N
N

N

HAL

open science

Etude de la vasoréactivité cérébrale par IRM
fonctionnelle BOLD dans la maladie de Parkinson avant
et apres traitement par L-Dopa

Mehmet Ates Sahin

» To cite this version:

Mehmet Ates Sahin. Etude de la vasoréactivité cérébrale par IRM fonctionnelle BOLD dans la maladie
de Parkinson avant et apres traitement par L-Dopa. Human health and pathology. 2012. dumas-

00738442

HAL Id: dumas-00738442
https://dumas.ccsd.cnrs.fr/dumas-00738442

Submitted on 4 Oct 2012

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://dumas.ccsd.cnrs.fr/dumas-00738442
https://hal.archives-ouvertes.fr

Universiteé
Joseph Fourier
MEDECINE

AVERTISSEMENT

SICD

Bibliotheques
de I'UJF et de Grenoble INP

Ce document est le fruit d'un long travail approuvé par le
jury de soutenance et mis a disposition de I'ensemble de la
communauté universitaire élargie.

Il n‘a pas été réévalué depuis la date de soutenance.
Il est soumis a la propriété intellectuelle de I'auteur. Ceci
implique une obligation de citation et de référencement

lors de l'utilisation de ce document.

D’autre part, toute contrefacon, plagiat, reproduction illicite
encourt une poursuite pénale.

Contact au SICD1 de Grenoble : thesebum@uijf-grenoble.fr

LIENS

Code de la Propriété Intellectuelle. articles L 122. 4

Code de la Propriété Intellectuelle. articles L 335.2- L 335.10
http://www.cfcopies.com/V2/leg/leg droi.php
http://www.culture.gouv.fr/culture/infos-pratiques/droits/protection.htm



mailto:thesebum@ujf-grenoble.fr
http://www.cfcopies.com/V2/leg/leg_droi.php
http://www.culture.gouv.fr/culture/infos-pratiques/droits/protection.htm

UNIVERSITE JOSEPH FOURIER
FACULTE DE MEDECINE DE GRENOBLE

Année 2012 N°

ETUDE DE LA VASOREACTIVITE CEREBRALE PAR IRM
FONCTIONNELLE BOLD DANS LA MALADIE DE PARKINSON

AVANT ET APRES TRAITEMENT PAR L-DOPA

THESE
PRESENTEE POUR L'OBTENTION DU DOCTORAT EN MEDECINE

DIPLOME D'ETAT

SAHIN Mehmet Ates
Né le 04 Mars 1982 a Annonay (07)

THESE SOUTENUE PUBLIQUEMENT
A LA FACULTE DE MEDECINE DE GRENOBLE

Le 26 septembre 2012

DEVANT LE JURY COMPOSE DE

Président du jury : Pr Paul KRACK

Membres :

Pr Monica BACIU

Pr Maurice DEMATTEIS

Dr Olivier MOREAUD

Pr Alexandre KRAINIK, Directeur de Thése

La Faculté de Médecine de Grenoble n'entend donner aucune approbation ni improbation aux
opinions émises dans les théses ; ces opinions sont considérées comme propres a leurs auteurs.




A
Professeur des Universitds - Praticiem Hespitalier
2011-2012
2] Franco Iptitulé de la discipline univearsiktaire
ALBRLADEIC Piezze Anesthésiologie-réanimation
ARVIEUK-BARTHELEMY. Catherine Chirurgie générale
BRCONNIER - Bisstatigues, informatique médicele st technclogies da
communication
BRGUET Jean-Fhilippe Cardiclegie
BAI:CEED Jacsues Radiothérapie
EARRET Lue Médecing lésale et drait de la santé
EAUDHTN Philippe Radialogie et imagerie médicale
EEANI Jean-Cleuds Dermeto-véndrdplogis
BENENMOT Pierra Yvea Endocrinolegie, disbite et maladiss mértabeligues
BERGER Frangois Biologie cellulaire
SLIN Dominigue Chirurgie thoracique et cardic-vasculaire
BOLLA ichel ' Cancérologie; radicthérapie
BONAZ Sruno Gastroentérologie; hépatologie; addictologie
BOSSEN Sean-Lue Sipstacimgues, informatique _TrlE-:li_l:alv: et tachnologies de
Sommunicaticn
BOUGEROL Thierry Paychiatrie d'adultes
BERRMBILLA Elisabeth Anatomie et cytologie pathologigues
BRAMETLLA Chriscian Pnaumologie
BRICAULT Ivan Radiolegle et imagerie médicale
BRICHIN Pierre-Yves Chirurgie thoracigue et cardio-vasculaira
BRIX Huriel Chirurgie maxillo-faciale et stomatologie
CRZN Jean-Yves Hémateolegie
CARFENTIER Frangoise Thérapeutigue; médecine d'urgence
CARPENTIER Patrick Chirurgie vesculaire; médecine vasculaira
CESBRON Jaan-¥ves Inmunologis
CHRBARDES Staphan Heurochirurgie
CHAERE Qlivier Endocrinologie, diabéte et waladies métaboligques
CHAFFANJION Philippe Anatomie
CEAVANCH Dlivier Chirurgie thoracigque et cardic-vasculaire
CHIQUET Christophe Cphtalmologia
CHIROEEEL Jaan-Paul hnatomie
CINGUIN Fhilippe Bicstatiguas, inEnmﬂctnim:éids.icia et technolegies de
coHEN Olivier Bicetatigues, infaﬂim;:a?f::e et technologies de
COUTURIER Pascal Gériatrie et bilologie du vieillissemant
CRACOWSKI Jean-Lue Fharmacologie fondamentale; pharmacolegie elinigque




DE GAUDEMARIS Régis Médecine gt santé au travail
DE3IILLON Thisrry Péddiatris
DEMATTEIS Maurice Addictologie
CENDHEEOT Jacgues Biostatiques, inﬂarma;ﬁiﬁ:uilff::f;:& €t technolegies de
DESCOTES Jean-Luea Uroclogia
ESTEVE Frangols Biocphysigque et médecine nuzléaire
FAGRET Daniael Biophysigque at médesine nuzléairs
FAUDCHERON .:rea.n—I_un.: Chirurgie générale
FEERETTI Gilbart Radiolegie et imagerie médicale
FEUERSTEIN Claude rhysinlogie
FONTAINE Eriao Hutrition
FRANCOIS Patrice Epidémialogie, Gconcmie de la santi et prévention
GARBAN Frédéric Hématolegie; transfusisn
GAUDIN Fhilippe Rhumatologie
GAFABEI Gastan Gériactrie et biclogie du wvieillissementc
RY Emmanuel Meurochirurgie
GRIFFET Jacgques Chirvrgie infantile
HRALIMI Eprge Hutritcien
HCMMEL Mare Neurplogis
JOUH Pierre-Simen Géndrigque
JUWIH Robert Rhumatologie
KRHANE Fhilipps Fhysiclogie
KRACH Paul Neurologie
KRAINIK Alexandre Radioslegie et imagerie médicale
LANTUEJOUL Sylvie Anatomie et cytologie pathologiques
LEBAS Jean-Frangois Blophysigue et médecine nucléaire
LEEERU Jacgues Chirurgie maxillec-faciale et stomatologie
LECCIA Marie-Thérdse Dermatc-véndréologie
LEROUY Dominigue Génétiqua
LEROY Vincent Gastreentérologie; hépatologie; addictelogie
LETOUELON Christian Chirurgie générale
LEWVY Patrick Physialogle
LIMARDI Jogl Biochimie et biclogis molSculaire
MACHECOURT Jacques Cardiclogie
MEGNE Jean-Lus Chirurgie wasculaire
MAITRE Aone MBdecine et santé au travail
MATRIN Max BactEriologie-virologie
MEALOZ Philippa Chirurgie crthopédigue et traumatelogigue




HORAND Patricae Bactériologie-virologis
MCRO-SIBLLOT Danis Fneumologie
MOUSEEAL Mireills Cancéroclogie
MOUTET Frangole Chirurgie plastique, recenstructricae et esthdtigque; brllegie
FRLOMET Olivier Anatcmiae
PRESAGIA Jean-Guy Anatemie
BAYEN DE Lh GARARNDERIE Jean-Frangols Anesthésiologie-réanimation
PELLOUX Hervi Parasitologie ef mycolagie
FEFIN Jean-Lauia Fhysiologie
PERENMOU Dominique Médecine physicgue et de réadaptaticn
PERNOD Gillas Hédesine vasenlaire
PIOLAT Chriscian Chirurgie infantila
PISON Christopha Preumslogie
PLANTAZ Daminigue Fédiatrie
POLACE Banoic Hématologie
Pn;.'nb:ls Jaan-Claude Gynécologie-chstétrigue
RAMSEAUD Jean-Jacques Uzolegie
REYT Emile Oto-rhino-laryngalogie
RIGHINI Chrietian Oto-rhino-laryngalogie
ROMRNET Jean-baul Cphetalmelagis
SARAGRGLIA Dominique Chirurgie orthopédigue et craumatologligue
ECHMERBER Sdbastien Ote-rhino-laryngologie
EELE Barnard Binlogie et médecine du développement et de la maproeduction
SERGENT Fabrice Gynécologie-cbetérrigua
EEZER Carmina Chirurgie vasoulairs
STAHL Jean-Faul Maladies infectususes; maladies tropicales
ETHRWEE Francoise Eharmacelogie fondamentale
TIMSIT Jean-Frangois Efanimaticn
TOKETTI Jézima Chirurgie ortheopédigue et traumatolegigue
TOUSSAINT Bartrand Biochimie et biclogie maléculaira
VARMIETTO Girald Cardieologie
VUILLEE Jean-Fhilippa Biophysigue et médecine nucléaire
WEIL Gaarges Epidémiclogie, Gconomis de la santé et préventien
ZhOUT Philippe Néphrolegie

ZARSKI

Jean-Plerre

Gastroencérolegie; hépatologie; addictologie




P =i

Maitre de Conférence des Universités - Praticien Hospitalier

2011-2012
Nom Prénom Intitulé de la discipline universitaire
BONNETERRE Vincent Médecine et santé au travail
BOTTARI Serge Biologie cellulaire
EQUTONNAT Jean Cytologie et histologie
BRENIER-PINCHART Marie-Pierre Parasitologie et mycologie
3RIOT Raphaél Thérapeutique; médecine d'urgence
CALLANAN-WILSON Mary Hématolegie; transfusion
CROIZE Jacques Bactériologie-virologie
DERANSART Colin Physioclogie
DETANTE Olivier Neurslogie
DUMESTRE-PERARD Chantal Immunologie
EYSSERIC Héléne Médecine légale et droit de la santé
FAURE Julien Bicochimie et biologie moléculaire
GILLOIS pierre Biostatigques, informatigue _médi.cale et technologies de
communication
GRAND Sylvie Radiologie et imagerie médicale
HENNEBICQ Sylviane Biologie at médecine du dévelcppement et de la repreduction
HOFFMANN Pascale Gynécoclogie-obstétrigue
LABARERE José Epidémiclogie, Eccnomie de la santé et prévention
LAPORTE Frangois Biochimie at bioleogie meléculaire
LARDY Bernard Biochimie et biologie moléculaire
LARRAT Sylvie Bactériclogie-virolegie
LAUNOIS-ROLLINAT Sandrine Fhysiologie
MALLARET Marie-Reine Epidémiologie, éconcmie de la santé et prévention
MAUBCON Daniéle Parasitologie et mycologie
MC LEER (FLORIN) Anne Cytolegie et histologie
MOREAU-GAUDRY Alexandre Biostatiques, informatigue médicale et technologies de
communication
MOUCHET Patrick Physiologie




PACLET Marie-Héléne Bischimie et biolegie moléculaire

BASQUIER Dominigue Anatomia et cytologie pathologigues

BAYSANT Frangais Médecine légale at droit de la sancé
PELLETLER Laurent Biolegie cellulaire

RAY Pilerrs Ginétigue

ATALLE Vinsene Biostatigues, in!nrma:;mim:af;a;e ez technologies de

SATRE Véronigue Génétigue

STASIA Marie-Jogée Biochimie et biologie woléculaire
TRMIEIER Renaud Physiologie




Remerciements

Au Jury,

Professeur Alexandre Krainik

Merci Alexandre de m’avoir proposé ce sujet et d’avoir tenu le cap quand je divaguais... Ce
travail c’est surtout le tien et je te remercie de |’avoir partagé avec moi.

Professeur Paul Krack

Je vous fais part de toute ma reconnaissance pour avoir accepté de présider ce jury.
Merci infiniment.

Professeurs Baciu, Dematteis et Docteur Moreaud

Je vous adresse mes remerciements les plus sincéres pour avoir accepté de juger ce travail.

Soyez assurés de mon respect et de toute ma gratitude.

Aileme (a ma Famille),

Bu yasima kadar hi¢ bir fedakarliktan kaginmayan, desteginizi ve sevginizi her zaman
hissetigim, degerli Anneme ve Babama tesekkiir ediyorum. Allah sizleri basimizdan eksik
etmesin. Ellerinizden 6plyorum.

Birinci senemde beni yalniz birakmayan ver zor zamanlarda hep yardimci olan Muhammet
abime sonsuz tesekkir ediyorum.

Gurur duydugum kiz kardeslerim Cihan ve Ese’ye, Ozledigim kigclik kardesim Alpaslan’a
tesekkirler.

Bizleri yoktan var eden, herseyin tek sahibi ylice Allahim, bizlere verdiklerin igin sana
sikrediyoruz.

Aux services d’Imagerie médicale du CHU de Grenoble,
Aux Médecins
Je vous serai éternellement redevable du savoir que vous m’avez transmis.

Merci pour votre sympathie, votre patience, votre aide, votre disponibilité et aussi votre
indulgence...



A mes co-internes

Merci infiniment pour votre camaraderie. Je vous souhaite a tous beaucoup de bonheur et
d’épanouissement.

Spéciale dédicace a « ma génération » que je n’oublierai jamais : Julien, Nancy, Thibaut,
Aurore, Pierre, Stéphane, Béa, les Marie, Emilie et Jérome.

A mes Assistants préférés

Pierre Yves, Isabelle et Omer abi (en iyi sensin, tu es notre modéle a tous).

A nos précieux Manips

Merci a chacun d’entre vous pour votre gentillesse, votre bonne humeur et votre
dynamisme : c’est aussi grace a vous que la radiologie est si plaisante ! Je vous embrasse
tous et (surtout) toutes, je vous adore !

Aux ASH :
Merci pour votre travail si discret et pourtant si essentiel.

Gros bisous a ma Popo chérie, merci pour ta joie de vivre, tes kilos de bonbons, tes massages
musclés... Et a mon pote Alain Charabie avec son poulet Colombo et son grand sourire.

Merci a Salah et Sonia de la médecine nucléaire pour tous les fous rires.
Merci a Lina, la tauliére au grand cceur de I'h6pital Sud.

Aux Infirmiéres :

Merci a Paulette et Cookie pour leur gentillesse et pour tous les petits thés aux fruits rouges.

Aux secrétaires :

Merci de supporter au quotidien nos dictées et nos comptes rendus interminables.

A ma deuxiéme Famille : I'Internat de médecine,

Pendant 5 ans j'ai été votre petit Mehmet, vous m’avez choyé, gaté et aimé. Vous étes a
jamais gravés dans mon cceur, MERCI a tous.

Tonton Phiphi : tu es le premier a m’avoir accueilli a I'internat... Tu avais promis a ma mere
de bien t'occuper de moi et tu l'as trés bien fait. Grand cuisinier, patissier, motard,
mécanicien, bricoleur et surtout déconneur : ta valeur est inestimable, le plus gros chez toi
c’est ton Coeur. MERCI.



Mama Louise : j'ai eu la chance d’avoir une deuxieme maman pendant mon internat... Merci
pour ta bonté, ta bienveillance, ta complicité et de m’avoir autant chouchouté !

Marie-Angéle : plein de bisous pour toi ma Marie ;-) Tu es plus qu’une secrétaire en or, tu es
une Amie. Les internes ont de la chance de t’avoir. Merci de m’avoir toujours écouté,
conseillé et aidé dans mes projets pour I'internat mais aussi concernant tout le reste.

Merci a N’Eric, DJ Den’s, Kader, Lionel « chevallier », Marie-No, Béatrice, Rabia et tous les
autres !

Aux Amis,

Julien

Mon AMI, mon Complice, mon Energie : deux raisins qui se dicavent.
MERCI pour TOUT mon Refré, tu as boosté ma vie.

Moliére

Mon grand frere noir... Tu es quelqu’un d’extraordinaire, un exemple d’"Humanité : j'aimerais
gue l'univers entier te connaisse.

Merci pour ta joie de vivre, ton écoute attentive et tes conseils. Tu es mon plus précieux
soutien.

Merci a Dedos mon co-pilote de la night, Yannick, Radu, Raed mon Habibi et Romain T. mon
Maitre.

Merci aux vieux amis de l'internat : Nassira, Grégoire, Clément, Bérénice, Alessandro, Shirley
et a la nouvelle génération Loic, Sultan et Georges.

Merci aux FFl qui m’ont enrichi de leurs cultures: Anas, Timi, Ouattara, Jean Michel,
Younes...

Merci a mes co-externes Francois, Mehdi, Olivier, Pierre Alex et Xavier !

Merci a Jean-Cyril Bourre, Pierre Bessou et a Jean Michel Pellat qui m’a appris a utiliser un
stéthoscope et un marteau réflexe (méme si ca me sert plus trop...)

Merci a mes anciens médecins traitants, Tarak Bouzaabia et Olivier Peretto.
Merci a mes amis d’Annonay : Yonpé, Touille, Baptiste, Samol, Bass, Teix, Michon, Polo...

A Peter Peter, a New York, au Wokbar, au Cap d’Agde, au Mont Saint Eynard, au Barberousse,
aux repas améliorés, aux soirées internat, aux enterrements des assistants, a la Revue des
patrons, aux remplas, a Google...



TABLE DES MATIERES

RESUME ...tttk b ettt b et e et e et en et n e e b ne e 11
N S Y I 3 L 12
Y N (O I 14
L0 To U o3 1 T o I PR 14
Subjects and MethOdS. .........uuuiiiiiiiiiiiii e 16
YU ][ o1 16
MR PIOTOCON ...ttt 17
StatiStiCAl ANAIYSIS ...evvveeiiiie e 18
TS 11 R 19
BOLD response in healthy SUDJECES.........cccoiiiiiiiiiiiie e 19
BOLD reSpoNSe iN PAIENTS ......cevviiiiiiiiiiiiiiiiiiiiieeeee ettt e e e eees 19
Comparisons between controls and patientS ............ccoovvveiiiiiiiiie e 20
DS Y oW 111 o1 o [ PP 21
F o3 g g LoV A =To Lo o 11=T o1 € 25
Y] =T =T Lo = 26
1= o] PP 30
L0 LU= TP PPPPPPPPPP 31
(@10 ][0 I 1] [ 1 N 34
SERMENT D’HIPPOCRATE ... oo 35

10



RESUME
Objectif

La maladie de Parkinson pourrait s’accompagner d’'un dysfonctionnement de la
perfusion cérébrale partiellement compensé par I'administration de L-Dopa selon
certaines études en écho-Doppler transcranien. Or, il serait intéressant de pouvoir
identifier et cartographier de telles anomalies pour mieux comprendre la
physiopathologie de la maladie, mieux la diagnostiquer et corriger un éventuel biais
de confusion en imagerie fonctionnelle cérébrale basée sur le couplage
neurovasculaire, telle que I'IRM fonctionnelle. Nous avons identifié¢ récemment de
telles anomalies dans la maladie d’Alzheimer.

L’objectif de ce travail est de cartographier d’éventuelles altérations fonctionnelles de
la perfusion par une étude de la vasoréactivité cérébrale a I'’hypercapnie en IRM
fonctionnelle dans la maladie de Parkinson avant et apres administration de L-DOPA.

Méthode

Etude prospective comparative sur 20 patients pris en charge pour une maladie de
Parkinson idiopathique avant et aprés administration de L-Dopa (120% de la dose
thérapeutique) et 10 sujets sains appariés, en IRM fonctionnelle BOLD a 3T lors d’un
stimulus hypercapnique par inhalation de carbogéne, un mélange gazeux de 7% de
CO2 et 93% d'0O2.

Analyse des images par le logiciel SPM8 avec un régresseur dédié et un modele a
effets aléatoires avec correction pour comparaisons multiples.

Résultats

Le stimulus hypercapnique par inhalation de carbogéne n’a pas eu d’effet indésirable.
Parmi les sujets, 10 patients et 2 volontaires sains ont été exclus a cause d'un
protocole incomplet, d’'un stimulus inapproprié ou de mouvements excessifs, laissant
10 patients et 8 volontaires sains a analyser.

L’hypercapnie a augmenté le signal BOLD de I'ensemble du cerveau de (moyenne +
erreur standard) 1,48 + 0,06% chez les sujets sains, 1,59 = 0,05% chez les patients
OFF et 1,62 % * 0,09% chez les patients ON. Dans la substance grise, le signal a
augmenté de 2,60 = 0,16% chez les sujets sains, 2,89% + 0,21% chez les patients
OFF et 2,87 £ 0,12 % chez les patients ON.

Aucune différence globale ou régionale significative n'a été détectée en comparant
les patients OFF et ON ainsi qu’entre les patients et les sujets sains.

Conclusion

Nos résultats montrent I'absence d’altération de la vasoréactivité cérébrale a
I'hypercapnie dans la maladie de Parkinson avant et aprés administration de L-DOPA.

Ce résultat négatif montre l'absence d’anomalie fonctionnelle de la perfusion
cérébrale susceptible de confondre l'interprétation des résultats en IRM fonctionnelle
BOLD. Une vasoréactivité cérébrale normale pourrait constituer un élément du
diagnostic de la maladie de Parkinson susceptible de la distinguer d’autres
syndromes extra-pyramidaux tels que le parkinsonisme vasculaire.
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ABSTRACT

Purpose

To study cerebral vasoreactivity to hypercapnia in Parkinson's disease before and
after L-DOPA administration.

Methods

The prospective study was conducted in 20 patients presenting with Parkinson's
disease, using 3T blood oxygenation level-dependent functional magnetic resonance
imaging (fMRI) covering the whole brain. The hypercapnic stimulus was block-
designed using carbogen inhalation, a gas mixture of 7% CO2 and 93% 02, before
(OFF) and 60 minutes after administration of a suprathreshold (120%) therapeutic L-
Dopa dose (ON). Ten age-matched controls were enrolled for between-group
comparisons. Analyses were conducted with a random effects model and corrected

for multiple comparisons.
Results

No adverse reaction to the hypercapnic stimulus was reported. However, 10 patients
and 2 controls were excluded because of incomplete protocol realization,
inappropriate hypercapnic stimulus, or excessive movements, leaving 10 patients
and 8 controls for further analyses. The hypercapnic stimulus increased whole brain
BOLD signal of 1.48+0.06% (mean * standard error) in controls, 1.59+0.05% in
patients OFF, and 1.62+0.09% in patients ON. Regions of interest analyses showed
a signal increase in the grey matter of 2.60+0.16% in controls, 2.89+0.21% in
patients OFF, and 2.87+0.12% in patients ON. No global or regional significant
difference was detected when comparing patients OFF and ON L-Dopa, or between

patients and controls.
Conclusion

Contrary to Alzheimer’s disease, the vasoreactivity to hypercapnia was normal in
Parkinson’s disease before and after L-Dopa administration compared to controls.
This negative result is an important finding, especially for neuroscientists using fMRI

to investigate motricity and cognition, discarding a significant confounding effect.
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INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative disorder responsible
for the second cause of motor disability in elderly after stroke. Rare before 50 years-
old, the prevalence increases with age from 1 to 4% over 80'. The disease is
responsible of motor disorders such as bradykinesia, rigidity, postural instability, rest
tremor, as well as cognitive impairments. The loss of nigro-striatal dopaminergic
neurons located in the substancia nigra pars compacta is a widely accepted
connection with the motor symptom appearance®. Motor symptoms are initially
responsive to levodopa (L-Dopa), that enables to increase dopamine levels in the
basal ganglia. This drug is used for 40 years in PD therapy and is still the most
efficient. However as neuronal loss progresses, the “honey moon” gets over and
patients frequently develop drug-induced dyskinesias while treatment fluctuations

alternate between ON and OFF motor phases®.

Although PD pathophysiology has been investigated for years, much remains
unclear. Several neurodegenerative diseases, previously considered to result from
neuronal defects only, have been linked to structural and functional vascular
disorders, such as in Alzheimer's disease (AD)*® and PD®’. In patients with PD,
comorbid cerebrovascular disease has been advocated on clinical and radiological
data®’. A recent study showed a wide-spread hypoperfusion of the cortex and the
caudate nucleus®. Animal studies have shown abnormal vessel growth and altered
brain-blood barrier permeability in the basal ganglia vasculature®. Experimental
studies have also shown the direct link between dopamine, cerebrovascular tone,
and angiogenic response according to the dopamine receptor class®*.

In PD and besides basal perfusion changes, orthostatic hypotension and syncope
are frequent, suggesting functional disorders of the brain perfusion'?. To investigate
vascular function, several stimuli may elicit vasomotricity via 3 main properties: 1)
neural activity triggers the neurovascular coupling that increases brain perfusion; 2)
perfusion pressure triggers autoregulation to maintain perfusion constant; 3), and
circulating gases trigger cerebral vasoreactivity (CVR). In fact, arteriolar hypercapnia
induced by apnea, COZ2 inhalation or acetazolamide administration is a powerful
cerebral vasodilator'®. Thus, hypercapnic challenges have been used to estimate
cerebrovascular function, although CVR was tested, only. In PD, potential functional

cerebrovascular disorders have been recently investigated using transcranial Doppler
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(TCD)**'®. Inconstant results emerged from these studies, although decreased
vasomotor responses could be detected, partially improved after L-DOPA
administration'®. Such inconsistencies could be due to the methodological limitations
of TCD, including a strong dependence on the operator expertise. Moreover, TCD
estimates a global parameter and is not a brain imaging technique able to depict
potential regional changes such as within the basal ganglia. Contrary to TCD which is
restricted to proximal arteries, functional MRI (fMRI) to vasomotor challenges is used
to investigate functional changes of parenchymal perfusion.

Based on blood oxygenation level dependent (BOLD) contrast, fMRI has become a
popular neuroimaging technique used to map oxygenation and perfusion changes
related to neural activity via the neurovascular coupling®’. A fast imaging sequence
sensitive to deoxyhemoglobin concentration is performed to measure temporal signal
changes while a controlled stimulus is applied. This approach has been further used
to monitor BOLD signal changes, and indirectly perfusion, during other vasomotor
stimuli such as hypercapnia to study CVR. Initially, this method was used to identify
potential neurovascular coupling impairment in false negative results'”?°. This
technique has been further used to identify CVR abnormalities in steno-occlusive

2122 and in AD?%4,

disease
Therefore, we aimed at evaluating the cerebral vasoreactivity to hypercapnia before
(OFF) and after (ON) L-Dopa administration using fMRI, in order to identify regional
impairments of perfusion function in PD patients. Such information could be
considered as a potential vasomotor confound in cognitive neuroscience when using

fMRI and as a diagnosis marker that could be further tested in clinical practice.
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SUBJECTS AND METHODS

Subjects

Twenty right-handed patients with PD were prospectively recruited in the
Neurological wards of Grenoble (n = 14) and Lyon (n = 6) University Hospitals. All
patients fulfilled the UK Parkinson’s disease Brain Bank Criteria®® for the diagnosis of
idiopathic PD and presented with predominant akinetic-rigid symptoms, without
invalidating motor fluctuations caused by the prolonged use of dopaminergic
treatments. Right-handedness was assessed according to the Edinburgh
Handedness Inventory?®. The study was approved by the Grenoble University
Hospital Ethics Committee, and according to the Declaration of Helsinki. Patients

were included after providing a written informed consent.

All patients were studied first without medication (OFF), and then with anti-
Parkinsonian drugs (ON), during two consecutive sessions of one hour duration each.
For the OFF condition, patients were scanned after a whole overnight fast, i.e. at
least 12 hours of PD treatment withdrawal. The ON medication fMRI session was
carried out 60 minutes after administration of a suprathreshold dose of L-dopa (120%
of the usual morning dose). The patients’ global motor disability was assessed before
each fMRI session, using the motor section of the Unified Parkinson’s Disease Rating
Scale (UPDRS, part Ill). Only patients with mild to moderate symptoms (without or
with little tremor in the OFF state, and without any dyskinesia in the ON state) were
included in this study, in order to make sure that their symptoms would not

compromise image quality. All patients were free of stroke history.

For the purpose of a comparison between PD patients and a normal state, 10 age-
and-sex matched right-handed healthy controls were also enrolled in the study.
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MR imaging protocol
Image acquisitions were performed on a 3T whole-body MR scanner (Bruker®
Medspec S300) equipped with an emitting/receiving head coil. MR images were

acquired parallel to the anterior commissure—posterior commissure (AC—PC) plane.

Anatomical imaging

T1-weighted 3D magnetization prepared rapid acquisition gradient echo (MP-RAGE)
images of the whole brain were acquired (time of repetition (TR)/time of echo
(TE)time of inversion (Tl)/flip angle (a): 2500ms/3.89ms/900ms/8°; field of view
(FOV)=256x224x176mm?; voxel size=1.33x1.75x1.375 mm?).

Functional imaging

Data acquisition was performed using single-shot gradient-echo echo-planar-imaging
(GE/EPI) T2* weighted-images (WI), covering the whole brain (TR/TE/a:
3000ms/30ms/77°; FOV: 216x216 mm?; matrix size 72 x 72, voxel size=3x3x3,2 mm?;

40 slices; no gap; number of dynamic scans: 240).

Cerebral vasoreactivity was estimated using the BOLD response to carbogen
inhalation, a gas mixture of CO2 (7%) and O2 (93%). This task was block-designed
and consisted of 3 cycles of alternating inhalation of air (60s), carbogen (120s), and
air (60 s) for a total duration of 12 min. Gas administration was achieved using a

nasal canula at 6 I/min (Jiang et al., 2010).

Functional data analysis

The data was processed offline in MATLAB® with SPM8 software (Wellcome
Department of Cognitive Neurology, UK). Preprocessing steps included in-plane
motion correction, realignment, spatial normalization to the Montreal Neurologic
Institute T1-weighted template, and spatial smoothing with a 12-mm Gaussian kernel.
Gray and white matters were segmented and a gray matter mask was constructed by
thresholding the individual smoothed gray matter maps.

First level analyses were conducted on BOLD responses to hypercapnia using the
general linear model with a dedicated regressor'®. This stimulus increases the arterial
PCO; by 4.8 mm Hg, and arterial PO, increased by 51.2 mm Hg, without significant

change of heart pulse and respiratory frequency.
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Contrasts between the air and carbogen conditions were then introduced within
second-level analyses using t-tests. Only cerebral areas whose probabilities survived
to the prwe-corrected < 0.05 statistical threshold, at the voxel level, were retained. Only
activation foci for which the number of voxels was equal or superior at k=10 were
considered. The regional BOLD signal amplitudes were further analyzed using
regions of interest (ROI) in the frontal, parietal, temporal and occipital lobes, the
cingulum, the insula, the striatum and the thalamus. ROIs were chosen by combining

the regions from the AAL package in SPM.

Statistical analyses

Statistical analyses were processed using SPSS 18.0®. Statistical significance was
set at p<0.05. In patients, pairwise comparison between OFF and ON medication
UPDRS scores was carried out using a paired t-test to evaluate the clinical impact of
the treatment.

ROIs analyses were conducted using ANOVAs with repeated measures. In controls,
an ANOVA was carried out to test for main effects of the ROI location (factor “ROI”),
the hemispheric side (factor “SIDE”), and the interaction “ROIXSIDE”. In patients, an
ANOVA was conducted to test for the main effects of the L-DOPA administration
(factor “DOPA”), ROI, and SIDE with all interactions. Intergroup comparisons
between controls and patients OFF and ON conditions were conducted separately to
identify a main effect of the pathological condition. Post-hoc tests corrected for
multiple comparisons were conducted when a main effect or an interaction was
detected. Correlations between ROI values and clinical parameters were studied by

Pearson tests.
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RESULTS

Among the 20 enrolled patients, 10 patients were excluded because of: 1°) excessive
movements (n=7), inappropriate hypercapnic stimulus (n=2), 2°) sleeping during
examination (n=1), leaving 10 patients for further analyses (2 women, 8 men; age
range: 44-67 years, mean: 58.2+7.0 years). Mean disease duration was 7.8+3.6
years. L-Dopa administration improved the motor score of the UPDRS significantly
(p<0.001) (Table 1).

Among the 10 healthy controls recruited in the study, 2 subjects were excluded
because of excessive movements or inappropriate hypercapnic stimulus, leaving 8
controls for further analyses (2 women, 6 men; age range: 48-69 years, mean:
61.946.4 years). No significant age difference was detected among the selected

subjects.
No side effect, including anxiety, was reported during and after hypercapnia.

Seven patients out of 20 were excluded because of excessive head motion with a
movement amplitude superior to half of the voxel dimension. Because patients were
scanned twice (OFF and ON conditions), the exclusion rate was 17.5% (7 out of 40
examinations). This rate was similar to controls’ rate of 20 % (2 out of 10

examinations). Thus, the pathological condition did not increase the exclusion rate.
BOLD response in healthy subjects

Carbogen inhalation elicited a whole brain BOLD response, predominant in gray
matter in all subjects. The mean amplitude of the BOLD signal detected in the brain
and calculated by comparing steady states of air and hypercapnic inhalation during
the last minute of the stimuli was meantstandard error=1.48+0.06% (Figure 1). In
segmented gray matter, BOLD signal increase was 2.60+0.16%. The ANOVA
detected a main effect of ROI (p<0.001), mostly due to significant increase of CVR in
the thalamus and the occipital lobes compared to the striatum and the insula (Figures

2,3). No main effect of SIDE and no interaction ROIXSIDE were detected.
BOLD response in patients

In patients, mean amplitudes of whole brain BOLD signal change were 1.59+0.05%
and 1.62+0.09% before and after L-Dopa administration, respectively. Time courses
of the whole brain BOLD signal were similar to the controls under OFF and ON
conditions (Figure 1). In segmented gray matter, BOLD signal increases were
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2.891£0.21% in patients OFF, and 2.87+0.12% in patients ON. The ANOVA detected
a main effect of ROI (p<0.001) with similar regional differences to controls (Figures 2
and 3). No main effect of SIDE or DOPA was detected. No interaction between ROI,
SIDE, and DOPA was detected.

No correlation between the BOLD signal amplitude and the UPDRS, the age, or the
disease duration was detected OFF and ON medication. No correlation was found

between the same previous parameters and the L-Dopa equivalent dose.
Comparisons between controls and patients

No main effect of the pathological condition could be identified, neither interaction
between groups, SIDE or ROI. Although, CVR was higher in patients in the thalamus
and the occipital lobes, no significant change between groups could be detected

because of the interindividual variability (Figure 2).
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DISCUSSION

In order to identify functional impairment of cerebral vasoreactivity (CVR) in PD
before and after L-Dopa administration, we conducted a BOLD fMRI study using a
hypercapnic challenge. Although no adverse reaction to the stimulus was detected,
excessive head movements or inappropriate stimulus led to exclude half of the
patients and a quarter of the controls. No difference of CVR was detected between
controls and patients before or after L-Dopa, even in the basal ganglia. Despite
methodological limitations, this is the first study to our knowledge that used fMRI to

investigate CVR in PD and the potential effect of L-Dopa on the BOLD signal.

The negative results are in line with a previous study using transcranial Doppler
(TCD) after acetazolamide in PD patients (3 hours OFF medication)**. In a TCD
study, abnormal CVR to hypercapnia was detected in 34% of patients only (3h OFF
medication), without any relationship with the occurrence of orthostatic
hypotension'®. However, a TCD study on cerebral autoregulation to perfusion
pressure using a thigh cuff release test showed decrease responses in PD, without
any difference between OFF and ON medications'®. This discrepancy could be
explained by a 9 years older population although no correlation neither with the age
nor the disease duration could be detected and a weaker improvement of the UPDRS
after medication. In our study, no patient had a stroke history, silent infarct, or severe
microangiopathy on MRI. In fact, TCD and fMRI explore different vascular
compartments with different parameters. Whereas TCD records the velocity of
proximal portion of major intracranial arteries regulated by the extrinsic innervation
under sympathetic/parasympathetic balance, fMRI measures changes of the
parenchyma arterioles and the neurovascular units regulated by the intrinsic
innervation, including dopaminergic innervation®®>. TCD provides quantitative
measures and remains operator dependent whereas fMRI to hypercapnia provides a
semi-quantitative measure correlated to the cerebral blood flow?’ and remains mostly
dependent of the subject cooperation. Thus, fMRI may allow testing parenchymal
vasomotor properties more directly than TCD, and especially potential dopamine

effects.
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Because dopamine modulates the vascular tone, perfusion changes have been
detected in animals experimentally. Dopamine receptors have opposite effects. In
rats, the activation of D1/D5 receptors located in the frontoparietal cortex, striatum,
and thalamus elicits vasodilation and hyperperfusion. In contrast, the activation of
D2/D3 receptors located in the striatum elicits vasoconstriction and hypoperfusion®®.
In patients, dopamine depletion might explain wide-spread cortical hypoperfusion in
prefrontal areas, dorsal premotor cortex, pre-SMA, posterior parietal cortex, and
occipitoparietal areas although no change was detected in the basal ganglia nuclei
and the thalamus®. After L-Dopa administration, CBF increases in the
putamen/globus pallidus, dorsal midbrain/pons, subthalamic nucleus and ventral

thalamus, revealing the vasodilator effect of treatment in these regions®.

The basal perfusion influences the magnitude and the dynamics of the BOLD signal.
In the case of basal hypoperfusion, the amplitude of the BOLD response increases
and the slope is steep. In case of basal hyperperfusion, the amplitude of the BOLD
response decreases and the slope dampened®. Thus, we might have expected
increased BOLD response in most cortical area in patients OFF medication, and then
normalization after L-Dopa administration. In such case, regional disorders could
have been a potential imaging biomarker for PD diagnosis. This negative result may
suggest the little effect of small basal perfusion changes of the BOLD response to
hypercapnia. Indeed, global vasodilatation may account for a decrease of 0.15% of a
neural-related BOLD response®. Although the neurovascular coupling is a different
functional property of the arterioles that relies on different biomolecular interactions,
the amplitude of both BOLD responses is roughly similar®. This similarity has been
previously used to identify hemodynamics confounds in stroke fMRI**?° and
presurgical mapping in neurooncology’’*®. The main difference between these two
stimuli is the dynamics of the BOLD response with a plateau reached after 5-10

seconds after a neural stimulus, and after 30-60 seconds after hypercapnia®.

Although we could not measure cerebral perfusion simultaneously in this experiment,
the potential basal perfusion modulation might have not significantly change the
results, mainly because of the important variability of the CVR measure using fMRI.

Considering the physiological differences between neurovascular coupling and
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vasoreactivity, this negative result would argue for the absence of major
hemodynamic confounds in fMRI studies conducted in patients with PD, before and
after L-Dopa administration®3. However, one may not exclude that our negative
results might be due to a potential long duration response to L-Dopa of the vascular
system. Then, the reproducibility of our findings should advantageously be estimated
using an additional group of truly unmedicated patients after a washout delay of
several days instead of an overnight to avoid long duration response to L-Dopa**.
This approach has been previously used in cognitive fMRI study to better estimate
BOLD signal changes to the ON and OFF conditions®.

Despite pathophysiological and clinical differences, Alzheimer's and Parkinson’s
diseases are both considered as neurodegenerative disorders. Using a similar
method to estimate CVR with BOLD fMRI to hypercapnia, we identified a broad
impaired CVR in AD and in patients with mild cognitive impairment®®. In AD, the CVR
was correlated with the cognitive status and the hippocampal atrophy. The effect of
the Alzheimer's disease was so significant, that individual maps of patients were
easily distinguishable from matched controls. Here, no difference could help to
identify the effect of the Parkinson’s disease or of the L-Dopa administration. Thus, a
normal parenchymal CVR could be a radiological marker of idiopathic PD when
compared to other parkinsonisms, such as vascular parkinsonism (VP). Indeed, VP is
an ill-defined disease without generally accepted diagnostic criteria. Besides gait
disturbance and less responsiveness to L-Dopa, vascular lesions of the brain were
almost constant*?. However, such microangiopathy is so common in elderly, AD and
even in PD, that it could hardly be used as a diagnosis marker without further
specification. In VP, the severity and the location of the vascular lesions may suggest
a causal relationship with basal ganglia disorders and clinical symptoms. Then,
impaired perfusion function or basal perfusion might affect the metabolism and the
anatomical integrity of particular neuronal populations. It could be interesting for
diagnostic and pathophysiological purposes to investigate regional difference of
basal brain perfusion and CVR in patients with PD, patients with VP, and patients

with similar micrangiopathy without parkinsonism.
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These negative results suggest the absence of significant functional vascular
disorder that may confound BOLD fMRI results in PD, even after L-Dopa
administration contrary to stroke, brain tumor, and Alzheimer’s disease. Indeed,
these results emphasize the importance of the cerebrovascular dysfunction in
Alzheimer’s disease as previously reported. It could also be suggested that CVR
fMRI may provide imaging information to distinguish Parkinson’s disease from

vascular parkinsonism.
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TABLE

Table 1 Patients characteristics

Patient Gender Age Disease UPDRS L-DOPA
duration OFF/ON _
number M/F (years) equivalent
(years) (score/108)
dose (mgQ)
1 F 44 2 13/5 550
2 M 61 4 43/14 2000
3 M 58 8 28/11 910
4 F 58 14 28/10 600
5 M 66 8 25/7 500
6 M 67 5 36/7 300
7 M 55 8 32/5 400
8 M 51 8 37/3 350
9 M 58 9 40/8 200
10 M 64 12 36/10 350
mean 58.2 7.8 31.8/8.0 616
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FIGURES

Figure 1
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Mean whole-brain BOLD signal changes (bold lines) + standard error (thin lines)
during carbogen inhalation in controls (red line), patients before (green line) and after
L-Dopa administration (blue line). The three-block paradigm was averaged over one-
block. No significant difference in signal amplitude and dynamics could be detected

across groups.
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Figure 2
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Mean regional amplitude of the BOLD signal changes in the grey matter + standard
deviation during carbogen inhalation in controls (red bar), patients before (green bar)
and after L-Dopa administration (blue bar). Despite CVR was higher in patients in the
thalamus and the occipital lobes, no significant change could be detected because of
the interindividual variability.
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Figure 3
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Maps of mean amplitude of the BOLD signal increase during hypercapnia (% color
bar) across groups show similar regional changes.

Ce travail a été soumis a publication sous le titre : “Cerebral vasoreactivity is normal
in Parkinson’s disease before and after L-Dopa” par A. Krainik, A. Maillet, V. Fleury,
M. Sahin, I. Tropres, L. Lamalle, S. Thobois, V. Fraix, M. Villien, J. Warnking, P.
Pollak, S. Pinto, P. Krack

Il est actuellement en cours de révision dans la revue Movement Disorders.
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THESE SOUTENUE PAR : SAHIN Mehmet
TITRE :

Etude de la vasoréactivité cérébrale par IRM fonctionnelle BOLD dans la
maladie de Parkinson avant et aprés traitement par L-Dopa.

CONCLUSION

Il s’agit de la premiére étude sur la vasoréactivité cérébrale & I'hypercapnie dans la
maladie de Parkinson et sur 'effet de la L-DOPA en IEM fonctionnelle BOLD.

Vingt patients suivis pour une maladie de Parkinson idiopathique avant (OFF) et
aprés administration de L-Dopa (ON) et dix volontaires sains appariés pour I'age et le
sexe ont &té examinés en IRM fonctionnelle BOLD lors d'un stimulus hypercapnique
par inhalation de carbegéne a 7% de CO2. Dix patients et deux sujets sains ont été
exclus des analyses a cause de protocoles incomplets ou de mouvements excessifs,
illustrant les difficultés techniques rencontrées lors de la réalisation de ce type
d'etude.

Le stimulus hypercapnigue n'a pas entrainé d'effet indésirable.

Aucune modification globale ou régional¢de la vasoréactivité cérébrale n'a été
identifiée chez les patients aussi bien avant qu'aprés administration de L-Dopa.

Avec l'absence d'altération de la vasoréactivité cérébrale dans la maladie de
Parkinson, ce resultat négatif présente :

1%) un ‘interét physiopathologique qui contraste avec les anomalies diffuses
identifiees dans la maladie d'Alzheimer |

2%) un intérét methodologique en neurosciences cognitives qui suggére l'absence
d'alteration du couplage neurovasculaire susceptible de biaiser l'analyse des
résultats en imagerie fonctionnelle et en particulier en IRM fonctionnelle BOLD lors
de tdches motrices ou cognitives

3%) un intérét clinique, qui pourrait constituer un élément du diagnostic différentiel
avec d'autres pathologies neurodégénératives responsables de syndromes extra-
pyramidaux tels que le parkinsonisme vasculaire, ce qui nécessiterait des études
complémentaires dédiées,

VU ET PEEMIS D'IMPRIMER
Grenoble, le #5/09/42

LE DOYEN LE PRESIDENT DE THESE

PROFESSEUR PAUL KRACK
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