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ABSTRAKT

Bazalni ganglia (BG) jsou shluky mozkovych jademaanych v hloubi
mozkovych hemisfér. Klasicky pohled na BG nahlgkg na struktury primaense
zabyvajici motorikou, nicménv sowasnosti je feswdcivé dokdzano, Ze se BG
vyraznou ndrou podileji na celéadk® non-motorickych funkci. Cilem mé prace bylo
studium rikterych non-motorickych figznaki u dvou modelovych onemo&m BG:
Parkinsonovy nemoci (PN) a Huntingtonovy nemoci [HN

V prvni studii jsem se zabyvala poruchou prostorpaegigace u paciefts HN.
Studie vyuzZila metody tzv. Blue Velvet Areny, tedtyn umoziujici testovat
prostorovou navigaci v realném prostoru a selektivySetit dvé slozky prostorové
navigace - alocentrickou (zavislou na okolnich mtanich bodech) a egocentrickou
(zavislou na vlastni poloze v prostoru). Alocerdéicnavigace souvisi s funkci
hipokampu, zatimco egocentrickd navigace Wjanbyt Uzce spojena s funkci striata,
jadra dominant# postizeného u HN. Vysledkem naSi studie bylo &jiStze prostorova
navigace neni vyznamrpostizena ¥asnych stadiich HN a vetstinich stadiich neni
vyznamného rozdilu mezi postizenim alocentrickggacentrické navigace. Vysledek
Ize interpretovat tak, Ze striatum se &sini na postizeni egocentrické navigace u
pacienti s HN.

Druha studie byla za#tena na detekci kognitivniho deficitu u HN pomoci
kradtkého screeningového testu zvaného Montrealgighikivni test (MoCA). Cilem
bylo zhodnoceni validity testu a jeho psychometritkvlastnosti ve srovnani s baterii
neuropsychologickych testpouzivanych pro zjivani kognitivniho deficitu u HN.
Vysledky prokazuji dostateou senzitivitu a specificitu MoCA testu ve srovhan
s neuropsychologickou baterii. MoCA test Ize tedphfasit za vhodny instrument
k detekci kognitivniho deficitu u HN.

Treti studie byla zadtena na detekci spankového postizeni u patient
s neléenou PN. Pacienti byli vySeini pomoci spankovych dotazfjkcelon@ni
polysomnografie a testu mnal&iné latence usnuti. Z vysledkyplyvd, Ze poruchy
spanku mohou bytifiomny jiz od¢asnych stadii PN. Nalezli jsme také vysSi vyskyt
REM (rapid eye movement) spanku bez atonie (RWAMREteep without atonia),
korelujici s hybnym skorem, vyznagéi vyskyt poruchy chovani v REM spanku vSak
nebyl zachycen. Nalez &ki pro pedpoklad, Ze RWA odrazi neurodegenerativni
proces Wasné fazi PN.



Za nejvyznamgsi vysledek z vySe zménych studii povazuji zjighi své prvni
prace tykajici se poruch prostorové navigace u KiHra nepotvrdila kéiovou roli
striata u egocentrické prostorové navigace. Tatdistbyla zarove prvnim vyzkumem

prostoroveé navigace u paciérg HN, ktera probihala v realném prostoru.

Klicova slova:

Bazalni ganglia — striatum — Parkinsonova nemoantiigtonova nemoc — prostorova
navigace — egocentricka navigace — alocentrickdagnage — Blue Velvet Arena —
Montrealsky kognitivni test — porucha chovani v REnku — REM spanek bez
atonie — denni spavost



ABSTRACT

The basal ganglia (BG) are a group of brain nusikeiated deep in the cerebral
hemispheres. While BG were primarily associatedhwibtor functions, in recent years
there has been an increasing evidence that BGlsoesignificantly involved in a wide
range of non-motor functions. This work focusedsome of the non-motor symptoms
associated with two typical basal ganglia disordétarkinson's disease (PD) and
Huntington's disease (HD).

The first study concerned spatial navigation impaint in patients with HD.
Their spatial navigation skills were tested usihg Blue Velvet Arena, technique
evaluating spatial navigation in real space, cap#blselectively differentiate between
two components of spatial navigation - allocentfenvironment-oriented) and
egocentric (self-oriented). Allocentric navigati@ linked to hippocampal function,
whereas egocentric navigation is usually associatgth striatum, a structure
predominantly affected in HD. We found that spanaligation is not significantly
affected in the early stages of HD and that in madeanced stages, when spatial
navigation is already impaired, there is no sigaifit difference between allocentric and
egocentric navigation impairment. We speculate thatstriatal involvement does not
contribute to the impairment of the egocentric gation in patients with HD.

The second study focused on the detection of cegniieficit in HD using a short
screening test called the Montreal Cognitive Assesg (MoCA). The aim of this study
was to assess the concurrent and discriminativeityabf the MoCA as a screening
tool for cognitive dysfunction in HD, comparing thdoCA with a battery of
neuropsychological tests used in HD. The resultmatestrated robust psychometric
properties of the MoCA in comparison with the giveattery. MoCA test can be
declared as a suitable tool for detecting and asggsognitive dysfunction in patients
with HD.

The third study studied the prevalence of sleepaimpent in patients with
untreated early PD. The quality of sleep was asslessing sleep questionnaires, video-
polysomnography and multiple sleep latency teste Tresults show that sleep
disturbances may be present from the early stageb oREM sleep without atonia was
a common finding and correlated with the motor scavhile REM sleep behavior

disorder was rarely present.



As the most important outcome of the studies masticabove | consider results
of my first study (study A investigating spatialvigation in HD), which did not
confirmed the key role of striatum in egocentrizigation. This work was also the first

study testing spatial navigation in human HD inl sgeace.

Key words:

Basal ganglia — striatum — Parkinson’s disease -natiHgion’s disease — spatial
navigation — egocentric navigation — allocentriovigation — Blue Velvet Arena —
Montreal Cognitive Assessment — rapid eye movemala@p behavior disorder — rapid

eye movement sleep without atonia — daytime sl&sgin
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A. Obecnéadast

1. Bazalni ganglia - tvod

Bazalni ganglia (BG) jsou jadra Sedé hmoty uloZendoubce mozkovych
hemisfér. Jedna se o vyvojostaré struktury v centru koncového mozku (teleslost),
v SirSim slova smyslu se &nto jadiam fadi jeS¢ dalSi struktury z oblasti mezimozku
(diencefalon), sedniho mozku (mezencefalon) a mozkového kmene. NMagni jadra
BG pcaitame nucleus caudatus, putamen a globus palidusaklad zapojeni a funkce
pak substantia nigra a subthalamické jadro (blizeésl. kapitolaf.

Na BG bylo dlouhou dobu nahlizenoregevSim jako na struktury spojené
s primarg motorickymi funkcemi. Hraji roli p planovani, iniciaci aizeni pohyg,
udrzeni svaloveho naf ¢i koordinaci reflexni pohybové aktivity s volnimoipyby.
Dnes je v3ak znamo, Ze BG se podili takérad non-motorickych funkci a jsou
zapojena do kognitivnich, behavioralnich a matiieh proces.

1.1. Anatomie bazélnich ganglii

Morfologicky mezi zékladni BG p#t predevsim velka jadra v telencefalu -
nucleus caudatus, putamen a globus pallidus. Nsiclaudatus a putamen jsou
dohromady nazyvany striatum, putamen a globus duelli spolu tvEi nucleus
lentiformis. K systému BG je furtké fazeno také subthalamické jadro v diencefalu a
jadra v mezencefalu - substantia nigra a pedunkualiopni jadro. Pozgi byly
identifikovany dalSi struktury, které lezi ventrélod striata a pallida, a byly podle toho
nazvany ventralni striatum (zahrnujici mimo jinécleus accumbens) a ventralni
pallidum. Svym zapojenim navazuji na limbicky sgsté hraji roli v kognitivnich a
behavioralnich funkcich. V SirSim pojeti daném polo nebo zapojenim se systémem
BG Uzce souvisi i nucleus basalis Meynerti, venfréégmentalni oblast a nucleus
ruber. Vyvojo¥ k BG pati také corpus amygdaloideum, fumk vSak také spada spise
k limbickému systému. Fuké se systéemem BG souvisi cely limbicky systém i

thalamicka jadra.
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1.1.1. Jednotlivé anatomické struktury

Striatum

Striatum je struktura twena anatomicky z putamen a nucleus caudatus.
Jednotlivécasti striata majitzné funkce v zavislosti na jejich propojeni s ostat
oblastmi mozku. Obe¢nje putamen zapojeno vice do motorickych funkciualeus
caudatus spiSe do funkci kognitivnich. Femiklze striatuntlenit také na tzv. dorzalni,
medialni a ventralni striatum. Dorzalni striatunvofené z ¥tSiny putamen a
dorzolateralni¢asti caudata) je propojeno se senzomotorick@rolk a hraje roli
v senzomotorickych funkcich, medialni striatunét§ina caudata a ventrolateratidist
putamen) je spojeno s asagiém kortexem a &astni se exekutivnich a jinych
kognitivnich funkci a ventralni striatum (ventrdfifist caudata, nucleus accumbens a
tuberculum olfactorium) je propojeno s kortexembiokym a je dlezité pro motivani
a afektivni funkce.

VétSinu striatalnich buik predstavuji projeéni neurony — tzv. ggdni ostnité
neurony, coZ jsou inhibihi GABAergni biiky s projekci k jinym strukturam B&!
Prijimaji glutamétergni vstupy z kortexu a thalamopaminergni ze substantia nigra
pars compacta. iRlatné noradrenergni vstupy pochazeji zlocus ¢tmesy
serotoninergni z nuclei raphe. Prajek neurony vytvéeji dw subpopulace, jednak
striatonigralni s projekci do SNr/GPi cestdinpé drahy, jednak striatopalidalni do GPe
cestou nepmé drahy (anatomie a funkcé&mpé a nefimé drahy budou vystleny nize
v textu)™ © Tyto subpopulace exprimuji odli§né typy dopaminéch receptar” & a
proto jsou dopaminem oviiwvany odliSg. Dopamin excituje neurony striatonigralni,
naopak neurony striatopalidalni inhibuje.ifegini ostnité neurony lze rozlisSit i na
zaklad histochemickych a cytochemickych vlastnosti na sivbpopulace, které se lisi
ve slozeni aferentnich a eferentnich &pojv obsahu neuromediafor enzynii a
peptidi. V&tsi subpopulace je nazyvana matrix, mensi striosoiredpoklada se, e
matrix @ijima predevSim senzomotorické a asdnia vstupy, zatimco striosomy
piijimaji vstupy redevsim z limbického systému. Striatum dale obsaimigrneurony,

z nichz ¥tSina je GABAergnich, mengast pak acetylcholinergnich.

Cilem GABAergnich interneurdrjsou fredevsim projesni neurony* *% **Jejich

inhibicnim pisobenim jsou projeéki neurony v klidu pevazmi inaktivni*? Korova

aktivita sama o0 sab nepostduje k vyvolani aknich potencidl v projekénich
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neuronech, je ale schopna sniZit prah jejich cilivk daldim stimuim.> 8 2 Aktivita
projekénich neurofi je tedy krom fsobeni kortexu kontrolovana a modulovana
i jinymi faktory, jako jsou inhibice striatalniminierneurony¢i lokalni pisobeni
dopaminu.

Cholinergni interneurony jsou nazyvany takéiatholinergni neuronyi tonicky
aktivni neurony. V klidu vykazuji spontanni tonickaaktivitu, ktera nahle kleséa
v pifpads externiho stimuld®*® Jsou propojeny s GABAergnimi interneurony i
projekénimi neurony, ficemZ na GABAergni interneuronyigobi excitans.? Potlaseni
cholinergni odpo&di je povaZzovano za kidvé k inhibici GABAergnich interneuréra
naslednému projeveni aktivity projgkich neurofi. Cholinergni interneurony hraji roli

i v mechanismech prozivani aekavani odriny.*®

Globus pallidus

Globus pallidus je struktura lezici mezi vliakny salp interna a medialni stranou
putamen. Je roztena natast vnitni a vrejSi — globus pallidus internum (GPi) a globus
pallidus externum (GPe). Globus pallidugima vstupy z celého striata a jeho ¥nit
¢ast je hlavnim vystupnim jadrem bazélnich gangliétSina neurofd jsou velké
GABAergni neurony s bohattlenénymi dendrity, podil interneurd@nje mensi. Jeho
posterolateralniast je pedevsSim motoricka. Ventralni obvod pallida lemuyiat/Si

buiky tvorici nucleus basalis Meynerti, coz je jadrorfzatk cholinergnimu systému.

Subthalamické jadro

VeétSinu  burtk  subthalamického jadra (STN) o glutamatergni neurony
s dlouhymi dendrity. Men&fast STN tvéi GABAergni interneurony. Dorsolaterélni
¢ast STN je motorickd, zatimcgast ventralni je spojena s as@oiemi funkcemi a

medialni je propojenaipdevsim s limbickymi oblastmi, tedy s emocemi, naati atd.

Substantia nigra

Substantia nigra je rélenéna do dvoltasti — pars compacta a pars reticularis.

V¢étSina neurofi substantia nigra pars compacta (SNc) je dopamminergrojekci
do striata. SNc funguje jako modulétor aktivityiati a jeji zdsadni uloha je ve
spoudni a regulaci pohybu. Nazev substantia ,nigra“ @letmavé jadro) je dan
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obsahem neuromelatinu vilkéch SNc. Nkteré dendrity dopaminergnich hkiknjsou
propojeny s biikkami SNr gres GABAergni receptory. MenSinu neuicBNc pak tvéi
také GABAergni interneurony.

Substantia nigra pars reticularis (SNr) je histalkyg i funkéné blizka GPi,
dokonce byva i obdoknpostiZzena $ neurodegenerativnich chorobach. Je praétkap
povaZzovdna za soast GPi, ktera se anatomicky &tih béhem fylogenetického
vyvoje. Kronme obdobnych spdjjaké nachazime u GPi ma SNr vystupy k mozkovému
kmeni a k hornimu kolikulu, ktery hrajail@zitou roli v kontrole sakadickychénich

pohyhi.

Pedunkulopontinni jadro

Pedunkulopontinni jadro (PPN) je protahla struktutateralnim mesencephalu a
pontu, ktera maidezité recipréni spoje s ostatnimi BG. PPN jeepmeé dulezité jadro
pro rovnovahu a dlzi. Anatomicky je roz&leno na PPN compacta obsahujici
piedevsim cholinergni liky a na PPN dissipatus obsahujici vedle¢kuwholinergnich

také buiky glutamatergni.

DalSi oblasti a jadra

Dulezitymi modulatory aktivity striata jsou vedle Skké locus coeruleus (zdroj
noradrenergniho vstupu do BG) a nuclei raphe (zd®jotoninergniho vstupu).
Thalamus neni sice séasti BG, tvéi vSak gestupni stanici mezi vystupem z GPi a
SNr a kortexem. D¥ hlavni cilové oblasti thalamu jsou jednak venirain
anteriorni/ventralni lateralni (VA/VL) jadra, ktejgou typickymi gepojovacimi jadry,

a centrum medianum/parafascikularni jadra (CM/RBré slouzi ke zfiné vazl pro
BG. Tyto thalamické neurony jsou glutamatergni.

1.1.2. Neurotransmitery

Do systému fungovani BG je zapojerniada exciténich a inhibénich
neurotransmitér a jejich receptar.

Dopamin (DA) je pedevSim inhikinim neurotransmiterem. Jeho hlavnim
zdrojem je lateralni SNc, ktera je propojena siatstm cestou tzv. nigrostriatalni drahy.

14



Na putamen DA {sobi es dvoji receptory, D1 a D2imz vysleds inhibuje i
stimuluje GPi (zapojeni podrognviz niZze v textu). Rovnovahou mezi inhihim a
excitatnim vlivem je pak udrzovana optimalni funkce matkého systému. K dalSim
zdrojam DA pati medialni ventralni tegmentalni oblast a retroaliiroblast, které jsou
souasti mezolimbického a mezokortikalniho systémuogeci do nucleus accumbens,
limbickych podkorovych struktur a prefrontalniho rtexu. Tak hraje DA roli i
v mechanismech odiny, strachu, peBeni a zavislosti. Dnes je znamo 5 sybtyp
dopaminovych receptdy D1-D5. D1 a D5 aktivuji adenylatcyklazu auspbuji
konverzi adenosintrifosfatu (ATP) na cyklicky ademmonofosfat (CAMP). ZvySovani
hladiny cAMP misobi obvykle exciténé. D2, D3 a D4 receptorytgobi opang -
adenylatcyklazu inhibuji a redukuji tak koncentra@&iMP. Risobi tedy inhiking.
Nekteré D2 receptory se nachazeji na presynaptige@estiopaminovych synapsi a
zpétnou vazbou reguluji uvsbvani DA.

Acetylcholin (ACh) je neurotransmiterem jednak meurori striata, jednak
skupiny projeknich neurof. Cholinergni interneurony striata nesou dopaminové
receptory typu D2. Dopamin vydej ACh inhibujei peho nedostatku (jak je tomu
nag. u Parkinsonovy nemoci) tedy dochazi k vzestupmlimergni aktivity. K hlavnim
cholinergnim projeénim systémim mozku paf predevsim neurony bazalnihtepniho
mozku, nap. nucleus basalis Meynerti. Jsou zapojeny doggaxaych funkci. Druhym
projekénim systémem je mezopontinni tegmentalni kompléxragici PPN, ktery je
sourasti motorického systému BG.

Hlavnim exciténim neurotransmiterem v mozku je glutaméat (Glu).ajelr
podstatnou roli v excitamich kortikostriatalnich vstupech i v exdtach projekcich
z STN do Gpi. Zarosh je prekurzorem hlavniho inhiniho neurotransmiteru GABA.
Glu prenasi signalytiznymi zpisoby cestou metabotropniéhionotropnich receptdéra
pusobi estadu metabolickych procésDochazi tak k utu@ni kratko a dlouhodobych
zmen v synaptické excitabilit coZ jsou zrény hrajici roli v mozkové plasticit

Kyselina gama-aminomaselna (GABA), teoa z glutamatu enzymem glutamat
dehydrogenazou, je hlavni inhthi neurotransmiter BG i mozku obe&cn

K dal§im neurotransmit&m pati noradrenalin (NA), ktery ovlituje BG cestou
neuronalnich spdj z locus coeruleus a je v noradrenergnich neuronichen
z dopaminu, a serotonin (5-hydroxytryptamin, 5-HKlery ovliviuje BG cestou
neuronalnich drah z nuclei raphe. Na membranach AAghich stednich ostnitych

neurorii striata se spolu s dopaminergnimi D2 receptoryh&aeji i receptory pro
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adenosin. Ten svymipobenim na tyto receptory redukuje vazbu DA na &2ptory,

kofein (antagonista adenosinu) tuto vazbu naopakipe.

1.2. Fyziologie a patofyziologie

Anatomie neuronalnich okraiBG je komplexni a zahrnuje mnoho sphdgjichz
piesna funkce a uspidani jsou nadalegdnmétem zkoumani. Na BG je nahlizeno jako
na sowést paralelnich kortiko-subkortikalnich oktyrkteré zainaji v topograficky a
funkéné odliSnych oblastech mozkovéry, prochazeji BG a thalamem a vraci sétzp
do odpovidajicich oblastitky.>*° Tyto okruhy jsou schopny oviiwvat Siroké oblasti
frontIni kiry a hraji daleko komplexysi roli nez je pouze vliv na motorické funkce.
BG svym zgtnovazebnym propojenim siou, mozkovym kmenem a spinalnimi
oblastmi funguiji jako regulator hybnosti. Hrajiireliniciaci pohyhi, nastavuji vhodné
pohybové vzorce, posturalni mechanismy, automatikogrdinuji vrozené i naene
pohyby, vytvdeji stereotypni specializovaénosti, maji vliv na nonverbalni prvky
feti, vyrazu obléeje, drzenida apod?* Podileji se také na kontrol&mich pohyti a
ovliviiuji i fedovou produkci a perceptt. 2> Déle se vak BG podileji také et non-
motorickych funkci. Wastni se senzorickych, kognitivnich, emizh a behavioralnich
proces, hraji roli v mechanismech odmy, zavislosti, motivacesi Gnavy?**
Je pravépodobné, e BG maji vliv také na vrozené osobnagsyi jedince®® *°

1.2.1. PFrima a negrima draha

V kazdém z vySe zmémych paralelnich kortiko-subkortikalnich neuronémi
okruhi (propojujicich struktury kortex — BG — thalamuskertex) slouzi striatuni
STN jako vstupni ,input* jadra do systému BG, zatinGPi a SNr slouzi jako vystupni
Loutput” jadra, vysilajici inhikiini projekce do thalamu a mozkového kmene a posléze
zpt do mozkoveé #ry. Vystupni jadra jsou tonicky aktivni, v klidovéstavu tedy
pasobi na thalamus inhibig. Okruhy BG pak tuto inhibici moduluff: *” K priblizeni
z&kladnich princip fungovani &chto okrutii byla vytvaena zjednoduSend schémata

(viz obrazky 1-5), kterd napomahaji pochopit,épaojakym zfisobem se postizeni na
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uréité arovni €chto okruti projevi. Vznik hypoci hyperkinetickych poruch hybnosti
Ize zjednoduSenvyswtlit pomoci zakladniho modelu pro okruh BG (viz &bek 1).

Existuji dw hlavni drahy, které spojuji vstupni a vystupnilistiury (tedy striatum
a Gpi/SNr) a které maji na thalamus a mozkoviou lopany vliv.*" 4

Tzv. gfimé& drdha je tvieena inhibéni projekci GABAergnimi neurony z putamen
piimo do GPi. GPi je také inhii, jeho GABAergni neurony vydavaji tlumivé spoje
do nucleus ventralis anterior a nucleus ventralisralis thalamu (VA/VL jadra), odkud
se vraci glutamatergni projekceszpo kortexu. Tento okruh (tj.ika — putamen — GPi
— thalamus — &ra) obsahuje dva inhiémi neurony a celkavje jeho misobeni tedy
excitatni. Jeho zvySend aktivitaipobi na pohyby podijoné.

Draha nefima vede z putamenigs tzv. vmeziena (intrinsicka) jadra GPe a
nasledg STN. GPe je GABAergni inhibni struktura, z STN vedou glutamatergni
excitatni neurony do GPi. Jak jiz bylo vy$eteno, GPi je GABAergni jadro, dochazi
tedy k inhibici thalamu. Spojeni thalamu gdu je pak obdobné jako u drahyimé.
Jedna se tedy o okruh (tjoda — putamen — GPe — STN — GPi — thalamugira)k
obsahuijiciii inhibi¢ni neurony, jeho vyslednéigobeni je tedy inhibni*"*° Zvysena
aktivita negimé drahy ma na vysledny pohyb supresivni vliv.

SNc funguje jako moduléator obou drah. Dopamin regiatalni drahy fes D1
receptory striata zvySuje aktivituripmé drahy a fes striatalni D2 receptory snizuje

aktivitu v neggimé draze.

1.2.2. Hyperp¥ima dradha a dalSi gFidatné spoje

Existuje vSakiada dalSich spdj mimo toto klasické schéma. NapdalSim
dulezitym uzlem je CM/Pf jadro thalamuiiffma projekce z GPi, vysila spoje do striata
a STN. CM je propojenoipdevsim s putamen, Pf s nucleus caudatus a vdnirain
pallidem. CM/Pf ma také reciptni spoje s kortexem.

Kromé piimé a nefimé drahy je dnes znama takeé tzv. hypeng draha vedouci
piimo z kortexu do STR®®3 Jeji misobeni na STN je excitai, aktivita GPi se tedy
zvySuje a celkovy efekt na hybnost je inkiiii Krome kary a GPe fjima STN také
projekce ze SNc. Spojeni STN a GPe jsou reéiproV tomto novém rozEném
modelu je dan &Si diraz na SirSi vlivy SNc a nadbkzitost STN a GPe jako

integranich uzh.
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Obrazek 1: Schematické zobrazeni motorického okruhbazéalnich ganglii

SNc — substantia nigra pars compacta, GPe — glpallidus externum, GPi — globus pallidus
internum, STN — subtalamické jadro, D1 — dopaminbdéreceptory, D2 — dopaminové D2
receptory; zobrazeny inhibii (¢erna Sipka) a excitai (swtla Sipka) spoje.
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S| Gpe L
;E SNe “E THALAMUS
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STN = GPi/SNr

Kromé vySe zmidného nelze opominout i spoje z mozkového kmene. Ty
pochazeji pedevsSim z locus coeruleus (NA), nuclei raphe (5;Hdpa incerta, lateralni
habenuly a PPN. PPN ma recigmd spoje prakticky se vSemi oblastmi BG, je
propojeno s mozkovym kmenem a recifmd i s kortexem. Vystup k mozkovému
kmeni je dnes povaZovéan za hlaviihpy descendentni motoricky vliv BG.

Okruhy BG jsou také propojeny s okruhy mékaevymi. Stejk jako BG, tak i
mozeek je sodasti kortiko-subkortikalnich okruihs usp#adanim: kortex — vstupni
(pontinnf) jadra — vystupni (cerebelarni) jadra A/VL jadra thalamu — korteX*
Komunikace mezi okruhy BG a ma#em je realizovanaips VA/VL jadra thalamu,
pies ktera vede projekce ze striata a GPe do hlulbokyazeékovych jader, pedevSim
do motorickych i non-motorickych oblasti nucleust@dus (v mensi ié do nucleus
fastigium a interpositus): °° Interakce mezi mozkem a BG hraje vyznamnou roli
v proceduralni pasti a v motorickych dovednostech (skills). Propojaryistupnich
jader mozekovych okruti se vstupnimi jadry BG obe&¢maznguje roli mozeéku

v regulaci funkce BG.
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1.2.3. Paralelni okruhy bazalnich ganglii

Funkeni zapojeni jednotlivych paralelnich neuronalnighubi BG je dano jejich
topografickym vztahem kiznym korovym oblastem, ze kterych vychazeji. Vedle
motoriky se ®které okruhy podileji na paftovych a jinych kognitivnich funkcich, na
behavioralnich procesec¢hzpracovani a zapojeni emoctivedni fedstava o existenci
dvou okrutii, motorického prochazejiciho putamen a asméie prochazejiciho
nucleus caudatus, byla pa@jidozsitena o dalsi okruhy. Alexander et al. v roce 1886
popsal 5 paralelnich kiek BG, propojujicich mozkovouiku s BG, thalamem a &ps
mozkovou Kirou (viz obrazek 2). Na zakladkortikalnich oblasti, ze kterych tyto
okruhy vychazeji, byly nazvany motoricky, okulomat&y, dorsolateralni prefrontalni,
lateralni orbitofrontalni a anteriorni cingulatosruh®

Topograficky odliSné usgadani nachazime i v oblasti BG, kterymi jednotlivé
drahy prochazeji. Vzhledem k této topografické oizgci se mize dysfunkce uité
oblasti BG projevitiiznou symptomatikou,tgiz predilekéné motorickouci kognitivni.
Oddleni jednotlivych okruh vSak neni striktni, motorické, kognitivni i behardlni

systémy spoluiejmé vzajems interaguiji®>’>°

1.2.4. Motorické projevy p¥i postiZzeni bazalnich ganglii

BG hraji klovou roli v regulaci volnich pohyba posturéiniho tontf. VyuZivaji
inhibi¢nich mechanisin k potlateni nezadoucich motorickych vzéra optimalizaci
zaddaného pohybu. Podileji se na planovani a selkodnych pohyb, integruji
senzorickeé informace, koordinuji vrozené adené pohyby, automatismy a stereotypni
¢innosti. Postizeni BG setbe projevittadou fiznych giznaki v zavislosti na arovni
poSkozeni. V motorické oblastitbe obect dojit bul’ k potlateni spontannich pohyb
(hypokinetické poruchy) nebo k excesivnim polnyl(hyperkinetické poruchy).

V piipact, Ze dojde ke sniZzeni dopaminergni stimulace atrfattedy snizeni
aktivity primeé drahy a zvySeni aktivity drahy rtapé), aktivita GPi se zvySuje. To vede
k inhibici thalamu a mozkovéiky. Pohyb se zpomaluje a vznikaji hypokinetické

poruchy jako je tomu napu Parkinsonovy nemoci (viz obrazek 3).
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Obrazek 2: Paralelni okruhy bazalnich gangliiupraveno z Grahn et al. 2008)

Schematické zobrazeni motorického, okulomotorickéltorsolateralniho prefrontalniho,
lateralniho orbitofrontalniho a anteriorniho cirifolvého okruhu. Pozn.: Putamen hraje zasadni
roli v zapojeni motorického okruhu, zatimco nucleasidatus je zapojen v okulomotorickém,

dorsolateralnim prefrontalnim a lateralnim orbibot&inim okruhu.

Motor. Okulomoter.  Dorsolater. Lateral. Anteri::rr_
prefront. orbitofr. cingulat.
Mozk. l l 1 l _I
kiira SMA FEF DLPFC LOF ACA
Striatum Putamen | Ncl. caudatus | Ncl. caudatus Ncl. caudatus Ventral.
l l (DL) (VM) striatum
GPi/SNr I-GPi/ m-GPi m-GPi m-GPi I-GPi, VP
I-SNr |-SMr I-SNr m-SNr rd-SNr
} l } ! l
Thalamus VL VA VA VA MD
MD MD MD

SMA = suplementarni motoricka oblast, I-GPi = later GPi (globus pallidus internum), I-SNr
= lateralni SNr (substantia nigra pars reticulanid) = ventrolateralni jadro thalamu, FEF =
frontalni okohybné pole, m-GPi = medialni GPi, VAientralni anteriorni jadro thalamu, MD =
mediodorsalni jadro thalamu, DLPFC = dorsolaterphefrontélni kortex, DL = dorsolateralni
nucleus caudatus, LOF = lateralni orbitofrontalmirtéx, VM = ventromedialni nucleus
caudatus, m-SNr = mediélni SNr, ACA = anteriornngcilatova oblast, VP = ventralni
posteriorni jadro thalamu, rd-SNr = rostrodors&Nr

Naopak hyperkinetické poruchy vznikaji, pokud sévitla GPi sniZuje. K tomu
muze dojit nap. pii poSkozeni STN, coz se Klinicky projevi hemibaksm Na arovni
neuronalnich spéjdochazi p destrukci STN k inhibici ngfimé drahy a tedy kipvaze
pusobeni drahy imé, GPi je inhibovano a nasledné zvySeni thalaéniakkorové

aktivity vede ke zvyrazmi pohybu (viz obrazek 4).
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Obrazek 3: Schematické zobrazeni poruchy na udrovniokruha bazalnich ganglii u
Parkinsonovy nemoci

SNc — substantia nigra pars compacta, GPe — glpallidus externum, GPi — globus pallidus
internum, STN — subtalamické jadro, D1 — dopaminb\déreceptory, D2 — dopaminové D2
receptory; zobrazeny inhibii spoje ¢erna Sipka), oslabené inhibi spoje (Srafovanéerna
Sipka), posilené inhibni spoje (tlust&erna Sipka), excitai spoje (s¥tla Sipka) a oslabené
excitatni spoje (Srafovana &ia Sipka).
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Obrazek 4: Schematické zobrazeni poruchy na udrovniokruhé bazalnich ganglii u
hemibalismu

SNc — substantia nigra pars compacta, GPe — glpailidus externum, GPi — globus pallidus
internum, STN — subtalamické jadro, D1 — dopaminb\déreceptory, D2 — dopaminové D2
receptory; zobrazeny inhibii spoje ¢erna Sipka), oslabené inhibi spoje (Srafovanéerna
Sipka), posilené inhibni spoje (tlust&erna Sipka), excitai spoje (s¥tla Sipka) a oslabené
excitatni spoje (Srafovana &ta Sipka).
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Obdobré u Huntingtonovy nemoci (HN) dochazic¢asném stadiu k Ubytku
GABAergnich stednich ostnitych neurdn striata s projekci fedevSim do GPe.
V ¢asném stadiu je tedy postizena predifgknegima draha. SniZzeni inhibice GPe
vede ke zvySeni inhibice STN a redukci jeho eknitzo vlivu na GPi. Snizenim
inhibi¢niho pisobeni GPi na thalamus dochazi ke zvySené ex&ibatgxu, zvyrazéni
pohybu a vzniku choreatickych dyskinezi (viz obkag8). V pozdjSich stadiich HN s
pokratujicim odumiranim bufk striata dochazi k postizeni iimé drahy,¢imz je

vyswtlovan hypokineticky stav u paciént pozdni fazi HN (viz obrazek 58).

Obrazek 5: Schematické zobrazeni poruchy na Grovndkruha bazalnich ganglii uéasné
(A) a pozdni (B) faze Huntingtonovy nemoci

SNc — substantia nigra pars compacta, GPe — glpallidus externum, GPi — globus pallidus
internum, STN — subtalamické jadro, D1 — dopaminb\déreceptory, D2 — dopaminové D2
receptory; zobrazeny inhibii spoje ¢erna Sipka), oslabené inhibi spoje (Srafovanéerna
Sipka), posilené inhibni spoje (tlust&erna Sipka), excitai spoje (s¥tla Sipka) a oslabené
excitatni spoje (Srafovana &ta Sipka).
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1.2.5. Non-motorické projevy pii postizeni bazalnich ganglii

Jak jiz bylo vySe zmimo v kapitole o paralelnich neuronalnich okruzich,
vzhledem ke komplexnimu zapojeni BGiza byt jejich postizeni vedle hybnych
piiznaki asociovano také imdou non-motorickych obtizi. Vliv BG na non-mot&éc
mentalni funkce je podmdn predevSim jejich zapojenim do frontosubkortikalnich
okruhi. Vedle anatomickych studii, které prokazuji prepdjBG nejen s motorickymi
ale i s prefrontalnimici temporalnimi oblastmi kortexu (tzv. mezolimbickg
mezokortikélni systémj 2% 2% 3* swsdii pro (kast BG na non-motorickych funkcich i
fada patofyziologickycti®® ¢i klinickopatologickych studff' 2% "% v tschto spojich
hraje vyznamnou roli dopaminova projekce z mezeioéfych dopaminergnich

struktur, gfedevsim z ventralni tegmentové arey.

Kognitivni a behavioralni symptomatika

Role BG v behavioralni oblasti sfiga ve vhodném vyyu a nastaveni
optimalnich reakci a odpe&di, vyuZziti verbalnich schopnostir&Seni problérin véetns
zapojeni empatie a socidlnadekvatniho chovarnt. Optimalni reakce pak vede
k usgSnym vysledkm spojenych s odémou, coz posiluje selekci této reakce i
v budoucnosti. Opakovani takovych situadizen posléze veést k aktivaci rychlé selekce
motorickych rutinnich vzofg které uz nadéle nejsou zavislé na pocitech sgofen
s odnénou, ale stavaji se automatickymi navyky. BG seé takastni planovani
komplexnich motorickych program F¥i jejich postizeni mze dojit k izolovanym
kognitivnim deficitm danym naruSenim pouze ¢iého z fronto-subkortikalnich
okruhi nebo ke komplexfiSimu postizeni s obrazem tzv. subkortikdlni dereenc
(podrobrji viz nize).

Dorsolateralni prefrontalni okruh je zapojefegevsim do funkci exekutivnich.
Ty zahrnuji schopnostesit &zné i komplexni problémy,ceni se novych informaci,
planovani &innosti & prizpisobovani okolnim podminkaff. Pacienti postiZzeni
dysfunkci dorsolateralniho prefrontalniho okrélasto perseveruiji, obtirse sousedi,
maji postizeny usudek a mentalni flexibilitu¢H@m neuropsychologickych téste
snadno rozptyli a byva u nich naruSena verbalnénite a vybavovani z patn
s pongrné uSetenou vstipivosti. Exekutivni dysfunkce je jednirhlavnich piznaka
subkortikalni demence. Ta se dale projevuje zpomi@epsychomotorického tempa,
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poruchami vizuospacialnich funkei vyse zmignym postiZzenim pozornosti a pétin
(predevSim v oblasti vybavnosti). Dale byvéitpmna apatie, zémy osobnostici
anxiozré-depresivni symptomatikaCasto dochazi také k naruSeni mechanism

rozhodovani, odiny a motivacé?

41y pifpads postizeni thalamu dochéazi k porucham
pantti nejen v oblasti vybavovani, ale také& pchovavani v pagti a znovupoznavani.
Thalamus je totiz zapojen jak do fronto-subkortikéh okruli tak do okrul
limbickych, jeho postizeni se tedy projevi kombiangu symptomatikou.

Dysfunkce lateralniho orbitofrontalniho okruhu jeacakteristicka osobnostnimi
zmenami, které zahrnuji behaviordlni desinhibici a eémiolabilitu. Pacienti byvaji
podrazdéni az agresivni, mohou reagovat neadeky/agr souladu seine prijimanymi
socialnimi normami, mohou se projevovat ie@ienym sexualnim chovaninii
neadekvatnim vtipkovanim. Typicky jim chybi empagiendhled na vlastni jednani.
U pacient s vyznamgjSim postizenim pravého orbitofrontalniho kortexyw# vice
vyjadrena desinhibice a postizeni socialniho choV&nDboustranné 1éze byvaji
asociovany s utiliznim a imit&nim chovanim. Osobnostni Zny pfitomné nap u
pacienfi s Huntingtonovou nemoci jsourippisovany pra¥ postizeni medialniasti
nucleus caudatus zapojené do laterainiho orbittghoino okruhu®

Anteriorni cingulatovy okruh je zapojen do motimého chovéani a jeho léze se
projevi snizenim motivace, apatii, abulii az akekgim mutismem. Akineticky
mutismus je stav charakterizovany ¢lu$ti a hlubokou apatii, s chyfim
psychomotorické iniciativgi fecové produkce, pacienti jsou nehybni, gatek bolesti,
hladu¢i Zizni, nereaguji na pokyny a byvaji inkontinen#bulie je leki forma ztraty
vile a iniciativy. K akinetickému mutismu a abulii hmu vést fokalni léze nap
v oblasti globus pallidus, nucleus accumbe&ngentromedialniho nucleus caudatus. U
fokalnich lézi nucleus caudatus byla popsatedgvsim behavioralni symptomatika
piedstavovana vedle abulie i desinhibici, obse&skompulzivnim chovani,
perseveraceniii afektivnimi poruchamf® ™ Apatie, tedy sniZeni citové reaktivity, byla
pozorovana viipad oboustrannych lézi ventrolateralnicti dorsomedialnich
thalamickych jadeti lézich globus pallidus. Apatie se objevujéagly neurologickych
onemocgni, je ¢astym doprovodnymifznakem Parkinsonovy i Huntingtonovy nemoci

a predstavuje népstjSi behavioralni ziénu u pacient s Alzheimerovou nemaoci.
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DalSi non-motorické funkce

Specifickou problematikou souvisejici s chovanim pblematika zavislosti,
Gzce spojena s ,reward® systémem a dalSimi dimenzesobnostnich rys a
temperament("" ° Pro tyto funkce hraji vyznamnou roli struktury #&niho striata
(ptedevSim nucleus accumbens). Ty maji vztah ke varikoych druli zavislosti, a to
nejenom na psychotropnich latkach a alkoholu, aét na hypersexualit
patologickém hréstvi ¢i poruchach fijmu potravy (zde hraje vedle nucleus accumbens
vyznamnou roli pedevsim hypothalam($. Vznik tichto poruch je obvykle obeé&n
interpretovan jako dezinhibice v okruzich ventrasiiatum — thalamus — mozkova
kara. Z neurotransmiterového hlediska se narewarstésy dastni pedevsim
dopamin’®

Vztah mezi BG a regulaci spanku neni zatiflioobjasgn a je pedmétem
zkoumani teprve v poslednich letech. Zda se, rstn a globus pallidus jsou zakladni
struktury dilezité pro kontrolu b&éhi a spanku. Pro probouzeci reakci se podle
n¢kterych studii zda w@ujici strukturou nucleus accumbens a vliv adenosinu
dopaminu v této oblagt &

Dale je zkouman vliv BG na autonomni nervovy systémaci na toto téma vsak
zatim neni mnoho. Mci roli v regulaci autonomniho systému hraje hyplatimas,
ktery je spojen s ventraliisti striata a s limbickym systém&mvVysledkem &chto

interakci je mimo jiné vegetativni doprovod emfeh reakdt
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2. Modelova onemoc#ni pro postizeni bazalnich ganglii

Znamym onemoaimim bazalnich ganglii s hypokinetickou symptomatikge
Parkinsonova nemoc (PN). Z motorického hlediska psejevuje parkinsonskym
syndromem, tj. bradykinezi (resp. kombinaci bradgke — zpomaleni pohgb
hypokineze — omezeni rozsahu polyyba akineze — poruchy startu pohybu;
v nasledujicim textu je pouzivan termin bradykinez&rSim smyslu, tj. zahrnujici
poruchu startu, zpomaleni i omezeni rozsahu pohytigiditou a event. klidovym
trtesem. Tyto fiznaky byly dive grisuzovany pouze degeneraci nigrostriatélni drahy,
dnes je vSak jiz iejmé, Ze patofyziologické mechanismy podilici se kiiaické
prezentaci tohoto onemaari jsou daleko komplexigi a jsou nadéle fpdmétem
intenzivniho zkoumani.

Do postizeni BG s hyperkinetickou symptomatikouiip#ites, chorea, dystonie,
myoklonus a tiky. NejzavaZsim onemocénim doprovazenym choreou (mimovolni
rychlé nepravidelné a nestereotypni pohyby v na@odistribuci) je Huntingtonova
nemoc (HN). HN se mimo chorey projevuje cetadou dalSich motorickychéignak:
poruchou volnich pohyh imperzistenci, dyskoordinaci volnich poliybdystonii,
poruchou stability, stoje a @he, ba dokonce i parkinsonskym syndromem. U HN
dochéazi inicials k degeneraci putamen, a to neudronesoucich dopaminové D2

receptory.
Na non-motorické funkce u dvou vySe zgrigich modelovych onemogni

bazalnich ganglii (PN a HN) jsem se seéedila v ramci své disertai prace. Vysledky

n¢kterych studii budou prezentovany v tomto manuslrip
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2.1. Parkinsonova nemoc

Parkinsonova nemoc (PN) je progresivni neurodegdinai onemocé#ni, které
bylo na prvnim misttradicné spojovano s motorickymitfznaky, tedy symptomatikou
danou pedevsim ztratou dopaminergnich BlkrSNc. Dnes je vSak jiz znamo, Zze PN
zpusobuje i Siroké spektrum non-motorickych obtizi, hroajicich  kognitivni,
behavioralni, emocionalni i senzorickou symptomatgroblémy se spanketnieci.

V souladu s Braakovou teorii a jeho stagingem pgtokych zngn u pacient
s PN se prvni zriny na bugicné Grovni objevuji v oblasti olfaktorického bulbu a
prodlouzené michy, dnem progrese onemosmi se poté &i rostral do oblasti
mozkového kmenedetnd nuclei raphe, locus coeruleus a retikularni oblddbzkova
kara je postizena v pozdnich stadiich onemndaoén Rozsahlé postizeni centralniho
nervového systému zasahuje do fungovarddy neuronalnich okrdh a
neurochemickych systéira vede tak vedle motorické symptomatiky i k rézfim non-
motorickym giznakam.

Systém neuronalnich okriihmezi BG, thalamem a kortexem hrajeiédni roli
pro pochopeni patofyziologie motorickych i nonmatkych symptoni PN. Tento
model, zahrnujici paralelni kky spojené s funkcemi motorickymi, okulomotorickymi

kognitivnimi a afektivnimi, byl popsan vySe v kayé o fyziologii a patofyziologii BG.

2.1.1. Epidemiologie

Prevalence PN je odhadovéana na cca 0,1 - 0,2 #nébpopulaéf %% a zvysuje
se s ¥kem, gicemz mezi lidmi nad 60 letéku ¢ini cca 1 %. Incidence PN se pohybuje
mezi 10-20 pipadi na 100 000 obyvatéf. Epidemiologické studie prokazuji také n#rn
vy&si prevalenci i incidenci PN v muZské populaca(1,5-2 : 1§* %

Praimeérny vék pii nastupu onemoeni je 60 let, wasti pacient vSak miize dojit
k manifestaci choroby jiz ipd 40. rokem &ku. Vtomto pgipad hovaime o
young-onset PN neboli PN se¢atkem v mladémaku. Tyto @gipady vSak tvti jen cca

5-10 % z celkového @tu nemocnych® &’
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2.1.2. Etiopatogeneze a patofyziologie

Pro PN ve stadiu hybnych projeje specificka progresivni ztrata dopaminergnich
neurori SNc, vedouci k denervaci nigrostriatalni drahy ignifkantni redukci

dopaminu na striatalni Grovffl. ®°

Dusledkem tohoto procesu je Utlum
thalamokortikalni drahy a PPN a vznik motorickydfzpali charakteru bradykineze a
rigidity.*® Primarrs je tedy postizena presynaptickdst nigrostriatani drahy, s progresi
onemockni v8ak dochazi k furkimu postiZzeni i postsynaptické striatalni obl&5ti.
Funkéni zmeny na drovni dopaminovych recepior kombinaci s vlivem intermitentni
stimulace dopaminergni medikaci pak v p#zin stadiu onemoani vedou ke vzniku
dyskinezi®* Patofyziologie tesu u PN je prawghodobré komplikovargjsi, predpoklada
se dysfunkce jak striato-pallido-thalamokortikdmidak cerebello-dentato-thalamo-
kortikalnich okruli.®? Piedev&im pallidumiejmg hraje dileZitou roli pro vznik tesu.
Tomu naswdcuji 4-8 Hz neuronalni vyboje GPi animalnich madéIN, korelace
intenzity fesu s pallidalni a nikoliv striatalni depleci dopauma jednoznéné zmirgni
tiesu i ablacici hluboké mozkové stimulaci GPi.

Etiologie progresivni neurondlni degenerace nengasona, uvaZzuje se o
kombinaci genetickych predispozic a podilu uliwn¢jSiho prostedi. Etiopatogeneze na
bungé¢né udrovni ¥ejm¢ zahrnuje mechanismy oxidativniho stresu a sellphocesu
degradace proteinv proteazomech po oz¥eni ubikvitinem s jejich shlukovanim a
tvorbou nitrobusénych inkluzi® Préw pritomnost cytoplasmatickych inkluzi, tzv.
Lewyho tlisek, v dopaminergnich neuronech je hlavnim pgiokym nalezem u PN.
Hlavni sloZzkou Lewyhodtisek jsou agregované fibrily proteinu alfa-synukie které
hraji Zejme Ustedni roli v patogennim procesu PN.

Podle Braakovy neuropatologické teorie o postupn@xmvoji PN dochazi
k postizeni mozku vzestupnv Sesti stadiich od prodlouzené michy po mozkovou
karu®? %°V ¢asném 1.-2. stadiu dochazi k patologickymszéam v oblasti prodlouZzené
michy a dolniho kmene. Klinicky se toto postiZzerdjevi hyposmii a poruchou REM
spanku. Dale se patologicky procesd 8b oblasti mezencefala (3. stadium) a zasahuje
locus coeruleus a substantia nigra. V této fazihdet k odumirani dopaminergnich
neurorii a manifestaci motorické symptomatiky PN. Ve 4.ds&tajsou postizeny i
cholinergni jaddra mezencefala a temporalni mezekpn 5. a 6. stadiu patologicky

proces zasahuje az do primarnich a agaéh oblasti mozkovéutky. Dochazi tedy
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k plynule progresivnimu #ni patologického procesu, ktery zasahuje nejen
dopaminergni systém alefadu dalSich neurotransmiterovych sysiéfserotoninu,
noradrenalinu, GABA, acetylcholinu aj.). Misledku &chto non-dopaminergnich 2m
vznikaji vedle motorickych itizné non-motorické projevy PN, které na dopaminergni
terapii neodpovidafi® Nekteré non-motorické projevy PN v8ak mohou vznikat i
v disledku dopaminového deficitu.

2.1.3. Diagnostika

Vzhledem k tomu, Ze neni dostupny Zadny biologiokfpo zobrazovaci marker
specificky pro PN, je diagnostika zaloZerf@gevsim na cilené anamnéze a klinickém
obrazu s fitomnosti parkinsonského syndromu. Diagnostickéka parkinsonského
syndromu zahrnuji vyj&énou bradykinezi aifiomnost alespojednoho zeit dalSich
piiznaka — klidového tesu frekvence 4-6 Hz, svalové rigidity posturalni instability
nevyswtlitelné zrakovou, vestibularni, proprioceptiviti mozekovou dysfunkci
(klinicka diagnosticka kritéria pro pramdodobnou PN podle UK Parkinson’s Disease
Society Brain Bank jsou uvedenaiflpze 1)7" %

Anamnesticky m& onemoéni plynule progresivni @ibéh, nejsou gitomny
piiznaky s¥dcici pro jiné onemoami a po podani levodopy nebo agonisty dopaminu
dochéazi ke zmigni motorickych piznaki. Podmirnym kritériem s¢dcicim pro PN je
také asymetricky z@tek fiznaki, piitomnost klidovéhotesuci piitomnost chorey po
podani levodopy.

Ve spornych fipadech Ize presynapticky dopaminergni deficit pmait pomoci
jednofotonové emisni tomografie (SPECT) s podamidioaktivie znaené latky, ktera
se vaze na presynaptické dopaminové transportéyyzivany je nap pripravek
s obchodnim nazvem DaTSCAN, obsahujici radiofarmmalaflupane). Toto vySéeni
lze vyuzit v pipact diagnostickych rozpak pii netypickém Kklinickém obrazu
onemockni, k odliSeni PN od esencialnihdegu, polékového parkinsonskéeho
syndromu, vzacného parkinsonského syndromu psycmbgaiologie aj. Nelze vSak
takto odlisit PN od jinych onemoéni, u kterych dochazi k presynaptickému i
postsynaptickému dopaminergnimu deficitu (jakogeua nap. u tzv. parkinson plus
onemockni, coZ jsou neurodegenerativni choroby typu prsigné supranuklearni

obrny, multisystémové atrofie atd.).
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2.1.4. Klinicky obraz

Patateini obdobi PN rize probihat i &kolik let velmi nenapadf) s minimalnimi
¢i nespecifickymi piznaky jako je celkova ztuhlost, kloubni a svalokbélesti,
parestezie katetin, zacpa, poruchy nalady, nespavigtiseni hlasd® Podle Braakovy
teorie mohou k prvnimifznalkim patit hyposmieci porucha chovani v REM spanki.
Motorickd symptomatika se rozviji v navaznosti nastizeni substantia nigra a
signifikantni Ubytek dopaminu ve striatufig@mz k viditelné manifestacitiznaki
dochazi az i 80% poklesu dopaminu na striatalnich synapsich).

Motorické giznaky

Mezi ¢tyfi kardinalni giznaky PN paf bradykineze, klidovy fes, rigidita a
porucha stoje a @zae \Wetnd posturalni instability. S vyjimkou posturalni iabtlity
tyto motorické piznaky dole reaguji na dopaminergni terapiife$, rigidita a
bradykineze jsoucasto na peatku onemoceni vyjadeny asymetricky, s progresi

onemocgni se jejich intenzita zvyramje a dochazi k postiZzeni i druhé polovishat

Bradykineze je zakladnitfznak PN, ktery se projevuje zpomalenim pahyb
Zahrnuje obtizné planovani, iniciaci poliygakinezi) a jejich provedeni, pohyby maji
také zmenSeny rozsah (hypokineze). V inicialnicidigth onemoaini se projevuje
¢asto asymetrickym zhorSenim jemné motoriky na dkreelkovym zpomalenimip
béZnych denniché¢innostech¢i prodlouzenim realnich ¢asi. Dale se bradykineze
manifestuje ztratou spontaneity poliybchudosti gest, monotonni a hypofonickou
dysartrii, hypomimii, snizenou frekvenci mrkamivyhasinanim souhyb (synkinez)
hornich kowetin @i chtzi. Zajimavym vzacnym Ukazem je zavislost bradyk;mea
emanim stavu pacienta. Vlivem nahléepladlé emoce (pozitivni i negativni) se pohyb
pacienta na kratkou dobu normalizuje (hapacient se rozt&h na veirku, v Uleku
chyti mg, rozelghne se za zlagem ¢i se da na @k pri vykiiku ,hofi*), po chvili se
vSak vraci zpt na mivodni Urové. Tento jev se nazyva paradoxni kineze. Patient
s PN Zejm¢ externi stimuly pomahaji spo#St motorické programy, iesna
patofyziologie &chto pochod vSak neni objasma. Obdoba také hlasité zvuky,
rytmicka hudba nebo visualni pady maji facilitatni efekt na zahajeni a provedeni

pohybu (nap prekroseni grekazky, rozejiti se v izkém prostoru apdt’).
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Tres u PN je typicky klidovy o frekvenci 4-6 Hz, pbsfe distalni¢ast koetiny
s charakteristickym supitae-pronanim vzorcem (obraz ,pgtani bankovek®) a
zaina wtSinou asymetricky. fes se mize objevit i na rtech, brédcelisti ¢i dolnich
koncetinach. Ustava ve spanku a zifinje seci mizi pri ¢cinnostech, akcentuje se naopak
pii stresuci soustedni. U rekterych pacient se niize vyskytnout také posturalries
obdobné frekvence jako jeget klidovy, oproti esencialnimu tremoru vsak tygick
nastupuje po kratké latenci (byva také nazyvanmesgentni tes*) a je responsivni
k dopaminergni teraptf* Mnozi pacienti také udavaji pocit vititho cheni, ktery neni

provazeny viditelnymresent-22

Rigidita je svalova ztuhlost dana zvySenym svalovugmem flexod i extensot.

Pti vySefeni je vnimana jako odpor sughi vykonavani pasivniho pohybu a typicky je
provazena tzv. fenoménem ozubeného kola (hmatnkokwassvalového tonu). Je
piitomna v celém rozsahu prowdgho pohybu a neni zavisla na rychlosti jeho
provedeni. K detekci mirného stupngidity Ize vyuZzit tzv. Fromeiiy manévr (volni
pohyb druhostranné keetiny), pi kterém se rigidita zvyramje*® Rigidita miZze byt
také asociovana s bolesti svad klouhi. Syndrom bolestivého ramene je dokonce
zminovan jako jeden z n#&sgjSich inicidlnich projer PN, ktery byva myla
pfisuzovan artritid, bursitids ¢ porareni rotatorové manzety* '°°S axialni rigiditou
postihujici Siji a trup j€asto asociovano vadné drzeglat Pro PN je charakteristické
flekeni postaveni (s flexi trupu a Sije a #lekm drZzenim v oblasti lokta kolen), u
nékterych paciernit se ntize vyskytnout az tzv. kamptokormie (extrémni fléxgou),

ktera se typicky zhorSuje thi a zmitiuje vsed ¢i vleZze na zadech.

Posturalni instabilita, Zsobena ztratou posturalnich refiexje priznakem
pozcjSich stadii PN. V zavaZj$i podok vede az k padn a naslednym Urém, coz
je spojeno s vysSi morbiditou a mortalitou padie?louha latence mezi patkem
onemocgni a vyskytem padodliSuje PN od jinych neurodegenerativnich onensocn
jako je progresivni supranuklearni paralygzamultisystémova atrofie. Mirné poruchy
stoje a chize vSak byvaji fitomny jiz vcasnych stadiich PN. Charakteristické je &lek
drZzeni €la dané pevahou rigidity fleknich svalovych skupin, dze byva pomalejsi,
Sourava, se zkracenym krokem a snizenim sauhginich kogetin (vice na postizené

strare téla).
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Ponmerné castym piznakem PN jsou také freezingy, nahlégerpSeni pohybu
kratkého trvani postihujicitpdevsim dolni kafetiny @i chizi. Mohou se vyskytnout
na z&atku pohybu (startovni hesitac#)ve specifickych situacich (v uzkém prostoru,
pii prechazeni rusné ulicefiptateni, ged dosaZzenim cile apod.). Js@stou picinou

padi a pokud se objevuji v on stavech, nereagiifimou na dopaminergni terapii.

K vedlejSim motorickym fiznakim pati jiz vySe zmigna hypomimie, snizena
frekvence mrkani, mikrografie fignaky gicitané orofacialni a laryngealni bradykinezi
a rigiditt - dysartrie, hypofonie, dysfagie a sialorrhea,ed@ké motorické iiznaky
asociované se spankovymi poruchami - syndromemidmgkih nohou, periodickymi
pohyby dolnich koetin ve spanku¢i abnormalnim chovanim v REM (rapid eye

movement; rychlé pohybyd spanku.

Non-motorické piznaky

Non-motorické piznaky postihuji ¥tSinu pacient s PN acasto maji vyznamny
dopad na jejich kvalitu Zivota. Jsoutriggtany p@edevSim non-dopaminergnim
mechanisrtim jako je postiZzeni jinych neurotransmiterovychtéys, zvazuji se i
genetické faktory, vedlejsi efekty terapie psychosocialni vlivi’®. Nskteré non-
motorické @iznaky vSak souvisi s dopaminovym deficitem.

Jiz v casném stadiu se mohou objevit bolesti, depreseagtanxinava, porucha
spanku, zacpai porucha cichu® Tyto obtize mohou dokoncetguichazet vznik
motorickych piznalki. Oproti tomu jiné non-motorické fiznaky, nap. demence,
halucinace, nad#émna denni spavost, nespavost nebo poruchgenip se typicky

vyskytuji v pozdjSich stadiich onemoeni.

Vyznamny dopad na kvalitu Zivota, ktefgsto gesahuje i dyskomfort Zigobeny
motorickymi @znaky, maji kognitivni a neuropsychiatrické porylf/ Jistd mira
kognitivniho deficitu byla popsanacasné fazi PN u 30 % paciéht?, po 15 letech
pribéhu onemocéni az u 84 % pacieht(pricemz cca 50-60 % paciénspkovalo
kritéria demenc®® 9. Po 20 letech mbshu onemoceéni byla demence zaznamenéna
jiz ve vice nez 80 % ifpadi.'** Z klinického hlediska je ieZité zdiraznit pojem
tzv. subkortikalni demence, coz je, jak jiz byloimémo vySetyp demence sipvaZzujici

exekutivni dysfunkci, zpomalenim mysleni a reldtirsporou korovych funkci mozku
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Kognitivni vykon a pozornost typicky kolisaji. Uganti s PN a demenci se tak&sto
vyskytuji halucinace, deprese, spankové poruchp@ua inkontinence*

Vedle kognitivniho deficitu je PNasto sdruzena s afektivnimi poruchami jako je
deprese, anxietéi apatie. Deprese je popisovana az u 50 % paciemN a niZe se
vyskytnout jiz véasnych stadiich onemoami. TéZka deprese a sebevraZzedné pokusy
jsou mer casté. Anxieta, fobie a panické ataky postihuji 82% pacient s PN a
mohou se objevit jak ¥asné fazi onemoeni tak v ramci nonmotorickych fluktuaci
(off stavi) v pozdjSich stadiich. Apatie se vyskytuje ccaetiny pacieni s PN'2 bud’
jako samostatna afektivni porucha nebo doprovgaiedeii demenci. Miva také vazbu
na premorbidni osobnost &tsinou Fedstavuje $tSi problém pro rodinu nez pro

samotného nemocného.

Dale se u é&kterych pacient maze vyskytnout obsesi¥rkompulzivni ¢i
impulzivni chovani. Poruchy kontroly impulzsou gicitany uzivani dopaminergni
medikace (pedevSim agonigt dopaminu) a mohou se manifestovat jako gambling,
impulzivni nakupovéni, impulzivni jedeni, hypersabta ¢i punding (mechanické
stereotypni chovani dané fascinaiinosti, kterd nes#éiuje k zadnému gitému cili,
miiZe se projevovat jako napidsni, prenasenéi urovnavaniiiznych gedmeta). '
Impulzivni neadekvatni naduzivani dopaminergni keazk (tzv. dopamin-dysregdla
syndrom) niZe vést k&zkym dyskinezim a psychotické produkti. Psychotické
komplikace provéazeji pozi stadia onemoeni a jejich vyskyt v prvnichi¢ch letech
priab&hu nemoci ssdi spise pro diagnézu demence s Lewyisky.*'° Nejcastji jsou
popisovany visualni halucinace, mohou se vSak wuysky i halucinace taktilni,
cichovéci sluchové. V prodromalnim stadiu psychotickych kdikaci pacienti typicky
udavaji tzv. iluze (nap siluetaclovéka v kontdwe kee), pocit osoby za zady kratky
viem predmetu, zviete, stinu na periferii zorného pole. Psychotickienaky byvaji
asociovany s kognitivnim deficitem, depresi, Uzkovstspankovymi poruchami a

Zivymi sny*®
Autonomni dysfunkce seime vyskytnout jiz Wasném stadiu onema#m a paiti

SN s v

choroby téms u vSech paciefits PN’ Zahrnuje piznaky ortostatické hypotenze,
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dysregulaci poceni, seborheu (mastna Supinake ke ksStici a oblieji), obstipaci,
poruchy mikce a erektilni dysfunkci.

Ortostaticka hypotenze je u pacigest PN¢asto asymptomaticka, tipad tézké
symptomatické ortostatické hypotenzéasném stadiu onemaosmi je ¥eba pomyslet
na diagnozu atypického parkinsonského syndronfed@vSim na multisystémovou

atrofii).**®

Ortostaticka hypotenze seige objevit u dosud nalénych pacierit ¢i jako
komplikace dopaminergnidby.

Obstipace fedstavuje jeden zibec nejastjSich non-motorickych ifiznalki PN
a etiologicky se na ni podiliiggmé postizeni vegetativnich néni hypokineze sval
traviciho traktu. Mize gredchazet manifestaci motorickychizmaki az o rkolik let,
pozcji je akcentovana isobenim dopaminergni medikace. Pro pacienty byWaive
obtzujici a ve vzacnychifpadech mze zpisobit az rozvoj ile6zniho stavu.

K dalSim gastrointestindlnim tignalkam pati zvySena salivace a poruchy
polykani. Dysfagie je stefnjako obstipace fiznakem na pomezi motorickych a non-
motorickych obtizi, ktery jeiejm¢ dany kombinaci postizeni vegetativnich rieev
hypokinezi polykacich sval Poruchy meoeni se vyskytuji u cca 25-50 % pacient
s PN*® a jsoucastji drazdivého charakteru z detrusové hyperrefléxigentni mikce,
polakisurie, nykturie), obstrgki poruchy dané poruchou kontrakce perinealnichisva
a sfinkterovou bradykinezi (retence, op&rdg start mikce, slaby méki proud) jsou
meére casté. Obstruini poruchy mohou byt také sekundarni fippdt medikace
anticholinergiky. Dale se u paciéns PN objevuji sexualni poruchyfepstavované
erektilni dysfunkci, snizenym libidem nebo naopajpdisexualitou akcentovanou

dopaminergni medikaci (jak jiz bylo zn&fro vySe).

K dalSim nonmotorickym obtiZzim paciéns PN pati poruchy spanku. five se
spankové poruchyifuzovaly pedevsim farmakoterapii PN, dnes je vSaKifdone
mezi nativni pinaky onemoc#ni. Abnormalni chovani v REM spanku (RBD; REM
sleep behavior disorder) byva povaZovano za riZikfaktor pro rozvoj PRF'?2 a
v riiznych studiich je udavan jeho vyskyt a? u cca 23%58acieni s PN*?* 2*RBD je
projevuji se ve spanku vokalizaci (mluvenirfigé&nim, sténanim) a divokymi pohyby,
které mohou vést az k pokarm a odpovidaji obsahu préaprobihajiciho snu. U pacient

s PN je RBDXasto sdruzeno sgrusovanym spanketi halucinacemi.
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K dalSim spankovym porucham s vysSim vyskytem wiaRN pati syndrom
neklidnych nohou (RLS; restless leg syndrofffe)periodické poruchy kdetin ve
spanku (PLMS; periodic limb movements in slé&bhebo obstruéni spankova apnoe
(OSA)!?". Casta je také nespavost nadmeérna denni spavost, kterauie vést az
k ndhlym imperativnim spéfikn a ktera byva akcentovana dopaminergni medikaci
(predevsim agonisty dopaminu)i Respavosti se jedna @b poruchu usinani nebo o

fragmentaci néniho spanku, na které se mohou podilet také PLNE & deprese.

Unava byva charakterizovana jako subjektivni pagiterpanosti, nedostatku
energie a fyzického a psychickéhatgypani, vedouci ke snizené schopnosti vykonavat
béZzné cinnosti. Vyskytuje se az uidtiny pacieni s PN a nmiZe byt asociovana
s motorickymi i non-motorickymi symptomy a doproeazspankove poruchy, depresi,
apatiici kognitivni deficit!®” 128129

Mezi non-motorické fiznaky PN pdf také senzorické a senzitivni poruchy.
Casto byvaji popisovany muskuloskeletalni bolestidketin a trupt®, perioralni a
genitalni bolestt, dysestezie palivého charaktetii parestezie. Bolesti spojené
s dystonii se objevuji fpdevSim v off stavech @&asnych rannich hodinach. Ze
senzorickych poruch je rgstji popisovana hyposmie. Jéifmmna u vice nez 70 %
132, 133 Je

pacienfi a mize gedchazet manifestaci motorickychiznaki o nékolik let.

proto povazovana za jedegasnych ukazatélchoroby.

2.1.5. Lécbha

vvvvv

zastavit jeho progresi. VeSkera terapie je symptmké umoiuje tedy zmirnit
piiznaky choroby. NeginnéjSi symptomaticka farmakoterapie je pomoci levodéipy
agonist dopaminu. V pokralejSich stadiich onemoéni jsou pouzivany stereotaktické
oper&ni metody (lezionelnii stimulani), podmirna psychosocialni a rehabititd
p&e.

Zakladnim lékem PN je levodopa, ktera pronikda do zkoo pes
hematoencefalickou bariéru a dekarboxylaci fengnovana na samotny dopamin.

Dekarboxylace v3ak probih& i v jatrech. Proto jénauoeriferni dopa-dekarboxylazu
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zablokovat, aby do mozku proniklo co mozna gg&vmnozstvi levodopy. Proto je 1ék
podavan spolu s inhibitory periferni dopa-dekarbbéazy, které snizenim tvorby
dopaminu v periferii mimo jiné i sniZuji nezadoggistrointestinalni a kardiovaskularni
ucinky dopaminu (nevolnost, bradykardie, hypotentevodopa doposudiedstavuje
peroralniho podavani ke kolisani hladin. Celkoveard davku je protoiéba podavat
roz&klen¢ ve 3 i vice ditich davkach. Inhibitory katechol-o-metyltransferdenzym
degradujici dopamin) jsou pouzivany jakdéidatna medikace k levod®p neba
prodluZuji jeji plazmaticky pol@as a zmituji fluktuace hybnosti.

Agonisté dopaminu (starSi ergotového typu bromakripa pergolid a
neergotaminové preparaty pramipexol, ropinirol gadin) jsou latky, které igchazeji
pies hematoencefalickou bariéru a vazouise@ na dopaminové receptory ve striatu.
Ve srovnani s levodopou maji nizsi efekt v mongtiera vice nezadoucich¢imka.
Vedle giznaki danych jejich fisobenim na periferii mohou také vyvolavat kognitian
psychotické komplikace u starSich a predisponovangdindgi, byl u nich popsan take
vySSi vyskyt poruch kontroly impuiz Vyhodou a hlavnim isodem podavani
v monoterapii je oddaleni nastupu pozdnich hybrkammplikaci a moznost podavani
retardovanych prepatats postupnym uvdbvanim @inné latky. U starSich agonist
ergotoveho typu je pro riziko vzniku polékovych riiickych komplikaci (kardialni,
pleuropulmonalniti retroperitonealni fibroza) nutné pravidelné ktike a laboratorni
sledovani.

Inhibitory monoaminooxidazy typu B (druhy enzym dyjici dopamin) maji
mensSi symptomatickydinek a podavaji sefpdevsim wasnych stadiich onemaoani.

Anticholinergika jsou wibec nejstarsi symptomatické léky pouzivané v teRigi
Piasobi na muskarinové receptory ve striatu a jejiellyhodou je vysoka incidence
vyznamnych nezadoucich¢igkia jak centrélniho (psychotické projevy, kognitivni
deficit), tak periferniho charakteru (tachykardietence m&, rozmazané viéhi aj.).
Jejich vyznam v terapii PN je v dnesni dgiZ omezeny, Ize je vyuzit jako adjuvantni
lé¢bu u mladSich kognitivhintaktnich pacierit

Amantadin je pvodré protichripkovy preparat, jehoz symptomaticky efekt na
parkinsonskeé ifiznaky byl ndhod& zaznamenan na konci 60. let a pgizghotvrzen
v klinickych studiich. Amantadingsobi anticholinergh a antiglutamatergna vedle
symptomatického efektu dasnych fazich onemoémi zmimuje i dysineze ve stadiich

fluktuace hybnosti. Jeho nevyhodou je riziko vywdlasychotickych komplikaci.
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Vedle medikamentézni terapie jsou pro specifickdkupgiu nemocnych
k dispozici také metody stereotaktické neurochiriryy minulosti se u PN vyuZivaly
cilené lezionalni vykony (termoléze), v $asnosti dominuje metoda hluboké mozkové
stimulace (DBS; deep brain stimulationfj které jsou do danych mozkovych oblasti
zavedeny elektrody propojené s neurostimulatorenen (tse obdokn jako
kardiostimulator implantuje do podkoZi hrudniku). gacientt s PN je nejasgjSim
cilem DBS subthalamické jadro (STN), kigmd® dominujicich dyskinezi se preferuje

GPi, v gipac tresu event. ventralni intermedialni jadro thalamIMy

2.2. Huntingtonova nemoc

Huntingtonova nemoc (HN) je vzacné autozomsaldominantd dedicné
neurodegenerativni onemaenm zpisobené mutaci v genu pro huntingtin na kratkém
raménku 4. chromozomid? HN se klinicky projevuje motorickymi i non-motokigmi
piiznaky, s charakteristickym obrazem generalizovhAnyhoreatickych dyskinezi
provazenych afektivni a behavioralni symptomatikau kognitivnim deficitem
progredujicim nevyhnuteindo demence. V s¢asné dob je dostupna geneticka
diagnostika, ktera fize slouzit k potvrzeni diagnézy u symptomatickéledirjce,
k testovani asymptomatickych osob v riziku HN irkmatalni diagnostice u plodu,
jehoz rodé je nositelem mutace pro HN. Vzhledem ktomu, Zejesina o fatalni
nel&itelné onemoceni, u rthoZz nelze ani na zakladvysledku genetického testu
odhadnout ¥k Klinické manifestace ani rychlost progrese chgrolpredstavuje

testovani osob v riziku zavazny eticky probléiidch se pisnymi pravidly.

2.2.1. Epidemiologie

HN je vzacné onemoeni, jehoz prevalence je v Evrdpodhadovana na
5-10/100.000 obyvatéf®> Primeérny vek na p&atku onemocini je 30-50 let, existuji
vSak fipady s nastupem onemeai ve vySSim ¥ku ¢i naopak v dtstvi a dospivani.
Forma HN se zsitkem ped 20. rokem &ku se nazyva juvenilni HN ftve
Westphalova varianta). #nsrna doba feZiti je cca 15 let, u juvenilni HN cca 8 f&t.
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2.2.2. Etiopatogeneze a patofyziologie

HN je autozomal&t dominantg dédicné onemocEni zpisobené expanzi triplet
obsahujicich cytosin-adenin-guanin (CAG) v genu lpmatingtin na kratkém raménku
4. chromozomd>* Exon s CAG repeticemi kéduje polyglutaminotgszec proteinu a
u zdravych jedingé obsahuje 6-26 CAG opakovani.tddedkem mutace dochazi
k expanzi CAG repetic a vzniku abnorméldiouhého polyglutaminovéheetézce,
ktery ma jinou strukturu a Agobuje abnormalni chovéani proteinu. Funkce huritingt
neni doposud zcela objasa. Ma Zejm¢ vyznam pro spravny vyvoj mozku
(experimentalni vazeni genu pro huntingtin vede ke smrti v embryaindlobdobi),
podili se na synaptickémignosu a je mu iithna i anti-apoptoticka funkce.
Abnormalni protein huntingtin Zigobuje fadu patologickych jey; které vedou
postupr k zaniku neuroi.

U HN jsou vcéasné fazi predilaeine postizeny gedni ostnité biiky striata.
Postizeni putamen vedergplevSim ke vzniku chorey, postizeni nucleus casdatu
zpasobuje kognitivni, behavioralni a afektivni poruchy

Jak jiz bylo vySe zmino, 26 triplett se povazuje za horni hranici normy. Alely
s 27-34 triplety se nazyvaji jako ,intermedialni‘ag&oliv nezpisobuji onemoaini,
muze dojit k expanzi CAG v nasledujici generaci andee prezentaci choroby. Alely
obsahujici 35-39 triplétjsou tzv. Sedou zoOnou, jejiz patologicky vyznamvsémi
obtizre interpretuje. (Llovéka doposud zdravého a testovaného predikthaize uéit,
zda u ®j nemoc propuknei nikoliv. U ¢loveéka, ktery manifestuje klinické projevy
kompatibilni s diagnézou HN, je vSak tentoc¢ebptripleti bran jako patogeneticky.
Pctet tripleti 40 a vice jiz podniuje vzdy vznik HN, pokud se vSak dany jedinec
doZije wku manifestacé3®

Vek pii ndstupu onemoeni i jeho klinicky obraz jsou zavislé na o CAG
zavaz®jsi je pfibsh choroby**” Nicmérs presto na zakladznalosti pétu repetic u
asymptomatického jedince nelzékvzatdtku onemoctni predpovdét. Jako u jinych
polyglutaminovych onemoeéni i u HN pozorujemeasto tzv. anticipaci, tj. zvySujici se
pocet tripleti v mezigenergnim prenosu, kterd gsobi ¢asrgjSi nastup onemoeéni

v dalsi generaci. To platigdevsim v fipads paternéiniho fenosu mutact®
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2.2.3. Diagnostika

Klinickou suspekci na HN lze ziskat jiz z pozitividdinné anamnézy a typické
prezentace onemo&mi s choreatickym syndromem a kognitivni a behahor
symptomatikou. Zasadni vyznam vSak ma molekglagenetické vySéeni, jehoz
vysledek nam potvrdgi vylouci pritomnost patognomické mutace. Provadi se u
symptomatickych  jedinc za  &elem  stanoveni  definitivni  diagnozy,
u asymptomatickych osob v genetickém riziku (tznediktivni testovani, fgdevsim u
sourozend a potomk postizenych jeding a v prenatalni diagnostice u pigdehoz
rodi¢c je postizen HN. Vzhledem k néléelnému charakteru onemagrn je teba
dodrzovat veskeré etické principy prediktivniho tagéni**® Testovani mze byt
provadno pouze na specializovaném genetickém pracoddtiestovani rize vstoupit
pouze plnoletd osoba Zadajici akivo provedeni testu, a proces rozhodovani je

podmirgén navsévou neurologa, genetika, psychiatra a psychologa.

2.2.4. Klinicky obraz

Charakteristicky obraz HN zahrnuje motorickou, kitigni a behavioralni

symptomatiku (viz tabulky 1 a 2).

Tabulka 1: Neurologické fiznaky Huntingtonovy nemoci

Neurologické priznaky Huntingtonovy nemoci

Casté symptomy Mér ¢asté symptomy (mimo juvenilni formu)
Poruchy volni hybnosti Epileptické paroxysmy

Chorea Moz&kové symptomy

Dystonie Znamky léze pyramidové drahy

Rigidita Myoklonus

Bradykineze, hypokineze, akineze
Poruchy clize

Poruchy hybnosti @

Dysartrie

Dysfagie, hyperfagie

Kachexie

Inkontinence

Poruchy spanku
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Tabulka 2: Psychopatologickéffznaky Huntingtonovy nemoci

Psychopatologické piznaky Huntingtonovy hemoci
Poruchy osobnosti a 2my chovani

Afektivni poruchy

Uzkostné poruchy (anxieta, obsese, kompulse)
Psychotické symptomy

Kognitivni deficity a demence

Motorické giznaky

Typickym motorickym piznakem je chorea. V inicialnim stadiu se objevuji
vétSinou jen diskrétni mimovolni pohyby na akrechdeatim ¢i nenapadné grimasovani.
Chaze mize byt lehce instabilni, o SirSi bazi, pacient kaliotasto fisobi jako by byl
mirn¢ opily. Mimovolni pohyby se s progresi onemé&ainSii na celé kodetiny i trup.
Chorea se akcentuje ve stresti,goustecni, chizi ¢i volnich pohybech. i vySeteni
|ze pozorovat fiznaky motorické imperzistence, neschopnost udiggiazeny jazyKi
preryvany stisk rukyRe¢ a polykani se stavaji obti&aimi, vaznou sakady i sledovaci
o¢ni pohyby. VSichni pacientiitie ¢i pozdji béhem progrese onemadm rozvinou
bradykinezi a rigiditu. Vedle chorey se v ramci riolnich pohyli miZze objevit i
dystonie na koketinachci trupu, még casto se objevuiji tiky, mozkova symptomatika
¢i pyramidové piznaky. Progrese motorického postizeni ma dopad/yk@navani
béZznych dennich aktivit, hypokineze i hyperkineze aieck poruchdm stoje a the

s instabilitou a pady a pacient se postugtdva zavisly na géokoli.

Nonmotorické piznaky

Psychiatrickd symptomatika je veln@iasto pitomna jiz vcasnych stadiich
onemockni acasto pedchazi vznik motorickychifznaka. Muze byt reprezentovana
iritabilitou aZ agresivnim chovanim nebo naopaktigppasivitou a ztratou zajmid®
PredevSim neadekvatni iritabilita a agresivita magativni dopad na fungovani rodiny
a vztahy s okolim. U paciehte také setkavame se ztratou nahledu na sebecht&ie,
kdy pacient trva na pok&avani véinnostech, které jiz nezvlada.

Demence se s progresi nemoci vyskytne u vSech rgéacee pati mezi hlavni

piiznaky HN*' 1*2Kognitivni deficit zahrnuje poruchy exekutivnichnkci, panti i
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orientace v prostoru. Jiz dasnych stadiich byvafijpomna porucha soustEni a
pozornosti a celkayse zpomaluje psychomotorické tempo.

Deprese se u paciéns HN vyskytuje velmi¢asto a to jiz wasnych stadiich
choroby, objevuje se v3ak i u osob,tkteewdi, Ze jsou nositeli mutacé® Pacienti
mivaji nizké sebehodnoceni, prozZivaji Uzkosti atpogny. Sebevrazedné pokusy se
vyskytuji vice u symptomatickych paciéntv éasné fazi choroby nebo u
asymptomatickych nositielmutace pro HN** *° Nejrizikowsj&i je v tomto srru
obdobi kolem provashi genetického testovani a stadium, kdy klesa pimiéa
sokEstanosti. Anxieta je tak&astym piznakem, niZze doprovazet depresi nebo se
vyskytnout i samostatn Byva potencovana nejistotou z budoucnosti @bghru
onemockni. Jinym velmi obfZujicim giznakem je obsedaritrkompulzivni porucha,
ktera se u HN vyskytuje relatigréasto™*® **’U pacient s HN se také mohou objevit
psychotické fiznaky typu halucinaci a blad*®

Ze spankovych poruch jsou u paciestHN popisovany RBI3i nespavost, ktera
muze byt dana depresi, nedostatkem stimul&bern dne, samotnou deterioraci cyklu
spanku a be¢hi ¢i pritomnosti ruSivych dyskinezi. &oliv choreatické dyskineze ve
spanku mizi, mohou naruSovatéeeni usinani nebo émvné usnuti v fipact nocniho
probuzeni.

Autonomni dysfunkce se e projevovat nap profuznim poceninti
ortostatickou hypotenzi.
Mezi vedlejSi nonmotorické ffznaky seftadi Ubytek hmotnosti, ktery byliigde
piisuzovan energeticky nanoym dyskinezim, pozgi vSak bylo prokazano, ze mira
hubnuti na intenzitchorey nezavisi, zato byl popsan jeji vztah kel€@AG expanzé&®®
Roli zde mize hrat také snizeni apetitu, obtizna sebeobslihgidie ¢i poruchy

polykani, zvaZovan je také vliv ibytku neuiidmypotalamu->

Klinicky prabeh

Klasicka forma HN postihuje n&gsgji lidi mezi 35-50 rokem ¥ku. Objevuje se
az v 90 % vSechifpadi HN. Prvni klinické projevy jsou velmi nenapadnécdtky
choroby jsou prakticky vZzdy non-motorického razétSinou se jedna o drobné &ny
chovanici poruchy osobnosti.

Existuji dva typické scéi@ pibéhu ¢asnych stadii choroby. Pro prvniapéh je

typické, Ze pacient postuprtraci zajem o své katdy, prestava se zabyvat domacimi
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¢innostmi, klesa zajem o komunikaci s rodinnyrfisfusniky, zhorsi se osobni hygiena,
Urovei oblékani,casto se objevi apatie a péjdselhavani v pracovnfinnosti. Casna
invalidizace ve smyslu nezvladani praco¥minosti jiz souvisi s nastupujici poruchou
exekutivnich funkci. Po#smné typickym doprovodnym fiznakem u takovych paciént
byva deprese a uzkost.ufledkem &chto znen byvaji opakova propousti ze
zamestnani a propadani se v socialnimiggu. Druhym typem pacie@itjsou nemocni
s inicialnimi projevy iritability az agresivity, ¢kdy i prechodné hypersexuality
(sexualg vyzyvavé chovani, znasini) ¢i drobné kriminality (nikoliv vSak zavazneé
trestnéinnosti)*>! Pacienti mivaji sklon k alkoholisiif a patologickému Zarlent.
Agresivita secasto projevuje pouze v domacim piedi a navenek pacienti mohou
pusobit nenapadn Dusledkem tohoto scét@byvaji obvykle rozvody.

Teprve po vice letech, kdyZ nastoupi typickd mok@ri symptomatika, je
stanovovana diagn6za HN. Ve skirtesti vSak HN z&na i o dekaduidve prag vyse
uvedenymi projevy. Jsou vSak pacienti, u nichZz pleyuchovani nemusi byt tak
napadne, jak bylo vySe popsano, a skutese zda, Ze prvnim projevem je hybna
symptomatika. V dalSim pbéhu se vzdy projevi cely komplex motorickyckizmaki
HN (viz vySe). Chorea v fibé¢hu let zvySuje svou intenzitu, nasleédin vSak ubyva a
meéni se v dystonii. Jiz ofiasnych fazi HN se objevuji kognitivni deficity, weati aZz do
obrazu &Zké a nezvratné demence. Wkterych nemocnych vSak demence byva
piitomna az v relativhpozdnich stadiich a v ptgali jsou motorické projevy. Kotieé
faze HN jsou jiz ve znameni atypického parkinsohské&yndromu s nemoznosti
volniho pohybu, nemoznostfipnu potravy, neschopnosti kontrolovat funkci sterk.

Pacient umira v kachexii a celkovém marasmu. Typaidba peziti je 15 let.

Forma HN s pozdnim nastupem je obvykle definovéeiko jnastup prvnich
projevi po 60., gkdy aZz 65. rocedku. Tato forma je vzacna, zahrnuje maxingadn%o
nemocnych. Prvni ffznaky choroby jsou obvykle motorické, typicky namiji
choreatické pohyby v oblasti obdije, objevuje se drobna chorea a imperzistence na
akrech konetin. TeézSi invalidizujici choreatické dyskineze obvykldwpeaji piitomny.
Poruchy chovani jsou ifpomny ¢asto, nicmé# nedostahuji intenzity a zavaZzosti
popsané u klasické formy. Izolované kognitivni digfi jsoucasté jiz vasnych stadiich
choroby, k zavazné demenci vSak obvykle nedockagienti mohou mit i délkureziti

srovnatelnou s populaci. Tato forma choroby vSak je@no uskali, a tim je
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nedostaténd diagnostika (ve starSintku na tuto diagn6zu obvykle neni pomysleno).
To pak m& zaisledek tzv. sporadicky vyskyt choroby v dalSicheganich.

Forma HN s nastupem do 20 let a juvenilni forma $ihastupem do 10 let jsou
opét vzacné. Postihuji maximain5 % vSech nemocnych. Tato forma mé& nejhorsi
prognozu a nejkratsi dobugZiti, maximalg 10 let. Klinicky obraz je patkud odliSny.
Prvnimi giznaky byvaji zavazné poruchy chovani a selhavarskole casté jsou také
psychotické projevy. Mohou se vyskytnout i epileké zachvaty. NeépstjSimi
hybnymi giznaky jsou dystonie a atypicky parkinsonsky syndr&€horea se v prvni
dekad vyskytuje velmi ¥idka. Poruchy polykdni a kachektizace jsouwstopelmi

charakteristické a jsou jednim z hlavnich zdlglkového rozvratu afggin umrti.

2.2.5. Lécba

Veskera dostupna terapie je pouze symptomatické&éiema na konkrétni
piiznaky s cilem zlepSeni kvality Zivota. Vzdycilde jen takové iznaky, které
pacienta oliZuji. Choreatické dyskineze Ize zmirnit pomoci @opaminergnich |&k
nejastji se pouzivaji atypickd neuroleptika nebo tetratzém (ktery je WCeské
republice no¥ dostupny). Amantadin @iZe zmitiovat choreu, dystonii, hypokinezi i
rigiditu. Levodopa je pouZivanaiidka, mize mit vSak fiznivy vliv na pacienty
s vyrazrjSi hypokineticko-rigidni symptomatikou, riapu pacieni s juvenilni HN.
Jejim nezadoucim ¢inkem vSak niZze byt vyvolanici akcentace psychotickych
piiznaki. Nejastji predepisovanymi léky u paciégns HN jsou antidepresiva, obvykle
ze skupiny SSRI (selektivni inhibitory &pého vychytdvani serotoninu), s cilem
ovlivnit depresivnici Uzkostnou symptomatiku fipadré zmirnit iritabilitu a agresivitu.
Ke snizeni Uzkosti Ize vyuzit anxiolytika (obvylklenzodiazepiny), také antipsychotika
podavana primagnk ovlivnéni chorey vykazuji anxiolyticky efekt.

Kromé medikament6zni terapie lze ¥ipact poteby vyuzit psychosocialni a
rehabilita&éni p&i, konzultaci logopeda, ergoterapetitautricniho specialisty.
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B. Vyzkumnaéast

3. Non-motorické postizeni u Huntingtonovy nemoci

3.1. Studie A - PostiZzeni prostorové navigace u pacieint

s Huntingtonovou nemoci

Souhrn

Uvod: Poruchy prostorové navigace byly u Huntingtonowmoci (HN) studovany

v omezené nié. Prostorova navigace zahrnuje dva naingaystémy, alocentricky
(zavisly na funkci hipokampu) a egocentricky (sp@ajoy v rekterych studiich s funkci
striata). Striatum je strukturou domina#itpostiZzenou odtasnych stadii HN. Cilem
studie bylo zjistit, zda je postizeni prostorovévigace pitomno jiz v p@&atenich
stadiich onemocmi a owiit hypotézu, Ze egocentrickd navigace je oprotcehdrické
dominant® postizena.

Metodika: U 19 pacient s HN byla vySdéena prostorova navigace pomoci tzv. Blue
Velvet Arény, coz je metodika ¢gna k testovani lidské navigace v realném prostoru
umozujici selektivni vySéeni jeji alocentrické a egocentrické slozky. Pomoci
psychologickych teétbyla vySetena kognice se zaifenim edevSim na exekutivni
funkce. Vysledky byly srovnany s devatenacti zdraviontrolami, vazanymi &kem,
vzklanim a pohlavim.

Vysledky: PostiZzeni prostorové navigace progredovalo s pafitim motorickym
postizenim, deficit navigaich schopnosti vSak &l byt Zejmy az u paciefit se
stredrg t¢Zkym funkénim postizenim, a to paral€lv egocentrickém i alocentrickém
systému. Pacienti s lehkym fuitim deficitem skoérovali v Blue Velvet Arérstejré
dolre jako zdrave kontroly.

Zawr: Postizeni prostorové navigace neéasnym ukazatelem HNDomnivame se, Ze

T

asociovany s prostorovou navigaci.
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Summary

Introduction: Visuospatial skills including spatial navigatiore&nown to be impaired
in Huntington’s disease (HD). Spatial navigation mguises two navigational
frameworks, allocentric and egocentric. Severaflisaihave associated the allocentric
navigation with the hippocampus and the egocemaagation with the striatum. The
striatum is predominantly impaired from the eathges of HD. Objective of this study
was to find whether spatial navigation impairmenpresent in the early stages of HD
and to test the hypothesis that the egocentricgasion is predominantly affected
compared to the allocentric navigation.

Methods: In nineteen patients with HD the egocentric anel dflocentric navigation
skills were tested using the Blue Velvet Arena,umnbn analogue of Morris Water
Maze, and compared to nineteen age and gender-edatwmalthy controls. Cognitive
functions, with emphasis on the executive functiovere also assessed.

Results:The spatial navigation skills deteriorated witk thcreasing motor impairment
in HD. These changes only became apparent in patith moderate functional
impairment. No difference between the egocentritthe allocentric skills was seen.
Conclusion: Spatial navigation deficit is not an early markefr the cognitive
dysfunction in HD. We speculate that the striatedustry that is known to degenerate

early in the course of HD is not directly assodaateth the spatial navigation.

3.1.1. Uvod

Jak jiz bylo vySe zmiino v kapitole o HN, toto onemo&mi provazi vedle
motorickych projevt i behavioralni symptomatika a kognitivni defitit. V ramci
kognitivniho postizeni dochazi k naruSeni exekutknfunkci, paniti, pozornostici
psychomotorickému zpomaleni a byvaji postizeny sugspacialni funkce cetrg
prostorové navigacg '8

Prostorova navigace je slozity systém kognitivniploces, které slouzi
k dosazeni cile a planovani tras. Nppd navigace ke skrytym ¢iin l1ze polohu cile
urtit negimo na zaklad prostorovych vztain vicéi okolnim objekém ¢i orientanim
znakam, gipadreé vzhledem k vychozimu bodu cesty. V &asnosti rozliSujeme dv
zakladni strategie prostorové navigace, alocerdtick egocentrickou, které zaviseji na

riiznych oblastech mozKi3® Alocentricka navigace vyuziva zevnich origémigh bod:
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v okolnim prostoru, zpravidla vizualnich.fildadem situace, kdy je pouzivan
alocentricky navigéni systém, miZze byt cesta k zaparkovanému automobilu na
parkovisti (jeho polohu @ujeme na zaklad okolnich orienténich znaek, stron,
sloupi, poloze wic¢i obchodnimu sedisku apod.). #dchozi studie prokazaly zavislost
alocentrické navigace na intaktni funkci hipokamPit®? Egocentrickd navigace
vyuzivi soiadnicového systému vztazeného k poloze vlastnilzo de zaloZena na
védomi o sniru a vzdalenosti cile od vlastniho postaveni vipros Vedle diskrétnich
externich stimul (az jiz zrakovych, sluchovychsichovych ¢i taktilnich) vyzaduje
predevsim vestibularni a somatosenzorické vstupytoTeavig&ni systém slouzi ndp
pii presunech ve té kdy visualni informace a okolni oriedtd body nemohou byt
vyuzity (piikladem nmiize byt néni cesta na toaletu). ddteré prace fisuzuji
egocentrickou navigaci funkci stridtd*®” jiné posteriornimu parietalnimu
kortexuf®t: 168. 169

U HN je striatum predominantnpostizeno jiz Wasnych stadiich onemaini.
Typickym neuropatologickym nalezem v této fazi jestizeni stednich ostnitych

neurorit’®172

postupk se degenerativni procegiglo ostatnich oblasti mozkéetns
kary'’® 3 HN ve svémcasném stadiu by tedy mohla slouZit jako model pro
porozungni role striata v prostorové navigaci. V této siysline zkoumali prostorovou
navigaci u pacieiit vcasném a sedre pokratilém stadiu HN se za#henim na oba
navigani systémy — alocentricky i egocentricky. Vzhledemominantnimu postizeni
striatalnich neuranv ¢asném stadiu HN jsmegrpokladali, Ze egocentricka navigace
bude v tomto stadiu znatejn postizena ve srovnani s navigaci alocentrickoproti
piedchozim studiim, které vyuZzivaly pouze dvourdzré@ reprezentace prostoru (jak
jsou mapyi pocitasové testy)® *°° jsme v nasi praci vydetali prostorovou navigaci
v redlném prostoru prdasidnictvim tzv. Blue Velvet Arény (BVA}® BVA je lidsky
analog Morrisova vodniho blud&f®, vyuzivaného v animalnim vyzkumu, ktery byl
vyvinut k odliSeni mezi alocentrickou a egocentoigksloZkou prostorové navigace.
Tato vySetovaci metoda prokazala vyznamnou senzitivitu veligtin zanérenych na
Alzheimerovu nemoc, ve kterych bylo nalezeno selakt postizeni alocentrické
navigace jiz v presymptomatickém stadiu onensoéh® "°*"? Predpokladali jsme
tedy, Ze u paciefit s HN by postizeni egocentrické navigace mohtedgtavovat

obdobnycasny klinicky ukazatel tohoto onema@en.
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3.1.2. Metodika

Ucastnici studie

Do studie bylo zahrunuto 19 paciér{il muz a 8 Zen), kti spkovali klinicka
diagnosticka kritéria HN a jejich diagnéza byla ywaena geneticky. Pacienti byli
rekrutovani z Centra extrapyramidovych onendoaémeurologické kliniky 1. LF UK a
VFN v Praze. U Zadného pacienta recéntreprokthla depresivnic¢i psychoticka
epizoda, do studie nebyli zahrnuti pacienti s jiénHN ¢i s ®€zkym funkénim
postizenim (ve stadiu IV nebo V podle Skaly Totah&ion Capacity; TFC — tato Skala
je podrobgji popsana v nasledujici podkapitole).aPerny vek pacientt na p@atku
choroby byl 52 + 12 let a fimeérné trvani choroby bylo 8 + 3 roky. Kontrolni skaopi
tvorilo 19 zdravych dobrovolnik odpovidajicich skupihpacient vékem, pohlavim i
vza&klanim. Do kontrolni skupiny byly #azeny osoby bez neurologickéh®
psychiatrického postizeni. VSichniastnici studie podepsali informovany souhlas a

studii schvalila etickad komise VSeobecné fakulmhoenice v Praze.

Klinické vySeteni

Od pacieni i zdravych kontrol byly odebrany demografické aamnestické
Gdaje, pacienti byli vyS&gni pomoci motorické a futki subSkaly Unified
Huntington’s Disease Rating Scale (UHDRS) — UHDRSal Motor Score (UHDRS-
TMS) a UHDRS Total Function Capacity (UHDRS-TFC).

TFC Skala byla pouzita k posouzeni faniho omezeni pacienta a poéitosti
onemocgni. Jednd se o Skalu hodnotici schopnost pdcipimohodnots fungovat
v béZném Zivot — zastavat fvodni placené za#stnani, zachazet s financemi, zvladat
domaci prace, aktivity denniho Zivota acip& domacim prosedi (maximum 13
dosazenych bddodpovida normalnimu stavu, 0 odnamenda totalni zavislost na
okoli; Skala je podle ptu dosazenych bdddale rozdlena do 5 stadii: stadium |, 11-13
bodi; stadium II, 7-10 bo#t stadium I, 3-6 bod; stadium 1V, 1-2 body; stadium V, O
bodi; viz priloha 2)8° 18

Subskér hodnotici pouze negativni motorickézmaky, tzv. modified Motor
Score (UHDRS-mMS), byl vypten z UHDRS-TMS na zaklad zkuSenosti
z predchozich studif?

a7



Neuropsychologické testy

Kognitivni funkce byly u vSech paciéntvySeteny pomoci Montrealského
kognitivniho testu (MoCA; viz filoha 3) a baterie neuropsychologickych tdest
zahrnuijici test fonematické verbalni fluence (Calfed Oral Word Association Test;
COWAT, N, K, P), Symbol Digit Modalities Test (SDNITsubtesty Stroopovy zkousSky
(jmenovani barevteni slov, interference) a Test volného vybavenvyhaveni
s voditky (Free and Cued Selective Reminding TES8RT).

K posouzeni korelace mezi exekutivnimi funkcemilDRRS-mMS byly prvnii
testy (COWAT, SDMT, Stroopova zkouSka) zahrnuty kidonpozitniho exekutivniho
skoru — tzn. skéry jednotlivych neuropsychologidkyesti byly prevedeny na Z skory
a tyto dale zpmérovany pro kazdy subjekt, tak jak bylo popsano redgphozich
studiich?®® 184

Deprese a Uzkost byly posouzeny pomoci MontgomeAdim®rgové hodnotici
Skaly deprese (MADRS) a Hamiltonovy Skaly UzkoBstARS).

VySeteni prostorové navigace

VysSeteni prostorové navigace probihalo ve Fakultni nenecdoe Motole v Praze
v zdizeni nazyvaném Blue Velvet Aréna (BVA). BVA je eairely okrouhly stan
vysoky 2,8 meit, jehoZ stny jsou vyrobeny z modrého sametu a podlahti kmhovy
ot&eci disk o piiméru 2,9 meté. Laserem se promitaji &elné znaky na sény stanu a
ve stropu je umisha kamera, ktera snima pohyb osoby a je propojg@itséem
(viz obrazek 6}/* *""1"Ukolem &astniki studie bylo dojit na misto, na kterém se na
zacatku vySeteni objevila a poté zmizela &elna znéka (cil). Pohyby subjektu byly
zaznamenavany a §itacoveé digitalizovany a z dat byla posléze vyftdna konéna
vzdalenostni odchylka od spravné cilové pozice.

Prostorova navigace byla vyEea temi odliSnymi subtesty,f@gemz u kazdého
subtestu @ subjekt kdispozici osm pokiis U Alo subtestu (vyS&fjicim
alocentrickou navigaci) byly pacientovi nabidnuwgtelné orientani body na sihach
arény. Vzajemny vztah mezi pozici cile a oriéntah bodi pak umo#oval najit cil i
poté, co jeho zrika zhasla. Pacient se tefiglil visualnimi orientanimi body v okoli a
vyuzival alocentrickou navigaci.fiPtomto subtestu startovni pozice nezavisela na

vzajemném vztahu pozice cile a origmtigh zng&ek a nténila se nahodh pii kazdém
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z pokusi. Pri Ego subtestu (vySitjicim egocentrickou navigaci) &elné orientani
body pacient k dispozici neth Ridil se pouze vztahem mezi vychozi polohou vlastnih
téla a tuSenou pozici cile (coz odpovida inapavigaci ve tr). Zde byl vztah mezi
pozici startu a cile konstatni, pouze se mezi jgidgmi pokusy Fesouval po obvodu
arény. Bi Alo-Ego subtestu (vysatjicim alocentrickou i egocentrickou navigaci
zérovei) meli pacienti k dispozici konstantni vzgjemny vztalezainstartovni polohou,
cilem i orient&nimi zna&kami, pouze se cela tato konfigurace mezi jedngtiiv

pokusy pemig’ovala nahod&po obvodu kruhu.

Obrazek 6: Schematické zobrazeni Blue Velvet ArényA) a uspaadani Ego, Alo a Alo-
Ego subtest (B)

Ukolem bylo dojit ke skrytému ciléérny bod) za pomoci informace o startovni pozicagony
krouzek) a/nebo dvou navigisich zn&ek (kratké Sipky). Revzato a upraveno z Laczo et al.,
Behav Brain Res 2009, 202(2): 252-9 and Kalovd. eBahav Brain Res 2005, 159(2): 175-86.

A

Statisticka analyza

Statistickd analyza dat byla provedena pomoci pragjfrPASW18 (Statistical
Package for the Social Sciences) a Statistica&dt$oft). Hypotézy byly testovany na
hladirg statistické vyznamnosti g 0,05, korigované pomoci Benjamini-Hochbergovy
metody. Pokud neni uvedeno jinak, hodnoty jsou adgyako pémér £ smeérodatna
odchylka. Po zhodnoceni normality distribuce datlybyysledky Kklinickych a
neuropsychologickych tas{véetrg kompozitniho exekutivniho skéru) porovnany mezi
skupinami pomoci Studentovych t-tiesKorelace mezi UHDRS-mMS a kompozitnim
exekutivnim skorenti vzdalenostni odchylkouipvySeteni v BVA byly provedeny

pomoci jednoduché linearni regresni analyzy.
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Vysledky vSech navigaich subtest BVA byly analyzovany pomoci analyzy
kovariance pro opakovanaieni (repeated measures ANCOVA). Zde testované\efekt
zahrnovaly opakovana dfeni (jednotlivé pokusy BVA subtdsts korekci pomoci
Huynh-Feldt epsilon), efekt skupiny (pacienti vanioly) a interakci mezié¢mito
efekty. UHDRS-mMS bylo pouZzito jako kovariaty.

Post-hoc analyza rozptylu pro opakovan&eni (ANOVA, opakovand geni =
BVA pokusy) byla pouzita pro porovnani prostorowavigace u kontrol a pacient
roz&klenych na zaklat funkéniho postizeni (tj. stadium | TFC, stadium II-IIFT a
korespondujici zdravé kontroly). Parova porovnamizimskupinami byla provedena
pomoci post-hoc analyzy Tukeyovym testem pro sikgmiitni rozdily.

3.1.3. Vysledky

Klinické a neuropsychologické testy

Vysledky klinickych a neuropsychologickych tegtou shrnuty v tabulce 3.

Tabulka 3: Vysledky klinickych a neuropsychologickych tesi (pramér + smerodatna

odchylka)

Kompozitni exekutivni skér je pmeér Zskom tii exekutivnich test (v Sedém): Test
fonematické verbalni fluence (Controlled Oral Wéskociation Test, COWAT), Symbol Digit
Modalities Test a Stroopova zkouSka.<0,05, t-testy.

Pacienti s HN Zdravé kontroly

Patet subjekt (Zeny/muzi) 19 (8/11) 19 (8/11)
VEk (rozpsti) 52 +12 (28-62) 51 +13(25-70)
Unified Huntington's Disease Rating Scale - modifiéotor Score 17,4 + 8,2 N/A
Montgomeryho-Asbergové hodnotici Skala deprese +83 * 2,7+£39
Hamiltonova Skala Gzkosti 58+3,8* 3,1+3,6
Montrealsky kognitivni test 204+6,2* 282+1.2
Free and Cued Selective Reminding Test 150+14* 158+0,4
Test fonematické verbalni fluence (COWAT) 17,6 £9,0 * 429+9,0
Symbol Digit Modalities Test 21,9+10,7* 479+6,1
Stroopova zkouska 116 +40 * 218 £ 22
Kompozitni exekutivni skor -0,8+0,5* 0,8 +0,3

Je Zejmé, ze u pacietits HN byly kognitivni a exekutivni funkce signififine

postizeny (p< 0,04; g6 > 2; t-testy), jak bylo zjig¢ho prostednictvim MoCA a vSech
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exekutivnich test Pro postizeni exekutivnich funkciéskil také signifikantni rozdil

v kompozitnim exekutivnim skéru mezi skupinou patfiea kontrol (p = 3x18% tz =

11; t-test). Navic mira dysexekuce souvisela sez#sti HN a Uzce korelovala s tizi
motorického postizeni stanovenym pomoci UHDRS-mMS (0,89; p = 4 x 1%
regresni imka: y = -9,8x + 8,8, linearni regrese). V poravinge zdravymi kontrolami
byly u pacieni s HN také vice vyjagny poruchy nalady (deprese, Uzkost) a mirné
postizeni parti (p < 0,04; g5 > 2; t-testy). Vyrazna deprese Uzkost vSak nebyly

zachyceny u zadného z pacient

Prostorova navigace

Ve vSech subtestech BVA skupina padentdosahovala &tSich
pramérnych vzdalenostnich odchylek od cile ve srovnarskapinou kontrol (30-80 cm
vs. 20-35 cm; viz obrazek 7). Analyza pro opakovam#&eni ANCOVA nicmég
prokazala pouze trend nedosahuijici Ggostatistické signifikance (p > 0,07i Bs< 4).
Ve vSech subtestech vSak vzdalenostni odchylkdledignifikantré nafistala s vySSim
skorem UHDRS-mMS (g 0,004; i, 35> 11; opakovana titeni ANCOVA). Obrazek 8
ukazuje zavislost mezi UHDRS-mMS a vysledky suliteBVA. Ve vSech itech
piipadech byly potvrzeny igdni pozitivni asociace ¢ 0,52; p = 0,002; linearni
regrese). Tento poznatek byl dale pa@popost-hoc analyzou wipads rozckleni HN
pacienti do skupin s mirnym (stadium | dle TFC) &eslre t¢Zkym (stadium 1I-111 dle
TFC) funknim deficitem (p< 0,01; K 34 > 5; opakovana #feni ANOVA).
Z obrazku9 je zZejmé, ze pacienti ve stadiu | dle TFC se neligliznravych kontrol
(p > 0,6; post-hoc Tukdéy test). Oproti tomu pacienti ve Il a Ill stadiuedTFC
skorovali signifikantd hife ve vSech subtestech BVA (p < 0,03; post-hoc Tikey
test).

Nasledkem &eni se vykon vyS&bvanych subjekt zlepSoval ve vSech
naviganich subtestech. Uroite zlepSovani se v3ak mezi pacienty a zdravymi
kontrolami liSila (viz obrazek 9). Zatimco u korttuylo zlepSeni v nejlepSimiipads
jen marginalni (v Ego subtestu rdégad nebylo pitomno \ibec), pacienti s HN se
jednoznéné zlepSovali ve vSech subtestech<(0,006; k 3.14,6, 131-188 2,4; opakovana
meieni ANCOVA). ZlepSovani vedlo wfpad Ego a Alo subtestu k postupnému
snizovani rozdilu mezi zdravymi kontrolami a patyenHN, v gipad® kombinovaného

Ego-Alo testu tento p@tesni rozdil zcela vymizel.
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Obrazek 7: Vzdalenostni odchylka
v osmi pokusech subtést prostorové

navigace. Odchylka zavisela na tiZi
motorického  postizeni  hodnoceného
pomoci UHDRS-mMS (p < 0,004,

opakovana rreni ANCOVA)
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Obrazek 8: Korelace mezi UHDRS-

mMS a vysledky subtest prostorove
navigace. Ve vSechidch gipadech byly
nalezeny gedni asociace (= 0,52,
linearni regrese).
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Obrazek 9: Vzdalenostni
odchylka u 8 pokus ve

viech tech naviganich

subtestech u  zdravych
kontrol i pacieni sHN

roztazenych do dvou skupin
na zaklad Total Function

Capacity (TFC). Odchylka
byla signifikanti vétsi u

pacienti se stedrg téZkym

postizenim (stadium Il — llI
dle TFC) ve srovnani
S pacienty S mirnym
postizenim (stadium | dle
TFC) a zdravymi
kontrolami.
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3.1.4. Diskuse

Jedna se o prvni studii testujici alocentrickog@acentrickou navigaci v realném
prostoru u pacieit s HN. Vysledky ukazuji, Zze navigyd schopnosti jsou dobe
zachovany u pacieints mirnym motorickym a furdaim postizenim (tj. u pacieint
v ¢asném stadiu HN), ale horSi se postuprprogredujicim onemoénim. K tomuto

zhorSovani dochazi seasreé v alocentrickém i egocentrickém nawgém systému.
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Rada studii se zabyvala visuospacialnimi funkcemiHN, vétSina z nich se v3ak
nezandfovala specificky na alocentrickou a egocentrickavigaci'®* *°7 1°8- 185188
Zatimco rikteré z praci, které se jednotlivymi navigani systémy zabyvaly, sdcily

pro prevazujici postizeni egocentrické navigace s relativ uSetenim navigace

&> 198 1% jiné studie popisuji deficity v obou navigech systémech’.

alocentrick
VétSina studii vSak vyuZivala pouze dvour@emych Uloh (nap orientace v maf
pocitacové testy apod.), které nejsou pro vySei prostorové navigace vhodné
(predevSim v fipact egocentrické strategie, ktera vyZaduje informag®loze hlavy a
téla v prostoru).ReSeni dvourozinych Uloh také pravghodobré vyzaduje Sirsi
spektrum kognitivnich funkci (n&p interpretaci obrazl neZli prostd navigace
v prostoru*®® BVA oproti tomu umo#uje vySeteni prostorové navigace selekijin
nevyzaduje abstrakci a je schopna diferencovat rakementrickym a egocentrickym
naviganim systémem?*

K posouzeni zavislosti postiZzeni prostorové nawgae tizi onemocmi jsme
pouzili Skalu UHDRS-mMS, nelfovysledky pedchozich studii prokazaly dobrou
korelaci mezi progresi a tizi oneméon a negativnimi motorickymi ffznaky
hodnocenymi pomoci UHDRS-mM$&? 19

Vzhledem k predilenimu postiZzeni striata s relativnim u&etiim hipokampu
v gasnych stadiich HNC jsme predpokladali, Ze egocentricka navigace je narudéna j
na pa&atcich HN a Ze jeji deficit bude vyj@h vyrazeji nezli postizeni navigace
alocentrické. Vysledky nasi studie vSak tytedpoklady nepotvrdily. Zjistili jsme, Ze
vykony ve vSech subtestech se u padientHHN postup#é zhorSovaly s nastajicim
motorickym postizenim,ijtemz zjevné naruSeni prostorové navigace biitoqmpno az
v pokrazilejSich stadiich choroby. Tento poznatek byl poévr i @i roziazeni pacierit
do dvou skupin podle fugkiho postizeni. Pacienti s mirnym f@nkm postizenim
(stadium | dle TFC) si vedli velmi dod pi vySeteni obou navigmich systém,
zatimco u paciefitse stedrg tézkym funkénim postizenim (stadium Il a Ill dle TFC)
jsme zaznamenali postupujici deterioraci jak egwimié tak alocentrické navigace.

NaSe vysledky tedy naz&gi, Ze degenerace striata u HN neoslije selektivi
egocentrickou navigaci. Je mozné, Zedni ostnité neurony, zasaZzené patologickym
procesem jiz odkasnych fazi HN, nejsou zapojeny do oKruprostorové navigace
prochazejicich striatem, eventugelze striatum samotné nemusi bytc&lié pro
prostorovou navigaci. Ta v tonfipad maze souviset s jinymi oblastmi mozku (iap

posteriornim parietalnim kortexem), jak bylo nasmwe v jinych studijcfi®® 161 168. 169
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Je také mozné, Ze se striatum podili na obou né&viigia strategiich, jak egocentrické
tak alocentrickeé, ale jeho futiki rezerva fevySuje Urovié degenerace v gatenich
fazich HN. DalSim vysitlenim by mohla byt kompenzace striatalni funkce
hipokampem, nelibje znamo, Zze mezimito dwma strukturami funéni interakce
existuji’®®* Kompenzace funkce striata pakife byt zachovana u paciéns mirnym
postizenim na p@tku choroby a kjeji deterioraci dochazet a#i pozSieni
patologického procesu do ostatnich oblasti mozkyoajSich stadiich
onemocini*’® % To by také vysstlovalo paralelni zhorSeni v obou systémech
prostorové navigace.

Schopnost pro zlepSeni vykonnosti v navigah subtestech s niatajicim
poétem pokud Ize pravdpodobr pricist weni. Rozdil v nie zlepSeni mezi pacienty
s HN, jejichz vykon se vyrazZrzlepSoval ve vSech subtestech, a zdravymi komiipla
jejichz zlepSeni bylo pouze okrajové, by mohl byswtlen skuténosti, Ze pacienti
s HN na poatku vySetovani skérovali mén presre, ale udrzeli si schopnostiti se.
Navic jsme prokazali, Zze exekutivni funkce se zjorS nafistajicim funknim a
motorickym deficitem, co? je vysledek odpovidajitgdchozim studifm>® 19> 1%

NejpodstatyjSim nedostatkem naSi studie je nizkycgto pacieni, nicmérk
pouzity vzorek byl dostateé velky k pfikazu statisticky vyznamné souvislosti mezi
zavaznosti HN a deficitem prostorové navigace. tieka velké rozdily v chybovani
mezi pacienty s HN by bylo moznéigist velkému rozsahu fugkiho postizeni mezi
pacienty zahrnutymi do studie (tj. stadium TFC oddd IIl). Toto vSak bylo
kompenzovéano statistickym modelem s pouzitim UHDR@S jako linearni kovariaty.

Celkow tedy z vysledk studie vyplyva, Ze postizeni prostorové navigaerin
c¢asnym klinickym markerem HN a jeji vyvoj tedy prépddobr neni spojen gasnou
degeneraci striata. To je v kontrastu s vysledkyistu Alzheimerovy nemoci, kde
poruchy alocentrické prostorové navigac#ipisované degeneraci hipokampu, mohou
pomoci identifikovat subjekty v prodroméalnim stadigoroby™"* "1y pokrozilejsi
fazi HN souwasné zhorSeni alocentrické i egocentrické navigadedzi spiSe jiz

generalizovany neurodegenerativni prodesahujici izolovanou atrofii striata.
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3.2. Studie B - Validita Montrealského kognitivniho testi v detekci

kognitivni dysfunkce u pacienti s Huntingtonovou nemoci

Souhrn

Uvod: Huntingtonova nemoc (HN) je typicky provazena kiignim deficitem s
potizenim pedevsim pozornosti, exekutivnich funkci a panDostaténé senzitivni a
specificky screeningovy test kognitivni vykonnog$iak v klinické praxi chybi, Siroce
pouzivany Minimental State Examination je testemons&nzitivnim protasna stadia
HN. Cilem studie bylo zhodnotit sotinou a diskrimin&ni validitu Montrealského
kognitivniho testu (MoCA) jako screeningového ngstrpro hodnoceni kognitivniho
deficitu u pacient s HN, ve srovnani s baterii neuropsychologickystitpouzivanych
ve vyzkumu HN.

Metodika: Dvacet pacierit s HN s kognitivnim deficitem a dvaceti tzdravych
kontrolnich subjekt bez kognitivhiho deficitu (odpovidajicich skupitiN vékem,
pohlavim i vzdlanim) bylo vySeeno pomoci MoCA testu a baterie
neuropsychologickych test

Vysledky:Praimeérny skér MoCA byl 20,5 (SD = 5,5) u paciérg HN a 27,5 (SD = 2,2)
u kontrolnich subjekt Vysledky MoCA testu korelovaly s kompozitnim s&dr kratké
kognitivni baterie (r = 0,81, p < 0,001). Se sciegovym i diagnostickym cut off
skorem < 26 baoil MOCA test prokazal 94% senzitivitu a 84% spedificv detekci
kognitivni dysfunkce u HN.

Zawr: Vysledky ukazuji, Ze MoCA test je vhodnym scregowym nastrojem
k hodnoceni kognitivni dysfunkce u paciestHN.

Summary

Introduction: Huntington’s disease (HD) is a neurodegenerativ@rder typically
accompanied by cognitive decline. However, a stsatsitive, and reliable cognitive
screening scale for the detection of cognitive impant in HD is currently lacking, as
the widely used Mini-Mental State Examination ig sensitive enough for early stage
of HD. The aim of this study was to evaluate thevawvgent and discriminative validity
of the Montreal Cognitive Assessment (MoCA) as &eaging tool for cognitive

dysfunction in HD.
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Methods: Twenty HD patients with cognitive deficit and twerihree normal controls
without cognitive deficit were matched for age, ,sard education. All subjects were
assessed by MoCA and a battery of neuropsychologists and scales.

Results:The mean MoCA score was 20,5 (SD = 5,5) in HD anid (SD = 2,2) in
healthy controls. The MoCA score correlated in boffamples with the
neuropsychological battery composite score (r &4,08< 0,001). With the screening
and diagnostic cutoff scores determinated at < B6itp, the MoCA showed a
sensitivity of 94% and a specificity of 84% in ttetection of cognitive dysfunction in
HD.

Conclusion:Our results show that the MoCA is a suitable foolassessing cognitive

dysfunction in patients with HD.

3.2.1. Uvod

Pokles kognitivni vykonnosti je jednim z charaldgckych projew HN, ktery
miZe dokonce fedchazet manifestaci typickych motorickydiizpaki.®®’ Zpozatku se
jedna o izolované kognitivni deficity, a targolevSim poruchy aeni, pozornosti a
dysexekuce. Postupnse zpomaluje psychomotorické tempo a objevuji ceighy
parriti.t>% 198 19pa15imi typickymi neuropsychologickymitiznaky u pacierit s HN
jsou behaviordlni zgmy jako je zvySena iritabilita, apatiefifpmnost obsedantn
kompulzivnich projedl, zvySena Grove depresivnich a Gzkostnych sympiinffl®2%2
S progresi nemoci dochazi k zavaznému a globalnibytku kognitivnich funkci —

k demenci.

Pro ¢asny zachyt kognitivni deteriorace a pro monitojegiprogrese se pouziva
fada neuropsychologickych téstTestové baterie vSak mnohdy byvaji extenzivni,
administrace trva dlouhou dobu a testovafzenbyt zkresleno Unavou pacienta. Proto
je velmi vyznamné najit dost&® senzitivni acaso¥ nenarény screeningovy test
kognitivni vykonnosti, ktery by spolehtivodhalil kognitivni deficit u paciefits HN jiz
v casné fazi.

V rutinni praxi je B7n¢ pouZivany Mini-Mental State Examination (MMSE)
vyvinuty predevSim pro detekci kognitivnich 2m u Alzheimerovy nemoci.
Pro tzv. subkortikalni demenci je v8ak nevhodnym&ea vzhledem k absenci subtest
pro exekutivni funkce, které jsou dominahpostiZzeny odasnych stadii HN.
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Montrealsky kognitivni test (Montreal Cognitive Assment, MoCA) je kratkym
screeningovym nastrojem, ktery byl konstruovan&aetzem grekonat gkteré limitace
MMSE pii zachovani relativih kratkéhocasu administrace. Bylo prokazano, Zze MoCA
ma vysSi senzitivitu ipp detekci mirné kognitivni poruchy¢asnych stadii demence nez
je tomu u MMSE, a toipzachovani relativivysoké specificity?®*

Struktura testu MoOCA obsahuje 8 kognitivnich oblastProstorova
orientace/zrénost, pojmenovani, pai, pozornostyec, abstrakce, oddalené vybaveni,
orientace. Pokryva tedytsi paet kognitivnich domén nez MMSEetné exekutivnich
funkci a obsahuje slogjsi Ukoly pro hodnoceni fatickych funkci, vizuosi@aich
schopnosti a pafti (zejména oddaleného vybavenflas administrace testu MoCA
obvykle nepesahuje u zdravych osob 10 minut, je proto vhodrsgreeningovym
nastrojem i pro klinickou praxf®

MoCA test jako screeningovy nastroj pro hodnoceogritivniho deficitu u
pacient s HN byl ve vztahu k MMSE analyzovan v cék studii?®® 2’ Dosavadni
vysledky podporuji hypotézu o vyssi senzitiviesstu MoCA pi hodnoceni kognitivniho
deficitu ve srovnani s MMSE bez vyra&giho dopadu na specificitu. Prozatim vSak
nebyly zkoumany psychometrické vlastnosti testu Mo@ nebylo provedeno
hodnoceni validity testu ve srovnani s baterii apsiychologickych test Cilem této
studie je stanoveni sokmé a diskriminani validity’®® testu MoCA jako
screeningoveho nastroje pro hodnoceni kognitivdigfecitu u HN, porovnani vysledk

MoCA s vysledky baterie standardizovanych neuropsiagickych test.

3.2.2. Metodika

Ucastnici studie

Do studie bylo z&mzeno 20 pacie@t(12 mu#i, 8 Zen) s geneticky verifikovanou
HN vcasném az stdnim stadiu onemoéni s kognitivnim deficitem, kié byli
rekrutovani z pacieit Centra extrapyramidovych onemeaoin Neurologické kliniky
1.LF UK a VFN v Praze. Kazdy z paciérta‘azenych do studie doséhl ve dvou a nebo
vice testech kratké kognitivni baterie nejiénl,5 standardni odchylky nizSiho skéru
pod phamérem zdravé populace $ilplédnutim k demografickym charakteristikdm

(s vyjimkou testu MoCA). Pro skérovani byly vyuzitprmativni studie jednotlivych
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testi dostupné \CR nebo metaanalyzy normativnich studii. Ze studii \ylougeni
pacienti s vaznym postizenim fatickych funkci a oniéty, které by znemaibvaly
administraci kognitivnich tet Pro hodnoceni zavaznosti stadia HN bylo vyuziiars
Total Function Capacity (TFC)figemz do studie byli Zzazeni pacienti ve stadiu I-11l
(tedy s mirnym az sdre tézkym funkénim postizenim). Pro hodnoceni motorického
postizeni jsme pouzili vysledk z modifikovaného motorického skoru obsazeného
v UHDRS. VSichni pacienti uzivali antipsychotikaafirid nebo risperidon), obvykle z
indikace dyskinetického syndromu.

Celkem 23 zdravych dobrovolriK12 mu a 11 Zen) tvtlo kontrolni skupinu
(NK, normédlni kontroly), ktera byla homogenni seumkou pacienit s HN i
zohledréni wveku, pohlavi a vzé&lani. Do skupiny NK byly zi@zeny subjekty bez
neurologickéhoc¢i psychiatrického postizeni a bez metabolickychupbr které by
mohly ovlivnit kognitivni vykonnost, dale bez dokentovaného uzivani lék
ovliviiujicich kognitivni funkce a bez zkuSenosti s ablUzesgchoaktivnich latek.
Zadny ze subjekt NK neskoroval v testech kognitivni baterie 1,5nd@dni odchylky
pod pamérem zdravé populace siplédnutim k demografickym charakteristikdm s
vyjimkou testu MoCA (pro skérovani byly vyuzity moativni studie jednotlivych test
dostupné \CR nebo metaanalyzy normativnich studii). Subjekty tdké nedosahly
.cut off* skéra pro hodnoceni miry zavaznosti depresivnich a (nkoh symptom
(podle Montgomeryho-Asbergové hodnotici Skaly deprfMADRS] a Hamiltonovy
Skaly uzkosti [HARS]). Demografické a dalSi vybraciéarakteristiky souboru jsou
prezentovany v tabulce 4.

VSichni (Bastnici studie podepsali informovany souhlas vaawls Helsinskou

deklaraci a studii schvalila mistni eticka komise.

Neuropsychologické vySeni

Neuropsychologické funkce byly hodnoceny pomocilathgicich test a skal
(vSechny metody jsou standardizovany pro pouzitieském jazyce). Celkova
kognitivni vykonnost: MoCA™ 2% Pangt: Test volného vybaveni a vybaveni
s voditky Free and Cued Selective Reminding Te&SETY* Reyova komplexni
figura (Rey Complex Figure Test, RCFT) - index oki#ého vybaverff®?2
Exekutivni funkce: Stroopova zkoudka test fonematické verbalni fluence (Controlled
Oral Word Association Test, COWAT: N, K, #) Psychomotorické tempo: Symbol
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Digit Mordalities Test (SDMTY™, subtesty Stroopovy zkousky (jmenovani batgeni
slovy*3. Vizuospacialni schopnosti: RCFT kopie.

Vybér neuropsychologickych testbyl uéinén na zaklad klinické zkuSenosti
(SDMT, test fonematické verbalni fluence, StroomeaiSka, FCRST) a schopnosti
testi identifikovat kognitivni deficit u pacieit s HN prokazané v dalSich
studiich*? 182 216228y hrané testy pokryvaji zakladni kognitivni domémnylavaji tak
moznost hlubSi analyzy kognitivni vykonnosti nemtobylo v gedchozich studiich
hodnoticich vyuZiti testu MoCA u paciérs HNZ%® 27

VSichni pacienti byli dale vyS&gni pomoci subskal Unified Huntington’s Disease
Rating Scale (UHDRS)&etné motorického a fundniho skéru (UHDRS Total Motor
Score, UHDRS Functional Assessment Score a UHDR&ctiemal Independence
Scale) a UHDRS-TFC. Deprese a uUzkost byly posuzoy@mmoci Montgomeryho-
Asbergové hodnotici Skaly deprese (MADRS) a Hamdty Skaly tzkosti (HARS).

Tabulka 4: Zakladni charakteristiky souboru

HN = skupina paciefits Huntingtonovou nemoci; NK = skupina kontroln&ibjekfi; SD =
smerodatna odchylka; MoCA = Montrealsky kognitivni teMADRS = Montgomeryho-
Asbergové hodnotici Skédla deprese; HARS = Hamiltangkala Uzkosti; UHDRS = Unified
Huntington’s Disease Rating Scale; TMS = Total M&aore (mozné rozp 0-124); UHDRS-
FIS = Skala funéni nezavislosti UHDRS (mozné ra#p 0-100); TFC = Total Function
Capacity (mozné rozpi 1-13)

Zakladni charakteristiky souboru

HN NK
Pramer £ SD Rozpgti Primer £SD  Rozgti

Vek (roky) 49,6 + 13,3 22-71 50,3 £13,9 21-69
Vzdélani (roky) 135+2,6 11-18 134+24 11-17
MoCA 20,555 10-28 275%£2.2 24-30
MADRS 8,4+6,3 0-23 34+44 0-14
HARS 58+3,7 1-16 3,841 0-15
UHDRS-FIS 86,0 £ 15,3 65-100
UHDRS-TFC 9,7+28 5-13
UHDRS-TMS 25,1+95 12-50
CAG opakovani 42,7+6,9 40-70

(patol. alela)

18,3+ 3,6 13-28
(norm. alela)
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Statisticka analyza

U obou skupin (HN i NK) Kolgomorov-Smirndv test naznéoval poruSeni
piedpokladu normalniho rozlozeni, proto byly pro s@vi skupin a porovnani
vysledki v testu MoCA a kratké kognitivni baterii pouzityetody neparametrické
statistiky s vyuzitim Mann-Whitneyho U testu. Preziskupinové srovnani subtést
testu MoCA byla pouzita Bonferroniho korekce vyzmasti @i dosazeni hladiny 0,05
za &elem kontroly pravépodobnosti chyby prvniho druhu. Peardorhi kvadrat test
(test dobré shody) byl pouzit pro analyzu dichotkweh prongnnych. Po zji&ni
normalniho rozlozeni vSechéeni v naSem souboru byla vyuzita Pearsonova karelac
pro spojita a normatnrozlozena data a Spearmanovéapova korelace pro padova
data nebo data poruSujici pravidlo o normalnim azehi. Kompozitni skéry byly
vypacitany jako pémery z-skéh vSech vysledk v testech kratké kognitivni baterie a
v testu MoCA na zékladpredchozich analyZ* Vysledky posuzovacich $kal deprese
(MADRS) a uzkosti (HARS) a vysledky kognitivni bageu pacient s HN vyznama
nekorelovaly, nebyly proto vyuZzity jako kovariatsopdalSi statistickou analyzu.

Pro zjiSéni senzitivity a specificity testu MoCA¥ipdetekci kognitivniho deficitu
u pacient s HN ve srovnani se skupinou NK bez kognitivnilediaitu (na zaklad
vyslediia kratké kognitivni baterie) byla analyzovana ROCed&ver Operating
Characteristic) #vka (AUC, 95% CI). Pro MoCA test byla sgithna plocha pod
kiivkou (area under the curve; AUC), senzitivita, Gfieta, pozitivni prediktivni
hodnota (PPV), negativni prediktivni hodnota (NRVprocento spravného stanoveni
ktera dosahla nad 80% senzitivity a negativni petedii hodnoty. Optimalni
diagnosticky cut-off bod byl definovan jako nevy$&&idnota, ktera dosahla nad 80%
specificitu a pozitivni prediktivni hodnotu. Relibfa MoCA testu byla utena pomoci
Cronbachova alfa koeficientu. VSechny korelace hybwazovany za vyznamnéip
hladint p < 0,05. Statisticka analyza dat byla provedepenqei programu SPSS

(Statistical Package for the Social Sciences),ev&iizO pro Windows.
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3.2.3. Vysledky

Mann-Whitneyho U test odhalil signifikantni rozdily celkové kognitivni
28, n = 23) a
-4,6, p 05001,

vykonnosti v testu MoCA (celkovy skoér) mezi skupindlK (Md
skupinou paciefit sHN (Md = 22,5, n = 20), U = 425, z

viz tabulka 5.

Tabulka 5: Kognitivni vykonnost v subtestech MoCA upacienti s Huntingtonovou nemoci
(HN) a zdravych kontrol (NK)
SD = snérodatna odchylka; * Mann-Whitneyho U test; ¢ sighahtni po Bonferroniho korekci

Vysledky subtesfi MOCA u pacienti s Huntingtonovou nemoci (HN) a zdravych kontrol
(NK)

Max.-Min.  HN (n=20) NK (n=23) Z skor* p

MoCA subtest

Prumeér £SD  Priamer £ SD
Prostorova orientace/zmiost 0-5 36+1,6 49+0,3 -3,6 <0,001.
Pojmenovani 0-3 29+0,3 3,0+£0,0 -1,5 0,125
Pozornost 0-6 4,2+1,8 55+0,7 -2,6 0,01
Ret 0-3 1,6 +0,8 28+0,4 4,6 <0,001.
Abstrakce 0-2 1,5+0,5 1,9+£0,3 -3,3 <0,001.
Oddalené vybaveni 0-5 15+14 35+1,2 -4,1 0O
Orientace 0-6 55%0,8 5,9+0,3 -2,4 0,014

Psychometrické vlastnosti testu MOCA u HN a NK

Cronbachovo alfa mezi sedmi subtesty MoCA pro fiqudi s HN 0,82 a pro 23
NK 0,56 naznéuje @ijatelnou vnitni konzistenci vybru. Zjistili jsme, Zze souizna
validita na zakladl vysledki Spearmanova padového korekniho koeficientu mezi
skorem testu MoCA a kompozitnim skérem kratké ktvgmi baterie byla r = 0,81 (p <
0,001). Ri porovnani MoCA s dalSimi jednotlivymigtitky kognitivni vykonnosti jsme
nalezli stedni az silné korelace (prezentujeme pouze ty 88jypro detaily viz tabulka
6): prostorova orientace/zZmiost a RCFT okamzité vybaveni (r = 0,64), pojmendza
RCFT okamzité vybaveni (r = 0,30), pozornost a golgbaveni z FCSRT (r = 0,64),
ie¢ a verbalni fluence (r = 0,81), abstrakce a veiibfilrence (r = 0,62), oddalené
vybaveni a SDMT (r = 0,73), orientace a SDMT (r,40).

Tabulka 5 ukazuje rozdily v jednotlivych doménaebtt MoCA mezi skupinou

HN a NK. Pacienti s HN skorovali signifikarittiire nez NK v Sesti ze sedmi subtest
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MoCA, tedy v subtestech prostorova orientacéfzost, pamt, pozornost, reg,
abstrakce, oddalené vybaveni, orientace. Pouzdagtopojmenovani nebyl pozorovan

signifikantre vyznamny rozdil.

Tabulka 6: Spearmaniv korelaéni koeficient mezi subtesty MoCA a jednotlivymi
neuropsychologickymi testy kognitivni baterie

FCSRT = Test volného vybaveni a vybaveni s vodffkge and Cued Selective Reminding
Test), -f volné vybaveni (Free Recall), -c vybavenioditky (Cued Recall), -t celkovy skor;
RCFT-C = Reyova komplexni figura, kopie; RCFT-I ®yRva komplexni figura, okamzité
vybaveni; Stroop = Stroopova zkouska, -C pojmenénabarev, -Rteni slov, -l interference;
VF = test fonematické verbalni fluence (Controli@chl Word Association Test, COWAT [N,
K, P]); SDMT = Symbol Digit Modalities Test; k = kgpozitni skor dany fmery z-skofi
jednotlivych tesi kognitivni baterie (FCSRT, RCFT, Stroop, COWAT,N8D)

Tt p<0,001; ¥ p<0,05

MoCA FCSRT- FCSRT- FCSRT- RCFT- RCFT- Stroop Stroop Stroop VE  SDMT Kk

subtest f c t (3 | -C R -1

Prostor.
orientace/ 0,57t 0,49% -0,57t 0,54t 0,64t 0,53t 0,61t 0,5715810,0,62f 0,39%
zrienost

Pojmenovani 0,23 0,27 0,08 0,23 0,30 025 0,21 025 0,20 0,28,09
Pozornost 0,63t -0,61t  0,39% 0,55t 0,39 0,49t 10,58,52t 0,5510,59t 0,44%

Res 0,691 -0,661  0,43% 0,70t 0,56 0,71t 0,77t 0,6418110,0,73t 0,361
Abstrakce 0,58t -0,531  0,48% 0,47t 0,37+ 0,57t 10,589,561t 0,6210,57t 0,33t
Oddalené

vybaveni 062t -059f 035t 053f 045 065t 0,60t 0,63t110,8,72t 0,311

Orientace 0,45% -0,46% 0,24 0,42 0,23 0,42% 0,4P#40f 0,4210,47f 0,28

Detekce kognitivniho deficitu

Diskriminaini validita testu MoCA byla a¥ena porovnanim s vysledky
neuropsychologickych teskognitivni baterie (viz tabulka 7).

AUC (area under the curve, plocha pdi/kou) (95% CI, konfidetni interval)
pro test MoCA byla 0,90 (0,809-0,997), p < 0,001z @brazek 10). Optimalni cut off
bod byl uten jako 25/26 (senzitivita = 0,94, specificita 84, PPV = 0,81, NPV =
0,95) pro vSechnyfit nasledujici hodnoty: bod nejlepSi kombinace dm#yi a
senzitivity, optimélni screeningovy cut off, optimédiagnosticky cut off.
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Tabulka 7: Diskrimina ¢ni validita MoCA testu pro diagnostiku kognitivniho deficitu

n =43; AUC (95% CI) = 0,903 (0,809-0,997); p <@.,0

PPV = positivni prediktivni hodnota (positive pretdie value); NPV = negativni prediktivni
hodnota (negative predictive value); AUC = plocla givkou (area under curve); Cl =
konfidereni interval (confidence interval).

* bod nejlepSi kombinace specificity a senzitivity

T optimalni screeningovy cut-off

T optimalni diagnosticky cut-off

MoCA

cut-off 17/18 18/19 19/20 20/21 21/22 22/23 23/24 24/25 25/26*tF 26/27 27/28 28/29 29/30
Senzitivita 28 39 39 39 44 50 61 78 94 94 94 100 100
Specificita 100 96 96 96 92 88 88 88 84 80 68 28 8

PPV 100 88 88 88 80 75 79 82 81 77 68 50 44

NPV 66 69 69 69 70 71 76 85 95 95 94 100 100
% spravi

dg. 70 72 72 72 72 72 77 84 88 86 79 58 47

Obrazek 10: ROC (Receiver Operating Characteristic)analyza diagnostické pesnosti
testu MoCA (na zaklad celkového skoru MoCA a kompozitniho skéru neurapsjogické
baterie)v hodnoceni kognitivniho deficitu u pacienit s HN a zdravych kontrol

(AUC [plocha pod kivkou] = 0,903; p < 0,001)
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Méftitka funkeniho stavu, motorického postizeni, nalady a uzkosti

Primérné hodnotydchto netitek byly vysSi u paciefits HN oproti skupié NK,
ale nekorelovaly signifikantns vysledky kratké kognitivni baterie ani s vyshed&stu
MoCA. Déle jsme nalezli silnou korelaci mezi celgav skérem v MoCA a ®fitky
funkeéni nezavislosti. kkteré neuropsychologické préqmé (MoCA, RCFT, SDMT,
COWAT, Stroopova zkouSka pojmenovani bar&eni slov) signifikant& korelovaly
se skory UHDRS-FAS a Skalou FIS s vyjimkou Strogpakousky — interference a
FCSRT. Nejsilgjsi vztah byl nalezen mezi Stroopovou zkouskou gojavani barev a
UHDRS-FAS (r =0.92, p < 0,01) a Skéalou FIS (r 88).p < 0.01).

3.2.4. Diskuse

NasSe vysledky nazkaji, Ze MoCA je vhodnym nastrojem pro diagnostiku
kognitivniho deficitu u paciefits HN. Ve srovnani s kratkou kognitivni baterii MoC
test vykazoval robustni psychometrické charakikyistdobrou soubZznou validitu,
vysokou senzitivitu a specificitu pro detekci kagmiho deficitu u pacierit s HN i
skupinou NK a fjatelnou vnitni konzistenci. Optimalni screeningovy i diagndsfic
cut off skor byl uéen na hodnét< 26 bod pro celkovy skor v MoCA testu, cozZ je
v souladu s vysledky twodni normativni studf®’, i piestoe ta byla provada na
osobéach s odliSnym kulturnim zazemim.

NasSe analyza rowi odhalila pimérné az silné korelace mezi subtesty MoCA a
testy kratké kognitivni baterie (viz tabulka 5)xkaliv nekteré nalezené korelace
postradaly specificitu (ndiklad MoCA prostorova orientace/znost korelovala
signifikantre se vSemi testy kognitivni baterieepokladame, Ze je to &gobeno tim,
Ze subtest orientace/znost je tvéen tfemi odliSnymi zkouskami (kratka verze Testu
cesty B, obkresleni krychle, test hodin), kteréujgednotli¥ a samostatn velmi
uzitecné, ale p zahrnuti do jednoho konstruktu, vzhledem k odii@nmentalnim
procesm které testuji, ztraci schopnost specificity. Phtivd analyza provedena na
zaklads vatsiho souboru subjektuto hypotézu podporufé?

Stejre jako v jinych studiich se i vnasi praci objevugpecificky profil
kognitivniho deficitu typicky pro pacienty s Hi %7 #2pacienti s HN skérovali
signifikantre hife nez NK v Sesti ze sedmi subtedoCA (viz tabulka 6). Celkovy
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skor MoCA nekoreloval statisticky vyznagrs Urovni medikace ani s celkovym
motorickym skérem v UHDRS, byla vSak zaznamenarmagné korelace s dgtitky
funkéniho stavu (UHDRS-FAS, UHDRS-TFC), které jsou paxainy za kifové znaky
pro diagnostiku demence u HR? Tyto korelace v8ak byly nizsi ne? korelace nalézen
mezi Stroopovou zkouskou pojmenovanim barestemim slov a ritky funkéniho
stavu. Silné korelace mezienitky funkéniho statusu a vysledky kognitivnich test
pacienti s HN jsou v souladu s poznatky o tom, Ze kognitivjkonnost vysetluje

znainou&ast variability funkni nezavislosti pacieif:**

Uvédomujeme si, Ze prezentovana studie ndkolik vyznamnych omezeni a
limitaci, jako je nafiklad velikost souboru pacient Prestoze vSak byl vyzkumny
vzorek relativé maly, vysledky vykazovaly silnou statistickou vgannost i pes
relativné konzervativni zppsob statistického zpracovani. Je d&kba mit na patti, Zze
zejména vypoditané hodnoty senzitivity a specificity se mohourn@i odliSovat

v zavislosti na ¥kové a vzdlanostni struktte vzorku.

DalSim vyznamnym omezenim je pouZiti pouze kratlagnkivni baterie.
Inkrementalni validita ve vztahu k jednotlivym sediim MoCA je tim vyznamé
limitovana. Testy tviici kognitivni baterii byly vybrany tak, aby odpdely subSkalam
MoCA a zarové zachovaly rovnovahu mezigrpokladanou schopnosti paciestHN
absolvovat neuropsychologické vy&eti a validitou obsahlé kognitivni batetfé. 2"
219, 20 pradchozi studie zabyvajici se analyzou testu MoCpacientt s HN se v3ak
soustedily pouze na analyzu jednotlivych kognitivnich nten (jako nafiklad
pozornosti a exekutivnich funk&j nebo na srovnani MoCA se screeningovymi
metodami (napklad MoCA vs MMSE§®®: 207 221, 224, 225

Nizké korelace mezi subtestem pojmenovani MoCA &kkr kognitivni baterie
jsou pravdpodobré vysledkem efektu stropu, subtest pojmenovani mazeoti
polozky a vysledny mmeér byl 2,9 bodu. Tyto vysledky jsou v souladu s @alS
validizatnimi studiemi testu MoCA%

UzZitecnost vysledi naSi studie pro detekci kognitivniho deficitu u KNiZuje
piiliSna heterogenita souboru (rédpod 22 do 71 let) a také nezahrnuti padient
v presymptomatickém stadiu HN do studie. Niéeme také vylotit mozné vlivy
medikace antipsychotiky nebo vysSich hodnot depraséizkosti na kognitivni
vykonnost paciefits HN.
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Rozhodli jsme se do naSi studie radit hodnoceni kognitivni vykonnosti
pomoci MMSE, &koliv bychom porovnani s testem MoCA i kratkou kitiyni baterii
povazovali za uzimeé. Dle naSich zkuSenosti by vSakazani dalSiho screeningového
nastroje mlo vyznamny interferefmi vliv na vykonnost subjekt v ostatnich

kognitivnich zkouSkach, speciélm panmétovych testech oddaleného vybaveni.

Vysledky studie tedy naztiaji, Ze test MoCA je validnim nastrojem pro scregr
diagnostiku kognitivniho deficitu u paciéns HN. Ve srovnani s kratkou kognitivni
baterii tento test vykazuje vysoky diskrimina potencial a dobré psychometrické
vlastnosti. Tato naSe zj&ti jsou v souladu sipdchozimi studiemi, které se testem
MoCA zabyvaly i u jinych etiologii poruch hybnoétf: % Proto se domnivame, e
vyuziti testu MoCA pro diagnostiku kognitivnino @#fu u pacieni s HN je pro

klinickou praxi uziténe.
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4. Non-motorické postizeni u Parkinsonovy nemoci

4.1. Studie C — Poruchy spanku u pacieni s nel€enou Parkinsonovou

nemoci

Souhrn

Poruchy spéanku se vigéhu Parkinsonovy nemoci (PN) vyskytdpsto. Zistava vSak
nejasné, zda jsou vyjéehy jiz v¢asnych stadiich PN. Rozhodli jsme se proto hodnotit
poruchy spanku u pacigns nog stanovenou diagnézou PN. 20 dosud ¢eigch
pacieniit s PN bylo vySéeno pomoci Epworthské Skaly spavosti (ESS),
Pittsburghského indexu kvality spanku (PSQI) a $kakvosti u Parkinsonovy nemoci
(PDSS). U 15 paciefita 15 zdravych kontrol byla provedena celariovideo-
polysomnografie a test mnateiné latence usnuti (MSLT). Abnormélaysoky ESS
skor jsme zaznamenali u jednoho pacienta s PNpeatiu tech dalSich byly zjighy
kratké ¢casy MSLT. Ri porovnani souboru paciénts kontrolami bylo PSQI vySSi
(p < 0,05) a PDSS nizsi (p < 0,001). Video-polysografie prokazala vyssi procento
paradoxniho (rapid eye movement) (REM) spanku lbemi@ (RWA) u pacierit v
porovnani s kontrolami (pmeér 28 %vs.2,9 %; p < 0,001), zatimco klinicky manifestni
porucha chovani v REM spanku (RBD) byla zaznameménae u jednoho pacienta.
Vyskyt RWA koreloval s hybnym skép(= 0,65, p < 0,05).

stadiich PN. \€asné fazi netené PN je &nym nalezem RWA, zatimco RBD je
piitomna jen #dka.

Summary

Sleep abnormalities are frequently found in Paxkirs disease (PD). However, it is
unclear if they are present from the initial stagé®D. We thus aimed to assess sleep
disturbances in newly diagnosed PD patients. Westigated 20 untreated PD patients
using the Epworth Sleepiness Scale (ESS), thebBitih Sleep Quality Index (PSQI)
and the PD Sleep Scale (PDSS). Video-polysomnograpld multiple sleep latency
test (MSLT) were performed in 15 patients and 1&lthg controls. The ESS score was
abnormally high in one patient, while short MSLThés were found in three other
patients. The PSQI was higher (p < 0.05) and th8®wer (p < 0.001) in patients
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compared with controls. Video-polysomnography destiated a higher percentage of
rapid eye movement sleep without atonia (RWA) itigmés compared with controls
(mean 28%vs. 2.9%, p < 0.001), whereas only one patient hadcdlily manifested
rapid eye movement sleep behavior disorder (RBBXeréstingly, the occurrence of
RWA correlated with the motor score € 0.65, p < 0.05).

This study demonstrates that sleep disturbancesgema a proportion of patients,
from the early stages of PD. RWA is a common figdivhile RBD is rarely present in

early untreated PD.

4.1.1. Uvod

Poruchy spanku pit mezi ¢asté piznaky Parkinsonovy nemoci (PN). Podle
literatury 60-96 % paciefits PN udava poruchy toiho spanktf®??° zahrnujici
nespavost, nykturii, fmi hybné piznaky charakteru off stéwi mimovolnich pohyh,
konkomitantni spankové onemaan - syndrom neklidnych nohou (RLS - restless legs
syndrome), periodické pohyby kégtinami ve spanku (PLM — periodic leg movements
in sleep) a poruchu chovani v paradoxnim (REM +drage movement) spanku (RBD
— REM behavior disordeff°?*?RBD je charakterizovana ztratou fyziologické svalo
atonie v REM spéanku. PostiZzeni pacienti mohou egrg reakci na obsah snu hét,o
kopat, snaZit seskoho udéit nebo rgco rozbit?** #**Dalsimcastym steskem u PN je
zvySena denni spavost (EDS — excessive daytim@isess), kterou popisuje tém
50 % paciernit.** 23> 23Nejzavazijsim projevem denni spavosti u PN jsou “spankové
ataky” - z&chvaty nahlé, silné a rtekonatelné spavosti, bez jakychkoliv varovnych
ptiznaki.?*’

Zatimco tSina gedchozich studii, sledujicich vyskyt spankovychupbru PN,
se tykala pacientjiz Iécenych dopaminergnimi preparaty, u dosud dexigch pacierit
bylo publikovdno pouze d&kolik malo dotaznikovych &&nf® #° 3
polysomnografickych studfi® 23 240-242

Cilem naSi prace bylo zhodnotit vyskyt a zavaznmstuch spanku pomoci
autoevaluanich dotaznilk a polysomnografického vygehi u doposud neiénych
pacientt s no¥ stanovenou diagnézou PN. Sledovali jsme také vyztahezi

subjektivnimi a objektivnimi parametry spanku.
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4.1.2. Metodika

Soubor a klinické vysetni

Do studie bylo z&azeno 20 paciefitz Centra extrapyramidovych onemecn
Neurologické kliniky 1.LF UK a VFN v Praze, u ktetybyla no¥ stanovena diagnéza
Parkinsonovy nemoci. Soubor paciesestaval ze 17 maza 3 Zen, pimérny vk byl
60,7 £ SD 11 let (rozmezi 34-76 let), trvanfizpaki PN 29,5 + 19 msia
(rozmezi 1-72 msici) a pameérny skér Jednotné Skaly pro hodnoceni Parkinsonovy
nemoci (UPDRS lII) 18.5 £ 7 (rozmezi 5-32). VSichpacienti spiovali diagnosticka
kriteria PN podle United Kingdom Parkinson’s Diseddrain Bank, nikdy neuzivali
antiparkinsonskou medikaci a neuzivali ani zZadngchstropni latky, antidepresiva
nebo benzodiazepiny. Pacienti byli vygei specialistou v oboru extrapyramidovych
onemocgni a specialistou v oboru spankové mediciny. Hyhpiéznaky byly
hodnoceny pomoci UPDRS Ill. K posouzeni depresea lpduzita Beckova Skéala
deprese (BDI) a khodnoceni exekutivnich funkci aamfhi baterie
neuropsychologickych test Kontrolni soubor tvillo 15 zdravych dobrovolnik
odpovidajicich ¥kem a pohlavim pacieirn vySetenych video-polysomnografii
(prameérny veék 60,2 = SD 10 (rozmezi 35-79) let, 14 mud 1 Zena), bez jakékoliv
medikace ovliviujici spanek. Studie byla schvalena Etickou komisgichni @astnici
studie podepsali informovany souhlas.

Subjektivni hodnoceni spanku

U pacienti i kontrol byly zji¥ovany subjektivni spankové obtiZze, informace o
chovani ve spanku byly ziskany také od jejich spodlezniki. K hodnoceni
subjektivni denni spavosti byla pouZita Epworthskala spavosti (ESEY. Kvalita
spanku byla posuzovana pomoci Pittsburghského indemlity spanku (PSQHf* a
ptiznaky syndromu neklidnych nohou hodnoceny dleriratgonal RLS Study Grodp.
Dale byla pouzita Skéla spavosti u Parkinsonovy ownfPDSS), ktera obsahuje
sebehodnotici visualni analogové Skaly posuzujisi iznaki souvisejicich s
poruchami spanku a zvySenou denni spavosti u gacgerPN v uplynulém tydnu.
Ackoliv v ptivodni préci nebyl stanovertgsny cut-off skor, pacienti wiznych stadiich
PN obvykle dosahuji hodnot PDSS nizSich nez 10@imza u kontrol obvykle
prevySuje 1234 247
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Polysomnografické vysigni

Video-polysomnografické vyS@ni bylo provedeno ve spankové labofiato
béhem ti po solé nasledujicich noci. Prvni noc slouzila pouze k#ata, hodnocena
byla data z druhé (makrostruktura spanku, REM spéhkatonie, saturace kysliku,
dychani a pohyby ka@etinami) a teti noci (obsah €. Spanek byl zaznamenavan mezi
22:00 (zhasnuti) a 6:00 hodinou (rozsviceni).

Spéankova stadia byla hodnocena metodou dle Redctitsnh a Kales&*® Bshem
druhé noci byla vizuathhodnocena svalova atonie s cilem zachytit neuialfygické
znamky RBD (resp. REM spanku bez atonie, RWA) dipierre a Montplaisira*® #°
Pritomnost zvySeného tonu v elektromyogramu bradovadstva > 20 % celkového
trvani REM spanku byla hodnocena jako abnornfafnApnoe/hypopnoe index (AHI)
byl vypaiten jako pondr celkového p&tu apnoi a hypopnoi k délce trvani spanku
v hodinact>! Test mnohdetné latence usnuti (MSLT) k posouzeni denni spiavos
nasledoval po druhé noci. MSLT subtesty byly prévdd ve dvouhodinovych
intervalech v dobod 9:00 do 17:00 za pouZiti standardnich vyzkummastuph.?>?

Béhem teti noci byli &astnici probuzeni po 5 minutach trvani kazdée epizod
REM spanku a pozadani o wgini snu. Obsahy érbyly roztidény do 15 nominalnich
kategorii na zaklaglv literatute popsanych snovych obsal pacieni s RBD?*3

Statistika

K nédslednému statistickému zpracovani byl pouZiftwsoe SPSS 14.0.1
(Chicago, IL). Vzhledem ktomu, Ze¢tgina dat nespbvala gedpoklad normalni
distribuce, byly pouzity neparametrické testy (MaNhitney U- test, Spearmanova
korelani analyza). VSechny ziskané vysledky byly korigovgpomoci Bonferroniho
korekce pro mnohwetné porovnani.

4.1.3. Vysledky

Vysledky ziskané ze spankovych dotaznikSech dastnilki studie shrnuje
tabulka 8. Zadny z vySemnych subjekt neudaval zvySenou denni spavost (EDS) nebo
imperativni spankové atakyiiforovnani souboru paciéné kontrol se prmeérny ESS
skor signifikant® nelisil. 6 z 20 pacieft(30 %) dosahlo skéru vyssiho nez 7, zatimco 2
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z nich (10 %) dosé&hli skor rovny nebo vyssi neZ(ll® a 12). 5 z 15 kontrol (33 %)
dosahlo skoru vyssiho nez 7, ale nikdorekpxil 9.

Tabulka 8: Vysledky spankovych dotazniki u pacienti s Parkinsonovou nemoci
(PN) bez medikace a u zdravych kontrol.

Celkové skoéry jsou uvedeny jakodpmér = smerodatna odchylka; ESS — Epworthska
Skala spavosti (Epworth Sleepiness Scale); PSQttsbBrghsky index kvality spanku
(Pittsburgh Sleep Quality Index); PDSS — Skéla eptivu Parkinsonovy nemoci
(Parkinson’s Disease Sleep Scale);

*p < 0.05, **p < 0.001; Mann-Whitney U test; Bonfeniho korekce.

Pacienti s PN = 20) Kontroly (n =15) p

ESS 56+3 6,1+2 0,5

PSQI celkovy skor 393 15+1 0,002*

PSQI diti skor
Kvalita spanku 1,0+£0,8 0,4+£0,5 0,002*
Latence usinani 0,5+0,9 0,3+0,6 0,03
Trvani spanku 0,3+0,7 0,1+0,5 0,02
Efektivita spanku 0,7+0,5 0,2+0,4 0,004*
ReruSovani spanku 0,8+0,6 0,2+0,5 0,002*
Uzivani medikace na

spani 0,3+0,6 0,1+0,3 0,02
Unava Bhem dne 0,3+0,7 0,2+0,2 0,3

PDSS celkovy skér 125,4 £ 15 141,8+3 0,0001**
Polozka 1 6,8+24 9,3+0,6 0,001*
Polozka 2 74+24 9,3+0,8 0,003*
Polozka 3 83+21 9,6 +£0,7 0,004~
Polozka 4 94+25 9,7+0,2 0,5
Polozka 5 7.7+24 8,4+0,7 0,05
Polozka 6 9,0+0,9 9,2+0,3 0,7
Polozka 7 9,6 +£0,5 9,8+0,1 0,8
Polozka 8 6,4+0,7 89+15 0,001~
Polozka 9 9,6 +0,8 10,0+ 0 0,07
Polozka 10 8,6+0,8 91+1,1 0,06
Polozka 11 9,2+0,8 9,6 +0,2 0,07
Polozka 12 9,2+0,7 9,8+0,1 0,06
Polozka 13 8,0+1,8 9,8+0,2 0,06
Polozka 14 7,8+0,8 9,4+0,8 0,05
Polozka 15 8,4+0,8 99+0,2 0,06

Praimérny celkovy PSQI skor byl signifikangnvyssSi u pacierit s PN nez u

kontrol (3,9 + 3 vs. 1,5 + 1, g 0,05), ale pouze 2 pacienti (10 %) hodnotili kualit

spanku jako neuspokojivou, tj. PSQF 5. U 5 pacierit s PN (25 %) byl nalezen
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hrangni skér = 5. Zadny z kontrolnich subjgktedosahl PSQI skoru vyssiho nez 4.
Analyza jednotlivych oddil PSQI Skaly ukazala, Ze pacienti s PNlirsignifikantng
vySSi skor v oddilech hodnoticich kvalitu spankektvitu spanku a poruchy spanku.
V dalSich oddilech nebyly nalezeny statisticky \gfzmé rozdily.

Praimérny PDSS skor byl signifikangnnizSi u pacierit s PN v porovnani s

kontrolami (125,4 + 15 vs. 141,8 + 3,9 0,001). Signifikantni rozdil mezi pacienty s

PN a kontrolami byl shledan v poloZkach hodnotidehkovou kvalitu néniho spanku,
usinani a nykturii. #znaky syndromu neklidnych nohou byly uvedefenti pacienty s
PN (15 %) a zadnym kontrolnim subjektem. Nebyleeraha signifikantni korelace
mezi ESS, PSQI a PDSS skorysem, trvanim choroby a hybnym postizenim.

VySeteni celonodni polysomnografii odmitlo podstoupit 5 pacienbyla proto
provedena pouze u 15 z 20 pademrt 15 ¥kove a pohlavim vazanych zdravych
dobrovolniki.

Parametry makrostruktury spanku jsou uvedeny vitab®. NaSe vysledky
ukazuji, Ze pacienti s PN maji signifika&itnizsi efektivitu spanku (p < 0,01) a delSi
trvani batlosti (p < 0,05) nez kontrolni skupina. Nebyly reey signifikantni rozdily
v trvani REM nebo SWS (stadium 3 + 4) mezi pacien®N a kontrolni skupinou. U
pacieni s vy§S8im UPDRS Il skérem byla nalezena delSinzeusnuti @ = 0,66,

p < 0,05).

Video-polysomnografie ukazala vySSi procento RWA pacient s PN
v porovnani s kontrolami (PN 28,0 = 25 vs. kontra|® + 3, p < 0,001). U 7 z 15 (47
%) pacient jsme zjistili RWA ve vice nez 20% celkového REMasku, 3 z nich,
vSichni muzi, popisovali Zivé sny bez vysl@vagresivniho nebo nasilného obsahu.
Pouze jeden z nich udaval typickou anamnézu RBIZher video-polysomnografie
jsme zaznamenali Sermovani rukama a vokalizaceneatu kontrol nebyly zachyceny
Zadné projevy RBD. Zajimavym zj&tim byla signifikantni korelace mezi RWA a
UPDRS Il skérem v PN skupin(p = 0,65, p< 0,05) (viz obrazek 11). Periodické

pohyby koretinami ve spanku (PLMS) byly zaznamenany u 5 paci€33,3 %) a
u 4 kontrol (26,7%). AHI (apnoe-hypopnoe index) hyizSi nez 5 za hodinu
u 11 pacient, vrozmezi 5 az 15 za hodinu (mirna spankova gpuoogdnoho, v
rozmezi 16 az 30 za hodinuitsini spankova apnoe) také u jednoho pacienta a vyss
nez 30 za hodinugZka spankova apnoe) u dvou paacient kontrolnim souboru jsme
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nalezli dva subjekty s AHI v rozmezi 5 az 15 zaihod jeden subjekt s AHI vySSim
nez 30 za hodinu. Ani AHI ani PLMS index nekorelgv@ ESS skérem.

Tabulka 9: Vysledky polysomnografie u pacieni s Parkinsonovou nemoci (PN) bez
medikace a u zdravych kontrol

Hodnoty jsou uvedeny jakojmér + smérodatna odchylka; SPT - trvani periody spanku (slee
period time); AHI — apnoe/hypopnoe index (apneaepyea index); PLMI- index periodickych
pohyhi kontetinami (periodic limb movements index); REM — mhmeni spanek (rapid eye
movement sleep)

*p < 0,05, **p < 0,01; Mann-Whitney U test; Bonfeniho korekce

Pacienti s PN Kontroly p
Pcatet subjekt 15 15
Muzi/Zzeny 14/1 14/1
Vek (roky) 59,8 +10 60,2 £ 10 0,9
Celkové trvani spanku (min) 361,4 + 68 408,7+35 ,030
Latence usnuti (min) 154 +7 13,78 0,5
Latence REM spanku (min) 88,4 + 54 91+49 0,3
Efektivita spanku (celkové trvani
spanku / doba naitku; %) 78 £ 13 89,35 0,0006*
Probuzeci reakce (pet/h) 24,3+13 21,4+6 0,6
1. stadium NREM (% SPT) 8,2+9 341 0,01
2. stadium NREM (% SPT) 40,8 +13 49+6 0,1
3. a 4. stadium NREM (% SPT) 18,6 +8 184 +5 0,9
REM (% SPT) 16,6 £ 8 22,3+4 0,02
Bdélost (% SPT) 15,8 +12 6,914 0,003*
AHI 95+15 46+9 0,3
PLMI 25,5 + 39 9,8+ 16 0,1

VSichni pacienti dokazali vyit 3 sny, vyjma jednoho, ktery popsal pouze jeden
sen (celkovy péet s, n = 43). ObsahemétSiny sri byla kEzné denni (27/43; nap
nakupy, prochazka) nebo pracovni aktivity (12/43pn feSeni matematického
problému, kaceni stroimv parku). Zivé sny (2/43; automobilové z&wnf splaseny
kun) a nepijemné prozitky (2/43; padani, pronasledovani hgdeyly popsanyiemi
pacienty s RWA. Zadny z popisovanychiasnentl vyslovré agresivni nebo nasilny
obsah. V kontrolnim souboru bylo zjigb 36 sifi, vSechny bez agresivniho nebo
nasilného obsahu.

Primérné latence MSLT se neliSila v souboru padientPN a kontrol (11,7 + 4
vs. 12,5 + 2 min). RMérna latence usnuti dosahla patologické hodnotg (min)

u 3 pacient, ale u Zadné z kontrol. U jednohocezhto pacient se vyskytl jednorazovy
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pocatek spanku REM fazi (SOREM). U dalSich dvou paéismormalnimi latencemi
usnuti se vyskytla jednordzova SOREM episoda v M&leTu Zadného z paciénse
nevyskytly vicegetné SOREM. V kontrolnim souboru nebyl v MSLT zamdry Zadny
SOREM. Nebyla nalezena korelace mezi MSLT a ES$®eskoani mezi MSLT a AHI
¢i incidenci PLMS.

Tt pacienti dosahli BDI-Il skér > 10, jeden z nicplisoval DSM-IV-TR kriteria
depresivni porucHy* u ostatnich dvou paciénbyla diagnostikovana dysthymicka
porucha a anxieta. Zadny &hto pacient nedosahl ESS skéru vyssiho nez 7. Nikdo
z pacient netrggl demenci. Uiech pacierit byl nalezen mirny dysexekutivni syndrom
neinterferujici s &nymi dennimi aktivitami. Nebyla nalezena korelacezi vysledky

kognitivnich tesi, BDI-Il a RWA a PSQEi ESS skorem.

Obréazek 11: Vztah mezi procentuelnim zastoupenim R¥ spanku bez atonie (aktivita
bradovych svali, osa y) u pacieni s PN a UPDRS Il (osa x)
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4.1.4. Diskuse

ZvysSena denni spavost je opakovarvadtna jako jedna z nefingjSich poruch
spanku u PN, nicmén vétSina studii byla provedena u pacientécenych
dopaminergnimi preparaty, o nichZ je znamo, Ze mohwySenou denni spavost
vyvolavat??* 2% 25Ngkolik studii provedenych u doposud néych pacierit s PN
neprokdzalo znamky EB%E 2® jiné prace naopak tvrdi, e EDSure PN
ptedchazet®. Jejich zavry viak nemusi byt platné prémou populaci paciefits PN,
neba’ byly ziskany v extrémnveékoveé pokrasilé skupire muai (71 az 93 let) v ramci
rozséhlé studie starnuti. Relevaijh studie Dhawan et &f’ udava signifikantni
postiZzeni v poloZzce 15 PDSS (odrazejici EDS) v@iskR25 neléenych pacierits PN,
doprovazené vysokym ESS skéremeéltarého z nich. koliv Zzadny z naSich paciant
neudaval denni spavost nebo feonatelné spankoveé ataky, u 30 % z nich (ale takée
33 % kontrol) byl nalezen ESS skor vyssi nez hédylo popsano jako rizikovy faktor
dopravnich nehod se 75 % senzitivitSUAbnormalni nebo hraimi ESS skore (12 a
10) s«dcici pro zvySenou denni spavost bylo nalezeno pau2enaSich paciefit
Nalezli jsme také zkracené latence MSLT u 3 pagiemkoliv vSak korelaci mezi ESS
a intenzitou spavosti grenou MSLT.

Mozné giciny EDS zahrnuji Spatnou kvalitu &adho spanku. #®
polysomnografickém vySitni jsme nalezli olik objektivnich rozdih mezi PN a
kontrolami. Atkoliv jsme v souboru PN v porovnani s kontrolanmtdj nizSi efektivitu
spanku s delSim trvanim #dsti, Zadny z BZnych parametr (celkové trvani spanku,
bdélost po péatku spanku, efektivita spanku, probouzeci reaks&ni slow wave
spanku) nekoreloval s intenzitou spavosti hodnoge&®S ¢i MSLT. Tato nase
pozorovani jsou v souladu s jifive publikovanymi studiemi u nelénych pacierit s
PN, naznaujici, Ze tito pacienti mohou tp centralni hypersomnii danou zakladnim
onemocginim 126 231 2%5

Souvislost nalezend mezi vySSim UPDRS IlI skéreratancemi usnuti nam
neumo#uje rozhodnout, zda poruchy spanku jsdislddkem nepohodligsobeného
hybnym postizenindi zda pokrgilejSi onemocani je provazeno &nim patologickych
zmeén zasahujicich také drahy zodpdué za probouzeci reakce aclodt. Jelikoz
latence usnuti byly v mezich normy v obou skupinatiizeme pedpokladat, ze
vyrazrgjsi poruchy spanku pozorované v jinych studiich vigius medikaci nebo

progresivnim hybnym postizenim.
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Ackoliv subjektivni vniméni spanku vyjgehé PSQI skdérem bylo v normalnim
rozmezi u vSech vyjmaech pacient, signifikantni rozdil celkového PSQI a PDSS
skory swdéi pro zjevnou poruchu spanku a¢ndé omezeni u PN v porovnani
s kontrolami. Fragmentace spanku na podkladM nebo obstrudni spankova apnoe
jsou dals§i moZnouiftinou Spatné kvality nmiho spanku vedouci k denni spavosti.
Toto vSak nebyl ipad naSeho souboru, ve kterém pouze jediny zeyshgwvacieni
trpél PLM. Navic, podob# jako v gedchozi studff®> AHI nekorelovalo s denni
spavosti, &oliv odrazelo spankovou apnaizné zavaznosti u 4 z 15 paciert u 3 z
15 kontrol.

Zda se, Ze poruchy twiho spanku a denni spavost mohou k§tomny jiz od
¢asnych stadii PN, a to i u nééych pacierit Jsou zejme disledkem patologického
procesu zakladniho onemaaonm, zahrnujiciho dopaminergni i non-dopaminergni
denervaci spankovych cerft¥r 2*® a dalSich zrn jako je Ubytek hypocretinovych
neurori v hypothalamér®.

DalSim zjis€nim nasi prace je signifikaritivyssi procento RWA u paciens PN
v porovnani s kontrolami. RWA bez klinické manitest RBD je tkdy pokladan za
“preklinickou RBD”?** Mezi nasimi de-novo pacienty s PN jsme vSak zaltpguze
jediného pacienta s Kklinicky manifestni RBD. S&ejntak v gedchozich
polysomnografickych studiich u de-novo paciest PN rktefi z pacieni vykazovali
znamky RWA, ale jenifdka byla zji&na klinicka RBD*" 2*1 242y souladu samito
nélezy byly i vysledky dotaznikové studie u 195 ipath s PN, ktera dokonce i
v pokrctilejSich stadiich onemoéni zaznamenala znamky RBD pouze u 33 %
pacienti, piicemZ u 73 % z nichifznaky parkinsonismuipdchazely RBG® Nase

t 241 2%2i50u tedy ve zjevném rozporu Eefstavou, Ze

data i vysledky dalsich stuéfl
RBD typicky predchazi manifestaci parkinsonistfiia fredstavuje takasny projev PN
zrcadlici postizeni dolniho kmene. Vysledky naSudit i vySe zmiénych
pracf*! #*t 242 ngopak nazraiji, ze napad¥jsi dysregulace REM spanku neni u
vyznamného procenta paciénasociovana &asnymi stadii nemoci. Pékud vySSi
vyskyt RWA a jeho korelace s hybnym skérem v tétadis nicmére podporuje
ptedpoklad, Ze RWA odréZi neurodegeneratisné PN

Tato klinicka a polysomnograficka studie potvrzhjgpotézu, Zze poruchy toiho
spanku a denni spavost mohou hbjtgmny jiz od péatetnich stadii PN. Navic se zda,
Ze vyskyt RWA odraztasné stadium neurodegenerace u PN. Vzhledem k tbenu,

stanoveni ¥asné diagndézy PN v raném Kklinické&tnpreklinickém stadiu bude velmi
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podstatné pro budouci mozné terapeutické postujsfavza zargeni nacasna stadia

neurodegenerace vyznamnou oblastieckého zajmu.
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5. Zavér

V zawru prace bych rada shrnula vysledky vySe prezentmlastudii.

Studie A — PostiZzeni prostorové navigace u paciahs Huntingtonovou nemoci

1. U pacieni v ¢casném stadiu onemoari nebylo zaznamenano postiZzeni prostorové
navigace, které tim padem negstavujetasny klinicky marker HN. Lze spekulovat o
tom, Ze jeji vyvoj neni spojencasnou degeneraci striata.

2. U pacieni v pokrailejSi fazi HN bylo zaznamenano s@sné zhorSeni alocentrickeé i
egocentrické navigace bez predietho postizeni jedné nebo druhé slozky. Paralelni
deteriorace obou navigaich systéra tedy odrdzi spiSe jiz generalizovany

neurodegenerativni procegepahujici izolovanou atrofii striata.

Studie B - Validita Montrealského kognitivniho testi v detekci kognitivni
dysfunkce u pacienfi s Huntingtonovou nemoci

1. MoCA je validnim nastrojem pro screening a dasjiku kognitivniho deficitu u
pacienti s HN a ve srovnani s kratkou kognitivni baterikazuje vysoky diskriminai
potencial a dobré psychometrické vlastnosti. Jeh@iti pro diagnostiku kognitivniho
deficitu u pacient s HN povaZzujeme za uz#eé pro klinickou praxi.

Studie C — Poruchy spanku u pacieni s nel&enou Parkinsonovou nemoci

1. Poruchy néniho spanku a denni spavost mohou bytomny jiz od p@ateinich
stadii PN.

2. U pacieni v ¢asné fazi netiené PN se&asto vyskytuje REM spanek bez atonie
(RWA), zatimco porucha chovani v REM spanku (RB®Qijtomna jen #idka. VysSi
vyskyt RWA a jeho korelace s hybnym skérengds¥ pro predpoklad, Ze RWA odrazi
postupny neurodegenerativni procasaané PN.
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6. Piilohy

Priloha ¢. 1 — Klinicka diagnosticka kritéria Parkinsonovy nemoci

Klinicka diagnosticka kritéria Parkinsonovy nemoci podle UK Parkinson's Disease Society
Brain Bank

Krok 1: Diagnoza parkinsonského syndromu

« bradykineze (zpomaleni iniciace volniho pohybu stponé snizovani rychlosti a amplitudy
pohybu @i repetitivnichéinnostech)
« a nejméd jeden piznak z nasledujicich:
« svalova rigidita
« klidovy ties 4-6 Hz
« posturalni instabilita neapobend primarni dysfunkci zrakovou, vestibularni
moze&kovou nebo proprioceptivni

Krok 2: Zpochybnujici a vyluéujici kritéria Parkinsonovy nemaoci

< v anamnéze opakované ikty a stoyaty vznik parkinsonskych projév
« opakované arazy hlavy

« proctlana encefalitida

« okulogyrni krize

« l&ba neuroleptiky v dobzatatku obtizi

« v rodirg vice nez jeden dalSi podobn§igad

« trvala remise

« vyluené jednostranné postizeni po vice nez 3 letech troAfEi

« supranuklearni pohledova obrna

* moze&kové @iznaky

« tasné &Zké vegetativni postizeni

 ¢asnatzka demence s poruchami mnestickymi, fatickymiaiokymi
» Babinskiho piznak

« nador mozku nebo komunikujici hydrocefalus fan@zku

« chykEni odpowdi na silné davky L-DOPA (je-li vylatena malabsorpce)
* intoxikace MPTP

Krok 3: Podpiirna prospektivni pozitivni kritéria Parkinsonovy nemaoci

* jednostranny zatek

 piéitomnost klidovéhoresu

 progresivni pibéh

* pretrvavajici asymetrie $25im postizenim na stramatatku
* vytetna odpo¥d’ na L-DOPA (70-100% zlepSeni)

« vyrazna chorea po davce L-DOPA

« klinické trvani 10 a vice let
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Priloha ¢. 2 — Total Function Capacity (TFC)

EUROPEAN HD REGISTRY
HUNTINGTON'S DISEASE RATING SCALE '99 - FUNCTIONAL CAPACITY 1

Study Site: Subject: |

Examiner: Date data obtained:

D [1] M M ¥ k) Y ki

All itams must be complated. Use U if information is unavailable. Use N if information is not applicabla.

General

Functional score':

Functional Capacity

Occupationt:
0 = unable
1 = marginal work only
2 = reduced capacity for usual job
3 = normal

Finances!:
0 = unable
1 = major assislance
2 = glight assistance
3 = normal

Domestic choresi:
0 = unable
1 = impairad
2 = normal
ADLE:
0 = total care
1 = gross tasks only
2 = minimal impairment
3 = normal
Care level:

0 = full time skilled nursing
1 = home or chronic care
2 = home

Information Sources:

Was the information obtained from:

1 = participant only
2 = participant and family/companion

DDDDDD@

Adogled from 1980 Hunfngtan Study Group. 111
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Priloha ¢. 3 — Montrealsky kognitivni test (MoCA)

JMENO:

. . Vzdélani (pocet let): Datum narozeni:
MONTREALSKY KOGNITIVNI TEST (Nasreddiniv test) Pohlavi: DATUM:
PROSTOROVA ORIENTACE / ZRUENOST / Namalujte cifernik se véemi

Cisly a oznaéte 11 hodin 10 minut
® (3 body)
Konec L . /
e @ Okopirujte
@' krychli
Zatatek
[ ] [ ] [ ] [ ] [ 1| /s
Spojujte postupné stfidavé ¢isla a pismena od zacatku do konce. kontura Cislice rucicky

POJMENOVANI ZVIRETE

_/3
PAMET " ina | & .
Prectéte fadu slov (1/sekundu). tvar samet kostel kopretina | Cervend i
Testovany je musi opakovat. 1. pokus ;z:)dny
Zopakujte je jesté jednou. 2. pokus
POZORNOST Prectéte fadu ¢isel (1/sekundu).  Testovany je ma zopakovat jak 5la za sebou [ ] 21854
Testovany je ma zopakovat pozpétku [ ] 742 /2
Ctéte fadu pismen (1/sekundu). Testovany musi klepnout prstem pokazdé kdyz uslysi A.
PFiZa\n’cechybéchnedostaneEédn\‘rbod. [ ] FBACMNAAJKLBAFAKDEAAAJAMOFAAB 7/1
MnoZina odetti 7 od 100 [ 1e3 [ ]se6 [ 170 [ 172 [ 165
4-5 spravnych odectd = 3 body / 2-3 sprévné = 2 body / 1 spravny = 1 bod / 0 spravnych = 0 bodi _/3
Opakujte po mné: Pouze vim, Ze je to Jan, kdo ma dnes pomahat. [1]
(presné slovo od slova)  Kdy# jsou v mistnosti psi, kocka se vidy schova pod gauc. [] 7/2
Vybavovani slov. Reknéte co nejvice slov, kterd zatinaji pismenem K, béhem 1 minuty. [ ] (N=mslov) _/1
ABSTRAKCE Podobnost napf. mezi bandnem-pomeranéem = ovoce [ ]viak-bicykl [ ]hodinky-pravitka | /2
G?éR\E,"JEshIII SLOV Vybaveni slov tvar samet kostel kopretina | cervena | Body se udeli pouze _/5
BEZ NAPOVEDY [ ] [ ] [ ] [ ] [ ] BEZ NAPOVEDY
Nepovinné Jedna napovéda
P Vice napovédi
OR f [ ] datum [ ]mésic [ ]rok [ ] den [ ] misto [ ] mésto _ /6
© Z.Nosreddine MD Norma = 26/ 30 CELKEM _/30
Pridej 1 bod viem, ktefi
www.mocatest.org nemaji 12 leté skolni vzd&lani

(zdroj: www.mocatest.org)
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Priloha ¢. 4 — Epworthska Skala spavosti (ESS)

Jméno, rok narozeni:

Datum vyplrgni:

Epworthské Skala spavosti ©

Diimate nebo usinéate v situacich popsanych nizedimjge o pocit Unavy)? Tato otazka se
tyka Vaseho &ného Zivota v posledni déblestlize jste nasledujici situace neprozil/astku
si predstavit, jak by Vs mohly ovlivnit.

Vyberte v nasledujici Skaletislo nejvhodnijSi odpowdi ke kazdé nize uvedené situaci:

0 = nikdy bych netimal / neusinal

1 = slaba prawpodobnost timoty / spanku
2 = stedni pravdpodobnost gimoty / spanku
3 = zn&na pravdpodobnost timoty / spanku

Otazka | Situace: Cislo
1. Pri cetbs vsedt
2. Pti sledovani televize
3. Pfi necinném sezeni na ¥gném mist (v king, na schizi)
4, Pti hodinové jizé v aut (bez gestavky) jako spolujezdec
5. Pti lezeni — odpéinku po olgdg, kdyZ to okolnosti dovoluji
6. Pti rozhovoru vsed
7. Vsed:, v klidu, po olsd¢ bez alkoholu
8. V automobilu stojicim &olik minut v dopravni zacp

Celkem:

Obvykla doba usinani:

Obvykla doba probuzeni:

Dé¢kujeme za spolupraci

© Johns MW: A new method for measuring sleepingssEpworth sleepiness scale. Sleep
1991; 14: 540-545
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Priloha ¢. 5 — Pittsburghsky index kvality spanku (PSQI)

THE PITTSBURGH SLEEP QUALITY INDEX (PSQI)
(Bnysse DJ et al, Psych Res 1989, 28:193-213)

Nasledujici otdzky se vztahuji k vaSim obvyklym rdg@vym navykm v pritbéhu posledniho
meésice. Vyberte vZzdy nejvystiZj$i odpoed’ odpovidajici ¥tSiné dni a noci Bhem této doby.

Odpowzte prosim na v3echny otazky.

1. V kolik hodin jste obvykle chodil/a spatteem posledniho ésice?
OBVYKLY CAS ULEHANI

2. Za jak dlouho jste obvykle usinal/ahem posledniho #&sice?
POCET MINUT

3. V kolik hodin jste obvykle vstaval/athem posledniho #sice?
OBVYKLY CAS PROBUZENI

4. Kaolik hodin jste obvykle spal/aghem posledniho #&sice? (niZe se liSit od doby
stravené naikku)
PQ'ET HODIN SPANKU / NOC

U dalSich otazek zaSkette prosim nejvystizSi odpoed’.

5. Béhem posledniho #sice jste rél/a potiZze se spankem #wbdu...

(&) nemoznosti usnout do 30 min

nikoliv Bhem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tyda vicekrat tydn

(b) probuzenighem noci nebdasré rano

nikoliv Ehem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tydé vicekrat tydn

(c) nutnosti vstat a jit na toaletu

nikoliv Bhem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tyda vicekrat tydn

(d) Ze jste nemohl spr&whychat

nikoliv Ehem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tydé vicekrat tydn
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(e) kasle nebo hlasitého chrapani

nikoliv Ehem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tydé vicekrat tydn

() Zze Vam bylo zima

nikoliv Bhem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tyda vicekrat tydn

(9) ze Vam bylo teplo

nikoliv Ehem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tydé vicekrat tydn

(h) Ze jste ghSpatné sny

nikoliv Bhem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tyda vicekrat tydn

(i) Ze jste #hbolesti

nikoliv Ehem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tydé vicekrat tydn

() zjiného@lvodu, prosim popiste

Jakasto jste rdl/a potiZze se spankengiem minulého rgsice z tohoto @odu?

nikoliv Bhem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tyda vicekrat tydn

6. Jak byste popsal/a kvalitu spankthem minulého résice?

Velmi dobra

Dosti dobra

Dosti Spatna

Velmi Spatné

7. Jakcasto jste Bhem posledniho #&sice uzival/a Iéky na spaniggepsané Vasim
lékarem nebo koupené bez receptu?

nikoliv Bhem mémez 1-2x 3x nebo
posledniho &sice 1x tydn tyda vicekrat tydn

8. Jakcasto jste rél/a bthem posledniho #&sice potiZze neusnoutifizeni automobilu,
[ jidle nebo pi spol&enskych aktivitdch?

nikoliv Bhem mémez 1-2x 3x nebo
posledniho #sice 1x tydn tydé vicekrat tydn
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9. Nakolik Vam dlalo béhem posledniho &sice problémy mit dost nadSeni k vykonavani
véci, které rdly byt vykonany?

Vubec Zadny problém
Jen mirné problémy
Dosti problematické
Velké problémy

10. Méte spolunocleZnika nebo spolubydliciho?

Nemam ani spolunocleznika ani spollibiftb
Partner/ spolubydlici v jiném pokoji
Partner ve stejném pokoji, ale v jrusteli
Partner ve stejné posteli

Pokud méte spolubydliciho nebo spolunocleznikeeepse ho prosim, zda jstéhiem
posledniho résice:

(a) hlasit chrapal/a

nikoliv Bhem mémez 1-2x 3x nebo
posledniho gsice 1x tydn tydé vicekrat tydn

(b) mél/a v dychani pauzy

nikoliv Ehem mémez 1-2x 3x nebo
posledniho #sice 1x tydn tydé vicekrat tydn

(c) mgl/a cukani nebo zaSkuby keetin ve spanku

nikoliv Bhem mémez 1-2x 3x nebo
posledniho #&sice 1x tydn tydé vicekrat tydn

(d) epizody desorientace nebo stavy zmatenospgaaku

nikoliv Ehem mémez 1-2x 3x nebo
posledniho gsice 1x tydn tyda vicekrat tydn

(e) jiné stavy neklidu ve spanku, prosim popiste:

nikoliv Bhem mémez 1-2x 3x nebo
posledniho gsice 1x tydn tydé vicekrat tydn

86



Ptiloha ¢. 6 — Skala spavosti u Parkinsonovy nemoci (PDSS)

Parkinson’s Disease Sleep Scale (PDSS)
Zhodna’te prosim pomoci uvedené skaly kvalitu svého spékam uplynulého tydne
(zakiizkujte odpovidajici bod na stupnici)

1. Kvalita VaSeho

no¢niho spanku je | |
celkow: VELMI SPATNA VYBORNA

2. Mivate veser
potize L |
s usinanim? VZDY NIKDY

3. Mivate potize
s udrzenim ; |
spanku? VZDY NIKDY

4. Poctujete neklid
v rukouci nohou | |
béhem noci nebo vzoy NIKDY
jiz v prabéhu
vecera, ktery by
ruSil V&s spanek’

5. Je Vas spanek
neklidny? } |
VZDY NIKDY

6. Trapi Vas dsivé
sny? } |
VZDY NIKDY

7. Trapi Vas dsivé
nocni halucinace | |
(vidite nebo VZDY NIKDY
slySite
osoby/\éci, které

neexistuji)?

8. Vstavate v noci
kvali mocéeni? | :
VZDY NIKDY

9. Stava se, ze se
pomgite [i | |
nahlém zhorSeni vzoy NIKDY
hybnosti v
dasledku
L,Off stavu“?

10. Probudi Vas
nekdy ze spanku | |
zhorSena citlivosi  vzpy NIKDY
nebo brini

rukouc¢i nohou?

11. Mivate Ehem
nocniho spanku | |
bolestivé kece VZDY NIKDY
rukou¢i nohou?
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7. Seznam pouzitych zkratek

AHI

Alo
ANCOVA
ANOVA
AUC

BG

BVA
CAG

Cl
CM/Pf
COWAT
DA

DBS
EDS
Ego
ESS
FCSRT

GABA
Glu
HARS
HD

HN
GPe
GPi
MADRS

mMS
MMSE
MoCA
MSLT

apnoe/hypopnoe index

alocentrickaly

analyza kovariance (analysis of covariance)
analyza rozptylu (analysis of variance)

plocha pod Kvkou (area under curve)

bazalni ganglia

Blue Velvet Aréna

cytosin-adenin-guanin

konfidertni interval (confidence interval)

centrum medianum/parafascikularni jadra timala

test fonematické verbalni fluence (Control@chl Word Association Test)
dopamin

hluboka mozkova stimulace (deep brain stimaihgti

nadnirna denni spavost (excessive daytime sleepiness)
egocentrickaly

Epworthskéa Skala spavosti (Epworth Sleepineake s

Test volného vybaveni a vybaveni s voditkgd and Cued Selective
Reminding Test)

kyselina gama-aminomaselna

glutamat

Hamiltonova Skaly uzkosti (Hamilton Anxiety ey Scale)
Huntington’s disease

Huntingtonova nemoc

globus pallidus externum

globus pallidus internum

Montgomeryho-Asbergové hodnotici Skala dep(@sontgomery—Asberg
Depression Rating Scale)

modified Motor Score

Mini-Mental State Examination

Montrealsky kognitivni test (Montreal CognigéivAssessment)

test mnohoetné latence usnuti (multiple sleep latency test)
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NA noradrenalin

NPV negativni prediktivni hodnota (negative pregetalue)

OSA obstrukni spankova apnoe (obstructive sleep apnea)

PD Parkinson’s disease

PDSS Skala spavosti u Parkinsonovy nemoci (Parkiaddisease Sleep Scale)

PLMS periodické pohyby kaetinami ve spanku (periodic limb movements in
sleep)

PN Parkinsonova nemoc

PPN pedunkulopontinni jadro

PPV pozitivni prediktivni hodnota (positive prediet value)

PSQI Pittsburghsky index kvality spanku (PittsbuBibep Quality Index)

RBD porucha chovani v REM spanku (REM behavior idisg

RCFT Reyova komplexni figura

REM rychlé pohyby & (rapid eye movement); paradoxni spanek

RLS syndrom neklidnych nohou (restless legs syndjom

ROC Receiver Operating Characteristic

RWA REM spének bez atonie (REM sleep without afpnia

SDMT Symbol Digit Modalities Test

SNc substantia nigra pars compacta

SNr substantia nigra pars reticularis

SOREM REM spének po usnuti (sleep onset REM)
SPECT jednofotonova emisni vygmini tomografie (single photon emission

computed tomography)

STN subthalamické jadro

TFC Total Function Capacity

T™MS Total Motor Score

UHDRS Unified Huntington’s Disease Rating Scale

VA/VL nucleus ventralis anterior a nucleus vensaditeralis thalamu
VIM ventralni intermedialni jadro thalamu

S5-HT 5-hydroxytryptamin (serotonin)
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Background: Visuospatial skills including spatial navigation are known to be impaired in Huntington's disease.
Spatial navigation comprises two navigational frameworks, allocentric and egocentric. Several studies have
associated the allocentric navigation with the hippocampus and the egocentric navigation with the striatum.
The striatum is predominantly impaired from the early stages of Huntington's disease.

Objective: To find whether spatial navigation impairment is present in the early stages of Huntington's disease
and to test the hypothesis that the egocentric navigation is predominantly affected compared to the allocentric
navigation.

Methods: In nineteen patients with Huntington's disease the egocentric and the allocentric navigation skills
were tested using the Blue Velvet Arena, a human analog of Morris Water Maze, and compared to nineteen
age and gender-matched healthy controls. Cognitive functions, with emphasis on the executive functions,
were also assessed.

Results: The spatial navigation skills deteriorated with the increasing motor impairment in Huntington's
disease. These changes only became apparent in patients with moderate functional impairment. No difference
between the egocentric and the allocentric skills was seen.

Discussion: Spatial navigation deficit is not an early marker of the cognitive dysfunction in Huntington's
disease. We speculate that the striatal circuitry that is known to degenerate early in the course of Huntington's
disease is not directly associated with the spatial navigation.

Keywords:

Egocentric navigation
Allocentric navigation
Morris Water Maze
Blue Velvet Arena
Hippocampus
Striatum

1. Introduction

Huntington's disease (HD) is an autosomal dominant neurodegen-
erative disorder with invariably fatal outcome, caused by a mutation of
the huntingtin gene on the short arm of the 4th chromosome. HD is
characterized by motor and behavioral changes and cognitive decline.
The cognitive impairment includes psychomotor slowing, attention
disorder and a range of memory and executive dysfunctions [1].
Visuospatial skills, including spatial navigation, can be affected [2-6].

Two spatial navigation frameworks, allocentric (world-centered)
and egocentric (body-centered), were described in the literature [7].
The allocentric navigation is independent of the subject's current
position and uses a flexible representation of the surrounding
perceptible landmarks. Previous findings showed that allocentric
navigation depends on the intact function of hippocampus [8-11]. The

* Corresponding author at: Neurologicka klinika 1. LF UK a VFN Katefinska 30, 128
08, Praha 2, Czech Republic. Tel.: 4420 22496 5539.
E-mail address: v.majerova@gmail.com (V. Majerova).

0022-510X/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.jns.2011.08.016

© 2011 Elsevier B.V. All rights reserved.

egocentric navigation is based on the information about linear and
angular displacement of subject in space and therefore requires
vestibular and somatosensory input. This navigation framework is
used e.g. to navigate in the dark, when visual information and
perceptible landmarks cannot be utilized. Some works have related
egocentric navigation to the posterior parietal cortex [9,12,13] or to the
striatum [14-19].

In HD, the striatum is predominantly affected already in the early
stages. The typical neuropathological feature here is the alteration of the
medium-sized spiny neurons, a subpopulation of GABAergic striatal
output interneurons [20-22]. Gradually the degenerative process
spreads to the other parts of the central nervous system, including
cortex [20,23,24]. Therefore HD in its early stages could provide a model
for understanding the role of the striatum in the spatial navigation.

In this study, we examined the spatial navigation in patients with
mildly and moderately advanced HD, evaluating the impairment in
the allocentric and the egocentric frameworks.

With respect to the substantial degeneration of the striatal neurons
early in HD, we hypothesized that the egocentric navigation is
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predominantly impaired compared to the allocentric navigation.
Contrary to the previous studies, which used two-dimensional
representations of space (such as maps and computer tests) [3,4,25],
we used a real-space examination of spatial navigation in the Blue
Velvet Arena (BVA) [26]. The BVA is a human analog of the Morris Water
Maze used in animal research [27] and is designed to differentiate
between the allocentric and the egocentric components of spatial
navigation. This approach showed a remarkable sensitivity, when used
in the studies of Alzheimer's disease, where it found a selective
impairment of the allocentric navigation as early as in the pre-
symptomatic stage [26,28-31]. We hypothesized that in HD the
impaired egocentric navigation provides a similar early clinical marker
of the disease.

2. Methods
2.1. Subjects

All of the 19 patients in the study (11 men and 8 women) met the
clinical diagnostic criteria of HD and their diagnosis was confirmed
genetically. The patients were recruited from the Department of
Neurology of the General University Hospital in Prague. The subjects
with any recent depressive or psychotic episode, with the severe
functional impairment [evaluated as the Total Functional Capacity
(TFC) stages IV-V] or with the juvenile HD were not included in the
study. The mean age of the patients at HD onset was 52 + 12 years and
the mean disease duration was 8 + 3 years.

Nineteen control subjects were chosen to match the HD patients
with respect to age, gender and education. The controls had no history
of neurological or psychiatric disorders. Informed consent was
obtained from both the HD patients and the healthy controls. The
study was approved by the Ethics committee of the General University
Hospital in Prague.

2.2. Clinical assessment

The patients with HD were examined by an experienced specialist at
the Movement Disorder Center, Department of Neurology, General
University Hospital. After obtaining history and demographic data, the
patients were scored with TFC and Motor Assessment sub-sections of
the Unified Huntington's Disease Rating Scale (UHDRS). TFC scale was
used to evaluate patient's disability, dependence and the stage of illness
(stagel,11-13 points; stage I, 7-10 points; stage III, 3-6 points; stage IV,
1-2 points; stage V, 0 points) [32,33]. A sub-score assessing negative
motor signs - modified Motor Score (UHDRS-mMS) - was derived from
the Motor Assessment as described elsewhere [34].

2.3. Neuropsychological assessment

In all subjects, general cognitive functions were evaluated by the
Montreal Cognitive Assessment (MoCA). The battery of neuropsy-
chological tests comprised the Controlled Oral Word Association
Test, Symbol Digit Modalities Test, Stroop Color and Word Test and

A B

egocentric

O

the Free and Cued Selective Reminding Test of Grober and Buschke.
To evaluate the correlation between the executive functions and
UHDRS-mMS, the first three tests were combined to a composite
executive score as described before [35,36]. Briefly, the scores of the
neuropsychological tests were converted to Z scores and these were
averaged for each subject. To evaluate depression and anxiety the
Montgomery-Asberg Depression Rating Scale and the Hamilton
Anxiety Scale were used.

2.4. Assessment of spatial navigation

The spatial navigation assessment was carried out at the Department
of Neurology, 2nd Medical School using the BVA [fully enclosed circular
tent made of a dark blue velvet curtain, 2.9 m in diameter and 2.8 m high
(Fig. 1A)] as described before [26,28-30]. The task was to locate an
invisible goal on the arena floor, whose position was first shown to the
subject. The movement of each subject was recorded and digitalized
with a computerized tracking system (Fig. 1B), and the final distance
error from the goal was evaluated. Spatial navigation was tested in three
separate subtests, in which the starting position and/or two orientation
cues were revealed to the subject. Each subtest consisted of eight trials
to allow for evaluation of subjects' learning. In the egocentric (Ego)
subtest, the starting position was revealed to the subject, with no
orientation cues displayed (this is similar to navigation in the dark). In
the allocentric (Allo) subtest only the cues were provided (this is similar
to navigation in the complex environment). In the Allo subtest, the
starting position was unrelated to the goal-cues configuration and
changed randomly between the trials. In the Allo-Ego subtest (inves-
tigating both allocentric and egocentric navigation), the subjects were
given both the starting position and the two orientation cues. Here the
relative position of the goal, the starting position and the orientation
cues remained stable, while the whole start-cues-goal configuration
shifted to a new position between the trials.

2.5. Statistical analysis

Statistical analyses were carried out using the PASW 18 (SPSS Inc.) and
Statistica 9.1 (StatSoft) software packages. Effects were considered signif-
icant if p<0.05. To control false discovery rate, Benjamini-Hochberg
correction of p-values was used. Values are given as average + standard
deviation, unless indicated otherwise.

Normal distribution of the data was first examined visually and
statistically. The outcomes of the clinical and neuropsychological
assessments (including the composite executive score) were compared
between the groups with Student's t-tests. Correlations between the
UHDRS-mMS and the composite executive score or the distance error in
the BVA testing were carried out with simple linear regression analyses.
The outcomes of the BVA testing in all navigation subtests were analyzed
with repeated measures analysis of covariance (ANCOVA, repeated
measure = BVA trials), comparing the patient and the control groups,
with respect to the UHDRS-mMS (as a covariate). The tested effects
included the effects of trial repetition (within subject effects corrected
with the Huynh-Feldt epsilon), the difference between the groups

allocentric-

allocentric egocentric

Fig. 1. Scheme of the Blue Velvet Arena (A) and the settings of the Ego, Allo and Allo-Ego subtests (B). The task was to navigate towards a hidden target (black circle) with the
information about the starting position (empty circle) and/or two navigation cues (arrowheads). Adapted from Laczo et al., Behav Brain Res 2009, 202(2): 252-9 and Kalova et al.,

Behav Brain Res 2005, 159(2): 175-86.
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(between subject effects) and the interaction effects of trial repetition x
group (corrected with Huynh-Feldt epsilon). Post-hoc repeated mea-
sures analysis of variance (ANOVA, repeated measure = BVA trials) was
used to compare spatial navigation in patients stratified according to
their functional impairment (i.e. TFC stage I, TFC stages Il and III, and the
corresponding healthy controls). The pairwise comparisons of the sub-
groups were carried out with post-hoc with Tukey's honestly significant
difference tests.

3. Results
3.1. Clinical and neuropsychological assessment

The outcomes of the clinical and neuropsychological assessments are
shown in Table 1.1t is apparent that in the HD patients the cognitive and
executive functions were significantly impaired (p <0.04, t3>2, t-tests),
as detected by MoCA and by all the executive tests. The executive
impairment was also reflected by the significant difference in the
composite executive score between the patient and control groups
(p=3x10""'2, t35=11, t-test). Moreover, the executive dysfunction
was related to the severity of HD and was closely correlated with the
level of motor impairment, as assessed by UHDRS-mMS (r=0.89,
p=4x10"'2 least-square line: y = — 9.8x + 8.8, linear regression). The
HD patients also suffered from more pronounced mood disorders
(depression, anxiety) and mild memory impairment compared to the
healthy controls (p<0.04, t35>2, t-tests), however, in no instance was
severe depression or anxiety observed.

3.2. Spatial navigation

In all of the spatial navigation subtests (Fig. 2), the HD group reached
larger mean distance error than the control group (30-80 cm vs. 20~
35 cm, respectively). However, the analysis with repeated measures
ANCOVA only found trends towards significance (p>0.07, F;, 35<4).
Instead, in all subtests the distance error significantly increased with the
higher UHDRS-mMS (p<0.004, F, 35>11, repeated measures
ANCOVA). Fig. 3 demonstrates the relations between the UHDRS-mMS
and the outcomes of the spatial navigation subtests. In all three
instances, moderate positive associations were confirmed (r>0.52,
p=0.002, linear regression). This suggests that it is the severity of
impairment rather than the mere presence of HD, what influenced the
spatial navigation skills. This observation was further supported by the
post-hoc analysis of the spatial navigation skills in HD patients stratified
into the groups with mild (TFC stage I) and moderate (TFC stages Il and
1) functional impairment (p<0.01, F3 34>5, repeated measures
ANOVA). It is apparent from Fig. 4 that the patients within the TFC
stage I did not differ from the healthy controls (p>0.6, post-hoc Tukey's
tests). In contrast, the patients within the TFC stages Il and III scored
significantly worse in all three BVA subtests (p<0.03, post-hoc Tukey's
tests).

Ego

80 4

40 4

20 A

Distance error (cm)

Allo

80 4

40 4

20

Distance error (cm)

Allo-Ego
80 A

40 4

20 4

Distance error (cm)

Trial

=@= Huntington’s disease
== healthy controls

Fig. 2. Distance error in the eight trials of the spatial navigation subtests. The error
depended on the severity of motor impairment evaluated by the Unified Huntington's
Disease Rating Scale — modified Motor Score (p <0.004, repeated measures ANCOVA).

As a consequence of learning, the performance of the tested subjects
tended to improve in all navigation subtests. However, the rate of
improvement was not identical in the HD patients and the healthy
controls (see Fig.2). While in the controls, it was at best marginal (e.g. in
the Ego subtest it was not present at all), in the HD patients it was clearly
observed in all subtests (p<0.006, Fs3_146, 131-156=2.4, repeated
measures ANCOVA). In case of the Ego and the Allo subtests this led to
gradual decrease in the group difference between the control and HD

Table 1
Outcomes of the clinical and neuropsychological assessment (average + standard deviation).
Unified
Huntington's Free and
Disease Montgomery— Cued Controlled
Rating Scale  Asberg Hamilton ~ Montreal Selective OralWord ~ Symbol Digit ~ Stroop Composite
- modified  Depression Anxiety Cognitive Reminding  Association Modalities Color and Executive
n(F/M)  Age (range) Motor Score  Rating Scale  Scale Assessment  Test Test Test Word Test  Score
Huntington's disease 19 (8/11) 52+12(28-62) 17.4£82 83+64" 58+38" 20462 15.0+14* 17.6+9.0® 21.9:107" 116 £40* =082 0515
Healthy controls 19(8/11) 51+13(25-70) N/A 2739 3.1£36 28212 15804 42.9+9.0 479 £6.1 218+22 08+03

Composite executive score is an average of the Z scores of the three executive tests (gray): Controlled Oral Word Association Test, Symbol Digit Modalities Test, and Stroop

Color and Word Test.
*p<0.05, t-tests.
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Distance error (cm)

Distance error (cm)

Distance error (cm)

0
0 5 10 15 20 25 30 35 40
disease severity (UHDRS-mMS)

Fig. 3. Correlations between the distance error and the spatial navigation subtests. In all
three instances a moderate association was confirmed (r=0.52, linear regression). The
least square lines are shown. UHDRS-mMS, Unified Huntington's Disease Rating Scale —
modified Motor Score; error bars, standard error of mean.

groups and in the combined Allo-Ego subtest it resulted in complete
abolishment of the initially observed difference.

4. Discussion

This is the first study testing allocentric and egocentric navigation
with a real-space navigation task in human HD. We have shown that
spatial navigation skills are well preserved in patients with mild motor
impairment (i.e. within the early stages of HD), but deteriorate pro-
gressively in the later course of the disease. This decline develops in the
egocentric and the allocentric navigation frameworks in parallel.

A number of studies have addressed the visuospatial functions in HD
but most of them have not discussed the impairment of the allocentric
and egocentric navigation frameworks specifically [2,5,6,37-40]. While
several works dealing with the navigation frameworks have indicated
that in patients with HD the egocentric navigation is predominantly
impaired with a relative sparing of the allocentric navigation [3,4,17],
other studies have found deficits in both allocentric and egocentric
frameworks [25]. However, most studies used only two-dimensional
tasks, which are suboptimal for the assessment of the spatial navigation

96

Ego

120
100
80
60
40
20
0

Distance error (cm)

Allo
120

100
80
60
40
20

Distance error (cm)

Allo-Ego

Distance error (cm)

Trial

=®= Huntington’s disease - TFC 2-3
=O= Huntington’s disease - TFC 1
== controls to TFC 2-3 group

== controls to TFC 1 group

Fig. 4. Distance error in the eight trials of the spatial navigation subtests in the patients
with Huntington's disease stratified according to the Total Functional Capacity. The
error was significantly higher in the patients with moderate impairment (TFC stages II
and I1I) compared to those with mild impairment (TFC stage I) and healthy controls.
TFC, Total Functional Capacity; error bars, standard error of mean.

(especially its egocentric component requires information about the
head and body position and movement, unavailable in the two-
dimensional tasks). It is likely that solving two-dimensional tasks
requires a wider range of skills (e.g. image interpretation) than real
navigation through the environment [41]. In contrast, the BVA used
in this study allows to test spatial navigation more selectively, not
requiring abstract visualization and with the capacity to clearly differ-
entiate between the allocentric and the egocentric navigation [42].

As there is evidence that the disease severity and progression correlate
best with the negative motor signs evaluated by UHDRS-mMS [34,43], we
used the UHDRS-mMS score to assess the dependence of the spatial
navigation impairment on the disease severity. With respect to the
previous studies, which have reported early changes in the striatum with
relative sparing of the hippocampus in the early stage of HD [20], we
hypothesized that the egocentric navigation is affected early in HD and
that its impairment is more marked than that of the allocentric navigation.
However, our findings did not confirm these presumptions. We have
shown that the performance in all subtests decreases significantly with
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the increasing motor impairment in HD, but only becomes evident in the
later stages of the disease. This is confirmed by our observation that the
patients with mild functional impairment (TFC stage I) do not show
abnormalities in either of the spatial navigation frameworks, while the
patients with moderate functional impairment (TFC stages Il and IIT) show
parallel deterioration in both the allocentric and the egocentric
navigation.

Our results suggest that the degeneration of the striatum does not
affect the egocentric navigation selectively. It is therefore possible that the
altered striatal medium-sized spiny neurons are not involved in the
spatial navigation circuits of the striatum. Alternatively, the striatum itself
may not be crucial for spatial navigation, which could then be more
related to other regions, such as the posterior parietal cortex, as was
suggested elsewhere [8,9,12,13]. Another possible explanation could
involve compensation for the impaired striatal function by the hippo-
campus, as functional interactions between hippocampus and the
striatum are known [44]. These interactions might be preserved in the
patients with the mild impairment but may become apparent with more
widespread brain atrophy that is apparent in the later stages of HD
[20,45]. This could also explain the parallel deterioration in both the
allocentric and the egocentric spatial navigation. Finally, it could be
speculated that the striatum is involved in both the egocentric and the
allocentric navigation; however, its functional reserve exceeds the level of
degeneration that occurs in the initial stages of the HD.

The ability to improve the performance in the navigation task with the
number of trials was presumably attributed to learning. The difference in
the rate of improvement between HD patients, whose performance
improved markedly in all subtests, and the healthy controls, whose
improvement was only marginal, could be explained by the fact that the
HD patients initially scored less accurately but retained the ability to
learn. In addition, we have shown that the executive functions deteriorate
with the increasing functional and motor impairment, which is in
agreement with previous reports [1,46,47].

The most important drawback of the current study is the low
number of patients. However, the chosen sample was large enough to
prove a statistically significant association between the severity of HD
and the deficit of spatial navigation. The relatively large spread of error
in the HD group could be attributed to the wide functional range of the
patients included (i.e. TFC stages I through III). However, this has been
compensated for by the statistical model, in which the UHDRS-mMS has
been used as a linear covariate.

In summary, our results suggest that spatial navigation deficit is not
an early clinical marker of HD and therefore its development is probably
not associated with the early degeneration of the striatum. This is in
contrast to the findings in Alzheimer's disease, where early disturbances
of the allocentric spatial memory, attributed to the degeneration of
hippocampus, can help to identify subjects in the prodromal stage of the
disease [26,28-31]. In moderately advanced HD, the simultaneous
impairment of allocentric and egocentric spatial navigation reflects
rather more generalized neurodegenerative process that extends well
beyond the isolated atrophy of the striatum.
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with HD.
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Huntington’s disease (HD) is a progressive,
neurodegenerative disorder that typically manifests in
the fourth or fifth decade of life and has an overall
frequency of approximately four to five per million
(Huntington’s Disease Collaborative Research Group,
1993). A trinucleotide (CAG) expansion in the
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Huntington gene mapped to the short arm of
chromosome 4 is responsible for the disease and is inher-
ited in an autosomal-dominant manner. The clinical
presentation of HD is dependent upon the degeneration
of several brain structures, primarily the basal ganglia
and frontostriatal loops (Vonsattel et al., 1985) and is
characterized by progressive motor impairment (dyski-
nesias and abnormalities of voluntary movement),
behavioral disturbances, and cognitive decline.

The early detection of cognitive deficit and precise
monitoring of cognitive status during all stages of the
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disease are needed in the management of HD patients.
Cognitive decline is an essential component of HD
and may even precede the onset of characteristic motor
impairment in presymptomatic carriers of the HD gene
mutation (Duff et al., 2010). Such decline is manifested
by disorders of attention, executive functions, and dif-
ferent components of memory (Ho et al., 2003; Lemiere,
Decruyenaere, Evers-Kiebooms, Vandenbussche, &
Dom, 2004; Verny et al., 2007). It is usually associated
with psychomotor slowing and behavioral disturbances
such as irritability, apathy, obsessive-compulsive symp-
toms, depression, and anxiety (Craufurd, Thompson,
& Snowden, 2001; Duff et al., 2007; Julien et al., 2007).
However, a short, sensitive, and reliable cognitive scale
that is able to primarily detect executive dysfunction
and other cognitive deficits in HD is currently lacking.

The Mini-Mental State Examination (MMSE) is a
widely used screening instrument (Folstein, Susan, &
McHugh, 2000) for the detection of dementia and has
been included in a number of studies examining cogni-
tive deficits in HD (Lange, Sahakian, Quinn, Marsden,
& Robbins, 1995; Lemiere, Decruyenaere, Evers-
Kiebooms, Vandenbussche, & Dom, 2002; Rodrigues
et al., 2009; Ward et al., 2006). The MMSE can differen-
tiate between different types of dementia (HD vs.
Alzheimer’s disease; Brandt, Folstein, & Folstein,
1988). However, there is considerable evidence that it
lacks adequate sensitivity in the detection of cognitive
dysfunction in HD in comparison with normal cognitive
functioning (Rothlind & Brandt, 1993) and mild cogni-
tive impairment (MCI), especially of executive dysfunc-
tion in other neurodegenerative diseases (Bezdicek et al.,
2010; Hoops et al., 2009; Nasreddine et al., 2005; Nazem
et al., 2009; Tombaugh & Mclntyre, 1992; Wind et al.,
1997).

The Montreal Cognitive Assessment (MoCA) is a
brief screening instrument that has been constructed to
address some of the limitations of the MMSE, and has
been found to have higher sensitivity and specificity in
the detection of dementia and MCI (Gagnon, Postuma,
Joncas, & Desjardinsatreille, 2010; Nasreddine et al.,
2005). The structure of the MoCA covers eight cognitive
domains: visuospatial/executive, naming, memory,
attention, language, abstraction, delayed recall, and
orientation. Thus, it covers a broader range of cognitive
domains than does the MMSE, including executive
functions and more challenging subtests of language
abilities, visuospatial processing, and delayed recall. It
takes approximately 10 minutes to administer to healthy
subjects (Bezdicek et al., 2010) and may be used in
clinical settings.

The MoCA has been studied as a measure of cogni-
tive performance in the HD population in relation to
the MMSE (Mickes et al., 2010; Videnovic et al., 2010).
These studies support the hypothesis that the MoCA has

higher sensitivity without diminishing specificity in
many domains relative to the MMSE; however, the
psychometric properties and measurement validity of
the MoCA in HD, in comparison with a brief cognitive
battery, have not been analyzed. The purpose of this
study was therefore to assess the concurrent, conver-
gent, and discriminative validity (Nunnally & Bernstein,
1994) of the MoCA as a screening tool for cognitive dys-
function in HD, comparing the MoCA to standardized
tests contained in a brief cognitive battery.

METHOD

Participants

Twenty participants (12 male, 8 female) with mild-to-
moderate, genetically verified HD with cognitive deficit
were recruited from the Czech population at the Move-
ment Disorders Center, General University Hospital,
Charles University in Prague (Table 1). Each of the
HD subjects performed more than —1.5 standard devia-
tions below normative values for their age in two or
more tests included in the brief cognitive battery (except
for the MoCA). All HD subjects considered for the
study were examined by a senior neurologist (J.R.),
and those with severe language or motor deficits that
interfere with the administration of tests were excluded,
while mild-to-moderate stages of HD according to Total
Function Capacity (TFC) values (I-III) and the modi-
fied Motor Score derived from the Unified Huntington’s

TABLE 1
Mean Characteristics of HD and NC Groups
HD NC
Mean+ SD Range Mean+SD  Range
Age (Y) 49.6+13.3 22-71 50.3+13.9  21-69
Education (Y) 13.54+2.6 11-18 134+24 11-17
MoCA 20.5+£5.5 10-28 27.5+£22 24-30
MADRS 84+6.3 0-23 34+44 0-14
HARS 58+3.7 1-16 3.8+4.1 0-15
UHDRS-FIS 86.0+153 65-100
UHDRS TFC 9.7+2.8 5-13
UHDRS motor  25.1+9.5 12-50
score
CAG repeats 427+6.9 40-70
(mutant allele)
183+3.6 13-28

(normal allele)

Note. The possible range of the TFC is 1-13, and that of the
UHDRS total motor scores is 0-124.

Y =years; MoCA = Montreal Cognitive Assessment; MADRS =
Montgomery-Asberg Depression Rating Scale; HARS = Hamilton
Anxiety Rating Scale; UHDRS = Unified Huntington’s Disease Rat-
ing Scale; UHDRS-FIS = Functional Independence Scale (possible
range = 0-100); TFC = Total Functional Capacity.
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Disease Rating Scale (UHDRS) motor assessment were
included (for more detailed information, see Table 1).
All participants were being treated with antipsychotics
(tiapride, risperidone) at the time of examination,
mainly for dyskinetic syndrome.

Twenty-three healthy volunteer subjects (12 males, 11
females) were recruited to serve as a normal control
(NC) group, and they were homogenous with the patient
group in respect to age, gender, and education. Inclusion
criteria for controls were the absence of any past or
present neurological, psychiatric, or metabolic disorders
that are known to compromise cognition, or the use of
any drugs compromising cognition. None of the NC
participants performed more than 1.5 standard devi-
ation below normative values for their age in the tests
included in the cognitive battery (except for the MoCA),
nor did they perform above cutoff scores for levels of
depression and anxiety (in the Montgomery-Asberg
Depression Rating Scale [MADRS] and the Hamilton
Anxiety Rating Scale [HARS], Table 1). The
demographic and other characteristics of patients and
controls are summarized in Table 1. The institu-
tional ethics committee and review board approved the
study, and all subjects provided informed, written
consent.

Procedure

Neuropsychological assessment. Neuropsycholo-
gical function was assessed by the following tests and
scales (all measures were used in a validated Czech
translation): Global efficiency: MoCA (Bezdicek et al.,
2010; Nasreddine et al., 2005); Memory: Free and Cued
Selective Reminding Test (FCSRT; Grober, Lipton,
Hall, & Crystal, 2000), Rey Complex Figure Test
(RCFT) Immediate Recall (Kos¢ & Novak, 1997,
Meyers & Meyers, 1995); executive functions, set
maintenance: Stroop Test (Daniel, 1983; Golden &
Freshwater, 2002); set activation: Controlled Oral Word
Association Test (COWAT: N, K, P; Preiss, Rodriguez,
Kawaciukova, & Laing, 2007; Strauss, Sherman, &
Spreen, 2006); psychomotor speed: Symbol-Digit
Modalities Test (SDMT; Mitrushina, Boone, Razani,
& D’Elia, 2005; Smith, 2002), Stroop Test (Color
Naming and Word Reading); and visuoconstructive
functions: RCFT Copy. The selection of tests and scales
was made on the basis of clinical experience (SDMT,
COWAT, Stroop Test, FCSRT) and proven discrimi-
nation potentials for cognitive impairment in HD in
other studies (GOomez-Ansén et al., 2007; Lemiere
et al, 2002; Mahant, McCusker, Byth, Graham, &
Huntington Study Group, 2003; Paulsen et al., 2006;
Peavy et al, 2010; Peinemann et al., 2005; Robins
Wabhlin, Lundin, & Dear, 2007; Rodrigues et al., 2009;
Snowden, Craufurd, Thompson, & Neary, 2002;
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Starkstein et al., 1988; Ward et al., 2006). The tests that
were chosen reflect the basic neuropsychological func-
tional domains to give a more comprehensive overview
of cognitive functioning than in previous studies on
the MoCA in HD (Mickes et al., 2010; Videnovic et al.,
2010). Interrater reliability evaluated by independent
raters (T.N., O.B.) and based on the Spearman rank cor-
relation was used to support the reliability of the data
from RCFT: RCFT Copy (n=43, r=.98, p<.001)
and RCFT Immediate Recall (n =43, r=.99, p <.001).

Functional status measures, motor scores, mood,
and anxiety. All patients were examined by an experi-
enced clinician (J.R., V.M.) using subscales of the
UHDRS (Table 1), including the UHDRS Motor Score,
UHDRS Functional Assessment Score (UHDRS-
FAS), UHDRS Functional Independence Scale
(UHDRS-FIS), and UHDRS-TFC. The UHDRS-FAS,
TFC, and FIS both provide measures of independence
in instrumental and basic activities of daily living
(Huntington Study Group, 1996; Klempif, Klempifova,
Spackova, Zidovskd, & Roth, 2006). Additionally, we
assessed depression using the MADRS and anxiety by
the 14-item HARS (Guy, 1976; Hamilton, 1959;
Montgomery & Asberg, 1979) to control for levels of
depression and anxiety, respectively.

Statistical analyses. In both groups (HD, NC), the
Kolmogorov-Smirnov test suggested a violation of the
assumption of normality; hence, intergroup compari-
sons and comparisons between the MoCA and the brief
cognitive battery scores were performed using nonpara-
metric statistics based on the Mann-Whitney U Test.
For intergroup comparisons of the MoCA subtests,
the Bonferroni correction for multiple comparisons
was used to maintain at least a 0.05 Type I error level.
The Pearson chi-square (z°) test was used for dichot-
omous variables. After exploring the normality of all
measures in our data set, the Pearson product-moment
correlation was used for continuous and normally dis-
tributed data, and the Spearman rank correlation was
used in the case of ranked or non-normally distributed
data. Composite scores were computed by averaging
the z-scores for all measures in the brief cognitive bat-
tery and the MoCA based on previous analyses (Gill,
Freshman, Blender, & Ravina, 2008). Rating scales of
depressed mood (MADRS), anxiety (HARS), and cog-
nitive battery did not correlate significantly in the HD
sample; therefore, they were not included as covariates
in the statistical analysis.

The receiver-operating characteristics curve (area
under the curve [AUC], 95% confidence interval [CI])
was analyzed to assess the MoCA’s sensitivity and speci-
ficity in detecting cognitive dysfunction in HD and NC

101



Downloaded by [institution UHKT ], [Ondrej Bezdicek] at 08:23 09 October 2012

4 BEZDICEK ET AL.

versus absence of cognitive disorder (as indicated by the
brief cognitive battery), as this is often the primary com-
parison when assessing the validity of cognitive screen-
ing instruments (Mitchell, 2009). The AUC, sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and percent correctly diagnosed
were calculated for the MoCA. The optimal screening
cutoff point was defined as the lowest value that
achieved >80% sensitivity and NPV, the optimal diag-
nostic cutoff point was defined as the highest value that
achieved >80% specificity and PPV. The reliability of
the MoCA was estimated by Cronbach’s alpha coef-
ficient. All statistical procedures were performed with
the Statistical Package for the Social Sciences, version
17.0, for Windows. All correlations reported further
are significant at the p <.05 alpha level.

RESULTS

The Mann-Whitney U Test revealed significant differ-
ences in the global cognitive performance based on the
MoCA total score between NC (median =28, n=23)

and HD (median=122.5, n=20), U=42.5, z=-4.6,
p <.001. For significant differences between MoCA sub-
scales in NC and HD, see Table 2.

Psychometric Properties of the MoCA in HD and NC

Cronbach’s alpha between the seven MoCA subtests for
20 HD patients was .82 and was .56 for 23 controls, sug-
gesting adequate internal consistency in the sample. The
concurrent validity of the MoCA total score and the
composite score of the brief cognitive battery was
r=.81 (p<.001) using the Spearman rank correlation
coefficient. We compared the MoCA with other
well-established measures of cognitive functioning and
found modest-to-strong correlations that were statisti-
cally significant (only the highest values for each mea-
sure follow; for details, see Table 3): Visuospatial/
Executive and RCFT Immediate Recall (r=.64);
Naming and RCFT Immediate Recall (r=.30); Atten-
tion and Free Recall from the FCSRT (r=.63);
Language and COWAT (r=.81); Abstraction and the
COWAT (r=.62); Delayed Recall and SDMT
(r=.72); Orientation and SDMT (r=.47).

TABLE 2
MoCA Subtest Performance in HD and NC Groups
MoCA Subtest Max.—Min. HD (n=20) Mean+ SD NC (n=23) Mean+ SD Z Score* p-Value
Visuospatial/Executive 0-5 3.6+1.6 49+0.3 -3.5 < .001
Naming 0-3 29+0.3 3.0+£0.0 -L5 125
Attention 0-6 42+18 55+0.7 -2.6 .010
Language 0-3 1.6+0.8 28+04 4.6 < .001
Abstraction 0-2 1.5+£0.5 1.9+£0.3 -3.3 < .001f
Delayed Recall 0-5 1.5+1.4 35+1.2 -4.1 < .001
Orientation 0-6 55408 59403 2.4 014

*Mann-Whitney U Test.
TSignificant after Bonferroni correction for multiple comparisons.

TABLE 3
Spearman Rank Correlation Coefficients Among MoCA Subtests and Cognitive Tests in the Neuropsychological Battery

MoCA Subtests

FCSRTf FCSRTc FCSRTt RCFT-C  RCFT-I Stroop-C  Stroop-R  Stroop-I COWAT SDMT GNS

Visuospatial/Executive .57t 49* 57 .54t
Naming .23 27 .08 23
Attention .63f -.617 .39% 55T
Language 69" —.66' .43t .70
Abstraction .58 -.531 48" AT
Delay .62 —.591 .35t 531
Orientation 45t —.46* 24 424

.64 531 611 57t 58! .621 .39%
.30f 25 21 25 20 23 .09
39% 49t .55t .52t .55t .59t 44t
.56 a1t a7t .64 811 73t 366
37 57 .55t .56 621 57 33t
45 65" .60" .631 it 72t 31t
23 421 421 40 421 47 28

FCSRTf= Free and Cued Selective Reminding Test, Free Recall; FCSRTc = Free and Cued Recall Test, Cued Recall; FCSRTt = Free and Cued
Recall Test, Total Score; RCFT-C =Rey Complex Figure Test Copy trial; RCFT-I=Rey Complex Figure Test Immediate Recall trial (3-minute
delay); Stroop-C = Stroop Test, Color Naming; Stroop R = Stroop Test, Word Reading; Stroop I = Stroop Test, Interference; COWAT = Controlled
ntrolled Oral Word Association Test, Letter Fluency (N, K, P); SDMT = Symbol-Digit Modalities Test; GNS = Global Neuropsychology Score
based on brief cognitive battery (averaged sum of z-scores from the brief cognitive battery: FCSRT, RCFT, Stroop, COWAT, SDMT).

T p<.001.
tp<.05.
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TABLE 4
Discriminative Validity of the MoCA in the Diagnosis of Cognitive Dysfunction
MoCA Cutoff 16/17 17/18 18/19 19/20 20/21 21/22 22/23 23/24 24/25 25/26''t 26/27 27/28 28/29 29/30
Sensitivity 28 28 39 39 39 44 50 61 78 94 94 94 100 100
Specificity 100 100 96 96 96 92 88 88 88 84 80 68 28 8
PPV 100 100 88 88 88 80 75 79 82 81 77 68 50 44
NPV 66 66 69 69 69 70 71 76 85 95 95 94 100 100
% Correctly diagnosed 70 70 72 72 72 72 72 77 84 88 86 79 58 47

Note. n=43: AUC (95% CI)=.903 (0.809-0.997); p < .001. PPV = positive predictive value; NPV = negative predictive value; AUC = area under
curve; CI = confidence interval.

*Point of maximal combined sensitivity and specificity.

fOptimal screening cutoff point.

*Optimal diagnostic cutoff point.

Table 3 presents differences in the MoCA subdomain PPV =0.81, NPV = 0.95) for all three measures: (i) point
scores between patients and controls. The data show of maximum combined sensitivity and specificity, (ii)
that HD patients scored significantly worse compared optimal screening cutoff, and (iii) optimal diagnostic
with NC on six of seven MoCA subtests, specifically cutoff.
the Visuospatial/Executive, Attention, Language,
Abstraction, Delayed Recall, and Orientation subtests.

X X ) Functional Status Measures, Motor Scores, Mood,
HD patients were comparable to controls in Naming

and Anxiety
only.
The mean values in HD were higher than in the control
group (see Table 1) but did not correlate significantly
Detection of Cognitive Dysfunction with cognitive battery or thfe MOCA. Additionally, iFl
correlating the functional ratings with neuropsychologi-
The MoCA’s discriminative validity was examined in cal variables, we found a series of strong correlations
comparison with the brief cognitive battery (Table 4). between the MoCA total score/cognitive battery and
The AUC (95% CI) for the MoCA was .90 (0.809— functional independence measures (see Table 5). Some

0.997), p<.001 (Figl{r.e _1)~ The optimal _CUFOff point neuropsychological variables (MoCA, RCFT, SDMT,
was  25/26  (sensitivity =0.94,  specificity =0.84, COWAT, Stroop Color-Naming, Word Reading) were
significantly correlated with the UHDRS-FAS and FIS

ROC Curve rating; however, the Stroop I'nlerf'erence and FCSRT

were not. The strongest relationship was between the

104 Stroop Color-Naming task and the UHDRS-FAS
o (r=.92; p<.01) and FIS ratings (r=.88; p <.01).
0.8 - "‘
x DISCUSSION

2 069 7 Our results show that the MoCA is a suitable tool for
? ‘,' assessing cognitive dysfunction in patients with HD. In
] 04 . comparison with the brief cognitive battery, the MoCA
"' demonstrated robust psychometric properties: good con-
e current validity, high sensitivity and specificity validity in
02 . the detection of cognitive dysfunction in HD and NC,
," and adequate internal consistency. The optimal screening
00 . and diagnostic cutoffs, which were interestingly concord-
00 02 04 06 08 1.0 ant with the original study on the MoCA in another cul-
1 - Specificity tural group (Nasreddine et al., 2005), were identical at

<26 points of the MoCA total score with high PPVs and
FIGURE 1 Receiver-operating characteristic discloses diagnostic NPVs. Analysis also revealed a number of modest-to-
accuracy of the MoCA (based on the MoCA total score and Global ) . .
§ X N S Lo strong correlations between MoCA subtests and brief cog-
Neuropsychology Score) in assessing cognitive dysfunction in NC .
and HD patients together (AUC = .903; p <.001). Diagonal segments nitive battery measures (Table 2). However, some of these

are produced by ties. y-axis = sensitivity; x-axis =1 — specificity. correlations lack specificity (e.g., the MoCA Visuospatial/
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TABLE 5
Spearman Rank Correlation Among MoCA Subtests, Cognitive Tests in the Neuropsychological Battery, Motor and Functional UHDRS, and
Functional and Congnitive Assessment Scales

UHDRS Functional Status Measures

Disease Number of TFC UHDRS Total
(yrs) Triplets UHDRS-FAS UHDRS-FIS FIS Rating TFC Staging Motor Score
1) MoCA total —0.47" —-0.22 0.51F 0.71f 0.75" 0.67" —0.781 —-0.41
2) RCFT-C —0.521 —0.43 0.60" 0.64" 0.72f 0.67" —0.73f —0.56
3) RCFT-1 —0.62 -0.22 0.43 0.38 0.45 0.43 —0.41 —0.28
4) SDMT —0.55" —0.36 0.70! 0.67' 0.68! 0.65" —0.64" —0.66'
5) Stroop-C —0.481 —0.09 0.92f 0.87 0.88f 0.86" —0.78! —0.74f
6) Stroop-R —0.741 —0.12 0.74 0.74 0.75 0.77t -0.721 —0.73f
7) Stroop-I —0.73" 0.02 0.30 0.37 0.29 0.37 —0.37 -0.29
8) COWAT (N, K, P) —0.27 0.01 0.681 0.711 0.72 0.70 —0.64 —0.74
9) FCSRT —0.27 —0.17 0.26 0.34 0.31 0.29 —0.41 —0.19

MoCA total = sum of all MoCA subtests, range 0-30; RCFT-C = Rey Complex Figure Test Copy trial; RCFT-I=RCFT Immediate Recall trial
(3-minute delay); SDMT = Symbol-Digit Modalities Test; Stroop-C = Stroop Test, Color Naming; Stroop-R =Stroop Test, Word Reading;
Stroop-1= Stroop Test, Interference; COWAT = Controlled Oral Word Association Test, Letter Fluency (N, K, P); FCSRT = Free and Cued Selec-
tive Reminding Test, Total Score; UHDRS = Unified Huntington’s Disease Rating Scale; UHDRS-FAS = Functional Assessment Scale (a rating
based on 25 questions [yes/no] that query the ability to perform daily activities independently); UHDRS-FIS = Functional Independence Scale
(an assigned rating from 0 to 100 points based on 25 questions [yes/no] that query the ability to perform daily activities independently); FIS
rating = subjects were classified as functionally impaired if they obtained an FIS rating of 80 or lower; TFC = UHDRS Total Functional Capacity

(range = 0-13, based on five questions concerning occupation, finances, household chores, activities of daily living, and care level.

fp<.05.

Executive subtest correlated significantly with all tasks).
We posit that this is caused by summing single tasks com-
prised in this subscale (Mini Trails B, Cube, Clock) that
are independently very sensitive, but taken together, are
holistic in nature with respect to the mental processes they
are testing. Item analyses on a large sample have clarified
this in detail (Damian et al., 2011).

The present study also shows a specific pattern of
cognitive impairment that is consistent with previous
research on cognitive deficits in HD (Peavy et al., 2010;
Rodrigues et al., 2009; Zakzanis, 1998). These patients
scored significantly worse than NC on six of seven
MoCA subtests, specifically the Visuospatial/Executive,
Attention, Language, Abstraction, Delayed Recall and
Orientation subtests (Table 3). In addition, the MoCA
total score (Table 5) did not significantly correlate with
medication status or the UHDRS total motor score, but
did correlate with functional status measures (UHDRS-
FAS, UHDRS-FIS and FIS rating, TFC and TFC
staging) that have recently been acknowledged as core
features in the diagnosis of dementia in HD (Peavy
et al.). These correlations were nevertheless lower than
the correlations between the Stroop Test (Color Naming
and Word Reading, but not Interference) and functional
status measures. The strong correlations between func-
tional status measures and cognitive measures in HD
are consistent with findings that cognitive measures
account for a significant amount of the variability in
functional independence (Peavy et al.). Again, the corre-
lation was stronger for the Stroop Color-Naming and
UHDRS-FAS and FIS rating than for the MoCA.

There are several important limitations to this study.
First, although the study sample was relatively small,
the results were significant even with the use of rather
conservative statistical thresholds. It must be kept in
mind, however, that sensitivity and specificity may vary
depending on the age/education structure of the sample.
Second, we used only a brief cognitive battery, and its
incremental validity in relation to MoCA subscales is
limited. The tasks were chosen to match the MoCA sub-
scales and to correspond to the cognitive resources of
HD patients considering the trade-off between mental
fatigue and validity of a lengthy neuropsychological bat-
tery. Third, the tests we selected have never been vali-
dated as a group in determining cognitive dysfunction
in HD (e.g., Goémez-Anson et al., 2007; Lemiere et al.,
2002; Mahant et al., 2003; Paulsen et al., 2006; Peavy
et al., 2010; Peinemann et al., 2005; Robins Wahlin
et al.,, 2007; Rodrigues et al., 2009; Snowden et al.,
2002; Starkstein et al., 1988; Ward et al., 2006). Instead,
previous studies focused on specific cognitive domains
(e.g., attention and executive functions; Ho et al.,
2003) or compared different screening tools (e.g., MoCA
vs. MMSE; Gill et al., 2008; Hoops et al., 2009; Kasten,
Bruggemann, Schmidt, & Klein, 2010; Mickes et al.,
2010; Nazem et al., 2009; Videnovic et al.,, 2010;
Zadikoff et al., 2008). Fourth, relatively low correlations
between the MoCA Naming subtest and the brief cogni-
tive battery measures (Table 2) are clearly an expression
of the “ceiling effect” (the mean value in MoCA Nam-
ing was 2.9 out of 3 points), which is consistent with
other validity studies on the MoCA (Damian et al.,
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2011). Fifth, one needs to be able to detect mild
cognitive problems in the early stages of HD to have a
good cognitive screening tool for HD, but our study
group was too heterogeneous to answer this question
(range, 22-71 years) and was not composed of any
presymptomatic HD subjects. Sixth, we cannot exclude
the possible effect of antipsychotics or higher levels of
depression and anxiety on cognitive functioning in HD.

Furthermore, even though it would be interesting to
compare both the MMSE and MoCA with the brief cog-
nitive battery in HD, the MMSE was not included in the
present study so that it would not compromise the val-
idity of the MoCA. In our experience (Bezdicek et al.,
2010), there is a high level of interference with the
administration of both tests in one session, specifically
between the MoCA Delayed Recall and the MMSE
Three-Word Recall, as well as between repeated trials
of Serial 7s. Finally, the use of correlation analysis is
an appropriate measure for exploring the relationship
between two methods (brief cognitive battery and
MoCA), but not in assessing agreement between these
two methods (Bland & Altman, 1986).

In conclusion, our findings suggest that the MoCA is a
valid monitoring and screening tool for cognitive dysfunc-
tion in patients with HD. In comparison with the brief cog-
nitive battery, it demonstrated high discriminative
potential and good psychometric properties. These results
are concordant with previous studies on the MoCA in
other movement disorders (Hoops et al., 2009; Nazem
et al., 2009), and therefore, the MoCA is clinically relevant
for the detection of cognitive dysfunction in HD patients.
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Abstract Sleep abnormalities are frequently found in
Parkinson’s disease (PD). However, it is unclear if they are
present from the initial stages of PD. We thus aimed to
assess sleep disturbances in newly diagnosed PD patients.
We investigated 20 untreated PD patients using the Ep-
worth Sleepiness Scale (ESS), the Pittsburgh Sleep Quality
Index (PSQI) and the PD Sleep Scale (PDSS). Video-pol-
ysomnography and multiple sleep latency test (MSLT)
were performed in 15 patients and 15 healthy controls. The
ESS score was abnormally high in one patient, while short
MSLT times were found in three other patients. The PSQI
was higher (p < 0.05) and the PDSS lower (p < 0.001) in
patients compared with controls. Video-polysomnography
demonstrated a higher percentage of rapid eye movement
sleep without atonia (RWA) in patients compared with
controls (mean 28 vs. 2.9%, p < 0.001), whereas only one
patient had clinically manifested rapid eye movement sleep
behavior disorder (RBD). Interestingly, the occurrence of
RWA score  (p = 0.65,
p < 0.05). This study demonstrates that sleep disturbances
emerge, in a proportion of patients, from the early stages of
PD. RWA is a common finding while RBD is rarely present
in early untreated PD.

correlated with the motor
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Introduction

Sleep disturbances have been recognized as frequent
symptoms in Parkinson’s disease (PD). According to dif-
ferent studies, 60-96% of patients with PD reported noc-
turnal sleep disorders [2, 13, 22, 36] including insomnia,
nocturia, motor phenomena such as nighttime off-states,
dyskinesias as well as concomitant disorders such as rest-
less legs syndrome (RLS), periodic leg movements (PLM)
in sleep and rapid eye movement (REM) sleep behavior
disorder (RBD) [23, 27, 31]. RBD is characterized by loss
of the normal muscle atonia of REM sleep. Affected
patients talk, kick, punch, or thrash in apparent response to
dream content [4, 20]. Excessive daytime sleepiness (EDS)
is another common complaint in PD which has been
reported in almost 50% of patients [25, 30, 35]. The most
worrying aspect of daytime sleepiness in PD is the “sleep
attack”, sudden, irresistible, overwhelming sleepiness
without awareness of falling asleep [24]. However, most of
the studies on sleep disturbances in PD involved patients
who had already been treated with dopaminergic drugs,
whereas there are only few questionnaire surveys [16, 17]
and polysomnography studies
patients [18, 21, 27, 38, 39].

The aim of this study was to assess the presence and
severity of sleep disturbances by means of self-evaluated
sleep questionnaires and polysomnographic examination
in newly diagnosed untreated patients with PD. We also
investigated the relationship between subjective and objec-
tive sleep parameters.

in non-medicated PD
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Methods
Subjects and clinical examination

Twenty consecutive patients attending our outpatient
Movement Disorders Unit between January 2007 and
January 2009 and newly diagnosed with PD [17 men and 3
women, mean age 60.7 & SD 11 (range 34-76) years, PD
duration 29.5 + 19 (1-72) months, mean Unified Parkin-
son’s Disease Rating Scale (UPDRS III) score 18.5 £+ 7
(5-32)], were included in the study. All patients met the
diagnostic criteria for PD according to the United Kingdom
Parkinson’s Disease Brain Bank, had never received anti-
parkinsonian medication and were not taking any psycho-
tropic drugs, antidepressants or benzodiazepines. They
underwent clinical examination by a movement disorders
specialist (ER, JK, RJ or JR) and a sleep specialist (JB).
Motor symptoms were rated according to UPDRS III. Beck
Depression Inventory (BDI) was used to evaluate depres-
sion and a battery of neuropsychological tests was
performed to evaluate executive functions and memory.
The control group consisted of 15 healthy volunteers, age-
and gender-matched to the patients undergoing video-pol-
ysomnography [mean age 60.2 £ SD 10 (range 35-79)
years, 14 men and 1 woman], without any medication that
could affect their sleep. The study was approved by a local
ethics committee and all subjects gave their informed
consent for participation.

Subjective sleep evaluation

Patients and controls were interviewed about their sleep-
related complaints. Information about nocturnal behavior
was obtained from their bed partners.

Subjective daytime sleepiness was auto-evaluated using
the Epworth Sleepiness Scale (ESS) [26]. The quality of
sleep was estimated by means of the Pittsburgh Sleep
Quality Index (PSQI) [11] and RLS symptoms were
assessed according to the International RLS Study Group
[3]. In addition, Parkinson’s Disease Sleep Scale (PDSS)
was applied, consisting of self-rated visual analogue scales
rating 15 symptoms associated with nocturnal problems,
sleep disturbances and excessive daytime sleepiness in PD
over the previous week. Although no exact cut-off score
was reported in the original article, patients in various
stages of PD usually scored below 100 while PDSS in
controls used to exceed 120 [12, 15].

Polysomnographic examination
Video-polysomnographic recordings were performed in

sleep laboratory on three consecutive nights. As the first
night served for adaptation, only results from the second

(sleep macrostructure, REM sleep atonia, blood oxygen
levels, respiration and leg movements) and the third night
(dreams’ content) were analysed. Sleep was recorded
between 22:00 (lights out) and 6:00 hours (lights on).

Sleep stages were scored with the Rechtschaffen and
Kales method [32]. During the second night muscle atonia
was visually analyzed in an attempt to record neurophysi-
ologic signs of RBD (REM sleep without atonia, RWA)
according to Lapierre and Montplaisir’s method [14, 28].
The presence of increased submental EMG muscle tone for
>20% of the total REM sleep duration was assessed as
abnormal [19]. The apnea-hypopnea index (AHI) was
calculated by dividing the number of apneas and hypop-
neas by the number of hours of sleep [5]. Multiple sleep
latency test (MSLT) was performed after the second night
in order to assess daytime sleepiness. MSLT subtests were
conducted at 2-h intervals from 9:00 to 17:00 hours using
standard research procedures [29].

During the third night participants were awakened after
the first 5 min of each REM sleep episode and asked to
report their dreams. Their dream recalls/descriptions were
coded into 15 nominal categories based on the dream
phenomena of RBD patients reported in the literature [9].

Statistics

For statistical analysis the SPSS 14.0.1 software (Chicago,
IL) was used. As a majority of parameters did not follow
the normal distribution, the non-parametric tests were
applied (Mann-Whitney U test, Spearman correlation
analysis). All results were corrected for multiple compar-
isons using the Bonferroni correction.

Results

Sleep questionnaires scores of PD patients and controls are
summarized in Table 1. None of the subjects complained
of excessive daytime sleepiness (EDS) or irresistible sleep
attacks. The mean ESS score did not significantly differ
between patients” and controls’ group. In six out of 20
patients (30%) the score was higher than 7, whereas two of
them (10%) had a score equal or higher than 10 (10 and 12,
respectively). In five out of 15 controls (33%) the score was
higher than 7, but none exceeded 9.

The mean total PSQI score was significantly higher in
patients compared with the controls (3.9 & 3 vs. 1.5 £ 1,
p < 0.05), but only two patients (10%) rated their sleep
quality as unsatisfactory, i.e. PSQI > 5. In five patients
(25%) we found a borderline score = 5. No control subject
had a PSQI score greater than 4. The analysis of the sub-
components of the PSQI scale showed that PD patients
had significantly higher scores in components # 1 (sleep
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Table 1 Sleep questionnaire

P 5 PD patients n = 20 Controls n = 15 )4

scores in non-medicated

pfmems with Park.mson’s ESS 5643 61+£92 05

disease (PD) and in healthy . .

control subjects PSQI total score 394 3 1.5, A 0.002*

PSQI component score
Sleep quality 1.0+ 038 04 £05 0.002*
Sleep latency 0.5+09 03+ 0.6 0.03
Sleep duration 03+07 0.1+05 0.02
Habitual sleep efficiency 0705 02+£04 0.004*
Sleep disturbances 0.8 £ 0.6 02 +05 0.002*
Use of sleeping medication 03 £ 06 0.1 +£03 0.02
Daytime dysfunction 03+0.7 02402 0.3
PDSS total score 1254 £ 15 1418 £3 0.0001%##*

Item 1 6.8 £24 93 £0.6 0.001*
Item 2 7424 93 £:0.:8 0.003*
Item 3 83421 9.6 £0.7 0.004
Item 4 94 +25 97 £0:2 0.5
Item 5 77 +£24 84 +0.7 0.05
Item 6 9.0 £ 09 92+03 0.7
Item 7 9.6 £ 0.5 9.8 £0.1 0.8

Total scores are presented as

mean + SD and range. Item 8 6.4 £0.7 89 15 0.001*

Significance of the Mann— Item 9 9.6 £08 100£0 0.07

Whitney U test and ANOVA, Ttem 10 8.6+ 08 9.1+ 1.1 0.06

significance after Bonferroni

correction * p < 0.05, Item 11 92+ 08 9.6 £0.2 0.07

#E p < 0.001 Item 12 9.2+ 0.7 9.8 £0.1 0.06

ESS Epworth Sleepiness Scale; Item 13 80+ 18 98402 0.06

PSQI Pittsburgh Sleep Quality Item 14 7.8 + 0.8 94+08 0.05

Index; PDAS Larkinson's Item 15 84408 9.9 402 0.06

Disease Sleep Scale

quality), # 4 (sleep efficiency) and # 5 (sleep disturbances). scores, we found longer sleep latency (p = 0.66,

There were no statistically significant differences in the
other components.

The mean PDSS score was significantly lower in PD
patients compared with the controls (1254 + 15 vs.
141.8 + 3, p < 0.001). We found significant differences
between the patients and controls for items # 1 (overall
quality of night’s sleep), # 2 (sleep onset), and # 8 (noc-
turia). Restless legs symptoms were reported by three
patients (15%) and by no control subject. No significant
correlations were found between ESS, PSQI and PDSS
scores and age of the participants, disease duration and
motor disability.

As five patients refused the procedure, video-polysom-
nographic examination was performed in 15 out of 20
patients and in 15 age- and gender-matched healthy vol-
unteers. Macrostructural sleep parameters are summarized
in Table 2. Our results revealed that PD patients had sig-
nificantly lower sleep efficiency (p < 0.01) and higher
amount of wakefulness (p < 0.05) than the control group.
We did not detect any significant difference in REM or
SWS duration (sleep stages 3 and 4) between patients’ and
controls’ group. In PD patients with higher UPDRS III

@ Springer

p < 0.05).

Video-polysomnography demonstrated a higher per-
centage of RWA in PD patients compared with the controls
(PD patients 28.0 & 25 vs. controls 2.9 + 3, p < 0.001). In
seven out of 15 (47%) patients, we detected RWA in more
than 20% of total REM sleep, three of them reporting vivid
dreams without explicit aggressive or violent content, all of
them males. Of these patients, only one reported a typical
history of RBD and we registered flailing of the arms and
vocalizations on video-polysomnography, whereas no
clinical symptoms of RBD were seen in controls. Inter-
estingly, we found a significant correlation between RWA
and UPDRS III scores in the patient group (p = 0.65,
p < 0.05) (Fig. 1). Periodic leg movements in sleep
(PLMS) were identified in five patients (33.3%) and in four
controls (26.7%). The AHI (apnea-hypopnea index) was
lower than 5 per hour in 11 patients, between 5 and 15 per
hour (mild sleep apnea) in one, between 16 and 30 per hour
(moderate sleep apnea) also in one patient, and higher than
30 per hour (severe sleep apnea) in two patients. In the
controls, we detected two subjects with AHI between 5 and
15 per hour and one subject with AHI higher than 30 per
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Table 2 Polysomnography

§ : PD patients Controls p value
results in non-medicated
patients with Parkinson’s - 15 15
disease (PD) and in healthy
control subjects Men/women 14/1 14/1
Age (years) 59.8 £ 10 60.2 £ 10 0.9
Total sleep time (min) 361.4 + 68 408.7 + 35 0.03
Sleep latency (min) 154 +7 1374 8 0.5
REM sleep latency (min) 88.4 £ 54 91 + 49 0.3
Sleep efficiency (% of total 78 £ 13 8935 0.0006**
sleep time/sleep in bed)
Arousals (number/hour) 243 + 13 214+ 6 0.6
Stage 1 (% SPT) 82+9 34+£1 0.01
f}j}i‘_‘iﬁcaﬂée of the M;ﬂn* Stage 2 (% SPT) 408 + 13 4946 0.1
itney U test, significance
after Bonferroni correction Stage:3 +-4 (% SPT) 186 =8 184+ 5 0.9
*p < 0.05, ¥ p < 0.01 REM (% SPT) 16.6 + 8 223 +4 0.02
SPT sleep period time; AHT Wake (% SPT) 158 & 12 694 0.003*
apnea-hypopnea index; PLMI AHI 95+ 15 46+9 0.3
periodic limb movements index; PLMI 255 + 39 98 + 16 0.1
REM rapid eye movement sleep | ) :
% Mean MSLT latency did not differ between patients and
controls (11.7 & 4 vs. 12.5 & 2 min, n.s.). In three patients
«© and in none of controls, the mean latency of falling asleep
§ 755) was in the pathological range (<8 min). Of these, one had a
g ¢ single sleep onset REM (SOREM) on MSLT. Two other
as patients with normal sleep onset latencies had by one SO-
SiE 50+ REM episode on MSLT and none of PD patients had mul-
%‘ 2 ° E tiple SOREM. No SOREM was found on MSLT in controls.
» . No correlations were found between MSLT and ESS scores,
E 25+ . nor between MSLT and AHI or incidence of PLMS.
o °%q ° Three patients had BDI-II score >10, one of them met
. ° the DSM-IV-TR criteria [6] for current depressive disorder,
0/ the other two patients were diagnosed as having dysthymic
T T T
10 20 30 disorder and anxiety. None of those patiens had ESS value
UPDRS Il above 7. None of the patients suffered from dementia. In

Fig. 1 Relationship between percentage of rapid eye movement
(REM) sleep without atonia (chin muscle activity, y axis) in patients
with Parkinson’s disease and UPDRS III (x axis)

hour. Neither AHI nor PLM index correlated with ESS
scores.

All patients were able to report three dreams except one
patient who reported only one dream (total number of
dreams, n = 43). Most dreams concerned current daily
living (27/43; e.g. shopping, walking) or working activities
(12/43; e.g. solution of arithmetics problem, felling trees in
a park). However, vivid dreams (2/43; e.g. car racing,
runaway horse) and unpleasant experiences (2/43; e.g.
falling, being chased by snake) were also reported by three
patients with RWA. No dreams with explicit aggressive or
violent content were reported. In the controls we detected
36 dreams, all without aggressive or violent content.

only three patients mild dysexecutive syndrome was found,
not interfering with common daily activities. No correla-
tions were found between the cognitive tests, BDI-II and
RWA and PSQI or ESS scores.

Discussion

EDS has been repeatedly described as one of the most
common sleep disturbances in PD; however, most studies
have been conducted in patients under treatment with
dopaminergic drugs that are known to induce EDS [7, 25,
30]. A few studies done in previously non-medicated PD
patients did not identify signs of EDS [16, 27]. On the other
hand, Abbott and colleagues suggested that EDS can pre-
date PD [1]. However, their results might not be relevant to
common PD populations as they were obtained in an
extremely elderly group of men (from 71 to 93 years)
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enrolled in a large scale aging study. More pertinently,
Dhawan et al. [15] reported significant impairment on item
15 of PDSS reflecting EDS in a group of 25 drug-naive PD
patients, accompanied by high ESS scores in some of them.
Accordingly, although none of our patients complained of
daytime sleepiness or irresistible sleep attacks, in 30% of
them (but also in 33% of controls) we found a ESS score
greater than 7 was shown as predicting the risk of a driving
accident with a 75% sensitivity [24]. However, in only two
of our patients an abnormal or borderline ESS score was
found (12 and 10, respectively) indicating an increased
subjective daytime sleepiness. In addition, we have seen
shortened MSLT latencies in three patients, but without
correlation between ESS scores and severity of sleepiness
as measured by MSLT.

Potential causes of EDS include poor quality of night-
time sleep. In fact, we found few objective differences
between the PD group and the normal controls on poly-
somnography. Although we found lower sleep efficiency
with increased duration of wakefulness in PD patients
compared with the controls, in our series, none of the usual
measures of sleep disturbances (total sleep time, wakeful-
ness after sleep onset, sleep efficiency, arousal index,
duration of slow wave sleep) correlated with severity of
sleepiness as measured by ESS or MSLT. These observa-
tions are consistent with previously published studies in
untreated PD patients indicating that these patients may
have a central hypersomnia due to underlying pathology [7,
27, 38]. The relationship found between higher UPDRS III
scores and sleep latencies does not allow us to declare
whether sleep disturbances are due to discomfort connected
with motor impairment or if the patients with more
advanced motor disease have more extensive pathological
spread and intrusion to arousal pathways. Since the sleep
latencies remain fairly normal for both groups, one can
assume that the more marked sleep disturbance seen in
other studies does relate more to medication or to pro-
gressive motor disability. Although the subjective sleep
perception as expressed by PSQI scores was in the normal
range in all but three patients, significant group differences
of total PSQI and PDSS scores give evidence for distinct
sleep disturbances and nocturnal disability in our patients
compared to controls. Sleep fragmentation secondary to
PLM or obstructive sleep apnea is another potential cause
of poor nighttime sleep resulting in daytime sleepiness.
This also was not the case in our study, in which only one
of the sleepy patients presented with PLMS and related
arousal indices were not severe. Also, similarly to a pre-
vious work [7], the AHI did not correlate with daytime
sleepiness while it indicated sleep apnea of various severity
in four out of 15 patients and in three out of 15 controls.

Thereafter, it appears that nocturnal sleep disturbances
and daytime sleepiness can be present since the early stages
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of PD, in unmedicated patients, probably reflecting the
underlying pathological process including both dopami-
nergic and non dopaminergic denervation of sleep modu-
lating centres [10, 33], and other changes such as loss of
hypocretin neurons in the hypothalamus [37].

Another finding of the present study is the significantly
higher percentage of RWA in PD patients compared with the
controls. RWA without the clinical manifestation of RBD is
sometimes called “preclinical RBD” [19]. Nevertheless, we
have detected only one patient with clinically manifested
RBD between our de novo patients. Similarly, in previous
polysomnographic studies in de novo PD, some of the
patients presented signs of RWA but only rarely revealed
clinical RBD [21, 27, 39]. In line with these findings, even in
a more advanced disease, a questionnaire survey detected
signs of RBD in only 33% of 195 PD patients and in 73% of
these, the signs of parkinsonism preceded RBD [34].

Therefore, in an apparent discordance with the notion
that RBD would regularly precede parkinsonism as an
early manifestation of PD reflecting lower brainstem
involvement [8], our results and the other studies [21, 27,
39] suggest that prominent REM sleep dysregulation is not,
in an important proportion of patients, associated with the
early stage of the disease. However, a rather high occur-
rence of RWA and its correlation with motor scores in the
present study underscore the assumption that RWA is
probably on the same disease spectrum as RBD, reflecting
neurodegeneration in early PD [8].

In conclusion, this clinical and polysomnographic study
corroborates previous suggestions that nocturnal sleep
disturbances and daytime sleepiness may be present since
the early stages of PD. In addition, the occurrence of RWA
appears to finely reflect early stages of neurodegeneration
in PD. Given the increasing desire to identify PD or ’pre-
PD’ patients as early as possible for consideration of
emerging drug therapies, this will remain an important area
of research in the future.
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