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1. Vseobecna ¢ast

1.1. Uvod

Mojou témou postgradualneho S$tadia bolo ovplyvnenie non-motorickych
symptémov Parkinsonovej choroby pomocou terapie hlbokou mozgovou

stimulaciou subthalamického jadra.

V tvode dizertatnej prace sa venujem kratkemu historickému nahladu na
Parkinsonovu chorobu. Vseobecna ¢ast opisuje jednotlivé non-motorické a
motorické prejavy Parkinsonovej choroby, ich vyskyt, progresiu v ¢ase a dopad
na kvalitu Zivota pacientov s touto diagnézou. Obrazova priloha dokumentuje
postup patologickych zmien v priebehu ochorenia a vyskyt Lewyho teliesok
Vv jednotlivych oblastiach centralneho nervového systému. Dal§ia &ast
vSeobecného tUvodu opisuje terapiu inicidlnych aj pokrocilych S$tadii

Parkinsonovej choroby.

Specialna ¢ast’ sa zaobera vysledkami samotného vyskumu. Prvé Gast prezentuje
pociatoény vplyv hlbokej mozgovej stimulacie na non-motorické a motorické
symptomy Parkinsonovej choroby. Druha cast pojednava o ureni presnej
lokalizacie elektrod hlbokej mozgovej stimulacie subthalamického jadra za
vyuzitia softwarového systému SureTune™. Na zaklade tychto vysledkov sme
sa pokusili vyhodnotit’ vplyv umiestnenia elektrod na jednotlivé non-motorické

domény Parkinsonovej choroby.

Non-motorické priznaky Parkinsonovej choroby maji omnoho vac¢si dopad na
celkovu kvalitu zivota pacientov stouto diagnoézou ako samotné symptomy
motorické. V praci som sa pokusila predstavit’ sti€asny stav poznania o non-
motorickych prejavoch tohto ochorenia a poukazat’ na ich mozné terapeutické

ovplyvnenie pomocou hlbokej mozgovej stimulacie subthalamického jadra.



1.1.1. PohPad do historie

James Parkinson opisal priznaky ochorenia, ktoré v sucasnosti nesie jeho meno
pred viac ako 200 rokmi. Je vSak zname, ze opis choroby, nazyvanej pévodne
»paralysis agitans“, je omnoho star§Si nez ten najcCastejSie zmienovany
a zverejneny v diele ,,An Essay on the Shaking Palsy*“, publikovanom Jamesom
Parkinsonom v londynskom nakladatel'stve Sherwood, Neely and Jones v roku
1817 (Parkinson 1817).

Symptémy Parkinsonovej choroby trapia 'udstvo na vsetkych kontinentoch uz
mnoho storo¢i a preto nie je prekvapujice, ze poznamky o nich nachadzame
v ucenych spisoch vSetkych vyznamnych civilizacii. Opisy prejavov
parkinsonského syndrému, pod ndzvom ,Kampavata“, si zaznamenané
v starovekej indickej ajurvédskej literature starej viac ako 2500 rokov pred
Kristom. Toto ochorenie liecili strukovinou (Mucuna pruriens) a az dne$na veda
preukazala, Ze semena tejto rastliny obsahuji prirodny derivat levodopy -
zakladného terapeutického piliera Parkinsonovej choroby v sucasnosti. Zmienky
0 tomto ochoreni nachadzame aj v ¢inskych lekarskych textoch z obdobia 500
rokov pred Kristom, l'udia s parkinsonskymi priznakmi su d’alej opisovani aj
v Biblii, v Starom a v Novom zakone. So symptomami tohto ochorenia
sa stretavame V staroveku aj v praci ,,De tremore” jedného z najvyznamnejSich
lekarov tejto doby Galéna (129-216), ktory rozliSoval tremor pri Cinnosti
a tremor kl'udovy. Tento jeho prinos do mediciny potvrdil o mnoho storoci

neskor aj samotny James Parkinson.

Genialny Leonardo da Vinci Zijuci na prelome 15. a 16. storo¢ia (1452-1519)
taktiez vo svojich dielach opisal niektoré typické prejavy tejto choroby.
V d’alsom storo¢i priznaky podobné tymto uverejnil holandsky lekar a vedec
Franciscus Sylvius (1614-1672). Rovnako slavny anglicky dramatik, basnik
a herec William Shakespeare opisal vo svojich dielach mnoho neurologickych
a psychiatrickych ochoreni vratane epilepsie, porich spanku, paralyzy
a demencie. Dobry opis Parkinsonovej choroby nachadzame v jeho diele Henry
VI., ktoré bolo po prvykrat predstavené verejnosti poas divadelnej sezony

v rokoch 1590-1591 (Finger 1994). Aj sam legendarny profesor Jean-Martin



Charcot odkazoval na Shakespeara pri opise niektorych neurologickych ochoreni

pocas svojej vyucby.

Za cias Jamesa Parkinsona sa vedelo len velmi malo o patofyziologickom
podklade tremoru. Parkinson vo svojom diele citoval Frangoisa Boissiera de
Sauvages de la Croix (1706-1767), ktory ako prvy opisal charakteristické
parkinsonské festinacie pri chodzi a zaradil ich k typickym priznakom ,,shaking
palsy®“. Vyjadril presvedcenie, Ze tieto prejavy ochorenia sa moézu objavit’ az 10-
12 rokov po tremore. Prekvapujuce vSak je, Ze nezahrnul ku kardinalnym
priznakom ochorenia rigiditu, ktord de Sauvages de la Croix zdoraznuje
v kontexte festinacii. James Parkinson d’alej vo svojej praci cituje Hieronyma
Davida Gaubia tiez opisujuceho festinacie a Guiliema Junckera, ktory zmienoval

existenciu r6znych druhov tremoru (Stern 1989).

Neskorsi autori ako Johannes von Oppolzer (1808-1871) klada doraz na trvalu
svalova kontrakciu a stuhnutost’ pacientov s ,,paralysis agitans®. V 1911 Harold
N. Moyer (1858-1923) zaznamenal, Ze odpor koncatin pri natiahnuti nie je staly,
ale skor intermitentny a prirovnal ho k ozubenému kolesu, na zéklade ¢oho sa
zauzival vyraz ,fenomén ozubené¢ho kolesa“. Moyer si povSimol, Ze tento
priznak nie je pritomny u Ziadneho iného ochorenia a povazoval ho za prvy

patognomicky symptom tohto ochorenia (Finger 1994).

Parkinson jasne vymedzil takmer vSetky ostatné hlavné symptomy ochorenia,
ktoré v sucastnosti nesie jeho meno. Typicky zaciatok ochorenia bol datovany
nad 50 rokov a ochorenie bolo povazované za progresivne. Zaznamenal tiez, Ze
pacienti maji problém iniciovat’ pohyb apri chodzi robia malé kroky
S minimalnymi synkinézami. Taktiez si u pacientov povsimol nadmerné slinenie
(ptyalizmus) dominantne postihujuce pacientov pocas prijmu potravy, ¢o
modzeme povazovat za jednu z prvotnych zmienok o non-motorickych prejavoch

ochorenia (Finger 1994).

Asi 60 rokov potom, ¢o bola Parkinsonova esej poprvykrat publikovand, na fiu
nadviazal francuzsky neurolég Jean-Martin Charcot. Charcot bol prvy, kto
skuto¢ne ocenil Parkinsonov prinos do mediciny a pomenoval ochorenie po
nom. Charcot a jeho Studenti opisali klinické priznaky ochorenia a zdoraznili

bradykinézu ako samostatny symptom. Jean-Martin Charcot sa pokusil toto
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ochorenie Specificky lieit' a ako prvy opisal dobry efekt vytazku z rastliny
I'ul’kovec zlomocny (Atropa belladonna) na parkinsonské motorické priznaky.
Dalsie klinické $tudie a taktieZ opisy patologickych zmien nachadzame prevazne
vo francuzskej neurologickej Skole. Paul Richer, francuzsky anatom, fyziolog,
vytvarnik a sochar, jeden z Charcotovych asistentov v nemocnici La Salpétriére,
uverejnil niekol’ko prac, ktoré sa pokusili zndzornit' abnormality a deformécie
postury u pacientov s Parkinsonovou chorobou. Dal§i zo Charcotovych
spolupracovnikov, Edouard Brissaud, ako prvy poukézal na poskodenie

substantia nigra ako podkladu Parkinsonovej choroby.

V roku 1920 uskuto¢nili Trétiakoff, Foix a Nicolesco histopatologické studie
stredného mozgu vo vztahu k tomuto ochoreniu. NajucelenejSia patologicka
analyza Parkinsonovy choroby a jasné vymedzenie mozgovych kmenovych 1ézii
bola realizovana v roku 1953 Greenfieldom a Bosanquetom (Pfeiffer et al.
2013).

Frederic Henry Lewy objavil ako prvy lekar v mozgoch pacientov
s Parkinsonovu chorobou neobycajné proteiny. V tomto ¢ase vSak vedci neboli
schopni ur¢it’ ich presnt tlohu. Svoj objav publikoval v Neurologickej priucke
vroku 1912, prirovnavajuc ich k skor§im nalezom S$panielskeho neurologa
Gonzala Rodrigueza Laforu, ktorému sa v roku 1913 podarilo uverejnit’ d’alsi
pripad. Lafora uznal Lewyho za objavitel'a patologickych teliesok a pomenoval

intracelularne telieska po nom.

V roku 1958 slavny biochemik a farmakolog Arvid Carlsson zistil, ze liek
rezerpin, ktory sa vyrabal z rastliny Rauvolfia hadovitd (pouZivand v tom Case na
znizovanie krvného tlaku), vyvolava u pozorovanych kralikov parkinsonské
symptomy. Carlssonovi sa podarilo preukazat” funkciu dopaminu v mozgu pri
prenose nervovych signalov apoukazat najeho ulohu pri schizofrénii
a Parkinsonovej chorobe. Jeho prinos bol vroku 2000 oceneny Nobelovou

cenou.

Na zéklade jeho prace sa podarilo Ehringerovi a Hornykiewiczovi dokazat’, ze
prave nedostatok dopaminu V bazalnych ganglidach zohrdva kl'dicovu tulohu

v genéze kardinalnych priznakov Parkinsonovej choroby. V nadviznosti na tento
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objav Wather Birkmayer vo Viedni a André Barbeau v Montreale vykonali

uspesne pokus o lie¢ebné ovplyvnenie ochorenia pomocou latky levodopa.

1.2. Parkinsonova choroba - non-motorické prejavy a histopatologické

substraty

Parkinsonova choroba (PCh) je chronické progresivne ochorenie nervovej
sustavy, ktoré sa prejavuje typickym extrapyramidovym hypokineticko-rigidnym
syndromom. Predstavuje druhé najcastejSie neurodegenerativne ochorenie
s prevalenciou 0,3% v celkovej populacii, 1% vo veku nad 60 rokov a dokonca
5% vo veku nad 85 rokov. Incidencia Vv populacii kolise medzi 8-
18/100 000/rok. PCh je medzi chronickymi ochoreniami povazovana za
terapeuticku vyzvu, nakolko vyrazne ovplyviiuje kvalitu Zivota pacientov a
zvySuje naklady na oSetrovatel'skt starostlivost’ (Lee et al. 2016). Neurologické
prejavy PCh st podmienené predovSetkym progresivnou degeneraciou
dopaminergnych neurénov v bazalnych gangliach. Tato degeneracia sposobuje
nefyziologick aktivitu subthalamického jadra vedicu k nadmernym vystupom z
globus pallidus, ktoré inhibuji volové pohyby ast teda zodpovedné za
kardinalne prejavy ochorenia - bradykinézu, rigiditu, tremor a posturalnu
instabilitu. Za symptomy PCh st taktiez zodpovedné dysregulacie v d’al$ich
neurotransmiterovych  syst¢émoch - serotoninergnom, cholinergnom a

noradrenergnom.

Uz James Parkinson uviedol skuto¢nost’, Ze klasické motorické priznaky PCh st
sprevadzané¢ celym radom dalSich symptomov (napr. poruchy spanku,
obstipacia, poruchy defekacie, siallorhoe alebo mocové dysfunkcie), ktoré¢ dnes

oznacujeme ako non-motorické (Parkinson 1817).

Recentne sa uvadza, Ze non-motorické symptomy (NMS) sa vyskytuju az
u 100% pacientov sPCh (Pfeiffer et al. 2016). NMS determinuji stupen
neurologického poskodenia a kvalitu zivota pacientov ¢asto omnoho viac ako
priznaky motorické a preto je potrebné na tieto mysliet’ a v pripade potreby ich

adekvatne lie¢it. Specialne je potrebné mysliet na tie NMS, ktoré mézu mat
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vyrazny vplyv na zivot pacienta, ale nemusia byt bezpodmienecne zistiteI'né
pocas Standardného neurologického vySetrenia (Martinez-Martin et al. 2011).
Devastujaci vplyv NMS na kvalitu zivota (,health-related quality of life*-
HRQoL) bol opakovane demonstrovany mnohymi rozsiahlymi Stadiami
uskuto¢nenymi v zahrani¢i a rovnako aj u nas (Valkovic at al. 2014, Soh et al.
2011, Shearer et al. 2012). Napriek tomu zostavaju v klinickej praxi NMS
frekventne nerozpoznané z dovodu, Ze ich pacienti spontanne nezmieiiuji a
zdravotnicky personal po nich cielene nepatra (Gallagher et al. 2010, Bonnet et
al. 2012).

NMS sa moézu manifestovat’ v ktorejkol'vej faze ochorenia a okrem deficitu
dopaminu sa na ich vzniku podielaji dysfunkcie noradrenergného,
serotoninergen¢ho a cholinergného systému. Tieto NMS moézu dokonca
predbiehat’ vlastny vznik a rozvoj klasického obrazu PCh aZ o niekol’ko desiatok
rokov. V tychto pripadoch oznacujeme predmetné NMS ako pre-motorické (obr.
1). Dalsie NMS sa objavuju aZ v neskorom $tadiu ochorenia a zapadaji do

klinického obrazu pokrocilej PCh.

Obr. 1. Rozvoj $pecifickych symptomov PCh moze niekedy trvat’ az 20 rokov, avSak
rad non-motorickych priznakov sa méze objavit uz mnoho rokov pred rozvojom
motorickej symptomatiky (prevzaté z Mitchell AW, et al. Biomarkers and Parkinson’s
disease. Brain 2004; 127: 1693-1705).
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Recentna $tudia u pacientov s pokrocilou PCh preukazala fluktuaciu niektorych
NMS (okrem dysfagie, nadmerného potenia a mocovej urgencie) spolu
s motorickou fluktuaciou a na ich Castejsi vyskyt a vacsiu zavaznost v ,,off faze
V porovnani s ,,on“ (Storch et al. 2013). Prevalencia tychto non-motorickych
fluktuécii sa podl'a predchadzajucich stadii pohybuje v Sirokom rozpiti od 17%
(Hillen 1996) az do 100% (Witjas et al. 2002) pacientov s motorickymi
fluktudciami. Multicentrickd Studia realizovana v Japonsku zaznamenala, Ze
pacienti s psychiatrickymi a senzorickymi symptémami vykazuji vysSiu
frekvenciu levodopou indukovanych fluktuacii. Tieto st pravdepodobne
reakciou na aplikovanii dopaminergni medikaciu. Zlepsena identifikdcia na
levodope zavislych non-motorickych fluktudcii moze viest’ k modifikacii terapie

s ciel'om zmiernit’ prejavy tychto NMS (Seki et al. 2013).

V poslednych rokoch bolo poukdzané aj na urcité rozdiely v manifestacii NMS
medzi obidvoma pohlaviami. Jedna Studia zaznamenala, ze v porovnani so
zdravymi jedincami st vybrané NMS typicky pritomné v premotorickom alebo
véasnom §tadiu PCh viac frekventné v skupine muzov ako zien. V skupine zatial
nelieCenych pacientov s PCh inklinovali muZi viac k sexualnym dysfunkciam a k
problémom s vnimanim chuti a ¢uchu v porovnani so Zenskym pohlavim (Picillo

et al. 2013).

NMS PCh su sposobené poskodenim centrdlnych a/alebo periférnych
extranigralnych Struktir. NajpravdepodobnejSou pri¢inou tejto multisystémovej
lézie je neurodegenerativny proces charakterizovany patologickymi zmenami
oznacovanymi sthrnne ako alfa-synukleinopatia alebo ,,.Lewyho patologia®.
Tato mikroskopicky charakterizuje pritomnost’” Lewyho teliesok obsahujtcich
alfa-synuklein a dystrofickych neuritov Lewyho typu v parenchyme mozgového
kmena a mozgového kortexu (obr. 3, 4, 5). Alfa-synuklein patri do malej
skupiny celularnych transportnych proteinov s rozvinutym retazcom. Za
urcitych okolnosti vytvara tzv. ,,misfolded” patologické oligomérne Struktary
a nerozpustné fibrily, pricom presny mechanismus tejto transforméacie ale
doposial’ nie je znamy. Rovnako nie je objasnend funkcia Lewyho teliesok
VvV celom procese, ale predpokladd sa uzky suvis S celularnym transportom

(Tofaris et al. 2007, Hunn et al. 2015).
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Obr. 3. Klasické Lewyho telieska v substantia nigra v rutinnom farbeni hematoxylinom-

eosinom (A) a imunohistochemickom farbeni alfa-synukleinom (B).
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Obr. 4. Lewyho telieska vo frontalnom kortexe v rutinnom farbeni hematoxylinom-eosinom
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Obr. 5. Dystrofické Lewyho neurity v oblongate vizualizované imunohistochemicky
farbenim alfa-synukleinom. Ojedinele st viditelné aj neurdny s cytoplazmatickymi

depozitami. Tieto maji v jednom mieste charakter Lewyho teliesok.

Dalej je potrebné uviest, Ze V poslednych rokoch sa rozvija koncept vztahu
medzi neurodegenerativnymi likvorologickymi markermi (tau protein, beta-
amyloid a index tau protein/beta-amyloid) a jednotlivymi klinickymi subtypmi
PCh, ktory sa v doteraz vykonanych pilotnych Stadiach javi byt’ perspektivnym.
V budtcnosti mdéze byt prinosom k lepSiemu poznaniu patogenézy PCh a
naslednému zlepsSeniu patogeneticky orientovanej terapie a prognozy pacientov

(Ptikrylova Vranova et al. 2012).

Braak ako prvy upozornil na v€asné extranigralne poSkodenie ana zaklade
rozsiahlej histopatologickej Stidie vytvoril ,staging neurodegenerativnych
procesov pri PCh (obr. 2) (Braak et al. 2003). Neurodegenerativne zmeny
zaCinaji v prednom ¢uchovom jadre, v zadnom motorickom jadre nervus vagus,
v locus coeruleus av nucleus raphe (1. a2. stadium) a podmienuji vznik a
rozvoj hyposmie, poruch spravania sa v REM spanku a nadmernt dennt

spavost’, ktoré predstavuju prvé pre-motorické priznaky PCh. Nasledne
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dochadza k neurodegenerativnemu postihnutiu substantia nigra a kK rozvoju
typickej motorickej symptomatiky PCh (3. a 4. stadium). Pri¢inou kognitivne;j
deterioracie pri PCh je podl'a Braaka rozsirenie neurodegenerativnych procesov
do mozgového kortexu (5. a 6. Stadium). Okrem Braakovho ,stagingu“ je
V patoldgii pouzivany aj McKeithov ,,staging®, ktory skoruje zavaznost’ a hlavne
regionalnu distribiciu pritomnej Lewyho patologie (McKeith et al. 2005).

Obr. 2. Progresia patologickych zmien u Parkinsonovej choroby.

Stupne intenzity Cervenej farby udavaja stupen postihnutia mozgu typickou tzv. Lewyho
patoldgiou, Sipky znazoriiuju Sirenie patologickych zmien v Case a centrifugalny smer od
mozgového kmena () do limbického a frontoorbitalneho kortexu (b) a neskor difuzne (c,d).
Legenda: dm: dorzalne motorické jadro n. vagus; co: locus coeruleus; sn: substantia nigra;
mc: predny frontoorbitalny a temporalny mezokortex; hc: senzoricky asociaény a
prefrontalny kortex; fc: frontalny kortex vratane primarneho senzomotorického kortexu; PD-
stages: stadia Parkinsonovej choroby podl'a Braaka (1-6) (prevzaté z Braak H, et al. Staging
of brain pathology related to sporadic Parkinson’s disease. Neurobiol Aging 2003; 24: 197—
211).

i |dm| co | sn [ mc | he | fc

PD-stages

.:\ ; 01
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NMS doteraz uspesne vzdorovali systematickej klasifikacii a az v roku 2016 sa
objavil prvy navrh londynskej skupiny, ktory vychadza z Jellingerovho konceptu
troch sposobov Sirenia Lewyho patologie. Autori prichadzaju s terminom ,,non-
motorického fenotypu®“. Tento ma tri zékladné typy: kmenovy, limbicky
a kortikdlny. Kazdy znich obsahuje dalSie ,,podfenotypy* zaradené¢ podla
dominantného NMS. Kmenovy fenotyp obsahuje ,,podfenotypy* s poruchou
spanku a autonomne dysfunkcie, limbicky ,,podfenotypy* s depresiou, inavou,
bolestou astratou hmotnosti a kortikdlny ,,podfenotyp s kognitivnou
dysfunkciou. Tato klasifikacia je podl'a nas trochu tazkopadna a komplikovana.
Predpokladame, ze budica denna prax otestuje jej zivotaschopnost’ (Sauerbier et

al. 2016).

Stcasny stav poznania o histopatologickych substratoch tychto casto kvalitu
Zivota vyznamne limitujucich priznakov z kategorie NMS, ktoré doprevadzaju
PCh, sme sa pokusili v€lenit do prehladnej tabulky, ktorda sndd’ mdze byt

prospesna pri potrebe rychlej orientacie (Tab. 1.).
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Tab. 1. Premotorické a non-motorické priznaky Parkinsonovej choroby a ich

patologické korelaty.

Priznak

Patologicky korelat

Hyposmia

Neurodegenerativne postihnutie Lewyho typu
bulbus olfactorius, amygdaly a perirhinalneho
kortexu

Zanechanie faj¢enia

Neznamy

REM-sleep behaviour disorder

Neurodegenerativne postihnutie Lewyho typu
v oblasti lateralneho pontinneho tegmenta?

Insomnia

Neznamy

Restless legs syndrom

Neznamy

Nadmerna denna spavost’

Neurodegenerativne postihnutie Lewyho typu
locus coeruleus

Autonoémna dysfunkcia

Neurodegenerativne postihnutie Lewyho typu

v oblasti hypothalamu, dorzalneho motorického
jadra n. vagus, intermediolateralneho a
intermediomedialneho jadra miechy, postihnutie
noradrenergnych neurénov srdcového systému a
dopaminovych neurénov enterického nervového
systému

Sialorrhoe Neurodegenerativne postihnutie Lewyho typu
v ganglion submandibulare, v ganglion cervicale
superius a v glandula submandibularis?
Dysfagia Neznamy

Porucha vyprazdnovania zaludka

Neurodegenerativne postihnutie nucleus dorsalis
n. vagus a cholinergnych neurénov
myenterického plexu?

Obstipacia

Neurodegenerativne postihnutie Lewyho typu
myenterického plexu a jadra n. vagus

Porucha koordinacie defeka¢ného aktu

Neurodegenerativne postihnutie Lewyho typu
sakralneho parasympatiku, suprasakralna
patoldgia?

Hyper/hypoaktivita detrusoru

Neurodegenerativne postihnutie Lewyho typu
vegetativnych nervovych vlakien sakralneho
plexu?

Sexualna dysfunkcia

Neurodegenerativne postihnutie sympatickych
vlakien sakralneho plexu, Lewyho patologia
v hypothalame

Porucha termoregulacie

Neznamy

Poruchy zrakovych funkcii

Neurodegenerativne postihnutie centralnych
oblasti zapojenych do zrakovych drah?

Ortostaticka hypotenzia

Deplécia neurénov a neurodegenerativne
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Noc¢na hypertenzia
Postprandialna hypertenzia
Kolisanie hodnét denného krvného tlaku

postihnutie Lewyho typu sympatikovych ganglii
vratane ganglium stellatum a postihnutie
sympatikovych vldkien inervujticich myokard a
epikard

Depresia

Neurodegenerativne postihnutie
serotoninergnych a limbickych noradrenergnych
a dopaminergnych neurotransmiterovych
systémov, najma v oblasti locus coeruleus a
nuclei raphe

Anxieta

Neznamy

Apatia

Neznamy

Kognitivny deficit a demencia

Neurodegenerativne postihnutie Lewyho typu
Vv oblasti limbickych $truktar a neokortexu,
pravdepodobne nevyhnutny aj podiel typickej
Alzheimerovskej patologie

Psychotické priznaky

Neurodegenerativna 1ézia dolnej Casti
temporalneho laloku a medialnej ¢asti pars
reticularis substantiae nigrae?

Poruchy kontroly impulzov

Sekundarna hyperdopaminergna 1ézia
ventralneho tegmenta, ventralneho striata,
limbického a prefrontalneho kortexu?

Dopaminovy dysregula¢ny syndrom

Nezndmy

Bolest’

Redukcia poc¢tu vol'nych nervovych zakonceni,
deplécia neurénov v oblasti zadnych miechovych
rohov, neurodegenerativne postihnutie Lewyho
typu rostromedialnej oblongaty (ncl. raphe
magnus, ncl. gigantocellularis, locus coeruleus)

Unava

Neznamy
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1.3.  Pre-motorické priznaky ivodného Stadia Parkinsonovej choroby

1.3.1. Hyposmia

Hyposmia alebo =znizenie cuchu predstavuje jeden =z najcastejSich pre-
motorickych priznakov PCh. Je spdsobend neurodegenerativhym procesom
s Lewyho telieskami, ktory postihuje bulbus olfactorius, stvisiace oblasti mozgu
ako je amygdala a perirhinalny kortex (Dickson et al. 2009). Bolo preukazané,
ze tieto zmeny, manifestujiice sa poruchou ¢uchu, mézu predbichat’ vznik a
rozvoj samotnej PCh aj o $tyri az Sest’ rokov (Miiller et al. 2003). Hyposmiu
mozeme realne povazovat za jeden z najcitlivejSich markerov v diagnostike
v¢asného $tadia tohto ochorenia. Vyskytuje sa az v 90% pacientov (Miyamoto
et al. 2012) a ma vyznam v diferencialnej diagnostike medzi PCh a atypickymi
parkinsonskymi syndromami alebo vaskularnym parkinsonizmom, pri ktorych je
postihnutie ¢uchu zriedkavé (Wenning et al. 1995, Katzenschlager et al. 2004).
Rovnako mdze byt hyposmia uzitocna pri odliSeni trasu pri PCh od esencidlneho
trasu v Case, kedy eSte dalSia parkinsonska motoricka symptomatika nie je
vyjadrena (Ondo et al. 2005). Uplne recentné $tidia PARS (Parkinson Associate
Risk Syndrome) ukézala, ze hyposmia spolu so Specifickou exekutivnou
dysfunkciou mo6ze byt markerom neskorSieho vzniku PCh u doposial’ zdravych
jedincov vo veku vyssom ako 50 rokov (Chahine et al. 2015). V poslednych
rokoch sa tiez rozvija idea morfologickej verifikacie PCh u zijucich pacientov
a to napriklad biopsiou bulbus olfactorius. Bolo preukazané, Ze pritomost’ alfa-
synukleinopatie Lewyho typu Vv bulbus olfactorius ma vacsiu ako 90%
senzitivitu a Specifitu pre neuropatologicky potvrdeni PCh alebo DLB a jej
zéavaznost koreluje so zévaznostou synukleinopatie v ostatnych oblastiach
mozgu arovnako aj Srozsahom deterioracie kognitivnych a motorickych
funkcii. Biopsia bulbus olfactorius by mohla mat’ vyznam pri hodnoteni pacienta
ako kandidata pre chirurgickii terapiu PCh, ale jej validita pre vcasnu

diagnostiku tohto ochorenia je stale predmetom diskusie (Beach et al. 2009).
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1.3.2. Zanechanie fajcenia - v€asny NMS Parkinsonovej choroby?

Viaceré epidemiologické stidie zaznamenali o 60-70% nizSie riziko PCh v
skupine faj¢iarov v porovnani s nefajéiarmi (Nicoletti et al. 2010, Tanaka et al.
2010, Powers et al. 2008, Hernan et al. 2002). Ticto vysledky st v sulade
s predchadzajicimi zisteniami a podporuju tedriu mozného neuroprotektivneho
G¢inku fajéenia. Dalej bola preukdzani aj zvySena prevalencia byvalych
faj¢iarov medzi pacientmi s PCh, ktori takto pravdepodobne viac inklinovali
k dobrovolnému zanechaniu fajéenia v porovnani so zdravymi jedincami
fumatormi. Vznikd otdzka, ¢i nie je spontdnne ukoncenie fajcenia vCasnym
predklinickym priznakom pri diagnéze PCh (Moccia et al. 2015). Presny
patologicky a patofyziologicky korelat tohto suponovaného fenoménu nie je v

sucasnosti objasneny.

1.3.3. Poruchy spanku

Vicsina pacientov s PCh trpi poruchami spanku, ktoré sa mdzu objavit uz
desiatky rokov pred manifestdciou samotného ochorenia. Ich prevalencia sa
pohybuje medzi 60-98% (Lees et al. 1988, Chaudhuri et al. 2003, Garcia-
Borrequero et al. 2003). NajcastejSie sa vyskytuju tieto typy spankovych portch:
poruchy spravania sa pocas REM spanku, nespavost’, syndrém nepokojnych néh

a nadmernd denna spavost’.

1.3.3.1. Poruchy spravania sa po¢as REM spanku

Poruchy spravania sa po¢as REM spanku (RBD - REM sleep behavior disorder)
sa povazuju za jeden z dolezitych véasnych biomarkerov PCh (Boeve et al.
2010). Su to epizddy abnormalnych a vysoko intenzivnych pohybov hlavy,

koncatin aj celého tela. Spolupodmieiiuju ich tzv. Zivé sny, v ktorych sa Casto
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pacient proti nieCcomu brani. Nie Uplne vynimo¢ne moéze pri RBD dgjst’ aj
k zraneniu samotného pacienta alebo jeho partnera (Mensikova 2013). Cast’
pacientov (najmé ti, ktori spia na samostatnom 16zku alebo aj v samostatnej
miestnosti) si nie je vObec tejto poruchy vedoma (Schenck et al. 2002). Je
dokazané, ze az v 45% pacientov s idiopatickym RBD dochadza v budicnosti
k vzniku  neurodegenerativneho  parkinsonizmu ato v podobe PCh,
multisystémovej atrofie alebo demencie s Lewyho telieskami. Priblizny ¢asovy
interval do vzniku a rozvoja parkinsonizmu sa Vv tychto pripadoch pohybuje
okolo 13 rokov (Iranzo et al. 2006, Postuma et al. 2009). Za patologicky korelat
RBD sa povazuje poskodenie niekolkych jadier mozgového kmena, ktoré su
zasiahnuté vo velmi vcasnych §tadiach PCh (1. az 3. $tadium podla Braaka)
(Grinberg et al. 2010). Aj ked’ presny typ poSkodenia spojeny s RBD nie je stale
dokazany (Tachibana et al. 2009), recentné informacie sved¢ia pre komplexna
dysfunkciu zasahujucu GABAergny, glutamatergny aj cholinergny systém na
podklade poskodenia kmenovych S$truktar v latero-dorzalnom pontinnom
tegmente, ktorého tlohou je modulacia REM spanku (Iranzo et al. 2009, Pace-
Schott et al. 2002). Nigrostriatilna dopaminergna degeneracia moze byt
sti¢astou patogenézy RBD, ale pravdepodobne nezohrava zasadnu ulohu (Kim et

al. 2010).

1.3.3.2. Insomnia

Nespavost (insomnia) v podobe st'azeného zaspdvania a/alebo problémového
udrzania spanku su d’al$im vel'mi frekventnym problémom pacientov s PCh
(Chaudhuri et al. 2009). Za pri¢inu castétho noc¢ného prebudzania sa su
povazované nocnd akinézia a dalSie motorické aj non-motorické priznaky
spojené s off-stavom (nykturia, syndrom nepokojnych ndh, porusenie
spankového vzorca a stereotypu a pod.) (Lees et al. 1988, Dhawan et al. 2006).
Neuropatologicky podklad tejto poruchy nebol zatial’ preukazany.
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1.3.3.3. Syndrom nepokojnych noh a periodické pohyby koncatin

Syndrom nepokojnych noh (RLS - restless legs syndrome) je charakterizovany
neprijemnymi pocitmi v dolnych koncatinach, ktoré su akcentované v pokoji
(sed, I'ah). RLS sa oby¢ajne vyskytuje vo vecernych a no¢nych hodinach a jeho
priznaky vymizni alebo sa minimalizuju prinajmensom v Case, kedy pacient
postihnutou koncatinou/konc¢atinami pohybuje (Mitra et al. 2009). Vzt'ah medzi
PCh a RLS nie je stale presne objasneny (Moller et al. 2010) a naviac pre urcité
prekryvanie sa ich priznakov je v niektorych pripadoch problémom stanovit
sibeh RLS a PCh. Niektoré Stadie preukédzali zvySenu prevalenciu RLS
Vv skupine 0s6b s PCh. Aj periodické pohyby dolnych kon¢atin v spanku (PLMD
- periodic limb movement disorder) st povazované za dalSiu Casti pric¢inu
portach spanku (Moller et al. 2010, Ondo et al. 2002, Garcia-Borrequero et al.
2003) Je udavana 20% prevalencia RLS pri PCh v porovnani s priblizne 10%
V beznej populacii (Odin et al. 2011). Patologicko-anatomicky korelat tychto

koncatinovych fenoménov nie je v sti¢asnosti znamy.

1.3.3.4. Nadmerna denna spavost’

Nadmerna denna spavost’ je vel'mi Casty NMS Parkinsonovej choroby, ktory
sprevadza toto ochorenie pocas celého jeho priebehu (Mensikova 2013). Moze
vznikat’ ako primarny priznak PCh sposobeny neurodegenerativnym postihnutim
mozgovych struktur, ktoré riadia cyklus spanok-bdenie (Comella et al. 2007).
U pacientov trpiacich nadmernou dennou spavostou boli preukazané
neurodegenerativne zmeny S pritomnostou Lewyho teliesok v locus coeruleus
(Lim et al. 2009). Nadmerna dennd spavost moéze byt zaroven priamym
dosledkom poriach no¢ného spanku. Spdsobuje zhorSeni koncentraciu a pamét
a moze vyustit' az do dopravnych nehdd alebo pracovnych pochybeni (Saper et
al. 2001).
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1.3.4. Autonémne dysfunkcie

Sucastou PCh je Siroké spektrum autonomnych portch, ktoré sa manifestuja
vCasne a nezriedka uz v premotorickej fadze ochorenia. Z tohto doévodu je
V poslednej dobe autondémnym dysfunkcidm venovana velkd pozornost’ ako
potencionalnym markerom zachytu PCh eSte pred rozvinutim samotnej
motorickej symptomatiky (Kaiserova 2015). Ich prevalencia je udavana
v Sirokom rozpati 20-80% (Jost et al. 2003). V tvodnych s§tadiach PCh sa
vyskytuje prevazne obstipacia, tazkosti S mocenim, sexualne dysfunkcie
a znizena kardialna chronotropna odpoved’ v priebehu cvicenia (Palma et al.
2014). S postupnou progresiou ochorenia sa pridavaji dalsie poruchy. Ich
podkladom  je  neurodegenerativne  poskodenie  Casti  centralneho
a/alebo periférneho  sympatikového  a parasympatikového  vegetativneho
nervového systému (Benarroch et al. 2000). V centralnom nervovom systéme
bola Lewyho patologia opisana v hypothalame, v dorzalnom motorickom jadre
nervus vagus a ajVcentrach sympatikového nervového systému (jadra
v predizenej mieche a intermediolateralneho a intermediomedialneho jadra
v mieche) (Jain et al. 2011). Na periférii nachadzame Lewyho telieska a Lewyho
neurity v roznych castiach autonomneho nervového systému, priCcom jasna
destrukcia bola vSak preukézana iba v noradrenergnych neurénoch inervujicich
srdce a kozu a dopaminergnych neurénoch enterického nervového systému, ¢o je
najskor aj podkladom rozvoja ortostatickej hypotenzie, poruchy potenia
a obstipacie (Sulzer et al. 2013).

1.3.4.1. Gastrointestinalne priznaky

K poruchdm postihujucim gastrointestinalny systém zarad’'ujeme zniZenl tvorbu
slin, dysfagiu, oneskorené vyprazdinovanie zalidka a poruchu defekécie. UZ vo
véasnych §tadiach PCh nachadzame inklizie abnormného a-synukleinu

v enterickom nervovom systéme a v dorzalnom motorickom jadre nervus vagus
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(Cersosimo et al. 2012), ktoré vysvetluju pritomnost’ gastrointestinalnych

tazkosti uz v premotorickej faze ochorenia.

Porucha tvorby slin

Pri PCh je Casto opisovana hypersalivacia alebo az vytekanie slin z ust. Pacienti
s tymto ochorenim maju vSak tvorbu slin znizent (Proulx et al. 2005) a obycajne
sa stazujii na subjektivny pocit sucha v ustach (Cersosimo et al. 2011).
Sialorrhoe je podmienend poruchou prehitania s naslednym nadmernym
hromadenim slin v ustach (Nobrega et al. 2008). Nateraz nie su zname presné
neurodegenerativne zmeny, ktoré by boli zodpovedné za tito poruchu. Avsak
Lewyho patoldgia bola zistena v ganglion submandibulare, v ganglion cervicale
superius a taktiez v samotnej glandula submandibularis, ktora predstavuje
hlavny zdroj slin (Sulzer et al. 2013, Del Tredici et al. 2010).

Dysfagia

Porucha prehitania je relativne frekventny a ¢asto poddiagnostikovany symptom
PCh s vyskytom az u Styroch z piatich pacientov (Kalf et al. 2012). Typicky sa
vyskytuje v neskorsich §tadiach ochorenia a koreluje so stupiom motorického
deficitu (Miiller et al. 2001). Dysfagia moze byt’ az natol’ko zavazna, ze spdsobi
aspiraénu pneumoniu alebo az asfyxiu veducu k exitu pacienta (Matsumoto et al.

2014). Patologicky korelat tejto dysfunkcie nie je doposial’ jasne preukazany.

Porucha vyprazdinovania zZalidka

Oneskorené vyprazdinovanie zaludka sposobuje pacientom s PCh pri jedle pocit
rychleho nasytenia s nekonStantnou nauzeou a abdominéalnou distenziou. Této
porucha je pritomna uz vo v€asnych Stadiach ochorenia, ¢o bolo dokdzané napr.
dynamickou abdominalnou scintigrafiou (Tanaka et al. 2011) a méze zasadne
narusovat’ postup a distribuciu levodopy do proximalnej ¢asti tenkého Creva, kde

dochadza k jej vstrebavaniu (Miiller et al. 2006). Tymto sposobom sa moéze
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gastroparéza podielat’ na motorickych fluktudciach pri PCh vratane ,,delayed on*
fenoménu (Doi et al. 2012). Porucha motility zalidka je jednym z dévodov,
preco nepodavat’ levodopu stcéasne s jedlom. Pricina tejto dysfunkcie je zrejme
multifaktoridlna a predpoklada sa hlavny podiel neuropatolégie nucleus dorsalis
nervus vagus a cholinergnych neurénov myenterického plexu, ktoré su
postihnuté uz od v¢asnych stadii ochorenia (Cersosimo et al. 2008, Marrinan et
al. 2014).

Obstipacia

Obstipacia je vSeobecne povazovana za jeden z najcastejSich NMS. Vo vicsine
pripadov je pritomna uz dlhy ¢as pred rozvojom motorickej symptomatiky
(Abbot et al. 2007). Roézne $tadie odhaduju frekvenciu zapchy na 20-89%
(Pfeiffer et al. 2011) a jej zavaznost' koreluje so stupnom PCh hodnotenej na
zaklade Hoehn&Yahr $kaly (Sakakibara et al. 2001). Obstipacia je spdsobena
hypomotilitou gastrointestinalneho traktu (prediZenie tzv. colonic transit time).
Inkluzie a-synukleinu boli preukazané v myenterickom plexe a to uz v avodnych
stadiach ochorenia - podl'a Braakovho ,,stagingu v stupni I. (Gelpi et al. 2014,
Malek et al. 2014). Na porusenej motilite sa pravdepodobne podiela aj
postihnutie dorzalneho motorického jadra nervus vagus, ktorého aktivita posobi
facilitatne na neurdny myenterického plexu Auerbachi a tym vyvolava

peristalticky reflex (Jost et al. 2010).

Poruchy defekacie

Porucha defekacie pri PCh je sposobend stratou koordinacie €innosti svalov,
ktoré sa na nej podiel’aju. Porucha relaxacie m. puborectalis a m. sphincter ani
externus moZe spdsobit’ funkénu obstrukciu pasaZe stolice. Rovnako bola
opisana paradoxna kontrakcia volou ovladaného sfinkteru a m. puborectalis,
ktora viedla k poruche evakudcie stolice, pricom tato porucha je povaZovana za
prejav fokalnej dystonie asociovanej S extrapyramidovym ochorenim (Jost et al.
2010, Mathers et al. 1989). Novsie manometrické $tadie dokazali, Ze postihnutie

sa vyskytuje uz v skupine novodiagnostikovanych a =zatial nelieCenych
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pacientov (Sung et al. 2012). Na porusenej defekacii sa pravdepodobne podiel’a
postihnutie sakralneho parasympatiku (boli tu preukdzané Lewyho telieska)
(Beach et al. 2010) aj suprasakralna centralna patologia. Neuropatologicky bolo
dolozené, Ze Onufovo jadro nie je u pacientov s PCh poskodené (Sakakibara et
al. 2003).

1.3.4.2. Urogenitilne poruchy

Jeden zvelmi frekventnych problémov pri  PCh predstavuje mocova
dysfunkcia. Vyskytuje sa podla réznych udajov od 38% do 71% pacientov
(Sakakibara et al. 2014). Mo6zZe byt sposobena hyperaktivitou detruzoru, ¢o vedie
Kk nyktarii, urgentnému a ¢astému moceniu az k mocovej inkontinencii (hlavne
U horSie mobilnych pacientov). Urodynamické testovanie preukazalo znizenu
kapacitu moc¢ového mechara spolu s hyperaktivitou detruzoru ako pri¢inu
poruchy skladovania mocu u pacientov s PCh. Druhou zriedkavej$Sou moznostou
je hypoaktivita detruzoru, ¢o zas naopak rezultuje v oneskorené vyprazdnenie
mocového mechura, tazkostiam s inicidciou mocenia, oslabenému pradu mocu
muzov a tlaeniu pri moceni uZien (tzv. straining). Neuropatologickym
koreladtom tychto priznakov je pravdepodobne degenerdcia vegetativnych

nervovych vlakien, ktoré reguluji mikciu.

1.3.4.3. Sexualne dysfunkcie

Az 79% muzov a75% zien s PCh udéva sexualne poruchy. U muzov sa
vyskytuje najmé erektilnd dysfunkcia a tazkosti s dosiahnutim ejakulacie a
orgazmu. V Zenskej populdcii ide hlavne o zniZenie libida a problém
S dosiahnutim orgazmu (Palma et al. 2014). K hyposexualite dochadza na
podklade poruSenej funkcie centralnej a postgangliondrnej periférnej casti
hlavne  sympatikového nervového  systému  zapriinenej  procesom

neurodegeneracie. Nedostatok sexualnej tizby je umuzov taktiez
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spolupodmieneny zniZzenou hladinou testosteronu a psychogénnymi faktormi
(Okun et al. 2002). Za primarny regulator libida a erekcie sa povazuje
hypothalamus a to najmé jeho medialna area preoptica a paraventrikularne jadro.
Obidve tieto oblasti ziskavaju projekcie z dopaminergnych neurénov substantia
nigra. Patologické Studie preukdzali pritomnost’” Lewyho patologie vo vsetkych
jadrach hypothalamu (Langston et al. 1978). Pri PCh sa mozeme stretnat’ aj s
hypersexualitou, ktora je povazovana za vedlajsi efekt dopaminergnej lieCby

a radime ju medzi poruchy kontroly impulzov (Moller et al. 2008).

1.1.1.1.  Porucha termoregulacie

Priblizne 2/3 pacientov s PCh udava problémy s termoregulaciou v zmysle
znizeného, alebo podstatne castejSie chorobne zvySeného potenia. Porucha
termoregulacie je v priamej koreldcii so zdvaznostou inych autonémnych
poruch a CastejSie sa vyskytuje v off stave alebo naopak vo faze tazkych
dyskinéz (Swinn et al. 2003). Hyperhidroza sa najvyraznejsie prejavuje v oblasti
hlavy av hornej cCasti trupu. Bola vyslovena hypotéza, ze takto lokalizované
zvySené potenie je kompenzatorne pri zniZenom poteni na koncatinidch
(Schestatsky et al. 2006). Etiologia dyshidrozy moze suvisiet’ s poruchou funkcie
hypothalamu, avSak sG¢asné znizenie az Uplné chybanie reflexnej kozZnej
odpovede moze svedCit’ aj pre ucast’ mechanizmu postsynaptickej sympatikovej
denervacie (Schestatsky et al. 2006). Exaktny neuroanatomicky korelat tejto

vegetativnej dysfunkcie zatial’ nebol odhaleny.

1.1.1.2.  Poruchy zrakovych funkcii

Pacienti s diagnozou PCh sa Casto stazuji na poruchy vizu, diplopiu alebo
zrakové halucindcie pri inak fyziologickom oftalmologickom naleze. Pri¢ina
vsetkych tychto priznakov je komplexna. Bola preukdzana pritomnost’ Lewyho
patologie v centralnych oblastiach zapojenych do zrakovych sympatikovych a

parasympatikovych drah uplatiiujucich sa v riadeni pupilomotoriky (Braak et al.
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2004, Jain et al. 2011, Hori et al. 2008). Rovnako je dalej dokéazané, ze
nedostatok dopaminu moéze spoOsobit’ primarnu zrakovu dysfunkciu.
Neurotransmisia Vv oblasti fovea centralis je ciastotne dopaminergna
a histopatologickym vysetrenim nelieGenych pacientov s PCh bola dokazana
niz8ia koncentracia dopaminu v porovnani s pacientami, ktori lieeni boli a ich
hladina dopaminu dosahovala fyziologickych hodnot. Opisované zmeny mozu
predstavovat’ jednu z pri¢in retinalnej dysfunkcie (Nguyen-Legros et al. 1988,
Harnois et al. 1990, Devos et al. 2005).

1.3.4.6. Kardiovaskularne poruchy

Ortostaticka hypotenzia

Ortostatickd hypotenzia predstavuje dalsi pomerne casty NMS PCh. Jej
prevalencia sa pohybuje Vvrozpdti 30-60% pacientov stouto diagndzou
(Goldstein et al. 2006). Ortostatickd hypotenzia je zadefinovana ako pokles
systolického tlaku o >20mmHg alebo diastolického tlaku o >10mmHg
Vv priebehu 3 mintty trvajiceho stoja pri porovnani s hodnotami krvného tlaku
nameraného vl'ahu. Vyskytuje sa spravidla v neskorSich Stadiach ochorenia a
Vv suvislosti s uzivanim dopaminergnej medikacie. Nezriedka byva spojend aj
s inymi kardiovaskularnymi abnormitami ako st poruchy kontraktility srdca
alebo variability frekvencie srdca uz pocas premotorickej fazy PCh (Goldstein et
al. 2006). Vznik a rozvoj ortostatickej hypotenzie sa vysvetluje nasledovne:
strata sympatikovych noradrenergnych vlakien zasobujtcich srdce (sympatikova
denervécia bola dokazana scintigraficky aj histopatologicky a vyskytuje sa uz
vo véasnych stadiach ochorenia (Fujishiro et al. 2008, Orimo et al. 2005)), d’ale;j
extrakardidlna noradrenergnd denervacia a zniZzend baroreflexnd odpoved'.
Postihnutim vysSie uvedenych systémov nedochadza iba k rozvoju samotnej
ortostatickej hypotenzie, ale aj postprandidlnej hypotenzie, no¢nej hypertenzie a
teda nezanedbatel'ného diurnalneho kolisania krvného tlaku. Pri¢inu predstavuje
neurodegeneracia sympatikového nervového systému, ktory sa zacastnuje

inervacie kardiovaskularneho systému. Histologicky bolo preukdzané zniZenie
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poc¢tu neurdénov S pritomnostou Lewyho teliesok v sympatikovych ganglidach
vratane ganglion stellatum a v sympatikovych nervovych vlédknach inervujticich

myokard a epikard (Orimo et al. 2008, Fujishiro et al. 2005).

Noc¢na hypertenzia

Zistilo sa, ze az 88% pacientov s PCh nema v noci fyziologicky pokles krvného
tlaku, ale naopak az v 63% pacientov je zaznamenany vzostup tlaku krvi nad
125/80. K tomuto javu dochadza rovnako u pacientov sanamnézou aj bez
anamnézy ortostatickej hypotenzie ato nezavisle na aditivnej koincidencii

arterialnej hypertenzie s antihypertenzivnou terapiou (Sommer et al. 2011).

Postprandalna hypotenzia

Postprandialna hypotenzia je zadefinovana ako systolicky pokles tlaku krvi o 20
mmHg alebo pokles systoly pod 90 mmHg z pévodnej hodnoty 100 mmHg
v priebehu 2 hodin po uvZiti potravy. Je zavisla od charakteru jedla, vyrazne;jsi
pokles bol dokumentovany po poziti véacSicho mnoZstva sacharidov

a najCastejsie sa vyskytuje po ranajkach a obede (Luciano et al. 2010).

Kolisanie hodnot krvného tlaku

U pacientov s PCh bolo zistené vyrazné kolisanie hodndt tlaku krvi a to az o 100
mmHg systolického tlaku. Pacienti s touto diagndzou pomerne ¢asto dosahuju
hodndt systoly az nad 200 mmHg, ¢o moze predstavovat’ vyznamny rizikovy
faktor rozvoja chronického hypertonického poskodenia réznych organov vratane

mozgu, ale aj vzniku nahlej cievnej mozgovej prihody (Tsukamoto et al. 2013).
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1.3.5. Depresia

Depresivna symptomatika predstavuje vyznamny neuropsychiatricky symptom
PCh a stretavame sa s nou az v 10-45% pacientov s touto diagnézou (Burn et al.
2002). Manifestuje sa pocitmi smutku, Ihtosti, viny, vy€itkami svedomia
a nedostatkom sebetcty. Depresia ¢asto predchadza samotnému rozvoju
ochorenia a nie je tu ziadna korelacia so zavaznost'ou motorickej symptomatiky.
Jedna stadia zaznamenala, Ze v skupine depresivnych os6b dochadza Statisticky
vyznamne CastejSie k vzniku a rozvoju PCh v porovnani s napr. osteoartritidou
alebo diabetes mellitus (Nilsson et al. 2001). Aj ked maji pacienti s PCh
suicidalne myslienky, tak pripady so siahnutim si na vlastny Zivot su zriedkavé
okrem Specifickej podskupiny pacientov, ktorym bola dopaminergnéd terapia
uplne vysadena alebo vel'mi rychlo redukovand po zacati stimulédcie nucleus
subthalamicus (Myslobodsky et al. 2001, Funkiewiez et al. 2004). Z d6vodu
prekryvania sa s ¢astou ostatnych NMS ako aj preto, Ze zdklad depresivneho
syndrému tvori anhedonia, nedostatok energie, znizena schopnost’ koncentracie
a poruchy spanku, je niekedy depresia tazSie odliSitelnd od samotnej PCh
apreto aj Casto nedostatoéne diagnostikovana (Reichmann et al. 2009).
Podkladom depresie je porucha serotoninergnych, limbickych noradrenergnych
a dopaminergnych neurotransmiterovych systémov (Remy et al. 2005).
Dokazom tejto hypotézy je vysoka responzibilita depresivnej symptomatiky na
preparaty, ktoré zvySuju noradrenergnil a serotoninergnil transmisiu. Locus
coeruleus anucleus raphe su anatomické Struktury a zaroven kmenové
monoaminergné systémy, ktoré vyuzivaju tieto transmitery k svojej funkcii a sa
povazované za jednoznaény ciel’ procesu neurodegeneracie (Jellinger et al. 1991,

Richard et al. 2005).

1.3.6. Anxieta

Uzkostna symptomatika je velmi bezna u pacientov s PCh a ¢asto sa prejavuje

pred manifestaciou samotnych motorickych symptomov (Shiba et al. 2000,
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Weisskopf et al. 2003). M6ze sa manifestovat’ pod obrazom panickych atakov,
roznorodych fobii alebo aj ako generalizovana uzkostna porucha. Jej prevalencia
dosahuje 25-40% (Park et al. 2009) aje teda vysSia ako pri ostatnych
chronickych  humannych  diagndézach. Patologicko-anatomicky podklad

uzkostnej symptomatiky zatial’ nebol s urcitostou preukézany.

1.4. Non-motorické priznaky pokrocilého Stadia Parkinsonovej choroby

Velka skupinu NMS predstavuju neuropsychiatrické problémy, ktoré su
charakteristické pre pokrocilé Stddium ochorenia. Pre rozsiahlu prevalenciu
neuropsychiatrickych  priznakov. moéZzeme PCh  povazovat aj za
neuropsychiatrické ochorenie. Zarad'ujeme sem apatiu, psychotické prejavy,
poruchy kontroly impulzov a kognitivny deficit. Neuropsychiatrické priznaky
predstavuji.  vyznamnu pri¢inu invalidity a znizenej kvality zivota pre
postihnutych pacientov a zaroven vyrazné zvysSenie narokov na oSetrovatel'sko-

opatrovatel'sku starostlivost’ (Lohle et al. 2009).

1.4.1. Neuropsychiatrické priznaky

1.4.1.1. Apatia

Apatia je vSeobecne definovana ako porucha motivacie a ako s NMS PCh s iiou
prichddzame do styku pomerne casto. Je pre nu charakteristické zniZenie
pocitovania emdcii, redukovanie zivotnych aktivit a poznavania nového. Osoby
sdiagnozou PCh maji apatiu frekventnejSie v porovnani s ostatnymi

chronickymi ochoreniami, ¢o moéze do wurCitej miery prejudikovat’ jej
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neurodegenerativny povod (Alvez et al. 2004). Apatia je Specificky symptom,
ktory nachadzame pri PCh spolo¢ne s depresivnou symptomatickou, ale rovnako
Casto aj bez nej (Oguru 2010). Nezriedka sa apatia objavuje aj Vv suvislosti
s uzkostnou symptomatikou, ale naopak sa zda byt nezavisla na Unave a
zvysene]j spavosti (Sterkstein 1992, Pluck 2002). Recentne realizovana Stadia
preukazala urciti asocidciu apatie a unavy pri PCh s depresiou a dopaminergnou
depléciou v mezokortikolimbickych  Struktarach ako aj s preruSenim
prefrontalnej osi kortex-bazdlne ganglia. Z tohto dovodu moze adekvatny
manazment depresie a optimalna dopaminergna medikacia zlepsit apatiu aj
unavu pacientov s PCh (Skorvanek et al. 2015). Je potrebné dodat’, Ze presny

neuropatologicky korelat apatie nie je doposial’ zndmy.

1.4.1.2. Kognitivny deficit a demencia

Kognitivny deficit je jeden z naj€astejSich NMS v ramci PCh. Vyskytuje sa az v
80% pripadov ochorenia (Hely et al. 2008). Vyznamne negativne ovplyviuje
kvalitu Zivota pacientov a sucasne zédsadne zvySuje fyzicka a psychicku zataz
oSetrovatel'ov ako aj ekonomické naklady suvisiace so starostlivostou (Winter et
al. 2011, Vossius et al. 2011, Fletcher et al. 2011). Kognitivna porucha
pacientov sa pohybuje v klinickom kontinuu od nepatrnej deterioracie
exekutivnych funkcii s 'ahkou kognitivnou poruchou aZ po vyznamnu demenciu
S brutdlnym zhorSovanim vykonu vo vSetkych oblastiach (aktivity denného
Zivota, spravanie sa, kognicia a pamit’) (Sampaio et al. 2012). Casovy interval
medzi zaCiatkom PCh avznikom a rozvojom kognitivnej poruchy pomerne
vyrazne koliSe. V niektorych pripadoch st znamky demencie pozorovatel'né uz
po niekol’kych malo rokoch ochorenia, zatial’ ¢o inokedy (aj ked’ vynimocne) nie
je ani po dvadsiatich rokoch od stanovenia diagndzy PCh kognitivna deterioracia
pritomna (Aarsland et al. 2007). Pri PCh sa najCastejSie vyskytuje porucha
epizodickej pamiiti, zrakovo-priestorovej orienticie a verbalnej fluencie. Casto
st taktiez pritomné poruchy exekutivnych funkcii a pozornosti (Bronnick et al.
2010). Patomorfologicky korelat kognitivnej deterioracie pri PCh je stale

pomerne rozporuplny. Niektoré Studie preukazali spojitost medzi mnozstvom
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Lewyho teliesok a demenciou (Hurtig et al. 2000, Aarsland et al. 2005). Podla
Braaka je patologickym koreldtom demencie pri PCh rozsirenie sa Lewyho
teliesok do limbickych (II-IV. stddium - prechodné limbické) a kortikalnych (V-
VI. $tadium - difazne neokortikalne) Struktar (Braak et al. 2005). Rozporuplnym
sa javi byt koncept tzv. dualnej patoldgie u pacientov s PCh a demenciou, ktory
postuluje  nevyhnutnu  pritomnost  tzv.  Alzheimerovskej  patologie.
Argumentacne nevysvetluje manifestdciu pomerne vyznamného kognitivneho
deficitu u pacientov, ktorym nebola pritomnost’ Alzheimerovskej patologie v

mozgu post mortem potvrdena (Mayo et al. 2014).

1.4.1.3. Psychotické prejavy

Psychotické symptomy su castou komplikdciou pokrocilého S§tadia PCh
a vyskytuju sa u viac ako 50% pacientov s touto diagnézou (Fernandez et al.
2008, Fenelon et al. 2000, Hely et al. 2005). Predstavuji jeden z najvac¢Smi
invalidizujacich NMS. Zacinaji sa objavovat’ priemerne po 10 rokoch trvania
ochorenia. V pripade ich skorSej manifesticie myslime skor na alternativnu
diagn6zu ako je Alzheimerova demencia, demencia s Lewyho telieskami alebo
iné koincidentné psychiatrické ochorenie (Fenelon et al. 2008). K priznakom
S najvacSim vyskytom patria vizuadlne halucinacie nasledované sluchovymi
halucindciami, ktoré mézu byt vSak aj zndmkou depresie. So zrakovymi
halucinaciami sa stretavame vo viac ako 40% pacientov v pokroc¢ilom Stadiu
PCh (Aarsland et al. 2000, Papapetropoulos et al. 2005). Vo vcasnom
psychotickom S§tadiu byvaji pritomné najmi zrakové iluzie, ktoré pacienti
opisuju ako ,,nejasné obrazy v periférnom videni“. Rovnako casto sa vyskytuju
paranoidné bludy, ktorych obsahom byva podozrievanie z manzelskej nevery ¢i
opustenia (Mensikova 2013). Potom, ako sa psychotické prejavy prvykrat
objavia, maju tieto tendenciu stat’ sa perzistentnymi a postupne progredovat
(Fernandez et al. 2005, Pollak et al. 2004, Factor et al. 2003). S progresiou
psychotickych prejavov zadinaji byt zrakové fenomény viac formované (Goetz
et al. 2006). Podstatnym dosledkom psychozy je, Ze byva spojena s demenciou,

depresivnym syndromom, skorSou mortalitou a vidcSou zatazou pre
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opatrovatel'ov a obycajne nevyhnutnostou umiestnenia pacienta
Vv §pecializovanom domove s dlhodobou a 24 hodinovou nepretrzitou
oSetrovatel'skou starostlivostou (Aarsland et al. 1999, Aarsland et al. 2000,
Goetz et al. 1995). Zatial’ nie je znamy presny patofyziologicky podklad rozvoja
psychotickych portach. Znadme su ale rizikové faktory, ku ktorym patri vyssi vek,
zavaznost a trvanie ochorenia a pritomnost’ kognitivneho deficitu (Weintraub et
al. 2007). Predpoklada sa, Ze za rozvoj vizualnych halucinacii je zodpovedny
dolny temporalny lalok a pars reticularis substantiac nigrae. Dolny temporalny
lalok je prirodzene zapojeny do spracovavania zrakovych podnetov stvisiacich
S 'udmi a objektmi, ktoré su typickym obsahom halucinacii pacientov s PCh.
Preukazalo sa, ze 1ézie v medialnej Casti pars reticularis substantiae nigrae vedu
k rozvoju dobre formovanych zivych halucinacii podobnych tym, s ktorymi sa
stretavame pri PCh. Z tychto dévodov moézeme predpokladat, ze dysfunkcia
tejto Struktiry zohrava dodleziti tlohu v rozvoji vizualnych halucinacii (Harding

et al. 2002).

1.4.1.4. Poruchy kontroly impulzov

Poruchy kontroly impulzov (impulse control disorders, ICD) charakterizuje
repetitivne nutkavé spravanie sa, ktor¢ je motivované dosiahnutim pocitov
poteSenia ¢i uspokojenia a neschopnostou odolavat’ impulzom, ktoré su pre
jednotlivca alebo pre jeho okolie Skodlivé. Vznikajii na podklade abnormélne
fungujiceho systému odmeny a motivacie, v ktorom hra doleziti ulohu tzv.
molekula $t’astia - dopamin (Gescheidt et al. 2011). ICD sa vac¢Sinou manifestuja
az v pokrocilejsich Stadiach ochorenia a priradujeme k nim patologické
hragstvo, nutkavé nakupovanie, hypersexualitu a nutkavé prejedanie sa. Dal3imi
formami su nutkavé spravanie sa (punding) a nadmerné uzivanie dopaminergne;j
medikacie oznacované ako dopaminovy dysregulacny syndrom (Mensikova
2013). V poslednych rokoch boli opisané aj d’alsie typy poruch ako kleptomania
(Bonfanti et al. 2010) alebo impulzivne fajéenie (Bienfait et al. 2010). Tieto
poruchy spravania sa nepredstavuju problém iba pre samotného pacienta, ale aj

pre jeho blizke okolie (rodinné ale aj in¢). Su ¢asto zamlCované a tajené, pretoze
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modzu byt socidlne neprijatelné, zahanbujuce alebo st zdrojom financ¢nej tiesne.
Pri rieSeni pacienta je potrebné po ich pritomnosti aktivne patrat’ formou
cielenych otazok, pricom nato existuji prefabrikované dotazniky, ktoré pacient
vypiia sam alebo v spolupraci s lekdrom. Sami pacienti ich mnohokrat
nevnimaju ako problémové a tak zostavaja skryté az pokial’ na tieto neupozorni
okolie (Voon et al. 2006). S rozvojom tychto portich byva najcastejSie davana do
stvislosti liecba dopaminovymi agonistami (Voon et al. 2006, Weintraub et al.
2006), ale boli taktiez opisané v suvislosti s uzivanim L-DOPA (Molina et al.
2000) av suvislosti s hlbokou mozgovou stimulaciou nucleus subthalamicus
(STN-DBS) (Smeding et al. 2007). Prave naopak vysledky niekolkych
retrospektivnych Stadii poukézali na zlepSenie poruch kontroly impulzov a
dopaminového dysregulaéného syndromu po terapii STN-DBS (Ardouin et al.
2006, Witjas et al. 2005), ¢o bolo potvrdené aj nasledujicimi prospektivnymi
Stadiami (Lhommée et al. 2012, Eusebio et al. 2013). Na zaklade aj tychto
faktov doslo k prehodnoteniu zauzivaného tvrdenia, Zze dusevné a behavioralne
poruchy st kontraindikdciou STN-DBS a Vv priebehu poslednych 10 rokov su
navrhované ako potencialne nova indikacia STN-DBS pri Parkinsonovej
chorobe (Houeto et al. 2002, Bronstein et al. 2011). V minulosti zostavalo
otvorenou otazkou, nakolko ich krozvoju dochddza iba na zaklade
dopaminergnej terapie v spojeni s individudlnou dispoziciou, alebo v ich genéze
zohrava ulohu aj primarny patologicky proces PCh (Voon et al. 2007). Vysledky
multicentrickej epidemiologickej prierezovej Studie zamerané na pritomnost
ICD uPCh realizovanej v severnej Amerike ukazali, Zze v skupine lie¢enych
pacientov s PCh je 25x vyssia pravdepodobnost vzniku ICD ako v skupine
pacientov s inym neurologickym ochorenim (Weintraub et al. 2010). Vyskyt
ICD sa neodliSoval medzi skupinou nelieCenych parkinsonikov a zdravymi
kontrolami, ¢o naznacuje, Ze primarne PCh nie je pri¢inou vzniku ICD. Nateraz
Z toho vyplyva zaver, Ze rozvoj tychto portich je zrejme vysledkom interakcie
predispozi¢nych faktorov a dopaminergnej medikacie (Cilia et al. 2011).
Z hladiska neuropatoanatomie povazujeme ventralnu tegmentalnu oblast’ a jej
projekcie do ventralneho striata, limbického a prefrontdlneho kortexu, dalej
ventralne a dorzalne striatum a stvisiace frontostriatdlne okruhy za Struktury

spojené s procesom rozvoja ICD (Everitt et al. 2006).
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1.4.1.5. Dopaminovy dysregula¢ny syndrém

Dopaminovy dysregulacny syndrom (DDS) pacientov S PCh bol prvykrat opisany
v roku 2000, kedy bol oznaceny ako ,hedonistickd homeostatickd dysregulécia*
(Giovannoni et al. 2000). DDS sa rozvija u pacientov s dlhodobou anamnézou
uzivania dopaminergnej medikacie. Typickym znakom je naduZivanie dopaminergnej
medikacie, na zdklade ktorej dochadza k rozvoju tazkych dyskinéz a najréznejSich
poruch spravania sa. Mo6ze byt pritomny neklud, psychomotorickd hyperaktivita,
agresivita, hypomania, dysfoéria, anhedonia a podrazdenost’ pri redukcii davok
medikdcie s naslednou silnou az neovladatelnou tazbou po wuziti dalSej déavky
dopaminergika (Evans et al. 2010). Z d’alsich poruch spravania sa méze byt pritomny
tzv. punding. Tymto terminom oznacujeme komplexné stereotypné spravanie sa
S intenzivnhym nutkanim pre vykonavanie najroznejSich cinnosti (napr. lepenie
modelov zo zapaliek, zbieranie r6znych predmetov) (Evans et al. 2004). Niekedy sa
dava do suvislosti s pundingom aj nebyvald kreativita tychto osdb v porovnani
s ostatnou populaciou. Prevalencia DDS sa odhaduje v rozmedzi 3,4-4,1% (Pezzella et
al. 2005). Krizikovym faktorom jeho rozvoja patri zaciatok ochorenia v mladom
veku, impulzivita a osobnostné rysy spojené s vyhladdvanim prijemnych pocitov,
anamnéza depresie, zneuzivanie alkoholu a drog a porucha kontroly impulzov (Evans
et al. 2005). Jedna z tedrii vzniku DDS je tzv. motivacna senzitizacia, podl'a ktorej ku
kompulzivnemu uzivaniu liekov dochadza na zaklade zmien v dopaminergnych
projekciach viazanych na ventralne striatum a to konkrétne nucleus accumbens. Tieto
abnormality v dopaminergnom a GABA-ergnom prenose vedu k senzitizacii a
aktivacii systtmu odmeny viazaného na nucleus accumbens, ktoré sa oznacuju
pojmom motivacna vyznamnost (Robinson et al. 2000). Presné neurodegenerativne

zmeny zodpovedné za tito dysfunkciu vSak neboli do sucasnosti detegované.
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1.4.2. Iné non-motorické symptomy

1.4.2.1. Bolest’ pri Parkinsonovej chorobe

S diagnozou PCh je Casto spojend kruta a nepoddajna bolest’, ktort mnohi pacienti
povazuju za viac zatazujicu ako vlastné motorické postihnutie (Hanagasi et al. 2010).
Stretavame sa stnou az v 70-85% pripadoch tohto ochorenia. Bolest’ vyrazne
ovplyviiuje kvalitu Zivota pacientov, je vel'mi Casto poddiagnostikovand (minimélne
o sa tyka jej intenzity a emocionalneho doprovodu) a z toho vyplyva, Ze aj mnohokrat
nie adekvatne lie¢ena (Beiske et al. 2009). Bolo jednozna¢ne preukazané, ze pacienti
s PCh, ktori trpia tymto frekventovanym NMS su viac depresivni a maju horsiu kvalitu
zivota ako ti, ktori sa s bolestou pri diagnéze PCh nestretli (Valkovic et al. 2015).
V priebehu ochorenia sa mézu vyskytovat’ rozli€né typy bolesti postihujuce rozne Casti
tela. Na zaklade toho je obtiazne stanovit jej klasifikdciu a presné patofyziologické
mechanizmy. Pacienti s PCh maji nezavisle na veku a trvani ochorenia redukovany
pocet volnych nervovych zakonceni (Nolano et al. 2008). Vo vcasnych Stadiach
ochorenia bol v suvislosti s neurodegenerativnymi zmenami postihujucimi miechu
preukazany aj Gbytok neurénov v oblasti zadnych rohov miechy (Braak et al. 2007),
¢o mdze ovplyviovat prenos bolestivych podnetov z periférie do zodpovedajtcich
oblasti CNS. Prenos nociceptivnych informdacii z miechy centripetalne mdze byt d’alej
modifikovany v dosledku neurodegenerativneho postihnutia jadier mozgového kmena,
ktoré¢ su sucastou ascendentnych aj descendentnych drah modulujucich prenos a
vnimanie bolesti (Brefel-Courbon et al. 2005). Uz v 2. stadiu podl'a Braakovho
,,stagingu‘ bola preukazana pritomnost’ Lewyho teliesok v rostromedialnej oblongate
zahfnajica nucleus raphe magnus, nucleus gigantocellularis arovnako locus
coeruleus, o distribuéne zodpovedd pre-motorickej faze ochorenia, kedy su
neurodegenarativnymi zmenami postihnuté bulbus olfactorius a dolna ¢ast’ mozgového
kmena (Gebhart et al. 2004). Proces degeneracie tychto Struktir méze ovplyvnit
vnimanie intenzity bolesti amdze viest kzmendm vegetativnych, emocnych
a kognitivne-vyhodnocovacich odpovedi pri spracovani bolestivych vstupov (Scherder
et al. 2005). Popri postihnuti extranigralnych $truktir sa na zmenach v spracovavani

bolestivych podnetov podiela aj poskodenie samotného nigrostriatdlneho systému a to
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ovplyvnenim lateralneho thalamu ako jedného z hlavnych centier systému bolesti ako
aj vplyvom dysfunkcie samotného striata. V dosledku navodenej denervacie
nigrostriatalneho  systému, ktora vedie k zvySene] neuronalnej  aktivite
subthalamického jadra, vnttorného pallida a pars reticularis substantiae nigrae,
dochadza k vyraznej inhibicii v oblastiach lateralneho thalamu. Tato inhibicia ma za
nasledok znizenie schopnosti presnej lokalizacie bolesti, ¢o je podporené faktom, ze
mnoho pacientov s PCh nie je schopnych lokalizovat’ bolestivé podnety (Scherder et
al. 2005).

1.1.1.3. Unava

Unava pri PCh moZe byt’ vyvolana nasledujucimi podstatnymi pri¢inami: centralnym
dopaminergnym deficitom v limbickej oblasti, sekundarne ostatnymi NMS (napr.
ospalostou), nepriaznivymi  ucinkami  uzivanej farmakoterapie (Specialne
dopaminovymi agonistami) a d’al$imi komorbiditami (Park et al. 2009). Pacienti
trpiaci Gnavou, ktora je spdsobena jednou alebo viacerymi uvedenymi pri¢inami,
zaznamenavaju vyraznu unavnost, nedostatok energie az vycerpanost’ aj v relativnom
somatickom a psychickom pokoji. Rovnako sa extrémne rychlo unavia pri akejkol'vek
aktivite (Chaudhuri et al. 2011). Postupne sa pacienti stavaji menej aktivnymi
a znizuje sa kvalita ich zivota. Cudia s non-fluktuujucou PCh zazivaju vacsiu tnavu
a trpia horSou ,health-related quality of life* v porovnani s pacientmi s diabetom ci
star§imi jedincami (Larsen et al. 2000). Jedna klinicka $tadia potvrdila, Ze zavaznost’
ochorenia pacientov s PCh je priamo spojena s priznakmi depresie. Rovnako je priamo
ovplyvnena unavou (zvySenim hladiny vSeobecnej unavy, fyzickej Unavy, zniZenou
aktivitou a dusevnou tinavou), ale nie je napr. ovplyvnena znizenou motivaciou (van
Dijk et al. 2013). V sucasnosti nam nie je znamy neuropatologicky korelat tohto

symptomu.
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1.5. Motorické prejavy uvodného Stadia Parkinsonovej choroby

Charakteristické motorické symptomy PCh predstavuje nasledovna tetrada priznakov:
tremor, bradykinéza, rigidita a narusenie posturalnych reflexov. K manifestacii tychto
kardindlnych motorickych symptomov vSak dochddza az po vycerpani 70-80%
dopaminu v striate, ¢o je spdsobené zanikom asi 30-50% dopaminovych neurénov
v substantia nigra (Fearnley et al. 1991, Stoessl 2007) a z toho vyplyva, ze oznacenie
uvodné $tadium PCh nie je Uplne presné. Vo vidcSine pripadov ochorenia su na
zaCiatku priznaky unilateralne, Vv priebehu rokov dochadza k progresii choroby

S postupnym $irenim typickych prejavov aj kontralateralne.

1.5.1. Tremor

Poprvykrat popisal tremor u PCh James Parkinson vroku 1817 a doteraz je
povazovany za jej charakteristicky prejav. Postihuje priblizne 75% pacientov s touto
diagn6zou (Hughes et al. 1992). Ide o kludovy, prevazne koncatinovy tremor
s frekvenciou 4-6 Hz lokalizovany Vv distalnych Castiach. Typicky parkinsonsky tremor
pripomina pocitanie minci ,,pill-rolling (pohyb palca oproti ukazovaku). Pre tremor u
PCh je typické, Ze sa pri predpazeni hornych koncatin objavi s niekol’kosekundovym
oneskorenim, preto byva oznacovany aj ako reemergentny tremor (Mensikova 2013).
Zvyraziuje sa stresom, mentalnym usilim, inavou, pohybom druhostrannej koncetiny,

k jeho akcentacii na hornych koncatinach dochadza aj pri chodzi.

1.5.2. Bradykinéza

Bradykinéza alebo celkové spomalenie volovych pohybov je d’alsi typicky znak PCh.
V uvode ochorenia sa prejavuje spomalenim pohybu, reakéného casu a znizenim
rychlosti vykonavania beznych dennych aktivit (Giovannoni et al. 1999). Bradykinéza

rovnako ako d’alSia parkinsonskd symptomatika je zavisld na emocnom rozpoloZeni
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pacienta. Pri nahlom naraste emocii je prakticky imobilny pacient schopny vykonavat
rozne rychle pohyby. Tento jav sa nazyva paradoxné kinéza a dokazuje, ze motorické
programy su u tohto ochorenia neporusené, ale pacient ma problém s ich utilizaciou
bez vonkajSieho stimulu (Oguro et al. 2009). Bradykinéza sa manifestuje monoténnym
a hypoféonnym reCovym prejavom, chudobnou mimikou nekorespondujucou
s emo&nym stavom pacienta, zvySenim slinenim z doévodu neschopnosti sliny prehitat’,
jednostrannym zhorSenim jemnej motoriky, znizenim amplitidy pisma a synkinéz

hornych koncatin pri chddzi.

1.5.3. Rigidita

Rigidita je patologicky zvyseny svalovy tonus pritomny pocas aktivneho i pasivneho
pohybu v celom priebehu. Obvykle sprevadza bradykinézu, ale oba priznaky nemusia
byt vyjadrené rovnako intenzivne. Nachadzame ju na proximalnych aj distalnych
Castiach koncatin a rovnako postihuje aj axidlne svalstvo. Spdsobuje flexéné drzanie
Sije, trupu a koncatin. Pacienti ju pocituji ako dyskomfort a nezriedkavo je
doprevadzana bolestou, ¢o byva Castou pri¢inou diagnostickych omylov (Mensikova

2013). Rigidita ustupuje v spanku.

1.5.4. Posturalna instabilita

Rozvoj posturalnej instability je charakteristicky pre neskorSiu fazu ochorenia a je
spOsobeny absenciou posturdlnej reaktivity. Je najCastejSou pric¢inou padov a

vyznamne prispieva k riziku zraneni (Williams et al. 2006).
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1.6. Farmakoterapia Parkinsonovej choroby

Ako vel'mi efektivna liecba PCh je preukdzand nahrada chybajiceho dopaminu jeho
prekurzorom - levodopou (L-DOPA). Na rozdiel od dopaminu je L-DOPA aktivne
transportovana cez ¢revnu stenu (vstrebava sa v duodene a hlavne v jejune) a bez
problémov prestupuje hematoencefalickou bariérou. L-DOPA je relativne fragilna
molekula a na periférii aj Vcentrdlnom nervovom systéme je pomerne rychlo
metabolizovand viacerymi enzymami. Nezmetabolizovany objem L-DOPA sa
pomocou hematogénneho a extracelularneho transportu dostava k bunkam striata, kde
je tato L-DOPA metabolizovand na dopamin a pdsobi na dopaminergnych receptoroch
(vSetkych tried ale hlavne D2) ako nahrada za dopamin endogénny (Kanovsky et al.
2010). Napriek zlepSovaniu medikamentézneho ovplyvnenia klinickych prejavov a
objavu novych lie¢ebnych postupov ostdva L-DOPA vzhl'adom na jej vel'mi uspojivy
ucinok, dobru toleranciu u pacientov a nizké ekonomické naklady zlatym Standardom
u pacientov s PCh a to aj v pokrocilom stadiu (Hauser et al. 2009, Olanow et al. 2004).
V tomto stadiu ochorenia uzivaju v nejakej forme L-DOPA prakticky vSetci pacienti,
ktori su lieeni pre PCh. Liecba L-DOPA je vnimana vo vSetkych odporuceniach ako
vel'mi efektivna a dostato¢ne bezpecna. Okrem intoxikécie pri predavkovani, ktora sa
vaésinou manifestuje psychiatrickou symptomatikou, je za jediny zavaznejsi neziadtci

ucinok povazovana ortostaticka hypotenzia (Kanovsky et al. 2010).

V terapii kombinujeme L-DOPA s agonistami dopaminu (rotigotin, ropinirol,
pramipexol), s inhibitormi  katechol-O-metyltransferazy = (COMT) (tolkapon,
entakapon) alebo s inhibitormi monoaminooxidazy-B (MAO-B) (rasagilin) (LeWitt et
al. 2015, Cibulcik et al. 2016, Kanovsky et al. 2010).

Spominané non-motorické komplikécie prejavujice sa Sirokou paletou kognitivnych,
behavioralnych a autonémnych poruch st komplexnou sucastou pokrocilého stadia
PCh a predstavuju zavazny terapeuticky problém. Halucinacie a bludy dobre reaguju
na atypické neuroleptika. V liecbe depresie st odporucované takmer vyhradne
preparaty zo skupiny SSRI, protoze moznost’ kolizie s ostatnymi terapeutikami je u
bola preukazana dobra efektivita a bezpecnost’ rivastigminu a donepezilu (Kanovsky
et al. 2010).
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Z vegetativnych portch je najcastejSie nutné rieSit hyperhidrozu, ortostaticku
hypotenziu, hypersalivaciu a obstipaciu. Hyperhidrézu a ortostatickii hypotenziu je
mozné ovplyvnit optimalizdciou dopaminergnej terapie, hyperhidroza vsSak
vyraznejSie nereaguje na ziadnu terapiu. Ortostdza sa zhorSuje zvySovanim davky
dopaminergnej medikacie a pacientov je nutné na tato skuto¢nost’ upozornit. Pri
hypersalivacii mézeme s parcidlnym efektom nasadit’ anticholinergnu terapiu, d’alej
bol preukazany dobry efekt lokalnej aplikacie botulotoxinu A do glandula parotis.
Obstipéacia je obtiazne ovplyvnitel'nd, lebo je sposobend vegetativnou denervaciou a na

bezné laxativa nereaguje uspokojivo (Kanovsky et al. 2010).

1.7. Motorické prejavy pokrocilého Stadia Parkinsonovej choroby

Postupom ¢asu dochadza k prirodzenej progresii ochorenia a vyvijaju sa neskoré
komplikécie terapie - motorické a non-motorické fluktuacie a poliekové dyskinézy.
Systematicka terapia L-DOPA pomocou S$tandardnych preparatov stimuluje
dopaminergné receptory tzv. pulzatilnym spésobom. To je pri¢inou situacie, kedy po
niekol’koro¢nej lie¢be dochadza k habituacii efektu L-DOPA a k prestavbe a dokonca
zaniku dopaminergnych receptorov v désledku dlhodobej nefyziologickej stimulacie.
Straca sa dlhodobo uspokojivy efekt levodopy, ktory pretrvava niekolko hodin a
davkovanie liekov je nutné skratit na 3 hodiny a dokonca aj menej (wearing-off
fenomén). Na kolisajucom efekte levodopy sa spolupodiela aj spomalené
vyprazdinovanie Zalidka a kompeticia s potravou prijatymi aminokyselinami.
NajtazSie ovyplyvnitelné st fluktuacie hybnosti typu ,,on-off“ kedy dochadza
Kk plynulému prechodu od primeraného stavu hybnosti do akinézie a tremoru bez
zjavnej asociacie S poddvanou medikaciou. Prevalencia poliekovych dyskinéz je az
90% pacientov s PCh po 15 rokoch priebehu ochorenia. Dyskinézy maji najcastejsie
choreoatetoidny alebo dystonicky raz a st spdsobené aj zmenami dopaminovych
receptorov Vv teréne dopaminergnej denervacie. Dyskinézy su povazované za najviac
obtazujuce komplikacie ochorenia a ich minimalizicia je jednym z hlavnych

lieCebnych ciel'ov pokrocilych §tadii PCh.
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1.8. Terapia pokro¢ilych $tadii Parkinsonovej choroby

Pokroc¢ila PCh je asociovand s mnozstvom motorickych a non-motorickych
komplikacii, ktoré vyplyvaju z progresie ochorenia samotného a dlhodobého
nefyziologického uzivania dopaminergnej medikacie. Cielom je zabezpecit’ pacientom
kontinualnu dopaminergnu stimulaciu, ktorti standardna farmakologicka lie¢ba PCh uz
nie je schopnd garantovat. Volbou su nové liecebné postupy: subkutanna terapia
apomorfinovou pumpou, liecba intestindlnym gelom levodopa/karbidopa a hlboka
mozgova stimulacia. Nevyhnutny je dosledny vyber kandidatov a zvazenie moznych

rizikovych faktorov a relativnych kontraindikacii.

1.8.1. Subkutianna terapia apomorfinou pumpou

Apomorfin predstavuje efektivnu symptomaticku lie€bu pokrocilych $tadii PCh. Patri
medzi najstarSie latky vyuzivané v medicine a prvotne nasiel svoje vyuZitie v liecbe
psychiatrickych ochoreni (Gmitterova et al. 2017). Jeho pouzitie v liecbe je limitované
nepriaznivym farmakodynamickym profilom a viacerymi sprievodnymi neZiadliicimi
ucinkami (Hagell et al. 2008). Podava sa pomocou kontinualnej subkutannej aplikécie
za pouzitia jednoducho ovladatelnej pumpy dodéavajucej lie€bu z napojeného
rezervoaru cestou tenkého katétra, ktory je prostrednictvom tenkej ihly fixovany
v podkozi. Viaceré Stadie preukazali, ze lieCba apomorfinovou pumpu je spojena
s redukciou trvania ,,off* stavov o 50-85% ako aj trvania dyskinéz (Odin et al. 2015,
Pietz et al. 1998, Borgemeester et al. 2016, Antonini et al. 2011, Katzenschlager et al.
2005, Kanovsky et al. 2002).

1.8.2. Liecba intestinalnym gélom levodopa/karbidopa

Intravendzna a intraduodenalna forma podavania vodného roztoku L-DOPY bola
prvykrat vyvinutd vo Svédsku v prvej polovici 90. rokov 20. storo¢ia a neskor
vytvorila cestu k tvorbe vysokoncentrovaného gélu (Shoulson et al. 1975, Kurlan et al.

1986, Bredberg et al. 1993). Pri liecbe levodopa/karbidopa intestinalnym gélom je
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cestou perkutannej endoskopickej gastrojejunostomie gél frakciovane podéavany
priamo do tenkého ¢reva pomocou prenosnej pumpy. Tento spdsob lieCby obchadza
zalddo¢ni pasaz a zaroven kontinudlnym davkovanim redukuje plazmaticka
fluktuaciu hladiny L-DOPA v priebehu podavania v porovnani s oralnymi formami
(Nyholm et al 2003, 2013). Mnoho stadii potvrdzuje efektivitu tejto lieCby na

zvladnutie motorickych fluktudcii a zlepSenie kvality Zivota.

1.8.3. Hlboka mozgova stimulacia

Chirurgicka liecba PCh bola opisana uz vroku 1940 a ststredila sa na liecbu
farmakorezistentnych extrapyramidovych ochoreni pomocou abla¢nych vykonov Vv
oblasti thalamu a globus pallidus (pars interna). Zavedenim levodopy do terapie
pacientov s PCh vsak stereotakticka chirurgia ustupila na niekolko desatro¢i do
uzadia az do 90. rokov 20. storoci, kedy sa opét’ stava popularnou. Abla¢né vykony
boli v neskorych 90. rokoch rychlo nahradené hlbokou mozgovou stimulaciou (deep
brain stimulation - DBS) najma pre Siroké spektrum neziaducich ucinkov vyustujucich
Z bilateralnych 1ézii rovnako ako z ireverzibilnych dosledkov pri nespravnej lokalizacii
intervencie alebo pri poskodeni nezelanych oblasti mozgu v blizkosti cielove;j
Struktary (Bronstein et al. 2011). Predpokladalo sa, Ze vysokofrekvenéna stimulacia
jadier bazalnych ganglii méa zrovnatel'ny efekt ako 1ézia danej oblasti. Na rozdiel od
ablacie tkaniva je DBS modifikovatel'na - stimulaéné parametre st korigovatelné a
mozno ich kedykol'vek zmenit alebo neurostimulaciu vypnut. V pripade
neuspokojivého efektu moze byt stimulaéna elektroda posunutd alebo tplne

odstranena.

DBS je neuromodulacnd metdda, pri ktorej st do hlbokych oblasti mozgu vlozené
stimulacné elektrody. Tieto elektrody su napojené nasledne na neurostimulator
ulozeny v podkozi v subklavikularnej alebo abdominalnej oblasti. V roku 1987 bola
zavedena hlbokd mozgova vysokofrekvencnad stimulacia thalamu K liecbe tremoru
a neskor v roku 1993 bola aplikovana na subthalamické jadro (subthalamic nucleus -

STN) k lie¢be pokrocilej PCh. Subthalamické jadro sa Coskoro stalo najcastejSie
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pouzivanym cielom pre umiestnenie elektréd hlbokej mozgovej stimulacie (Benabid
et al. 2005).

Rychly vyvoj v nasledujucich rokoch vyustil do toho, ze je STN-DBS povazovana za
Standardnu terapeuticku metodu pokrocilych stadii PCh. Presny mechanizmus ucinku
STN-DBS zatial' nie je presne znamy, uvazuje sa o kombindcii inhibi¢ného a
excitatného ucinku vysokofrekven¢nej stimuldcie na neurény a drahy v mozgu.
Okrem vyssie spominané¢ho subthalamického jadra existuje niekolko d’alSich cielov
stimulacie: vnatorné palidum, ktoré dokaze efektivne potlacdit’” dystonické prejavy a
dyskinézy a ventralne intermedialne jadro thalamu, ktoré dominantne ovplyviiuje
tremor. Medzi novsie ciele radime pedunkulopontinné jadro. Do stredobodu zaujmu sa
v poslednych rokoch dostdvaju nové stimulaéné technologie a ciele implanticie za
ucelom rozsirenia klinického pouzitia a zlepSenia efektivity DBS. Mnohé uverejnené
prace dokumentujui bezpecnost’ a efektivitu neuromodulacie u Sirokého spektra
ochoreni, ako napr. u epilepsiec (Gooneratne et al. 2016), alebo refrakternych

behavioralnych porach a depresie (Schrock et al. 2015, Accolla et al. 2016).

1.8.3.1. Hlbok4 mozgova stimulicia subthalamického jadra

STN-DBS zabezpeCuje pacientom konstantnejsi a viac predvidatelny benefit
v porovnani s izolovanou farmakologickou terapiou. Preukazatelne zlepSuje
motorické fluktuacie, dyskinézy, bradykinézu, akinézu a tremor a rovnako znizuje
poziadavky pacienta na dopaminergnt terapiu (Faggiani et al. 2016). Mnoh¢é studie
dokumentovali signifikantné zlepSenie motorickych symptomov a celkovej kvality
zivota u pacientov s Parkinsonovou chorobou po STN-DBS (Timmermann et al.
2015).

STN-DBS byvala najcastejSie realizovana 10-15 rokov od prvych priznakov
ochorenia, ale v suCasnosti sa kladie doraz na jej indikéciu a realizaciu vo v€asnej faze
ochorenia, nakolko bolo preukazané, ze tito pacienti modzu z terapie vyrazne
profitovat’. Idealni kandidati na zavedenie systému DBS st pacienti s dobrym efektom
L-DOPA, u ktorych je vsak stav komplikovany motorickymi fluktuaciami a

dyskinézami alebo ich obmedzuje farmakorezistentny tremor. Naopak za nevhodnych
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kandidatov su povazovani pacienti s poruchami chodze, vyraznou posturdlnou
instabilitou a kognitivnou deterioraciou. Implanticia systému DBS sa vicSinou
realizuje bilaterdlne. Stadie preukazuj, ze¢ STN-DBS spolu s farmakologickou
terapiou dosahuje vyrazne lepSich vysledkov nez samotné pouzitie medikamentov a
mnozstvo antiparkinsonskej medikacie je mozné aj zasadne redukovat. Znizuju sa
najmé poziadavky na L-DOPA, ¢o ma za nasledok znizenie neziaducich Gc¢inkov
vyplyvajacich z kolisania jej hladiny v striate. Indika¢ny proces pred STN-DBS
zahfia MR vySetrenie mozgu K vyluceniu Strukturalnej 1ézie centralneho nervového
systému, psychologické eventualne aj psychiatrické vysSetrenie K verifikacii
pripadného kognitivneho deficitu, floridnej depresie ¢i psychézy. Pre samotnu
implantaciu su pouzivané ramové stereotaktické systémy alebo metoda bezramovej
stereotaxie, ktora zo skusenosti povazujeme za rychlejSiu a pre pacienta
komfortnej$iu. Operacia je uskuto¢novana v dvoch etapach v jeden den, v prvej casti
st u pacienta v lokalnej anestézii implantované DBS elektrody, v druhej faze je v
celkovej anestézii subkutanne do subklavikularnej Krajiny implantovany generator

impulzov.

1.8.3.1.1. Komplikacie STN-DBS

Medzi chirurgické komplikacie vykonu patri intracerebralna hemoragia (menej nez 2
% vo vacsine centier) a infekcia hardvéru (okolo 4 % pripadov). K infekcii dochadza
najmi v oblasti neurostimulatoru ulozenom v podkli¢nej oblasti, k infekcii samotnych
elektrod dochadza menej cCasto. Riziko predstavuje predovsetkym neuspokojivo

kontrolovany diabetes a ¢asté infekcie v oblasti hrudnika.

Z dlhodobych komplikacii vo velkej retrospektivnej stadii z roku 2017 bolo u 23,1%
pacientov s PCh po stimulacii STN-DBS zaznamenané ireverzibilné zhorSenie reci a

chddze, depresia, narast hmotnosti, kognitivna deterioracia a mocova inkontinencia

(Buhmann et al. 2017).
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Pre-motorické a non-motorické priznaky
Parkinsonovej choroby — taxondmia, klinicka
manifestacia a neuropatologické korelaty

Pre-motor and Non-motor Symptoms
of Parkinson’s Disease — Taxonomy, Clinical
Manifestation and Neuropathological Correlates

Sthm

Parkinsonova choroba (PCh) je multisystamové deg fivne och IBOCOVANE s typickou
alfz-symuidenopatiou Lewyho typu, ktoré sa kiinicky manifestuje crem dasickej motoncke) symp-
tomatiky celym radom dalSich priznakov naryvanych non-motorické (Non-Motor Symptoms;
NMS) Racentne 53 uvadza, 22 NMS sa vyskytupl a2 u 100 % pacentor s PCh. NMS determinuyd
stupen newrologick£ho postiinute ako 3j kvalitu Avota pacientov asto ominoho viac ko priznaky
maotoncké NMS moiu dokonca predbiehat vanek kizsickeho dimeckého obrazu PCh o nickolio de-
siatok rokov 3 v tomto pripade ich aznadugeme ako pre-matoncks priznaky. Daliie NMS sa objavupl
aZ v neskoriom Stadu ochorenia 3 zapadaju do Minického obrazu polrodie) PCh. NMS PCh sa
podmienené poskodenim centrainych a/al=bo perfermych extranigraingch Struktdr neurodege-
nerativiym procesom s pritomnostou Lewyho teiesok. Napriek tomuy, 22 v pasledney dekade bol
realizovany cely rad pomeme roazsishlych iiinicko-patologickych a zobrazovacich Stidd, mie je do-
teraz patomechanemas viscerych NMS uspokogvo vysvetieny.

Abstract

Parlanson’s dsaase (PD) s 3 multiple-system neurodegenerative disorder assooated wath typs-
cal alpha-synucieinopathy of Lewy type. k manifests clinically not only with the typical motor
symptoms but also with the so-calied non-motor symptoms (NMS). Racent data indicate that the
MONHTKRO! Symptoms occur in up to 100% of patients suffering from PD, they fraquently deter-
mine the degree of disabdty and quality of fe of patients much more than the motar symgtoms
Since non-motor symptoms may even precede development of the ‘motor” disease by several
dacades, the term “pre-motor symptoms” has recently emerged Non-motor symptoms also ocour
in late stages of the disease and form an integral pan of the “advanced” PD clinical picture NMS n
PD are caused by /mpasment of central as well as penpheral extrangral structures by the Lawy's
newodegenarative process Despite the inoe=asing number of dimical-pathological and imaging
studies published over the last decade, prease pathological and pathophysiclogical machansms
of 3 number of these symptoms reman unclear
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PRE-MOTORICKE A NON-MOTORICKE PRIZNAKY PARKINSONOVES CHOROBY

Uvod

Parkinsonova choroba (PCh) je chromcke,
progresivne ochorenie nervovej sustavy,
ktoré sa prejavuje typickym extrapyramido-

tieto myshief a v pripade potreby ich adek-
vitne liedit. Specidine je potrebné myslie(
na tie NMS, ktoré mélu maf vyramy vplyv
na Avot pacienta, ale nemusia by? bezpod-

vym hypokineticko-rigidnym syndrd

Jeho zakladny charaktenstiku predstavuje
tetrdda hlavnych priznakov — bradykiné-
Zia, tigidita, tremor a posturdina instabéita
U2 James Parkinson viak uviedol skutod-
nost, e Kasické motorické priznaky PCh si
sprevadzané celym radom daBich symptd-
mov (nape. poruchy spnku, obstipada, po-
ruchy defekacie, siallorhoe alebo modové
dysfunkcie), ktoré dnes amalujeme ako
non-motorické (1}

Recentne sa uvadza, e non-moto-
rické symptéomy (Non-Motor Symptoms
NMS) sa vyskytuj a2 u 100 % pacientov
s PCh [2). NMS determinuj stuperi neu-
rologického poikodenia a kvalilu hivota
pacientov fasto emncho wviac ake pri-
2naky mototické, a preto je potrebné na

m ¢ne zistitelné podas Standardného
neurologického vyletrenia [3] Devastupici
vplyv NMS na kvalitu Jivota (Health-Rela-
ted Quaiity of Life, HRQol) bol opakovane
demondtrovany mnobymi rozsiahlymi St
diami uskutodnenymi v 2ahranidi a rovnako
& u nds [4-6) Napriek tomu 205tavaja v ki
nickej praxi NMS frek nerozp &
2 ddwoduy, Ze ich pacenti spontanne nezmie-
fupl a dravotnicky persondl po nich cielene
nepatra 78]

NMS sa mé2u manifestoval v ktorejiol-
vek faze ochorersa a okrem deficitu dopa-
minu $a na ich vzniku podielaju dysfunk-
cie noradrenergného, serotoninergeného
a chalinergného systému Tieto NMS mdZu
dokonca predbiehatl viastny vanik a razvoy
Kasického obraru PCh af o niekolko desa-

Graf 1. Rozvoj specifickych symptémov PCh méze niekedy trvaf a2 20 rokov, aviak rad
non-motorickych priznakov sa méZe objavif u2 mnoho rokov pred rozvojom motorickej

symptomatiky.
Prevzaté 2 [182)

tok rokov. V tychto pripadoch omadujeme
predmetné NMS aio pre-motoncké (grafl 1)
Daltie NMS <2 objavigii a2 v neskoriom 13-
diu ochorenia a zapadap do kiinického ob-
razu pokrodilej PCh.

Recentna itdda u pacientov s pokrodi-
lou PCh preukdzala fluktudciu niektorych
NMS (okrem dysfigie, nadmemého pote-
nia a modove urgende) spalu s motorickou
fluktudciou a na ich Casterdi vyskyt a vatiiu
2évatnod v off* faze v porovnani s .on® [5§
Prevalencia tychto non-motorickych fluk-
tudai sa podia predchadzajioch dtGdi po-
hybuje v &rokom rozpati od 17 % (10} a2 do
100 % [11) pacientov s motonckymi fluktud-
ciami. Multicentrickd $todia realizovand v Ja-
ponsku zarnamenala, Je pacienti so psy-
chiatrickymi 3 senzorickymi symptomami
vykazujo vyidiu frekvenciu s levodopou
spajenych fluktudcil Tieto si teda pravde-
podobne reakciou na aplikovand dopami-
nergoud medicichs Zlepiend dentifikicia na
levodope zavidych non-motorickych fluk-
tudcii mdde viest k modifikacii tetapie s cie-
form zmsemi prejavy tychto NMS [12]

Vposiednych rokoch bolo poukdzané ajna
urdité raxdiely v mandestaci NMS meda obi-
dvoma pohlaviami Jedna {tGdia zazname-
nala, Je v porovnani so 2dravymi jedincami
sU vybwané NMS typicky pritomné v pre-mo-
torickom alebo véasnom 3tédiu PCh viac
frekventné v skupine mudov ako Zien V sku-
pine zatial nebedenych pacientov s PCh in-
idinoval mud viac k sexudinym dysfunkadm
a k problémom s vnimanim chuti a ¢uchu
v porovnani so Zenskym pohlavim [13]

NMS PCh < spdsobené podkodenim cen-
trainych a/alebo periférmych extranigralnych
Sruktir. Najpravdepodobnejiou pridinou
tejlo multsystémovej e je neurodege-
neratiny proces charakterizovany patolo-
gickymi zmenami oznalovanymi sthmne
ako alfa-synukleinopatia alebo Lewy!

p “, " Tato mikrosk g
2uje prtomnost Lewyho teliesok obsahu-
jucich alfa-synuldein a dystrofickych neuri-
tov Lewyho typu v parenchyme moazgového
kmefia a mazgového kortexu (obe 1-3) Alfa-
synukdein patri do malej skupiny celulde-
nych transportrych peoteinov s razvinutym
refaxcom. Za urditych okolnosti vytvira tzv.
.misfolded” patologické oligoméme Struk-
tiry a nerazpustné fibrily, pri¢om presny
mechanizmus tejto transformacie ale dopo-
sial nie je namy Rovnako nie je objasnend
funkcia Lewyho teliesok v celom procese,
adle predpokdads sa (rky sivis s celuldmym
transportom [1415].

by o
ky €
Y
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PRE-MOTORICKE A NON-MOTORICKE PRIZNAKY PARKINSONOVE | CHOROBY

Dalej je potrebné uviest, Je v poslednych
rokoch sa razvij koncept vzahu medai neu-
rodegenerativiymi likvorologickymi mar-
kermi (tau protein, beta-amylod a index tau
protein/beta-amyloid) a jednothvymi klinic-
kymi subtypmi PCh, ktory sa v doteraz vyko-
nanych pilotnych itddidch javi byt perspek:
tiviym. V buddcnosti male byt prinosom
k lepliemu pornaniu patogenézy PCh a nd-
slednému Ziepieniu patogeneticky oriento-
vane) terapie a progndzy pacientov (16}

Braak et al ako pevi upozomi u2 na viasné
extranigrdine podkodenie a na zékdade rox-
siahlej histopatologicke) Studie vytvorili stag-
ing” neurodegenerativiych procesov pa PCh
{obe 4)[17) Neurodegenerativne 2meny zadi-
napd v prednom duchovom jadre, v zadnom
motorickom jadre nervus vagus, v locus <o+
eruleus a v nucleus raphe (1 a 2 $tddum)
3 podmiefujl vamik a razvoj hyposmie, po-
rich spravania sa v REM spanku a nadmemd
dennd spavost, kioré predstavuiu pevé pre-
‘motoncié primaky PCh Nasledne docha-
dza k neurodegenerativnemu postihnutiu
substantia nigra a k razvoju typickej mototic-
kej symptomatky PCh (3. a 4. 3tddumy. Prics-
nou kognitivne) detenordcie pr PCh je podifa
Braaka et 3l roziirenie neurodegenerativnych
procesov do mogového kortexu (5.2 6 3.
dumy. Olrern Braakovho stagingu je v pato-
I6gi poulivany 3 McKeithor staging, ktory
skieuje zivainost a hlavne regionding distri-
buciu pritomnej Lewyho patoldgie 18]

NMS doteraz Gspeine vadorovali syste-
maticke; Masfikicii a a2 v roku 2015 sa ob-
javil prvy néth londynskey skupiny vycha-
dzajocl z Jelingerovha konceptu troch
spdsobor direnia Lewyho patolégie. Autor
prichédzapi s terminom non-motorického
fenotypu” Tento md tri 28kdadné typy: kme-
fiovy, limbicky 2 kortkainy Kady 2 nich ob-
sahuge dallie  podfenotypy” zaradenéd podl
dominantného NMS. Kmenovy fenotyp ob-
sahuje podfenotypy” s poruchou spanku
a autondmne dysfunkcie, imbicky podfe-
notyp® s depresioy, Unavou, bolesfou a stra-
tou hmotnosti 3 kortikdiny podfenotyp®
s kognitivnou dysfuniciou. Této dasfikicia
je podia nas trochu fatkopadna a kompli-
kovand Predpoldadame, Ze budica dennd
prax otestuje jej Avotaschopnost (19]

Pre-motorické

uvodného tadia

Parkinsonovej choroby

Hyposmia

Hyposmia alebo 2nilenie duchu predsta-
vue jeden 2 najlastegich pre-motorickych

Obr. 1. Klasické Lewyho telieska v substantia nigra v rutinnom farbeni hematoxylinom-

-eosinom (A) a imunohistochemickom farbeni alfa-synukleinom (Bj.

Fig. 1. Typical Lewy bodies in the substantia nigra under routine hematoxylin and eosin
staming (A) and immunohistochemical staining with alpha-synuclein (B).

priznakov PCh. Je spdsobend neurodege-
nerativiym procesom s Lewyho telieskami,
ktory postihgje bulbus offactonius, sivi-
siace oblasti mozgu, ako je amygdala a pe-
rirchindiny kortex [20) Bolo preukizang, 2e
tieto rmeny, manifestujice sa poruchou
Cuchu, madu predbiehal vanik 3 rozvo) sa-
motnej PCh 3j o $tyn a2 lest rokov [21]

Hyposmiu mdleme redine povalovaf za
jeden 2 najcithiveich markerov v diagnostie
wasného itadia tohto ochorenia. Vysky-
tuje $a a2 u 90 % pacientov [22] a m& vy2-
nam v diferencidinej diagnastike medz PCh
a atypickymi parkinsonskymi syndrémami
alebo vaskuldmym parkinsonzmom, pri kto-
rych je postihnutie duchy redkavé (23 24)

Cesk Slov Newrol N 2016; 79/112(3). 255-270

257

51



PRE-MOTORICKE A NON-MOTORICKE PRIZNAKY PARKINSONOVES CHOROBY

Obr. 2. Lewyho telieska vo frontiinom kortexe v rutinnom farbeni hematoxylinom-eosi-
nom (A) a imunohistochemickom farbeni alfa-synukleinom (B).

Fig. 2. Lewy bodies in the frontal cortex under routine hematoxylin and eosin staining
(A) and immunohistochemical staining with alpha-synudiein (8).

Rovnako méde byt hyposmia ulitolnd pei
odiiieni vasu pri PCh od esencidineho trasu
v Case, kedy elte dalis parkinsonskd mo-
torickd symptomatika nie je vyjadrend [25)
Upine recentnd $tidia PARS (Parkinson As-
sociate Risk Syndrome) ukdzala, Ze hypo-
smia spolu so $pecifickou exekutivnou dys-
funkciou méde byf markerom neskoriieho

vzniku PCh u doposial 2dravych jedincov vo
veku vy$iom ako 50 rokov [26] V posiednych
rokoch sa tiel razvip idea morfologicke; ve-
rfikdce PCh u Bicich pacientoy, a to napr
3j biopsiou bulbus offactoruss. Bolo preu-
kdzané, Ze pritomost alfa-synukleinopatie
Lewyho typu v bulbus offactonus md vad-
Siu ako 90% senzitivitu a $pecifitu pre neuso-

patologicky potvrdend PCh alebo DLB a jej
Zévalnost koreluje o Zvalnostou synuldes-
nopatie v ostatnych oblastiach mazgu a rov
nako 3j s razsahom deteriordcie kognitiv-
rych a motorickych funkeii Biopsia bulbus
olfactorius by mohla maf vyznam pe hod-
noteni pacienta ako kandidita pre chirur-
gickis terapiu PCh, ale jej validita pre wasng
diagnostiku tohto ochorenia je stile pred:
metom diskuse {27]

Zanechanie fajéenia - véasny NMS
Parkinsonovej choroby?

Viaceré epidemiclogické itadie zaznamenak
0 60-70 % nitlie tnko PCh v skupine faitia-
rov v porovnani s nefajtiarmi [28-31) Tieto
vysiedky U v sUlade s predchadzajocmi zis-
teniami a podporuju tedriu mainého neu-
roprotektivneho (dinky faenia Dalej bola
preukdzand 3j zvyiend prevalencia byva-
Iych fajtarov medzi pacientmi s PCh, ktori
takto pravdepodobne viac nklinovali k dob-
rovoinému zanechaniu fajlenia v porovnani
so0 2dravymi jedincami fumdtormi Vaenikd
otazka, ¢i nie je spontdnne ukondenie fa)-
Cenia wasnym predidineckym priznakom pa
diagnéze PCh (32} Presny patologicky a pa-
tofyziologicky koreldt tohto suponavaného
fenoménu nie je v sGdasnosti objasneny

Poruchy spanku

Vadiina pacientav s PCh trpi poruchami
spinku, ktoré sa mdadu cbjavit u? desiatky
rokov pred mandestdcou samatného ocho-
renia. Ich prevalencia sa pohybuje meda
60-98 % [33-35] Naplastejlie sa vyshytujo
tieto typy spankovych porGeh: poruchy
sprédvania sa polas REM spanku, nespavost,
syndrém nepokojnych ndh a nadmernd
denna spavost

Poruchy spravania sa polas REM spinku
(REM sleep Behavior Disarder, RBD) sa po-
valujl za jeden 2 ddleditych wasnych bio-
markerov PCh [36] S4 1o epizddy abnormdl-
nych a vysoho mtenzivich pohybov hiavy,
kondatin § celého tela Spolupodmienuju
ich tzv. Bivé sny, v ktorych sa {asto pacient
proti niecomu brdnt Ne Gpine vynimodne
made pri RBD dojst a) k raneniu samotného
pacienta alebo jeho partnera Cast pacentov
(nayma i, ktorl spia na samostatnom B2ku
alebo a) v samostatne) miestnasti) 4 nie je
vabec tgjto poruchy vedomi [37] Je doka:
zand, Je a u 45 % pacientoy s idiopatickym
RBD dochddza v budicnosti k vaniku neuro-
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degenerativnieho parkansonzmy, 3 10 v po-
dobe PCh, multisystémovey atrofie alebo
demencie s Lewyho telieskami Pribldny
Lasvovy mterval do vzniku a raxvosa parkin:
sonizmu sa v tychto pripadoch pohybuge
okolo 13 rsokov [38,39] Za patologicky koreldt
R8D sa povaluje potkodenie niekolkych ja-
dier mozgového kmeda, kioeé s zasahnuté
vo velmi veasnych dtddiach PCh (1-3 d1a-
dium podia Braaka) (40] A) ked presny typ
poliodenia spojeny s RBD nie je stile do-
kizany HI1) recentné informicie sveddia
pre komplexny dysfunkcis zasahupicu GA-
BAergny. glutamdtergny aj cholinergny sys-
tém na podidade potkodenia kmendovych
{truktdr v latero-dorzéinom pontinnom teg-
mente, ktorych Glohou je moduldcia REM
spanku [42,43] Negrostriatdina dopami-
negnd degenerdcia mdde byt silastou pa-
togenézy RBD, ale pravdepoadobne nezo-
hedva zisadnu Glohu [44)

Insomnia
Nespavos{ (insomnia) v podobe stateného
P a/alebo problémového udtzana
spdnku ) dallim veimi frekventnym prob-
lémom pacientov s PCh [45] Za pridinu Las-
tého nodného prebddzania sa sU pova:
Jované nolnd akinéna a dalie motoncké
aj non-motorické paznaky spojené s off-
“stavom (nyktdna, syndrdm nepokojrych
ndh, porulenie spdnkového v2orca a steteo-
typu a pod) [33.46]. Neuropatologcky pod-
kad tejto poruchy nebol zatial preukdzany.

a periodické pohyby konéatin

Syndrém nepokojmych ndh (Restless Legs
Syndrome. RLS) je charakterizovany nepri-
jemnymi pocitmi v dolnych kondatindch,
kroré si akcentované v pokoj (sed, lah) RLS
sa obylajne vyskytuje vo vedernych a nol-
nych hodindch a jeho priznaky vymznd
slebo sa minmalaud pringmeniom v {ase,
kedy pacient postthnutou kontatinou/kon-
Catinami pohybuje [47] Vztah meds PCh
a RLS mie je stile presne cbiasneny (48] ana-
viac pre urdité prekryvanie <3 ich priznakov
je v niektorych pripadoch problémom sta-
novit sibeh RLS a PCh Niedatoré $tudie prey-
kizali zvylend prevalenciu RLS v skupine
0sdb 3 PCh A} penodické pohyby dolnych
kondatin v spanku (Periodic Limb Movement
Disorder, PLMD) i povalované 2a daliu
Eastd pidinu porach spinku (48-50 Je uds-
vand 20% prevalencia RLS pri PCh v porov-
nani s pribiiine 10% v benej populicii [S1).
Patologicks -anatomicky koreldt tychto kon-

benim alfa-synukleinom.

Obr 3. Dystrofické Lewyho neurity v oblongate vizuskzované imunohistochemicky far-

Ojedinele su patrnné | newrdny s Cytoplazmatickyrmi depoaitami, te mait v jednom mieste

| charakter Lewyho teliesok

Fig. 3. Dystrophic Lewy neurites in oblongata visualized by immunohistochemical

staining for alpha-synuclein,

Newrons with cytoplasmic deposts are rarely seen, thewe have a character of Lewy bodhes

in one jocahion

Catinovych fenoménov nie je v sidasnosti
mdmy,

Nadmerna denna spavost

Nadmemi dennd spavost je velmi Casty NMS
PCh, ktory sprevadza toto och polas
celého jeho priebehu. Make vanikal ako pn-
mémy priznak PCh spdsobeny neurodege-
nerativnym postihnutim mozgovych $truk-
tr, ktoré riadia cyidus spdnok-bdenie [S2)
U pacientov trpiacich nadmernou dennou
spavosfou boll preukidzané neurodegenera:
tivne zmeny s pritomnosfou Lewyho telie-
sok v locus coeruleus [53). Nadmems dennd
spavost mdde byt ziroved priamym ddsled
kom poriich nolného spinku. Spdsobuje
Zoriend koncentrdciu a pamdt a make vy
Ustit a2 do dopeavnych nehdd alebo pracov-
nych pachybend [54)

Autonémne dysfunkcie

Sitasfou PCh je Siroké spektrum autondm-
nych porich, ktoré sa manfestujld vlasne
a neznedka w2 v pre-motonchey faxe ochore-
nia Z tohto dévodu je v posiedne) dobe auto-
ndmnym dysfunkeidm venovand velkd poxor-
nost ako potenciondinym markerom 2ichytu

PCh edte pred rozvinutim samotne) motoric:
beey symptomatiky [55) ich prevalencia je udi-
vand v Srokom rozpati 20-80 % [56] V ivod-
nych $tadiich PCh sa vyskytue prevalne
obstipdcia, faliost s modenim, sexudine dys-
funke 2 nilend kardidina chronotropnd od-
poved v priebehu cvitenia [57] S postupnou
progresiou ochotena s pridivags dallie po-
ruchy ich podidadom je newrodegenerativne
potiodenie Lasti centrdineho a/alebo pe-
rfémeho sympatikového a parasympatiko-
wiho vegetativneho nervavého systému [S8)
V centrdlnom nervovom systéme bola
Lewyho patoldgia opisand v hypothalame,
v dorziinom motorickom jadre nervus vagus
a 3) v centrich sympatikového nervového
systému (jadrd v prediiens) mieche a inter-
mediolateddineho a intermediomedidineho
jadra v mieche) [55] Na periférs nachadzame
Lewyho tebeska a3 Lewyho neurity v rienych
Castuch autondmneho nervoveho systému,
pridom jasnd dedtruken bola viak peeukdzand
iba v noradrenergnych newdnoch inervupd-
cich srdce 3 hodu a dopaminergnych neurd-
noch entenclibho nervového systému, (o je
nagshdr ) podidadom razvoja onostatickey by-
potenze, poruchy potenia a cbstipicie 150
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jadre nervus vagus [61], ktoré vysvetiud pei:
tomnaos( gastrointestindinych Catkosti u?
v pre-motorichke fize ochorenia

Porucha tvorby slin

Pri PCh je Casto opisovand hypersalivs-
Cla alebo a2 vytekanie slin 2 Ust Pacienti
3 tymto ochorenim maju viak tvorbu din
midend (62] a obylajne sa sfadujl na sub
jektiviry pocit sucha v dstach [63]. Sialor-
rhoe je podmienend poruchou prehitania
3 ndslednym nadmernym hromadenim sin
v Ustach [64] Nateraz nie sU andme presné
neurodegenerativne zmeny, ktoré by bol
2odpovedné za tito poruchu. Aviak Lewyho
patoldgia bola zistend v ganglon subman
dibulare, v ganglion cervicale superius a tak-
tie2 v samotne) glandula submandibularis,
ktord peedstavuie hlavny 2droj siin [60.65)

Porucha prehitania je relativne frekventny
a Casto poddugnastikovany symptém
PCh s vyskytom a2 u $tyroch z piatich
pacientov [66). Typicky sa vyskytuje v ne-
skordich Stididch ochorenia a koreluje so
stupfom motonckého deficitu [67] Dysfa
ga mdle byt a2 natolko zdvaind Je spdsobi
aspalny pneumdniu slebo a2 asfyxu ve-
dicu k exitu pacienta [68) Patologicky ko
reldt tejto dysfunicie nie je doposial jasne
preukazany

Porucha vyprazdhovania 2aludka

Obr. 4. Progresia patologickych zmien u PCh,

Stupne intenzity Cerveney farby udbvajl stuped postihnutia mazgu typickou tzv Lewy pato:
I6giou, Lipky anizoriujG litenie patologickych zmien v Case a centrifugdiny smer od mozgo
vého kmeda (a) do imbického a frontoorbtdiného kottexu (bl a neskdr difane (€, d)

dm - dorzaine motoncké adeo n. vagus, o - locus coeruleus, sn - substantia nigra,

mc - predoy frontoorbitding a tempordiny meackortex, he - senaornicky asocialny a peefron
tdiny hortex, fc - frontding kortex vrdtane pimameho serzomotonckého konexu,
PD-stages - ftddia PCh podia Beaaka (1-6) prevzaré 2 17])

Fig. 4. Progression of pathological changes in the PO

nendty of the red color indicates the level at whech 1he brain & affecied with so-Called ty
»Cal Lewy pathology, the & how the spread of pathologecal changes over trme and
centrfugal duaection from the bran stem () 10 the kmbic and frontoortxtal cortex ) follow
by diffuse spread ic. d
Gastrointestindlne priznaky a poruchu defekice U2 vo wasnych itd

K poruchdm postihujGcim gastrointestindiny
systém zaradujeme milend tvorbu slin, dys-
figiu, oneskorenéd vyprizdiovanie Zalidia

didch PCh nachddzame inkiGzie abnorm-
ného alfa-synukleinu v enterickom nervo
vom systéme a v dorzdinom mototickom

Oneshorené vyprzdiovanie 2ai0dka spdso-
buje pacientom s PCh pri jedle pockt rych-
leho nasytenia s nekonStantnou nauzeou
a abdomindinou distenziou Tho porucha je
pritomnd u2 vo vlasnych $tddiich ochore
nda, <o bolo dokdzané nape. dynamickou ab-
domindinou scintigrafiou [69). MAde 24sadne
nansoval postup a distribociu levodopy do
procomiing) Zasti tenkého Creva, kde dochd
dza k jej vstrebdvaniu [70] a mdle sa teda
podiefal na motonickych fluktubcidch pn
PCh vrdtane delayed on® fenoménu [71)
Parucha motility 2alidka je jednym 2 db
vodov, prelo nepodival levodopu siCasne
3 jediom. Priding tejto dysfunkcie je zrejme
muitfaktonidina a predpokladi sa havny po-
deel neuropatoldgie nuckeus dorsals nervus
vagus 3 cholinergnych neurdnoy myentenc-
kého plexu, ktoré i posthnuté u? od was-
nych dtadii ochorenia (72,.73)

Obstipicia
Obstipécia je vieobecne povalovand za
jeden 2 najlasteglich NMS Vo vadine pri-
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padov je patomnd u2 dihy as pred rozvo-
jom motorickey symptomatiky |[74). Razne
todie odhaduju frekvenciu zdpchy na
20-89 % [75) a joj zévalnost korehue 50 stup-
fom PCh hodnotene) na ziklade Hoehn &
Yahe Skidly [76] Obstipscia je spdsobend hy-
pomotilitou gastrointestindineho traktu
(predi2enie 12v. colonic transit time). nkid-
2ie alfa-synukleinu boll preukidzané v my-
enterickom plexe, a to u2 v Gvodnych $té-
duich ochorenia - podla Braakovho stagingu
v stupni | [77.78) Na potudene) motilite sa
pravdepodobne podiela 8 postihnutie dor
ziineho motorického jadra nervus vagus,
ktorého aktivita pdsobi faciitadne na neu-
rény myenterckého plexu Auerbachi a tym
vyvoliva perstalticky reflex (79]

Poruchy defekicie

Porucha defekicie pi PCh je spdsobend
stratou koodindcie Snnasti svaloy, ktord «a
na nej podielajs. Porucha relaxdciem. pu-
borectals am sphincter ani externus mide
spdsobil funkénd obitrukcy paside stolice
Rovnako bola opisand pacadoxnd kontrakcla
volou oviddateiného sfinkteru am. puborec
talks, ktord viedla k poruche evakubce stolice,
pridom tio porucha je povalovand 2a prej
fokiine) dystdnie asociovane) s extrapyrami-
doyym ochorenim (79,80, Noviie manomet-
rické itidie dokdzal, 2e postihnutie sa vy-
skytuje ud v skupine novodiagnostikaovanych
a zatial neliecenych pacientov [81) Na poru-
jeney defekicn sa pravdepodobne podiefa
postihnutie sakrdineho parasympatiku (bok
tu preukhzané Lewyho tebeska) [82] a) sup-
rasakrding centriing patcldga. Neuropatolo:
gicky bolo doloZené, 2¢ Onufovo jadro nie je
u pacientov s PCh potkodend [83]

Urogenitilne poruchy

Jeden 2 veimi frekventnych probliémoy pri
PCh predstavuje modovd dysfunkcia Vy-
skytuje sa podly sdenych Odajov u 38-71 %
pacientov [B4) Ma2e byt spdsobend hyper-
aktivitou detruzory, Lo vedie k nyktni, ur-
gentnému a dastému modeniu a2 k modo-
vej inkontinencl (hlavne u horlie mobdnych
pacientov) Urodynamické testovanie preu-
kizalo milend kapacitu molowtho mechdra
spolu s hyperaktivitou detruzory ako pei-
Ginu poruchy skladovania molu u pacentov
s PCh. Druhou 2riediaveiou maZnasfou je
hypoaktivita detruzory, ¢o zas naopak rezul:
tuje v oneskorenéd vyprazdnene motového
mechdra, Galkostiam s inicidciou modenia,
oslabenému pridu modu mulov a tlale-
niu pri modeni u ben (tzv. straining) Neu-

ropatologickym koreldtom tychto peizna-
kov je pravdepodobne degenerdca vege-
tativiych nervovych vidkien, kiowé reguiuj
mikciu

Sexudine dysfunkcie

AL 79 % mulov a 7S % Ben s PCh udiva se-
xudine poruchy U mudoy sa vyskytuje nama
erektiind dysfunkcia a faXkosti s dasiabnu-
tim ejakulicie a4 orgazmu. V Zerskej popu-
Wai ide hlavne o 2nidenie litsda a problém
s dosiahnutim orgazmu [S7] K hyposexua-
Me dochidza na podidade porulene) funk-
cie centrdine) a postganglondme) perifér-
ney Lasti hlavne sympatikového nervového
systému zapeidinenej procesom neurode«
generacie Nedostatok sexuling) tiZby je
u mulov taktie2 spolu podmieneny mile-
nou hladinou testosterdnu a psychogén.
rymi faktormi (85). Za pamdrmy reguldtor I
bida a erekcie sa povalyje hypothalamus,
a 10 najma jeho meduding area preoptica
a paraventrikuléme jadro. Obidve tieto ob-
lasti skavaps projekcie 2 dopaminergnych
neurdnov substantia nigra Patologické 3tG-
die preukdzali pritomnost Lewyho patoldgie
vo vietkych jadrdch hypothalamu [86] Pri
PCh sa maeme stretnUf &) s hypersexual-
tow, ktord jo povatovand za vediajii efekt do-
paminergney liecby a radime ju medzi poru-
chy kontroly impulzov (87)

Porucha termoregulicie

Pribidne 2/3 pacientov s PCh udiva prob-
Kmy s termoreguléciou v zmysle znite-
ného, alebo podstatne Casteplie chorobne
2vyieného potenia Porucha termoregu-
Wcie je v priamej koreldch so zévainosfou
Inych autondmnych porich a Castejlie sa
vyskytuje v offstave alebo naopak vo fize
Ga2kych dyskinéz [88] Hyperhidrdza sa naj-
vyraznegiie prejavuje v oblasti hlavy a v hor
nej Castl trupu. Bola vysiovend typotéza, Je
takto lokaleované 2vyienéd potenie je kom-
penzatdme pri anidenom poteni na kondati«
ndch [89. Etiologua dyshidrdzy mdde sivisie!
3 poruchou funkcie hypothalarmu, aviak su-
Casné milenve a2 Upiné chybanie reflexne)
kadnej odpovede mdle svedlil o pre Glast
mechanizmu postsynaptickey sympatikove)
denervacie [90) Exaktny neurcanatomicky
koeeldt tegto vegetativne) dysfunkcie zatial
nebol odhaleny

Poruchy zrakovych funkcii

Pacienti s diagndzou PCh sa Casto sta2upl
na poruchy vizu, diplop alebo zrakové ha-
lucindcie pri inak fyziologickom oftalmolo-

gickom nidleze Pridina vietkych tychto pri-
makov je komplexnd Bola preukdzand
pritomnost Lewyho patologie v centrdl
nych oblastiach zapojenych do zrakovych
sympatkovych a parasympatikovych drih
uplatdupicich sa v riadeni pupdomoto-
riky [91-93). Rovnako je dalej dokdzané, Ze
nedostatok dopaminu mdle spdsobifl pri-
mérnu 2rakovy dysfunkciu. Inerviscia okolla
fovea centralis je dopaminergnd a histopato-
logickym vydetrenim nebelenych pacientov
3 PCh bola dokdzand nitda koncentricia do-
paminu v porovnani s pacientami, keor le-
Ceni boli a ich hlading dopaminu dosahovala
fyziologickych hodndt. Opisovanéd xmeny
mdu predstavoval jednu 2 pridin retindine
dysfunicie [94-96)

Kardiovaskuldrne poruchy
Ortostaticka hypotenzia

Ortostatickd hypotenzia predstavuje dalli
pomerne Casty NMS PCh. Jej prevalencia
sa pohybuje v razpati 30-60 % pacientov
$ touto disgndzou [97) Ortostatickd hypo-
tenzia jo zadefinovand ako pokles systolc
kého thaku © 20 mmHg alebo duastolického
thaku 0 10mmHg v priebehu 3 min trvaj-
ceho stoja pi potovnani s hodnotami ke
ného tlaku nameraného v lahu. Vyskytuje
sa spravidia v neskorich dtddiich ocho-
renia v suvislosti s ulivanim dopaminerg-
nej medikicie Nexnedka byva spojend &
$ inymi kardiovaskuldtmymi abnormitamd,
ako s poruchy kontraktility sedca alebo va-
riability frekvencie stdca u? potas pee-mo-
toricke) fazy PCh [(97) Vanik a rozvo) ortosta:
tuckej hypotenzie sa vysvetfuje nasledovne:
strata sympatikovych noradrenergrych vid-
kien zdsobujicich srdce (sympatikovd de-
nervicia bola dokdzand santigraficky 8 his-
topatologicky a vyskytuje sa ul vo veasnych
frddiich ochorenia [98.99]). daley extrakar-
didina noradrenergnd denervica a aniend
baroreflexnd odpoved Postihnutim vy3-
$ie uvedenych systémov nedochidza iba
k rozvops samotnej ortostatickey hypoten-
e, ale aj postprandidine] hypotenzie, nod-
nej hypertenzie a teda nezanedbateiného
durnaineho kolisania krvného tlaku. Pridiny
predstavuje newrodegenerdciy sympatiko-
wého nervovdho systému, ktory sa 20last-
fuge inervicie kirdiovaskuldrneho systému
Histologicky bolo preukdzané znilenie
poltu neurdnov s pritomnosfou Lewyho
teliesok v sympatikovych ganghich vrd-
wne ganghon stellatum a v sympatikovych
nervovych vidknach inervujicich myokard
a epikard (98,100)
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Noénd hypertenzia

Zistio sa, 2e al 88 % pacientov s PCh nemd
v noc fynologicky pokdes krvného tlakuy, ale
naopak a2 u 63 % pacientov je Zaznamenany
vzostup thaku kevi nad 125780 K tomuto javu
dochidza rovnako u pacientov s anamné-
20u &) bez anamnézy onostatickey hypoten-
Zie, & 10 nezdvisie na aditivne) kointidench
arteridine] hypertenzie s antihypertenzivniou
terapiou [101)

Postprandidina hypotenzia
Pastprandiding hypotenzia jo zadefinovand
ako systobcky pokles thaku krvi 0 20mm g
alebo pokles systoly pod $0mmHg z pd-
vodnej hodnoty 100mmMg v priebehu
2 hod po uliti potravy. Je zéveslh od charak-
teru jedla, vyrazmnesi pokles bol dokumento-
vany po politi valiicho mnolstva sachari-
dov a nalasterlie sa vyskytuje po radajkich
aobede 102}

Kolisanie hodnét krvného tlaku

U pacientov s PCh bolo zistené vyrammné kol
sanie hodndt thaku krvi, 3 1o a2 o 100mm Hg
systolického tlaku Pacienti s touto dia-
gndzou pomeme Casto dosahugs hodndt
systoly a2 nad 200 mm Hg, ¢o mdde predsta-
voval vyznamny tizikovy laktor rozvola chro-
nického hypertonického poikodenia riz-
rych orgdnov vritane mozgu, ale & vanku
néhle) cievne) mozgove) prihody [103)

Depresia

Depresivna symptomatika predstavuje vy-
namny neuropsychiatricky symptom PCh
A stretivame sa s Hou a2 u 10-45% pacientov
3 1outo dagndrou [104]. Manfestuje sa po-
citmi smutku, Gtosy, viny, vyditkam sve-
domia a nedostatkom sebadicty. Depre-
s Casto predchidza samotnému rozvoju
ochorenia a née je tu adna koreldcia so 24
valnostou motoricke) symptomatiky. Jedna
$tidha zarnamenala, 2e v skupine depresiv-
nych o3db dochddza itatisticky vymamne
Castefiie k varsku a rozvopu PCh v porovnani
$ napt. osteoartritidou alebo diabetes mel-
lieus (105). A ked majd pacienti $ PCh suic-
diine myllienky, tak pripady so sishmutim s
na viastny 2ivot sU mediave okrem Specific:
ke podskupiny pacientoy, ktotym bola do-
paminesgnd terapla Upine vysadend alebo
velmi rychio redukovand po zatati stimuld-
e nucleus subthalamicus [106,107) Z dd-
vodu pretryvania 5a s Casfou ostatnych NMS
ako f preto, Ze 2iklad depresivmeho syn-
drmu tvorl anheddnia, nedostatok energee,
nidend schopnost koncentrdcie a poruchy

spdnkuy, je nickedy depresia (allie odil-
telnd od samotnej PCh, a preto aj asto ne-
dostatolne dlagnostikovand [108]. Podida-
dom depresie je porucha serotoninergnych,
kmbickych noradrenergnych a dopaminesg
nych neurotransmiterovych systémov [109)
Dokazom tejto hypotézy je vysokd respon-
sbilta depresivng) symptomatiky na pre-
pardty, ktoré 2vydujd noradrenergnu a se-
rotoninergnu transmisiu. Locus coerueus
a nucleus raphe s anatomické Struktry
& 2zérovedt kmehové monoaminergné sys-
by, ktoeé vyulivapl tieto transmitery k svo-
Joy funkcii a 30 povalovand za jednoznalng
el v procese neurodegenerdoe [110,111)

Anxieta

Uzkostnd symptomatika je velmi beind
u pacientov s PCh a dasto sa prejavuge pred
mandesticiou samotnych motorickych
symptdmov [112113] Mdde sa manifestoval
fobi alebo & ako generalzovand Whosnd po-
fucha Jej prevalencia dosshuje 25-40 % [114],
a je teda vydlia ako pri ostatnych chronickych
humdnnych dugndzach. Patologicko-anato-
macky podilad Uzkostney symptomatiky zatad
nebol s urtitosfou preukazany

Non-motorické priznaky
pokroéilého itadia

choroby
Velkd skupinu NMS predstavujd neuro-
psychiatrické problémy, ktoré s charakte-
ristické pre pokrodilé itddium ochorenia
Pre rozsiahlu prevalenciu neuropsychiatric:
kych priznakov mO2eme PCh povaZoval a)
za neuropsychiatrické ochorenie Zaradu-
Jeme sem apatiu, psychotické prejavy, po-
ruchy kontroly impulzov a kagnithny defict
Neuropsychiatrické priznaky prodstavus vy
mamnG pridinu invalidity a znidene) kvality
Svota pre postihnutych pacientov 4 2érover)
vyramé zvylenie nitokoy na oletravatelsko-
opatrovatelski starostivost (115]

Neuropsychiatrické priznaky
Apatia

Apatia je vieobecne definovand ako poru-
cha motivicie a ako s NMS PCh 3 Aou prichd-
dzame do styku pomerme Casto. Je pre tu
charaktenstické znidenie pocifovania emdci,
redukovanie Zivotnych aktivit a pazndvania
nového Osoby s diagndeou PCh maj apatiu
frekventnegiie v porovnan s ostatrymi cheo-
nickymi ochoreniami, ¢o mdle do urditey
miery prejudikoval je) neurodegenerativny
pdvod (116]. Apata je ipeaficky symptom,

ktory nachddzame pei PCh spolodne s depee-
siviou symptomatickow, ale rovnako Casto &
beznej [117) Neznedka sa apatia objavuje )
v sUvislostl s (zkostnou problematihou, ale
naopak sa 2di byt nezdvisld na Unave & 2vy
dene) spavosti [118,119) Recentne realizovand
thdia preukdzala urdith asociciu apatie
a Unavy pil PCh 3 depeesiou a dopaminerg:
nou depléciou v mezokortikolimbickych
dtruktdrach ako aj s prerulenin prefrontdl
ney o8l kortex-bazdine ganghd. Z tohto dd-
vodu mdle adekvitny manalment depre-
se a optimiina dopaminergnd medikicia
Zeplil apatiu &) Gnavu pacientov s PCh [120)
Je potrebné dodat, 2e presny neuropatolo-
gicky koteldt apatie nie je doposial zndrmy

Kognitivny deficit a demencia

Kognitiviry defict je jeden 2 naftastefiich
NMS v tdmai PCh. Viyskytuje 34 a2 v 80 % pri-
padav ochotenda [121] Vymamne negativne
ovplyviiuje kvalitu 2ivota pacientov a si-
Casne zésadne zvyluje fyzickd a psychickd
240a2 oletrovatelov ako a) ekonomické nd-
kady sGvisiace so starostivosfou [122-124]
Kognitivia porucha pacientov sa pohybuje
v kinsckom kontinuu od nepatme) deternond-

tilinym zhorlovanim vykonu vo vietkych
oblastiach aktivity denného 2ivota, spriva-
née 34, kognica a pamal) (125). Casovy inter-
val medzl zadiatkom PCh a vanikom a tazvo-
jom kognitivnej poruchy pomerme vyrazne
kolide. V niektorych pripadoch si zndmky
demencie porortovateiné u? po niekolkych
midlo rokoch ochorenda, zatial 2o inokedy
ked vynimodne) nie je ani po 20 rokoch od
stanovenia dagnézy PCh kognitivina dete-
riordcia pritomnd [126]. Pri PCh sa najtaste):
e vyskytuje porucha epizodicke) pamati,
rakovo-priestorove) onenticie a verbline
fluencie Casto s taktie2 pritomné poru-
chy exekutivaych funkell a pazomosti [127]
Patomorfologicky korelit kognitivne de-
tenordcie po PCh je stile pomeme rozpo-
ruping Niektoré itidie preukidzall spojitost
medzi mnolstvom Lewyho teliesok a de-
menciou [128,129) Podla Braaka et al je pato-
logrckym koreldtom demencie pri PCh roz-
direnie sa Lewyho teliesok do Imbickych
M-IV, tddium ~ prechodné kmbické) a kor-
tikdinych (V. a V. Stddium - difizne neo-
kortikding) Struktdr [130) Rozporupingm
sa javi byt koncept tzv. dudine) patoldgie
u pacientov s PCh a demenciou, ktory postu-
luje nevyhnutny pritomnost tzv. alzheime-
rovske) patoldgie. Argumentalne nevysvet-
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fuje manifesticiu pomeme vyznamného
kognitivneho deficitu u pacientov, ktorym
nebola pritomnost alzheimerovske) patold-
gie v maagu post martem potvedend (131]

Psychotické prejavy

Psychotické symptomy st Castou kompli-
kiciou pokrodikého Stédia PCh a vyskytuyjl
$a u viac ako u 50 % pacientoy § touto dia-
gnézou [132-134). Predstavujl jeden 2 nayj-
vadimi invalidizupicich NMS. Zatinajd sa
objavova! prememe po 10 rokoch trvania
ochorenia V pripade ich shotde) manifests-
cle myslime skdr na alternativnu dagnézy,
ako je Alzheimerova demencia, demencia
3 Lewyho telieskami alebo iné koncidentné
psychiatrické ochorenie [135) K priznakiom
s najvadlim vyskytom patria vizudine ha-
lucindcie nasledované sluchovymi halu-
cindclami, ktoré mdtu byt viak a mném-
kou depresie. So zrakovymi halucindciami
sa stretdvame U viac ako 40 % pacientov
v polsctifom ftadiu PCh [136,137] Vo vias-
nom paychotickom $tddw byvaji pritomné
najmi rakové Bdse, ktoré pacienti opisujl
ako .nejasné obrazy v perfémom vidend"
Rovnako ¢asto sa vyskytupd paranocidné
bludy, ktorych obsahom byva podazneva:
nie 2 mandelikej nevery & opustenia Potom,
ako sa psychotické prejavy prvykrdt obja-
via, majl tieto tendenciu stal 3 peraistent.
nymi a postupne progredovaf [138-140]
S progresiou psychotickych prejavoy za-
¢inajd by( zrakové fenomény viac formo-
vané [141]. Podstatrym dosledkom psy-
chdzy je, 2e byva spojend s demenciou,
depresivnym syndrdmom, skotdou moc-
taktou a visdiou zifalou pre opatrovatefov
4 obylajne nevyhnutnosfou umiestnenia
pacienta v ipecalzovanom domove s dho-
dobou 4 24-hod nepretrditou cletrovatel-
shou starostivosfou [142-144] Zatiad nie je
ndmy presny patofy ziologicky podilad raz-
voja psychotickych porGch. Zndme s ae -
2o faktory, ku ktorym patrl viddi vek, 24
valnos( a trvanke ochorenia a pritomnost
kognitivneho deficitu [145] Predpokladi s,
2o za roxvoj viaudinych halucindci je zodpo-
vedny dolny tempotdiny lalok a pars reticu-
laris substantise nigrae. Dolny tempordiny
lalok je prirodzene zapojeny do spracoviva:
nia zrakovych podnetov sivisiacch s fudmi
a objektmi, ktoré sd typickym obsabom ha-
lucindcs pacientov s PCh. Preukizalo sa. 2o
Kzie v medidine; Lasti pars reticulans sub-
stantiae nigrae vedd k rozvopu dobee formo-
vanych 2ivych halucindali podobeych tym,
3 kiorymi sa stretévame pri PCh. 2 tychto dd-

vodov ma2eme predpokladal, 2e dysfunkcia
tejto Struktlry zohrbva ddleitd (dlohu v 1o2-
vojt vizudlnych haluandai [146)

Poruchy kontroly impulzov

Poruchy kontroly impulzov (Impulse Con-
trol Disoeders; ICD) charakterizuje sepetitivne
nutkavé speivanie sa, ktoré je motivované
dosishnutim pocitov potedenia ¢ uspoko-
Jenia a neschopnosfou odolival impulzom,
ktoeé G pre jednotinea alebo pre jeho okolie
$kodive. Vandayl na podidade abnormiine
fungujiceho systému odmeny a motivioe,
v ktorom hed déledid Ulohu tzy. molekula
tastia - dopamin [147) KD sa viadinou ma-
nifestupl a2 v pokrotilegich itddisch ocho-
renda a priradujerne k m patologické hedd -
stvo, nutkavé nakupovanie, hypersexuality
a nutkavé prejedanie sa. Dallimi formami sG
nuthavé sprivanie sa (punding) a nadmemé
ulivanie dopaminergne) medikicie orna-
Cované ako dopaminovy dysregulalny syn-
drom. V poslednych rokoch boll oplsanéd
daliie typy porich ako Keptomania [148)
alebo impulzivne faenie [149). Tieto po-
ruchy sprivania sa nepredstavujG problém
iba pre samatného pacienta, ale o) pre jeho
biizke okobe Fodinné ale & iné). SU Lasto za-
micovand a tajend, pretale mdlu byf so-
cidine neprijateiné, zahanbujice alebo %
2drojom finantne) tiesne. P nedeni pacienta
je potrebné po ich pritomnost aktivne pit-
tat formou clelenych otizok, pridom nato
existuji prefabrikovanéd dotammiky, ktoré
pacient vypiia sém alebo v spoluprid s le-
kirom. Sami pacienti ich mnohokrit nevni-
maj ako probiémove, a tak 2ostivaj skeyté,
a2 pokial na tieto neupazorni okolie [150)
$ rozvojom tychto ponich byva nagaste)-
Yie divand do sivislosti hetba dopamino-
vymi agonistami [150,151], ale boli taktie?
opisand v sivislosti s ulivanim LDOPA [152)
& v sivislosts s hibokou mozgovou sumuld-
cou nuckeus subthalamicus (STN-DBS) (153)
Prive naopak vysledky niekolkych retro-
spektiviych $todi poukdzak na depienie
porich kontroly impulzov a dopaminového
dysreguladného syndedmu po terapi STN-
-DBS [154,155), ¢o bolo potvrdené & nasle-
dupscimi prospektiviymi StGdami [156,157)
Na zidade aj tychto faktov dodlo k prehod-
noteniu Zaulivaného tvrdenia, 2e dulevné
a behaviordine poruchy s kontraindikiciou
STN-DBS a v pricbebu poslednych 10 rokov
sU navrhované ako potencidine novd in-
dikdcia STN-DBS pei PCh [158159] V minu-
losti zostivalo otvorenou otizkou, nakolfko
ich k razvoju dochddza iba na zéklade do-

paminergnej terapie v spojeni s individudl-
nou dupaziciou, alebo v ich gendze 2o0-
hedva Ulchu af priméemy patologicky proces
PCh [160] Vysledky multicentrickej epide-
miclogickej prierezovej Stddie zamerané na
pritomnost KD u PCh realtovane) v Sever-
nej Amerike ukizall 2¢ v skupine beenych
pacientov s PCh je 25-kriit vydia pavdepo-
dobnost variku KD ako v skupine pacientoy
s Inym neurclogickym ochotenim [161]
Vyskyt ICD sa neodidoval meda skupinou
nebedenych parkinsonikov a 2dravymi kon:
trolamy, o naznaduje, 2e primime PCh nie je
pridinou vandku ICD. Nateraz 2 toho vyplyva
2évet, 2e razvo) tychto porich je Heyme vy
sledkom interakoie predapandnych faktorov
a dopaminergnej mediicie [162) Z hadiska
neuropatoanatomie povalujeme ventriing
tegmentdinu oblast a jej projekcie do ven-
trdineho strista, kmbického a prefrontiineho
kortexu, daley ventrdine a dorzdine stnatum
a sivislace frontostriatdine okruhy za Struk.
try spojend s procesom raxvosa ICD [163]

Dopaminovy dysregulainy syndrém

Dopaminovy dysregulatny synddm (DOS)
pacientov s PCh bol prvykrit opisany v toku
2000, kedy bol amateny ako hedonstickd
homeostatickd dysreguldcia® [164] DOS
sa razvij u pacientoy s dihodobou anam-
nézou ulivania dopaminergnej medikd-
e Typickym znakom je nadulivanie do-
paminergne) medikicie, na zdklade ktorey
dochidza k razvoju adkych dyskinéz a naj-
rdenegich porich sprdvania sa. Mdle byt
pritomny nekfud, psychomotonckd hyper-
aktivita, agresivita, hypomdnia, dysfoia, an-
heddnia a podriddencsf pri reduket divok
medikicie s ndslednou siinou ak neovidda-
teinou 1i2bou po uliti daliej divky dopa-
minergika [165) 2 dallich porich sprivania
sa mdle byt pritomay tzv. punding. Tymto
terminom amadujeme komplexné stereo-
typné sprdvanie sa s ntenziviym nutkanim
pre vykondvanie najrdznegich tinnosti (nape
lepense modelov 20 zdpaliek, tbieranie rde-
nych predmetov) [166] Nickedy sa diva do
sUvislosti s pundingom aj nebyvald kreativita
tychto 0s8b v porovnani s ostatnou popu-
laciou. Prevalencia DOS sa odhaduje v roz-
medzi 34-4.1 % [167] K nzkovym faktorom
1eho rezvosa patr zadiatok ochotenia v mia-
dom veku, iImpulzivita a osobnostné rysy
spojené s vyhladdvanim peljemnych po-
citov, anamnéza depresie, zneulivanie al-
koholu a drog a porucha kontroly impul-
2av [168]. Jedna 2 tedeii vanku DOS je t2v
motivadng senaitizicn, podia ktore) ku kom-
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Tab. 1. Pre-motorické a non-motorické priznaky PCh a ich patologické korelity.

restiess legs syndrom

ortostatickd hypotenaa, nodnd hy-
pertena, postprandiding hyperten-
a, kofsanie hodnét krvného tisku

kogntivny defict a demencia

bolest

_Priznak Patologicky korelst
hyposmia neurodegenerativne postinutie Lewyho typu bulbus olfactorius, amygdaly a pedirhindineho kortexu

REM sleep behaviour deorder neurodegenerativne postihnutie Lewyho typu v cbilasti lateedineho pontinneho tegmenta?

neanamy

neurodegenerativne postinutie Lewyho typu myentenchého plexu 3 jadea n vagus
hypec/hypoaktivita detrunceu neurodegeneratime postinutie Lewyho typu vegetativiych nervovych vidien sakrdineho plexu?
poruchy makovchfunkcd  newodegenerativie postinute centrimych oblast zaponich do makovchdeah!

depdca neurdnov a neurodeganerativne pastihnutie Lewyho typu sympatikovych ganghil vritane
ganghum stellitum a posthnutie sympatikovych vidkien inervujloch myokard a epikard

neurodegenerativne postinutie Lewyho typu v cblasts imbackych itruknie a neokorteny, ptavdepo-
dobne nevyhnutry & podiel typickey alzthesmerovskey patologe

sekundidrna hyperdopaminesgnd ¥aa ventriineha tegmenta, ventriineho striata, imbického

a prefrontiineho kortexu?
dopaminowy dyweguistry yndeom nemdmy

redukda pottu volnych nervovych zakondeni depkécaa neurdnov v oblast zadnych miechavych
rohov, neurodegenerativne pastihnutie Lewyho typu rastromedkiine; oblongaty Incl raphe magnus,

nel grgantocaliulats, locus coerulewus)

pulzhmemu ulivaniu liekov dochidza na 2i-
klade zmien v dopaminergnych projekciich
viazanych na ventrdine striatum, a to kon-
krétne nucieus accumbens. Tieto abnorma-
lity v dopaminergnom a GABA-ergnom pre-
nose vedd k senzitizica a aktivics systému
odmeny vazaného na nudieus accumbens,
ktoré sa cznalujl pojmom motivalnd vy

mamnost [169) Presné neurodegenerativne
meny zodpovedné 2a tito dysfunkoiu viak
neboll do sitasnosti detegované

Iné non-motorické symptémy
Bolest pri Parkinsonovej chorobe
S dagndzou PCh je Lasto spojend krutd a ne-
poddajnd bolest, ktotd mnohi pacienti po-

valuyl za viac zatadupicu ako viastné moto-
ncké postihnutee (170). Stretévame sa s fou ald
v 70-8S % pripadoch tohto ochorenia. Bolest
vyrazne ovplyvituje kvalitu 2vota pacientov, jo
velmi Zasto poddiagnostikovand (minimiine
<0 52 tyka joy intenzity a emociondineho do-
provodul a  toho vyplyva, 2e aj mnohokrit
nde adekvitne bedend [171) Bolo jednamalne

264
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prevkizand, 2e pacienti s PCh, kiod trpia
tymito frekventovanym NMS, sG viac depre-
sivei 2 majd hordiu kvalitu 2ivota ako ti, ktori
sa 3 bolesfou pa diagndre PCh nestrathi [172)
V priebehu ochorenia sa mdduy vyskytoval
raziiné typy bolesti postihugice riane dasti
tela Na zikade toho je obtialne stanovit j&
klasfikiciu a presné patofysologickd mecha-
nizmy. Pacienti s PCh majl nezdvasle na veku
a trvani ochotenia redukovany podet volnych
nervovych zakondend [173]. Vo wasnych i85
didch ochorenia bol v sivislost! s neurodege-
nerativiymi zmenami postihupicmi miechu
preukdzany a Gbytok neundnov v oblasti 2ad-
rych rohov miechy (1741 2o male ovplyvito-
val prenos bolestivych podnetor 2 perfénie
do 2odpovedapicich oblasti CNS. Prenos nodi
ceptiviych informdci 2 miechy centripetiine
mdte byt dalej modifikovany v ddsledku neu-
rodegeneratimeho postihnata jadker maz-
gowtho kmera, ktosé Wi sutafou ascendent-
nych 3 descendentnych drdh

prenos a vnimanie bolesti [175] U2 v I 484
diu podia Braakovho stagingu bola preuid-
zand pritomnos! Lewyho tebesok v rostrome-
diding oblongate zahwiupica nucleus raphe
magnus, nudeus gigantocethulars a rov-
nako locus coeruleus, (o distribudne 2odpo-
vedi pre-motorickey fize ochorenia, kedy w0
neurodegenarativiymi zmenami pastihnuté
bulbus ofactonus a dolnd dast morgového
kmef\a [176] Proces degeneracie tychto truk-
tr mdle ovplywnifl vnimanie intenaity bolest
amdde viest kzmendm vegetativiych, emod-
nych a kognitivne-vyhodnacovacich odpo-
vedi pri spracovani bolestivich vatupow [177)
Popri postihnuti extranigriinych Struktor sa
na zmendch v speacovivani bolestivich pod-
netov podiela 3 polkodenie samotného mig-
rostriatéineho systému, a to ovplyvnenim la-
teriineho thalamu ako jedného 2 hlavnych
centier systému bolesti ako 3 vplyvom dys-
funkcie samatného striata V ddslediu navo-
deney denervicie nigrostriatdineho systému,
ktord vedie k zvyiene) neurondinej akirvite
subthalamického jadra, vidtorného pallida
a pars reticulans substantiae nigrae, dochddza
k vyraznej inhibicli v oblastiach laterdineho
thalamu Tito inhibicia md za nidedok znile-
nie schopnosti presne lokakizice bolesty, to
je podporend faktom, Je mncho pacientov
3 PCh nie je schopnych lokalizoval bolestivé
podnety (177]

Unava
Mmm\mmww

sekunddrne astatnymi NMS (napr. ospalos-
fou), nepriaxnivymi Glinkami ulivanej far-
makoterapie {ipecidine dopaminovymi
agonistami) a dallimi komorbiditami [178)
Pacienti Irpiaci Unavou, ktord je spdsobend
jednou alebo viacerymi uvedenymi pridi-
nami, zarnamendvaps vyramnud onavnost,
nedostatok energie a2 vylerpanost f v re-
lativnom somatickom a psychickom pokoyi,
alebo sa extrémne rychio unavia pri akegkol -
vek aktivite (179] Postupne sa pacient std-
vajs menej aktiviymi a zniduje sa ich kvalita
Svota Ludia s non-fluktupicou PCh zadivapd
vadiiu Gnavu a trpia hordou HRQoL v po-
rovnani s pacientmi s duabetom <& stardimi
jedincami [180]. Jedna kinickd itudia po-
tvrdila, 2e zévaZnost ochorenia pacientov
s PCh je priamo spojend s priznakmi depre-
sie. Rovnako je pramo ovplywnend Gnavou
Lzvysenim hladiny vieobecney Gnavy, fyzic
kej Unavy, nilenou aktmvitou a dulevnou
Unavou), ale nie je napr. ovplyvnend znide-
nou motiviciou (181). V sitasnosti ndm nie
je mndmy neuropatologicky korelit tohto
symptomu.

Zéaver

V prici sme sa pokdsdi predstavit sutasny
stav ponania o histopatologickych substrd-
toch tychto dasto kvalitu 2ivota vyznamne li-
maupicich priznakoy 2 kategdne NMS, ko
doprevidzapi PCh Okrem vyillie uvedeného
textu sme zékladné informdcie vienik do
prehladne) tabulky, kiord sndd male byt pro-
speind pa potrebe tychie) orenticie ftab 1)
Napriek skutodnosty, 2e je stile vac ddka-
20v 0 pritomnosti alfa-synuklenove) patold-
g extranigriine a o joj pritinne) angalova-
nostl v genéze pre-mototickych 3 neskarych
NMS, sa ukazuje stile potreba razsiahleho
Kinicko-patologického vyshumu s ciefom
spresnif kotelscie meda motorickymi a NMS
2 ich presnym vzfahom k morfologickym
a funkinym patofyiologickym iézam v ner-
vavom systéme. Rovnako je potrebné mat
na pamati, 2e cely rad NMS (3 predovietkym
pre-motorickych) priznakov pacient! sami
sponténne nereferuji Z tohto ddvodu je ne-
whnutné aktivne anamnestické pitranie po
tychto priznakoch, 3 to bez ohladu na nie-
ktoré poutky o nepripustnosti kladenia su-
gestiviych ot&zok Za samazregmost povadu-
Jeme ich ndsledny tevapeuticky manadment
v silade s pamatkams doby
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Védomostni test

1. Non-motorické priznaky pri PChe

3} sa vyskytuja v menej ako 50 % pripadoch

b} neovplyviugG zasadnym spdsobom kvalitu
#nvota pacentov

€} vznikay( napviac tn roky pred cbgavenim sa

motoncke) symptomatiky

dj newrodegenerativne ameny, ktoré ich
podmesnupl, zadinagl v duchovom jadre,
dorzainom jadre nenvus vagus, nudaus
raphe 3 locus coerdeus

2 K pre-motorickym priznakom PCh nepatric
) porucha duchu
Npomdlasptmgwaz:\imﬂm

ddﬁbqn
d) zrskova dysfunkaia

3. Porucha spravania sa viazana na REM

spanok RBD):

) diagnazu RBD je mainé stanowrt jedine
polysomnografiou

b RBD je mainé ovplyvnif dopaminengnou

) nema vyznam ako wasny markar budiceho
razvoja PCh

d} ma vyznam ako wéasny marker buduceho
razvoa Alzheimerowe) choroby

S Fajtenie (riliotini )

Ama protektiviny vyznam

z hiadisia buddceho mainého ozvo@ PCh

b nems Badny vzfah k PCh

) dobrovoiné zanechanie fajtenia je wasnym
markerom budGceho mo2ného razvoga PCh

d} e odporudens spolu s kannabmodmi
pacientom s PCh

6. Porucha salivace:

3) ovplyvnime ju podanim botufotaxinu do
glandula parots cbojstranne

b hypersalivacia nie je pritinou vytekana din
zust

) porucha salivicie nemd sivislost s dysfagiou

d) porucha salivace je jeden z natastegich
Sutonomnych priznakov PCh v siCasnosti

7. Gastroparéza
aj stanovenie diagndzy je ndroiné 3 vyZadupe
spohnéqgmwmobgaaipecﬂm

vybavenie

bj je dévodom nepodivani L-DOPA spolu
s ediom

<} ¢ neskorym a znedkavym autondmmym
peiznakom PCh

d) nepodiela sa patogeneticky na vaniku

Sovch Auktusc

8. Obstipacia:

a} je v siCasnosti pn PCh nediava v dosiediau
zmeny avilzatnych stravovacich navykov

synuideinu
d) nucieus dorsalis nervi vagi predizene)
muechy nezohrava Glohu v patogeneze

9. Ortostaticka hypotenzia:
a) je véasny autonomny priznak PCh
b je spojena naopak s vysokymi hodnotams

10. Poruchy potenia:
a) natastefie e o profizne potene sa poas
tzv. off-stavow

¢} zvyiené potene nebolo zamamenang
v tzv. peak of dose fazach

d) zvyensé potenie je lokalizované v oblast
dolnych konéatin a brucha

11. Psychotické prejavy:

3} s v siiCasnosts z dovodu nepoudivania
anticholinergk pn PCh medkavé

b} v pripade ich vyskytu vo wasnom itadiu
ocharenia s3 uvalye o ditemativneg) da-
gnaze (nape demenaia s Lewyho teleskam

12 Bolest pri PChc

2 ée je frekventnym ani kvaitu Svota
ovplyvingiom faktorom

bl nagmamejiim pregvom je bolest dolng)
Inctzmydrahepmzv rannej end of dosa

dngeausaomupa:dmbdest.deovate
bnga'luakbwubdestpnm

d) neEdng s3 o bolest v pravom amysie sova,
ale je to vidy pesjav lanvovane) deprass

13. Kognitivny deficit a demenca:

) mée 34 shéasfou kimicksho obrazu PCh

bl jedna s3 o velmu €asté nemotoncks
priznaky PCh

o) nastupupi v pokrotlych Stadidch ochorena
po viac 2ko 10 rokoch jeho trvania

d) ich pritomnost cbycajne signalinuje sibeh
PCh s multinfarktovym schemickym
poskodenim mazgu

14, Aneta:

& irkost nemd vzizh k Grovni dopaminengne)
stimulaoe

b anoolyticka medkaca je pn PCh
h Gl :

o) tzkost pei PCh je analageou k drkost pri
diabetes melitus, reumatoidna artntida)

d) iziost pa PCh mae mat podobu
rézrych #6bd, panickej poruchy, ale 3j
generalzovane) uzkostne) poruchy

d) syndrom nepokoynych ndh je £astegi pn PCh
v porovnani so vieobacnou populaciou
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PRE-MOTORICKE A NON-MOTORICKE PRIZNAKY PARKINSONOVE) CHOROBY

17. Urogenitaine porudhy pri PCho 18. Poruchy ly impul. bl stav patofyoologicky nesivesi
3} porucha modenia je analogecka poruchs 3) nestvisia s dopaminergr s neuronainymi okruhem, do ktorych je
pri dizbetes mellitus — jedna sa o penfémy batbou yery 3 nucdleus accumb
hypotonscky velkokapaatny bi patofyzologicky zahffiagi neurondine d typeckyms iinickyrms prejavimi st
mechdr olruhy, do ktorych je Kodovo zapojeny e vyrazné hyperknéze 3 rézne
b hypersexualits postihuje hiswne mudov nuckeus basalis sprehiadnutaing poruchy sp 3 sa
a je désledkom dopaminesgnej terapee o) kleptomania nepatn do skupiny madnych dj stav je podmieneny vedomou redukoou
a poruchy kontroly imputrov kinickych peajavor poruchy kontroly dopaminesgnej becby samotnymi pacentms
<) hyposexuaita (zniferve kivda) o medkaa mpulzov
2 muské pohiavie nepostihue d) priinou je patologicks nastavenie 20. Ktory z non-motorickych priznakov
wvobec ysteé =S =R e-odm nema priamu suvislost s dopaminergnou
d) poudsite sidenahiu v batbe erskting) u disponovanych osdb s PCh neurotransmisiow:
dysfunkoe me je evidence-basad po a) zvakowa dysfunkca
PCh - z 1ohto ddwodu a z dovodu 19. Dopaminovy dysregulaény syndrom: bi apatia
dopaminergného deficitu pesferujems 3) jo znamy af pod canadenim heliofing dj obstipacia
perordiny apomaorfin h cka dysreguiaca” d) inava
270 Cesk Slov Neurol N 2016; 79/112(3). 255-270
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2. Speciilna &ast’

Pocas uplynulych 6 rokov sme sa sustredili na diagnostiku non-motorickych a
motorickych prejavov PCh u pacientov pred a po zavedeni syst¢ému STN-DBS za
pomoci siroko pouzivanych a odbornymi spolo¢nostami odporuc¢enych dotaznikovych
metdd. Za tymto Gcelom sme vybrali 7 dotaznikov, z kterych 5 si pacient dokaze
vyplnit’” sam, pri 2 je nevyhnutna spolupraca lekara. Z tychto 7 dotaznikov je 6
zameranych na non-motorické domény a 1 na hodnotenie motorickych symptémov, 2
dotazniky zamerané na sexudlne dysfunkcie st viazané na pohlavie. Subor pacientov
sme vyhodnocovali pred implantaciou, 1 mesiac a 3 mesiace po implantacii. V prvej

praci prezentujeme nase vysledky preukazané na 24 hodnotenych pacientoch.

V druhej Casti na naSu prva pracu priamo nadvidzujeme. Pomocou softwarového
systému SureTune™ sme sa u vyssie spominanych 24 pacientov pokusili o presna
lokalizaciu zavedenych elektrod systému DBS v subthalamickom jadre. V korelacii
s vysledkami z prvej €asti naSho vyskumu sme sa snazili preukdzat’ asocidciu medzi

ovplyvnenim non-motorickych domén PCh a umiestnenim elektéd STN-DBS.
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2.1. Bilateral subthalamic deep brain stimulation initial impact on non-motor
and motor symptoms in Parkinson’s disease - anopen prospective single

institution study

Abstract

Background: Numerous studies document significant improvement in motor
symptoms in patients with Parkinson’s disease (PD) after deep brain stimulation of the
subthalamic nucleus (STN-DBS). However, little is known about the initial effects of

STN-DBS on non-motor domains.

Objective:To elucidate the initial effects of STN-DBS on non-motor and motor
symptoms in PD patients in a four-month follow-up.

Methods: An open prospective study followed 24 patients with PD who underwent
STN-DBS. The patients were examined using dedicated rating scales preoperatively
and at one and four months following STN-DBS to determine initial changes in motor

and non-motor symptoms.

Results: Patients at Month 1 after STN-DBS had significantly reduced the Parkinson’s
Disease Questionnaire scores (P=.018) and Scales for Outcomes in Parkinson's disease
-Autonomic scores (P=.002); these scores had increased at Month 4 after DBS-STN.
Non-motor Symptoms Scale for Parkinson’s Disease had improved significantly at
Month 1 (P< .001); at Month 4, it remained significantly lower than before stimulation
(P=.036). There was no significant difference in The Parkinson’s Disease Sleep Scale
at Month 1 and significant improvement at Month 4 (P=.026). There were no
significant changes in The Female Sexual Function Index or International Index of
Erectile Function. Movement Disorder Society Unified Parkinson's Disease Rating
Scale, Part 11l scores show significant improvements at Month 1 (P<.001) and at
Month 4 (P<.001).

Conclusions: STN-DBS in patients with advanced PD clearly improves not only
motor symptoms, but also several domains of non-motor functions, namely sleep,

autonomic functions and quality of life quickly following the start of stimulation.

Keywords: deep brain stimulation, subthalamic nucleus, non-motor symptoms
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Introduction

Deep brain stimulation of the subthalamic nucleus (STN-DBS) has been well
established over the past 20 years for the symptomatic treatment of motor
complications in advanced Parkinson’s disease (PD). It provides more constant
and predictable benefits than pharmacological therapy. STN-DBS lessens motor
fluctuations, dyskinesias, bradykinesia, akinesia, and tremor; it also reduces
dopaminergic drug requirement [1]. Numerous studies have documented significant

improvements in motor symptoms and quality of life of PD patients after STN-DBS

[2].

Non-motor symptoms (NMS) are now recognised as an integral part of the PD clinical
picture, both at the early stages and throughout the whole course of the disease, and
even at the very onset of the disease, before any of the classical motor symptoms
develop [3,4]. Recent records indicate that NMS occur in up to 100% of PD patients,
influencing the degree of disability and quality of life much more than motor
symptoms [5]. Evidence about the effects of DBS on non-motor symptoms in PD is
still sparse and under debate [6,7,8]. The aim of our open, prospective, single
institution study was to assess the initial impact of DBS on motor and non-motor
symptoms of advanced PD. The data were collected during four-month follow-up in
24 patients with advanced, fluctuating PD who underwent STN-DBS surgery. For the
assessment, validated non-motor and motor outcome scales were used, in contrast to
previous study of Wolz et al., who assessed the immediate effect of STN-DBS on

isolated non-motor symptoms [9]

Methods
Subjects

24 PD patients (4 females / 20 males) treated for advanced PD by the bilateral STN-
DBS were examined and followed-up; their demographic data are in Table 1. All
patients consented to undergo clinical assessments prior to surgery and stimulation,
and at regular intervals afterwards. Neuropsychological and neuropsychiatric
assessments of patients were performed to exclude significant psychiatric disorder and

dementia.
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Ethical approval

The study was approved by the local ethics committee and was conducted according to
the Declaration of Helsinki principles.

Clinical assessment

We evaluated motor symptoms and NMS pre-operatively and postoperatively in PD
patients utilizing the following scales:

Movement Disorder Society Unified Parkinson’s Disease Rating Scale, (MDS-
UPDRS), part I11: Motor Examination [10]

UPDRS was originally developed in the 1980s [11] and is the most widely used scale
to assess impairment and disability in PD patients. MDS-UPRDS is the Movement
Disorder Society’s revision of UPDRS [10]. We used the motor section of the UPDRS
(Part 111), which contains 33 scores based on 18 items, some with several scores for

different body regions.

Non-motor Symptoms Scale for Parkinson’s Disease (NMSS) [12]

NMSS is a clinician-administered scale with weighted scores that tests for the frequency and
severity of non-motor symptoms (NMS) over the previous month. Severity is rated on a scale
from 0 to 3 points and symptom frequency from 1 point (<once a week) to 4 points (daily or all
the time). NMS are assessed in nine domains with 30 questions. The maximum possible

NMSS total score is 360; the minimum possible score is 0.

The Parkinson’s Disease Questionnaire (PDQ-39) [13]

The PDQ-39 is a self-administered measure of subjective health status. It is composed
of 39 items grouped in eight sub-scales including mobility, activities of daily living,
emotional well-being, stigma, social support, cognition, communication,and bodily
discomfort [13]. The time frame is “over the last month“ and responses are scored

from O (never) to 4 (always). Sub-scales scores range from 0 to 100 and are obtained
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by transforming the total sum of the items into percentage points based on the
maximum possible sub-scale score [14].

Scales for Outcomes in Parkinson's disease - Autonomic (SCOPA-
Aut) Questionnaire [15]

SCOPA-AUT is a self-administered questionnaire to assess dysautonomia [15]. It
consists of 25 items, including three cardiovascular, seven gastrointestinal, six urinary,
four thermoregulatory, one pupillomotor, and two sexual items, with a frequency from
0 (never) to 3 (often).

The Parkinson’s Disease Sleep Scale (PDSS) [16]

The PDSS is a self-rated scale designed to measure nocturnal problems, sleep
disturbance, and excessive daytime sleepiness in PD over the previous week [16].
Patients evaluate 15 aspects of nocturnal and daytime sleep on a linear scale from 0
(bad) to 10 (good). The maximum possible score is 150.

International Index of Erectile Function (I11EF) [17]

The 1IEF is a reliable, self-administered measure of erectile function composed of 15

items.

The Female Sexual Function Index (FSFI) [18]
The FSFI, a 19-item questionnaire, is a brief, multidimensional scale for assessing

sexual function in women [18].

Jay Modified Minnesota Impulsive Disorders Interview (mMIDI) [19]
The mMIDI is a self-administered questionnaire designed to screen for impulsive
disorders. It is composed of 5 parts that focus on compulsive buying, compulsive

gambling, compulsive sexual behaviour, compulsive eating and punding behaviour.
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The data were collected preoperatively, one month after neurosurgery intervention,
just before the adjustment of initial stimulation parameters (Month 1 - M1) and three
months after the stimulation parameters were adjusted (Month 4 - M4). We used
native language versions of the listed scales which were validated in previous clinical

trials.

Statistical methods

For data analyses we used statistical software IBM SPSS Statistics version 22. The
Wilcoxon rank test was used to assess the effect of DBS in modifying quantitative
parameters at Month 1 and 4. The positive and negative changes in mMIDI scores
were analyse dusing McNemar's test. The significance level was set at 0.05 for all
tests. There was used the Bonferroni correction for multiple comparisons.Normality of

data was assessed using the Shapiro-Wilk test.

Results

Twenty-four patients (4 women/ 20 men) participated in this pilot study. The
demographic and disease-specific details of participants are shown in Table 1. The
changes in the dosage of levodopa and dopamine agonists before STN-DBS and 4
months following the implantation are also shown there; a substantial reduction in
daily dopaminergic drug requirements was present in the majority of cases. Table 2
shows the changes in the values of MDS-UPDRS Ill and non-motor scales one (M1)
and four months (M4) postoperatively (mean, median, standard deviation, minimum
range, maximum range) and also significance values based on paired Wilcoxon test or
McNemar's test for mMIDI.

Bilateral STN-DBS in patients with PD at Month 1 significantly reduced PDQ-39
scores (P=.018) and SCOPA-AUT scores (P=.002). But four months after
implantation, the PDQ-39 and SCOPA-AUT scores were again increased, and the

difference in the value before the stimulation was no longer statistically significant.
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NMSS scores improved significantly at Month 1 (P< .001); at Month 4, the scores
remained significantly lower than before stimulation (P=.036). The Cardiovascular,
Sleep/Fatigue, Gastrointestinal, and Urinary subscores were significantly reduced at
Month 1, but at Month 4 only the Miscellaneous score had a significant reduction
(Table 2).

There was no significant difference in PDSS scores between baseline and Month 1
after DBS implantation, but there was a significant increase in PDSS score at Month 4
(P=.026).

MDS-UPDRS Part I11 scores show a significant improvement at Month 1 (P<.001) and
at Month 4 after DBS implantation (P<.001).

DBS treatment resulted in no significant changes in FSFI or in IIEF at Month 1 or at
Month 4.

Impulse control disorder (ICD) was present in only 4 patients, so we do not list the
results as they cannot be considered relevant.

Discussion

MDS-UPDRS, part I11: Motor Examination

The improvements, i.e. the differences between the values at baseline and Months 1
and 4 in this scale were highly significant, as could be expected since STN-DBS was
primarily developed and is indicated for the treatment of motor complications of

Parkinson’s disease [20].

Non-motor Symptoms Scale for Parkinson’s Disease
A comparison of the overall NMSS values showed marked improvements at M1 and
M4, with significance of < .001 and .036, respectively. When the individual domains

were analysed, significant differences were present only in the following domains:

71



Cardiovascular, Sleep/Fatigue, Gastrointestinal and Urinary at M1; only in
Miscellaneous at M4. It is hard to speculate whether the improvements in these
domains were caused by the lesional effect of the STN implantation, or whether it is
a behavioural rebound effect of the patient’s positive expectations. We favour the
lesional effect in the Sleep/Fatigue domain, because this has been reported in previous
studies, although some of them were conducted on smaller cohorts [21]. Nevertheless,
a heuristic analysis for this NMSS domain should be conducted, since the results in
our group were different when they were compared with the PDSS (PDSS
improvement was not significant at M1 and highly significant at M4). Improvement in
the functioning of visceral organs has rarely (if ever) been noted in connection with
DBS treatment, so we suspect adominant role of positive treatment expectation here,
as this has been repeatedly reported for cognitive and even motor functions [22].
Improvement in the Miscellaneous - olfactory function and excessive sweating
subdomains - has been recently reported, and we support the authors” explanation of
this effect, although their patients were assessed 6 months following the start of

stimulation [23].

The Parkinson’s Disease Questionnaire

An initial significant improvement in the PDQ-39 value in M1 was followed by a
return to practically identical values as before surgery in M4. This fact is in our
opinion a holistic reflection of the fact that quality of life is significantly affected by
patients” expectations. The initial post-surgical improvement, still present at the M1
visit, was caused by the positive expectations of patients who believed that the
stimulation process would substantially improve their motor symptoms. The slow and
only gradual course of improvement over the first three months of stimulation changed
the original position in the patient/doctor/treatment pattern, and thus the PDQ-39 score

at M4 may reflect incompletely fulfilled expectations.

SCOPA-AUT Questionnaire

Previous studies used different tools to assess autonomic functions [24,25], so it is
difficult to compare their results from relatively small groups of patients with our
results. Nevertheless, we recorded a highly significant improvement following the
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surgery (M1), and a subsequent return to the values before surgery at M4. This
difference can be explained by either lesional effects of the implantation [26], or by
common positive expectations, which may afflict the functions assessed in the
SCOPA-AUT scale [27, 28].

The Parkinson’s Disease Sleep Scale

Our PDSS results correlate with the results of the 8 studies reported in a recent meta-
analysis [29]. In 6 of these studies, mean PDSS score was significantly improved (16-
41%) following DBS implantation; this improvement was present in all studies at 4
weeks after surgery, and remained stable for the next 6 months. It has been speculated
that STN stimulation directly affects sleep physiology via anatomical connections of
the STN with the pedunculopontine nucleus, nucleus raphe, and laterodorsal tegmental
nucleus. Taking into account the incomplete evidence of the role of STN in these
anatomical structures, we prefer the explanation that the sleep improvement was
caused by the significant alleviation of night motor complications, namely off-states
and painful early morning dystonia, similarly as in apomorphine treatment [30,31].

International Index of Erectile Function

In our group, there was no significant difference or trend between the mean values of
IIEF at baseline and Month1 and Month4. This finding contradicts previous studies as
listed in the review by Tykocki [32]. Several reports highlighted hyper-sexuality
induced by STN-DBS, and one study [33] found evidence of improved sexual
functioning after STN-DBS. Why this effect was not found in our patient population
(20 males) is not clear; the relatively short period of stimulation may be a substantial
factor. As there are similarities between DBS and dopaminergic stimulation, it is
worth mentioning our study with pergolide, in which the improvement in the IIEF
scale was present only after 6 months of treatment [34].

The Female Sexual Function Index
Previous reports did not note any significant improvement of sexual dysfunction in
female subjects undergoing STN-DBS [33].The number of female subjects in our

study was very low, so the results are not relevant.
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Jay Modified Minnesota Impulsive Disorders Interview

Some studies have reported improved impulse control disorder after STN-DBS, as
assessed by clinical diagnostic interview and neuropsychological examination [35]. In
our group, there were only three patients with recorded impulse control disorder
(gambling, punding and compulsive shopping). Despite the individual improvement
following the start of DBS treatment, the number of patients is too low to comment on

the improvement measured with this scale.

Limitations of the study

There are several limitations of our study to be considered. Firstly we have to mention
that some of the scales we used, are just self-administered questionnaires which are
trying to present a holistic assessment of non-motor symptoms. We also have to admit
the option that some of the patients might be reluctant to reveal certain NMS in a
clinical setting and so the results can be inaccurate. Also, the impact of the reduction
of oral medication on the appearance of non-motor symptoms has not been fully
elucidated yet. Nevertheless, practically none of the NMS, which has been afflicted in
the STN-DBS treatment in our study, is caused by the dopaminergic medication, all of
them are generally seen as a symptom of the disease itself [36]. Using short-term
follow-up investigations minimizes the impact that disease progression could have on
NMS and enables us to address the research question in a relatively short time span.
However, the optimal stimulating parameters and medical equilibration can be
achieved 6 months after STN-DBS or even later, meaning that many of the patients are
evaluated postoperatively in suboptimal stimulation conditions. In these cases, the

impact of DBS on several NMS is likely to be vastly underestimated [37].

Conclusions

Our pilot study provides evidence that deep brain stimulation of the subthalamic
nucleus in patients with advanced, complicated Parkinson’s disease quickly improves
not only motor symptoms, but also several domains of non-motor functions, namely
sleep, autonomic functions and quality of life, and this improvement is present

immediately following the start of stimulation. Whether other non-motor domains
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remain intact will be assessed in a further study with a significantly higher number of

subjects.
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|Fat|ent Disease Age of onset of Age at DBS  Hoehn and Yahr scale  L-dopa dose at the time Other treatment
no Gender  duration, years  manifestation PD  implantation at the time of DBS of DBS pre/postsurgery pre/post surgery
1. Male 7 58 65 2 800 mg/500 mg 16 mg/8mg ropinirole
2. Female 1 48 59 1 600 mg/400 mg 16 mg/8mg ropinirole
3. Male 8 55 63 1 1125 mg/800 mg 12 mg/8mg ropinirole
4. Male 6 54 60 2 1000 mg/400 mg 24 mg/8mg ropinirole
5. Male 17 50 67 2 800 mg/600 mg 16 mg/0Omg rotigotine
6. Male 6 60 66 2 750 mg/600 mg 16 mg/0mg ropinirole
7. Male 13 50 63 2 750 mg/400 mg 2,1 mg/0mg pramipexole
8. Male 9 50 59 2 1250 mg/500 mg -
9. Male i) 63 76 2 1450 mg/1250 mg 16 mg/24 mg ropinirole
10. Male 8 62 70 3 1200 mg/750 mg 24 mg/0mg ropinirole
11. Female 3 64 67 2 350 mg/200 mg 16 mg/8mg ropinirole
12. Female 5 43 48 2 550 mg/550 mg 2,8 mg/2,8mg pramipexole|
13. Male 9 47 56 2 1400 mg/750 mg -
14, Male 3 68 ! 2 - 16 mg/8 mg rotigotine
15. Male 5 57 62 2 1100 mg/400 mg 8 mg/8mg ropinirole
16. Male 3 55 58 2 200 mg/0 mg 8 mg/0mg ropinirole
17. Male 7 57 64 2 750 mg/600 mg 2,1 mg/0mg pramipexole
18. Male 8 49 57 2 650 mg/400 mg 24 mg/16 mg ropinirole
19. Female 8 54 62 2 500 mg/200 mg 24 mg/8mg ropinirole
20. Male 16 42 58 2 750 mg/400 mg 16 mg/8mg ropinirole
21. Male 4 64 68 3 750 mg/400 mg 12 mg/8mg ropinirole
22. Male 6 46 52 2 600 mg/200 mg 16 mg/8mg ropinirole
23. Male 13 51 64 2 700 mg/750 mg 12 mg/8mg ropinirole
24, Male 4 57 61 2 600 mg/400 mg 24 mg/8mg ropinirole
DBS =deep brain stimulation, L-dopa=levodopa, PD = Parkinson’s disease. (
Baseline Month 1 Month 4

Mean +SD Med Mean +SD Med Mean +SD Med Baseline/Month 1 Baseline/Month 4|
MDS-UPDRS 16.8+9.1 155 11.4+9.2 9.5 10.1+8.1 7 <.001 <.001
INMSS 372422 36 19.3+154 16 26.6+23.7 1.8 <.001 .036
Cardiovascular 17432 0.0 0.2+0.7 0.0 0.4+1.1 0.0 .021 .063
Sleep/Fatigue 11.5+10.1 85 49+6.6 40 6.3+7.6 4.0 .001 123
\Mood/Cognition 21+34 0.5 09+24 0.0 25451 0.0 578 >.99
Perception/Halucination 0.2+0.6 0.0 0.0+0.0 0.0 0.2+0.5 0.0 315 >.99
\Attention/Memory 28+4.4 0.5 22+36 0.0 36+55 1.0 >.99 >.99
Gastrointestinal 3.8+39 2.0 1.8+38 0.0 3.1+43 0.0 .022 642
Urinary 6.2+6.8 4.0 37+44 2.0 44+47 35 .004 249
Sexual 3.0+44 0.0 1.5+3.7 0.0 3.0+5.2 0.0 114 >.99
Miscellaneous 58+4.7 5.5 44449 4.0 32+26 3.0 .338 .009
PDQ-39 39.2+22.5 32 29+18.2 30 326+21.1 31 .018 720
ISCOPA-AUT 12+6.3 i 9.1+5.2 8 10.8+5.9 105 .002 432
PDSS 111.2+21.3 1156 11774222 121 121.7+234 128.5 134 .026
IIEF 32+226 26.5 28.5+23.7 135 30+234 20 .294 >.99
FSFI 16.7+15.5 15.6 17.1£13.1 18.4 19.8+12.7 24.4 >.99 >.99
mMIDI - - - - - - >.99 >.99
Significance values comparing baseline (before deep brain stimulation) scale scores with Month 1 and Month 4 scores. (The values of significance are based on paired Wilcoxon test or McNemar's test for mMIDL.).
IThe bold values show significant improvement in the related scale.
FSFI=The Female Sexual Function Index, IIEF = International Index of Erectile Function, MDS-UPRDS =Movement Disorder Society Unified Parkinson’s Disease Rating Scale, mMIDI = Jay Modified Minnesotal
Impulsive Disorders Interview (mMIDI), NMSS = Nonmotor Symptoms Scale for Parkinson’s Disease, PDQ-39 = The Parkinson's Disease Questionnaire, PDSS =The Parkinson’s Disease Sleep Scale, SCOPA—
AUT=S for 0 in Parkinson's di mic )1C
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Abstract

Numerous studies documant significant improvemant in motor symptoms in patients with Parkinson's disease (PD) after deep brain
stimulation of the subthalamic nucieus {STN-DBS). However, little is known about the initial effects of STN-DBS on nonmotor
domains.

Our objective was to alucidate the initial effacts of STN-DBS on non-motor and motor symptoms in PD patients in a 4-month
follow-up.

This open prospectiva study followed 24 patients with PD who undanwant STN-DBS. Tha patients were examined using dedicated
rating scales and at 1 and 4 months following STN-DBS to datermine initial changes in motor and nonmotor symptoms.
Patients at month 1 after STN-DBS had sigrdficantly reduced the Parkinson’s dissase Questionnaire scoras (P=.018) and Scales for
Outcomes in Parkinson's disease - Autonomic scores (P=.002); these scores had increased at Month 4 after DBS-STN. Nonmotor
Symptoms Scale for Parkinson's Disease had improved significantly at Month 1 {P< .001); at Manth 4, it remained significantly lower
than before stimutation (P = .038). There was no signficant differance in The Parkinson’s Disaase Sleep Scaleat Month 1 and significant
improvement at Month 4 (P=_.026). Thare wera no significant changes in The Female Saxual Function Index or International Index of
Erectiie Function. Movament Disorder Soclety Unified Parkinson's Disease Rating Scale, Part lll scores show significant improvements
at Manth 1 (P<.001) and at Month 4 (P< .001).

STN-DBS in patients with advanced PD dearly improves not only motor symptoms, but also several domains of nonmotor
functions, namely sleep, autonomic functions and quality of ie quickly folowing the start of stimulation.

Abbreviations: FSFl = the female sexual function index, IEF = international index of erectile function, M1 -nmthl(ommomh
aftar implantation), M4 = month 2 {four months after implantation), MDS-UPDRS

disease rating scale, mMIDI = jay modified minnesota impulsive disorders interview,

non-motor symptoms scale for parkinson's disease, PD = parkinson's disease, PDQ-39 = tha parkinson’s disease questionnaire,
PDSS = the parkinson's disease sleep scale, SCOPA-Aut = scales for outcomes in parkinson's disease - autonomic questionnaire,

STN-DBS = deep brain stimuation of the subthalamic nucleus.
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1. Introduction

Deep bram sumulation of the subthalamic nucleus (STN-DBS)
has been well established over the past 20 years for the
symptomatic treatment of motor complicanons in advanced
Parkinson's discase (PD). It provides more constant and
predictable benehits than pharmacological therapy. STN-DBS
lessens motor fluctuations, dyskinesias, bradykinesia, akinesia,
and tremor; it also reduces dopammcrgx drug requirement.!*!
Numerous studics have doc ficant improv n
motor symptoms and quality of life of PD patents after STN-
DBS."!

Nonmotor symptoms (NMS) are now recogmised as an integral
part of the PD chinical picture, both ar the carly stages and
throughout the whole course of the discase, and cven at the very
onsct of the discase, before any of the classical motor symptoms
develop.** Recent records indicate that NMS occur in up to
100% of PD panents, influencing the degree of disability and
quality of life much more than motor symptoms.'”! Evidence
about the cffects of DBS on nonmotor symptams in PD s sull
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sparse and under debate.!"* The aim of our open, prospective,
single institution study was 1o assess the imtial impact of DBS on
motor and nonmortor symptoms of advanced PD. The data were
collected dunng four-month follow-up mn 24 pavcnts with
advanced, fluctuating PD who underwent STN-DBS surgery. For
the assessment, validated nonmotor and motor outcome scales
were used, m contrast to previous study of Wolz et al,'”! who
assessed the immediate effect of STN-DBS on isolated nonmotor

symptoms,

2. Methods

2.1. Subjects

24PD panents (4 females/20 males) treated for advanced PD by
the bilateral STN-DBS were examuned and followed-up; thewr
demographic data are m Table 1. All panents consented to
undergo clinical assessments prior to surgery and sumulanion,
and at regular mtervals afterwards. Newropsychological and
neuropsychiatne assessments of panents were performed to
exclude significant psychiatric disorder and dementia.

2.2. Ethical approval

The study was approved by the local ethics committee and
was conducted according to the Declaranon of Helsinki

principles.

2.3. Clinical assessment

We cvaluated motor symptoms and NMS preoperanvely and
postoperatively in PD patients unilizing the following scales:

o Movement Disorder Socicty Unified Parkinson's Discase

Medicine

UPDRS was oniginally developed i the 19805"" and 1s the
maost widely used scale to assess impairment and disability in
PD pavents, MDS-UPRDS is the Movement Disorder Society's
revision of UPDRS." We used the motor section of the
UPDRS (Part 1T}, which contains 33 scores based on 18 nems,
some with several scores for different body regions.

Nonmotor Symptoms Scale for Parkinson's Discase (NMSS)'”'

NMSS s a chimaan-admmistered scale with weighred scores
that tests for the frequency and severity of nonmotor symptoms
(NMS} over the previous month. Severity is rated on a scale
from 0 to 3 points and symptom frequency from 1 point (<once
aweek) to 4 points (daily or all the nme). NMS arc assessed in 9
domams with 30 guestions. The maximum possible NMSS
total score 15 360; the mimmum possible score 15 0.

o The Parkinson's Discase Questionnaire (PDQ-39)""

The PDQ-39 1 a self-admini d m of subjccuve
health status, It 1s composed of 39 items grouped in 8 subscales
ncluding mability, acuvines of daly hiving, emotional well-
being, stigma, social support, cogmnion, commumnication, and
bodily discomfort.”"* The time frame 1s “over the last month*
and responses are scored from 0 (never) to 4 (always).
Subscales scores range from 0 to 100 and are obtamed by
transforming the total sum of the items into pem-mgc points
based on the maximum possible subscale score,™?!

Scales for Owtcomes wm Parkinson's  discase—Autonomic
(SCOPA-Aut) Quemonmm:' vl

SCOPA-AUT 15 a sclf-administered questionnaire to assess
dysautonomia.'" It consists of 25 items, including 3
cardiovascular, 7 gastromtestinal, 6 urinary, 4 thermoregula-
tory, 1 pupillomotor, and 2 sexual iems, with a frequency from
0 (never) to 3 (often).

o The Parkinson's Discase Sleep Scale (PDSS)'
The PDSS 1s a self-raved scale designed to measure nocturnal

Rating Scale, (MDS-UPDRS), part 1ll: Motor Examination''"! problems, sleep disturbance, and excessive daytnme slecpiness
Descriptive statistics for demographic and disease-specific variables.
Patient Disease Age of onset of  Age st DBS  Hoochn and Yahr scale  L-dopa dose at the time Other treatment
no Gender  duration, yoars  manifestation PD  implantation at the time of DBS of DBS pre/postsurgery pro/post surgery
1 Mak 7 58 65 2 800 mg/500 mg 16 my/B g repinirclo
2 Female 1" 48 59 1 60D mg400 my 16 my/Bing ropiirole
3 Mak [ 55 63 1 1125 mg/800 mg 12 mg/Bmg ropinircle
4 Mak 6 54 60 2 1000 mg/a00 mg 24 my/B g ropinirole
5 Mak 7 50 67 2 800 mg/B00 mg 16 mg/Dmg rotigatine
6 Mak 6 60 66 2 750 mgp/600 mg 16 mg/0mg rophirole
T Mak 13 50 63 2 750 mg/400 mg 2.1 mplimy prampaxcie
8 Mak 9 50 50 2 1250 mg/500 mg -
9 Mak 13 63 76 2 1450 mg1250 mg 16 mg/24my ropinirole
10 Mak B 62 70 3 1200 mg/750 mg 24 my/Dmg ropiniole
" Femalo 3 64 a7 2 350 mp/200 mg 16 my/Bmg ropircle
12 Fomale 5 43 A8 2 550 mp/550 mg 2.8 mp2,8mg pramipescle
17 Mako 9 a7 56 2 1400 mg/750 mg -
" Make 3 68 n 2 - 16 my/Bmg rotigatine
15 Mak 5 57 62 2 1100 mg/400 mg B mg/8Bmg ropinirole
16 Mak 3 55 58 2 200 mg/D mg B mg/0mg ropinine
17 Mak 7 57 64 2 750 mp/600 mg 2.1 mp/Omy prampencie
18 Mak 8 40 57 2 650 mp400 mg 24 my/16myg ropinirale
19 Female [} 54 62 2 500 mg200 my 24 my/Bing ropiniole
20 Mak 16 42 58 2 750 mg/400 mg 16 my/Bmg ropiircle
2 Mak 4 64 68 3 750 mgra00 my 12 mg/B g ropiniole
2 Mak 6 46 52 2 600 mg/200 mg 16 my/Bmg ropinirle
px] Mak 13 51 64 2 700 mg/750 mg 12 my/8mg ropinirole
2 Mak 4 57 61 2 60D mg/400 mg 24 my/Bmg ropinirole

D65 = dorp bran smuadon. L-dops = levodipn, PO« Pakingon's desase
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in PD over the previous week.!"® Patients evaluate 15 aspects of
nocturnal and daynime sleep on a linear scale from 0 (bad) to 10
(good). The maximum possible score 1s 150.

o International Index of Erectile Function (IEF)*™!

The IIEF is a rehable, self-administered measure of erecnle
function composed of 15 tems.

o The Female Sexual Function Index (FSFL)!**

The FSFL, a 19-1tem questionnaire, 1s a bricf, multdimen-
sional scale for assessing sexual function in women 1'%

e Jay Modified Minnesota Impulsive Disorders Interview
(mMID])"**!

The mMIDI 1s a sclf-administered questionnarre designed to
screen for impulsive disorders. It is composed of § parts that
focus on compulsive buying, compulsive gambling, compulsive
sexual behavior, compulsive canng, and punding behawvior.

The data were collected preoperanively, 1 month after
neurosurgery intervention, just before the adjustment of inmal
stimulation parameters { Month 1—M1) and 3 months after the
snmulation parameters were adjusted (Month 4—M4). We
used nanve language versions of the histed scales which were
validated i previous chimical tnals.

2.4. Statistical methods

For data analyses we used stanstical software IBM SPSS Stanstics
version 22. The Wikcoxon rank test was used to assess the effect of
DBS in modifying quantitative parameters at Month 1 and 4. The
positive and negative changes in mMIDI scores were analyse dusmg
McNemar's test. The significance level was set at 0.05 for all tests.
There was used the Bonferrom correction for muluple comparnisons.
Normality of data was d using the Shapiro-Wilk test.

3. Results

Twenty-four patents (4 women/ 20 men) participated in this pilot
study. The demographic and discase-specific details of participants

www.md-jounal.com

are shown mn Table 1. The changes in the dosage of levodopa and
dopamine agonists before STN-DBS and 4 months following the
lmplantznm are also shown there; a substannal reduction in daily

gic drug requi was present i the majonity of
cases. Table 2 shows the changes n the values of MDS-UPDRS Il
and nonmotor scales one (M1) and 4 months (M4) postoperatively
{ median, dard deviation, mimmum range, and maxi-
mum range ) and also significance values based on paired Wikoxon
test or McNemar's test for mMIDL

Bilateral STN-DBS in panents with PD ar M1 sigmficantly
reduced PDQ-39 scores (P=.018) and SCOPA-AUT scores
(P=.002). But 4 months after implantation, the PDQ-39 and
SCOPA-AUT scores were again increased, and the difference m the
value before the sumulanon was no longer staustically significant.

NMSS scores improved signtficantly at M1 (P<.001); at
Month 4, the scores remained significantly lower than before
sumulanion (P=.036). The Cardiovascular, Slecp/Fangue, Gas-
troimntestinal, and Uninary subscores were significantly reduced ar
Month 1, but at Month 4 only the Miscellancous score had a
significant reduction (Table 2).

There was no signthcant difference in PDSS scores between
bascline and Month 1 after DBS implantation, but there was a
significant increase i PDSS score at Month 4 (P=_026).

MDS-UPDRS Part Il scores show a significant improvement at
Month 1 (P<.001) and at Month 4 after DBS mplantanon
(P<.001).

DBS treatment resulted in no significant changes in FSFl or in
HEF at Month 1 or at Month 4.

Impulse control disorder (ICD) was present 1n only 4 patients,
so we do not hist the results as they cannot be considered relevant.

4. Discussion

o MDS-UPDRS, part lIl: Motor Examination
The improvements, that is, the differences between the values
at baselne and Months 1 and 4 m this scale were highly

Table 2
Differences in motor and nonmotor symptoms scores between baseline (preoperatively), Month 1, and Month 4 following DBS implantation.
Baseline Month 1 Month 4
Mean + SD Med Mean +SD Med Mean = SD Med Baseline/Month 1 Baseline/Month 4

NDS-UPDRS 168191 155 114292 95 101281 7 <001 <.00
NMSS 372+22 36 1332154 16 266=237 175 <001 038
Cardiovascutar 17x32 00 02207 00 04=11 00 o21 063
Sleep/Fafigue 1151101 85 49166 40 63=76 40 001 Az
Mood Cognition 21234 05 09224 00 25251 00 578 >.29
Perception/Halucination 02+086 0.0 00100 0.0 02:D5 00 315 >.99
Atention/Memary 2Bz44 05 22236 00 36255 10 >99 >929
Gastrantestinal 38139 20 18138 0.0 31243 00 022 b4z
Urinary 62168 40 37244 20 44247 35 004 249
Sexal 30+44 00 15137 0.0 30252 00 114 >.99
Afiscalansous 58x47 55 44249 40 32226 o 338 008
PDO-39 392+225 2 233182 30 262211 31 018 T2
SCOPA-AUT 12163 1" 91452 8 108259 105 ooz A2
PDSS 111212213 115 1772222 121 1217234 1285 134 02
IEF 32+226 265 2854237 135 302234 20 294 >99
FSA 157155 1586 1712131 184 1982127 244 >29 >89
miMiDI - - - - - - >99 >.00

Sinficance valuss comparng baseline {betors d2ap bran stimulation) scals scores with Month 1 and Month 4 scares. (The values of signBicance are tasad on paifed Wicomn test o Mohiamar's test for mMIDL)

The bl vakess shom soniScant Improvament in e rellad scale

FSA=The Female Sexxsal Funcon Indey, IEF = ntemational Index of Erectie Funclion, MDS-UPRDS = Movemant Disorder Society Unitied Pardneon's Disases Rating Scak, miD! = Jay Modiied Minnesots
Impusive Disordars ntentew (MIMID), NMSS = Noomotor Symgtoms Scalke ko Parineon's Disease, PDO-39= The Parkineon's Disasse Questionnare, PSS = The Parkinson's Disease Seep Scake, SCOPA—

AUT =Scales fr Ouioomss 1 Pardnson’s Gseass—lunomic.
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significant, as could be expected since STN-DBS was primanly
developed and is indicated for the treatment of motor
complications of Parkmson’s discase.!*"!
Nonmotor Symptoms Scale for Parkinson's Discase

A comparison of the overall NMSS values showed marked
improvements at M1 and M4, with significance of < .001 and
036, respectively. When the individual domains  were
analysed, sigmficant differences were present only in the
following domams: Cardiovascular, Sleep/Fangue, Gastromn-
testinal, and Urinary at M1; only in Miscellancous at M4, It s
hard to speculate whether the improvements in these domains
were caused by the lesional effect of the STN implantanon, or
whether it 1s a behavioral rebound cffect of the panent's
positive expectations. We favor the lesional effect in the Sleep/
Fatigue domain, because this has been reported in previous
studies, although some of them were conducted on smaller
cohorts,*!! Nevertheless, a heuristic analysis for this NMSS
domain should be conducted, since the results in our group
were different when they were compared wath the PDSS (PDSS
improvement was not significant at M1 and highly significant
at M4). Improvement in the functioning of visceral organs has
rarely (if ever) been noted in connection with DBS treatment, so
we suspect a dominant role of positive treatment expectation
here, as this has been repeatedly reported for cognitive and even
motor functions,'*?) Improvement i the Miscellancous—
olfactory function and excessive sweating subdomains—has
been recenty reported, and we support the authors' explana-
non of this effect, although their patents were assessed 6
months following the start of stmulation.'*"
The Parkinson’s Discase Questionnaire

An nitial significant improvement in the PDQ-39 value in
M1 was followed by a return to pracucally identical values as
before surgery i M4, Ths fact 15 i our opmion a holistic
reflection of the fact that quality of hife is significantly affected
by patients’ expectations. The inmal postsurgical improve-
ment, still present at the M1 visit, was caused by the positive
expectations of patients who believed that the sumulation
process would substannally improve their motor symptoms,
The slow and only gradual course of improvement over the first
3 months of stimulation changed the onginal posinon in the
panent/doctor/treatment pattern, and thus the PDQ-39 score ar
M4 may reflect incompletely fulfilled expectanions.
SCOPA-AUT Questionnaire

Previous studies used different tools 1o assess autonomic
functions,”****) 5o it s difficult to compare their results from
relanively small groups of panents with our results. Neverthe-
less, we recorded a highly significant improvement following
the surgery (M1), and a subsequent return to the values before
surgery at M4, This difference can be explained by either
lesional cffects of the implantation,*! or by common positive
expectations, which may afflict the functions assessed i the
SCOPA-AUT scale.* ™)
The Parkinson’s Discase Sleep Scale

Our PDSS results correlate wath the results of the 8 studics
reported in a recent meta-analysis.**! In 6 of these studics,
mean PDSS score was significantly improved (16-41%)
foll g DBS impl this improvement was present
in all studies at 4 weeks after surgery, and remained stable for
the next 6 months. It has been speculated that STN stimulation
directly affects sleep physiology via anatomical connections of
the STN with the pedunculopontine nucleus, nucleus raphe,
and laterodorsal tegmental nucleus, Taking into account the
incomplete evidence of the role of STN in these anatomical

Medicine

structures, we prefer the explanation that the slecp improve-
ment was caused by the significant alleviation of night motor
complications, namely off-states and painful carly morning
dystonia, similarly as i apomorphinc treatment.! "'
Internasonal Index of Erectile Function

In our group, there was no sigmificant difference or trend
between the mean values of HEF at bascline and Month 1 and
Month 4. This finding contradicts previous studies as listed in
the review by Tykocki et al!™! Several reports highlighted
hyper-sexuality induced by STN-DBS, and one study'"" found
evidence of improved sexual functioning after STN-DBS. Why
this cffect was not found in our patient population (20 males) i
not clear; the relanvely short penod of stimulation may be a
substannial factor, As there are similanties between DBS and
dopamincrgic stmulation, it is worth mentioning our study
with pergolide, in which the improvement in the HEF scale was
present only after 6 months of treatment.*!
® The Female Sexual Function Index

Previous reports did not note any significant improvement of
sexual dysfunction in female subjects undergoing STN-DBS.*Y
The number of female subjects in our study was very low, so the
results are not relevant.
Jay Modified Minnesota Impulsive Disorders Interview

Some studies have reported improved impulse control
disorder after STN-DBS, as asscssed by clinical diagnostic
mterview and neuropsychological examination.*” In our
group, there were only 3 patents with recorded impulse
control dworder (gambling, punding, and compulsive shop-
ping). Despite the indivaidual improvement following the start
of DBS treatment, the number of patients is too low to
comment on the improvement measured with this scale.

5. Limitations of the study

There are several limitations of our study to be considered.
Firstly, we have to mention that some of the scales we used are
just self-adm od g s which are trying to present a
holistic assessment of nonmotor symptoms.

We also have to admat the option that some of the patents
might be reluctant to reveal certain NMS in a chinical setting and
s0 the results can be inaccurate.

Also, the impact of the reduction of oral medication on the
appearance of nonmotor symptoms has not been fully eluadated
yetr. Nevertheless, practically none of the NMS, which has been
afflicted in the STN-DBS treatment in our study, 1s caused by the
dopaminergic medicavon, all of them are generally seen as a
symptom of the discase itsclf,!™!

Using short-term  follow-up nvestigations  minimizes the
impact that discase progression could have on NMS and enables
us to address the research question in a relanvely short time span.
However, the optimal stumulating parameters and medical
cquilibration can be achieved 6 months after STN-DBS or cven
later, meaning that many of the pavents are evaluated
postoperatively in suboptimal stmulation conditions. In these
cases, the impact of DBS on several NMS is hkely to be vastly
underestimated.!*”!

6. Conclusions

Our pilot study provides evidence that deep brain stimulation of
the subthalamic nucleus in patients with advanced, complicated
Parkinson's discase quickly improves not only motor symptoms,
but also several domans of nonmotor functions, namely sleep,
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autonomuc functions and quality of hife, and this improvement 15
present immediarely following the start of sumulanon. Whether
other nonmotor domains remam intact will be assessed mn a
further study with a significantly higher number of subjects.
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Abstract

Objective: This study evaluated the direct impact of localization of deep brain stimulation
electrodes active contact within the different parts of subthalamic nucleus on improvement of

non-motor symptoms in patients with Parkinson’s disease.

Methods: Subthalamic nucleus was divided into two (dorsolateral/ventromedial) and three
(dorsolateral, medial, ventromedial) parts. 37 deep brain stimulation electrodes were divided
into groups according to their active contact localization. Correlation between change in non-
motor symptoms before deep brain stimulation and one and four months after deep brain
stimulation electrode implantation and the localization of active contact was calculated.

Results: When dividing the subthalamic nucleus into three parts, no electrode active contact
was placed ventromedially, 28 active contacts were located in the medial part and 9 contacts
were found dorsolaterally. After one and four months, no significant difference between
medial and dorsolateral position was observed. When dividing subthalamic nucleus into two
parts, 13 contacts were located in the ventromedial part and 24 contacts were placed in the
dorsolateral part of the subthalamic nucleus. After one month, greater improvement in the
Non-motor Symptoms Scale for Parkinson’s disease (P = 0.045) was found on dorsolateral
left-sided stimulation, whereas no significant differences between the ventromedial and

dorsolateral positions were found on the right side.

Conclusion: Our study demonstrated the relationship between improvement of non-motor
symptoms and the side (or hemisphere, left/right) of the deep brain stimulation electrode
active contact, rather than its precise localization within the specific parts of the subthalamic

nucleus in patients treated for advanced Parkinson's disease.

Keywords: Parkinson’s disease, deep brain stimulation, non-motor symptoms
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Introduction

Subthalamic nucleus (STN) and internal globus pallidus are the most common targets for
deep brain stimulation treatment (DBS) in patients suffering from Parkinson’s disease (PD).
Both provide comparable effect on motor symptoms in advanced stage of PD*%*,

Detailed subsegmentation of the subthalamic nucleus has been the object of several studies.
Recent studies mostly suggested that subthalamic nucleus should be divided into three
anatomical/functional parts: sensorimotor and limbic which are probably located in
dorsolateral and ventromedial portions respectively and associative part between them; with
the motor region having its own somatotopic organization*>. The exact borders between them
have not been established yet. The definite functions of each part are still object of research,
but it seems that stimulation of different parts of STN provide different impact on PD

symptoms.

Recently, Dafsari et al.® used coordinates of the active electrodes and suggested that more
anterior, medial and ventral subthalamic nucleus deep brain stimulation (STN-DBS) is related
to more beneficial non-motor outcomes in patients with PD. Results of the work of Petry-
Schmelzer et al.” also support the theory of impact of localisation of neurostimulation in
Parkinson's disease on non-motor outcomes. In their study for mood/apathy and
attention/memory domains of Non-motor Symptom Scale for Parkinson’s Disease voxels
associated with worse improvement were mainly located dorsal to the subthalamic nucleus.
The better improvement for mood/apathy was observed in the ventral border region of the
subthalamic nucleus in its sensorimotor subregion and for attention/memory in the
associative subregion. For sleep domain, a trend was observed showing voxels with above

average improvement located ventral to the subthalamic nucleus.

Our presented work aimed to study the effect of precise localization of DBS electrodes within
the STN on non-motor symptoms in patients with PD. Our work was based on our previous
study in which we examined the initial effect of STN-DBS on non-motor and motor
symptoms; STN-DBS in patients with advanced PD clearly improved not only motor
symptoms, but also several domains of non-motor functions, namely, sleep, autonomic

functions and quality of life®,
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Material and methods

Our prospective single institutional study was approved by the institutional ethics committee
and was conducted according to the Declaration of Helsinki principles. The data from 24
patients who underwent bilateral STN-DBS were used. All patients gave their informed
consent with the inclusion into the study and with the data analysis. All demographical data of
the cohort were described in our previous paper®.

The pre-surgery brain magnetic resonance and post-surgery computed tomography scans were
uploaded into SureTune™ (Medtronic Inc, Fridley, Minnesota, USA) system and then
merged®. This process enabled us to directly visualize the subthalamic nucleus, DBS
electrodes and their leads and provided exact localization of each contact within the parts of
subthalamic nucleus (Figure 1).

The longest axis of each nucleus was divided into parts with the same length; then each
subthalamic nucleus from each patient was divided into parts by perpendicular lines. It has
been decided to use the STN subsegmentation into three parts which was presented in the
recent anatomical papers and then also use a simpler division into just two parts: ventromedial
and dorsolateral. When STN was devided into three parts, the dorsolateral part represented the
sensorimotor part, the medial part represented the associative and the ventromedial part
represented the limbic part of the subthalamic nucleus** Both above described processes were
done manually using SureTune™ software. Then the DBS electrodes were divided into
groups according to the localization of their active contact. Electrodes with active contacts
placed outside the subthalamic nucleus were excluded and also the electrodes in which the
active contact (and thereby its localisation) was changed during the initial four months
programming were excluded (six on the right side and five on the left side). The non-motor
and motor symptoms had been evaluated using the dedicated questionnaires, as described into

detail in our previous paper®.
These were:

- Movement Disorder Society Unified Parkinson’s Disease Rating Scale, (MDS-
UPDRS) part I11: Motor Examination***!

- Non-motor Symptom Scale for Parkinson’s Disease (NMSS)*

- The Parkinson’s Disease Questionnaire (PDQ-39)"***
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Scales for Outcomes in Parkinson’s disease - Autonomic (SCOPA-

Aut) Questionnaire®

- The Parkinson’s Disease Sleep Scale (PDSS)16

International Index of Erectile Function (I1EF)*

The Female Sexual Function Index (FSFI)*®

The data were collected before the surgery, one month after STN-DBS system implantation,
(just before the adjustment of initial stimulation parameters and the start of DBS treatment),
and three months after the start of DBS treatment, i.e., four months following the

implantation.

Finally, the correlations between position of the active contact of the DBS electrode and
change of non-motor symptoms and motor symptoms for each side were calculated (Mann-
Whitney U tes and Fisher’s test).

Group level visualisation was performed using Lead-DBS toolbox v2.2.3 (https://www.lead-
dbs.org/) in MATLAB R2019b (MathWorks, Natick, MA). (Figure 2, 3).

Levodopa equivalent daily dose (LEDD) after one month (before primary programming and
after) and at fourt month after the implantation was calculated for each patient and is shown in

Table 2; the stimulation parameters are shown in the Table 3.

Results

Originally, the data from 24 patients were included. After exclusion of electrodes with the
active contact outside of the anatomical borders of STN and electrodes which we could not
evaluate due to other reasons (change of active contact during deep brain stimulation

programming, etc.), the data from 37 electrodes were evaluated.
STN division into three parts:

No electrode active contact was placed ventromedially, where limbic area is supposed to be
located, 28 active contacts were located in the medial part of STN and 9 contacts were found

in the dorsolateral part. Finally, for each side the correlation of change in all used non-motor
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scales and the position of the active electrode contact were calculated. After one month, no
significant difference between medial and dorsolateral position was found.

After four months, no significant difference between active electrode contacts in the medial
and dorsolateral position was found. After four months, no significant difference between

active electrode contacts in the medial and dorsolateral position was found.

STN division into two parts:

Out of the 37 evaluated electrodes, 13 electrodes were located in the ventromedial part and 24
DBS electrodes were placed in the dorsolateral part of STN.

After one month, on the left side, statistically significant improvement was found in the
dorsolateral localization of DBS electrode (P = 0,045) in NMSS; however, no significant
difference between the ventromedial and dorsolateral position on the right side was found
(Table 1, figure 4).

After four months, no significant difference in non-motor symptoms between the

ventromedial and dorsolateral position was found.

Discussion

Temel et al. suggested that STN has anatomically a central position within the basal ganglia
thalamocortical associative and limbic circuits and is acts as a potent regulator of these
pathways™. Its impact on PD symptoms has been extensively studied®?®?!. However, to our
knowledge, only a few studies systematically studied the correlation of DBS active contact
localization and non-motor symptoms. Dafsari et al. used coordinates of the active electrodes
and suggested that more anterior, medial and ventral localization within the STN might be
related to more beneficial non-motor outcomes®. In the study of Petry-Schmelzer et al. voxels
associated with a minimal improvement for mood/apathy and attention/memory were mainly
located dorsal to the subthalamic nucleus. The voxels associated with above average
improvement for mood/apathy were localized into the ventral border region of the
subthalamic nucleus and in its sensorimotor subregion and for attention/memory in the
associative subregion. For sleep domain, an improvement trend was observed in the voxels

located ventral to the subthalamic nucleus’.
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Our presented study showed only the relationship between the side (or hemisphere, left/right)
of the DBS electrode active contact rather than its precise localization within the STN. The
beneficial effect on non-motor symptoms, which was present at Month 1, fall under the
statistical significance at Month 4. This should be explained by the lesional effect after the
implantation, nonetheless, the habituation of the stimulating effect may be also the plausible

explanation.

Different results from previously mentioned studies®’ could be explained in several ways:

1.) Unlike Dafsari et al. and Petry-Schmelzer et al, our study used topographicall division of
STN into three/two parts while Dafsari used the coordinates of the active electrodes®. Our
division does probably not exactly represent the somatotopic organization of subthalamic
nucleus which is still object of research and varies depending on methodology of each study*®
and can also differ interindividually. The subdivision into three parts itself is still under
debate 2>2. This fact is supported by the work of Keuken et al who compared the results of
33 studies of human and non-human primates STN concluding that the variability across
studies is surprisingly large, both in the number of methods used for the subdivision and the
final anatomical borders within the STN?.

2.) The stimulation field probably covers a larger area then just one subsegment of STN.
Work of Mclintyre et al showed that stimulation can result in activation of large diameter (5.7

um) myelinated axons over a volume that spreads outside the borders of the STN%.

3.) Unlike motor effect which almost strictly depends on contralateral stimulation, the non-

motor symptoms depend on the impulses from both electrodes.

CONCLUSION
Our study showed that the localization of stimulating spot of DBS electrode contact within the
subthalamic nucleus may have different impact on the non-motor symptoms of Parkinson’s

disease depending on the hemisphere (left/right) in which the electrode is located.
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Table 1: Change in clinical scales after 1 month — left side, division into two parts

Left side - change after one month

ventromedial dorsolateral

Median | Min Max | Median | Min Max p
PDSS 8.0 -2 27 6.0 -24 37 0.567
PDQ-39 -11.5 -47 8 -9.0 -35 37 0.438
NMS -10.0 -41 5 -28.0 -46 -8 0.045
SCOPA-AUT -2.0 -7 3 -2.0 -12 2 0.934
FSFI/IIEF -0.1 -54 8 -1.0 -9 10 0.743
MDS-UPDRS -4.0 -17 2 -4.0 -17 2 0.902

Table 2: LEDD (mg) before the onset of stimulation, after primary programming and after

four months for all patients

Patient. | LEDD before stimulation | LEDD after primary programming | LEDD after4 months

1 1220 760 660

2 920 532 852
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3 1365 1150 910
4 1810 692 692
5 1544 532 798
6 1318 798 798
7 1208 532 532
8 1388 500 500
9 1720 1410 1730
10 2076 998 998
11 753 426 426
12 1671 710 710
13 1746 998 998
14 480 240 240
15 1310 660 660
16 426 0 0
17 1160 798 798
18 1345 692 852
19 1145 692 426
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20 1517 692 692
21 1238 692 692
22 1118 160 426
23 1038 958 1158
24 1810 692 692

Table 3: Stimulation parametersafter primary programming(month 1) and after four months

(month 4) for each patient (active contact or contacts on the first row followed by

intesity/frequency/pulse width)

Patient | Left side, month 1 Right side, month 1 Left side, month 4 Right side, month 4
1 1-2- 9- 1-2- 9-
3,0V/130Hz/60us 2,0V/130Hz/60us 2,5V/125Hz/60us 2,0V/125Hz/60us
2 1- 9- 1- 9-
3,8V/130Hz/60us 1,5V/130Hz/60us 3,8V/130Hz/60us 1,8V/130Hz/60us
3 2- 9- 2- 9-
2,8V/130Hz/60 ps 2,0V/130Hz/60us 3,1V/130Hz/60us 2,3V/130Hz/60ps
4 2- 9- 2- 9-
2,8V/130Hz/60us 2,3V/130Hz/60pus 3,1V/130Hz/60ps 3,1V/130Hz/90us
5 1- 10- 1- 10-
2,4V/130Hz/60pus 3,0V/130Hz/60us 2,7V/130Hz/60pus 3,3V/130Hz/60us
6 1- 10- 1- 10-
3,0V/130Hz/60us 3,0V/130Hz/60us 2,8V/130Hz/60pus 3,2V/130Hz/60us
7 2- 9- 2- 9-
2,0V/130Hz/60us 1,7V/130Hz/60us 2,7V/145Hz/60pus 1,9V145Hz/60us
8 1- 10- 1- 10-
1,5V/130Hz/60us 2,2V/130Hz/60us 2,0V/130Hz/60us 3,5V/130
Hz/60us
9 0- 8- 0-1+ 8-9+
3,4V/100Hz/60us 3,4V/100HZz/60us 2,0V/100Hz/60pus 2,0V/100HZz/60us
10 2— 9- 2- 9-
3,0V/130 Hz/60us 2,0V/130Hz/60pus 3,3V/130Hz/60us 2,5V/130Hz/60us
11 1- 9- 1- 9-
2,0V/130Hz/60us 2,4V/130Hz/60us 1,9V/130Hz/60us 2,3V/130Hz/60us
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12 2- 9- 2- 9-
3,0V/145Hz/60ps 2,6V/145Hz/60us 3,8V/145Hz/60us 2,6V/145Hz/60us
13 2- 9- 1- 9-
2,5V/130Hz/60us 2,0V/130Hz/60ps 2,8V/130Hz/90us 2,3V/130Hz/60us
14 2- 9- 2- 9-
2,8V/130Hz/60us 2,0V/130Hz/60ps 3,4V/130Hz/60us 2,2V/130Hz/60us
15 2- 10- 2- 10-
1,3V/130Hz/60ps 1,0V/130Hz/60ps 2,6V/130Hz/60us 1,1/130Hz/60ps
16 1- 9- 1- 9-
1,9V/130Hz/60ps 1,3V/130Hz/60ps 3,5V/145Hz/60ps 1,3V/145Hz/60us
17 2- 10- 2- 10-
1,7V/130Hz/60ps 0,8V/130Hz/60ps 1,7V/130Hz/60us ,8V/130Hz/60ps
18 1- 8- 1- 8-
2,0V/130Hz/60ps 1,6V/130Hz/60us 2,0V/130Hz/60us 1,8V/1
30Hz/
60us
19 0- 8- 0- 8-
1,9V/130Hz/60ps 1,2V/130Hz/60us 1,7V/130Hz/60us 1,0V/130Hz/60us
20 2- 10- 2- 10-
2,0V/130Hz/60ps 0,8V/130Hz/60ps 2,3V/130Hz/60us 1,1V/130Hz/60us
21 1- 9- 1-2+ 9-10+
2,5V/130Hz/60us 2,5V/130Hz/60pus 1,8V/130Hz/60us 1,8V/130Hz/60us
22 1- 10- 1- 10-
2,0V/130Hz/60pus 2,5V/130Hz/60pus 2,0V/130Hz/60pus 2,5V/130Hz/60us
23 1- 10- 1- 10-
2,4V/130Hz/60ps 1,4V/130Hz/90ps 1,5V/130Hz/60us 1,2V/130Hz/60us
24 3- 9- 1+2- 9-
1,5V/130Hz/60us 1,5V/130Hz/60us 2,0V/130Hz/90us 1,6V/130Hz/90us
Figure 1: Subthalamic nucleus (SureTune)
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Figure 2: Group level visualisation (Lead-DBS tollbox v2.2.3.)

Figure 3: Group level visualization (Lead-DBS toolbox v2.2.3)

Figure 4: Change in NMSS after 1 month — left side, division into two parts

10

T T
ventromedial dorsolateral
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Abstract

Objective: This study evaluated the direct impact of localization of deep brain stimulation
electrodes active contact within the different parts of subthalamic nucleus on improvement of

non-motor symptoms in patients with Parkinson's disease.

Methods: Subthalamic nucleus was divided into two (dorsolateral/ventromedial) and three
(dorsolateral, medial, ventromedial) parts. 37 deep brain stimulation electrodes were divided
into groups according to their active contact localization. Correlation between change in
non-motor symptoms before deep brain stimulation and one and four months after deep brain

stimulation electrode implantation and the localization of active contact was calculated.

Results: When dividing the subthalamic nucleus into three parts, no electrode active contact
was placed ventromedially, 28 active contacts were located in the medial part and 9 contacts
were found dorsolaterally. After one and four months, no significant difference between
medial and dorsolateral position was observed. When dividing subthalamic nucleus into two
parts, 13 contacts were located in the ventromedial part and 24 contacts were placed in the
dorsolateral part of the subthalamic nucleus. After one month, greater improvement in the
Non-motor Symptoms Scale for Parkinson's disease (P = 0.045) was found on dorsolateral
lefi-sided stimulation, whereas no significant differences between the ventromedial and

dorsolateral positions were found on the right side.

Conclusion: Our study demonstrated the relationship between improvement of non-motor
symptoms and the side (or hemisphere, left/right) of the deep brain stimulation electrode
active contact, rather than its precise localization within the specific parts of the subthalamic

nucleus in patients treated for advanced Parkinson's disease.

Keywords: Parkinson'’s disease, deep brain stimulation, non-motor symptoms
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Introduction

Subthalamic nucleus (STN) and internal globus pallidus are the most common targets for
deep brain stimulation treatment (DBS) in patients suffering from Parkinson'’s disease (PD).

Both provide comparable effect on motor symptoms in advanced stage of PD,

Detailed subsegmentation of the subthalamic nucleus has been the object of several studies.
Recent studies mostly suggested that subthalamic nucleus should be divided into three
anatomical/functional parts: sensorimotor and limbic which are probably located in
dorsolateral and ventromedial portions respectively and associative part between them; with
the motor region having its own somatotopic organization®”. The exact borders between them
have not been established yet. The definite functions of each part are still object of research,
but it seems that stimulation of different parts of STN provide different impact on PD

symptoms.

Recently, Dafsari et al.’ used coordinates of the active electrodes and suggested that more
anterior, medial and ventral subthalamic nucleus deep brain stimulation (STN-DBS) is
related to more beneficial non-motor outcomes in patients with PD. Results of the work of
Petry-Schmelzer et al.” also support the theory of impact of localisation of neurostimulation
in Parkinson's disease on non-motor outcomes. In their study for mood/apathy and
attention/memory domains of Non-motor Symptom Scale for Parkinson's Disease voxels
associated with worse improvement were mainly located dorsal to the subthalamic nucleus.
The better improvement for mood/apathy was observed in the ventral border region of the
subthalamic nucleus in its sensorimotor subregion and for attention/memory in the
associative subregion. For sleep domain, a trend was observed showing voxels with above

average improvement located ventral to the subthalamic nucleus.

Our presented work aimed to study the effect of precise localization of DBS electrodes within
the STN on non-motor symptoms in patients with PD. Our work was based on our previous
study in which we examined the initial effect of STN-DBS on non-motor and motor symptoms,
STN-DBS in patients with advanced PD clearly improved not only motor symptoms, but also
several domains of non-motor functions, namely, sleep, autonomic functions and quality of

8
life".
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- Scales for Outcomes in Parkinson’s disease - Autonomic (SCOPA-

Aut) Questionnaire”

- The Parkinson’s Disease Sleep Scale (PDSS)"*

- International Index of Erectile Function (IIEF)"

- The Female Sexual Function Index (FSFI)”

The data were collected before the surgery, one month after STN-DBS system implantation,
(just before the adjustment of initial stimulation parameters and the start of DBS treatment),
and three months after the start of DBS treatment, i.e., four months following the

implantation.

Finally, the correlations between position of the active contact of the DBS electrode and
change of non-motor symptoms and motor symptoms for each side were calculated (Mann-

Whitney U tes and Fisher's test).

Group level visualisation was performed using Lead-DBS toolbox v2.2.3 (https://www.lead-
dbs.org/) in MATLAB R2019b (MathWorks, Natick, MA). (Figure 2, 3).

Levodopa equivalent daily dose (LEDD) after one month (before primary programming and
after) and at fourt month after the implantation was calculated for each patient and is shown

in Table 2; the stimulation parameters are shown in the Table 3.

Results

Originally, the data from 24 patients were included. After exclusion of electrodes with the
active contact outside of the anatomical borders of STN and electrodes which we could not
evaluate due to other reasons (change of active contact during deep brain stimulation

programming, etc.), the data from 37 electrodes were evaluated.
STN division into three parts:

No electrode active contact was placed ventromedially, where limbic area is supposed to be
located, 28 active contacts were located in the medial part of STN and 9 contacts were found

in the dorsolateral part. Finally, for each side the correlation of change in all used non-motor
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Material and methods

Our prospective single institutional study was approved by the institutional ethics committee
and was conducted according to the Declaration of Helsinki principles. The data from 24
patients who underwent bilateral STN-DBS were used. All patients gave their informed
consent with the inclusion into the study and with the data analysis. All demographical data
of the cohort were described in our previous paper”.

The pre-surgery brain magnetic resonance and post-surgery computed tomography scans
were uploaded into SureTune™ (Medtronic Inc, Fridley, Minnesota, USA) system and then
merged’. This process enabled us to directly visualize the subthalamic nucleus, DBS
electrodes and their leads and provided exact localization of each contact within the parts of
subthalamic nucleus (Figure 1).

The longest axis of each nucleus was divided into parts with the same length; then each
subthalamic nucleus from each patient was divided into parts by perpendicular lines. It has
been decided to use the STN subsegmentation into three parts which was presented in the
recent anatomical papers and then also use a simpler division into just two parts:
ventromedial and dorsolateral. When STN was devided into three parts, the dorsolateral part
represented the sensorimotor part, the medial part represented the associative and the
ventromedial part represented the limbic part of the subthalamic nucleus*> Both above
described processes were done manually using SureTune™ software. Then the DBS
electrodes were divided into groups according to the localization of their active contact.
Electrodes with active contacts placed outside the subthalamic nucleus were excluded and
also the electrodes in which the active contact (and thereby its localisation) was changed
during the initial four months programming were excluded (six on the right side and five on
the left side). The non-motor and motor symptoms had been evaluated using the dedicated

questionnaires, as described into detail in our previous paper”.
These were:

- Movement Disorder Society Unified Parkinson’s Disease Rating Scale, (MDS-
UPDRS) part III: Motor Examination"""'
- Non-motor Symptom Scale for Parkinson’s Disease (NMSS)"*

- The Parkinson’s Disease Questionnaire (PDQ-39)">"*

105



scales and the position of the active electrode contact were calculated. After one month, no

significant difference between medial and dorsolateral position was found.

After four months, no significant difference between active electrode contacts in the medial
and dorsolateral position was found. After four months, no significant difference between

active electrode contacts in the medial and dorsolateral position was found.

STN division into two parts:

Out of the 37 evaluated electrodes, 13 electrodes were located in the ventromedial part and

24 DBS electrodes were placed in the dorsolateral part of STN.

After one month, on the left side, statistically significant improvement was found in the
dorsolateral localization of DBS electrode (P = 0,045) in NMSS; however, no significant
difference between the ventromedial and dorsolateral position on the right side was found

(Table 1, figure 4).

After four months, no significant difference in non-motor symptoms between the ventromedial

and dorsolateral position was found.
Discussion

Temel et al. suggested that STN has anatomically a central position within the basal ganglia
thalamocortical associative and limbic circuits and is acts as a potent regulator of these
pathways'®. Its impact on PD symptoms has been extensively studied”"*!. However, to our
knowledge, only a few studies systematically studied the correlation of DBS active contact
localization and non-motor symptoms. Dafsari et al. used coordinates of the active electrodes
and suggested that more anterior, medial and ventral localization within the STN might be
related to more beneficial non-motor outcomes®. In the study of Petry-Schmelzer et al. voxels
associated with a minimal improvement for mood/apathy and attention/memory were mainly
located dorsal to the subthalamic nucleus. The voxels associated with above average
improvement for mood/apathy were localized into the ventral border region of the
subthalamic nucleus and in its sensorimotor subregion and for attention/memory in the
associative subregion. For sleep domain, an improvement trend was observed in the voxels

located ventral to the subthalamic nucleus’.
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Our presented study showed only the relationship between the side (or hemisphere, left/right)
of the DBS electrode active contact rather than its precise localization within the STN. The
beneficial effect on non-motor symptoms, which was present at Month 1, fall under the
statistical significance at Month 4. This should be explained by the lesional effect after the
implantation, nonetheless, the habituation of the stimulating effect may be also the plausible

explanation.

Different results from previously mentioned studies®” could be explained in several ways:

1.) Unlike Dafsari et al. and Petry-Schmelzer et al, our study used topographicall division of
STN into three/two parts while Dafsari used the coordinates of the active electrodes®. Our
division does probably not exactly represent the somatotopic organization of subthalamic
nucleus which is still object of research and varies depending on methodology of each study®’
and can also differ interindividually. The subdivision into three parts itself is still under
debate ***. This fact is supported by the work of Keuken et al who compared the results of
33 studies of human and non-human primates STN concluding that the variability across
studies is surprisingly large, both in the number of methods used for the subdivision and the
final anatomical borders within the STN**.

2.) The stimulation field probably covers a larger area then just one subsegment of STN.
Work of Mcintyre et al showed that stimulation can result in activation of large diameter (5.7

um) myelinated axons over a volume that spreads outside the borders of the STN>.

3.) Unlike motor effect which almost strictly depends on contralateral stimulation, the non-

motor symptoms depend on the impulses from both electrodes.

CONCLUSION
Our study showed that the localization of stimulating spot of DBS electrode contact within the
subthalamic nucleus may have different impact on the non-motor symptoms of Parkinson's

disease depending on the hemisphere (left/right) in which the electrode is located.
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Table 1: Change in clinical scales after 1 month — left side, division into two parts

Left side - change after one month

ventromedial dorsolateral

Median | Min Max | Median | Min Max p
PDSS 8.0 -2 27 6.0 -24 37 0.567
PDQ-39 -11.5 -47 8 -9.0 -35 37 0.438
NMS -10.0 -41 5 -28.0 -46 -8 0.045
SCOPA-AUT -2.0 -7 3 -2.0 -12 2 0.934
FSFI/IIEF -0.1 -54 8 -1.0 -9 10 0.743
MDS-UPDRS -4.0 -17 2 -4.0 -17 2 0.902

Table 2: LEDD (mg) before the onset of stimulation, after primary programming and after

Jfour months for all patients

Patient. | LEDD before stimulation | LEDD after primary programming | LEDD after4 months

1 1220 760 660

2 920 532 852
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3 1365 1150 910
4 1810 692 692

5 1544 532 798

6 1318 798 798

7 1208 532 532

8 1388 500 500

9 1720 1410 1730
10 2076 998 998

11 753 426 426

12 1671 710 710

13 1746 998 998

14 480 240 240

15 1310 660 660

16 426 0 0

17 1160 798 798

18 1345 692 852

19 1145 692 426
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20 1517 692 692
21 1238 692 692
22 1118 160 426
23 1038 958 1158
24 1810 692 692

Table 3: Stimulation parametersafter primary programming(month 1) and after four months

(month 4) for each patient (active contact or contacts on the first row followed by

intesity/frequency/pulse width)

Patient | Left side, month 1 Right side, month 1 Left side, month 4 Right side, month 4
1 1-2- 9- 1-2- 9-
3,0V/130Hz/60us 2,0V/130Hz/60us 2,5V/125Hz/60us 2,0V/125Hz/60us
2 1- 9- I- 9-
3,8V/130Hz/60us 1,5V/130Hz/60us 3,8V/130Hz/60us 1,8V/130Hz/60us
3 2- 9- 2- 9-
2,8V/130Hz/60 us 2,0V/130Hz/60us 3,1V/130Hz/60us 2,3V/130Hz/60us
4 2- 9- 2- 9-
2,8V/130Hz/60us 2,3V/130Hz/60us 3,1V/130Hz/60us 3,1V/130Hz/90us
5 1- 10- 1- 10-
2,4V/130Hz/60us 3,0V/130Hz/60us 2,7V/130Hz/60us 3,3V/130Hz/60us
6 1- 10- 1- 10-
3,0V/130Hz/60us 3,0V/130Hz/60us 2,8V/130Hz/60us 3,2V/130Hz/60us
7 2- 9- 2- 9-
2,0V/130Hz/60us 1,7V/130Hz/60us 2,7V/145Hz/60us 1,9VI145Hz/60us
8 1- 10- 1- 10-
1,5V/130Hz/60us 2,2V/130Hz/60us 2,0V/130Hz/60us 3,5V/130
Hz/60us
9 0- 8- 0-1+ 8-9+
3,4V/100Hz/60us 3,4V/100Hz/60us 2,0V/100Hz/60us 2,0V/100Hz/60us
10 2- 9- 2- 9-
3,0V/130 Hz/60us 2,0V/130Hz/60us 3,3V/130Hz/60us 2,5V/130Hz/60us
11 1- 9- 1- 9-
2,0V/130Hz/60us 2,4V/130Hz/60us 1,9V/130Hz/60us 2,3V/130Hz/60us
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12 2- 9- 2- 9-
3,0V/145Hz/60us 2,6V/145Hz/60us 3,8V/145Hz/60us 2,6V/145Hz/60us
13 2- 9- 1- 9-
2,5V/130Hz/60us 2,0V/130Hz/60us 2,8V/130Hz/90us 2,3V/130Hz/60us
14 2- 9- 2- 9-
2,8V/130Hz/60us 2,0V/130Hz/60us 3,4V/130Hz/60us 2,2V/130Hz/60us
15 2- 10- 2- 10-
1,3V/130Hz/60us 1,0V/130Hz/60us 2,6V/130Hz/60us 1,1/130Hz/60us
16 1- 9- 1- 9-
1,9V/130Hz/60us 1,3V/130Hz/60us 3,5V/145Hz/60us 1,3V/145Hz/60us
17 2- 10- 2- 10-
1,7V/130Hz/60us 0,8V/130Hz/60us 1,7V/130Hz/60us ,8V/130Hz/60us
18 1- 8- 1- 8-
2,0V/130Hz/60us 1,6V/130Hz/60us 2,0V/130Hz/60us 1,8V/1
30H=z/6
Ous
19 0- 8- 0- 8-
1,9V/130Hz/60us 1,2V/130Hz/60us 1,7V/130Hz/60us 1,0V/130Hz/60us
20 2- 10- 2- 10-
2,0V/130Hz/60us 0,8V/130Hz/60us 2,3V/130Hz/60us 1,1V/130Hz/60us
21 1- 9- 1-2+ 9-10+
2,5V/130Hz/60us 2,5V/130Hz/60us 1,8V/130Hz/60us 1,8V/130Hz/60us
22 1- 10- 1- 10-
2,0V/130Hz/60us 2,5V/130Hz/60us 2,0V/130Hz/60us 2,5V/130Hz/60us
23 1- 10- 1- 10-
2,4V/130Hz/60us 1,4V/130Hz/90us 1,5V/130Hz/60us 1,2V/130Hz/60us
24 3- 9- 1+2- 9-

1,5V/130Hz/60us

1,5V/130Hz/60us

2,0V/130Hz/90us

1,6V/130Hz/90us

Figure 1: Subthalamic nucleus (SureTune)
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Figure 2: Group level visualisation (Lead-DBS tollbox v2.2.3.)

Figure 3: Group level visualization (Lead-DBS toolbox v2.2.3)

Figure 4: Change in NMSS after 1 month — left side, division into two parts

1

§

T
ventromedial dorsolateral
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3. Diskusia

Stucasny pohl'ad na PCh sa vyrazne odlisuje od toho ako bolo toto ochorenie vnimané
pred zaciatkom 21. storocia. Pre PCh bolo charakteristické takmer vylu¢né postihnutie
motorického systému manifestujice sa klasickou tetradou priznakov: tremorom,
bradykinézou, rigiditou a posturalnou instabilitou. Terajsia doba zarad'uje PCh
k ochoreniam, ktoré postihuju cely rad nervovych subsystémov a prejavuje sa rovnako
motorickymi i non-motorickymi symptomami. Mnoho NMS zostava napriek tomuto
faktu stale nerospoznanych a nasledne teda aj nelieCenych. NMS PCh st velmi
rozmanité a Siahaji od neuropsychiatrickych a autonomnych dysfunkcii k porucham
spanku a mnohym dal§im symptémom. Niektoré NMS su povazované za priamy
neziaduci efekt asociovany s dopaminergnou liecbou ako je DDS, liekovo indukované
halucinacie, psychozy alebo posturalna hypotenzia. Intenzita inych sa meni
v zavislosti na momentalnom hybnom stave pacienta alebo aktualnej davke medikacie.
Zacalo sa teda predpokladat’, ze motorické fluktudcie mozu mat’ tiez svoje vyznamné
non-motorické komponenty, ktoré nazyvame non-motorickymi fluktuaciami
(Chaudhuri et al. 2006). VSeobecne povazujeme NMS za stéast’ pokro€ilej PCh
(Martinez-Martin et al. 2007), ale niektoré NMS ako RBD, obstipacia, autonomne
dysfunkcie, depresia ¢i ¢uchovy deficit predchadzaju celé roky rozvoju motorickych
symtomov. Tieto priznaky v si¢asnosti oznacujeme ako premotorické. VVzorec rozvoja

jednotlivych NMS pocas priebehu ochorenia PCh je vyrazne variabilny.

Patofyziologicky podklad NMS u PCh moézZeme rozdelit na dopaminergny a non-
dopaminergny. Je zrejmé, ze niektoré NMS ako halucinacie, demencia, posturalna
hypotenzia, uzkost' a sexudlne problémy maju relativne mala responzibilitu na
dopaminergnu terapiu, zatial' ¢o niektoré iné odpovedaju vel'mi dobre (Chaudhuri et
al. 2009). Predpoklada sa postihnutie centralnych serotoninergnych a noradrenergnych
drah (Zgaljardic et al. 2004).

Na podklade klinicko-patologickych studii sa podarilo ur¢it mnoho centralnych aj
periférnych nervovych Struktur, v ktorych bol preukdzany vyskyt Lewyho teliesok a
Lewyho neuritov a ktorych porusena funkcia je velmi pravdepodobnou az istou
pri¢inou vzniku NMS. Konkrétne patologicko-biochemické korelaty sa nepodarilo

doteraz Uplne objasnit. Koncept 6 $tadii patologického procesu NMS u PCh bol
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uverejneny Braakom a jeho spolupracovnikmi. Na jeho zaklade si mézeme urobit
urcitu predstavu o vyvoji ochorenia. Hawkes a Braak navrhli dudlnu hypotézu pre
patogenézu PCh, ktord predpoklada virdlny neurotropny agens, ktory vstupuje do
mozgu nazalnou cestou a podmienuje anterogradny prenos cestou rozsiahlych spojeni
cuchovej gule stemporalnym lalokom a dalsimi kortikdlnymi oblastami. Tzv.
retrogradny transport méze naopak postihnit’ predizena miechu cez Meissnerov
submukozny plexus a neurény nervus vagus (Hawkes et al. 2007). Willis ponukol
dalsiu  tedriu, vktorej sa PCh povazuje za neuroendokrinné ochorenie
sposobené dopaminovo-melatoninovou nerovnovahou a postihujuce retino-diencefalo-
mezencefalo-pinealnu os (Willis 2008). Manifestacia NMS PCh sa javi byt odliSnou
s ohl'adom na Stadium ochorenia a tiez pravdepodobne reflektuje progresiu samotného
neuropatologického procesu ako navrhuje Braakova hypotéza. Kognitivne problémy
oby¢ajne dominuji neskorym $tadiam PCh (Hely et al. 2008). Avsak Braakove §tadia
sa javia byt trochu kontroverznymi, pretoze cely koncept je zalozeny na depozitoch
Lewyho teliesok a nie na neurdlnej degeneracii a taktiez plne nevysvetl'uje vCasny
vznik kognitivnych problémov napr. Vv pripade demencie s Lewyho telieskami.
Doteraz nebolo dokazané nakolko je pritomna synukleinopatia vyluénym
patologickym substratom degeneracie neurénov, alebo by dokonca mohla

reprezentovat’ ur€ity aspekt ¢innosti protektivnych mechanizmov.

Napriek nevyhnutnosti rozpoznat NMS u PCh mnoho §tudii preukazalo, Ze lekari
Casto zlyhavaju v ich identifikacii pri vySetreni. Toto bolo poprvykrat preukazané
v prospektivnej Stidii so 101 pacientami Shulmanom et al. Tato Stadia postulovala, Ze
neurologovia nie su schopni identifikovat’ hlavné NMS ako je depresia, poruchy
spanku, anxieta a inava u viac ako 50 % pacientov (Shulman et al. 2002). NMS mo6zu
velmi lahko uniknat pozornosti lekara, pretoze konzulticia je koncentrovand na

motorické aspekty ochorenia a pacient alebo oSetrovatel’ ich spontanne nereferuje.

Uvedomovanie si NMS je nevyhnutné v modernej holistickej starostlivosti PCh,
pretoze niektoré z nich su potencidlne lieCiteI'né a je takto mozZné zlepSit’ so zdravim
spojenti kvalitu Zivota “HRQoL* pacientov stouto diagnézou. Stidia RECOVER
(prva dvojito zaslepena placebom kontrolovana stidia s dopaminovymi agonistami),
ktora pouzivala validované non-motorické Skaly (PDSS a NMSS) demonstrovala

vyrazny efekt dopaminergnej terapic na spanok. Doslo k zlepSeniu skorych rannych
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stavov pacientov, k potlaceniu bolesti a zvySeniu celkovej kvality zivota (Trenkwalder
2011).

Non-dopaminergna terapia vSak zostava hlavnym pilierom terapie NMS. Pracovna
skupina Americkej Akadémiec Neurologie extenzivne skiimala a vyhodnocovala NMS
u PCh a poskytla ,,evidence-based* odporu¢ené pokyny pre ich lie¢bu (Zesiewicz et al.
2010). Medzi potencialne lieCitelné zarad'ujeme nadmerné slinenie, obstipaciu,
halucinacie, depresiu, anxietu, RBD a insomniu. Napriek pokroku v manazmente PCh

zostava dokazmi podlozena terapia NMS stale nedostatecna.

Potencial pre ovplyvnenie NMS moze predstavovat aj jeden z terapeutickych
postupov pouzivanych v strednych a pokrocilych stadidch PCh v poslednych dvoch
dekadach — systém STN-DBS. Vaicsine spravne indikovanych pacientov poskytuje
viac konStantny a stabilny benefit v porovnani s ,,¢isto“ farmakologickou terapiou.
STN-DBS znizuje motorické fluktuacie, dyskinézie, bradykinézu, akinézu a tremor.
Rovnako znizuje kvantitativne naroky na dopaminergni liecbu. Pocéetné klinické
Stadie preukazali, Ze STN-DBS signifikantne zlepSuje motorické aspekty PCh a
kvalitu Zivota pacientov s touto diagnézou (Timmermann et al. 2015). Dalsie $tadie
vSak dokumentuju, ze dochadza taktiez K preukazateI'nému zlepseniu aj v niektorych
doménach NMS (Cury et al. 2016, Ineichen et al. 2016, Nassery et al. 2016). Tuto
skutocnost’ sme sa pokusili preukazat’ aj v nasej praci s 24 pacientmi s PCh lie¢enymi
STN-DBS u ktorych sme zaznamenali vyznamné zlepsenie spanku, niektorych
autonomnych dysfunkcii a celkovej kvality Zivota (Kurcova et al. 2018). Efekt STN-
DBS na autondmny nervovy systém demonstrovali uz predchadzajuce Studie (Ludwig
et al. 2007, Halim et al. 2011). Rovnako nase vysledky v spankovom dotazniku PDSS
korelovali s vysledkami 8 §tiidii zhrnutych v metanalyze (Eugster et al. 2016). Niektori
autori predpokladali, Ze stimuldcia STN priamo ovplyinuje spankovu fyzioldgiu cez
anatomické spojenie STN s pedunkolopontinnym jadrom, nucleus raphe a
laterodorzalnym tegmentalnym jadrom. Vzhl'adom na nekompletné ddkazy o efekte
STN na tieto anatomické Struktary skor predpokladame, ze zlepSenie spanku u
pacientov s PCh je sposobené signifikantnym zniZenim noc¢nych motorickych
komplikacii, ,,off-stavov“ a bolestivych skorych rannych dystonii. Rovnaky
mechanizmus bol konstatovany v savislosti s terapiou apomorfinovou pumpou
(Kanovsky et al. 2002, Garcia et al. 2006). V naSej skupine pacientov nebolo zistené

ziadne signifikantné vylepSenie sexudlnych dysfunkcii Vv obidvoch biologickych
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pohlaviach. Tieto vysledky sG v rozpore sinformaciami zaznamenanymi Vv praci
Tyrocki et al. vroku 2010. Vysvetlenim moze byt kratke trvanie stimulécie.
Predchadzajuce Studie v porovnani SnaSimi vysledkami nepreukézali zlepSenie
sexualnych dysfunkcii u Zien (Castelli et al. 2004). Vzhl'adom na fakt, Ze v nasej stadii
bolo zastupeny nizky pocet zien, nepovazujeme tento vysledok za relevantny. Niektoré
Stadie demonstrovali zlepSenie poruch kontroly impulzov po STN-DBS podlozené
klinickym diagnostickym rozhovorom a neuropsychologickym vySetrenim (Merola et
al. 2017). V naSej skupine pacientov boli len 3 pacienti so zaznamenanymi poruchami
kontroly impulzov (patologické hra¢stvo, kompulzivne nakupovanie), ¢o je nizke Cislo

pre Statistické vyhodnotenie pripadného zlepsenia.

NMS PCh tvoria v sucasnosti integralnu sucast’ tohto ochorenia a je opakovane
dokazané, ze predstavuji pre pacientov s touto diagnézou vacsiu zataz ako samotné
priznaky motorické. NMS ovplyviiujtt  HRQoL cez priame dosledky tychto
symptomov (napr. depresiu a spankové dysfunkcie ako determinanty HRQoL) a
taktiez nepriamo z dovodu invalidizacie podmienej NMS. Depresia, poruchy spanku,
nadmerné slinenie, zdvazna obstipacia, poruchy pozornosti a mocenia sa zavazne

podpisuju na HRQoL (Chaudhuri et al. 2007, Martinez-Martin et al. 2009).

NMS sposobuju signifikantni zataz nielen pre samotného pacienta ale aj pre jeho
oSetrovatel'ov. Tito byvaju najviac zatazovani depresiou pacienta, jeho kognitivnym
deficitom, poruchami spanku a halucinaciami. Studia $pecificky porovnavajuca efekt
motorickych a NMS na oSetrovanie pacientov s PCh zaznamenala, Ze pacientova
depresia a kognitivny deficit maji najvacsi vplyv na depresiu a celkové zataZenie

oSetrovatel'ov (Carter et al. 2008).

Kone¢ne NMS predstavuju vel’ka finanénu zataz pre samotného pacienta a aj pre
systétm verejného zdravotnictva. NMS (napr. pady, demencia a halucinacie) su
najéastejSie dovody hospitalizacie pacienta s PCh v nemocnici alebo jeho umiestnenia
V socidlnom zariadeni s oSetrovatel'skou sluzbou. Vcasnou identifikaciou NMS mdzu
lekari poskytnut’ pacientom s PCh zlepsenie kvality zivota, o mdze nasledne znizit
ekonomické dopady diagnozy (Keranen et al. 2003, Chaudhuri et al. 2005). Zasadny
vyznam ma d’alej aj skuto¢nost’, aby vsetky aktualne a buduce klinické $tadie novych
potencialnych lie¢iv fokusovali aj na NMS a nie iba na tradi¢ne posudzované

motorické priznaky PCh.
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4. Zaver

NMS PCh predstavuju v 21. storo¢i integralnu sucast’ tohto oChorenia a musime im
nevyhnutne venovat' rovnaki mieru pozornosti ako prejavom motorickym. Mnohé
Z tychto priznakov st potencialne lieCitené a maju zaroven vyrazny dopad na HRQoL
pacientov stouto diagnézou. Je potrebné mat’ na pamiti, ze cely rad NMS (a
predovsetkym tzv. pre-motorické priznaky) pacienti sami spontanne nereferuju.
Z tohto dévodu je nevyhnutné aktivne anamnestické patranie po tychto priznakoch a to
bez ohl'adu na niektoré poucky o nepripustnosti kladenia sugestivnych otazok. Za
samozrejmost povazujeme ich nasledny terapeuticky manazment v sulade

s poznatkami doby.

Vysledky nasej prvej prace dokumentujui, ze terapia STN-DBS ovplyviiuje NMS PCh,
¢o je v korelacii s vysledkami viacerych d’alsich klinickych $tadii. Nasou limitaciou
bol relativne nizky pocet pacientov a kratka doba hodnotenia efektu. Napriek tomu sa
nam podarilo preukdzat' jednoznacny trend, Ze pouZitie systétmu STN-DBS ma
nepopieratelny efekt nielen na symptomy motoricke, ale aj na non-motorické aspekty
ochorenia. Toto zistenie povazujeme za prinos v tvorbe koncepcie terapie PCh v

budtcnosti.

V nasej druhej praci nadvidzujeme na vysledky nasej predchadzajucej klinickej studie.
Pokusili sme sa preukdzat’ urcitu asociaciu medzi zlepSenim NMS PCh a presnou
polohou a lokalizaciou elektrod v subthalamickom jadre. Podarilo sa nam
demonsStrovat’ isty vztah medzi stranami (alebo hemisférami l'avej/pravej) aktivnych
kontaktov STN-DBS. Pouzivali sme topografické rozdelenie STN do 2 — 3 cCasti
(podsegmentov), ale toto rozdelenie pravdepodobne presne nereprezentuje
somatotopicku organizaciu STN, ktora je stale predmetom vyskumu a odliSuje sa
podla pouzitej metodiky V jednotlivych Stadiach a rovnako medzi jednotlivcami
(interindividualne). Rovnako objem stimulovaného tkaniva pravdepodobne presahuje
jeden podsegment STN. Ziskané vysledky povazujeme za prisl'ub pre budiicnost’, kedy
planujeme rozsirit’ sibor pacientov. MdZeme ocakavat’ obohatenie naSich poznatkov o

subthalamickom jadre a samotnej STN-DBS.
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5. Sdahrn

5.1. Saihrn slovensky

Non-motorické symptémy (NMS) dnes povazujeme za neodmyslitelnu stcast’
klinického obrazu Parkinsonovej choroby (PCh) a to v skorych Stadiach tohto
ochorenia rovnako ako pocas celého jeho priebehu. Mnohé z nich zaznamenavame
dokonca uplne Vv prvopociatku PCh este pred manifestaciou klasickych motorickych
priznakov. Hlbokd mozgova stimulacia subthalamického jadra (STN-DBS) je
Vv sucasnosti dobre zavedenou terapeutickou metédou ovplyvnenia motorickych
priznakov dnes uz nielen pokrocilych stadii PCh. Avsak evidencia o efekte tejto

terapie na non-motorické aspekty ochorenia sa nam stale javi byt’ nedostato¢na.

V nasich pracach referujeme o vysledkoch nasho vyskumu, v ktorom sme sa pokusili
preukazat’ pozitivny efekt STN-DBS na incidenciu NMS u pacientov s PCh a testovat’
hypotézu, Ze tento benefit koreluje s presnou lokalizaciou elektrod v subthalamickom

jadre.

V prvom vyskume sme sa sutredili na vyskyt NMS ale aj motorickych priznakov PCh
pred implantaciou systému STN-DBS a nasledne v pravidelnych ¢asovych intervaloch
po tejto intervencii. NaSa praca sa sustredila na inicialny efekt STN-DBS, takze
vyhodnotenie bolo uskutoénené po 1 (M1) a po 4 mesiacoch od implantacie (M4 - 3
mesiace po nastaveni stimulacie). Do §tidie sme zaradili 24 pacientov (4 zeny / 20
muzov), ktori boli v naSom centre lieeni pre pokrocilu PCh a podstupili terapiu STN-
DBS. Neuropsychologické a neuropsychiatrické vySetrenie vylucilo vyznamné
psychiatrické ochorenie alebo demenciu. V danej skupine pacientov sme
vyhodnocovali NMS a motorické priznaky s pouzitim Standardizovanych dotaznikov.
Pre motoriku sme pouzili dobre zauzivanu tretiu ¢ast’ dotazniku ,, Movement Disorder
Society Unified Parkinson’s Disease Rating Scale MDS-UPDRS - Motor
Examination* (MDS-UPDRS), pre non-motorické prejavy ,,Nonmotor Symptoms
Scale for Parkinson’s Disease (NMSS), ktora testuje frekvenciu a zavaznost NMS
pocas uplynulych mesiacov, d’alej dotaznik ,, The Parkinson’s Disease Questionnaire “

(PDQ-39), dotaznik ,,Scales for Outcomes in Parkinson’s Disease - Autonomic
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Questionnaire” ( SCOPA-AUT), s8kalu ,, The Parkinson’s Disease Sleep Scale”
(PDSS), modifikovana Skala , Jay Modified Minnesota Impulsive Disorders
Interview “ (MMIDI) a dotazniky pre sexualne dysfunkcie muzov a Zien - International
Index of Erectile Function® (IIEF) a ,,The Female Sexual function Index (FSFI).
Pouzivali sme Standardnym spdsobom prelozené Ceské verzie dotaznikov. Dotazniky
si UCastnici vyplnovali sami v papierovej forme s vynimkou s$kaly MDS-UPDRS
a NMSS, kde bola nevyhnutna asistencia lekara. Bilateralna STN-DBS u pacientov
s PCh v prvom mesiaci signifikantne znizila PDQ-39 skore (P=.018) a SCOPA-AUT
skore (P=.002). Ale 4 mesiace po implantacii, PDQ-39 a SCOPA-AUT skore sa znovu
zvysili arozdiel vhodnotach nebol viac Statisticky signifikantny. Inicialne
signifikantné zlepSenie v PDQ-39 hodn6ét v M1 bolo nasledované navratom
k prakticky identickym hodnotam ako pred chirurgickym zakrokom v M4. Tento fakt
podl'a nasho nazoru vychadza z pacientovych o¢akavani, ktoré vyznamne ovplyviiujh
kvalitu Zivota. Inicialne postchirurgické zlepSenie stale pritomné v M1 bolo sposobené
pozitivhymi o€akdvaniami pacienta ktory veril, Ze proces stimuldcie podstatne zlepsi
jeho motorické funkcie. Pomaly a postupny priebeh zlepSovania pocas prvych 3
mesiacoch stimulacie zmenil jeho povodny postoj a preto PDQ-39 skore v M4 moze
reflektovat’ nelplne naplnené ocakavania. V pripade autondémnych dysfunkecii
predchadzajtice Studie pouzili odlisné dotazniky k uréovaniu autondémnych tazkosti,
takze bolo komplikované porovnavat ich vysledky s nasimi. Zaznamenali sme vysoko
signifikantné zlepSenie po chirurgickom zakroku (M1) a nasledny navrat k pévodnym
hodnotdm v M4. Tento rozdiel moZe byt vysvetleny rovnako léziondlnym efektom
implantacie ako pozitivnymi o¢akavaniami, ktoré mozu zasiahnut' domény hodnotené
v SCOPA-AUT skale. NMSS skore sa signifikantne zlepsilo v M1 (P<.001) av M4
zostalo signifikantne nizSie ako pred stimuldciou (P=.036). Kardiovaskularne,
Spanok/Unava, Gastrointestinalne a Urinarne podskére boli signifikantne znizené
v M1, ale v M4 zostala signifikantne znizena len Zmiesana $kala. Je komplikované
uvazovat’ ¢i zlepSenie V tychto doménach bolo sposobené 1ézionalnym efefktom STN
implantdcie alebo sa jedna o0 efekt pacientovych ocakdvani. My sa priklaname
k nazoru, Ze i§lo o lezionalny efekt v doméne Spanok/Unava, pretoze tento bol
preukdzany v predchadzajicich Stadiach. Nezaznamenali sme Ziadny signifikantny
rozdiel v PDSS skore medzi zaciatkom a M1 po STN-DBS implantécii, ale doslo
k signifikantnému zvyseniu v PDSS skore v M4 (P=.026). Nase vysledky v tomto
skore koreluju s vysledkami dalSich s§tadii. MDS-UPDRS Part III skore ukazuje
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signifikantné zlepsenie v M1 po STN-DBS implantacii (P<.001) a rovnako v M4. Toto
zlepSenie bolo vysoko signifikantné, ¢o sme ocakavali vzhl'adom na to, ze terapia
STN-DBS bola primarne vyvinutd a indikovana pre liecbu motorickych komplikacii
PCh. Liecba systtmom DBS nevyustila v ziadne signifikantné zmeny vo FSFI alebo
VIIEF v M1 av M4. U muzov nebolo Ziadne signifikantné zlepSenie alebo trend
medzi zédkladnymi hodnotami IIEF na zaciatku av M1 a M4. NaSe zistenia neboli
V korelacii s d’alSimi Stadiami, Co si vysvetlujeme relativne kratkym trvanim
stimulacie. Predchadzajuce S$tadie nezaznamenali ziadne signifikantné zlepSenie
sexualnych dysfunkcii u zenskych participantov podstupujucich STN-DBS. Pocet zien
v nasej stadii bol vel'mi nizky, takze vysledky nie su S$tatisticky relevantné. Poruchy
kontroly impulzov boli pritomné len u4 pacientov, takze tieto vysledky rovnako
z matematicko-statistickych dovodov neprikladdme. Napriek uréitym limitaciam nasa
pilotna studia poskytuje presved¢ivé indicie, ze STN-DBS u pacientov s pokrocilou,
komplikovanou PCh zlepSuje nielen motorické, ale aj niecko’ko domén non-
motorickych funkcii (menovite spanok, autonémne funkcie a kvalitu Zivota) a toto

zlepsenie je pritomné ihned’ od zaciatku stimulacie.

V naSom druhom vyskume sme hodnotili priamy vplyv lokalizacie aktivnych
kontaktov elektrod hlbokej mozgovej stimulacie (DBS) v ramci rozlicnych casti
subthalamického jadra (STN) na zlepSenic NMS pacientov s PCh. Priamo sme
nadviazali na vysledky nasej prvej pilotnej $tadie. STN bolo rozdelené na 2
(dorzolaterdlnu a ventromedidlnu) a 3 (dorzolaterdlnu, medidlnu a ventromedidlnu)
asti. 37 STN-DBS elektrod sme rozdelili do skupin podla lokalizacie ich aktivnych
kontaktov. Hodnotili sme korelaciu medzi zmenou NMS pred STN-DBS a v M1 a M4
po implatacii DBS elektrod. Pri rozdeleni STN do 3 casti, Ziadny aktivny kontakt
elektrody nebol umiestneny ventromedialne, 28 aktivnych kontaktov bolo
umiestnenych v medialnej ¢asti a 9 kontaktov bolo lokalizovanych dorzolateralne. Po
1 a4 mesiacoch, sme nepozorovali ziadny signifikantny rozdiel medzi medialnou
a dorzolateralnou poziciou. Pri rozdeleni STN do 2 <casti bolo 13 kontaktov
lokalizovanych vo ventromedialnej Casti a 24 kontaktov v dorzolateralnej casti STN.
Po 1 mesiaci bolo preukdzané velké zlepsenie v NMSS (P=.045) pri lavostrannej
stimulacii, avSak nezistili sme ziadny signifikantny rozdiel medzi ventromedialnou

a dorzolateralnou poziciou. Tato Stadia sa pokusila demonstrovat’ vztah medzi
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zlepSenim NMS a stranou (alebo hemisférou - lavou/pravou) aktivnych kontaktov

DBS elektrod pacientov liecenych pre pokrocilti PCh.
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5.2. Summary

Non-motor symptoms (NMS) are now considered as an essential part of Parkinson’s
disease’s (PD) clinical picture, both at the early stages and throughout the whole
course of the disesase. Many of them are even reported at the very onset of the disease,
before any of the classical motor symptoms develop. Nowadays, deep brain
stimulation of the subthalamic nucleus (STN-DBS) is a well established symptomatic
treatment of motor complications in advanced PD. Nevertheless, the evidence about
the effects of STN-DBS on non-motor aspects of the disesase is still insufficient.

In our studies, the results of our research were reported, in which we wanted to prove
the positive effect of STN-DBS on the incidence of NMS in PD patients and whether it
is possible that this benefit correlates with the precise localization of the electrodes in
the subthalamic nucleus (STN).

In the first study we concentrated on the occurrence of non-motor and motor
symptoms in PD before the implantation STN-DBS and at regular intervals afterwards.
We focused on the initial effect of STN-DBS, thus the evaluation was performed
before the implantation and at 1 (M1) and 4 months following the implantation (M4 -
3 months after setting up STN-DBS). For the study we recruited 24 patients to the
study (4 females/ 20 males), who were treated in our centre for advanced PD and
underwent STB-DBS therapy. Neuropsychological and neuropsychiatric assessments
excluded any significant psychiatric disorder or dementia. We evaluated non-motor
and motor symptoms in that group of patients using standardized questionnaires. For
the evaluation of the motor symptoms we used the well utilised part 111 of the
questionnaire ,, Movement Disorder Society Unified Parkinson’s Disease Rating Scale
MDS-UPDRS - Motor Examination“ (MDS-UPDRS), for the non-motor symtoms

,, Nonmotor Symptoms Scale for Parkinson's Disease “ (NMSS), which tests the
frequency and severity of NMS over the previous months, then ,, The Parkinson s
Disease Questionnaire* (PDQ-39), ,,Scales for Outcomes in Parkinson's Disease -
Autonomic Questionnaire ( SCOPA-AUT), ,, The Parkinson’s Disease Sleep Scale
(PDSS) and the modified version, ,,Jay Modified Minnesota Impulsive Disorders
Interview “ (MMIDI) a questionnaires for sexual dysfunctions in male and in female -

International Index of Erectile Function* (IIEF) a ,, The Female Sexual function Index “
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(FSFI). The scales translated into Czech in a standard way were used. The participants
completed the hard copy questionnaire by themselves exept for the MDS-UPDRS and

NMSS scales when the physician assistance was necessary.

Bilateral STN-DBS in patients with PD at M1 significantly reduced PDQ-39 scores
(P=.018) and SCOPA-AUT scores (P=.002). But 4 months after implantation, the
PDQ-39 and SCOPA-AUT scores were again increased, and the difference in the
value before the stimulation was no longer statistically significant. An initial
significant improvement in the PDQ-39 value in M1 was followed by a return to
practically identical values as before surgery in M4. This fact, is in our opinion, a
holistic reflection of the fact that quality of life is significantly affected by patients’
expectations. The initial post-surgical improvement, still present at the M1 visit, was
caused by the positive expectations of patients who believed that the stimulation
process would substantially improve their motor symptoms. The slow and only
gradual course of improvement over the first three months of stimulation changed the
original position, and thus the PDQ-39 score at M4 may reflect incompletely fulfilled
expectations. In the case of autonomic dysfunctions, previous studies used different
scales to assess autonomic functions, so it is difficult to compare their results with our
results. Nevertheless, we recorded a highly significant improvement following the
surgery (M1), and a subsequent return to the values before surgery at M4. This
difference can be explained by either lesional effects of the implantation, or by
common positive expectations, which may afflict the functions assessed in the
SCOPA-AUT scale. NMSS scores improved significantly at Month 1 (P< .001); at
Month 4, the scores remained significantly lower than before stimulation (P=.036).
The Cardiovascular, Sleep/Fatigue, Gastrointestinal, and Urinary subscores were
significantly reduced at Month 1, but at Month 4 only the Miscellaneous score had a
significant reduction. It is hard to speculate whether the improvements in these
domains were caused by the lesional effect of the STN implantation, or whether it is
a behavioural rebound effect of the patient’s positive expectations. We favour the
lesional effect in the Sleep/Fatigue domain, because this has been reported in previous
studies. There was no significant difference in PDSS scores between baseline and
Month 1 after DBS implantation, but there was a significant increase in PDSS score at
Month 4 (P=.026). Our PDSS results correlate with the results of the other studies.
MDS-UPDRS Part Il scores show a significant improvement at Month 1 (P<.001) and
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at Month 4 after DBS implantation (P<.001). The improvements were highly
significant, as could be expected since STN-DBS was primarily developed and is
indicated for the treatment of motor complications of PD. DBS treatment resulted in
no significant changes in FSFI or in 1IEF at Month 1 or at Month 4. There was no
significant improvement or trend between the mean values of IIEF at baseline and M1
and M4 in males. This finding contradicts previous studies which can be caused by the
relatively short period of stimulation. Previous reports did not note any significant
improvement of sexual dysfunction in female subjects undergoing STN-DBS. The
number of female subjects in our study was very low, so the results are not relevant.
Impulse control disorder was present in only 4 patients, so we do not list the results as
they cannot be considered relevant. Despite the several limatations of this work, our
pilot study provides clear evidence that STN-DBS in patients with advanced,
complicated PD quickly improves not only motor symptoms, but also several domains
of non-motor functions, namely sleep, autonomic functions and quality of life, and this

improvement is present immediately following the start of stimulation.

In our second research we evaluated the direct impact of localization of deep brain
stimulation (DBS) electrodes active contact within the different parts of subthalamic
nucleus (STN) on the improvement of NMS in patients with PD. We directly followed
the results of our first study. STN was divided into two (dorsolateral/ventromedial)
and three (dorsolateral, medial, ventromedial) parts. 37 DBS electrodes were divided
into groups according to their active contact localization. Correlation between change
in NMS before deep brain stimulation and one and four months after deep brain
stimulation electrode implantation and the localization of active contact was evaluated.
When dividing the STN into three parts, no electrode active contact was placed
ventromedially, 28 active contacts were located in the medial part and 9 contacts were
found dorsolaterally. After one and four months, no significant difference between
medial and dorsolateral position was observed. When dividing STN into two parts, 13
contacts were located in the ventromedial part and 24 contacts were placed in the
dorsolateral part of the subthalamic nucleus. After one month, a greater improvement
in the NMSS (p = .045) was found when the left-sided stimulation was considered,
whereas no significant differences between the ventromedial and dorsolateral positions

were found on the right side. This study demonstrated the relationship between the
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improvement of NMS and the side (or hemisphere, left/right) of the DBS electrode
active contact in patients treated for advanced PD.
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