuclei [129].
demyelinating plaque involving the intrapontine seg- The diagnosis of TN in patients with MS is based
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Figure 21. A well-defined extra axial mass of the left trigeminal nerve is depicted at the left cerebellopontine angle
cistern posteriorly to Meckel's cave. Balanced fast field-echo (BFFE) sequence provides detailed anatomical relationship
between the mass and the left trigeminal nerve (A). On post-contrast T1 weighted image the lesion shows enhancement
(B) with an estimated volume of 1.7441ml (C)

on neurophysiological techniques and MRI for the
identification of trigeminal pathway impairment
[120]. As MRl is routinely used for the diagnosis and
follow-up of MS, a standardized MRI protocol has
been suggested [130]. Therefore, in a patient with
MS suffering from TN, besides MRI findings compat-
ible with MS, a pontine lesion will be evident. This
lesion will be more frequently unilateral, localized in
the ventrolateral pons between the trigeminal root
entry zone and the trigeminal nuclei, affecting the
intrapontine part of primary afferents of the trigemi-
nal nerve (Figure 21) [131].

¢ TN secondary to schwannoma

Trigeminal schwannoma is the second most com-
mon schwannoma following the vestibular schwan-
noma, mainly occurring in middle-aged adults, with
a slight female preponderance. Trigeminal schwan-
nomas are either sporadic or associated with neuro-
fibromatosis type 2 (NF2). This type of schwannoma
originates from nerve-sheath Schwann cells, there-
fore appears as a mass with well-defined margins
abutting the nerve. If the schwannoma is confined
in one compartment of the nerve it is subcatego-
rized either as preganglionic (cisternal), ganglionic
(confined to Meckel’s cave) or postganglionic [132].
MRI establishes the location of the schwannoma,
the approximate volume and its proximity to impor-
tant anatomical structures, especially when surgical
treatment is indicated. Imaging findings depend on
the schwannoma size. Small schwannomas appear
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homogenously iso- or hypointense on T1- and T2-
weighted images with avid enhancement after intra-
venous gadolinium administration. However, when
they become larger, they show heterogeneous signal
due to intratumoral necrosis or haemorrhage. Mag-
netic Resonance Cisternography is important for the
proper assessment of the cisternal segment of the
trigeminal nerve (Figure 22). CT scan is complemen-
tary to MRI in cases of bone erosions i.e., petrous
apex erosion [133].

Quantitative MRI Volumetry and Dynamic Con-
trast-Enhanced (DCE) perfusion may be indicated for
follow-up of trigeminal schwannoma after gamma
knife stereotactic radiosurgery [134].

Conclusion

Headache is one of the most common clinical
manifestations of neurological patients. Thorough
neurological examination, recognition of red flags
and worrisome features, as well as detailed patient
history-taking help the clinician classify headache
as primary or secondary, according to the ICDH-III.
The optimal neuroimaging methods and protocols
for headache diagnosis should be decided on an in-
dividual patient basis depending on the clinical sus-
picion of underlying headache causes. Overall, MRI
is preferred for the delineation of underlying brain
pathology in patients presenting with headache, with
the exception of subarachnoid haemorrhage that
necessitates performance of CT in the acute setting,
as CT is characterized by higher sensitivity compared
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Figure 22. A 74-years-old male with trigeminal neuralgia secondary to MS. On the axial (A), coronal (B) and sagittal (C)
plane a pontine lesion in the left intrapontine fascicular part of the trigeminal nerve is noted (red colour) corresponding
to a linear demyelinating plaque with associated trigeminal nerve atrophy. Images (A), (B) and (C) are derived after whole
brain volumetric analysis using artificial intelligence and segmentation of grey, white matter, CSF and lesions. (D) Whole
brain quantitative volumetry did not indicate brain atrophy, since the volume of the whole brain and grey matter are
within the normal range for the age and sex of the examinee, while 1.4ml lesion load on FLAIR images were calculated
with no enhancing lesion

to MRI in the acute phase for detecting subarach-
noid haemorrhage. In conclusion, conventional and
advanced MRI technigues provide invaluable informa-
tion regarding the underlying aetiology of secondary
headaches and comprise indispensable tools in clinical
practice for treatment planning and follow-up of
patients suffering from secondary headache.
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Huikpavia & aAnes kepananyies

Ap. Mixdnns Bikenns kai ouv.

Bifniokpiukh napouciacn

Ap. Tewpyios ewpyiddns

t. ouvt. bieuBuvins Neuponoyikns KAivikns Innokpdteiou Noookopuegiou ©sooanovikns
t. yénos A.X. EAAnvikns Etaipeias Kepanaryias

Migraine and other headaches
Michalis Vikelis et al.

A book review

by George Georgiadis

Mpiv and pepikés pépes €yiva karoxos tou BifAiou «Huikpavia kar GAnes
kepananyies» tou cuyypa®éa M. BikeAn & cuv. ékdoon tou ZuAnddyou
AoBevwv pe npikpavia & Kepadadyia EANados.

Apxiké eviunwaoldotnka and tnv e§aipeukd kanaioOntn ékdoon & €10l
€VIOXUONKE n dnoyn pou 6u nidvovias otd xépia oou éva kand Bipnio
Aundoal yia us wPES NoU Xavovial Jnpootd ous Yuxpés oOOVes Kal yida 1o
o6u, oUpewva pe Siebveis otatioukés, o' EAANves uotepolv otnv ayopd &
pefétn BifAiwv.

i ©a pnopouoce Kaveis va avapwtnBei yia tn okonipdétnta pias akopa €k-
[ 6oons pe Bépa us kepananyies kal e16ikdtepa tnv npikpavia. Ta tedeutaia

OUWS XPOVIA ONPAVUKO PEPOS TNS IATPIKNS Yv@ons oTpd@pnKe G€ VOoOha-
Ta nou, av Kai 6 okotwvouv, anotefoUv onUAvKES dities NPoOKANons Pelwpévns IKAVOTNTAS Yid
Aeitoupyikétnta dSnAadn ennpeadouv apvnukd tnv noidétnta {wns twv nacxéviwyv. Metagu autwyv
N nuIKpavia Katéxel pia onpavukn 0éon otnv npwtn 6ekdda annda e§akonouBei va napapével unou-
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pnpévn nddnon kal pdniota sival eupéws diadedopévn —anAd AaBgpévn- n dnoywn Nws n npikpavia
6¢€ pnopei va BepaneuBei.

‘E0l, T0 eVOIAQEPOPUEVO avayvwatiko Kolvo, Bpiokel pia aidonotn nnyn evnuépwons Kai éva on-
peio ava@opds yia tn penétn twv ke@ananyiwv nou to BonBdgl va anopakpuvoei and atekpnpiwtes,
aBdoipes pebddous Bepaneias.

To BipAio autd, pe annd kal katavontd Adyia, NePIypaPel ta €idbn twv ke@ananyimv, NPOCPEPEl
XPAOCIYES YVWOEIS YIa TNV KATavonon & AVUPETWDNION TOUS XwpPis OPwWS va XAVEl TNV ENICTNHPOVIKN
ToU gykupoINnta.

O ouyypagéas, Ap Mixdnns BikeAns veuponoyos, 181aitepa e€eidikeupévos ous kepananyies sival
yvwotds otnv eniotnpovikh koivétnta, S1abétel éva nAoUuoio cuyypagikd €pyo Kal peydfn euneipia
oto Bépa autd. Katagpepe, ouvenikoupoUpevos and tov eniotnpovikd cupBouno tou cuifdyou
aoBevav pe kepanafyia veupondyo Ap MavwAn Agppuit{dkn, va cuviovioel cav EUNEIPOSs PAEOTPOS
pia ekfektn opdda eniotnpdvwy nou diabétouv 6ol nAoUaia epneipia & éypaye kabévas €161kéTEPa
Kepanaia kai €tol 1o napév névnua va anotenéoel éva 161aitepo opadikd €pyo pe tov K. BikeAn va
anotenei tov Baoikd ouyypagpéa.

Xt eni pépous kepdnaia tou BiBAiou Ba otabw otn NPoTPoNn Tou CUYYPAPEA NPOS TOUS NACXOVIES
Va OUHHETEXOUV otn Bepangutikn diepyaaia pe tn nioth thpnon npeponoyiou tns Kepanafyias kal
otnv Npo@uiagn tous ano@eUyovias Tous NupodotikoUs-ekAUTIKOUS napdyovies. I6laitepn pveia
yivetal otn 61atpo®n, otous YEVEUKOUS Kal OppovIKOUS pnxavigpous, otnv 181aitepn eniBdpuvon twv
YUVAIK@V Kal QUOoIKd otn gupntwpatodoyia tns npikpavias addd kai twv unodoinwyv ke@afafyimv
nNPooBEToVIas onpavukn yvaaon otov KOs evdiapepdpevo. To KEpANaIo NoU avagEépetdl otnNv ep-
yaotnpiakn npooéyyion Bswpm 6u gival 18iaitepa xphaoipo kai BonBd tous aoBeveis va anopelyouv
us noAnés, ouxvda kootoPodpes kal eviote pe Babud enikivbuvdtntas, e€etdosls.

To tunpa tou BiBAiou nou avapépetal otn Bepaneia gival and ta nAéov evdiapépovia & xpAaiua.
H oulhtnon nepiotpépetal yUpw and ones us SiaBéoipes Bepaneies, nanaidtepes Kal NpOoPaAtes, nx
povokAwvIKA avuowpatd, un Anopovavias us evaniaktkés Bepaneies, ta cupninpwpata diatpo-
ons annd kai enepfaukés (aAdavukn togivn) kal “Xelpoupyikés™ Oepaneies tonoBetwvtas autés otn
npaypauknh tous didotaon.

AiaBaca enions pe evbiapépov ta tpuhpata tou BifAiou nou agopoUlv tn yuvaika (eykupoouvn,
avuouddnnukd xania) adfd kai 1o naidi kai otous nAIKIWPEVOUS KaBWs Kal Tnv NopEia tns npIkpad-
vias ato xpovo.

Xto BiBAio dev napaneinetal va avapepOoUv, OxI He KOUPAOUKES AENTOPEPEIES, Kal ANNES KEPA-
Aadyies (aBpoloukn, tdoews K.AN.) di1dpopes deuteponabeis kepananyies ( Mou KUpiws avnouxouv,
popifouv tous acBeveis) annd kai diapopes dAnes veupanyies tns kKepanns anavies n pn, iows e
KAnws ektevéotepn avapopd oto aveupuopa eykepdnou. H ava@opd oto nepipnpo “auxevikd
ouvbpopo “annd kai otn puBonoyia nou to nepiBdnnel pe Bpiokel andéAuta cUPPwvo. Ba nepipeva
HOvo pia Kanws nio ektetapévn avagopd otnv kepanandyia tdosws Adyw tns peydins ouxvotntas
EUQPAvIoNs TNs otov YeVIKG NANBUoPO Kal iows éva pIKpo Eexwplotd ke@dnaio yia tnv Kepadadyia
ané katdxpnon avafyntuKov.

H yuxiatpikn &idotaon, n avagopd ota kévipa kepananyias, n xpnon nueponoyiou kepananyias
Kal n npoondBeia katdppiyns HUBwYV Kal napaniavnuk®V YVOOEwV €ival and ta uxapiota euphpata
oto BiBAio nou ocuvodeUetal kai and enideypévn BipAloypagia.

Ténos 1o teneutaio kepdanaio yia us andyels twv acBevav kail us dpdoels tous gival pia uxdplotn
annd kair evbiapépouca éknAngn. Ae pnopei kaveis va pn otabei otnv 161aitepa agiénaivn, koupaot-
KA, enipeAnpévn kal xpholpn npoondBeia tou cuiidyou twv acBevwyv Pe npikpavia kai kepananyia
EANados. H nolotukh evnpépwon nou npoopépel otous aobeveis, anAd kal o€ KOs evbiapepduevo pe
tnv kadaioBntn kal ppovucpévn auth ékdoon gival a§la cuyxapninpiwv kal Anifw va €xel GUVEXEID.
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- Entotnpovikég ekbnAwoelg

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

< 8 XentepPpiou 2022: Neuponoyikés nadnoeis otnv MOY SienioctnpoVvIKES NPOCEYYIOElS,
E.KO.TEN.IA., Mopto XA

< 24-25 rentepPpiou 2022: To taidi tou aoBevous, EAA.ANA., ABhAva
%  26-28 OktwPpiou 2022: ECTRIMS 2022, Amsterdam

* 10-13 NospufBpiou 2022: 10° MaveAdnvio Zuvédplo Ayyelakav Eykepanikov Néowv,
Beooanovikn

< 8-11 Aekepppiou 2022: EAA.A.NA., ©cooadovikn

< 24-26 Mdiou 2023: 9t European Stroke Organisation Conference, Munich Germany
< 15-18 louviou 2023: 34° NaveAnnvio Xuvédpio Neuponoyias, ABhva

< 1-4 loudliou 2023: 9" EAN Congress 2023, Budapest

< 15-19 OktwPpiou 2023: XXVI World Congress of Neurology, Montreal
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