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Abstrakt

Funkéni poruchy hybnosti (FPH) znamé také pod pojmy konverzni, psychogenni nebo
disociativni motorické poruchy jsou komplexni a klinicky heterogenni jednotkou zahrnujici
fadu motorickych fenotypl a pfidruzenych non-motorickych symptomd. | pres potencialni
reverzibilitu maji ¢asto chronicky pribéh a nepfiznivou prognézu. FPH byly odbornou
spole¢nosti |éta opomijeny a fazeny do jakési Sedé zény na neuropsychiatrickém pomezi.
Navzdory vyznamnym pokrokdm v poslednich dvou desetiletich, z(istava tato problematika
v mnoha ohledech nedostate¢né objasnéna a pochopena. Cilem zde prezentovanych studii
bylo vyplnit nékteré mezery v pozndani neurofyziologickych a klinickych korelati u FPH. Prvni
studie se zaméfila na vySetieni robustniho neurofyziologického fenoménu prepulzni inhibice
(PPI1). Nalezeni alteraci v PPl u pacientld s FPH soucasné s predchozimi ndlezy snizené PPl u
jinych funkénich syndrom( podpotilo souc¢asny neurobiologicky model, ktery navrhuje, Ze se
vzniku vSech typ( funkénich symptom( ucastni jednotné neuralni mechanismy. Narusena PPI
dale zddraznuje odliseni funkénich poruch od faktitivni poruchy nebo simulace. Druha studie
méla dva hlavni cile: ozfejmit vztahy mezi motorickymi, non-motorickymi symptomy a kvalitou
Zivota a také prokazat existenci eventualnich klinickych subtypl uvniti této heterogenni
jednotky na vétSim vzorku pacientll s FPH. Byla zjiSténa vysokd mira korelace mezi
hodnocenymi doménami a absence homogennich clusterd. Tyto vysledky prispivaji k diskusi o

sjednoceni funkcnich a somatickych syndrom v klasifikacnich schématech.

Klicova slova: biomarkery, funkéni poruchy hybnosti, neurofyziologie, non-motorické

pfiznaky, prepulzni inhibice



Abstract

Functional Movement Disorders (FMD), also known as conversion, psychogenic, or
dissociative motor disorders, are complex and clinically heterogeneous group of diseases. In
addition to motor symptoms, FMD are manifested by a number of comorbid non-motor
symptoms. Despite the potential reversibility, these disorders still have an unfavourable
prognosis and are associated with a low quality of life. Regardless of the growing interest of
both clinical and research communities over the last two decades, this issue remains
insufficiently understood in many aspects. The aim of the presented studies was to fill some
gaps in the knowledge of neurophysiological and clinical correlates in FMD. The first of the
presented studies explored the robust neurophysiological phenomenon of prepulse inhibition
(PP1) in FMD. The alteration in PPI, along with previous findings of a reduced PPI in other
functional syndromes, supported a possible unified pathophysiology across functional
neurological and somatic syndromes with implications for diagnostic classification and
development of novel biomarkers and treatments. These results are in line with the
differentiation FMD from feigned or malingered phenomena. The aim of the second study was
to explore the relationship between common motor, non-motor symptoms and health-related
quality of life in a large cohort of patients with FMD. To understand the clinical heterogeneity,
cluster analysis was used to search for subgroups within the cohort. We interpreted the lack
of evidence of clusters along with a high degree of correlation between domains. Our results

support the unification of functional and somatic syndromes in classification schemes.

Key words: biomarkers, functional movement disorders, neurophysiology, non-motor

symptoms, prepulse inhibition



Seznam zkratek

BDI-II Beckova skala deprese

BP Ptipravny motoricky potencial (Bereitschaftpotencial)
BR Blink reflex

DSM Diagnosticky a statisticky manual dusevnich poruch
EEG Elektroencefalografie

EMG Elektromyografie

EQ-5D-3L  5dimenzionalni 3urovriovy dotaznik EuroQolL

EQ-VAS Vizualni analogova skala EuroQolL

FMD Functional movement disorders
FNP Funkéni neurologicka porucha
FPH Funkéni porucha hybnosti

FSS Skala pro méfeni tize Gnavy
HRQolL Kvalita Zivota vztazena ke zdravi
IF Impakt faktor

KBT Kognitivné-behavioralni terapie
MEP Motorické evokované potencidly
MKN Mezinarodni klasifikace nemoci
NRS Numericka skala bolesti

OoCD Obsedantné — kompulsivni porucha

OCI-R  Dotaznik k posouzeni miry OCD priznak( (Obsessive-Compulsive Inventory Revised)
OXTR Gen kddujici oxytocinovy receptor

PHQ-15 Dotaznik o zdravi pacientl (Patient-Health-Questionnaire)



PNES Psychogenni neepileptické zachvaty

PPI Prepulzni inhibice
QoL Kvalita Zivota (Quality of life)
QPC Dotaznik kognitivnich stiznosti (Le questionnaire de plainte cognitive)

SARS-CoV-2 Severe acute respiratory syndrome — related coronavirus
SD Smérodatna odchylka
SF-12 12polozkovy dotaznik kvality Zivota (Short Form Health Survey)

S-FMDRS Zjednodusena Skdla funkénich poruch hybnosti (The Simplified Functional

Movement Disorders Rating Scale)

SMSS Subjektivné hodnocena tize motorickych symptom(
SPECT Jednofotonova emisni vypocetni tomografie

STAI X-1 Dotaznik uzkosti

STAI X-2 Dotaznik uzkostlivosti

TMS Transkranialni magneticka stimulace

TNFalfa Tumor necrosis factor a

TRPA1 Gen kédujici ankyrin 1 (Transient Receptor Potential Cation Channel Subfamily A
Member 1)

WHO Svétova zdravotnickd organizace
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1. Uvod do problematiky

1.1. Definice

Funkéni poruchy hybnosti (FPH) jsou soucasti SirSiho spektra tzv. funkénich neurologickych
poruch (FNP). Hovorime zde o jednom z nej¢astéjsich neurologickych onemocnéni, se kterym

se setkdva v bézné klinické praxi kazdy neurolog (Stone et al., 2010).

Zakladnimi charakteristikami FPH jsou inkonzistence, tj. nestdlost, proménlivost hybnych
projevi vlivem distrakce pozornosti ¢i diky nefyziologickym manévrim (napf. sugesce,
placebo efekt) a inkongruence, tj. nesoulad hybnych obtizi s klinickym obrazem jiného
organického neurologického onemocnéni (Gupta et Lang, 2009). Na téchto tzv. pozitivnich

pfiznacich jsou v soucasnosti zalozena diagnosticka kritéria.

K této definici je zasadni dodat, Ze ackoliv FPH maji charakter volnich pohybl, pacienti je
vnimaji jako nevédomé, mimovolné, nemaji je pod kontrolou (Edwards et al., 2013b). To je
také odliSuje od tzv. faktitivni poruchy, u niz jsou védomé vytvorené symptomy zdrojem
psychologického zisku ¢i od simulace, kde jsou pfiznaky produkovany za ucelem materialniho

zisku €i ziskani vyhod (Sharpe, 2003).

1.2. Terminologie a klasifikace

V neddvné minulosti byl spojovan rozvoj funkénich symptomd s prozZitim emociondlniho
traumatu a byla zdGrazriovana role psychologickych faktor(i, coz se také odrazi v celé radé
uzivanych oznaceni. Kromé tradi¢niho oznaceni , konverzni“ nebo ,,disociativni“ byl zaveden
termin ,psychogenni“ (Espay et al., 2009). Tato oznaceni spolu s dalSimi jako jsou
»psychosomatické”, , hysterické”, ,medicinsky nevysvétlené” pak predstavuji pro pacienty
stigma spojené s ,prehanénim, vymyslenim si ¢i blaznénim*“. To mlze mit negativni dopad na
socidlni status nemocného, na opravnénost pfipadného zneschopnéni, ale i na pfijeti diagndzy
¢i compliance k terapii (Edwards et al., 2013a; Stone et al., 2002; Stephen et al., 2021). Novéji
zavedeny termin ,funkéni” je nejen snaze pfijatelny pro pacienty, ale je také v souladu
s novéjSimi poznatky o patofyziologii tohoto onemocnéni, které shrnuje tzv. neurobiologicky

model.
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Ten predpokladd vznik funkcnich priznakd na podkladé zmeén v procesech spojenych
s oCekavanim senzorickych viem( a jejich interakci s pozornostnimi mechanismy a naslednym

narusenim normalni percepce a volni motoriky.

Nejednotnost v oznacdenich stejné jako v diagnosticko-terapeutickém pfistupu k funkénim
neurologickym porucham se odrazi také na poli klasifikace, ani zde neni situace zcela
prehledna. FPH nejsou oficidlni diagnostickou jednotkou. V 10. revizi Mezinarodni statistické
klasifikace nemoci a pridruzenych zdravotnich problém0 (MKN-10), kterd je v nasich
podminkach zdvaznou klasifikaci od r. 1994 a je platna aZ do konce roku 2021 jsou vedeny jako
disociativni motorické poruchy, které jsou soucdsti SirSiho spektra disociativnich poruch.
Konverzni porucha je v MKN-10 uzivana jako synonymum, event. povazovana za podskupinu

poruch disociativnich (www.uzis.cz).

Definice uvadéné v MKN-10 jsou vzhledem k souc¢asnému chdpani funkénich neurologickych
poruch zastaralé, nebot stale zdlraznuji roli psychologickych faktord, které dnes nejsou
povazované ani za nezbytné, ani za dostate¢né pro vznik FNP. Disociativni poruchy jsou podle
MKN-10 definovany ¢astecnou ¢i Uplnou ztratou normalni integrace mezi vzpominkami na
minulost, védomim vlastni identity, bezprostrfednich pocitd a kontrolou pohybU téla. Jedna se
tedy o dusevni poruchy zahrnujici zazitky rozpojeni a chybéni kontinuity mezi myslenkami,

vzpominkami, okolim, ¢innostmi a identitou.

Soucasny pohled na problematiku funkénich neurologickych poruch lépe vystihuje 5. revize
amerického Diagnostického a statistického manudlu dusevnich poruch (DSM-5), ktery je cely
vénovan pouze psychiatrické diagnostice a vysel v platnost v roce 2013. V DSM-5 je konverzni
porucha uvedena jako samostatné onemocnéni prezentujici se neurologickymi pfriznaky (napft.
slabost, necitlivost, zachvaty pripominajicich epilepsii ¢i synkopu), které nejsou disledkem

rozpoznaného neurologického onemocnéni.

V DSM-5 je uvedena kategorie poruch se somatickymi pfiznaky, kterd mimo jiné zahrnuje
pravé konverzni poruchy a nahrazuje kategorii tzv. somatoformnich poruch, jak ji uvadi MKN-
10. Definice téchto diagnostickych jednotek se v obou klasifikacich vyrazné lisi. MKN-10
definuje somatoformni poruchy prezentaci somatickych symptoma spolecné s perzistentnim
vyzadovanim vysetieni i pfes opakované negativni nalezy a ujisténi Iékaru, ze priznaky nemaji

somaticky podklad —tzn. jedna se v zasadé o diagndzu per exclusionem.
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V DSM-5 je ekvivalentem somatoformni poruchy porucha se somatickymi symptomy a
souvisejici poruchy. Pro stanoveni diagndzy musi byt somatické priznaky spojeny s vyraznou
nepohodou a disabilitou, byt provazené excesivnimi myslenkami o ptiznacich, abnormalnimi
pocity a chovanim — tzn. Iékaf vyhodnocuje nepfimérenost subjektivniho proZivani ptiznaku
pacientem. Je tedy kladen diraz na zplsob prezentace a interpretace priznaku pacientem
spiSe neZ na samotny somaticky ptiznak ¢i jeho plvod. Pfednosti tohoto pojeti je oslabeni

vyznamu ,medicinské ne/vysvétlitelnosti” somatického pfiznaku (Kosova et Serranova, 2020).

Americké klasifikaci DSM-5 se v definicich a v Clenéni pfiblizuje 11. revize Mezinarodni
klasifikace nemoci (MKN-11), ktera byla schvalena v kvétnu 2019 na 72. Svétovém
zdravotnickém zasedani a vstupuje v platnost dne 1.1.2022. Dokonceni pFiprav ¢eské verze je

planovdno na konec roku 2022.

MKN-11 rozliSuje tzv. disociativni poruchy s neurologickymi pfiznaky (Dissociative
neurological symptom disorder) v sekci mentalnich, behavioralnich a
neurodevelopmentarnich poruch a pouze tfi Cisté neurologické diagndzy: Funkéni tremor,
Funkéni parkinsonismus, Funkéni dystonie a spasmy fazené do neurologické sekce. Obdobou
somatoformni poruchy uvadéné v MKN-10 jsou tzv. poruchy s pfiznaky télesné nepohody Ci

télesnych zazitk( (Disorders of bodily distress or bodily experience).

1.3. Epidemiologie

Nejasnosti v oblasti definice a zmény diagnostickych kritérii ztéZuji provedeni kvalitnich
epidemiologickych studii a stanoveni obecné populaéni incidence a prevalence FNP véetné
FPH (Carson et al.,, 2016). Primarni problém pro epidemiologii predstavuje puavodni
psychodynamicka definice vychazejici pfimo z freudovského modelu, ktera predpoklada vznik
symptomU na podkladé potlaceni psychického traumatu vyusténého v psychické vypéti, jez se
manifestuje fyzikalnimi symptomy (Breuer et Freud, 1916). V tomto kontextu je problém se
zarazovanim pacientl, ktefi produkuji funkéni symptomy, i bez predchazejicich psychickych

traumat a stresoru.

Novéjsi definice, zalozena na pritomnosti neurologickych symptom s presné danymi znaky,

jez jsou testovatelné a reprodukovatelné, umoziuje koherentni pfistup a celkové situaci
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zjednodusSuje. Pro epidemiologické studie mize byt problémem i nepfesné vymezeni hranic
mezi tim, kdy je jiz dany symptom natolik zdvazny, Ze uz ho lze povaZovat za poruchu.
Prikladem miiZze byt prechodna mirnd kolabujici slabost dolnich koncetin u pacienta se
zndmou polyneuropatii dolnich koncetin a neuropatickymi bolestmi. Zaradili bychom

takového pacienta mezi sledované (Carson et al., 2016)?

Z dostupné literatury, kterd se liSi rdznymi metodologickymi pfistupy ¢&i geografickymi
podminkami, vSak vyplyvaji pomérné konzistentni ¢isla. Podle dostupnych udajli se incidence
funkénich neurologickych poruch pohybuje mezi 4 az 12 na 100 000 obyvatel za rok (Stone et
al., 2010). Pokud se zaméfime na FPH tak napf. studie zabyvajici se funkéni slabosti ve Skotsku
odhalila incidenci kolem 4-5 na 100 000 za rok (Stone et al., 2010), obdobné vysledky uvedla i

studie ve Svédsku (Binzer et al., 1997).

Udaje o komunitni prevalenci se li§i mnohem vice, a to v zavislosti na daném ¢asovém obdobi.
priznaky. Odhadovana nejnizsi Cisla vychazejici z tzv. populacniho registru pripadl se pohybuji
kolem 50 pfipadd na 100 000 obyvatel, v kterémkoliv ¢asovém okamziku. Roc¢ni udaje o

prevalenci jsou zhruba dvojndsobné.

Narodni epidemiologicka studie pacientl ve Skotsku zahrnula konsekutivni vzorek 3781
ambulantnich pacientd, z nich 1144 mélo medicinsky nevysvétlitelné neurologické symptomy.
Cca 25 % ztéchto 1144 pacientd mélo komorbiditni organickou neurologickou poruchu,

motorické FNP tvofily 18 % (tj. 5,4 % z celkového poctu) (Akagi et House, 2002).

Epidemiologické studie psychogennich neepileptickych zachvatl (PNES) zaznamenané pomoci
videoEEG monitorace zjistily primérnou roé¢ni incidenci mezi 1,4-4,9 na 100 000 obyvatel
(Duncan et al., 2011). Lze, ale predpokladat Ze skutecna incidence byla vyssi. Prevalence se

pak pohybuje mezi 2-33 pripady na 100 000 obyvatel (Benbadis et Hauser, 2000).

Literatura pomérné konzistentné udava castéjsi vyskyt FNP u Zzenského pohlavi. Odhady se
pohybuji kolem 60-75 % Zen. Vyjimecné nékteré zdroje udavaji stejnou frekvenci u muzd i u
Zen, a to u PNES, funkéniho myoklonu nebo parkinsonismu (Duncan et al., 2006).

Odhady pridmérného véku nastupu priznakd se shodné pohybuji kolem 35-50 let, nicméné je

hlasen vyskyt i u déti do 10 let nebo seniorli (Batla et al., 2013; Lidstone et al., 2021).
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Nastup pfiznakl je v 54-92 % popisovan jako ,,nahly“, tzn. v pribéhu 10 aZz 60 minut (Stone et

al., 2009).

1.4. Patofyziologie

1.4.1. Rizikové faktory rozvoje FPH

1.4.1.1 Nepfiznivé zivotni uddlosti, distres, osobnostni rysy

Pivodni psychodynamicky model predpoklada vznik konverzni poruchy vytésnénim Cci
potlatenim afektu s tzv. konverzi na somatické priznaky. Disociace byla vnimana jako
patologicky jev ztraty kontroly nad psychickymi funkcemi. Tyto tradi¢ni koncepty davaji
funkéni poruchy do pfimé souvislosti se stresovymi a traumatickymi uddalostmi v Zivotech

pacientd.

Ze systematického review a metaanalyzy studii ptipad( a kontrol z roku 2018 (Ludwig et al.,
2018) vyplyva vyssi pocet traumatickych epizod u pacientl s FPH (v€etné emocionalniho a
fyzického zanedbdavani v détstvi) ve srovnani se zdravymi kontrolami. Zaroven ale poukazuje
na to, Ze mnoho pacientd Zadné psychické stresory ve svém predchozim Zivoté neudava.
Studie také ukazuji, Ze frekvence sexudlniho zneuzivani a zanedbdvani v détstvi je u pacientl
s FPH vyrazné nizsi oproti napriklad pacientim s PNES (Stone et al., 2004). Nicméné psychicka
traumata v anamnéze jsou obecné ¢astym jevem, a to i ve zdravé populaci nebo u organickych
onemocnéni (Stone et al., 2013). Tyto vysledky ukazuji, Ze psychologicky distres neni pfitomen
u vSech pacientll a nepredstavuje tak nutnou podminku ke vzniku funkéni poruchy (Edwards
et al., 2013a).

Z vétsiny studii vyplyva, Ze pacienti maji vys$si miru tzkosti a deprese oproti zdravym kontrolam
(Gelauff et al., 2014). OvSem casto se spiSe jednd o reaktivni stavy vadzané na vlastni
neurologické onemocnéni nez o psychiatrické diagndzy. Také nebyly nalezeny rozdily
v osobnostnich rysech ¢i v socialnim prizplsobeni mezi pacienty s FPH a zdravymi subjekty

nebo pacienty s organickou dystonii (Kranick et al., 2011; Véchetova et al 2018).

Mezi predisponujici rizikové faktory vedouci k rozvoji FPH se fadi napr: Zenské pohlavi, mladsi
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veék, porucha osobnosti ¢i jind psychopatologie, nizsi socioekonomicky status, expozice

urcitému symptomu v rodiné a dalsi (Carson et Lehn, 2016; Roelofs et al., 2002).

1.4.1.2. Fyzické precipitujici faktory

Rozvoj FPH se objevuje casto v souvislosti s fyzickymi spoustécimi faktory (Parees et al.,
2014b). Casto se jednd o lehké, ale bolestivé poranéni mékkych tkani vedouci k imobilizaci
koncetiny, jeZz nejcastéji vidame pfi vzniku fixni dystonie. Pfedchozi periferni poranéni bylo

popsano az u 63 % pacientd s timto typem dystonie (Schrag et al., 2004).

Rozsahld metaanalyza, ve které bylo studovano 869 pacientd, uvedla, Ze az u 37 % z nich
predchazelo fyzické zranéni rozvoji funkéni neurologické poruchy a ¢astéji predchazelo vzniku
funkéni slabosti ve srovnani s funkéni poruchou hybnosti (Stone et al 2009). V jiné studii byl
vyskyt pozorovan az u 80 % pacientll a to béhem 3 mésicl pred rozvojem symptomi. Kromé
fyzického zranéni byly popsany také farmakologické ¢i chirurgické intervence, exacerbace
bolesti, infekce ¢i jiné somatické onemocnéni. Nebyla pozorovdna Zadna souvislost mezi

typem precipitujicicho faktoru a klinickym fenotypem onemocnéni (Parees et al., 2014b).

Vyse popsané faktory mohou byt spojeny s abnormalnimi senzorickymi vstupy a potencialné
mohou generovat abnormalni olekavani stejné jako napfiklad pacientovo presvédceni o
nemoci, které vychazi ze zkusenosti s vyskytem nemoci jak u samotného pacienta, tak v jeho
okoli. Abnormalné zvySend pozornost zamérena na dany stav nebo urcitou cast téla tuto
predikci zesili, coz pfevazi vlastni senzorické vstupy. Vysledkem je projev abnormalniho viemu
nebo pohybu. Tyto hypotézy jsou ve shodé s neurobiologickym modelem vysvétlujicim vznik

funkénich symptoma (Serranova et al., 2014).

1.4.1.3. Role genetiky a epigenetiky

Role genetiky ¢i epigenetiky vrozvoji funkénich symptom( je obsSirné spekulované a
nedostate¢né prozkoumané téma. Dodnes nebyl identifikovan Zadny specificky gen
asociovany s vyskytem funkénich neurologickych poruch, nicméné se predpoklada vliv

interakce genl s prostifedim béhem vyvoje nervového systému ¢i ovlivnéni na drovni
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epigenetickych mechanisml vedoucich k dlouhodobym zménam v genové expresi. Jedina
studie u FPH prokazala zvySenou metylaci genu pro oxytocinovy receptor (OXTR), jeZ hraje
dllezitou roli v regulaci stresovych reakci a socidlniho chovani, nicméné u pomérné malého

poctu pacient(l s FNP (Apazoglou et al., 2017).

Recentni studie prokazala rozdily v metylaci promotoru TRPA1 (ankyrin 1) u pacientek se
somatoformni poruchou. Vyznamné se liSily hladiny metylace mezi pacientkami sa
bez historie traumatu v détstvi, coZ nejspiSe odpovida vlivu traumatickych zazitki na
epigenetickou regulaci TRPA1, jejiz vysledkem je zména prahu vnimani bolesti (Achenbach et

al., 2019).

Jedna z nejnovéjsich epigenetickych studii u poruch s funkénimi somatickymi symptomy a
fibromyalgii prokazala abnormalni hladiny metylace promotoru leptinu. Metylace promotoru
leptinu hraje regulacni roli u zavislosti a zménéné hladiny leptinu byly také zjistény v dasledku

chronického stresu (Achenbach et al., 2022).

U somatoformnich poruch byl také zkouman vyskyt cytokinovych polymorfism, které jsou
asociovany s bolesti. Byl prokazan signifikantné casté;jsi vyskyt alely G rs1800629 (TNF alfa)
v kontrolni skupiné, byla tudiz vyhodnocena jako protektivni. Naopak byt nositelem alely A
predstavuje rizikovy faktor pro rozvoj somatoformni poruchy projevujici se dominantné

bolesti (Harms et al., 2013).

1.4.2. Neurdlni mechanismy
1.4.2.1. Zobrazovaci korelaty FPH

V poslednich dvou desetiletich vyznamné roste pocet studii neurdlnich korelatd FPH pomoci
neurozobrazovacich metod. Tyto studie se zaméfuji na hledani patofyziologickych

mechanismu, diagnostickych markera a prediktor( odpovédi na [éCbu.

Nicméné, rada dosavadnich studii se potyka s ¢etnymi metodickymi nedostatky ¢i nizkou
statistickou vyznamnosti. Zajimavé vysledky ukazuji napfiklad studie vyuZivajici tzv. task based
fMRI (béhem vysSetreni plni pacient motoricky ukol nebo je vystaven emocénimu vjemu), které
se zaméruji na hledani konkrétnich neurdlnich mechanism( jako prediktor(i odpovédi na

lécbu.
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Abnormity u FPH byly nalezeny v mnoha oblastech mozku (napf: ventromedidlni a
dorsolateralni prefrontalni kortex, gyrus cingularis, amygdala, insula, suplementarni
motorickd area, temporo-parietalni junkce). Rada téchto struktur se podili na multimodalni
integraci, kognitivnich (v€etné pozornostnich) ¢i emocnich procesech, jsou soucasti
senzorimotorickych, limbicko-motorickych okruht a jsou zapojeny do velkych neuralnich siti

(pfedevsim defaultni a saliency network).

Byly popsany funkéni i strukturdini abnormity oblasti tzv. self-agency network (napf. prava
temporoparietdlni junkce). Self-agency je prozitkem autorstvi vlastniho jednani a schopnost
rozpoznat vlastni hybné akce. Zodpovédné oblasti tak detekuji diskrepanci mezi predikovanym
pohybem (feed-forward signal) a vlastnim vnimanym pohybem (proprioceptivni feedback)

(Voon et al., 2011; Nahab et al., 2017).

Noveéjsi studie prokazaly zmény spojené s terapeutickymi intervencemi. V jedné studii byli
pacienti podrobeni intenzivni nékolikadenni multidisciplinarni terapii nebo nékolikamési¢ni
kognitivné-behavioralni terapii (KBT), oboji vedlo ke zlepseni funkénich symptom, zaroven
doslo k reorganizaci aktivity a konektivity mezi amygdalou, motorickou primarni oblasti (M1)
a premotorickym kortexem, a to posunem amygdaldrni konektivity z posteriornich do
prefrontalnich areii (Faul et al 2020). KBT intervence byla spojena se zménami v aktivité
predniho cingulatového/paracingulatového kortexu. Abnormalni aktivita v téchto oblastech
by tak mohla predstavovat marker emocni dysregulace u funkénich poruch a zmény v aktivité

byt prediktorem odpovédi na tento typ |écby (Espay et al 2019).

Vysledky jak funkénich, tak i strukturdlnich neurozobrazovacich studii predstavuji funkéni
neurologické poruchy jako tzv. multinetwork brain disorder (Aybek et Vuilleumier, 2016;

Baizabal-Car vallo et al., 2019; Conejero et al., 2018; Voon et al., 2016).

1.4.2.2. Neurofyziologické korelaty FPH

Neurofyziologické studie ukazuji, Ze u FPH jsou aktivovany stejné senzorické a motorické drahy
jako pfti volni motorice (Hallett et al., 2010). FPH casto vykazuji nékteré charakteristiky typické
pravé pro volni pohyb jako je napf. distraktibilita, kterd je projevem kompetice o pozornost
alokované k volni motorice (napt. pfi Uloze vyzadujici pozornost se bud' potla¢i motorické

projevy FPH nebo se zhorsi vykon v dané uloze) nebo pritomnost tzv. Bereitschaftpotencialu
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(BP, pripravny motoricky potencidl). BP je pomaly negativni potencial ziskany zpétnym
zpramérnénim EEG signalu, ktery je spustén opakovanym volnim pohybem a predchazi ho o
1-2s (Libet, 1985). Pripravny motoricky potencidl je generovan premotorickymi oblastmi
kortexu (predevsim suplementarni motorickd area) a muZe slouZit jako ucinny nastroj k

odliseni funkéniho a organického myoklonu (Terada et al, 1995).

Dalsi neurofyziologické studie prokazaly u pacientld s FPH naruSenou tzv. kortikdlni inhibici s
kratkym intervalem (Espay et al., 2006, Benussi et al, 2020) nebo abnormalini taktilni ¢asovou
diskriminaci (tj. schopnost rozpoznat, Ze dva po sobé jdouci stimuly jsou ¢asové oddéleny)
(Morgante et al., 2011). Tyto abnormity jsou asociovany se Sirokou $kalou neurologickych
onemocnéni (véetné Parkinsonovi nemoci i dystonie), psychiatrickych poruch nebo jinych
somatickych syndrom( (Udupa et Chen, 2019). Tyto ndlezy tak vlastné zpochybnuji

kategorické rozliSovani mezi ,,organickou” a ,funkéni” poruchou.

1.4.3. Neurobiologicky model funkénich syndrom(

Do popredi zajmu se v poslednich letech dostavaji tzv. neurobiologické modely vysvétlujici
vznik funkénich neurologickych syndrom( (Friston, 2010). Jedna se o statistické teorie
interpretujici funkce mozku na podkladé aktivni inference, kterou v 18. stoleti rozpracoval

britsky statistik a filozof Thomas Bayes.

Principem tzv. prediktivniho kddovani je schopnost mozku generovat probabilisticky model
svéta, tedy predikovat pravdépodobny plvod informaci ziskanych ze vstupl vnéjsich i
vnitfnich, vyhodnocovat spravnost predpokladu, opravit pfipadné chyby predikci a zpracovat
vstupy do adekvatnich vystupl (napf. urcity pohyb ¢i percepce) a to prostrednictvim
viceuroviiové neurondlni kaskady. Podle téchto modell predstavuje nervovy systém
dynamickou hierarchickou kaskadu, kudy proudi informace o podnétech ze zevniho a
vnitfniho prostfedi smérem k vys$Sim etdzim, tj. bottom-up a opaéné proudi tok informaci
z kortexu do nizsich Urovni, tj. top-down.

Kazda hierarchickd uroven, kde se informace analyzuji, ziskdva data o predikcich, tj. priors
z vySSich etazi (top-down). Predikce jsou ziskany na zdkladé vyhodnoceni predchozich
senzorickych, motorickych ¢i interoceptivnich vystup(. Zaroven je zaslana zpét do vyssich

kortikalnich center (bottom-up) informace o Urovni tzv. predikéni chyby (tj. rozdil mezi
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predikci a vystupem). V pribéhu zpracovani informaci dochdzi k vzajemnému ovliviiovani
predikci a predikénich chyb. V pfipadé, Ze se objevi chyba predikce, kterou nelze opravit, ma
mozek tendenci predikéni chybu redukovat, tim Ze zméni samotny vystup, vysledkem je
abnormalni pohyb nebo chybna percepce (Edwards et al., 2012; Van den Bergh et al., 2017,
Friston, 2010).

Za normalnich okolnosti je udrZovdna dynamickda rovnovdha mezi vlastnimi vstupy a
predikcemi o téchto vstupech. Vznik funkéniho symptomu je pak vysvétlovan narusenim této
rovnovahy na podkladé zesilené predikce neodpovidajici redlnym vstupdm, v interakci
s abnormalni alokaci pozornosti, kterd je sméfovana k mistu manifestace chorobného

symptomu, jenz je vystupem v souladu s chybnou predikci (Perez et al., 2021b).

Alterace v oCekavani mize vést ke zméné percepce bolesti, stejné tak mliZze zahrnovat projev
patologického pohybu (napf. tfes nebo porucha chtlize), nebo ztratu funkce (tj. paréza nebo
anestezie) urcité Casti téla. Tyto predikce typicky odpovidaji spiSe predstavé o symptomech
samotnych neZ realnym anatomicko-fyziologickym principlim, a proto jsou projevy funkénich

poruch inkompatibilni s organickymi poruchami.

Neuralni mechanismy zodpovédné za abnormalni predikce dosud nebyly u FPH identifikovany.
Predpoklada se, ze vySe popsané dynamické procesy prediktivniho informacniho zpracovani
jsou Uzce spjaty se spontdnni aktivitou mozku v pribéhu aktivace tzv. defaultni neuralni sité,
ktera stoji na pomysiném vrcholu hierarchie informacniho processingu zahrnujici
nejkomplexnéjsi predikce a schémata souvisejici s vnimanim sebe sama a okolniho prostredi

(Yeshurun et al., 2021).

Z dalSich popsanych patofyziologickych mechanismi u FPH je také alterace v percepci volni
kontroly hybnosti, tj. narusend self-agency. Timto lze vysvétlit, pro¢ i kdyz maji funkéni
poruchy charakter volnich pohybl, jsou pacienty vnimany jako zcela mimovolné (Stenner et

Haggard, 2016).

1.5.  Klinické charakteristiky fenotypt

Klinické projevy u funkénich poruch hybnosti jsou velmi heterogenni. Pacienti trpi celou Skalou

hybnych obtizi, které se mezi sebou €asto kombinuiji, Ize jej rozliSovat na funkéni poruchy s
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dominantné abnormalnimi pohyby nebo s funkéni slabosti. Z nejnovéjsi metaanalyzy
zahrnujici témér pét tisic pacientd vyplyvd, Ze nejcastéjSim fenotypem je ten smiSeny (az 23
%), nasleduje funkéni tremor (21,6 %), funkéni slabost (18 %), dystonie (11,8 %) a porucha
chlze (8,3 %). Mezi méné casté fenotypy lze radit napf. funkéni myoklonické zaskuby nebo

funkcni parkinsonismus (Lidstone et al., 2021).

1.5.1. Funk¢ni abnormalni pohyby
1.5.1.1. Funkéni tremor

Tres (tj. tremor) je definovan jako rytmickd oscilacni aktivita urcité casti téla a lze jej
charakterizovat frekvenci, amplitudou nebo vazbou k aktivité (tj. zda se objevuje v klidu nebo
pfi Cinnosti) ¢i télesnou distribuci (tj. fokalni, segmentalni, hemidistribuce nebo

generalizovany) (Deuschl et al., 2001, Bhatia et al., 2017).

Funkéni tres (FT) je oproti organickému specificky vysokou mirou variability ve vsech
popsanych charakteristikach. Maze byt klidovy i akéni (posturalni ¢i kineticky), méni v Case
svou amplitudu, frekvenci ¢i distribuci, ma tendenci se generalizovat a mirni se odvedenim
pozornosti pfi kognitivni nebo kompetitivni motorické uloze. DalSim typickym znakem je tzv.
prejimani frekvence rytmického volniho pohybu postizenou ¢asti téla pfi pohybovém manévru
slouzicim k odvedeni pozornosti. M(Ze ale dochazet i k prejimani rytmu funkéniho tremoru na
nepostizenou koncetinu, popf. pacient neni schopen spravné vykonat motoricky manévr

(vétSinou se jednd o rychly rytmicky pohyb nepostizenou konéetinou).

PFi jiném specifickém manévru tzv. dudlnim interferen¢nim testu doprovazi kompetitivni
balisticky pohyb nepostizenou koncetinou preruseni funkéniho tremoru na kontralateralni
koncetiné (Kumru et al., 2007). Pokud pacient zaméfi svou pozornost k postizené koncetiné,
napr. pokusi se védomé tfres omezit nebo pfi zatizeni koncetiny zdvazim dochdzi naopak
k nartstu amplitudy funkéniho tresu (Deuschl et al., 1998). V diferencidlni diagnostice muze
pomoci i vySetfeni tfesu akcelerometrem, diky némuz lze dokumentovat a kvantifikovat

variabilitu amplitudy a frekvence ¢i jeji prejimani (Zeuner et al., 2003).
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1.5.1.2. Funkéni dystonie

Dystonie je termin oznadujici protrahované svalové kontrakce obvykle aktivované pohybem,
jenZ jsou podkladem pro abnormalni kroutivé pohyby a postury jedné nebo vice svalovych
skupin. Podle lokalizace se dystonie déli na fokalni, segmentalni, mutifokalni a generalizované

(Hallett et al., 2008).

Funkéni dystonie je velmi obtizné odliSitelna od organicky podminéné dystonie. Pro funkcni
etiologii svédci fixni neménny charakter jiz od po¢atku onemocnéni, vyvoldvajicim momentem
byva drobny (Casto bolestivy) Uraz spiSe mékkych tkani. Typicky se objevuje seviena ruka
v pést nebo plantarni flexe a inverze nohou na dolnich konéetinach. Castym doprovodnym
projevem byva bolest (Popkirov et al., 2019). V ramci diferencialni diagnostiky pti odlisSeni od
organické dystonie zvazujeme také lokalizaci dystonickych projev(, kterd neni typicka pro

jednotlivé typy geneticky podminénych dystonii pro urcity vék (Albanese et al., 2011).

Manévry vedouci k distrakci pozornosti nejsou pfilis ndpomocné pfi diagnostice, mizeme vsak
pozorovat mirné ustupovani svalové aktivity (Frucht et al.,, 2020), naopak organicky
podminéna dystonie reaguje na napf. kognitivni ulohu zhorSenim pfiznak(. V soucasnosti
neexistuje Zadny diagnosticky test, nicméné z poznatkl klinické praxe vyplyva, Ze funkéni

dystonie byva pro pacienty obvykle méné rusiva nez jiné abnormalni pohyby.

1.5.1.3. Funkéni porucha chlize

Funkéni porucha chlize se typicky jevi bizarné, byvd doprovazena subjektivné udavanou
poruchou rovnovahy, kterd ale mlze neodpovidat tiZi zjiSténé objektivnim vysSetrenim a je
inkongruentni se znamymi stereotypy chize u rlznych neurologickych organickych poruch.
Charakteristické jsou také neefektivni az kontraproduktivni kompenzacni strategie poruchy

rovnovahy a chlze.

Mezi znamé vzorce funkéni poruchy chize radime napf. pseudopareticky typ (tj. pacient tahne
koncetinu za sebou vexterni rotaci), extrémné zpomaleny stereotyp s bizarnimi
posturami, hesitacemi a freezingy (tj. zamrzavani v nakroku) pti zahdjeni nebo béhem chuze,
dale tzv. chize po ledu (tj. zkracena délka a vyska kroku, ztuhla kolena a kotniky v jedné pozici),
chlize s ndhlym podklesdvanim kolen, dale chlze s prektizenymi koncetinami a s nahlymi
bocnymi kroky nebo chiize s poruchou stability a neprimérenou Sirkou baze (tj. fobicka chlze
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s paradoxnim zlepSenim rovnovahy pfi tandemové zkousce) (Jordbru et al., 2012). V ramci
diagnostiky Ize vyuZivat specifické testy, jejichz cilem je prokdzat zlepSeni chlize a stability pfi
zméné stereotypu napr. tandemova zkouska, béh, chize pozadu, chize se zavienyma ocima,

tzv. brusleni nebo tanecni krok (Nonnekes et al., 2020).

1.5.1.4. Ostatni fenotypy s abnormalnimi pohyby

Mezi méné casté funkéni poruchy hybnosti mizeme fadit funkéni myoklonus. Myoklonicky
zaskub je definovan jako nahly, rychly nepravidelny Skubavy pohyb (Tinazzi et al., 2020). Pro
funkéni etiologii svéddi variabilita v trvani a distribuci, pfitomnost vice¢etnych komponent a
stah(l delSiho trvani. Mezi typy myoklonickych zaskub( podezielych z funkéni etiologie patfi
napf. reflexni myoklonus s proménlivou latenci odpovidajici volni reakéni dobé (Hallett, 2016),
dale palatalni nebo tzv. propriospindlni myoklonus, charakterizovany opakovanymi
arytmickymi flekénimi zaskuby trupu, bfisni stény, kycli a kolen (Van der Salm et al., 2014). Pfi
diagnostické nejistoté lze vyuZit neurofyziologické metody napf. polyfEMG nebo prikaz

pfipravného motorického potencialu.

Mezi dal$i mozné fenotypy radime napt. funkéni parkinsonsky syndrom, ktery je obvykle
kombinaci funkéniho tremoru a stereotypu chlize s extrémni zpomalenosti, bradykineze viak
nevykazuje dekrement (tj. postupné sniZzovani amplitudy repetitivnich pohybl) a neni
pfitomna rigidita (tj. zvySeny odpor po celou dobu pasivniho pohybu s koncetinou). Pfi
diagnostické nejistoté pomUze vysetreni hustoty dopaminovych transportérd pomoci SPECT

(tzv. DaTscan) (Benaderette et al., 2005).

Popisovany jsou také zachvaty rlznych typd mimovolnych pohybl (napf. choreatické,
balistické), kde s diferencialni diagnostikou pomuze predevsim videoEEG monitoring. Dale se
v klinické praxi objevuji funkéni facidlni spasmy nebo okohybné poruchy, napf. tzv.
konvergencni spasmus (tj. hyperaktivni pohyb jednoho oka smérem nasalné zpUsobuijici
zachvatovité dvojité vidéni). Druhou nejéastéjsi pricinou prichodu pacienta do specializované
ambulance pro zavrativé stavy predstavuje tzv. perzistentni posturalné-percepéni zavrat
(PPPD). Tento termin oznacuje chronickou, subjektivni non-rotacni zavrat ¢asto v kombinaci

s funkénim fobickym stereotypem chize (Staab et al., 2017).
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1.5.2. Funkcni slabost

Porucha motoriky (nékdy doprovazena poruchou citi) funkéni etiologie mlze predstavovat az
10 % tzv. stroke mimics ve specializovanych iktovych centrech (B et al., 2021). Oproti organicky
podminéné je funkcni slabost charakterizovana variabilitou tize a diskrepanci vykonu
pfi plnéni rlznych ukolli béhem jednoho vysetfeni (Gelauff et al., 2019). Typicky byva
nepyramidalni distribuce nebo tzv. kolabujici slabost (tj. po kratké vydrzi konéetina naraz zcela
ztraci svalovou silu), ke zlepseni sily stejné svalové skupiny vede distrakce pozornosti (napf.

pfi testovani diskriminacniho Citi na predpazenych koncetinach).

Funkéni slabost byva doprovazena kokontrakcemi antagonistickych svall tzv. gegenhalten,
kdy koncetina klade odpor pfi pasivnich pohybech (Daum et al., 2014). Na dolnich koncetinach
Ize vysetfit tzv. Hooverovo znameni, pfi kterém lze prokazat prfechodnou normalizaci sily
v extenzi kycle pfi vySetieni flexe druhostranného kycelniho kloubu, ke kterému je smérovana
pozornost pacienta béhem vysetieni (Ziv et al., 1998). Podobné se zlepsi abdukce kycelniho
kloubu pfi zatizeni kontralateralnich abduktor(i stehna proti odporu, hovofime o tzv.

abduktorovém znameni (Sonoo, 2004).

1.6.  Non-motorické pfiznaky a komorbidity s FPH

Pacienti s funkénimi poruchami hybnosti si témér vidy stéZuji i na jiné neZ jen motorické
obtize. Nejcastéji to byva bolest, ktera se objevuje v rGznych distribucich a byvd rizného
charakteru, nékdy doprovadzend meénlivymi senzorickymi priznaky. Pacienti mivaji tézkou
unavu, kognitivni obtize (prfedevsim poruchy koncentrace a paméti), poruchy spanku, mikéni
¢i gastrointestindlni symptomy. Bézné byvaji i psychologické symptomy jako deprese, Uzkosti,
disociativni fenomény (Gelauff et al., 2014, Véchetova et al., 2018).

V bézné klinické praxi se mlze stat, Ze se |ékal soustfedi prevazné na tizi hybnych obtizi a
dochazi tak k zastinéni non-motorickych pfiznak(li, které ale mohou mit zavainy dopad na
kvalitu Zivota pacient(.

Vétsina pacientl s FPH splfiuje zaroven diagnosticka kritéria pro jiné funkéni somatické
syndromy (napf: chronicky unavovy syndrom, fibromyalgie, syndrom drazdivého tracniku)

(Wessely et al., 1999), prekryv mlze byt i s jinou funkcéni neurologickou (napf. PNES) nebo
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psychiatrickou poruchou (napf: poruchy nalady, posttraumaticka stresova porucha, poruchy

osobnosti) (Gelauff et al., 2014).

Funkéni poruchy se také bézné vyskytuji soucasné s jinou neurologickou organickou poruchou
(napf: Parkinsonova nemoc, roztrousena sklerdza, migréna). Nékteré zdroje uvadi, Zze az u 12
% pacientd s organickym neurologickym onemocnénim nachdzime nékteré funkéni symptomy

(Stone et al., 2012; Wissel et al., 2018; Walzl et al., 2022).

1.7.  Diagnostika

1.7.1. Diagnosticka kritéria

Diagndza funkéni poruchy hybnosti je primarné klinicka a méla by byt zaloZzena na pfitomnosti
tzv. pozitivnich pfiznakd, tj. inkonzistence a inkongruence (tzn. nesoulad) s organickym
onemocnéni, a to jak v prdbéhu neurologického vysSetfeni, tak v anamnéze. Nemélo by
dochdazet k pristupu stanoveni diagndzy per exclusionem (tj. diagndza stanovena postupnym
vyloucenim vSech mozZnych pfricin obtizi), v bézné klinické praxi se presto s timto postupem
setkdvame. Soucasna diagnosticka kritéria podle Gupta a Langa jsou shrnuta v Tabulce 1

(Gupta et Lang, 2009).

Dle DSM-5 stanoveni diagndzy jiz nevyzaduje identifikaci pridruzeného psychologického
stresoru (APA, 2013). Pfitomnost psychologickych faktor( tedy neni pro stanoveni diagndzy
ani nezbytnd ani dostacujici. Psychiatrické komorbidity ¢i psychologické faktory (traumatické
zivotni udalosti, akutni ¢i chronicky psychicky stres atd.) by nemély mit vliv na vedeni
diagnostického procesu, nebot tyto faktory mohou byt a také casto jsou pritomny i u

organickych onemocnéni (Stone et al., 2013).

Inkonzistence je charakterizovana variabilitou symptom0 v ¢ase zahrnujici zménu fenotypu,
distribuce nebo intenzity vlivem distrakce pozornosti, anebo pfi pouziti tzv. nefyziologickych
manévrld s vyuZitim sugesce a vlivu presvédceni (napf. pfiloZzeni ladicky na postizenou

koncetinu ovlivni intenzitu tresu).
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Tabulka 1: Diagnosticka klasifikace psychogennich poruch hybnosti

1. Dokumentovana/prokazana diagnéza
Vymizeni projevii po psychoterapii, fyzioterapii, sugesci, placebu, nebo kdyzZ pacient

neni pozorovdn

2 a. Klinicky stanovena diagnéza s dalSimi projevy
Inkonzistence v ¢ase/inkongruence s organickym onemocnénim
+ dalsi projevy: jiné funkini pfiznaky, mnohocetné somatizace, zfejmd psychiatrickd

porucha

2 b. Klinicky stanovena bez dalSich projev
Nesporné klinické projevy neslucitelné s organickym onemocnénim bez projevi svédcicich

pro jiné neurologické nebo psychiatrické onemocnéni

Kategorie 1 + 2a + 2b = Klinicky definitivni diagnéza

3. Laboratorné podpoiena — definitivni diagnéza
Elektrofyziologické ndlezy svédcici pro pritomnost funkcni poruchy hybnosti

(primdrné plati pro psychogenni tremor a myoklonus)

Prevzato z puvodni verze dle Fahna a Wiliamse (1988) a doplnéno o revizi kritérii dle Gupta a

Langa (2009)

K odvedeni pozornosti od postizené casti téla se vyuZivaji rizné fenotypové nespecifické
kompetitivni, bud" motorické, nebo kognitivni Ulohy. Za pozitivni pfiznak je povaZovano
zmirnéni nebo Uplné vymizeni funkénich motorickych priznakt, nékdy dominuje neschopnost
pacienta dany ukol provést s tim, Ze motorické symptomy pretrvavaji, popf. se pfi docasném
odeznéni priznakl na postizené koncetiné objevi abnormalni aktivita na vzdalené casti téla
(Park et al., 2015). U nékterych fenotypl se nam vsak nemusi podafit zmirnéni priznakd (napf.
dystonie nebo myoklonu). Pro pacienty s FPH je typické naruseni explicitni motorické kontroly
béhem vysetieni, avSak automatické pohyby napt. pfi presunu, pii oblékani atd. naruseny
nejsou, proto je vidy vhodné provadét déletrvajici pozorovani. Pfi vySetfeni také pouzivame

vice nez jeden distrakéni manévr, Iépe tak odhalime znamky inkonzistence.

Inkongruence je definovana nesouladem symptomU s anatomicko-fyziologickymi

zakonitostmi a se symptomatologii Sirokého spektra organickych onemocnéni. Pro funkéni
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poruchy jsou typické bizarni, komplexni a obtizné klasifikovatelné vzorce pohyb(. Nicméné
spravné posouzeni inkongruence vsak vyzaduje rozsahlé znalosti v oblasti znamych predevsim

pohybovych poruch (Espay et Lang, 2015).

Demonstrace zmirnéni ptiznak( pfi distrakci pozornosti je znakem nejen inkonzistence, ale i
inkongruence. Tento fenomén mlzZeme vzacné pozorovat i u nékterych organicky
podminénych stavl napf. u tikd, jejichZ charakter se také mize ménit v ¢ase a jsou potlacitelné
provadénim komplexnich udloh pfipadné u slabosti vzniklé na podkladé algického projevu,

kterou také Ize ovlivnit distrakci (Espay et Lang, 2015; Stone et Aybek, 2016).

1.7.2. Pomocné metody a diagnostické markery

Pomocné metody maji v diagnostice FPH jen omezené vyuziti. Pfistupujeme k nim tehdy,
pokud existuji pochyby o definitivni diagnéze napt. pokud neprokazieme vliv distrakce u
nékterych fenotypu, pokud se pacient svému deficitu jiz prizpGsobil a dochazi tedy k vyraznym
zménam charakteru obtiZi nebo pokud predpokladdme lepsi compliance pacienta k terapii pfi
existenci objektivniho dikazu z testu, a prfedevsim pokud uvazujeme o koexistenci funkénich

symptomU s organickym onemocnénim.

Pokud uvaZujeme o pfitomnosti organické komorbidity, tak volime standartni a odpovidajici
diagnosticky postup. Nikdy bychom neméli pacienta opakované a extenzivné preSetiovat,
podporujeme tim nejistotu, nedlvéru a frustraci pacienta a oddalujeme tim stanoveni

definitivni diagndzy (Serranova et al., 2014).

V béiné klinické praxi ma vyznam vysetfeni tfesu pomoci povrchovych EMG elektrod
z agonistickych a antagonistickych svalovych skupin nebo registrace pohybu akcelerometrem.
Timto vySetfenim Ize kvantifikovat variabilitu frekvence a amplitudy v navaznosti na provedeni
specifickych diagnostickych manévr nebo po zatizeni koncetiny zdvazim. ProkdZzeme také
koaktivaci extenzor( a flexort typickou pro funkéni tremor, dale koherenci oscilaci na rdznych
Castech téla nebo preruseni tremoru na postizené konéetiné pfi dudlnim interferenénim testu.
Témito neurofyziologickymi nalezy Ize odlisit funkcni tfes od organicky podminéného (Deuschl

et al., 1998; McAuley et al., 2004; Kumru et al., 2007).

U neurofyziologického vysetfeni myoklonu se pouZiva soucasna EMG registrace z vice svalQ

(tzv. poly-EMG). U funkéniho myoklonu byva delsi trvani a typicky je variabilni ndbor svali
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v jednotlivych zdSkubech. Dale se u myoklonu vyuZivd prikaz pfipravného motorického

potencialu, ktery se u organicky podminéného nevyskytuje.

Neurofyziologické nalezy ndam pfindsi fadu cennych informaci, proto byla do novych
diagnostickych kritérii zafazena kategorie ,laboratorné podporend definitivni diagnéza“
(Gupta et Lang, 2009). V soucasnosti existuje fada studii zabyvajicich se hledanim
diagnostickych a prognostickych biomarker(, které by usnadnily diagnostiku nebo pomohly

s ur¢ovanim individualniho terapeutického pristupu.

Studie na mensim poctu pacientd zamérend na funk¢ni slabost prokazala synkinetickou (tj.
souhlasnou) pohybovou aktivitu detekovanou pomoci EMG na postizené koncetiné pfi
abdukci prstu na nepostizené koncetiné, tato aktivita byla nalezena u vSech pacientl s funkéni

slabosti, ale u Zadného pacienta s organicky podminénou parézou (Tinazzi et al., 2008).

V jiné studii hodnotici parametry motorickych evokovanych potencial (MEP) indukovanych
transkranialni magnetickou stimulaci u pacientl s funkéni parézou byl zjiStén napft.
signifikantni rozdil mezi amplitudou MEP pfi kognitivné-motorickém ukolu (subjekt dostal za
ukol predstavit si pohyb), kdy u zdravych kontrol doslo v priméru k navySeni amplitudy o 200
%, zatimco u pacientl s funkéni slabosti v priiméru o pouze 37 % pokud si pohyb predstavili

na postizené koncetiné (Liepert et al., 2009).

1.8.  Terapeutické pfistupy

S rostoucim zdjmem odborné verejnosti o funkéni poruchy se v poslednich letech zménil i
management terapeutického pfistupu k témto pacientim. Klicovou roli v diagnostice,
dispenzarizaci a navrzeni terapeutického postupu, tak hraje spiSe neurolog nez psychiatr nebo
psycholog. Neurolog navrhne individualni postup, rozhoduje o farmakoterapii komorbidit a
non-motorickych projevii a dle potifeby odesle pacienta k dals$im odbornikim (napf.
fyzioterapeut, psychiatr, klinicky psycholog, ergoterapeut atd.). V soucasnosti dominuje snaha
o multidisciplindrni pFistup, na rozdil od béiného postupu v predchozich letech, kdy byl
pacient diagnostikujicim Iékafrem obvykle rovnou odeslan vyhledat psychologickou a

psychoterapeutickou péci.
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V soucasnosti jsme si védomi toho, Ze prvnim krokem k Uspésné lécbé je pochopeni a pfijeti
diagndzy samotnym pacientem. Lékar tedy musi pacientovi danou problematiku srozumitelné
vysvétlit. Pacient by mél pochopit, Ze se jednd o skute¢nou poruchu, kterad je potencidlné
reverzibilni. Vysvétleni by mélo zahrnovat pouceni o tom, Ze se jedna o poruchu funkce (ne
struktury) mozku multifaktoridlni etiologie. UzZite¢né je také demonstrovat pacientovi vliv
odvedeni pozornosti na pfiznaky (Carson et al., 2016). Poskytnuti dalSich zdroj informaci
napf. odkazat pacienta ¢i jeho rodinu na webové stranky vénované funkénim porucham
(www.neurosymptoms.org) sice nenahrazuje terapeutickou intervenci (Gelauff et al., 2020a),

nicméné muze k pochopeni a pfijeti diagndzy pacientem dopomoci (Cope et al., 2020).

Terapeutickou intervenci prvni volby je vsoucasnosti fyzioterapie. Podle novéjsi
randomizované studie, a i nékterych observacnich studii méla fyzioterapie pfiznivy efekt u 50-
70 % pacientl. Nejlépe odpovidaji na tento typ lécby pacienti, u kterych nedominuje bolest,
Unava nebo psychiatricka komorbidita (Jordbru et al., 2014; Nielsen et al., 2017b; Nielsen et
al., 2019). zZakladem specializované fyzioterapie je tzv. motoricky re-trénink s vyuzitim
odvadéni pozornosti. Tim je umoZnéno automatické provadéni pohybu a jeho normalizace.
Dalsi klicovou slozkou je zména kontraproduktivnich kompenzacnich stereotypld a
maladaptivniho chovani vzhledem k symptomdm (Perez et al., 2021b). Nedavno byla také
publikovana doporuceni pro ergoterapii funkénich neurologickych poruch (Nicholson et al.,

2020).

Psychologicka intervence se muize zvolit jako dopliikovd metoda k fyzioterapii nebo i jako
metoda prvni volby, zejména u pacientd, ktefi jsou tomuto postupu naklonéni. Kognitivné
behavioralni terapie (KBT) se zaméfuje zejména na maladaptivni presvédceni a chovani (napfr.
vyhybdni se aktivité), které mohou udrzovat symptomy. Psychodynamické psychoterapie se
zaméruji na emocdni procesy a regulaci a maladaptivni mezilidské vztahové vzorce véetné téch

které vznikaji s 1ékafti a dalSimi zdravotniky (Gutkin et al., 2021; Dallocchio et al., 2016).

Historicky byva spojovana s funkénimi poruchami hypnéza. Randomizovand kontrolovana
studie zahrnujici 44 pacientl prokdzala efekt hypndzy na subjektivni i objektivni drovni
(Moene et al., 2003). Dalsimi metodami s moznym efektem je napf. transkranialni magneticka
stimulace (TMS) (Oriuwa et al., 2022). Nicméné predpokladd se, Ze s vyuzitim jednotlivych
TMS pulzt je efekt vice kognitivné-behavioralni (tzn. plisobeni pomoci ovlivnéni presvédceni

o nemoci) nez neuromodulacni.
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Dal$i metodou vyuZivanou zejména u pacientd s fixni dystonii je terapeuticka sedace (tj.
navozeni stavu snizené urovné védomi) s predvedenim moZnosti relaxace postizené asti téla
(Stone et al., 2014). V budoucnosti by mohly zajimavé vysledky pfinést studie s vyuzitim
virtualni reality (Bullock et al., 2019). Farmakoterapie se u FPH vyuziva v terapii komorbidit

(napf. Uzkost, deprese, migrény, nespavost) (Perez et al., 2021a).

1.9. Disabilita a kvalita Zivota

Funkéni poruchy hybnosti jsou invalidizujicim onemocnénim s tendenci k chronifikaci a
maji vyznamny dopad na kvalitu Zivota podobné jako jiné organicky podminéné neurologické
poruchy (Gendre et al., 2019). Pfidruzené non-motorické symptomy jako je Unava, Uzkosti a

kognitivni obtiZe jsou dllezitymi prediktory zhorsené kvality Zivota (Véchetova et al., 2018).

Ackoliv se jedna o potencialné reverzibilni onemocnéni, progndza neni ptiznivd. Systematické
review, ve kterém bylo hodnoceno 23 studii uvadi, Zze primérné 40 % pacientl je po 7.4 letech
ve stejném nebo horsim stavu. Jen 21.5 % pacientl dosahlo kompletni remise. Za prediktory
lepsi progndzy jsou povaZzovany ¢asné stanovena diagndza, kratsi trvani a divéra v rozhodnuti
Iékare. Naopak mezi negativni prediktory se radi dlouhé trvéni poruchy pred stanovenim

diagndzy a pritomnost poruchy osobnosti (Gelauff et al., 2014).
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2. Vychodiska, cile a hypotézy

Zakladem této prace jsou dvé studie, jejichz cilem bylo vyplnit nékteré mezery v poznani

neurofyziologickych a klinickych koreldt u funkénich poruch hybnosti.

2.1.  Studie 1: Abnormalni prepulzni inhibice u pacientli s FPH

Témér vsichni pacienti s FPH mimo hybné obtize referuji i non-motorické ptiznaky (napfr.
bolest, Unava nebo senzorické symptomy), které se casto mezi sebou kombinuji a maji
vyznamny dopad na kvalitu Zivota téchto pacientl (Véchetova et al., 2018). Obdobné obtize
udavaji i pacienti s jinymi funkénimi somatickymi syndromy (napf. fioromyalgie, chronicky
Unavovy syndrom, komplexni regiondlni bolestivy syndrom I. typu, syndrom drazdivého
tracniku, syndrom bolestivého mocového méchyre atd.), zaroven je z literatury patrny
komorbiditni prekryv funkénich syndromU obecné, napf. pacienti s komplexnim regionalnim
bolestivym syndromem vykazuji ¢asto funkéni motorické obtize, stejné tak i pacienti

s fibromyalgii (Popkirov et al., 2019; Watson et al., 2009).

Soucasné neurobiologické modely vysvétluji vznik funkénich symptomi narusenim dynamické
rovnovahy v komplexnich, vicedroviovych procesech informacniho zpracovani, a to bez

ohledu na typ symptomu napti¢ motorickymi, senzorickymi i interoceptivnimi doménami.

Dikazy poskytuji nékteré neurofyziologické studie dokumentujici abnormity v rlznych
neuralnich procesech, jez zaroven svédci pro nesimulovany pivod symptom( (Edwards et al.,

2012).

Je tedy pravdépodobné, Ze lze nalézt spolecné neurofyziologické abnormity pro pacienty, jak

s funkénimi motorickymi, tak i somatickymi symptomy.

Zadna z dosud provedenych studii se u pacientld s FPH nezabyvala ¢asnym zpracovanim
somatosenzorickych podnétld na subkortikadlni Grovni tedy jesté pred tim, nez jsou vjemy

védomeé detekovany.

Literatura uvadi alterace v subkortikalnich procesech u jinych poruch ze spektra funkénich
somatickych syndrom( napf. abnormity v excitacnich i inhibi¢nich interneuronalnich okruzich

na urovni mozkového kmene u pacientt s fiboromyalgii (Kofler et al., 2014).
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Tyto zmény jsou odrazem naruseni tzv. somatosenzorické integrace/somatosenzorického
gatingu na subkortikalni Urovni. Selhani obdobnych proces( bylo prokdzano i u pacientl se
syndromem bolestivého mocového méchyre (tj. funkéni intersticidlni cystitida) (Kilpatrick et

al.,, 2010).

Jednim z markerd abnormalniho processingu senzorickych vstupl u téchto poruch by mohl
byt objektivné méritelny neurofyziologicky fenomén tzv. prepulzni inhibice ulekové reakce.
Ulekovou reakci Ize definovat jako rychlou kontrakci p¥iéné pruhovanych svall v reakci na
neocekavany intenzivni senzoricky podnét (napf. akusticky, vizudlni nebo taktilni) (Hallett et

al., 2012).

Prepulzni inhibice je zcela automatickym mechanismem odrazejicim ranou fazi subkortikalni
somatosenzorické informacni integrace. Podkladem tohoto procesu je alokace c¢asné
nevédomé pozornosti k pravé zpracovavanému podnétu. Béhem kratkého casového uUseku
30-300 ms mozek ,,chrani pravé procesované vstupy pred vyrusenim jinym podnétem. Pokud
v tomto ¢asovém intervalu po stimulu (tj. prepulzu), ktery sdm nevyvoldva reflexni odpovéd
nasleduje silny, ale v tu chvili ,,nepodstatny” podnét vyvolavajici reflexni motorickou odpovéd,
dojde k inhibici této reflexni odpovédi. PPl tak predstavuje jeden ze zakladnich mechanisma
tzv. somatosenzorického gatingu, pomoci néhoz se nervovy systém vyrovnava s prebytecnymi

senzorickymi informacemi.

V literature je popisovana redukce alespon o 60 % oproti pavodni velikosti reflexni odpovédi
u zdravé populace (Blumenthal et al., 1987; Graham, 1974). K objektivizaci prepulzni inhibice

se nejcastéji vyuziva vysetreni blink reflexu (tj. mrkaciho reflexu).

Samotny blink reflex Ize vyvolat akusticky, ale také elektrickou stimulaci supraorbitalniho
nervu s elektromyografickou registraci motorické odpovédi (tj. mrknuti) z musculus orbicularis
oculi. Jedna se o trigeminofacialni reflex, ktery ma dvé hlavni komponenty, prvni je ¢asna tzv.
R1 komponenta, na podkladé oligosynaptického okruhu zprostfedkovana pouze ipsilateralné,
zatimco pozdni R2 komponenta (elektrofyziologicka obdoba vlastni motorické odpovédi —
mrknuti) je jiz dana polysynaptickym okruhem zprostfedkovanym i kontralateralné (Pearce et

al., 2008).

Anatomicky podklad prepulzni inhibice je sloZitéjsi a zahrnuje fadu jader na drovni mozkového

kmene (napf: pedunkulopontinni tegmentalni jadro, kaudalni pontinni retikuldrni jadro) a
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mnoho modulaénich struktur (napf: ventralni tegmentalni area, nucleus accumbens/ventraini

striatum, amygdala, hippokampus, thalamus, corpus striatum a globus pallidus atd.).

Tento robustni fenomén byl obsirné prozkouman u pacientl se schizofrenii a postupné byly
zjistény abnormity i u jinych neuropsychiatrickych onemocnéni (napf. obsedantné -
kompulsivni porucha — OCD nebo panicka porucha) (Ahmari et al., 2012; Ludewig et al., 2002;
Braff et al., 1978).

Jak jiz bylo uvedeno vyse, u funkcnich syndromu byly provedeny dosud jen dvé studie, jedna
odhalila dtlum prepulzni inhibice u pacientd s fiboromyalgii (tj. chronické, nezanétlivé
muskuloskeletdlni onemocnéni charakterizované ploSnymi bolestmi a ztuhlosti), jenZ nejspise
souvisi s narusenou senzorickou percepci a informacnim processingem (Kofler et al., 2014).
Druha studie popsala naruseni somatosenzorického gatingu u pacientd se syndromem

bolestivého mocového méchyre (Kilpatrick et al., 2010).

Cilem studie 1 bylo provést u pacientli s FPH ve srovnani s kontrolnimi zdravymi subjekty
elektrofyziologické vysetreni blink reflexu tedy mrkaciho reflexu a jeho prepulzni inhibice.
Blink reflex byl vyvoladn elektrickou stimulaci supraorbitalniho nervu s elektromyografickou
registraci motorické odpovédi (tj. mrknuti) z musculus orbicularis oculi. Prepulz byl aplikovan
pomoci krouzkovych elektrod k pravému ukazovdku. Vysetfeni tohoto neurofyziologického
fenoménu slouZi k posouzeni somatosenzorické integrace na subkortikalni drovni. Nasledné
byla provedena korelaéni analyza vztahu mezi mirou inhibice a klinickymi charakteristikami

pacientu

Hypotézy

I.  Blink reflex bude vykazovat normdlni parametry u pacient(i s FPH.
II.  Pacienti s FPH budou vykazovat mensi miru prepulzni inhibice blink reflexu oproti
zdravym subjektam.
.  Mira prepulzni inhibice blink reflexu bude negativné korelovat s intenzitou vnimané
bolesti.
IV.  Mira prepulzni inhibice blink reflexu bude korelovat s nékterou z dalSich sledovanych

klinickych charakteristik.
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2.2.  Studie 2: Komplexita funkénich neurologickych poruch

Funkéni symptomy jsou vSeobecné spojovany s oznacenim ,lékafsky nevysvétlené”. Jsou
béZnou soucasti klinické praxe |ékarl viech odbornosti a predstavuji zatéz pro pacienty, kteri
mohou uviznout v ,bludném kruhu“ opakovaného , prevysetfovani“, preposilani k riznym
odbornostem, ne zfidka byvaji vystaveni ,nevéficimu” ¢i banalizujicimu pfistupu ze strany
zdravotnikl, coz je spojeno s jejich frustraci, nedlvérou v lékarské postupy a celkovou

nejistotou.

Na druhou stranu predstavuji i zatéz pro zdravotniky, obecné patfi mezi ,nechtény” typ
pacientl zatéZujici provoz ambulanci i pohotovosti a ve vysledku je péce o tyto pacienty
spojena s vysokymi naklady. K diagnostice se obecné pristupuje jako k per exclusionem tedy
vylucovaci metodou, jestlize jsou vSechna vysSetreni v poradku. Etiologicky jsou davany do
souvislosti s psychologickymi aspekty, jako jsou somatické projevy Uzkosti nebo deprese.
Terapeuticky pristup se opird o opakované ujistovani o nepfitomnosti ,organického” nebo
Sfyzického” problému, o psychoterapeutické techniky ¢i farmakologickou terapii

Uzkosti/deprese.

V neurologické klinické praxi se setkdvame s funkénimi neurologickymi poruchami, at uz
s motorickymi projevy (FPH) nebo bez nich. | pro né plati vysoka mira diagnostické chybovosti,
tézka stigmatizace a negativni spoleéensky status, a zaroven maji zavazny dopad na kvalitu
Zivota pacientd a obecné Spatnou progndzu podobné jako u organickych neurologickych
onemocnéni napr. roztrousené sklerézy nebo Parkinsonovy nemoci (Anderson et al., 2007;

Gendre et al., 2019).

V akademickém i klinickém prostfedi bylo vynaloZzeno znac¢né usili s cilem prekonat zabéhlé
stereotypy a puvodni pristup, které vedlo k zasadni zméné v diagnostickych postupech,
smérem od per exclusionem ke stanoveni diagndzy FPH na podkladé pozitivnich priznaki.
Soucasnou snahou je oslabit vyznam ,, medicinské ne/vysvétlitelnosti“ somatického priznaku a
naopak zvyraznit, Ze se jedna o onemocnéni se specifickymi neuralnimi mechanismy. K tomu
jisté prispivaji prace zdlraziujici neurobiologicky pohled vysvétlujici patofyziologické procesy
stojici za vznikem funkénich poruch (Baizabal-Car vallo et al., 2019; Edwards et al., 2012).

Tento pfistup se nesnazi podcenit Ucast psychologickych aspektl, nicméné zdUraznuje, Ze
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mohou, ale nemusi byt relevantni pro rozvoj obtizi (Ludwig et al., 2018). To umoZiiuje vyvoj

smérem k vice individualizovanym terapeutickym pfistupim tzv. ,na miru“ pacientovi.

Soucasné védecké dikazy vysvétlujici vznik funkénich symptomua zlstavaji nadale v nesouladu
s pouzivanymi klasifikacnimi schématy. V nasich podminkdch nejpouzivanéjsi klasifikaci je
MKN-10 (az do konce roku 2022, kdy by méla byt dokoncéena ceska verze MKN-11), ktera
rozliSuje disociativni motorické poruchy (soucasti je konverzni porucha) a somatoformni
poruchy, vamerické klasifikaci DSM-5 vénované pouze psychiatrickym diagnézam je
definovana porucha se somatickymi ptiznaky a souvisejici poruchy, v rdmci této jednotky se
oddéluje konverzni porucha s funkénimi neurologickymi pfiznaky (zahrnuje motorické i
senzorické symptomy) od poruch se somatickymi priznaky, u kterych dominuje bolest (APA,
2013). Ptipravovana MKN-11 zase rozliSuje disociativni poruchy s neurologickymi pfiznaky
v sekci mentalnich/behavioralnich poruch, poté nékolik Cisté neurologickych diagndz a

nasledné oddéluje poruchy s pfiznaky télesné nepohody Ci télesnych zazitkd.

Zadna z uvedenych klasifikaci nepohlizi na funkéni poruchy jako na komplexni syndrom, ktery
kromé motorickych obtizi témér vidy zahrnuje non-motorické (psychologické i somatické)

priznaky, ale naddle se striktné oddéluji motorické poruchy od somatickych.

Nicméné vztahy mezi jednotlivymi priznaky a existence eventudlnich klinickych podtypU uvnitf
této rozmanité jednotky dosud nebyly detailné popsany na vétsSim vzorku pacientl a jsou
nadale predmétem diskuse. Prlikaz existence klinickych clusterd by podpofil soucasny

diagnosticko-klasifikacniho pfistup zaloZeny na prevladajicich symptomech.

Cilem studie 2 bylo provést detailni klinickou charakteristiku pacientl s definitivni diagnézou
FPH (tj. motorickou funkéni neurologickou poruchu) s objektivnim zhodnocenim zavaznosti
motorickych pfiznakl pomoci validované skdly pro funkéni poruchy, podrobnym
zaznamenanim fenotyp(, disability a také s hodnocenim tize ptiznakd samotnym pacientem.
Soucasti studie byla evidence véku a délky trvani obtizi, nejcastéji popisovanych non-
motorickych ptiznakd se zhodnocenim jejich zdvaznosti pomoci validovanych dotaznikd, a
nakonec evidence hodnoceni kvality Zivota vztazené ke zdravi. Byla provedena detailni
korela¢ni analyza vSsech hodnocenych domén. Poslednim cilem bylo provedeni hierarchické

clusterové analyzy k nalezeni eventualnich klinickych subtyp(.
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Hypotézy

I.  Zavainost motorickych symptom0( vyplyvajici z objektivniho vysSetfeni nebude
korelovat se subjektivnim hodnocenim tize symptomu pacientem. Pacienti s FPH
»,nadhodnocuji“ zdvaznost ptiznaku.

II.  Subjektivné reportovana tize somatickych i psychologickych symptomu bude korelovat
se subjektivnim hodnocenim zavaZnosti motorickych ptiznakd. Napf. pacient vykazujici
znamky tézsi deprese Ci referujici tézkou Unavu bude hodnotit své hybné obtize jako
zavaznéjsi.

lll.  Kvalita Zivota souvisejici se zdravim bude korelovat Iépe s non-motorickymi symptomy
nez s témi motorickymi.
IV. Lze identifikovat clustery tedy klinické subtypy sdominantné motorickymi,

somatickymi nebo psychologickymi charakteristikami.
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3. Metodika

3.1. Studiel

3.1.1. Subjekty

Do studie bylo zarfazeno 22 pacientt (18 Zen, 4 muzi, pramérny vék 44,7 £ 12 let) s klinicky
stanovenou diagnézou funkéni poruchy hybnosti dle Gupta a Langa (Gupta et Lang, 2009),
primérného trvani onemocnéni 6,5 + 6 let, ktefi pravidelné navstévuji specializované centrum
pro extrapyramidova onemocnéni, Neurologické kliniky ve VSeobecné fakultni nemocnici
v Praze. Do studie bylo zafazeno také 22 pohlavim a vékem vazanych kontrolnich subjekt( (18
zen, 4 muzi, primérny vék 44,8 + 13 let), podminkou pfijeti byla nepfitomnost neurologického

onemochéni.

Od vsech pacientl byla zjiSténa podrobnda anamnéza vztahujici se k onemocnéni a byli
podrobeni detailnimu klinickému vySetfeni neurologem — specialistou v oblasti poruch
hybnosti. U kazdého pacienta byl uréen dominantni motoricky fenotyp a dalsi pfidruzené
hybné symptomy. Pacienti byli na zakladé této fenotypizace rfazeni do 6 skupin s dominantnim
hybnym ptiznakem (tj. tremor, porucha chlze, dystonie a spasmy, slabost, myoklonus,
parkinsonismus), zaroven byl uréen pocet pacientd sdanym motorickym fenotypem

figurujicim jako pfidruzeny k dominantnimu.

K evaluaci zavaznosti jednotlivych priznakl byla vyuZivdna validovana zjednodusena skala
hodnotici tiZzi funkénich poruch hybnosti (tj. The Simplified Functional Movement Disorder
Rating Scale, S-FMDRS) (Nielsen et al., 2017a). Mimo hybné obtiZe byla zjistovana i pfitomnost
senzitivni symptomatiky (tj. hypestezie, parestezie, dysestezie). 17 pacientll uvedlo obtize
tohoto charakteru, nicméné zadny z pacientl je neudaval v oblastech téla, kde byly aplikovany

stimuly (oblast m. orbicuralis oculi vpravo, akrum pravé horni koncetiny).

Mezi vyrazujici kritéria byla fazena pfitomnost stanovené nebo suspektni diagnézy spojované
s narusenou PPl, napf. poruchy schizofrenniho spektra, Tourettlv syndrom, epilepsie
tempordlniho laloku, OCD (Hoenig et al., 2005), panickd porucha (Ludewig et al., 2002),
fibromyalgie. Dale pozitivni farmakologicka anamnéza na léky s popsanym vlivem na PPI, napf:
agonisté a antagonisté dopaminovych receptori ¢i benzodiazepiny (Kofler et al., 2013; Braff

et al,, 2001).
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Zaznamenan byl i abusus navykovych latek, anamnéza nikotinismu a Cetnost konzumace
kofeinovych ndpojl. VSichni zacastnéni byli pozadani, aby se zdrZeli minimalné 3-4 hodiny
pred provedenim vySetieni, jak uzivani navykovych latek véetné nikotinu, tak piti kofeinovych
napoju. Ddle byla u vSech subjektl evidovana lateralita, u Zen zafazenych do studie i informace
o menstruacnim cyklu, menopauze ¢i uzivani hormonalni antikoncepce (Swerdlow et al.,

1997).

Ctyfi pacienti s FPH a dva kontrolni subjekty uvedli, Ze uZivaji inhibitory zpétného vychytavani
serotoninu nebo inhibitory zpétného vychytavani serotoninu a norepinefrinu. Sest pacientl a
Ctyfi zdravi dobrovolnici uvedli, Ze uZivaji dalsi medikaci, kterd neovliviiuje miru prepulzni
inhibice, napf: antihypertenziva, statiny, antihistaminika, levothyroxin, inhibitory protonové

pumpy. Jeden pacient uzival dlouhodobé kortikosteroidy.

Pacienti i dobrovolnici byli pozadani o vyplnéni nasledujicich dotaznik(: State-Trait Anxiety
Inventory (STAI X-1) hodnotici miru momentalni Gzkosti; Beck Depression Inventory (BDI-II)
hodnotici miru depresivni symptomatiky; PainDETECT k posouzeni intenzity soucasné,
pramérné a maximalni bolesti v poslednich 4 tydnech pred vysSetfenim a nakonec Obsessive-

Compulsive Inventory Revised (OCI-R) dotaznik s vysokou specificitou k symptomam OCD.

3.1.2. Neurofyziologické vysetreni

Samotné neurofyziologické vysSetfeni probihalo za standartnich podminek ve stredné
osvétlené a tiché mistnosti. VySetfovany subjekt byl posazen v pohodiné pozici, tak aby
elektromyograficky pfistroj nebyl vjeho zorném poli, tento manévr slouzil k zamezeni
subjektu v predvidani aplikace stimulll. O jednotlivych typech stimul( byl subjekt predem
informovan. Zaznam byl proveden rutinné pouZivanym elektrodiagnostickym pristrojem
(Synergy, CareFusion, Londyn, UK). Pasmové frekvencni filtry byly nastaveny na hodnoty od

30 Hz do 30 000 Hz. Vzorkovaci frekvence byla nastavena na 2 000 Hz.

3.1.3. Paradigma

Zakladem vysetfeni bylo provedeni elektromyografického zaznamu aktivity svald mm.

Orbiculari oculi pomoci povrchovych zlatych elektrod o velikosti 10 mm s pouzitim vodivého
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elektrodového gelu. Aktivni elektroda byla pfiklddana v medianni ¢are (délici tento sval na dvé
symetrické ¢asti) pod okem a referencni elektroda byla umisténa 2 cm laterdlné od aktivni
elektrody smérem k vnéjSimu koutku kazdého oka. Elektricky impuls k vyvolani blink reflexu
(tj. pravouhly impuls konstantniho proudu s délkou 0,5 ms) byl sméfovan do oblasti vystupu
pravého supraorbitalniho nervu, katoda byla umisténa nad supraorbitalni incisuru a anoda 3

cm laterdlné podél pribéhu nervu nad obo¢im.

Aplikovana stimulacni intenzita byla 10nasobkem individualné stanoveného tzv. senzorického
prahu. Ten lze definovat jako nejmensi intenzitu stimulu vnimanou subjektem v alespori 4 z 8

aplikaci.

Prepulzni stimulus (tj. pravouhly impuls konstantniho proudu s délkou 0,2 ms) byl aplikovan
100 ms pred stimulaci supraorbitdlniho nervu, a to prostrednictvim krouzkovych elektrod
pfilozenych k pravému ukazovdku nad proximalnim a medidlnim falangedlnim ¢lankem.
Aplikovand stimulaéni intenzita byla 2ndsobkem individualné stanoveného senzorického
prahu subjektu. U kazdého subjektu byla provedena 8x stimulace samotného supraorbitalniho
nervu (tj. baseline blink reflexu) a 8x prepulzni stimulace predchazejici stimulaci n.
supraorbitalis (tj. blink reflex s prepulzem). Jednotlivé stimulace byly oddéleny cca 10 s

pauzami.

Soucasti vySetfeni bylo i zhodnoceni miry diskomfortu &i bolesti, které subjekt vnimal
v prlbéhu vysetfovani, a to pomoci numerické skaly bolesti (NRS; 0 = Zadné nepohodli, 10 =

nesnesitelné).

3.1.4. Analyza EMG zdznaml

Elektromyografické zaznamy byly rektifikovany a analyzovany offline. Vylouéili jsme vSechny
zaznamy s artefakty nebo se spontannim mrknutim (tj. cca 1 % ze vSech pokust). U kazdého
subjektu byla provedena 16x stimulace (8x blink reflex a 8x blink reflex s prepulzem), v kazdém
ipsilaterdlnim EMG zaznamu blink reflexu byla rozliSena ¢asnd R1 a pozdni R2 komponenta
(R2). R2 komponenta byla zaznamenana také kontralateralné (R2c). Velikost R2 a R2c blink
reflexu byla mérena jako plocha pod kfivkou (ms/mV), vysledné hodnoty byly priimérovany.
R1 komponenta byla sledovana jako marker Uspésnosti pokusu, (Valls-Sole et al., 1999)

v pfipadé nepfitomnosti R1 komponenty byl dany zaznam vyfazen z analyzy. V nékterych
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prevazné pocatecnich zaznamech se objevila také komponenta R3, tato pozdni polyfazicka

komponenta blink reflexu nebyla zafazena do analyzy.

U kazdého subjektu byla pocitdna primérna hodnota tzv. baseline blink reflexu ze vSech 8

zpramérovanych hodnot R2 a R2c, obdobné i primérna velikost blink reflexu s prepulzem.

K normalizaci dat mezi subjekty byla vyjadifena procentudlni zména velikosti primérného blink

reflexu s prepulzem vzhledem k primérné hodnoté baseline blink reflexu (%PPI).

prumérna velikost BR s prepulzem

%PPI = *100

prumérna velikost baseline BR

Obr. 1: Vzorec vypoctu procentudlni zmény velikosti blink reflexu (%PPI)

BR= blink reflex

Hodnota PPlsize predstavuje primarni vysledek a odrazi miru prepulzni inhibice u daného
subjektu. Tato hodnota byla vypocétena pro kazdého jednotlivce jako rozdil velikosti blink

reflexu s prepulzem oproti vychozi hodnoté, tj. PPlsize= 100 %- %PPI.

3.1.5. Statistickd analyza

K analyze skupinovych rozdilG mezi pacienty a kontrolnimi subjekty byl pouZit Studentlv t-test
pro numerické hodnoty a FisherQv exaktni test pro kategorické proménné. Linedrni model byl
pouzit k adjustaci skupinového srovnani na skére BDI-Il, STAI X-1 a PainDETECT (k odstranéni

vlivu kovariat vzhledem k omezené velikosti vzorku).

Holmova — Bonferroniho korekce pro mnohondsobnd porovnani byla pouZita pro kontrolu
chyby Ildruhu (Family-wise error) ve dvandcti meziskupinovych srovnanich
neurofyziologickych i dotaznikovych dat, ve C¢tyfech intraskupinovych srovnanich
neurofyziologickych a NRS dat a v Sesti korelacnich testech. V textu uvedené P — hodnoty jsou

automaticky signifikantni. Statistické vypocty byly provedeny pomoci statistického softwaru R
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(R Foundation for Statistical Computing, Viden, Rakousko) (R Core Team. R, 2018).

3.2. Studie2

3.2.1. Subjekty

Do studie bylo zafazeno 195 pacientl (141 Zen, pramérny vék 46,3 + 12 let, vékové rozmezi
19-81 let) s klinicky stanovenou diagndzou funkéni poruchy hybnosti dle Gupta a Langa (Gupta
et Lang, 2009), pramérného trvani onemocnéni 7,3 + 7 let, ktefi navstévovali specializované
centrum pro extrapyramidovd onemocnéni, Neurologické kliniky ve VSeobecné fakultni
nemocnici v Praze v obdobi od ledna 2017 do bfezna 2020 (do za¢atku SARS-CoV-2 pandemie,
tj. duben/2020). Pacienti, ktefi navstivili ambulanci po zacatku covidové pandemie nebyli do
studie zahrnuti, pro moznost vicecetné bias. Dalsimi vylu€ujicimi kritérii byl vék <18 let,
abnormity na MRI mozku, mentalni postizeni, pfitomnost poruchy schizofrenniho spektra,
bipolarni porucha, pfitomnost komorbidniho neurologického onemocnéni centrdlni nervové
soustavy (napf: roztrousena sklerdza, Parkinsonova nemoc, cévni mozkova prihoda) nebo

uzivani ndvykovych latek.

Od vsech pacientl byla zjiSténa podrobnd anamnéza vztahujici se k onemocnéni a byli
podrobeni detailnimu klinickému vySetfeni neurologem — specialistou v oblasti poruch
hybnosti. VSichni participujici podepsali pisemny souhlas s Ucasti ve studii, kterd byla

schvalena etickou komisi.

3.2.2. Objektivni posouzeni zdvaZnosti motorickych symptom{

vevys

nejvice limitujici pro pacienta) a dalsi pridruzené hybné symptomy. V Tabulce 5 jsou uvedena
procenta pacientd s dominantnim hybnym pfiznakem, tj. porucha chlize, slabost, tremor,
dystonie, myoklonus, porucha feli, a zdroven procenta pacientli s danym motorickym
fenotypem figurujicim jako pridruzeny k dominantnimu. Jako , méfitko” komplexity hybnych
obtizi byl pouZit pocet motorickych fenotypl (zkr. No motor phen.). K evaluaci zdvaznosti

jednotlivych ptiznakd byla vyuzZivana zjednodusenda skala hodnotici tiZzi funkénich poruch
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hybnosti (tj. The Simplified Functional Movement Disorder Rating Scale, S-FMDRS) (Nielsen et
al., 2017).

S-FMDRS hodnoti pfitomnost/nepfitomnost abnormalniho pohybu/slabosti, jeho zédvaznost
(Skala 0-3; O=neni pfitomen, 1= lehky, 2=stfedné zadvainy, 3=zdvainy) a trvani (Skala 0-3;
O=neni pfitomen, 1=pfilezitostné, 2=Casto, 3=kontinudlné) v sedmi oblastech téla (oblicej a
jazyk, hlava a krk, leva horni koncetina a pletenec ramenni, prava horni koncetina a pletenec

ramenni, trup a bficho, leva dolni koncetina, prava dolni koncetina), maximalni skére je 54.

K objektivnimu posouzeni zdvaznosti poruchy chlze bylo pouzito S-FMDRS podskére pro
poruchu chlize (soucet bodU ziskanych za zavaznost a trvani v S-FMDRS, rozsah 0-6), ddle skére
vyhodnocujici nutnost pouziti kompenzacnich pomucek (zkr. Gait aid score), které bylo
hodnoceno na zakladé pozorovani pacienta pfi chlzi na minimalné 10 metr( (rozsah skaly 0-
3; 0= normalni chlize, 1= abnormalni chlze bez nutnosti pouZziti kompenzacénich pomlcek, 2=
potieba asistence ¢i nutnost pouZiti kompenzacnich pomlcek, 3= zavislost na invalidnim
voziku). Hodnoceni zavislosti na invalidnim voziku bylo provedeno na zdkladé klinického
pozorovani, tedy pouze pacienti zcela neschopni stoje ani chlize byly zafazeni do skupiny
s nejvyssim poctem bodl. Pacienti pouzivajici invalidni vozik pftilezitostné (napf. pro
nadmérnou bolest, Unavu nebo nizkou toleranci fyzické zatéze), tedy schopni stoje a chlize na

kratkou vzdalenost byly zafazeni do jinych kategorii.

Dalsim objektivnim parametrem vyhodnocenym na zakladé klinického vysetfeni byla
pfitomnost instability. Posturdlni instabilita (rozsah 0-1; 0= nepfitomna, 1= pfitomna) byla
klasifikovana jako ,pfitomna“, v pfipadech, Ze pacient nebyl schopen stoje/chiize bez opory,
dale v pripadé pozitivity Rombergova testu (resp. funkéniho Rombergova testu, tj. v pfipadé,
Ze dojde ke zlepSeni poruchy stability pti distrakci napf. kognitivni tlohou) nebo pfi pozitivité
zkousky zvraceni trupu vstoje (tzv. pull test, tj. naruseni rovnovahy nahlym prudkym tahem za
obé pacientova ramena zezadu stojicim vysetfujicim). Anamnéza padl a nestabilita udavana

pacientem nebyly pro objektivni hodnoceni stability relevantni.

3.2.3. Subjektivni posouzeni zavaznosti motorickych a non-motorickych symptom{

Vsichni pacienti hodnotili zavaznost svych hybnych obtizi v poslednich 4 tydnech pomoci tzv.

Likertovy $kdly (rozsah 0-2; 0= netrdpi mé, 1= vadi jen trochu, 2=vadi mi hodné) v 5 kategoriich
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hodnoticich motorické funkce (1= slabost, 2= porucha koordinace, 3= porucha chiize, 4= tfes
a myoklonické zaskuby, 5= abnormdlni postury, kfece), a to na podkladé dotazniku PHQ-15 (tj.
Patient-Health-Questionnaire). Celkové skore bylo stanoveno jako Subjektivné hodnocena tize
motorickych symptom( (zkr. SMSS) s bodovym rozsahem 0-10. VSichni pacienti byli pozadani
o vyplnéni sady dotaznikll zamérené na depresivni, Uzkostnou symptomatiku, Unavu,

kognitivni stiznosti, bolesti, a nakonec kvalitu Zivota vztazenou ke zdravi.

Beck Depression Inventory (BDI-Il) je dotaznik hodnotici miru depresivni symptomatiky,

obsahuje 21 polozek, bodovy rozsah se pohybuje mezi 0-63 (Beck et al., 1961).

State-Trait Anxiety Inventory (STAI X-1, STAI X-2) hodnoti miru momentalni Uzkosti (STAI X-1,
20 polozek) a uzkostlivosti (STAI X-2, 20 polozek), v kazdé ¢asti Ize dosahnout maximalné 80

bod( (Spielberger, 1983).

Unava byla hodnocena pomoci Fatigue Severity Scale (FSS), tj. 9polozkova $kdla s rozsahem 1—
7. Dotaznik se zaméruje na miru fyzické a mentdlni Unavy a jeji dopad na bézné denni aktivity

(Krupp et al., 1989).

K posouzeni intenzity momentalni, primérné a maximalni bolesti v poslednich 4 tydnech pred
vySetifenim byla pouzZita vizualni analogova Skala PainDETECT s bodovym rozsahem 0-10 (0=
zadna bolest, 10= nejsilnéjsi bolest). Z praktickych dlvodu byla pro analyzu pouZita primérna
hodnota z téchto tfi udavanych skére, tj. momentalni, prlmérna a maximalni bolest = celkové

skore bolesti (zkr. Pain), bodovy rozsah 0-30 (Freynhagen et al., 2006).

Mira kognitivnich obtizi byla mérena pomoci ¢eské validované verze dotazniku kognitivnich
obtiZi (Le dotaznik de plainte cognitive, QPC), 10polozkové dichotomické (Ano/Ne) skaly, o
bodovém rozsahu 0-10, kterd se zaméruje na kognitivni obtiZze v poslednich 6 mésicich.
Dotaznik zahrnuje otazky tykajici se pamétovych schopnosti, prostorové orientace, jazykovych

dovednosti, exekutivnich funkci nebo zmén v osobnosti (Markova et al., 2017).

Kvalita Zivota vztazena ke zdravi (HRQoL) byla hodnocena pomoci 12polozkové skaly Zdravi a
spokojenosti (Short Form (SF-12) (Ware et al., 1996). Dotaznik zahrnuje polozky tykajici se
fyzickych funkci, socidlniho fungovani a omezeni roli (na fyzické i emocni Grovni) nebo otazky
se zamérenim na bolest, mentalIni zdravi, vitalitu ¢i vSeobecné zdravi. Bodovy rozsah je mezi

12-44, vyssi skére oznacuje lepsi HRQoL. Vzhledem k mozné autokorelaéni bias pro prekryv
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otazek tykajici se bolesti, Unavy, Uzkosti a deprese bylo vytvoreno SF-12 podskdre zahrnujici

pouze poloZzky tykajici se celkového zdravi (skére 7-25).

K ozfejméni kvality Zivota byl dopliikové pouZit také 5dimenziondlni 3droviiovy dotaznik
EuroQolL (EQ-5D-3L), zahrnujici deskriptivni ¢ast (EQ-5D, bodovy rozsah 5-15) a vizualni
analogovou $kdlu (EQ-VAS, rozsah 0-100 %, pficemz 100 % je nejlepsi predstavitelny stav
zdravi). V EQ-5D se odrazi pét dimenzi: mobilita, péle o sebe, obvyklé cinnosti,
bolest/nepohodli a Uzkost/deprese, kazdou se tfemi moznymi stupni ohodnoceni (Zadné

obtiZze, mirné obtiZe a zavainé obtize) (Rabin et al., 2014).

3.2.4. Statistickd analyza

Vztahy mezi proménnymi byly charakterizovany Pearsonovym korela¢nim koeficientem. Lasso
regrese s 10ndsobnou kfizovou validaci byla pouzity k identifikaci proménnych ovliviujicich

méreni HRQolL (Friedman et al., 2010).

Kandidatni proménné vstupujici do Lasso modelu byly: vék, pohlavi, délka trvdni onemocnéni,
SMSS, S-FMDRS, S-FMDRS podskdre pro poruchu chiize, pocet motorickych fenotyp(, Gait aid
skore, pritomnost instability, STAI X-2, BDI-Il, QPC, FSS a celkové skére bolesti.

Hierarchické shlukovani vyuzivajici euklidovskou vzdalenost a kompletni slucovani bylo
pouZito k nalezeni potenciadlnich shlukd v datech. Cilem bylo identifikovat podskupiny
pacientd, jejichz hodnoty proménnych by se podobaly uvnitf skupin, ale liSily meziskupinové.
Pti hledani shlukd byly zvaZzovany tfi soubory dat: (1) vSechny proménné vstupujici do Lasso
modelu, (II) vSechny proménné vstupujici do Lasso modelu a k tomu indikatory dominantnich

a pfidruzenych motorickych symptomd, (lll) pouze non-motorické proménné.

Data byla standardizovdna pomoci Z-skére k vyrovnani vlivu jednotlivych proménnych, jejichz
méritka se nékdy i fadové lisila. Vysoce korelované proménné STAI X-1, STAI X-2 a BDI-II byly
dekorelovany a nahrazeny hlavnimi komponentami. Vyznamnost domnélych shluk( byla
posouzena pomoci Gap statistiky (Tibshirani et al., 2001). Statistické vypocty byly provedeny
pomoci statistického softwaru R (R Core Team. R, 2018) s balickem glmnet pro Lasso
modelovani (Friedman et al., 2010), cluster balickem pro vypocet gap statistiky (Maechler et

al., 2021) a balickem idendro pro interaktivni testovani dendrogram( (Sieger et al., 2017).
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Korekce na mnohondsobna porovnani zamérné nebyla provedena, aby bylo mozno studovat

plvodni p-hodnoty ve vztazich mezi vybranymi proménnymi.
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4. Vysledky

4.1. Studiel

Pacienti s FPH a zdravé kontrolni subjekty se vyznamné nelisily v abusu nikotinismu (tj.11
pacientl vs. 8 kontrolnich subjekt(l) a v konzumaci kofeinovych napoju (tj. 18 pacient(i vs. 19

kontrolnich subjektt).

Charakteristiky motorickych fenotypU jsou shrnuty v Tabulce 2. U pacientl dominoval smiSeny
fenotyp. Primérna hodnota zavaznosti tize hybnych funkcénich symptom( skérovana ve skale

s-FMDRS byla 9 £ 5 (rozsah $kdly 0-54).

Vysledky neurofyziologického méreni jsou shrnuty v Tabulce 3. Zakladni charakteristiky blink
reflexu se mezi skupinami vyznamné nelisily. Prepulz predchazejici stimulaci supraorbitdlniho
nervu signifikantné redukoval velikost baseline blink reflexu v obou skupindch (t21 = —4.768;
P = 0.0001 korig. u FPH pacientll; t21 = —6.13; P < 0.0001 korig. u kontrolnich subjektd). Mira
inhibice se statisticky vyznamné lisila mezi skupinami (t35,7 = 4,78; P = 0,0003 korig.; obr. 2).,
u pacientl s FPH doslo k redukci blink reflexu (PPlsize) priimérné o0 36,4 % + 26 %, u kontrolnich

subjektd v priméru 0 67,3 % = 16 %.

Nebyl nalezen statisticky vyznamny rozdil mezi hodnotami senzorickych prahd pro stimulaci
supraorbitalniho nervu ani pro prepulzni stimulaci aplikovanou na ukazovdku mezi
pacientskou a kontrolni skupinou. Mira diskomfortu béhem vysetieni hodnocena pomoci skaly
NRS byla redukovdna aplikaci prepulzu v obou skupinach, rozdil mezi skupinami nebyl

signifikantni.

Vysledky dotaznikové casti jsou shrnuty v Tabulce 4. Pacienti udavali vy$si miru bolesti a
deprese ve srovnani s kontrolnimi subjekty. Naopak nebyl vyznamny rozdil v mife uddvané

Uzkosti a obsedantné-kompulsivnich pfiznakl mezi skupinami.

Nebyly nalezeny statisticky vyznamné rozdily ve fazich menstruacniho cyklu, menopauzy nebo
uzivani hormonalni antikoncepce mezi pacientkami a kontrolnimi subjekty Zenského pohlavi.
Nebyly nalezeny zadné korelace mezi mirou inhibice a zavaznosti motorickych symptomu,
délkou trvani onemocnéni, mirou udavané deprese, Uzkosti, bolesti nebo obsedantné-

kompulsivnich symptomd.
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Tabulka 2: Charakteristika motorickych fenotypti

Motoricky symptom

Dominantni (n)

Pfidruzeny (n)

Tres 7 4
Porucha chlze 7 6
Dystonie a spasmy 4 1
Slabost 4 12
Myoklonus 0 2
Parkinsonismus 0 1

,Dominantni“ uddva pocet pacientu (n), u kterych byl dany motoricky symptom pritomen jako

previddajici. ,PridruZeny” uddvd pocet pacientu (n), u kterych byl dany motoricky symptom

pfitomen jako sekunddrni k dominantnimu.

Tabulka 3: Vysledky neurofyziologického méreni (R1 komponenta, R2 komponenta, baseline

blink reflexu [Baseline], blink reflex s prepulzem [Prepulz]) u pacientd s FPH a kontrolnich

subjekta
R1 komponenta-amplituda (mV) R2 komponenta-velikost (ms x mV)
FPH Kontroly p-hodnoty FPH Kontroly | p-hodnoty
Baseline 440,4 423,4 0,751 4,74 3,73 0,175
Prepulz 535,0 484,9 0,444 2,91 1,12 0,0005**

VSechna meziskupinovad srovndni byla provedena za pomoci Studentova t-testu.

** signifikantni po korekci na mnohocetné testovani (**P <0.01)
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Obr. 2: Hodnoty PPIsize u pacientii s FPH a u kontrolnich subjekti.

PPIsize (tj. rozdil priimérné velikosti blink reflexu s prepulzem oproti vychozi hodnoté,
vyjadreno v %) byla signifikantné niZsi u pacienti s FPH ve srovndni s kontrolnimi subjekty (P =

0,0003 korig.).

*** Pp<0,001
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Tabulka 4: Vysledky dotaznikové ¢asti — méfeni zavaznosti depresivnich pFiznakd, uzkosti,

obsedantné-kompulsivnich symptomi a bolesti

FPH pacienti Kontrolni subjekty p-hodnoty
BDI - I 15.5 (9.7) 5.1(5.7) 0.0001**
STAI X-1 43.2 (9.4) 36.5 (10.4) 0.0296
OCI-R 13.8 (12.9) 13.0 (11.0) 0.8171
Bolest — aktualni 5.0(2.9) 0.1(0.3) <0.0001**
Bolest — maximalni 7.6 (2.4) 1.9 (2.0) <0.0001***
Bolest — priimérna 6.3 (2.4) 1.0(1.1) <0.0001***

Bolest aktudlni/maximdlni/primérnd= PainDETECT k posouzeni intenzity bolesti; BDI-ll=
Beckova skdla deprese; OCI-R= Obsessive-Compulsive Inventory Revised k posouzeni miry OCD

pfiznaku; STAI X-1= Dotaznik uzkosti
VSechna meziskupinovd srovndni byla provedena za pomoci Studentova t-testu.

** signifikantni po korekci na mnohocetné testovani (**P <0.01; ***P <0.001)

Obdobna analyza byla provedena i pro podskupinu subjekt( zcela bez medikace a podskupinu
téch, ktefi nevykazovali Zzadné (ani motorické) ptiznaky na pravé horni koncetiné, kam byl

aplikovan prepulz, vysledky se vyznamné nelisily.

4.2. Studie 2

Z konsekutivniho vzorku 195 pacientd inkludovanych do studie, ktefi absolvovali vstupni
pohovor, klinické vySetfeni a splnili diagnostickd kritéria pro motorickou funkéni
neurologickou poruchu bez vyznamnych komorbidit, vSak 17 pacientl neodevzdalo dotazniky

a 26 pacientl je vyplnilo pouze ¢aste¢né. Subjekty s chybéjicimi Udaji byly z analyzy vyrazeny.
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Kompletni data byla ziskana od 152 pacient( s klinicky stanovenou FPH (109 Zen, pramérny
vék 46 + 12 let), prllmérného trvani onemocnéni 6,6 = 5 let. Z analyzy bylo celkem vylouceno
43 pacientll (32 Zzen, priimérného véku 47,5 + 12 let, pramérné doby trvani onemocnéni: 10,0
t 7let, median 8 let). Vyrazeni pacienti se signifikantné lisili od analyzovaného vzorku pouze
v ¢asnéjSim nastupu a delSim trvani onemocnéni. Moznym vysvétlenim nizsi compliance by
mohl byt fakt, Ze za¢atek FPH u téchto pacientl byl datovan pred rokem 2015, tedy pred
vznikem specializované ambulance pro funkéni poruchy. Mozna frustrace z chronicity
onemocnéni, nejednotnym pristupdm a nedostatecnym l|écebnym postupim, se mohla

odrazit na dalsi spolupraci se zdravotnickym personalem.

V Tabulce 5 jsou uvedeny pocty/procenta pacient( s jednotlivymi fenotypy. V nasem souboru
prezentovalo 41 % pacientl dva fenotypy soucasné, 3 % pacientld vykazovalo Ctyfi a vice
motorickych symptomd a 29 % mélo monosymptomaticky fenotyp. Primérna hodnota S-
FMDRS byla 11,3 + 8 (rozsah 0—-39). S-FMDRS podskdre pro poruchu chtlize bylo 2,8 + 2 (rozsah

0-6). Instabilita byla zjisténa z klinického vysettreni u 33 % pacientd.

Potfeba asistence nebo pouZiti kompenzacnich pomucek (francouzské hole, berle nebo
choditko) pfti chlizi byla evidovana u 16 % subjekt( a u 4 % kompletni zavislost na invalidnim
voziku, 44 % pacientl vykazovalo poruchu chlize bez nutnosti pomoci a u 36 % nebyla porucha

chlize pritomna.

Domény vcéetné véku a véku pfi pocatku onemocnéni, dale udaje z dotaznikl o non-
motorickych symptomech, subjektivné uddvané zavaznosti motorickych symptomd a HRQoL

ve vztahu k motorickym fenotyplm jsou zobrazeny na obrazku 3.
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Tabulka 5: Charakteristika motorickych fenotypu

Procento pacientt, u kterych byl dany motoricky symptom pfitomen jako

sekundarni k dominantnimu (%) c

Dominantni
Posturalni
motoricky Porucha Porucha
n(152) a Slabost | Tremor | Dystonie | Myoklonus instabilita
symptom chlize Feci
(%) d
(%) b
Porucha
32 - 62 42 0 4 17 67
chiaze
Slabost 24 72 - 22 6 0 11 31
Tres 19 31 34 - 0 7 7 10
Dystonie 16 64 36 48 - 12 12 8
Myoklonus 8 33 17 17 8 - 0 17
Porucha
1 0 0 0 0 0 - 0
feci

a Celkovy pocet pacient

b Procento pacientd,

dominantni/previddajici.

¢ Napf. 42 % pacienti s primdrné poruchou chiize, md zdrover tres.

u kterych byl dany motoricky symptom piitomen jako

d Procento pacient( uddvajici posturdlini instabilitu jako pridruZeny priznak k dominantnimu

symptomu, napf. 67 % pacientl s poruchou chiize md zdroveri i posturdlni instabilitu.
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Obr.3: Krabicové grafy a histogramy zobrazuji vék pacientu, vék zacdtku onemocnéni, udaje
z dotazniki o non-motorickych symptomech, subjektivné uddvané tiZe motorickych

symptomii a HRQoL. Barevné body reprezentuji pacienty s danym motorickym fenotypem.

n =152, celkovy pocet pacient(

BDI-Il = Beckova Skdla deprese; EQ-5D popisnd ¢dst EQ-5D-3L; EQ-VAS = EQ vizudlni analogovd
skdla EQ-5D-3L; FSS = skdla pro méreni tiZze unavy; PainDetect Skdla bolesti — priimér ze 3
hodnot aktudlni/priimérné/maximdlni intenzity bolesti v poslednich 4 tydnech; QPC = Dotaznik
kognitivnich stiZnosti; SF-12 = 12polozkovy dotaznik kvality Zivota; SMSS = subjektivni

hodnoceni tize motorickych symptomd, STAI X-1/STAI X-2 = Dotaznik uzkosti a uzkostlivosti

4.2.1. Korelaéni analyza

Byly analyzovany vztahy mezi nasledujicimi doménami: Vék, Vék pti pocatku onemocnéni,
Trvani onemocnéni, Subjektivné hodnocena tize motorickych symptomu (SMSS), Pocet
motorickych fenotypl (No motor phen.) S-FMDRS, S-FMDRS podskére pro poruchu chiize (S-
FMDRS gait), pouziti kompenzacnich pomUcek (Gait aid score), Non-motorické domény (BDI-

[, STAI X-1,2, FSS, QPC, Pain skére) a naposledy domény HRQol (SF-12, SF-12 podskodre, EQ-
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5D, EQ-VAS). Hlavni vysledky korelacni analyzy jsou zobrazeny na obrazku 4. Doplriikové

analyzy budou shrnuty v nasledujicim textu.

Vyssi vék byl spojen s vyssi mirou kognitivnich obtizi (QPC, p <0,001), uzkostlivosti (STAI X-2, p
<0,01) a zhorsenou kvalitou Zivota (konkrétné SF-12 podskére, p < 0,01; EQ-VAS, p < 0,01),

méné i s aktudlni Uzkosti, depresivitou a poruchou chtize dle S-FMDRS (p < 0,05).

DelSi trvani onemocnéni koreluje se zvySenou unavou (FSS, p <0,001) a je spojeno s vétsi
potiebou podpory pti chizi (Gait aid score, p <0,01), slabé i s poruchou chiize dle S-FMDRS (p
<0,05).

Vsechny parametry objektivniho méreni zdvaznosti motorickych symptomu korelovaly mezi
sebou (No motor phen., S-FMDRS, S-FMDRS podskére chlize, Gait aid score, p <0,001).
VSechny non-motorické domény silné korelovaly mezi sebou (BDI-Il, STAI X-1,2, QPC, FSS, Pain
skore, p <0,001), se SMSS (p <0,001) a s HRQoL (SF-12 a EQ-5D-3L, p <0,001). Nejsilngjsi
korelace byla pozorovdna mezi depresi, Uzkosti a kognitivnimi stiznostmi. Hodnoty S-FMDRS
silné korelovaly se vSemi non-motorickymi doménami (BDI-II, STAI X-1,2, QPC, FSS, Pain skore,
p <0,001). Vyssi pocet fenotypl koreloval se zhorSenou kognici (QPC, p <0,001), slabé s bolesti
(Pain skére, p <0,05) a kvalitou Zivota (SF-12, p <0,05).

Subjektivné zavazinéjsi tize hybnych obtizi (SMSS) byla spojena s objektivné horsim klinickym
stavem, tedy vy$sim poctem motorickych symptomt (No motor phen.), vyssimi hodnotami S-
FMDRS, vétsi potfebou pouZiti kompenzacnich pomicek (Gait aid score) a zaroven se
zhorSenim ve vSech non-motorickych doménach (BDI-Il, STAI X-1,2, QPC, FSS, Pain skore)

vCetné kvality Zivota (SF-12 a EQ-5D-3L), (p <0,001), viz. Obr. 4.
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Obr. 4: Bivariacni bodové a krabicové grafy jsou uvedeny pod diagondlou. Nad diagondlou

jsou uvedeny Pearsonovy korelacni koeficienty a jejich vyznamnost.

* P<0.05, ** P <0.01, *** P <0.001.

Zelené jsou oznaceny domény motorickych symptomu, modre domény non-motorickych

symptomu a oranZové parametr kvality Zivota (Qol).
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Jednotliva méreni domén u pacientu se promitaji na osu X (horizontdlni) a na osu Y (vertikdini).

BDI-Il = Beckova Skdla deprese; FSS = skdla pro méreni tiZe unavy,; Gait aid score = skore
nutnosti pouZiti kompenzacnich pomicek; No motor phen. = pocet motorickych fenotypu; Pain
=The PainDetect Skdla bolesti -priimér ze 3 hodnot aktudlni/primérné/maximdlni intenzity
bolesti v poslednich 4 tydnech; QoL = kvalita Zivota; QPC = Dotaznik kognitivnich stiznosti; SF-
12 =12polozZkovy dotaznik kvality Zivota; S-FMDRS= zjednoduSend Skdla funkcnich poruch
hybnosti; SMSS = subjektivni hodnoceni tize motorickych symptomdi; STAI X-2 = Dotaznik

uzkostlivosti

Nebyly nalezeny Zadné podstatné rozdily ve skére SF-12 a EQ-5D-3L mezi pacienty
s dominantnim fenotypem poruchy chlize a mezi pacienty s ostatnimi fenotypy. Pfitomnost
posturdlni instability byla spojena s horsi kvalitou Zivota (SF-12 a EQ-5D-3L, p <0,001).
Pfekvapivé pacienti, ktefi jsou plné zavisli na invalidnim voziku, neudavali vyznamné horsi
hodnoty SF-12 nebo EQ-VAS oproti pacientim bez poruchy chiize, vyznamny rozdil byl pouze
v EQ-5D (p <0,001).

4.2.2. Prediktory kvality Zivota vztazené ke zdravi

Vicenasobna linearni regrese odhalila faktory, které vyznamné ovliviuji HRQoL, pro SF-12 jsou
to: BDI-Il, Pain skdre, SMSS, STAI X-2, FSS. Obdobna analyza byla provedena i pro SF-12
podskére: BDI-II, Pain skére, SMSS, FSS, vék.

Aktudlni zdravotni stav, méreny pomoci EQ-5D silné ovliviiovaly nasledujici domény: BDI-II,
Gait aid skére, Pain-aktudlni a S-FMDRS. Aktualni zdravotni stav, méreny pomoci EQ-VAS je

ovlivnén Pain skore, STAI X-2, SMSS a vékem.

4.2.3. Clusterova analyza

Shlukova analyza doplnénd o gap statistiku odhalila, Ze vzorek vytvari zcela homogenni shluk
a pacienti tedy nemohou byt rozdéleni do vice podskupin. Tento vysledek plati pro vyse

uvedené tfi soubory dat.
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5. Diskuse

5.1. Studiel

Jedna se o prvni studii v dosavadni literature, ve které byl popsan fenomén PPl u pacientu
s funkénimi poruchami hybnosti. Primarnim zjisténim je, Ze u pacientll s FPH dochazi k
vyznamné redukci PPl oproti kontrolnim subjektlim. Zakladnim predpokladem je, Ze PPl odrazi
funkci senzorimotorického gatingu. Za béznych okolnosti miZze mnoZstvi podnét( prebirat
ulohu prepulzl a zabranovat nezddoucim motorickym reakcim, které by mohly interferovat
s pravé probihajicim zpracovanim relevantnich vstupd (Swerdlow et al., 2016). Do jaké miry
dojde k pozornostni reorientaci vi¢i danému podnétu a jak moc silna bude inhibice okolnich

rusivych podnétl zavisi na tzv. salienci (tj. mira vyznamnosti) daného podnétu.

Zpracovani informacnich vstupl mozkem je vysledkem dynamické viceldrovriové interakce
top-down signall se senzorickymi /bottom-up signaly a PPI je ,vedlejSim produktem® téchto
komplexnich procesli odrazejici somatosenzorickou integraci na subkortikalni Urovni
(Corbetta et al., 2008). Jak jiz bylo uvedeno vyse, velikost PPl je modulovana prostiednictvim
rady anatomickych struktur, kdy pravdépodobné stézejni roli hraje ventralni striatum/nucleus

accumbens (Ma et Leung, 2016).

Vzhledem ktomu, Ze jsme nezjistili rozdily v parametrech samotnych blink reflexd mezi
pacienty s a kontrolnimi subjekty, Ize predpokladat normalni integritu obvod( na urovni
mozkového kmene. Nejpravdépodobnéjsim podkladem abnormit PPl u FPH je tedy naruseni
top-down signalizace ze struktur pfedniho mozku projikujicich se do pontinniho reflexniho
okruhu blink reflexu. PPI je zcela automaticky fenomén predchazejici védomému zpracovani
podnétu, abnormity tohoto objektivhé méritelného jevu, tedy podporuji rozdilny podklad

funkénich poruch a faktitivni poruchy nebo simulace (Edwards et al., 2012).

Z predchozich studii je znamo, Ze PPl maze byt modulovano vyssimi kognitivnimi funkcemi,
napr: pozornostni modulaci nebo podminénou modulaci (Swerdlow et al., 2016). Pozornostni
procesy jisté ovliviiuji inhibici pfi pouziti delSich interstimulacnich interval(, tj. interval mezi
prepulzem a naslednym stimulacnim podnétem, nicméné existuji dlikazy i o vlivu pozornosti
pfi pouziti kratkych interstimulacnich intervall napf. 120ms (Heekeren et al., 2004; Filion et

al., 1993).
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Na zakladé vSech vyse uvedenych poznatk(i mizeme usuzovat, Ze redukce prepulzni inhibice
mUZe odraZzet zhorSenou neselektivni alokaci pozornosti i obtiZe s jejim pfeorientovanim,
dale naruseni ochrany pravé zpracovavaného somatosenzorického podnétu v ¢asné drovni
informacniho processingu, ale také naruseni ¢asného vyhodnoceni salience pfislusejici

danému prepulznimu stimulu.

Dosavadni funkéné zobrazovaci studie u FPH jiz prokazaly dysfunkci nékterych struktur
zapojenych do salientni neuralni sité, napf. nucleus accumbens nebo amygdaly (Voon et al.,
2011; Aybek et al., 2014). Déle abnormity v oblasti temporoparietdlni junkce, ktera je ddvana
do souvislosti nejen se schopnosti self-agency (Nahab et al., 2017), ale i pozornostni
reorientaci, tj. presmérovanim pozornosti z jednoho objektu na druhy nebo s prepindnim
jednotlivych neuralnich siti (Krall et al., 2014). VSechny tyto alterace mohou hrat dulezitou roli

v dysregulaci prepulzni inhibice u funkénich poruch.

Abnormadlni PPI je povazovdano za velmi robustni a vysoce reprodukovatelny neurofyziologicky
marker vy3etfovany u subjektd s poruchou ze schizofrenniho spektra. Utlum PPI je v souladu
s jednou ze zakladnich hypotéz vysvétlujicich vznik schizofrenie, kterou je teorie ,narusené
salience” (Fletcher et Frith, 2008). Narusené rozpozndavani vyznamnosti podnétl vede
k obtiznému filtrovani informaci prichazejicich z okoli s vyslednym informacnim prehlcenim
nervového systému a chybnym percepénim inferencim, tj. odvozovani souvislosti z informaci

ziskanych smyslovou percepci, vedoucich k rozvoji halucinaci ¢i bludd (Maia et al., 2017).

U pacient se schizofrenii byla demonstrovdna neschopnost rozpoznat vyznamnost podnétu
pomoci tzv. mismatch negativity, kterd je definovana jako negativni slozka evokovanych

potenciall odrazejici pochody spojené s automatickou detekci zmény (Garrido et al., 2009).

MlzZeme tedy predpokladat, Ze u schizofrenie nedochazi k rozliSeni pro organismus
vyznamnych  prepulznich  stimuld od jinych podnétl zdlvodliT neomezeného
somatosenzorického gatingu, a proto selhdva mechanismus rusici senzorimotorickou aktivitu

(tj. blink reflex).

Naopak u funkénich poruch se predpoklada spise nedostatecna senzitivita k vysoce prioritnim

exteroceptivnim Ci interoceptivnim inputlim, ktera taktéz zapficini snizeni vlivu prepulzu na

danou senzorimotorickou aktivitu.
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V predchozich studiich byl u pacientl s FPH popsan jev tzv. senzorické atenuace odraZejici
snizenou schopnost rozpoznat vlastni hybnou akci (Parees et al., 2014a). Tento jev byl popsan
také u schizofrenie, nicméné opét lze predpokladat odlisSné patofyziologické mechanismy

vedouci k naruseni self- agency u téchto dvou poruch (Brown et al., 2013).

Pfedpokladané patofyziologické mechanismy, které vedou k dysregulaci PPl se u schizofrenie
a u funkénich symptomu vyznamné lisi, nicméné primé srovnavaci studie rliznych mechanismi
zatim chybi a vyskyt stejnych abnormit u obou onemocnéni je obtizné spolehlivé

interpretovat.

Alterace v PPI byly nalezeny i u jinych pohybovych poruch, napf: Huntingtonova choroba
(Bollen et al., 1986), Parkinsonova nemoc (Nakashima et al., 1993) nebo dystonie (Gomez-
Wong et al., 1998). Z fad studii nicméné vyplyva, Ze snizeni PPl nemusi byt vidy spojeno se
strukturalni nebo regulani neuralni poruchou, napf. existuji vyznamné rozdily mezi pohlavim
a mira inhibice muze kolisat v ramci menstrua¢niho cyklu u zdravych Zen (Swerdlow et al.,
1993). Ddulezitou informaci predstavuje nalez intaktniho PPI u nékterych zavainych
organickych onemocnéni, napf. bipolarni porucha, depresivni porucha a jiné (Ludewig et
Ludewig, 2003; Perry et al., 2004). Vysledky této studie podporuji zpochybnéni zdkladniho

kategorického déleni poruch na funkéni a organické/nefunkéni.

Vzhledem k velkému poctu poruch spojenych s abnormitami v PPI, kdy nékteré ovliviuji
pohyb, jiny mentalni stav nebo vnimani bolesti, Ize predpokladat, Ze existuje vice moznych
cest vedoucich knaruSeni PPI. Absence korelace mezi velikosti inhibice a zavaznosti
motorickych symptom( nebo trvanim onemocnéni nam neumoznuje uvazovat o stézejni roli
narusené PPl v rozvoji hybnych projevl u FPH. Zajimavosti je, Ze u pacient( s dystonii, ktefi
pouzivaji senzorické triky, byla PPl méné narusena. Tento ndlez byl vysvétlen tak, Ze dysfunkce
ve zpracovani senzorickych inputl hraje roli pfi udrzovani dystonickych spasma (Gomez-Wong

et al., 1998).

V budoucnosti by mél byt dale studovan predevsSim vztah velikosti prepulzni inhibice
k perzistenci motorickych symptoma. Abnormalni PPl by mohla predstavovat premorbidnirys,
ktery Cini pacienty nachylnéjsi k rozvoji onemocnéni, jak se predpokladad u schizofrenie
(Ettinger et al., 2017) nebo muze predstavovat dusledek ¢i kompenzaéni fenomén spojeny

s poruchou.
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V nasi studii jsme nezjistili rozdil v uc¢inku prepulzu na miru diskomfortu béhem vysetfeni, u
obou skupin doslo k redukci intenzity nepohodli po aplikaci prepulzniho stimulu, coz
kontrastuje s vysledky obdobné studie u pacientl s fibromyalgii, u kterych prepulz bolest i

diskomfort neredukoval na rozdil od kontrolnich subjekt( (Kofler et al., 2014).

V souladu s pfedchozimi studiemi udavali pacienti s FPH vy3si miru deprese a bolesti nez
kontrolni subjekty (Gelauff et al., 2014). Nicméné pfitomnost téchto faktor( neovliviiovala
vyznamné miru naruseni PPI, po statistické adjustaci zlstaly rozdily v inhibici mezi skupinami

vysoce signifikantni.

Deficit v PPI byl pfitomen bez ohledu na motoricky fenotyp, velikost PPl nekorelovala ani s
uvadénou mirou bolesti. Souvislost s bolesti by se nabizela vzhledem k dosavadné popsanym

abnormitdm v PPl dominantné u bolestivych funkcnich syndrom.

Jednotné neurdlni mechanismy stojici za rozvojem funkénich motorickych, senzorickych,
interoceptivnich ¢i kognitivnich symptom(, tak jak byly navrieny v neurobiologickych
modelech, jsou v souladu s prekryvanim klinickych domén a rizikovych faktor(. Nicméné i pres
nalezy podporujici tyto hypotézy (v€etné narusené PPI) soucasné klasifikacni systémy nadale

vytvareji propast mezi funkénimi a somatickymi syndromy.

Tato studie ma sva omezeni, napf. se subjekty nebyl proveden strukturovany psychiatricky
rozhovor s vyssi senzitivitou k detekci psychiatrickych komorbidit, nez zachyti dotazniky. Sice
nebyla nalezena souvislost mezi velikosti inhibice a pfitomnosti nebo neptitomnosti
abnormalniho pohybu na konéeting, kde byl aplikovan prepulz, avsak mozna interakce mezi
mistem motorického symptomu a PPI, kterda by mohla poskytnout dllezité poznatky o
senzorimotorickém gatingu a patofyziologii FPH, nemusela byt detekovana vzhledem k malé

velikosti vzorku.

5.2.  Studie 2

5.2.1. Vztah mezi motorickymi a non-motorickymi symptomy

V souladu s predchozimi studiemi jsme nalezli vysokou miru vzajemné korelace mezi non-

motorickymi priznaky (Gelauff et al., 2018; Gendre et al., 2019; Véchetova et al., 2018).
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Dale jsme odhalili vztah mezi subjektivnim a objektivnim hodnocenim tize motorickych

symptomd.

Zavainost hybného stavu hodnocend na Skale S-FMDRS korelovala s depresi, Uzkosti, Unavou,
bolesti nebo kognitivnimi obtizemi. SpiSe proti o¢ekdvani nebyla nalezena korelace mezi

zdvaznosti poruchy chlize a bolesti.

Zajimavé je, Ze stiznosti na kognitivni funkce jsou jedinym non-motorickym parametrem, ktery
koreloval se vsemi zkoumanymi doménami. Toto zjiSténi jisté zdlraznuje vyznam kognitivnich
procesll (véetné role pozornosti) v rozvoji a udrzovani funkéni poruchy (Sadnicka et al., 2020;

Teodoro et al., 2018).
Vyznamna korelace mezi zdvaznosti motorickych symptom{ a psychologickymi doménami

(napf: deprese, anxieta) byla dokumentovéna ve studii zabyvajici se funkénim myoklonem,
zatimco v kontrolni skupiné s organicky podminénym myoklonem signifikantni korelace

nebyla pfitomna (Zutt et al., 2017).

K objasnéni, zdali je vysokda mira korelace mezi motorickymi a non-motorickymi symptomy
spole¢né svyznamnou homogenitou vzorku a nedostatkem jednoznacnych klinickych

subtypq, typicka nejen pro FPH, ale i pro jiné funkcéni poruchy, bude zapotrebi vice studii.

Navzdory obecnému predpokladu, Ze se motorické symptomy vidy poji s psychologickymi a
somatickymi pfiznaky, je literatura vtomto sméru nekonzistentni. Rada studii vyznamné
korelace nepotvrdila, a to u relabujicich i progresivnich neurologickych onemocnéni jako je
napf. roztrousend skleréza (Braga et al., 2016; Arnett et al., 2002; Bakshi et al., 2003;
Brassington et Marsh, 1998; Schreurs et al., 2002), myastenie gravis (Bartel et Lotz, 1995; Chen
etal., 2011), Parkinsonova nemoc (Park et al., 2018) nebo spinalni muskuldrni atrofie (Gunther

et al., 2019).

5.2.2. Vliv motorickych a non-motorickych pfiznak( na HRQoL

Analyza vlivu motorickych a non-motorickych symptom na kvalitu Zivota vztazenou ke zdravi
odhalila negativni korelace mezi vSemi subjektivnimi i objektivnimi parametry motorickych i
non-motorickych ptiznakd a kvalitou Zivota. Pfesto prediktorem HRQol je spiSe subjektivné

hodnocena tize motorickych priznakd nez S-FMDRS, spolecné s depresi, bolesti, Uzkostlivosti
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ev  es

pacientd s FPH, kde ale nebyla hodnocena subjektivné udavana mira zavaznosti hybnych
pfiznak(, a tim byl zvyraznén vliv non-motorickych pfiznakl na kvalitu Zivota (Véchetova et

al.,, 2018).

Vzhledem k moZznému prekryvu polozZek ve specifickych dotaznicich zamérenych na hodnoceni
non-motorickych pfiznak( (predevsim bolest, Unava, deprese, anxieta) s nékterymi polozkami
uvadénymi v dotaznicich hodnoticich kvalitu Zivota, bylo vytvoreno SF-12 podskdre zahrnujici
pouze polozky vztaziené k obecnému zdravi, timto se predesSlo mozinému autokorela¢nimu
zkresleni. Vysledky korelaéni analyzy pro SF-12 podskdre se vyznamné nelisily od vysledkd pro

celkové skore odrazejici kvalitu Zivota (SF-12).

Zadny z uvedenych dominantnich motorickych fenotyp@ nebyl spojen s horsi kvalitou Zivota.
Nicméné pacienti, u kterych byla zjisténa instabilita stoje a chlze pfti klinickém vysetreni,
vykazovali horsi kvalitu Zivota oproti pacientiim, kteti problémy se stabilitou neméli. Obdobné

vysledky ukazuji i studie zamérené napf. na Parkinsonovu chorobu (Muslimovic et al., 2008).

Zajimavé je, Ze delSi trvani onemocnéni bylo spojeno pouze s vétsi nutnosti pouZiti
kompenzacnich pomucek pfi chlzi avétsi unavou, ale nekorelovalo s tiZi ostatnich
motorickych a non-motorickych pfiznakd. Toto zjisténi je proti obecnému ocekavani, nebot
tento vzorec viddme u progresivnich neurodegenerativnich onemocnéni, u kterych se
déletrvajici onemocnéni projevi celkové zhorsenym klinickym stavem, a tedy zhorSenim vSech
pfiznakl napfi¢ rlGznymi doménami, jak bylo dokumentovdno napf. u onemocnéni

motoneuronu (Gunther et al., 2016) nebo Parkinsonovy nemoci (Antonini et al., 2012).

5.2.3. Clusterova analyza

V klinické praxi jsou obvykle pacienti s FPH posuzovani dle prevladajiciho motorického
fenotypu. Tato klasifikace napomahd diferencidlni diagnostice a wuréeni cileného
terapeutického pristupu. Motorické fenotypy jsou také stézejni napf. pfi vybéru specifickych
fyzioterapeutickych technik (Nielsen et al., 2015), nicméné i non-motorické (psychologické i
somatické) priznaky by mély byt soucasti diagnostiky a terapie (Gelauff et al., 2014; Maggio et

al., 2020; Nielsen et al., 2016; Nielsen et al., 2019). Predpokladali jsme, Ze by analyza rlznych
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kombinaci non-motorickych symptomud mohla definovat homogennéjsi podskupiny pacientt

nebo mohla oziejmit specifické asociace s motorickymi charakteristikami.

Jedna zrecentnich studii nenasla Zadné vyznamné rozdily mezi skupinami s rlznymi
dominantnimi fenotypy, a to v demografickych adajich, charakteru pocatku rozvoje

onemocnéni, v zavaznosti deprese, Uzkosti nebo Unavy (Gelauff et al., 2020b).

V nasi studii jsme zvolili bezhypotézovy pfistup zaloZzeny na datech pro hledani podtypu
pomoci shlukové analyzy zaloZzené na predem nezaujatych technikach. Pomoci téchto vysoce
spolehlivych technik a navzdory relativné velkému vzorku pacientli se ndm nepodafilo

relevantni shluky identifikovat.

Pfedchozi vysoce kvalitni studie vyuZivajici obdobnou metodiku (tj. gap statistika) nalezly u
nékterych jinych onemocnéni konkrétni clustery napf. u drug-naive parkinsonismu (Jain et al.,
2015), komorbidit spojenych s obezitou (Reategui et al., 2019) nebo v datech o progresi
karcinomu prsu (Alexe et al., 2007). To naznacuje, Ze nedostatek shlukd jisté neni vSeobecny
jev nalézany napfic riznymi patologickymi stavy. Nicméné k implementaci zavér( o specificité

k funkénim porucham jsou zapotrebi dalsi studie.

5.2.4. Interpretace

Nelze vyloudit, Ze ndlez homogenity vzorku spolecné s vysokou mirou vzdjemné korelace mezi
doménami mUlze byt i pfes snahu zamezit autokorela¢ni chybé ovlivnén vzdjemnym
prekryvanim polozek tazajicich se na obdobnou problematiku napti¢ dotazniky. Pfredevsim se
jedna o dotazniky HRQol, ale i napf. dotaznik BDI-Il zahrnuje nékolik poloZek tykajicich se
somatickych symptoma. Nicméné homogenita a vysokd mira korelaci mezi doménami je zcela
ve shodé se zavéry soucasného neurobiologického modelu, ktery predpoklada spoleénou
patofyziologii vSech funkénich symptom bez ohledu na typ ptiznaku. Identickd dysfunkce na
urovni neurondlnich siti postihuje motorickou, interoceptivni a exteroceptivni kontrolu a

vysokd mira korelace mezi symptomy muze byt pravé odrazem této spolecné dysfunkce.

Tento pohled potvrzuji i zkusenosti z bézné klinické praxe, kdy pacienti s primarné funkcni
motorickou poruchou referuji i mnoho somatickych obtizi. U nékterych pacientl si Ize
vSimnout, Ze se v pribéhu onemocnéni méni tize a dominance priznak( napt. zhorsi se bolesti,

ale zaroven se mirné zlepsSi motorickd porucha, néktefi pacienti pfichdzi s inavovym a
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bolestivym syndromem a teprve pozdéji se u nich rozvinou i hybné obtiZe atd. Specificita
téchto vysledkd pro rlzné funkéni syndromy je ale pouze hypotetickd a musi byt v budoucnosti

podporena dalSimi studiemi.

Recentni studie navrhujici aktivni inferenéni model jako stéZejni v rozvoji chronické bolesti
také zrcadli obdobné patofyziologické mechanismy jako u funkénich neurologickych poruch.
Siroce pouzivany koncept ,centralni senzitizace” je kompatibilni s modelem funké&nich
neurologickych pfiznak( zaloZzeném na prediktivnim kdédovani. Podle tohoto modelu dochazi

vlivem abnormalnich predikci ke zkresleni vnimani bolesti.

| kdyZ termin senzitizace naznacCuje abnormalni citlivost k senzorickému/nociceptivnimu
inputu, soucasné vypocetni modely a experimentdlni data ukazuji, Ze samotny percept je spisSe
nez vlastnim senzorickym vstupem ovlivnén predikci o vstupu. To dokladd napf. nalez vyssich
praht bolesti k elektricky indukovanym perifernim stimulm u pacienttd s chronickou bolesti,
kdy dochazi k systematickému sniZovani vyznamnosti periferniho podnétu, az je nakonec

prevazen abnormalni predikci (Hechler et al., 2016).

Role aktivni inference a prediktivniho kddovani byla navrzena také v percepci emoci a deprese
(Barrett et al., 2016; Lindquist et Barrett, 2012). Podle teorie dualniho systému strachu a
uzkosti lze farmakologicky (antidepresivy a anxiolytiky) modulovat riizné subkortikalni zmény
mozku a fyziologické zmény v téle, zatimco kortikdlni sité generujici védomy stav reflektujici
vlastni pocit strachu a Uzkosti mohou byt ovlivnény psychoterapeutickymi pristupy (LeDoux et

Pine, 2016).

5.2.5. Klinické implikace a limitace

Soucasné poznatky o FNP, chronické bolesti a dalSich somatickych syndromech Ize vzajemné
propojovat, vyuzivat k pochopeni mechanismu vzniku ptiznak( u rdznych funkénich poruch ci
k nastaveni terapeutickych pristupd, které by mohly byt ucinné napfti¢ funkénimi syndromy.
Budouci revize klasifika¢nich systéma onemocnéni by mohly jednotné obsahovat pouze jednu
Sirsi diagnostickou kategorii pokryvajici celé spektrum funkénich symptomU véetné bolesti,

Unavy nebo kognitivnich obtizi.

MKN 11 rozlisuje kategorie disociativnich poruch s neurologickymi ptiznaky a poruch

s pfiznaky télesné nepohody ¢i télesnych zazitk(i, oboji zahrnuté v sekci mentalnich,
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behavioralnich a neurodevelopmentarnich poruch, dale pouze 3 Cisté neurologické diagnozy
zahrnuté soucasné v neurologické sekci poruch hybnosti (funkéni tremor, funkéni

parkinsonismus, funkéni dystonie a spasmy).

Je otdzkou, v jaké sekci by tato nova diagnostickd kategorie méla byt zahrnuta. Vzhledem
k tomu, Ze soucasny pohled na ¢innost nervového systému, ktery nezlstava u védecky i

Ill

klinicky neobhajitelného dualismu striktné odlisujiciho ,,mozek” a ,,mysl“, by bylo nejvhodnéjsi
zavést jednu spolecnou tzv. ,brain” sekci, a ne proto Ze by neurologicka a psychiatricka
onemocnéni bylo mozno chdpat pouze z neurobiologického pohledu, ale z prostého dlvodu,
a to Ze nervovy systém bude vidy predstavovat bazalni biologicky substrat neurologickych,

kognitivnich, emocnich nebo behavioralnich dysfunkci.

Ambulantni sluzby poskytované pacientim by mohly tézit z urcitého stupné sjednoceni
funkénich syndromU. V soucasnosti se pracuje s témito pacienty izolované v ramci rGznych
odbornosti. Napf. pacienti s poruchami hybnosti jsou nejc¢astéji dispenzarizovani neurologem
(event. i psychiatrem), pacienti s chronickym Unavovym syndromem jsou casto sledovani
imunologem, pacienti s fibromyalgii revmatologem, s drazdivym tracnikem

gastroenterologem a pacienti se syndromem bolestivého mocového méchyre urologem.

Rozdéleni péce o pacienty v rdmci organoveé specifickych specializaci ma svou nezastupitelnou
ulohu v nékterych aspektech 1é¢by a v diferencidlni diagnostice i pro vysokou miru prekryvu

funkénich poruch s organickymi komorbiditami.

| pfesto existuji oblasti prekryvu mezi jednotlivymi funkénimi syndromy, kde lze propojovat
soucasné védecké a klinické poznatky. Zakladnim cilem by méla byt integrace sluzeb, ze
kterych by profitovala vétSina pacientl s rlznymi funkénimi diagnézami (v€etné napfr.
psychologickych, psychoterapeutickych intervenci) do bézné klinické praxe vSech odbornosti.
Tato studie by méla byt povaZzovana za predbéinou. Pfesnéjsi zavéry o klinickych podtypech

by pfinesla mezinarodni multicentricka studie s dobre charakterizovanou kohortou pacientd.

Omezenim studie je deficit validované skdly Subjektivniho hodnoceni tize motorickych
symptom. Ve studii byl pouzit nevalidovany jednoduchy nastroj pro dotazovani (tj. Likertova
skala), ktery mohl vést k mirnému nadhodnocovani subjektivni zdvaZnosti v pfipadé
pfitomnosti vice lehkych symptomu (podobné jako S-FMDRS), a naopak podhodnocovani u

zavaznéjsi, ale monosymptomatické manifestace. DalsSi limitaci je, Ze ve studii nebyly
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mapovany vsechny dllezité symptomy nebo aspekty funkénich poruch (napf. alexithymie,

disociativni pfiznaky, poruchy spanku, inkontinence a jiné).
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6. Zavéry, zhodnoceni cilli a hypotéz

6.1. Studiel

Vysetieni neurofyziologického fenoménu prepulzni inhibice k posouzeni somatosenzorické
subkortikalni integrace a provedeni korela¢ni analyzy vztahu mezi mirou inhibice a klinickymi

charakteristikami pacientli s FPH vedlo k nasledujicim zavéram:

(1 Zakladni parametry blink reflexu se zasadné neliSily mezi pacienty s FPH a
kontrolnimi subjekty. Lze predpoklddat normalni integritu obvod( na drovni
mozkového kmene.

(1) U pacientd s FPH dochdazelo k vyznamné redukci inhibice blink reflexu oproti
zdravym subjektiim. Nejpravdépodobnéjsim podkladem abnormit PPl u FPH bylo
naruseni top-down signalizace ze struktur predniho mozku projikujicich se do
pontinniho reflexniho okruhu zodpovédného za inhibici.

() Mira redukce PPI nekorelovala s intenzitou udavané bolesti. Tato souvislost se
nabizela vzhledem k dosavadné popsanym abnormitdm v PPl dominantné u
bolestivych funkénich syndroma.

(IV)  Nebyl nalezen vyznamny vztah mezi velikosti PPl a zdvaznosti nebo typem
motorickych symptomu, délkou trvani onemocnéni nebo uvadénymi non-

motorickymi pfiznaky.

PPl je velmi robustni a vysoce reprodukovatelny neurofyziologicky marker a zcela automaticky
fenomén predchazejici védomému zpracovani podnétu. Predstavuje ,vedlejsi produkt”

komplexnich procesl odrazejici somatosenzorickou integraci na subkortikalni Grovni.

Narusena PPl muZe souviset se zhorSenou neselektivni alokaci pozornosti ¢i obtizemi s jejim
preorientovanim, naruseni ochrany pravé zpracovavaného somatosenzorického podnétu v
Casné urovni informaéniho processingu nebo naruseni véasného vyhodnoceni salience
prislusejici danému prepulznimu stimulu. U FPH se predpokladd nedostatecna senzitivita

k vysoce prioritnim exteroceptivnim i interoceptivnim inputlm, kterd taktéz zapficini snizeni

vlivu prepulzu na danou senzorimotorickou aktivitu.

Vzhledem k velkému pocétu poruch spojenych s abnormitami v PPl, lze predpokladat, Ze
existuje vice moznych cest vedoucich k naruseni PPl. Abnormalni PPl by mohlo predstavovat

premorbidni rys, ktery Ccini pacienty ndachylnéjsi krozvoji onemocnéni nebo muze

67



pfedstavovat dusledek ¢i kompenzaéni fenomén spojeny s poruchou. Vysledky této studie
podporuji zpochybnéni zadkladniho kategorického déleni poruch na funkéni a
organické/nefunkéni a jisté podporuji odliSeni funkénich poruch od faktitivni poruchy nebo

simulace.

Budouci vyzkum by se mél zaméfit na vyhledavani dalSich ploSnych transsyndromovych
biomarkerd funkénich symptomf, s vylou¢enim mozného vlivu sdilenych komorbidit, napt.
deprese nebo Uzkost. Ve vztahu k PPl by bylo vhodné se v budoucnosti zaméfit i na kognitivni
a pozornostni faktory nebo vztah velikosti PPl k perzistenci motorickych symptomda.
Longitudindlni sledovani (tedy opakovana vysetfeni PPl v ¢asovych intervalech u stejné
skupiny pacientl) by bylo vhodné k posouzeni, zdali jsou abnormity v PPl u FPH stabilnim
nalezem nebo se v ase méni. Zajimavé by byly srovndvaci studie zamérené na PPl u

schizofrenie a u funkénich poruch, poskytujici dalsi dikazy predpokladanych mechanism.

6.2. Studie 2

Korelac¢ni a clusterovd analyza komplexu dat zahrnujicich objektivné mérené i subjektivné
udavané parametry zdvaznosti motorickych i non-motorickych symptoma u pacientt s FPH

poskytla nasledujici zjisténi:

(1 Zavaznost motorickych symptoma vyplyvajici z objektivniho vysetfeni korelovala
se subjektivnim hodnocenim tize symptom( pacientem. Pacienti s FPH
»,nhenadhodnocuji“ zavaznost priznak.

() Tize somatickych a psychologickych (tj. non-motorickych) symptomi vyznamné
korelovala se subjektivnim hodnocenim zavaznosti motorickych priznak.

(1) Zavaznost non-motorickych symptomu, ale i motorickych vyznamné korelovala
s kvalitou Zivota. Vyznamnymi prediktory ovliviiujici kvalitu Zivota byly deprese,
bolest, Uzkostlivost, Unava a subjektivni hodnoceni tize motorickych ptiznaka.
Aktudlni zdravotni stav byl jen c¢astecné ovlivnén tizi hybnych symptomu
hodnocenych Skalou S-FMDRS.

(IV)  Clusterova analyza neodhalila existenci homogennich shluk, pacienti nemohli byt

rozdéleni na zakladé klinickych charakteristik do vice podskupin.
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Pacienti, ktefi pfizndvaji méné zadvainé motorické symptomy (bez ohledu na fenotyp), tak i
jejich celkovy klinicky stav je z objektivniho vysSetfeni hodnocen jako méné zadvainy, zéroven
trpi méné na doprovodné psychologické a somatické obtize a celkova kvalita Zivota je lepsi.
Opacna situace nastdva u pacient(, ktefi udavaji vétsi zavaznost motorickych priznakd. Tyto
zaveéry tak stoji v opozici proti vSeobecnému presvédceni, ze pacienti ¢asto nadhodnocuji miru

svych obtizi a na skalach zavaznosti voli vidy maximalni hodnoty.

DalSimi prekvapivymi ndlezy jsou napf. nenalezeni korelace mezi zavaznosti poruchy chlize a
bolesti, kognitivni funkce jsou jedinym non-motorickym parametrem korelujicim se vSemi
zkoumanymi doménami nebo Ze delsi trvani onemocnéni nekorelovalo se zdvaznosti vétsSiny

motorickych a non-motorickych ptiznakd.

Nenalezeni relevantnich shluk(i v datech a homogenita vzorku je ve shodé se zavéry
soucasného neurobiologického modelu, ktery predpoklada spole¢nou patofyziologii vSech
funkénich symptomu bez ohledu na typ pfiznaku. Stejna dysfunkce se promitne do motorické,
interoceptivni ¢i exteroceptivni kontroly a vysokd mira korelace mezi symptomy je jejim

odrazem.

Vysledky naznacuji, Ze soucasné poznatky o FNP, chronické bolesti a dalSich somatickych
syndromech lze vzajemné propojovat, vyuzivat k pochopeni mechanismu vzniku funkénich
pfiznakl a k nastaveni terapeutickych pfistupl, které by mohly byt Uucinné napfi¢ riznymi
funkénimi syndromy. Zmeény by se mély odrazit v klasifikacnich schématech nebo

managementu ambulantni péce o pacienty.

Budouci vyzkum by mél odhalit, zdali je vysokda mira korelace mezi motorickymi a non-
motorickymi symptomy spole¢né s nedostatkem jednoznaénych klinickych subtypdq,
specifickym ndlezem pro funkéni poruchy obecné. Presnéjsi zavéry o klinickych podtypech by
jisté pfinesla mezindrodni multicentricka studie s dobfe charakterizovanou kohortou

pacientd.
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7. Souhrn

Disertacni prace predstavuje soucasny pohled na problematiku FPH, které jsou soucasti Sirsiho
spektra tzv. funkénich neurologickych poruch. | pfes zvysujici se klinicky a akademicky zdjem
o tato onemocnéni a fadu vyznamnych pokrokd v porozuméni jejich patofyziologii i novinkdm
v diagnostickych a lé¢ebnych postupech, predstavuji nadale vyznamny zdroj invalidity a

vysokou zatézZ pro zdravotnicky systém.

Nedostate¢nd osvéta odborné spolecnosti, pretrvavajici predsudky a prevazujici
psychodynamické teorie ovliviiuji casto negativné pristup k této skupiné pacientd. Klicovym
problémem je nedostatek odbornikl a pracovist nabizejicich specializovanou péci a
multidisciplinarni pfistup. VSechny tyto problémy ddle zhorsuji i nejednotnosti v terminologii,
dosud nastavenych klasifika¢nich schématech ¢i v dosud ne zcela ozfejméné patofyziologii,

spojené s nedostatkem specifickych, v klinické a védecké praxi vyuZitelnych biomarkeru.

Vyznamnym cilem soucasného vyzkumu FPH je tedy identifikace neurobiologickych markerd,
které by mohly usnadnit diagnostiku a pomoci individualizovat |écebny postup. Vyzvu
predstavuje také pochopeni klinické heterogenity a vztahll mezi jednotlivymi symptomy i
vzhledem k vysokému prekryvu s komorbiditami. VSe se odrazi v nejednotné terminologii

a klasifikacnich schématech.

Prvni z prezentovanych studii zjistila, Ze pacienti s FPH maji vyznamné snizenou PPI oproti
kontrolnim subjektiim. Vzhledem k obdobnym naleziim i u jinych funkcénich syndromi byl
timto nalezem podporen soucasny jednotny neurobiologicky model funkénich symptom( a
zaroven byl poskytnut dalsi dikaz k odliSeni funkénich poruch od faktitivni poruchy nebo

simulace.

Druha studie prokdazala vyznamnou miru korelace mezi objektivné i subjektivné hodnocenou
tizi vybranych non-motorickych i motorickych symptom( spolu s absenci homogennich
cluster(. Vysledky rovnéz podporuji jednotny neurobiologicky model funkénich symptomd,
zpochybnuji soucasna diagnosticka klasifikaéni schémata zalozenda na jednotlivych funkénich
symptomech a poskytuji evidenci pro potfebné zmény v budoucich revizich diagnostickych

klasifikaci nemoci.
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Summary

The theoretical part of the dissertation presents a current view of functional movement
disorders (part of a wide range of functional neurological disorders), which has undergone
significant development in the last two decades. Despite of the increasing clinical and
academic interest, substantial advances in pathophysiological understanding, and innovations
in diagnostic and treatment procedures, FMD are associated with disability, impaired quality

of life and high health and social care expenditure.

The diagnosis is heavily stigmatized with many healthcare professionals viewing such patients
as not genuinely ill, alongside general negative societal attitudes to this group of patients. The
key problem is a lack of professionals and workplaces providing specialized care, and an absent
multidisciplinary approach. All problems are exacerbated by inconsistencies in terminology,
classification schemes, and incompletely understood pathophysiology of FMD. Furthermore,
FMD are associated with a lack of specific biomarkers that can be used for clinical or research

purposes.

The current FMD research goals are therefore the identification of neurobiological markers

and understanding the clinical heterogeneity and relationships between common symptoms.

In the first of the presented studies, we found that patients with FMD have reduced PPI
compared to control subjects. Integration of this novel finding with previous PPl data in
patients with chronic pain gives support for a trans-syndromic view of all functional

symptoms, which has been proposed by current neurobiological model.

In the second study, we found a lack of distinctive subtypes along with a high degree of
correlation between all subjective and objective measures of motor, non-motor symptoms
and quality of life. These results could be interpreted within the current neurobiological model
suggesting unified pathophysiology of the full range of functional symptoms. Our results

supported the unification of functional and somatic syndromes in classification schemes.
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ABSTRACT: Background: Patients with functional
movement disorders also typically have functional

disturbance. A potentially unifying mechanism for such
symptoms is a failure in processing of sensory inputs.
Prepulse inhibition is a neurophysiclogical method that

processing.

prepulse inhibition in patients with functional movement
disorders and healthy control subjects.

Methods: We analyzed the effect of a weak electrical
stimulus to the index finger (prepulse) on the magnitude
of the R2 response of the blink reflex induced by electrical

and 22 matched controls. Pain, depression, anxiety, and
obsessive-compulsive symptoms were assessed using self-
rated guestionnaires. In addition, in patients we assessed
motor symptom severity.

somatic symptoms, including pain, fatigue, and sensory

allows for the study of preconscious somatosensory

Objective: The objective of this study was to assess

stimuli delivered to the supraorbital nerve in 22 patients
with clinically established functional movement disorders

N

Results: Prepulses suppressed the R2 response of the
blink reflex in both groups, by 36.4% (standard deviation:
25.6) in patients and by 67.3% (standard deviation: 16.4) in
controls. This difference was significant (P < 0.001). There
was no significant comelation between motor and non-
motor symptom measures and prepulse inhibition size.

Congclusions: Impaired prepulse inhibition of the blink reflex
suggests an abnormal preconscious processing of somato-
sensory inputs, which can be interpreted within predictive
coding accounts of both functional movement disorders
and functional somatic syndromes. Our results, along with
previous findings of a reduced prepulse inhibition in fibro-
myalgia syndrome, support a possible unified pathophysiol-
ogy across functional neurclogical and somatic syndromes
with noteworthy implications for diagnostic classification and
development of novel biomarkers and treatments. © 2019
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Functional movement disorders (FMDs) are commonly
observed in neurological practice. Clinically, FMDs are
characterized by variability of signs (e.g., changes in
character or fluctuation in their form of presentation),
alleviation by distraction, and incongruence with move-
ment disorders caused by a known neurological disease.”
The positive diagnostic features of FMD indicate the
ability for normal function to occur (e.g., cessation of
functional tremor with distraction), but the apparent
inability of the person to access this normal function
when they wish to.

In patients who present primarily with FMDs, muluple
other functional somatic symptoms are almost always
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present, especially pain, fatigue, and cognitive difficulties.”
Likewise, patients presenting primarily with chronic pain
syndromes, such as complex regional pam syndrome
type I, commonly also have functional motor symp-
toms.” Patients with fibromyalgia present with a high
rate of motor symptoms in the absence of another condi-
tion that could explain the symptoms.* Recently, neuro-
biological models of functional symptoms based on, or
strongly influenced by, predictive coding accounts of per-
ception and movement control have been proposed.™®
These models suggest thar functional symptoms arise
from the development of abnormal “priors™ or predic-
tions, the expression of which is driven by an abnormal
allocation of attention. A key fearure of this proposed
mechanism is thar the same basic computational phe-
nomenon can account for functional symproms across
motor, sensory, and interoceptive domains. It is therefore
likely that there could be biomarkers of this proposed
underlying dysfunction which would be common across
functional motor and somaric syndromes.

Prepulse Inhibition (PPl) is a neurophysiological phe-
nomenon in which a weak sensory event, subthreshold
for eliciting any reflex response (prepulse), leads to
reduction in magnitude of the reflex response that would
be otherwise elicited by a reflex-eliciting snmulus pres-
ented 30 to 500 ms later. The mhibitory effect of a
prepulse i1s considered to be related to the attentional
shift toward the sensory input brought about by the
prepulse.”® PPI reflects an early stage of attentional pro-
cesses involved i information selection processing that
operates at the subcortical level,”"" outside of conscious
awareness. Reduction in PPl is one of the most robust
biomarkers of schizophrenia and has also been found to
be abnormal in numerous other neuropsychiatric condi-
vons, including obsessive-compulsive disorder (OCD)
and panic disorder."*"™ In a recent study, patients with
fibromyalgia syndrome, which is one of the most com-
mon causes of chronic widespread pain, showed reduced
PPL, which was interpreted as indicating altered sensory
perception and processing in fibromyalgia.'*

Our aim was to evaluate PPl of the R2 response of
the blink reflex in patients with clinically established
FMD and sex-fage-matched healthy control subjects.
Furthermore, we assessed the relationship of PPl with
self-reported measures of pain. We also assessed the
influence of factors previously associated with PPL, such
as anxiety, and obsessive-compulsive features.'>"

Subjects and Methods

We studied 22 patients (18 females; mean age: 44.7
[standard deviation {SD} 12.1] years; mean disease
duration: 6.5 [SD, 5.7] years) with clinically definite
FMD from the specialized outpatient service for FMD
at the Neurology Department of Charles University in

Prague, 1st Faculty of Medicine and General University
Hospital.

Twenty-two unrelated sex- and age-matched control
subjects (18 females; mean age: 44.8 [SDy 12.8] years)
were recruited. The diagnosis of FMD, according to
Gupta and Lang criteria,'” was established following
derailed clinical interview and examination by an expe-
rienced movement disorders specialist (T.5.) based on
positive signs of functional weakness and/or abnormal
movements inconsistent and incongruent with known
movement disorders. In all controls, a complete medical
history was obtained, and full neurological examination
was performed. Only controls without neurological
symptoms or signs of nervous system disorder were
included in the study. The study was approved by the
ethics committee of General University Hospital (identi-
fication number: 614/185-1V), and all participants gave
their written informed consent to participate in the
study.

In each FMD patient, we evaluated and phenomeno-
logically classified motor symptoms as functional weak-
ness, tremor, dystonia/spasm, myoclonus, gair disorder,
or speech disturbance. We recorded the predominant
motor symptom type and all additional motor symp-
toms. The Simplified Functional Movement Disorders
Rating Scale (s-FMDRS) was used to assess functional
motor disorder severity of both abnormal movements
and weakness."® Seventeen patients reported presence
of sensory symptoms (hyperesthesia, dysesthesia, or
paresthesia) in some body part; however, no padent
had sensory deficits (hypoesthesia) in the right upper
limb where the prepulse stimulus was applied.

Exclusion criteria were the presence of comorbidities
known to affect PP, such as definite or suspected diag-
nosis of schizophrenia-spectrum  disorders, Tourette’s
syndrome, temporal lobe epilepsy with psychosis,
OCD," and panic disorder," and administration of
medication known to affect PPl such as dopamine
receptor antagonists.'" Similarly, we did not include
any patients with a previously diagnosed fibromyalgia
or patients reporting a widespread musculoskeletal or
myofascial pain suggestive of ibromyalgia.

A structured interview was completed in order to
detect medical comorbidities and to obtain family history,
current medication (including hormonal contraceptives)
and drugs of abuse, habits of smoking and consumption
of caffeinated beverages, and handedness in all subjects.
All participants were asked to refrain from smoking and
drinking caffeinared beverages within 3 to 4 hours of the
study.” Information about menstrual cycle phase and
hormonal contraceptive use was recorded in female
participants.”’

Four FMD and 2 control subjects were on serotonin
reuptake inhibitors or on serotonin and norepinephrine
reuptake inhibitors. Six patients and 4 healthy volunteers
were on medications not thought to affect PPL, such as
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blood pressure medication, statins, levothyroxine, oral
antthistamines, or proton pump inhibitors; 1 patient was
on corticosteroid medication.

All subjects completed the following questionnaires:
State-Trait Anxiety Inventory (STAI X-1) for assessment
of anxiery; Beck Depression Inventory (BDI-I to mea-
sure depressive symptomatology; PainDETECT* for
assessment of intensity of current, average, and maximal
pain during the last 4 weeks preceding the examination;
and Obsessive-Compulsive Inventory Revised (OCI-R),
an 18-item self-report measure with high specificity for
symptoms of OCD.

Neurophysiological Investigation

All neurophysiological examinations were carried out
in a moderately lit and quiet room with participants sit-
ting on a chair in a comfortable position. Subjects were
thoroughly informed about the different types of stumuh
they would recerve, but the investigator and the equipment
were out of their view, for them not to see the timing and
type of stmulation. Recordings were performed with rou-
tine electrodiagnostic equipment (Synergy, CareFusion,
London, UK). Band-pass frequency filters for electromy-
ography (EMG) was 30 to 3,000 Hz. The sampling rate
for signal storage was 2,000 Hz.

Paradigm

The non-rectified EMG activity of the orbicularis
oculi muscles was recorded bilaterally with 10-mm sur-
face gold electrodes attached to the skin using conduc-
tive electrode gel. The active electrode was placed over
the middle portion of the muscle below each eye and
the reference electrode 2 cm lateral to the outer canthus
of each eye. Each blink reflex was evoked by an elecin-
cal stimulus (a constant current rectangular pulse of
0.5-ms duration) delivered to the right supraorbital
nerve with a surface electrode, cathode over the supra-
orbital notch, and anode 3 cm above along the course
of the nerve on the forechead. We used a stimulus inten-
sity 10 times sensory threshold, defined as the minimum
intensity that subjects would perceive in at least four of
eight sumulations.

Prepulse modulation was assessed by applying a
prepulse stimulus 100 ms before the supraorbital nerve
stimulation. Prepulse stimuli {constant current rectan-
gular pulses of 0.2-ms duration} were delivered through
ring electrodes attached to the right index finger at the
middle and distal phalanges with the cathode proximal
ar 2 times the subject’s sensory threshold intensity. Care
was taken to choose a prepulse stimulus intensity sub-
threshold for any reflex response (approximately 1.5
times sensory threshold). We obtained eight blink reflex
responses for each expenimental condition, that is, a supra-
orbital nerve sumulus alone (baseline) or a supraorbital
nerve stimulus preceded by the index finger stimulus

(prepulse). Baseline and prepulse trials were intermingled
at random, with always an interval of at least 10 seconds
separating two consecutive trials.

Rating of Discomfort

The level of discomfort associated with stimulation
was rated with a numeric rating scale (NRS; 0 = no dis-
comfort, 10 = unbearable).

Statistical Analysis

EMG recordings were rectified and analysed offline.
Trals containing artefacts or spontaneous blinks were
excluded (approximately 1% of trials). In each trial, we
identified the early ipsilateral R1 and the late ipsilateral
(R2) and the contralateral (R2¢) blink reflex components.

The magnitude of the ipsi- and contralateral R2
responses were measured as the area under the curve
(henceforth R2 area and R2c area, respectively). The
R1 component of the response was used as a marker
that the afferent volley generated by prepulse suomuli
had effectively reached the brainstem.””

The R3 response,”””* which was ohserved in some
patients, particularly in the imitial recordings, was not
included in our calculations because it was not part of
the planned study protocol.

To evaluate PPI we calculated the average of R2 and
R2c areas as “blink reflex magnitude” for each trial.
For each individual, we calculated the square root of
individual blink reflex magnitudes to stabilize their var-
iances, computed the mean of the resulting values over
the eight trals obtained per condition (baseline and
prepulse), and squared the means back to the original
numerical scale. For normalization of data among sub-
jects, we expressed the change in the blink reflex magni-
tude in prepulse trials relatively to baseline trials as the
percentage of the baseline trials (%PPL; % PPl = mean
blink reflex magnitude in prepulse tmals/mean blink
reflex magnitude in baseline trials x 100). The size of
the PPl effect (PPl size), which was the primary out-
come, was calculated for each individual as the difference
in blink reflex magnitude between the prepulse (%PPI)
and the baseline trials (100%).

The statistical comparison of patent and control
groups was performed using Student’s ¢ test for numeric
outcomes and using Fisher's exact test for categorical
outcomes. A linear model was used to adjust the group
comparison for BDI-II, STAI X-1, and PamDETECT
scores (which were summed when entering the model
to cope with their correlation and to reduce the number
of covariates given the limited sample size). Holm’s cor-
rection for multiple comparnisons was used to correct
the family-wise error of the 12 intergroup tests of neu-
rophysiological and questonnaires data, four within-
group tests of neurophysiological and MRS dara, and of
six correlation tests. P values <0.05 after correction
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were considered significant. Uncorrected P values are
reported for descniptive purposes, unless stated other-
wise. Statistical analyses were performed in R statistical
software (R Foundation for Statistical Computing,
Vienna, Austria).?"

Results

FMD patients and control subjects were not signifi-
cantly different in smoking habit (11 FMD patients
vs. 8 control subjects; P = 0.36 uncorr.) or regular caf-
feine intake (18 FMD patients vs. 19 control subjecrs;
P = 1.00 uncorr.).

Motor symptom characteristics are presented in
Table 1. The majority of patents had a mixed pheno-
type. Mean s-FMDRS (range, 0~54) was 9.0 (SD, 5.1).

Results from the neurophysiological analysis are
shown in Table 2. Examples of blink reflex responses
without and with prepulse stimulation in a patient and
a healthy control subject are shown in Figure 1. Base-
line blink reflex characteristics did not differ signifi-
cantly between the groups. Prepulses significantly
suppressed the blink reflex magnitude in both groups of
subjects (t,; = —4.768; P = 0.0001 corr. in FMD
patients; t2; = —=6.13; P < 0.0001 corr. in controls). The
PPl was 36.4% (SD, 25.6) in FMD patents and 67.3%
(SD, 16.4) in controls. This difference was significant
(t35.7 =4.78; P = 0.0003 corr.; Table 2; Fig. 2).

Mo difference was found between patients and con-
trol subjects in sensory thresholds for both the supraor-
bital nerve somulaton (fy,0 = -0.13; P = 0.8960
uncorr.) and the prepulse suomulus to the index fingers

TABLE 1. Motor symptoms in FMD patients

Maotor symptom Predominant (n) Additional ()
Tremaor 7 4
Gait disorder 7 ]
Dystonia or spasms 4 1
Weakness 4 12
Myoclonus ] 2
Parkinsonism 0 1

Predominant indicates number of patients |n) in whom given motor symptom
was presant as predominant phenotype. Additional indicates number of patients
{n} in wihom given motor symptom was present as additional phenatype.

(t379 = —=1.41; P = 0.1668 uncorr.). Prepulses signifi-
cantly reduced the level of discomfort resultiing from
the applied stimuli as measured on the NRS in both
groups (t2; = 5.26; P < 0.0001 corr. in FMD patients;
ta; = 6.32; P < 0.0001 corr. in control subjects). This
reduction in discomfort did not differ between groups
(t35.4 = 0.53; P = 0.5984 uncorr.).

Results of self-reported measures are shown mm
Table 3. Panents reported a higher level of pamn and
depression compared to controls. The OCI-R score was
missing in 1 patient. There was no significant between-
group difference in anxiety and obsessive-compulsive
symptoms. When adjusting for these factors using a lin-
ear model, the between-group difference in PPl size
remained significant (Fy 37 = 6.95; P = 0.0122).

[Data on menstrual cycle phase and hormonal contra-
ceptives use are presented in Supporting Information
Table S1. No between-group difference was found in
frequencies of different menstrual cycle phases, meno-
pause, and hormonal contraceptives (Fisher's exact test,
P =0.6287).

PPI size did not correlate with the severity of depres-
slon, anxiety, pain, motor symptoms, obsessive-
compulsive symptoms, or disease duration (the smallest,
P = (.2969 uncorr.).

We performed the above presented analyses with
similar results in a subgroup of subjects free of medi-
cation with known effects on the central nervous sys-
tem and in a subgroup of patients who had no motor
symptoms in the right upper limb where the prepulse
was applied. Details are presented in the Supporting
Information.

Discussion

Here, we have explored the physiological phenome-
non of PPl in FMD. We found that patients with FMD
have reduced PPl compared to control subjects.

It is commonly proposed that impaired PPl reflects
impaired sensory-motor gating.’* In normal environ-
mental conditions, multiple sumuli may adopt the role
of prepulse simuli and cause PPl of undesired motor
reactions, which would otherwise interfere with sensory
processing of relevant inpurs.!™? Stimulus-triggered
effects in the central nervous system, such as arousal or

TABLE 2. Neurophysiological measures of unconditioned blink reflex (baseling) and prepulse inhibition (prepulse) in FMD
patients and in control subjects

R1 Amlitude [mv]

R2 Magnitude [ms = my]

FMD Patients Control Subjects P Valus FMD Patients Control Subjects P Valus
Baseline 440.4 (156.7) 4234 (192.7) 0.7510 474 (249 173 (2.35) 0.1750
Prepulse 535.0 (195.0) 4840 (232.8) 0.4439 291 (1.98) 1.12 (0.75) 0.0005*

Mean values (S0} are presented. Uncomected P values are based on Student’s ¢ test.
Asterisks indicate P values significant after comection for multiple testing (P < 0.01).
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FMD patient
Rl R2 ipsilateral
Ric
contralateral
Ri RZ
ipsilateral
Ric
confralateral

30 ms

Isonp\.-'

Control subject

ipsilateral

R2c
contralateral
N
R1
R2
ipsilateral
f
Ric
contralateral

| 500 pV

30 ms

FIG. 1. Representative examples of blink reflexes without upper two traces) and with prepulse stimulation (lower two traces) in a patient with functional

movement disarder (FMD patient, left) and in a healthy control subject (rightl. Each trace rep

ants two superimposed rectified recondings. Thick

arrows indicate stimuli applied to the right supraorbital nerve; thin arrows indicate prepulse stimuli delivered to the right index finger. Early ipsilateral
R1, late ipsilateral (R2), and |ate contralateral (R2c) blink reflex components are labeled. Mote that the R2 and R2c area in prepulse trials was markedly
larger (i.e., there was less prepulse inhibition) in the patient than in the control subject.

TABLE 3. Self-reported measures of depression, anxiety,

100 obsessive-compulsive features, and pain in FMD patients
o and control subjects
o o
5 J FMD Patients Control Subjects. PValue
n BOI- I 15.5(9.7) 5.1(5.7) 0.0001*
o =3 STAI X1 43.219.4) 36.5 (10.4) 0.0296
£ @ 0CI-R 13.8(129) 13.0 (11.0) 0.8171
E 9 ] Pain actual 2029 0.1 (0.3) «<0.0007***
g = i Pain maximal T.62.4) 1.9 (20) <0.0007***
0 o Pain average 6.3(2.4) 1.0(1.1) <0.0007***
< ) Pain actual/average/maximal = the PeinDETECT scale items.
- L} Mean values {SO) are presented, uncomectad P values are basad on Student's.
0 ftest.
B Asterisks indicate P values significant after comection for multiple testing
3 [“P < 0.01; *°F < 0.001).
i
a o
FMD patieris Contrel subyects.

FIG. 2. PPl size in FMD patients and control subjects. PPl size
fi.e., the differenca betwean mean blink reflex magnitude in basaline
trials and in trials with prepulse, espressed in %) was smaller in
FMD patients as compared to control subjects (P = 0.0003 corr).
*“*Denotes P < 0.001.

attention reorienting, likely depend on stimulus salience.™
Internal or top-down signals guide perception through a
dynamic interaction with sensory and bottom-up pro-
cesses.™ The PPl may be a by-product of such processes,
reflecting subcortical integration. "
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PPl is regulated by specific neurochemical and ana-
tomical substrates within the prefrontal cortex, thala-
mus, amygdala, hippocampus, striatum, pallidum, and
the pedunculopontine nucleus, with a central role of the
ventral striatum/nucleus accumbens. ™ *** Lack of dif-
ferences between FMD patients and controls in the
unconditioned blink reflex suggest that there i1s normal
integrity of brainstem circuits. Abnormal top-down reg-
ulatory mechanisms mediating PPl through projections
from forebrain structures to pontine reflex circuity may
be the most likely network underlying abnormal PPL
Given that PPl 1s a subcortical automate phenomenon
and occurs before conscious perception of the
stimulus,’” our results are in line with the differentia-
tion of functional movement disorders from feigned or
malingered phenomena.®

PPl is known to be modulated by higher-order cogni-
tive processes (e.g., attentional modulation and condi-
tional modulation).”® Volitional attentional influences
seem to occur more consistently at longer interstimulus
intervals; however, there is some evidence that PPl may
be modulated by attentional processing even at a short
interstimulus interval of 120 ms.*"** At early stages of
sensory information processing, the level of impact
of the prepulse may vary as a funcrion of prepulse
saliency.* Therefore, reduction in PPl may reflect not
only an impaired nonselective attention allocation or
attention reorienting and protection of early-stage
processing, but also the outcome of preattentive processing
in terms of an early evaluation of the significance of
the prepulse. In FMD patents, funcrional imaging
studies have shown dysfunction of the brain regions
mvolved in the salience nerwork, including ventral stri-
atum and amygdala.**** Dysfunction of the right
temporoparietal junction in FMD has been linked to
abnormal self-agency®**%; however, this region is also
associated with attention reorienting, that s, redirecting
artention from one object to another or switching
berween networks.****” These changes could be relevant
in PPl dysregulation in FMD.

Abnormal PPl is one of the most robust and repro-
ducible markers of schizophrenia and is considered to
be a highly heritable phenotypic measure.*® In patients
with schizophrenia, the loss of PPl has been related to
the “abnormal salience” theory of schizophrenia.**-*"
This relates to a fundamental difficulty in filtering
salient information from the environment, which, in
turn, 1s thought to drive abnormal perceptual inferences
and therefore hallucinations and delusions.”’

In patients with schizophrenia, the mability to detect
salient events was demonstrated by abnormal mismatch
negativity, a neurophysiological event-related potential
that is recorded when an unexpecred event occurs.’* In
schizophrenia, one could hypothesize that unconstrained
sensory input prevents differentiation of salient events,
such as the prepulse sumulus from other sumuli, and

hence it fails to influence other sensorimotor activity such
as the blink reflex (abnormal somatosensory gating).

Pathophysiological theories of schizophrenia and func-
tional symptoms are fundamentally different, making it
appear difficult to reconcile the presence of abnormal
PPI in both disorders. In contrast to abnormal salience,
it has been proposed that in FMD there is relative insen-
sitivity to extero- and interoceptive input attributed to
abnormally strong high-level priors. However, this
abnormality would also be predicted to cause abnormal
PPI given that the resulting insensitivity to salient events
occurring in the sensorium would be predicted to lead to
downweighting of the influence of the prepulse on other
sensorimotor activity (e.g., the blink reflex). Compara-
tive studies between FMD, “organic™ movement disor-
ders, and schizophrenia would be uvseful to provide
further evidence for these hypothesized mechanisms of
impaired PPl and other inhibitory mechanisms.

There are findings from imaging, electrophysiological,
and psychophysical studies in FMD which align with
this proposal. We have previously reported abnormal
sensory attenuation in patients with FMDs.**** This
phenomenon has also been reported in patients with
schizophrenia, but as with our finding of reduced PP,
we have proposed that the mechanism for abnormal
sensory attenuation in schizophrenia is likely to be dif-
ferent than in patients with functional symproms.*

Beside schizophrenia,® PPI disturbances are associated
with a wide range of neuropsychiatric disorders with an
established dysfunction of corticobasal ganglia circuirs,
including movement disorders such as Hunungton's
disease,” Parkinson’s disease,”* and dystonia.”* How-
ever, a reduced PPl does not necessarily indicate circuit
or clinical dysfunction as documented by a wide range
of basal levels of PPl in healthy subjects and studies on
sex differences and menstrual cyclicity of PPl in healthy
humans.*"™** Importantly, an intact PPl was found in
other serious brain disorders such as bipolar disorder™
or major depressive disorder.””™"!

‘Whereas previous studies across many different clinical
entities, including functional dystonia, revealed reduced
short mterval intracortical inhibition suggestive of impair-
ment In gamma-aminobutyric acid-mediated cortcal
inhibition,*®*” reduced PPI indicates impairment in a
subcortical inhibitory mechanism at the preattentive
stage. These findings challenge the categorical distinction
between functional and “nonfunctional™/*organic™ dis-
orders. Rather, there may well be many routes to the
development of abnormal PPL, given the range of disor-
ders affecting movement, mental state, and pamn sensa-
tion that are associated with abnormal PPL

The lack of a defimite correlation berween PPI size and
motor symptom severity or disease duration does not
allow us to conclude that it plays a mechanistic role in
generation of motor symptoms in FMD. Interestingly, in
organic dystonia patients with sensory trick, PPl was less
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impaired. It was suggested that a dysfunction in the
processing of sensory input contributes to the mainte-
nance of dystonic spasms.®* Relationship of PPI size to
motor symptom persistency should be possibly studied in
FMD. Abnormal PPl may represent a premorbid trait ren-
dering patients more susceptible to disease (as suggested
in schizophrenia)**~* or it may be a consequence of, or a
compensatory phenomenon related to the disease.

There were no between-group differences mn sensory
thresholds nor in the effect of the prepulse on intensity
of discomfort resulting from application of the electrical
stimuli. This contrasts with the finding of a reduced
effect of prepulses on pain in ibromyalgia patients com-
pared to control subjects. In line with previous studies,
patients with FMD reported higher levels of depression
and pain than control subjects.” However, these factors
do not seem to systematically affect the impairment in
PPl in FMD patients: When adjusting for these factors,
the difference in PPI size remained highly significant.

In accord with findings in larger eohorts of FMD
patients,”"* funcrional weakness and hyperkinetic phe-
notypes coexisted in a large proportion of our patients,
and defiats in PPl were present regardless of motor
symptom type. Such observations favor lumping these
clinical populations together in future studies on FMD
biomarkers.

Reduced PPl has been previously demonstrated in
patients with fibromyalgia syndrome and interstitial
cystitistbladder pain syndrome."™” In our sample of
FMD patients, the magnitude of PPl was not related to
the reported severity of pain and nor was it linked to a
specific motor phenotype. The unified mechanism of
functional symptoms presenting in motor, sensory, inter-
oceptive, or cognitive domains proposed by neurobiolog-
ical models is in line with clinical overlap of symptom
domains and of risk factors such as trauma and recent
health events.” "™ However, diagnostic classification sys-
tems have persistently sought to create a diagnosnc
divide between (often polysymptomatic) people with pre-
dominant pain and fatigue from those with typical “con-
version disorder.” This distinction has been maintained
in the latest edinon of Diagnostc and Statistical Manual
of Mental Disorders (DSM) with separate categories of
conversion disorder/functional neurological symptom
disorder (which would include people with FMD) and
somatic symptom disorder (which would include people
with functional pain and fatigue syndromes). The PPI
finding we report is therefore another piece of evidence
that this diagnostic distincuion is not likely to be correct.
Further research in this area should systematically test
whether there are indeed trans-syndromic biomarkers in
those with functional symptoms, taking care of course to
deal with the potentially confounding effects of shared
comorbidities such as depression and anxiety. Finally,
the utility and trearment consequences of a diagnostic
category that includes both functional neurological

disorders and somatic symptom disorder criteria (ie.,
the somatization disorder diagnosis from DSM-IV with
updated “rule in” criteria for functional neurological dis-
orders components of the diagnosis) could be assessed,
although this would require a reassessment of the neces-
sity or otherwise of including psychological andfor
behavioral factors as of diagnostic importance, which
were dropped from DSM-5 criteria for functional neuro-
logical disorders.

Our study has limitations. It is not known whether
there is an interference of voluntary or functional move-
ments on PPL. However, an electrical stmulus to a trem-
vlous index finger may have a gating effect over the
sensory stimulus coming from the moving finger. We did
not find a difference in PPI size with prepulses applied to
the right upper limb with and without abnormal move-
ments. However, a possible interaction between the site
of motor symptom and PPL, which might provide impor-
tant insights into the sensorimotor gating and the patho-
physiology of FMD, might not have been detected
because of a small sample size. Another limitation of the
study is that we did not perform a structured psychiatric
mterview for psychiatric comorbidities, which may be
more sensitive to the detection of abnormalities com-
pared to our questionnaire methods. Additionally, the
relationship between deficits in PPl and attentional and
cognitive factors should be analyzed in the future.

In conclusion, this is the first study demonstrating
abnormal PPl m patients with FMD. Integration of this
novel finding with previous PPl data in people with
chronic pain and previous pathophysiological findings
in FMD gives support for a trans-syndromic view of
functional symptoms. Here, a common abnormality in
past expectancies and attentional allocation to these
priors could produce perceptual andfor motor control
distortions, which could be reflected in markers of sen-
sornmotor integration such as PPL This has implications
for the structure of our current diagnostic criteria and
for the search for biomarkers and novel therapies in
these common and disabling disorders. @
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Abstract

Background. Patients with functional neurological disorders (FND) often present with mul-
tiple motor, sensory, psychological and cognitive symptoms. In order to explore the relation-
ship between these common symptoms, we performed a detailed clinical assessment of motor,
non-motor symptoms, health-related quality of life (HRQoL) and disability in a large cohort
of patients with motor FND. To understand the clinical heterogeneity, cluster analysis was
used to search for subgroups within the cohort.

Methods. One hundred fifty-two patients with a clinically established diagnosis of motor FND
were assessed for motor symptom severity using the Simplified Functional Movement
Disorder Rating Scale (5-FMDRS), the number of different motor phenotypes (ie. tremor,
dystonia, gait disorder, myoclonus, and weakness), gait severity and postural instability. All
patients then evaluated each motor symptom type severity on a Likert scale and completed
questionnaires for depression, anxiety, pain, fatigue, cognitive complaints and HRQoL.
Results. Significant correlations were found among the self-reported and all objective motor
symptoms severity measures. All self-reported measures including HRQoL correlated strongly
with each other. S-FMDRS weakly correlated with HROQoL. Hierarchical cluster analysis sup-
plemented with gap statistics revealed a homogenous patient sample which could not be sepa-
rated into subgroups.

Conclusions. We interpret the lack of evidence of clusters along with a high degree of correl-
ation between all self-reported and objective measures of motor or non-motor symptoms and
HRQoL within current neurobiological models as evidence to support a unified pathophysi-
ology of ‘functional’ symptoms. Our results support the unification of functional and somatic
syndromes in classification schemes and for future mechanistic and therapeutic research.

Introduction

Medically unexplained symptoms (MUS) are hugely common across the medical practice.
They are often chronic, disabling, associated with very high health and social care expenditure,
and have major personal and family impact in terms of quality of life and financial security
(Creed & Barsky, 2004). Traditionally the diagnosis of MUS has adopted an exclusionary
approach (tests are normal, therefore it is MUS) and pathophysiological understanding has
focused on psychological causation, in particular, the idea that physical symptoms are an
expression of underlying anxiety. This has informed treatment approaches which rely strongly
on reassurance regarding the lack of serious underlying physical illness, the reattribution of
physical symptoms to psychological causes, and the psychological and pharmacological treat-
ment of anxiety/depression. The diagnosis is heavily stigmatised with many healthcare profes-
sionals viewing such patients as not genuinely ill, alongside general negative societal attitudes
to psychological v. physical illnesses.

In contrast, the last 15-20 years have seen a resurgence of scientific, clinical and service
development interest in functional neurological disorder (FND) (Espay et al, 2018). This
work has confirmed FND to be a very common diagnosis in modern neurological practice
(about 16% of new neurology outpatient attendances, about 10% of admissions to hyperacute
stroke services) (Stone et al,, 2010), that it is associated with low rates of misdiagnosis, and that
long-term prognosis with regard to disability and quality of life is poor, similar to that seen in
multiple sclerosis and Parkinson’s disease (Anderson et al.,, 2007; Gendre et al, 2019; Stone,
Sharpe, Rothwell, & Warlow, 2003). Major efforts have been made to change the diagnostic
approach from an exclusionary one to a positive one based on specific symptoms and signs,
and for this to be reflected in diagnostic explanation (APA, 2013). Rather than suggesting it
is “unexplained’, the modern diagnosis of FND emphasises that it is a specific diagnosis
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which has an underlying mechanism. Here much work has been
undertaken to provide a neurobiological dimension to patho-
physiological  explanations  (Baizabal-Carvallo, Hallett, &
Jankovic, 2019 Edwards, Adams, Brown, Parees, & Friston,
2012). This does not seek to ignore or downgrade a psychological
level explanation, but rather to explain the brain basis of symp-
toms in addition. There has been a consequent rebalancing of pre-
disposing factors in FND (e.g. past trauma) to consider them as
risk factors that may or may not be relevant to symptom develop-
ment (Ludwig et al., 2018). This allows a more bespoke approach
to diagnostic explanation, formulation and treatment, reflected in
the development of specific psychological and physical rehabilita-
tion techniques that do not depend on Freudian notions of
repressed trauma and the catharsis of psychoanalytical explor-
ation (Espay et al., 2018).

These developments have resulted in somewhat of a discon-
nect between diagnostic classification and current scientific evi-
dence for those diagnosed with functional neurological
symptoms and for those with *MUS’ in general. This disconnect
reflects a long-standing division in (psychiatric) classification
schemes between conversion disorder and somatisation disorder.
In the latest iteration of the Diagnostic and Statistical Manual of
Mental lllness (DSM 5), Conversion Disorder was moved from
the Dissociative disorders category to Somatic symptom disorder
category and relabelled as Functional Neurological Symptom
Disorder/Conversion disorder. The diagnostic emphasis switched
to positive neurological symptoms and signs, and that the diagno-
sis did not depend on the identification of conflicts or other stres-
sors though it is acknowledged that these might often be present
and might be relevant (APA, 2013). However, this diagnosis only
covers functional motor symptoms, symptoms of sensory loss/dis-
turbance (but not pain), and non-epileptic attacks. This restrictive
definition is in direct opposition to the very common presence of
non-motor symptoms in those with functional motor symptoms,
in particular pain, fatigue and cognitive symptoms such as cogni-
tive ‘fog’. In previous work by ourselves and others, such symp-
toms in addition to depression and anxiety correlated with
health-related quality of life (HRQoL), but not with an objective
rating of motor symptom severity (Vechetova et al, 2018).
Neurobiological models for the FND are in fact agnostic to the
nature of the symptom - the same underlying mechanism can
account for motor, sensory, cognitive and interoceptive phenom-
ena (Edwards et al,, 2012; Van den Bergh, Witthoft, Petersen, &
Brown, 2017). Despite this clinical and scientific background,
pain, fatigue and other symptoms in people with FND are cur-
rently classified separately in DSM-5, for example as somatic
symptom disorder (eg. with predominant pain), but only if
psychological distress regarding symptoms is judged to be ‘exces-
sive’, or with another label such as chronic pain syndrome (APA,
2013). A similar diagnostic division is present in the International
Statistical Classification of Diseases and Related Health (1CD)-10
where there is one diagnostic category for the dissociative
motor disorder (F44.4) and another for persistent somatoform
pain disorder (F45.4) (WHO, 2018).

Here we sought to provide evidence that might shed light on
this complex and unsatisfactory situation. We performed a
detailed clinical assessment of symptoms, quality of life and dis-
ability in a large cohort of patients with a motor FND. We specif-
ically wished to determine the presence and nature of correlations
between specific symptoms (motor, non-motor, psychological)
and quality of life/disability. Also, we wished to determine if
there were specific clusters of patients based on specific
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symptoms, supporting the current symptom-based diagnostic
classification schemes.

Materials and methods

One hundred and ninety-five consecutive patients diagnosed with
clinically definite motor FND according to Gupta and Lang cri-
teria [141 females, mean age 463 (standard deviation, sp.=
12.1, range 19-81) years; mean disease duration: 7.3 (5D 7.0)
years] in the specialised outpatient service for motor FND at
the Neurology Department of Charles University in Prague, 17
Faculty of Medicine and General University Hospital (Gupta &
Lang, 2009) from January 2017 to March 2020 (until the begin-
ning of the coronavirus pandemic) were included in the study.
Patients who visited after the beginning of the coronavirus pan-
demic (ie. from 4/2020 later) were not included as there could
be multiple biases.

Exclusion criteria included age <18 years old, MRI abnormal-
ity, intellectual disability, major neurological conditions affecting
the central nervous system and/or interfering with motor function
(e.g. Parkinson's disease, multiple sclerosis, stroke), psychotic
spectrum disorders, bipolar disorder and substance use disorder.

The diagnosis of motor FND was based on detailed clinical
interviews and examination by an experienced movement disor-
ders specialist based on positive signs of functional weakness or
abnormal movements inconsistent and incongruent with known
movement disorders (Espay et al., 2018; Gupta & Lang, 2009).
The study was approved by the local ethics committee and all par-
ticipants gave their written consent to take part in the study.

Objective assessment of motor symptoms

The motor symptoms were classified as functional weakness,
tremor, dystonia, myoclonus, gait disorder, or speech disorder.

Dominant (most severe and/or most frequent motor symptom)
and additional motor symptom types (Le. tremor, dystonia, gait
disorder, myoclonus and weakness) were identified and the
number of different motor symptoms in each patient was used
as a proxy measure for motor disorder complexity.

The severity of the motor disorder was assessed using The
Simplified FMD Rating Scale (S-FMDRS) (Nielsen et al,, 2017).
The presence or absence of abnormal movement at each of
seven body regions (face and tongue, head and neck, left upper
limb and shoulder girdle, right upper limb and shoulder girdle,
trunk and abdomen, left lower limb, right lower limb) was
recorded and rated according to symptom severity and duration
(maximum score: 54).

Gait aid score (10m minimal distance) was evaluated as
normal gait = 0, abnormal gait no need for assistance or walking
aids = 1, assistance or walker or crutches needed = 2, wheelchair
dependent = 3). The criteria for classifying patients as wheelchair
dependent were based on the objective gait assessment and only
those patients who were completely unable to walk (with or
without assistance/support) were classified as wheelchair depend-
ent. Patients using a wheelchair for transportation (some of them
for excessive pain, fatigue or low tolerance of exercise rather than
motor disorder) but able to walk a short distance (10 m) during
the examination were assigned to other groups.

Objective assessment of gait function (3-FMDRS gait subscore =
sum of severity and duration of gait disorder, range 0-6) was also
used for analysis (Nielsen et al., 2017). The presence of instability
during the neurological examination was recorded (present=0,

Dewnloaded from hitpsyhwenv cambridge orgioare. Masarykova Univerzita Faculty of Art, on 27 Feb 2022 at 12:09:39, subject to the Cambridge Core terms of use, available at
hitpsfenww. cambridge.org/coretarms. hitpssideiorg10.101 7/50033291 721005225

101



Psychological Medicine

absent = 1). Postural instability was classified as present if the
patient was not able to stand/walk without support. Positive func-
tional Romberg or pull test backwards were also considered a sign
of postural instability. History of falls or instability was not taken
into account.

Subjective assessment of motor and non-motor symptoms

All patients evaluated their own motor symptom severity on a
3-point Likert scale (not bothered at all = 0, bothered a linle =1,
bothered a lot=2) according to the Patient-Health-Questionnaire
(PHQ-15). The scale considered 5 motor symptoms categories. In
addition to PHOQ-15 items assessing motor function including
weakness (1), motor coordination impairment (2) and gait disorder
(3), we added one item assessing tremor and jerks, ie. merging tre-
mor and myoclonus together (4) and one item assessing abnormal
postures or spasms (5). The total score (subjective motor symptoms
severity, SMSS, range 0-10) was calculated.

Additionally, all patients completed questionnaires for depres-
sion, anxiety, fatigue, pain, cognitive complaints and HRQoL.

To measure depressive symptomatology the Beck Depression
Inventory (BDI-11) was used, consisting of 21 items with a total
score 0-63 (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961).

To measure levels of anxiety we used the State-Trait Anxiety
Inventory (STAI X-1, STAI X-2), a measure of state (20 item
STAI X-1) and trait anxiety (20 items STAI X-2) with the range
20-80 for each part (Spielberger, 1983).

Fatigne was assessed using the Fatigue Severity Scale (FS5), a
9-item scale with the range 1-7 focusing on a functional impact
and severity of physical and mental fatigue (Krupp, LaRocca,
Muir-Nash, & Steinberg, 1989).

To assess pain, we used the PainDetect visual analogue scale
(VAS) with the range 0-10 for each subscale (VAS, 0= no pain,
10 = maximum pain) scales for evaluation of current pain inten-
sity, the average pain and the maximal pain in last 4 weeks.
The average of these values (the current, the average and the
maximal pain intensity = Pain composite score, total score
0-30) for each subject was used for analyses (Freynhagen,
Baron, Gockel, & Tolle, 2006).

Subjective cognitive complaints were measured using the
Czech validated version of the Cognitive Complaints
Questionnaire (Le questionnaire de plainte cognitive, QPC),
based on an original French 10- item dichotomous (yes/no) ques-
tionnaire assessing the presence of cognitive difficulties in the last
6 months with the range 0-10 (Markova et al., 2017). The first
two items inquire about general memory abilities, while the
remaining eight items inguire about more particular cognitive
complaints incuding difficulties with spatial orientation, lan-
guage, instrumental activities and personality change.

HRQoL was assessed using the 12-ftem Short-Form Health
Survey (SF-12) (Ware, Kosinski, & Keller, 1996). Physical
Functioning, Role Limitations (both Physical and Emotional),
Social Functioning, Pain, Mental Health, Vitality and General
Health are domains of HRQoL that are reflected in SF-12 (total
score 12-44, higher scores associated with better HRQoL). In
order to control for possible autocorrelation bias from the partial
overlap of several SF-12 items with measures of anxiety, depres-
sion, fatigue and pain we calculated the SF-12 general health sub-
score including only items regarding the impact of general health
state (ie SF-12 items 1, 2, 3, 4, 5, 9, 12; total score 7-25) while
excluding items related to mental health, mood and emotional
problems, bodily pain and fatigue.

To measure a health state to complement the HROQoL, the
EuroQol 5-dimension 3-level instrument (EQ-5D-3L) descriptive
part (EQ-5D, range 5-15) and visual analogue scale (EQ-VAS,
range 0-100%, with 100% being the best imaginable state of
health) were used. Five dimensions are reflected in EQ-5D: mobil-
ity, self-care, usual activities, pain/discomfort and anxiety/depres-
sion, with three response categories each (no problems, some
problems and severe problems) (Rabin, Gudex, Selai, &
Herdman, 2014).

Statistical analysis

Pearson’s correlation coefficient was computed to explore the
bivariate relations between wvariables. Lasso regression with
10-fold cross-validation was used to identify variables affecting
the HRQolL measures to later enter a multiple linear model
(Friedman et al. 2010). Candidate covariates entering the Lasso
model were: age, sex, disease duration, subjective motor symp-
toms severity, 3-FMDRS total score, motor phenotype complexity
(number of motor symptoms), S-FMDRS gait subscore, presence
of gait abnormality and instability, gait aid score, STAI X-2,
BDI-II, QPC, FSS and Pain composite score.

Complete hierarchical clustering using Euclidean distance was
wsed to find putative clusters in data. In particular, we aimed to
identify subgroups of patients, where patients in one group had
similar characteristics, but different from the patients in other
groups. We considered three sets of data when finding clustering:
(i) all variables entering the Lasso model, (ii) all variables entering
the Lasso model plus the indicators of primary and secondary
motor symptoms, and (i) non-motor variables only (STAT X-1
and STAI X-2, BDI- 11, QPC, FSS, and Pain composite score).
The data were standardised using the z-score transformation to
balance the influence of individual variables, whose original scales
could differ by an order of magnitude. Highly correlated variables
of STAI X-1, STAI X-2, and BDI-II were decorrelated (replaced by
principal components). The significance of putative clustering
found was assessed using the gap statistics (Tibshirani,
Walther, & Hastie, 2001).

Statistical analyses were carried out in R (R Core Team, 2020)
using glmnet package for Lasso modelling (Friedman et al., 2010),
cluster package for gap statistics calculation (Maechler,
Rousseeuw, Struyf, Hubert, & Hornik, 2021), and idendro pack-
age for interactive dendrogram exploration (Sieger, Hurley,
Fifer, & Beleites, 2017). Corrections for multiple testing were
intentionally not performed in order to enable inspection of
raw p values, e.g. those of correlations between selected pairs of
variables of interest.

Results

All consecutive 195 patients with motor FND fulfilling inclusion
criteria underwent a full clinical assessment and agreed to fill the
questionnaires, however, 17 patients did not return the question-
naires and 26 patients did not complete all questionnaires. All
subjects with missing data were excluded from the analysis.
Complete dataset was obtained from 152 patients with clinically
definite motor FND (109 females) with mean age 46.0 (SD 12.2)
years, mean disease duration was 6.6 years, median 5 years.
Forty-three patients were excluded from the analysis because
of missing data [32 females, mean age 47.5 (5D 11.7) years,
mean disease duration: 10.0 (SD 7.0) years, median 8 years]. A
significantly earlier motor FND onset and longer disease duration
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Table 1. Objective characteristics of motor symptoms - dominant and additional motor phenatype

Percentage of patients with a given additional motor phenotype out of patients with the
given primary phenotype (%)°

Dominant motor Gait Speech Postural

m (152)* Symptoms [%]B disorder Weakness Tremar Dystonia Myoclonus disorder instability 1%}s
Gait Er] - 62 42 a 4 17 &7
disorder

Weakness 24 T2 - 2 3 a 11 31
Tremor 19 31 34 - a T T 10
Dystonia 16 64 38 48 - 12 12 &
Myoclonus 8 33 17 17 a - 0 17
Epeech dis. i 0 ] ] ] ] - 1]

AMurnber of patients.

“Mumbers give percentages (%) in whom given mator symptam was present as dominant phenotype.

“e.g. 42% of patients with primary gait disorder sulfered from secondary tremor.

“Percentages of patients reparting postural instability out of the total number of patients in whom given mator symptom was present as dominant phenotype e.g. 67% of patients with

primarily gait disability reported pastural instability.

{p<0.001) than in the analysed sample could partially explain
lower compliance in this group. In most of these patients, FND
had started before a specialised service for FND patients was
established in 2015. Chronic course with exposure to numerous
diagnostic procedures and a lack of effective treatments might
have affected the willingness to collaborate on research. No sig-
nificant differences were found between the groups in either of
the motor domains.

Objective motor symptom characteristics are presented in
Table 1.

In our cohort, 29% had a monosymptomatic motor presenta-
tion, 41% presented with two different types of motor symptoms.
Only 3% of patients showed more than 4 phenotypes.

Mean 5-FMDRS was 11.3 (5D 8.0, range 0-39). The mean
S-FMDRS gait subscore was 2.8 (SD 2.2, range 0-6). Instability
during the neurological examination was present in 33% of subjects.

Normal gait was present in 36% of patients, 44% of patients
had gait disorder without the need for assistance or walking
aids, 16% of patients needed assistance, walker or crutches.
Only 4% of patients were wheelchair dependent.

Data from questionnaires on non-motor symptoms, self-
reported severity of motor symptoms and HRQoL in patients
are shown in Fig. 1.

Correlation analysis

Correlation analysis evaluated the relation between the following
domains: age, age of motor FND onset (FMD onset), disease dur-
ation, number of motor phenotypes, 5-FMDRS total score,
S-FMDRS gait subscore, gait aid score, SMSS score and non-
motor domains (BDI-1I, STAI X-1,2, FSS, QPC and Pain compos-
ite score) including HRQoL (SF-12 score, SF-12: general health
subscore, EQ-5D, EQ-VAS score).

The main correlation analysis results are shown in Fig. 2, add-
itional/complementary correlation analyses are reported in the
following summary of the results. The complete set of correlation
analysis results is presented in Online Supplementary Fig. S1.

Age was positively correlated to subjective cognitive complaints
(QPC scores) ( p < 0.001), trait anxiety (STAI X-2 score) ( p <0.01)
and negatively to the quality of life (SF-12) ( p < 0.01), the general
health subscore of SF-12 ( p < 0.001) and EQ-VAS score ( p < 0.01).

A weak positive correlation ( p < 0.05) was revealed for state anx-
iety (STAI X-1 score), BDI-II and $-FMDRS gait subscore.

There was found a significant positive correlation between dis-
ease duration and fatigue ( p < 0.001). Disease duration negatively
correlated with gait aid score (p<0.01), and weakly with
S-FMDRS gait subscores { p < 0.05).

All objective measures of motor symptom severity and com-
plexity (number of motor phenotypes, S-FMDRS total score,
S-FMDRS gait subscore, gait aid score) correlated with each
other (p<0.001). The S-FMDRS total score significantly corre-
lated with all non-motor symptoms measures (BDI-II, STAI
X-1,2, QPC, F85, pain score). On the other hand, the number
of motor phenotypes correlated only with subjective cognitive
complaints score (QPC) and EQ5D score ( p < 0.001), and weakly
with pain and SF-12 scores.

S-FMDRS gait subscore correlated with other objective mea-
sures of motor symptom severity (number of motor phenotypes,
3-FMDRS total scores) { p < 0.001), but also with all HRQoL mea-
sures (p < 0.01) and all non-motor scores ( p < 0.05) (Fig. 2).

The subjective motor symptoms severity score significantly
correlated with objective measures of motor symptom severity
assessed using the 5-FMDRS total scores (including S-FMDRS
gait subscore, p<0.001), and all non-motor and Qol scores
(p<0.001) (Fig. 2).

All non-motor measures (BDI-11, STAI X-1,2, F55, Pain com-
posite score, QPC) correlated strongly with each other and with
the SMSS score. The strongest correlation was observed between
depression (BDI-II score) and anxiety (STAI X-1,2 score) and
cognitive complaints (QPC score).

Both measures of motor symptom severity, the subjective and
objective (SMSS, Number of motor phenotypes, S-FMDRS scores,
S-FMDRS gait subscores) correlated with HRQol measures
(SF-12 and EQ-5D-3L). 5F-12 score and 5F-12: general health
subscore correlated equally with most measurements.

Although no differences in SF-12 and EQ-5D-3L scores
(EQ-5D and EQ-VAS, respectively) were found between patients
with dominant gait disorder and patients with other dominant
phenotypes { p=0.63, p = 0.58, respectively), the presence of pos-
tural instability was associated with worse scores of SF-12 and
EQ-5D-3L (both p<0.001). Similarly, more severe impairment
in gait as measured by the use of walking aids (gait aid score
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up to the value of 2) was associated with worse scores of 5F-12
and EQ-5D-3L (both p<0.001). Nevertheless, wheelchair
dependent patients reported only worse EQ-5D ( p < 0.001) and
general health subscore of SF-12 ( p=0.01), but not SF-12 (p=
0.19) or EQ-VAS score (p=0.32) compared to patients without
gait problems.

Age of motor FND onset correlated significantly only with
S-FMDR gait subscore and gait aid score (shown in the Online
Supplementary Fig. S1).

No significant correlations were found between disease dur-
ation and SF-12 and EQ-5D-3L scores.

All non-motor measures strongly correlated with HRQol
measures (SF-12 and EQ-5D-3L).

Predictors of HRQoL

Multiple linear regression revealed BDI-II ( p < 0.001), Pain com-
posite score [ p<0.001), SMSS score (p=0.008), STAL-X2 (p=
0.010), and FSS (p=0.03) were the factors affecting jointly the
HRQoL (the SF-12 score).

Similarly, the multiple linear regression model of the subscore
of SF-12 related to general health revealed that FSS ( p < 0.001),
BDI-II { p<0.001), Pain composite score (p=0.010), age (p=
0.008) and Subjective motor symptoms severity { p = 0.047) were
the factors affecting jointly the HRQoL.

The current health status (EQ-5D measures) was strongly
affected by BDI-II scores (p<0.001), need for use gait aids
(Gait aid score) (p<0.001), acute pain scores (p=0.002) and

S-FMDRS (p=0.009). The health status measured using
EQ-VAS was affected by Pain composite score (p<0.001),
STAL-X2 (p=0002), SMSS (p=0003) and age (p=0.003).
The effect of 5-FMDRS on 5F-12 and EQ-VAS was not significant
when adjusting for the other factors in the multiple linear model,
it only affected the EQ-5D.

Cluster analysis

The cluster analysis revealed that the patients could not be reliably
separated into several subgroups: the gap statistic insinuated that
the patients formed a relatively homogeneous cluster. This result
was found for each of the three data sets considered.

Discussion

Correlation and cluster analyses of self-evaluated and objectively
assessed motor symptoms, self-evaluated non-motor symptoms
severity and quality of life in a relatively large cohort of patients
with heterogeneous motor manifestations including functional
weakness provided the following findings.

(1) Objectively assessed motor symptom severity including scales
for gait impairment and FND phenotypic complexity corre-
lated with subjectively reported motor symptoms severity.
The objectively assessed motor symptom severity using
S-FMDRS correlated with all self-reported non-motor symp-
toms severity scores.
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(2) There was a significant mutual correlation between all sub-
jectively reported motor and non-motor symptom measures.
(3) Both the subjective and objective motor symptoms measures
showed a significant correlation with HRQoL measures, how-
ever, the subjectively reported severity of motor symptoms
along with fatigue, pain, depression and anxiety were the
main drivers of HRQoL. The objective motor symptoms
only partially affected the current health status.
Cluster analysis revealed that the patient sample was relatively
homogenous and could not be separated into subgroups
based on specific/discrete motor and non-motor features,

(4

=

These findings suggest that regardless of motor phenotype,
there is a continuum in disease severity across multiple domains
where patients with mild motor symptom severity reported less
severe non-motor symptoms and more severely affected patients
reported more severe non-motor symptoms along with worse
HRQoL.

Relationship between motor and non-motor symptoms

Consistent with previously reported relationships between mul-
tiple non-motor symptoms, (Gelauff et al, 2018; Gendre et al,
2019; Vechetova et al., 2018) here we also found relationships
between the self-evaluated motor symptom severity and several
objective measures of motor impairment. Motor symptom sever-
ity assessed using S-FMDRS also correlated with depression, anx-
iety, fatigue and pain scales. Rather against expectations, no
correlation was found between the gait scales and pain.

Interestingly, out of the non-motor symptoms, the subjective
cognitive complaint severity was the only measure that correlated
with all other subjective and objective motor and non-motor mea-
sures which may reflect the role of attentional processes in the
development of FND and the importance of the cognitive symp-
toms (Edwards et al, 2012; Sadnicka, Daum, Meppelink,
Manohar, & Edwards, 2020; Teodoro, Edwards, & lsaacs, 2018).

The distribution of the data from subjective and objective
assessment suggests that patients with objectively less severe
motor impairment report having a less subjective motor impair-
ment and less severe non-motor symptoms, i.e. they are not ‘over-
reporting’ severity of their motor and systematically presenting
maximal values.

A significant correlation between objective motor symptom
severity and psychological symptom severity (anxiety, depression)
has previously been reported in patients with functional myoclo-
nus while it was absent in the organic myoclonus control group
(Zutt et al., 2017).

Further studies are needed to show whether the pattern of
multiple motor and non-motor correlations and a lack of clusters
is specific to motor FND or also other FND. Despite the
expectation that motor symptoms generally associate with psy-
chological or non-motor symptoms, the literature across different
neurological disorders has provided inconsistent results with a
large number of studies reporting a lack of correlations in
Multiple Sclerosis (Braga, Prado, Bichueti, & Oliveira, 2016)
(Arnett, Higginson, Voss, Randolph, & Grandey, 2002; Bakshi,
2003; Brassington & Marsh, 1998; Krupp, Alvarez, LaRocca, &
Scheinberg, 1988; Krupp et al, 1989; Schreurs, de Ridder, &
Bensing, 2002; Vercoulen et al, 1996), Myasthenia gravis
(Bartel & Lotz, 1995 Chen, Chang, Chiu, & Yeh, 2011;
Doering, Henze, & Schussler, 1993; Tennant, Wilby, &

MNicholson, 1986), adult spinal muscular atrophy (Gunther et al,
2019) and Parkinson's disease (Park et al, 2018).

Impact of motor and non-motor symptems on HRQol

The analysis of the impact of motor and non-motor symptoms on
HRQoL revealed a negative correlation between all non-motor
scales, motor symptom severity, disability measures and HRQoL
measures. Nevertheless, the subjectively reported motor symptom
severity rather than S-FMDRS could explain HRQolL, together
with depression, pain, anxiety and fatigue. This result extends
findings from our previous study conducted in a smaller cohort
of motor FND patients which, however, did not consider the self-
reported severity of motor symptoms and thus only highlighted
the contribution of non-motor symptoms to HRQoL
(Vechetova et al., 2018).

The correlation between non-motor measures and HRQol
could result from a significant overlap between the non-motor
symptoms measures and several items from the 5F-12. To control
for this autocorrelation bias between the 5F-12 and measures of
anxiety, depression, fatigue and pain we performed an analysis
with scores only from 5F-12 items on general health with the
same results.

None of the predominant motor phenotypes was associated
with worse HRQoL, nevertheless, patients with the presence of
gait impairment (alone or as an accompanying symptom) had
worse HRQoL as compared to patients without gait disorder.
We also found a relationship between objectively assessed gait
severity and the presence of postural instability and impaired
HRQoL. These results are similar to those found in disorders
such as Parkinson’s Disease where postural instability and gait
disorder are associated with and impaired HRQoL (Muslimovic
et al, 2008).

Older age was associated with more severe cognitive impair-
ment and anxiety, more severe gait abnormality and poorer qual-
ity of life. Longer disease duration and later disease onset were
associated with more severe gait performance and a more fre-
quent need to use gait aids. Interestingly, longer disease duration
was not associated with higher non-motor symptoms severity
except for fatigue or a higher number of phenotypes (ie. more
complex phenotype).

This pattern is rather against expectations and also differs from
most progressive neurodegenerative or neuroinflammatory dis-
eases where long-duration predicts worsening of symptoms and
increase in non-motor symptoms frequency and severity across
different domains which was documented for example in Motor
MNeuron Disease (Gunther et al, 2016) or in Parkinson's Disease
(Antonini et al., 2012).

Cluster analysis

Patients with motor FND are usually classified according to the
dominant motor phenotype they present with (e.g. functional tre-
mor, functional weakness). This is useful when considering differ-
ential diagnosis and targeted investigations, and also in
physiotherapy management where specific techniques exist for
the treatment of specific motor difficulties (Espay & Lang, 2015
Mielsen et al., 2015). ldentifying and addressing non-motor symp-
toms (somatic and psychological) is an additional key part of
diagnosis and management (Feinstein, Stergiopoulos, Fine, &
Lang, 2001; Garcin et al, 2017; Gelauff, Stone, Edwards, &
Carson, 2014; Jacob, Kaelin, Roach, Ziegler, & LaFaver, 2018;
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Maggio et al., 2020; Nielsen, 2016; Nielsen et al., 2019). We felt it
was important, therefore, to analyse whether different combina-
tions of comorbid non-motor symptoms can define more homo-
geneous/unique subgroups or are associated with specific motor
characteristics.

A recent study found no differences in selected characteristics
such as demographics, mode of onset and severity of depression,
anxiety, pain and fatigue between predefined groups of patients
with the different dominant phenotypes (Gelauff, Rosmalen,
Gardien, Stone, & Tijssen, 2020). Here we used a data-driven
approach to search for motor FND subtypes with cluster analysis
techniques in an unbiased fashion. Despite a relatively large sam-
ple of patients, we failed to identify subtypes based on multiple
motor features including motor symptom severity and commeonly
co-morbid non-motor symptoms in this sample of patients.

In contrast to the lack of clusters in our motor FND group of
patients, previous high-quality studies using the same method-
ology (gap statistics) reported homogeneous clusters including
drug-naive parkinsonism (Jain, Park, & Comer, 2015), comorbid-
ities associated with obesity (Reategui, Ratte, Bautista-Valarezo, &
Duque, 2019), breast cancer progression data (Alexe, Dalgin,
Ganesan, Delisi, & Bhanot, 2007). However, most cluster analysis
studies in neurological conditions with motor symptoms such as
Parkinson’s disease (Ba, Obaid, Wieler, Camicioli, & Martin,
2016; Mu et al, 2017; Yang, Kim, Yun, Kim, & Jeon, 2014) or
fibromyalgia (Yim et al, 2017) suffered from important methodo-
logical problems which could have led to false-positive duster
identification. Therefore, making inferences about the specificity
of our findings is not possible and further studies are needed.

Interpretation

Our finding of a significant relationship between subjective mea-
sures of motor and/or non-motor symptoms and measures of
HRQoL may be affected by content overlap across questionnaires.
For example, HRQol questionnaires address the impact of
impaired mobility, mood, fatigue on QolL; the BDI scale for depres-
sion assessment includes several items on somatic symptoms.

However, the lack of evidence of clusters along with a high
correlation between all self-reported measures of motor and
non-motor symptoms and HRQoL is entirely consistent with
the predictions of predictive coding/active inference accounts of
FND. These models suggest that symptoms are perceptions of
the state of the body. The symptoms are generated by neural pro-
cesses that actively sample information from the body and process
this information in the context of prior predictions or expecta-
tions into conscious perceptions (Le. symptoms = percepts)
(Edwards et al., 2012; Van den Bergh et al,, 2017).

Crucially, these models are agnostic to the content of the per-
cept. It is proposed that in people with FND an abnormal prior
expectancy regarding a particular symptom is enhanced in its
strength (precision), and this overwhelms incoming sensory
data that would indicate a normal state of the body. In this way
an abnormal percept results which is experienced spontaneously
and involuntarily, without a sense of control or agency over
what has been experienced. This same dysfunction can affect
motor, interoceptive and exteroceptive control. Therefore, a
high degree of cross-correlation could reflect a common dysfunc-
tion that underpins motor and non-motor symptoms (Edwards
et al, 2012; Van den Bergh et al, 2017).

This is consistent not only with our data, but also consistent
with clinical experience. In patients with functional motor

Zuzana Forejtova et al.

symptoms, multiple somatic symptoms are commonly seen. In
some patients the severity of symptoms wax and wane with, for
example, the pain becoming more prominent while motor symp-
toms might improve slightly. Some patients start with chronic
pain or fatigue and then later develop functional motor symptoms
and vice versa. These phenotypic observations are entirely con-
sistent with a single pathophysiological process which can affect
multiple input streams and the sensorimotor control of
maovement.

Although the applicability of our results to other groups of
somatic symptom disorder is hypothetical and needs to be sup-
ported by further studies, this idea is also consistent with recent
proposals for the pathophysiology of chronic pain. Here, active
inference models of chronic pain have been proposed that largely
mirror those that have been proposed for FND (Hechler, Endres,
& Thorwart, 2016; Seymour, 2019). The widely used concept of
‘central sensitisation’ in chronic pain, is entirely compatible
with the computational process of abnormal high-level priors
relating to pain, which then distort pain perception. Though the
word ‘sensitisation” suggests abnormal sensitivity to incoming
sensory/mociceptive input, recent computational models of
chronic pain as well as experimental data showing, for example,
higher pain thresholds to electrically induced peripheral pain in
people with chronic pain, propose a systematic down-weighting
of peripheral sensory input and therefore a percept driven by
the abnormal high level prior (Hechler et al,, 2016). This is iden-
tical to what is proposed in models of FND (Edwards et al, 2012;
Van den Bergh et al., 2017). Similarly, anxiety and depression also
fit in the predictive coding model. The role of active inference and
predictive coding in emotion processing and depression has
already been postulated (Barrett, Quigley, & Hamilton, 2016
Lindquist & Barrett, 2012). According to a Dual system fear
and anxiety theory, subcortical changes in the brain and body
physiology can be modulated by anxiolytics or antidepressants
while different cortical networks generating conscious feeling
states reflected in self-reports of fear and anxiety can be targeted
by psychotherapeutic approaches (LeDoux & Pine, 2016).

Clinical implications

What are the clinical implications of the absence of clusters and
finding of such a strong intercorrelation of motor and non-motor
symptoms severity?

First, it suggests that mechanistic and therapeutic advances in
the field of FND, chronic pain and other somatic symptoms may
be able to be usefully combined with insights from one symptom
type likely to be informative for others.

Second, future revisions of DMS-5 and ICD-11 should con-
sider developing a single diagnostic category covering the full
spectrum of ‘functional” symptoms including pain, fatigue or cog-
nitive complaints. For ICD-11 this should ideally be within both
the “physical’ and ‘mental’ parts of the classification system, or
perhaps more radically within a single ‘brain’ section rather
than perpetuating a scientifically and clinically indefensible dual-
ism between brain and mind. This does not imply that neuro-
logical and psychiatric illnesses are all best understood at a
neurobiological level of understanding, but simply that the
brain (and wider nervous system) is the key biological substrate
from which neurological, cognitive, emotional and behavioural
dysfunction arises.

Third. clinical services might benefit from a degree of unifica-
tion too. Currently, it is common for services to operate in a
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rather atomised fashion with chronic pain, chronic fatigue, per-
sistent physical symptoms and FND services working in isolation,
alongside multiple speciality-specific services such as functional
breathing disorders services in respiratory medicine departments
and functional gastrointestinal disorders services within gastro-
enterology departments. There clearly remains a role for organ-
specific specialism in diagnosis and some aspects of treatment.
Overlap between functional and organ-specific disease/illness is
quite common, meaning that diagnostic expertise within particu-
lar medical sub-specialities remains very important (Stone et al.,
2012). However, there are also many areas of overlap where scien-
tific and clinical skills and knowledge can be pooled. Crucially,
rather than considering this as an isolated sub-specialism (such
as psychosomatic medicine), such services need to be fully inte-
grated into regular medical practice, which includes the integra-
tion of psychiatry and psychology too.

Limitations

Our cluster analysis study should be considered as preliminary, for
a more definite conclusion on motor FND subtypes large, multi-
centre, international and well-characterised cohorts of patients
should be performed. A limitation of this study was the lack of a
disease-specific tool for the assessment of subjective motor symp-
tom severity. We used a non-validated simple Likert scale question-
naire tool which may have led to overvaluation of subjective
severity in the context of multiple mild symptoms and undervalu-
ation of severely bothersome monosymptomatic manifestations
(the more symptoms you are present the higher the score).
Finally, selected measures targeted some of the most common
symptoms, however, other important symptoms or aspects of
motor FND (e.g. alexithymia, bladder and bowel symptoms etc.,
dissociative symptoms, sleep disorders) could have been omitted.

Conclusions

This is the first cluster analysis-based study of motor and non-
motor symptoms from a relatively large cohort of patients with
motor FND. Lack of distinctive subtypes along with a high degree
of correlation between all subjective and objective measures of
motor, non-motor symptoms and quality of life can be inter-
preted within the current neurobiological models suggesting
unified pathophysiology of the full range of functional symptoms.
Our results should inform future revisions of the disease classifi-
cations and support the development of a single diagnostic cat-
egory encompassing patients with FND and other functional
somatic symptoms which has important implications for research
and service development.
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