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Uzywane skroty

AL — ang. anatomical landmarks, punkty anatomiczne

BoNT — ang. Botulinum neurotoxin, neurotoksyna botulinowa

BONT-A - ang. Botulinum neurotoxin A, neurotoksyna botulinowa typu A
CDQ-24 - Craniocervical Dystonia Questionnaire

CGl-I - Clinical Global Impression— Improvement score

DS - dystonia szyjna

EMG - elektromiografia

MEIN — Ministerstwo Edukacji i Nauki

m. m-0-S - migsien mostkowo-obojczykowo-sutkowy

MMN- ang. multifocal motor neuropathy, wieloogniskowa neuropatia ruchowa
MSA.- ang. multiple system atrophy, zanik wielouktadowy

NBIA- ang. neurodegeneration with iron accumulation, neurodegeneracja z
akumulacja zelaza w moézgu

NFZ- Narodowy Fundusz Zdrowia

PSP- ang. progressive supranuclear palsy, postepujace porazenie nadjgdrowe
SSRI - selektywne inhibitory zwrotnego wychwytu serotoniny

TWSTRS - Toronto Western Spasmodic Torticollis Rating Scale

USG - ultrasonografia

WWCOIT - Wojewddzkie Wielospecjalistyczne Centrum Onkologii i

Traumatologii im. M. Kopernika w Lodzi



.  Wstep

1. Definicja dystonii szyjnej

Dystonia szyjna (DS) nalezy do zaburzen ruchowych i charakteryzuje si¢
wystepowaniem niezaleznych od woli okresowych lub tez utrwalonych skurczow migsni,
ktore doprowadzajg do nieprawidtowego ustawienia gtowy i/lub szyi. W znacznej czg$ci
przypadkéw, bo az w 67-75%, objawom ruchowym towarzyszy bol [1]. DS czesto
wspotistnieje ze stanami lgkowo-depresyjnymi [2], wplywa na zycie zawodowe,

stygmatyzuje spotecznie obnizajac istotnie jakos$¢ zycia [3,4,5].

2. Epidemiologia dystonii szyjnej

DS jest najczestsza dystonig ogniskowg o pdznym poczatku i jak pokazuja meta-
analizy jej czesto$¢ wystepowania wynosi 4.98 przypadkéw na 100 000 mieszkancow,
aczkolwiek obserwowana jest znaczgca zmienno$¢ w zalezno$ci od szerokosci

geograficznej (np. w Japonii 2.52 podczas gdy w Europie 6.71) [6].

3. Obraz kliniczny dystonii szyjnej

Niezalezne od woli skurcze migsni moga doprowadzi¢ do zmiany potozenia
glowy 1/lub szyi w trzech plaszczyznach: w plaszczyznie poprzecznej, czotowej i
strzatkowej. W przesztosci rozpoznawano 4 typy dystonii: o charakterze skretu szyi
(torticollis), pochylenia do boku (laterocollis), do tylu (retrocollis) lub do przodu
(anterocollis), z czego ponad 50% stanowita DS o charakterze skretu, 10-15% o
charakterze pochylenia do boku lub tylu i najmniejszy procent stanowity przypadki z
pochyleniem do przodu [7]. W 2009 r. Reichel i wsp. [8] przedstawili koncepcje¢ Col-
Cap, ktora powstala w oparciu 0 anatomi¢ czynnos$ciowa oraz wyniki badan obrazowych,
na podstawie ktorych wyrdzniono zmiang potozenia glowy (poziom powyzej C2) lub szyi
(poziom ponizej C2). Na podstawie tej koncepcji zaproponowano rozpoznawanie 8
podstawowych typéw DS z uwzglednieniem oddzielnie ruchow glowy (-caput) oraz szyi
(-collis): torticaput, torticollis, laterocaput, laterocollis, anterocaput, anterocollis,
retrocaput oraz retrocollis) oraz 3 dodatkowych zwigzanych z jednoczesng zmiang
potozenia glowy i szyi w jednej ptaszczyznie, ale w 2 réznych kierunkach (ang. lateral
shift, anterior sagittal shift oraz posterior sagittal shift) [9,10]. Wieloosrodkowe badanie
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[11] wykazato, ze czyste postacie DS (zmiana potozenia glowy i/lub szyi w jednej
ptaszczyznie) stanowia jedynie 16.3%, podczas gdy przewazaja kombinacje réznych
podtypow (83.7%), wsrdd ktorych najczgséciej wystepuje torticaput (49%) i laterocaput
(16.7%). Dodatkowo DS moze towarzyszy¢ drzenie, ktore obserwuje sie u 14-71%
pacjentow [12]. Drzenie moze mie¢ charakter potakiwania, przeczenia lub tez moze mie¢
charakter mieszany. Charakterystyczng cechg dystonii sg triki dotykowe hamujace ruch
dystoniczny. Wystepuja one u 70% pacjentéw 1 mogg mie¢ réznorodny charakter,
najczesciej jest to dotknigcie reka brody lub policzka. Takie czynniki jak stres
emocjonalny, zmeczenie czy wysitek fizyczny nasilajg zazwyczaj ruchy dystoniczne,

podczas gdy relaks czy odpoczynek redukujg ich nasilenie [13].

4. Przebieg choroby

Objawy choroby moga pojawi¢ si¢ nagle lub tez mie¢ powolny, postepujacy
charakter. U 30% pacjentow zakres ruchow dystonicznych rozszerza si¢ I obejmuje
migs$nie sgsiadujgce przechodzac w dystoni¢ segmentalng. W przebiegu dystonii w
wyniku nieprawidlowego ustawienia gtowy i/lub szyi, przerostu nadaktywnych migséni u
18-41.2% pacjentow dochodzi do wystgpowania przedwczesnych  zmian
zwyrodnieniowych kregostupa, dyskopatii czy tez mielopatii szyjnej [14]. Spontaniczne
remisje wystepuja u 10-15% pacjentow, zazwyczaj tylko na pewien okres [15,16] i moga

by¢ wyzwolone leczeniem neurotoksyng botulinowg (BoNT) [17].

5. Leczenie dystonii szyjnej

Iniekcje BONT sg uznawane za leczenie z wyboru w DS. BONT jest enzymem,
ktory po podaniu do migsnia (lub innej docelowej tkanki) wigze si¢ ze specyficznym
receptorem SV2C na wewngtrznej powierzchni pecherzyka synaptycznego,
uwalniajacego acetylocholing do szczeliny synaptycznej i tym samym blokuje
przekaznictwo cholinergiczne zarowno w ptytce motorycznej migsni szkieletowych, jak
i w zazwojowych wtdknach autonomicznych [18,19]. W komercyjnym uzyciu dost¢pne
sg dwa serotypy: A i B. W Polsce dostepne s nastepujace preparaty: onabotulinumtoxinA
(Botox), incobotulinumtoxinA  (Xeomin) oraz abobotulinumtoxinA (Dysport).
Skutecznos$¢ tej terapii zostata zauwazona juz w 1985 r. [20] oraz potwierdzona przez
liczne randomizowane, kontrolowane placebo badania [21,22,23,24,25,26]. Iniekcje

BoNT zmniejszaja nasilenie objawdw dystonii oraz towarzyszacy jej bol. Jedno z badan
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przeprowadzone na grupie 233 pacjentow wykazato poprawe 0 9.9 lub 10.9 punktow (w
zaleznosci od dawki) w skali Toronto Western Spasmodic Torticollis Rating Scale
(TWSTRS) w 4-tym tygodniu po podaniu leku, podczas gdy w grupie otrzymujacej
placebo poprawa wyniosta 2.2 punktu [26]. Pozytywny wplyw na jako$¢ zycia rowniez
zostat potwierdzony w badaniach poprzez ocen¢ w roznych skalach, np. przy uzyciu
kwestionariusza Short-form 36 [27,28,29] czy tez Europejskiego Kwestionariusza
Dystonii [27,28]. Leczenic BoNT moze by¢ zwigzane z wystgpieniem objawow
niepozadanych takich jak opadanie glowy, bol w miejscu iniekcji, zaburzenia potykania

czy tez suchos$¢ w ustach [21].

6. Metody monitorowania iniekcji BONT w dystonii szyjnej

BoNT mozna podawaé opierajac si¢ jedynie na palpacji migsni oraz wykonujac
iniekcje wedlug punktow anatomicznych (ang. anatomical landmarks, AL) badz tez
mozna wykorzysta¢ metody monitorujace takie jak np. elektromiografia (EMG) lub
ultrasonografia (USG). Uzycie EMG stuzy gléwnie do oceny aktywno$ci migsni i wyboru
migs$ni do iniekcji na jej podstawie. Uzycie jedynie punktéw anatomicznych do
lokalizacji mig$ni moze by¢ obarczone znacznym odsetkiem blednych podan do
sasiednich mig$ni, tak jak to wykazato jedno z badan (83% trafno$¢ w przypadku wyboru
migsnia mostkowo-obojczykowo-sutkowatego (m. m-0-s), ale jedynie 47% w przypadku
glebiej potozonego migsnia dzwigacza topatki) [30]. Uzytecznos¢ zastosowania EMG w
porownaniu Z wyborem migsni W oparciu jedynie o punkty anatomiczne wykazaty
randomizowane, zaslepione badania, gdzie w grupie z kontrolowanym podaniem leku
uzyskiwano wyraznie lepsze wyniki mierzone w skali TWRSTS [31] lub skali Jankovica
[32]. Z drugiej strony niektore badania nie potwierdzajg przewagi stosowania EMG [33].
Nalezy zaznaczy¢, ze aktywno$¢ migsniowa w badaniu EMG moze by¢ mylaca z uwagi
na aktywno$¢ takze w mig$niach kompensujacych ruch dystoniczny. Uzycie USG jako
metody kontroli podania toksyny botulinowej podlega nieustannej dyskusji, a jej
potencjalne znaczenie zostato szeroko przedstawione w literaturze [34], przy czym brak
jest randomizowanych, kontrolowanych badan potwierdzajacych jednoznacznie
skuteczno$¢ tej metody dla poprawienia efektow leczenia w DS. Badania
przeprowadzone na preparatach posmiertnych (ang. cadaver studies) wskazuja, ze
wykorzystanie USG zwigksza precyzje podania do migsni niezaleznie od glebokosci ich

potozenia do 88.2% w porownaniu z 48% w grupie bez uzycia USG [35], a w innym



badaniu odpowiednio do 97.2% w porownaniu z 62.5% [36]. Wydaje sie, ze iniekcje pod
kontrola USG powinny da¢ rowniez powtarzalno$¢ wynikéw leczenia BoNT oraz
zwickszy¢ bezpieczenstwo poprzez mozliwo$¢ uniknigcia uszkodzenia sgsiadujacych
struktur (naczynia, nerwy). Jedno z badan wskazuje na mozliwo$¢ zmniejszenia czestosci
wystepowania dziatan niepozadanych jak np. dysfagia z 34.7% (podanie pod kontrolg
EMG) do 0% (z kontrolg USG) [37]. Wigkszo$¢ dostepnych badan z uzyciem USG
dotyczy prezentacji pojedynczych przypadkow lub tez przedstawia mate grupy chorych i
dotyczy glownie iniekcji do migsni glebokich szyi [38,39,40,41]. W ostatnim czasie
przedstawiono wyniki badania porownujacego skutecznosé leczenia przy uzyciu USG na
wigkszej grupie pacjentow, ktore nie wykazato zwigkszenia przewagi uzycia USG jako
metody monitorujgcej podanie BoNT [42], jednak grupy poddane ocenie nie byly
jednorodne pod wzgledem typow dystonii, wyboru migéni do iniekcji czy nawet rodzaju
I dawki toksyny botulinowej, co w istotny sposob mogto wptynaé na wyniki. Z uwagi na
heterogenno$¢ obrazu klinicznego DS istotng trudno$¢ sprawia poréwnywanie grup
chorych. Trudne jest takze stworzenie modelu, ktory w przekonywujacy sposob oceniatby
skuteczno$¢ leczenia. Dodatkowo, skuteczno$¢ mierzona znamiennym statystycznie w
stosunku do placebo efektem poprawy w dostepnych tylko 2 skalach (TWSTRS, Tsui)
nie zawsze przektada si¢ na poprawg jakosci zycia i tzw. klinicznie istotny efekt poprawy.
W koncu takze stosowane dotychczas skale powstaty przed koncepcja Col-Cap, ktora w

istotny sposob zmienita paradygmat leczenia DS.

7. Czynniki wplywajace na skutecznos¢ leczenia dystonii szyjnej

Liczba pacjentow odpowiadajagcych na terapie BONT w poszczegdlnych
badaniach jest rézna w zalezno$ci od metodologii oceny skutecznosci leczenia oraz
przyjetych kryteriow oceny. Zidentyfikowano czynniki zwigzane z dobra odpowiedzig na
leczenie, takie jak typ dystonii (pochylenie do boku), mtody wiek poczatku choroby (do
40 r.z.), brak drzenia czy brak terapii wspotistniejacej [43]. Z kolei brak odpowiedzi na
terapi¢ moze by¢ zwigzany ze zbyt niska dawkg BoNT, nieodpowiednim wyborem mig$ni
do iniekcji, trudnym typem dystonii (formy z pochyleniem do przodu, mieszane postacie
1 wzorce, postacie z aktywnos$cig miesni polozonych gleboko w ryzykownych
anatomicznie okolicach jak np. m. dlugi szyi) lub po prostu nieprawidlowym
rozpoznaniem choroby [44]. Srednio ok. 30% (19-46%) pacjentdéw rezygnuje z
kontynuacji terapii z réznych wzgledow [45,46,47,48,49]. U czesci chorych moze



dochodzi¢ takze do wyczerpania si¢ z czasem efektu dziatania BoNT z powodu powstania
przeciwcial neutralizujacych. Do najbardziej jednak istotnych przyczyn niepowodzen w
leczeniu nalezy zaliczy¢ nieprawidtowe rozpoznanie wzorca DS, zty wybor migsni oraz
sposob podania leku (AL, EMG, USGQG), ktory nie doprowadza do wytaczenia aktywnos$ci

kluczowych mig$ni.



Cele pracy

. Analiza czynnikow, ktore wplywaja na skuteczno$¢ leczenia dystonii

szyjnej toksyna botulinowa ze szczegdlnym uwzglednieniem koncepcji
Col-Cap oraz czynnikow pozaruchowych oraz wskazanie dziatan
mogacych zwigkszy¢ skuteczno$¢ leczenia dystonii szyjnej toksyng

botulinows.

Ocena czy uzycie USG jako metody kontroli podania toksyny botulinowej
wptywa na skuteczno$¢ leczenia dystonii szyjnej w porOwnaniu z

iniekcjami wykonywanymi wedlug punktéw anatomicznych.

Wskazanie na przyktadzie migsni trudno dostgpnych mozliwos$ci dotarcia

do nich wtasnie z uzyciem technik monitorujacych.
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IV. Material i metody

Pracanr1

W oparciu o publikacje dostepne w medycznej bazie danych PubMed dokonano
szczegdlowej analizy czynnikow mogacych wptywaé na skutecznos$¢ leczenia DS za
pomocg BoNT, przedstawiono wyniki badan naukowych, meta-analiz oraz opinie
ekspertow zwigzane z ww. problematykg. Powyzszy materiat uzupeliono
spostrzezeniami wynikajacymi z wiasnych obserwacji i do§wiadczen. Laczna analiza
powyzszych danych pozwolita na przedstawienie wszystkich czynnikéw mogacych
wplywaé na efektywno$¢ leczenia oraz wskazanie dziatanh mogacych zwigkszy¢
skuteczno$¢ leczenia 1 stanowita przestanke do podjecia kolejnej pracy o charakterze

badawczym.

Praca nr 2

Do grupy badawczej zostalo zakwalifikowanych 35 pacjentéw (12 me¢zczyzn, 23
kobiety; $redni wiek 52.49 + 10.05 lat, u ktérych rozpoznano idiopatyczng DS.
Uczestnicy badania byli leczeni w Oddziale Neurologii Wojewodzkiego
Wielospecjalistycznego Centrum Onkologii i Traumatologii im. M. Kopernika w Lodzi
(WWCOIT) w ramach Programu lekowego ,Leczenie dystonii ogniskowych i
potowiczego kurczu twarzy toksyng botulinowg” refundowanego w ramach $rodkéw
publicznych przez Narodowy Fundusz Zdrowia (NFZ).

Do badania zakwalifikowano pacjentow, ktorzy spetnili nastgpujace kryteria
wlaczenia: ukonczyli 18 r. Z. oraz uzyskiwali stabilng poprawe po wczesniejszym
leczeniu BONT-A. Badanie zaprojektowano jako badanie prospektywne, w ktorym kazdy
z pacjentow poddany byt leczeniu BoNT-A w dwoch sesjach: pierwszej, gdzie iniekcje
wykonywano wedtug AL oraz drugiej, z uzyciem USG. Czas reiniekcji uzalezniony byt
od stanu pacjenta i powrotu do stanu wyjsciowego sprzed poprzedniej iniekcji (ta sama
liczba punktow w zastosowanych skalach). Minimalny okres odst¢pu pomiedzy sesjami
wynosit 12 tyg. Przed iniekcjami pacjenci byli badani przez lekarza doswiadczonego w
zakresie terapii DS oraz jej monitorowania (EMG, USG). Typ dystonii okreslano wedtug
koncepcji Col-Cap. Wybdr miegéni do iniekcji, rodzaj toksyny botulinowej, jej catkowita
dawka, dystrybucja na poszczegdlne migénie byly takie same w kazdej sesji. Stan
pacjentow przed kazda sesjg oraz 4 tyg. po podaniu BoNT-A byt rejestrowany kamera
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wideo wedtug wczesniej ustalonego dla potrzeb badania protokotu. Do kontroli podania
BONT-A uzyto aparatu USG Hitachi Arietta 50 z sondg liniowa 6-13 MHz uzywajac
metody wykonania iniekcji ,,out of plane”. W czasie pierwszej sesji dokonywano iniekcji
wedlug nastepujgcych punktow anatomicznych: m. m-0-s w 1/3 jego gornej czesci
(gtebokos¢ iniekcji okoto 1 cm); m. czworoboczny w miejscu na granicy szyi i barku
(glebokos¢ iniekcji okoto 1 cm); m. platowaty glowy na poziomie C2 wzdhuz linii
taczacej C7 z wyrostkiem sutkowatym (gleboko$¢ iniekcji okoto 1 ¢cm); m. dzwigacz
topatki na poziomie C7, okoto 1 cm do przodu od miejsca iniekcji m. czworobocznego
(glebokos¢ iniekcji okoto 1 cm); m. pochytly srodkowy na poziomie C7 okoto 2 cm do
przodu od miejsca iniekcji m. czworobocznego (glebokosé¢ iniekcji okoto 1 cm); m.
potkolcowy glowy na poziomie C2, 2 cm bocznie w stosunku do linii krggostupa
(gtebokos¢ iniekcji okoto 2 cm); m. potkolcowy szyi na poziomie C5 w czesci tylnej
szyi, okoto 2 cm bocznie od linii kregostupa (glebokos$¢ iniekcji okoto 2,5 cm); m. skosny
dolny gtowy na poziomie C2, 2 cm bocznie w stosunku do krggostupa (gltgbokos¢ iniekcji
okoto 3 cm). Iniekcji migsni przy uzyciu USG dokonywano w tych samych punktach
roznicujgc glebokos¢ iniekcji w zalezno$ci od warunkow anatomicznych i uzyskanego
obrazu w USG.

Wszyscy pacjenci byli badani 1 oceniani przed kazdg sesja oraz 4 tyg. po kazdej
z nich (szczyt dzialania leku) przez lekarza wykonujacego iniekcje przy uzyciu
nastepujacych skal: TWSTRS (obejmujacej catkowita punktacje oraz punktacje w kazde;j
z podskal oceniajgcych nasilenie, niesprawnos$¢ oraz bol) oraz zmodyfikowanej skali Tsui
(Tsui-modified score) okreslajacej nasilenie dystonii.

Jakos¢ zycia oceniana byta przy uzyciu Craniocervical Dystonia Questionnaire
(CDQ-24) przez samych pacjentow przed kazda z sesji i 4 tyg. po kazdej z nich.
Dodatkowo ogodlne wrazenie efektywnosci leczenia byto mierzone skalg Clinical Global
Impression— Improvement (CGI-1) score 4 tyg. po wykonanych iniekcjach zardwno przez
lekarza prowadzacego, pacjenta jak rowniez dwoch ,,zaslepionych” badaczy.
»Zaslepieni” badacze (rowniez z doswiadczeniem w leczeniu DS za pomoca iniekcji
BONT) oceniali skuteczno$¢ podania na podstawie przestanych filmow
przedstawiajacych pacjentow wedtug tego samego protokotu.

W pracy oceniano takze czg¢sto$¢ wystepowania dziatan niepozadanych takich jak
zaburzenia potykania, bol migsni w miejscu iniekcji, opadanie glowy oraz innych, ktore
byty zglaszane przez pacjentow.

Opracowanie statystyczne wynikow zostalo wykonane z wuzyciem
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oprogramowania GraphPad Prism 9 oraz Statistica 13 (Statsoft, Tulsa, USA). W
przypadku zmiennych cigglych do przedstawienia miar tendencji centralnej
wykorzystano $rednig arytmetyczng, do przedstawienia miar rozproszenia odchylenie
standardowe oraz wartosci minimalne i maksymalne. Testowanie statystyczne
poprzedzone zostato analizg rozktadu zmiennych z uzyciem testu Shapiro-Wilka. Test t-
Studenta w modyfikacji Welcha lub test U Manna-Whitneya zostal wykorzystany do
okreslenia istotnosci roznic miedzy badanymi grupami. Do oceny zmiennosci badanych
parametroéw w czasie wykorzystano uogolniony model liniowy. Ocena korelacji zostata
dokonana w oparciu o macierze korelacji i wspotczynnik korelacji Spearmana. Za
poziom istotnosci statystycznej dla wszystkich analiz przyjeto p<0,05. Wykresy

wykonano w programach Microsoft Excel i Statistica 13.

Praca nr 3

Przedstawiono przypadek pacjentki Oddziatu Neurologii WWCOIT w Lodzi,
ktora prezentowata rzadko spotykany wzorzec DS o charakterze anterior sagittal shift,
ktéry wymagatl podania BONT-A w migsnie glebokie szyi. U pacjentki wykonano rzadko
wykonywang iniekcje do m. dlugiego szyi wykorzystujac droge przysrodkows,
wymagajacg przej$cia przez tarczyce przy uzyciu jednoczesnie dwoch metod kontroli,
zarowno EMG jak 1 USG. Caly proces podania BoNT-A zostal zarejestrowany przy
uzyciu kamery, dodatkowo zarejestrowano aktywnos$¢ mig$nia w badaniu EMG oraz
drogge podania przy uzyciu aparatu USG. Efekt leczenia zostat udokumentowany na filmie

przedstawiajacym pacjentke przed 1 4 tyg. po podaniu BoNT-A.
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V. Omowienie publikacji

Na rozprawe doktorska sktadajg si¢ trzy prace.

1. Praca pogladowa pt. ,.Cervical dystonia-Improving the effectiveness of
botulinum toxin therapy” opublikowana w czasopi$mie Neurologia i Neurochirurgia
Polska (Impact Factor: 1.621; Punktacja MEIN: 100 pkt) w 2020 roku, stanowi analize
czynnikow wplywajacych na skutecznos¢ leczenia DS za pomocg BoNT ze szczegdlnym
uwzglednieniem koncepcji Col-Cap oraz czynnikow pozaruchowych. Biorgc pod uwage
fakt, ze az ok. 30% (19-46%) pacjentow rezygnuje z kontynuacji terapii z roéznych
wzgledow [45,46,47,48,49] celem pracy bylo przeanalizowanie czynnikow, ktore moga
wplywac na taki stan rzeczy oraz wskazanie dziatan mogacych zmniejszy¢ ten odsetek
poprzez zwigkszenie skutecznosci leczenia.

Na poczatku pracy zwrocono uwage na konieczno$¢ postawienia prawidtowego
rozpoznania, a wigc doktadng analize historii medycznej pacjenta, ktoéra pozwoli na
wykluczenie np. tzw. pseudodystonii (innych choréb w obrazie klinicznym
przypominajacych ruchy dystoniczne), w przypadku ktérych nalezy spodziewaé sig
niepowodzenia terapii BoNT [50]. Doktadnie omowiono nowa koncepcj¢ Col-Cap [8]
réznicujacg poziom, na ktérym dochodzi do zmiany polozenia glowy 1/lub szyi,
przedstawiajgcg nowe, nierozpoznawane do tej pory wzorce oraz nowe, wezesniej zwykle
nieostrzykiwane miegsnie [9,10]. Obszerny fragment pracy poswigecono wyjasnieniu jak
przy pomocy orientacyjnych punktow anatomicznych 1 topograficznych nalezy
prawidlowo zbadaé pacjenta [51], co ma znaczenie kluczowe dla dokonania wyboru
wzorca DS i odpowiednich migsni do iniekcji. Konsekwencjg powstania koncepcji Col-
Cap bylo wskazanie nowych migsni, czgsto gleboko potozonych, trudnych do
precyzyjnego podania jedynie w oparciu 0 AL, ktére wczesniej nie byly ostrzykiwane lub
tez byly ostrzykiwane bardzo rzadko. W zwigzku z potrzeba zastosowania dodatkowych
metod nawigacji, ktore pozwolityby na bezpieczne, precyzyjne podanie leku,
przeanalizowano dostgpne publikacje oceniajace takie metody kontroli jak EMG czy
USG. Przedstawiono zar6wno prace, ktore potwierdzaja, ze zastosowanie EMG zwigksza
precyzje podania i skutecznos¢ leczenia [30,31,32], jak réwniez takie, ktore nie wykazaty

przewagi uzycia tej metody [33]. Publikacje dotyczace zastosowania USG sg nieliczne i
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dotycza gtownie iniekcji do wybranych migséni giebokich szyi [38,39,40,41]. Wiadomo
jednak, ze réwniez podanie bez kontroli USG do migéni powierzchownych jak np. m.
czworoboczny moze by¢ ,,nictrafione” z uwagi na jego niewielkg grubos$¢. Brak jest
randomizowanych, kontrolowanych badan i z tego tez wzgledu nie ma mozliwosci
jednoznacznego stwierdzenia czy zastosowanie USG zwigksza skutecznos$¢ leczenia.
Brak jest rowniez jednoznacznych wytycznych dotyczacych dawek BoNT-A. Dawki w
procesie tworzenia protokotow badan klinicznych oraz tworzenia standardow leczenia
byly wybrane arbitralnie przez badaczy. Dostepne sa takze badania wskazujace np. ze
podanie wigkszych dawek BoNT przedluza jej efekt dzialania, dajac jednakze
jednoczeénie wigkszy odsetek dziatan niepozadanych [23]. Jedno z badan pokazato, ze
dzigki kontroli EMG mozliwe jest skuteczne zastosowanie mniejszych dawek leku [52].
Wydaje si¢, ze stuszna sugestig jest dostosowanie dawki leku w zaleznos$ci od masy ciata
pacjenta oraz masy danego mig$nia jednocze$nie wykonujac odpowiednig liczbe iniekcji
w dany migsien [53,54]. Zwrocono szczegolng uwage na ogromne znaczenie chordb
wspotistniejacych oraz objawow pozaruchowych w dystonii, ktore majag istotny wptyw
na finalng efektywnos$¢ leczenia. Powotano si¢ na badania, ktore okreslajg czestosé
wystepowania braku pewnosci siebie w wyniku stygmatyzacji spotecznej na 61.8% u
pacjentéw z DS, zaburzen snu na 59.8%, zme¢czenia na 51% a zaburzen depresyjnych na
47.5% [55]. Potwierdzono, ze zaburzenia te istotnie wptywaja na obnizenie jakosci zycia
[3]. Wagge problemu wystepowania objawow pozaruchowych u pacjentow z dystoniami
potwierdzajg przytoczone badania wskazujace, ze zaburzenia nastroju powigzane z
Igkiem czy tez zaburzenia obsesyjno-kompulsywne wyraznie czes$ciej wystepuja u
pacjentow z dystoniami ogniskowymi niz w populacji zdrowych osob, odpowiednio
57.3% vs. 24.1% [56]. Nie znaleziono w badaniach korelacji pomiedzy wystgpowaniem
tych zaburzen a wiekiem wystgpienia dystonii, Czasem jej trwania oraz nasileniem, a
takze czasem trwania terapii BONT, co moze wskazywac na ich niezalezne wystgpowanie
bez zwigzku z zaburzeniami ruchowymi. W pracy Berardelli i wsp. [57] wykazano, ze w
dlugofalowej S-letniej obserwacji pacjentow, podczas przewlektej terapii BoNT-A
utrzymywata si¢ poprawa w zakresie objawdw ruchowych, natomiast nie bylo istotnej
poprawy w zakresie wystepowania schorzen neuropsychiatrycznych (u 65% na poczatku
obserwacji oraz u 64% po 5 latach), co moze sktania¢ do wprowadzenia dodatkowej
ukierunkowanej terapii tych objawow pozaruchowych DS. Do podobnych wnioskow
prowadzi rowniez praca Stawka i wsp., w ktorej wykazano korzystny wptyw (ang. effect

size) na podanie leku w zakresie skali TWSTRS, ale umiarkowany/staby w zakresie skali
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depresji [3]. W zwiazku z powyzszym, poddano do rozwazenia koncepcj¢ stosowania
lekow przeciwlekowych czy przeciwdepresyjnych u pacjentow z DS. Ze wzgledu jednak
na brak randomizowanych, kontrolowanych badan w tym zakresie decyzje nalezy
podejmowac¢ indywidualnie w kazdym z przypadkéw. Poddano dyskusji rowniez
istotno$¢ pierwotnej i wtornej opornosci, dochodzac do wniosku 0 obecnie marginalnym
znaczeniu tego czynnika. Szacuje si¢, ze opornos¢ wtorna dotyczy jedynie ok. 3-5%
pacjentow [58]. Podobnie niewielkie znaczenie w niepowodzeniu terapii przypisano
wtornemu zwioknieniu mieéni czy utrwalonym przykurczom. Jednocze$nie zwrdcono
wigksza uwage na mozliwos¢ zmiany wzorca dystonii W przebiegu terapii w wyniku
obwodowego hamowania przekaznictwa nerwowo-migsniowego okreslonych migsni
oraz o$rodkowej aktywacji innych migsni [59,60,61].

Celem pracy byta analiza czynnikow mogacych wplywac na skuteczno$¢ leczenia
dystonii szyjnej. Wszystkie czynniki zebrano i przedstawiono w tabeli nr 1. Zwrocono
uwage na potrzebe stworzenia odpowiednich narzgdzi, skal do oceny skuteczno$ci
leczenia, ktore obejmowalyby oceng¢ nie tylko zaburzen ruchowych, ale roéwniez
pozaruchowych. Wskazano ponadto, ze kolejnym aspektem, wymagajacym dziatan jest

stworzenie zalecen dotyczacych rehabilitacji oséb z DS.

Tabela nr 1. Zestawienie czynnikow mogacych wptywac na brak skuteczno$ci leczenia
dystonii szyjnej BoNT

1. OPORNOSC PIERWOTNA
e wczesniejsze wytworzenie przeciwcial przeciwko BoNT-A, przewlekta ekspozycja na BoNT-
A w dziecinstwie, reakcje krzyzowe z innymi przeciwciatami (np. toksyng tgzca)

2. OPORNOSC WTORNA

e wytworzenie p-ciat neutralizujgcych
e zmiana wzorca dystonii uwarunkowana poprzez osrodkowy mechanizm niespecyficznego
aktywowania mig$ni

3. ZLA DIAGNOZA

e dystonia w przebiegu schorzen neurodegeneracyjnych (PSP — zwykle retrocollis, MSA -
zwykle anterocollis)

e choroby genetycznie uwarunkowane: choroba Wilsona, choroba Huntingtona, ataksja
rdzeniowo-mézdzkowa, neuroakantocytoza, NBIA

e dystonia w przebiegu schorzen mitochondrialnych

e dystonia wtérna wywotana przez zidentyfikowany czynnik: dystonia pourazowa

e  dystonia poudarowa, dystonia poinfekcyjna, dystonia o p6znym poczatku, dystonia toksyczna
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e dystonia czynnosciowa (psychogenna)
e pseudodystonie:;

a) zwigzane z deformacjami migéniowo-szKieletowymi: camptocormia, skrzywienie
kregostupa, zespot Grisela, zespot Arnolda-Chiariego, zespot Klippla-Feila, deformacije
stawow, artrogrypoza, przykurcz Dupuytrena, wrodzony krecz karku, zespot Sandifera

b) zwiazane z kompensacjg nieprawidtowosci w zakresie osrodkowego lub obwodowego
uktadu nerwowego (kompensacyjne pochylenie glowy): choroby uktadu
przedsionkowego, porazenie nerwdéw okoruchowych (6th, 4th), masywne uszkodzenie w
obrebie tylnego dotu czaszki

€) choroby w obrebie drogi czuciowej: uszkodzenie ptata ciemieniowego, syringomielia,
mielopatia, mono- and polineuropatia

d) choroby w obrebie drogi ruchowej: zespot Isaacsa, zespdt sztywnego cztowieka, tezec,
miotonia, MMN

4. NIEPRAWIDLOWE OKRESLENIE TYPU DYSTONII

e nowa klasyfikacja - zgodnie z koncepcja Col-Cap oraz nowe typy CD obejmujace miesnie,
ktére wezesniej nie byly poddawane iniekcji

5. NIEPRAWIDLOWY WYBOR MIESNI DO INIEKCJI

e iniekcje mig$ni, ktdre nie odpowiadajg za dany typ wzorca dystonii
ORAZ BRAK PRECYZJI PODANIA

e  brak uzycia narzedzi monitorowania iniekcji, zbyt krotka igla, nieprecyzyjne podanie, np. zbyt
glebokie iniekcje poza obreb migsnia

6. BRAK TECHNIK MONITORUJACYCH LECZENIE: USG, EMG

e najbardziej optymalne jest uzycie obu metod monitorowania, poniewaz wizualizacja nie
pozwala na okreslenie aktywnoS$ci mig$nia

7. NIEPRAWIDLOWY DOBOR CALKOWITEJ] DAWKI LEKU ORAZ
NIEODPOWIEDNIA DYSTRYBUCJA NA POSZCZEGOLNE MIESNIE

8. SUBIEKTYWNE ODCZUCIE BRAKU POPRAWY

e przy dominujacych pozaruchowych objawach jak depresja, niepokoj, fobie, zaburzenia snu

9. ZMIANY WYWOLANE DLUGOTRWALA CHOROBA JAK ZWLOKIENIE MIESNI
CZY UTRWALONE PRZYKURCZE

10. NIEWEASCIWE PRZECHOWYWANIE ORAZ TRANSPORT LEKU

Wkiad doktorantki w powstanie publikacji: tworzenie koncepcji pracy, zbior 1 analiza

piSmiennictwa, redakcja manuskryptu, redagowanie pracy zgodnie z zaleceniami
recenzentéw 1 redakcji, pelnienie funkcji autora odpowiedzialnego za korespondencje z

redakcja.
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2. Praca oryginalna pt. ,,Does Ultrasound Guidance Improve the Effectiveness
of Neurotoxin Injections in Patients with Cervical Dystonia? (A Prospective,
Partially-Blinded, Clinical Study), opublikowana w czasopismie Toxins (Basel) w 2022
r. (Impact Factor 5.075; punktacja MEIN: 100 pkt). Do grupy badawczej zostato
zakwalifikowanych 35 pacjentow (12 me¢zczyzn, 23 kobiety; sredni wiek 52.49 + 10.05
lat), u ktorych rozpoznano idiopatyczng dystoni¢ szyjng. Uczestnicy badania byli leczeni
w Oddziale Neurologii WWCOIT w Lodzi w ramach Programu lekowego
refundowanego przez NFZ. Sredni czas leczenia przed wiaczeniem do badania wynosit
43.06 + 28.96 m-cy, $redni czas trwania choroby 9.43 +2.93 lat.

Do badania zakwalifikowano pacjentow, ktorzy ukonczyli 18 r.z. oraz uzyskiwali
stabilng poprawe po wczesniejszym leczeniu BoNT-A. Kazdy z pacjentow poddany byt
leczeniu w dwoch sesjach: pierwszej, gdzie iniekcje wykonywano wedlug AL oraz
drugiej z uzyciem USG. Minimalny okres odstepu pomiedzy sesjami wynosit 12 tyg.,
natomiast maksymalny uzalezniony byt od czasu, w ktorym u pacjenta wystapil nawrot
objawow do poziomu sprzed pierwszej sesji. Typ dystonii okreslano wedtug koncepcji
Col-Cap. Nalezy podkresli¢, ze wybor migséni do iniekcji, rodzaj BoNT, jej catkowita
dawka, dystrybucja na poszczegolne migsnie byty takie same w kazdej sesji. Dane te
przedstawiono w odpowiednich tabelach oraz na rycinach.

Wszyscy pacjenci byli badani 1 oceniani przed kazda sesja oraz 4 tyg. po kazdej
z nich przez lekarza wykonujacego iniekcje przy uzyciu nastgpujacych skal: TWSTRS
(obejmujacej catkowita punktacje oraz punktacje w kazdej z podskal oceniajacych
nasilenie, niesprawno$¢ oraz bol) oraz zmodyfikowanej skali Tsui okreslajacej nasilenie
dystonii.

Jako$¢ zycia ocenia byta przy uzyciu CDQ-24 przez samych pacjentow przed
kazda z sesji 14 tyg. po kazdej z nich. Dodatkowo ogdlne wrazenie efektywnosci leczenia
byto mierzone skalg CGI-I score 4 tyg. po wykonanych iniekcjach zarowno przez lekarza
prowadzacego, pacjenta jak rowniez dwoch zaslepionych badaczy.

Zaslepieni badacze oceniali skuteczno$¢ podania na podstawie przestanych
filméw przedstawiajacych pacjentow wedtug tego samego protokotu. W pracy oceniono
rowniez czestos¢ wystepowania dziatan niepozadanych takich jak: zaburzenia polykania,
bol migsni w miejscu iniekcji, opadanie glowy oraz innych, ktore byly zglaszane przez
pacjentow.

Wigkszo$¢ pacjentow prezentowata ztozony typ DS (n = 28. 80%), u 45.7%

stwierdzono torticaput w potaczeniu z laterocaput, u 11.4% torticaput z laterocollis, u
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8.5% lateral shift, u 8.5% anterior sagittal shift i u 5.7% retrocaput z laterocaput.
Pozostata grupa 20% prezentowata czysta postac torticaput. 20% pacjentéw przyjmowato
okresowo baclofen oraz 28.5% (n = 10) pacjentow leczyto sie¢ z powodu depresji
przyjmujac leki z grupy SSRI.

W badaniu w obu sesjach, zaréwno w sesji gdzie iniekcje wykonywano wedtug
AL jak rowniez w sesji z uzyciem USG, uzyskano istotng Statystycznie poprawe w
nastepujgcych skalach: total TWSTRS (sesja AL przed 42.71 +£9.67 i po 35.11 +£11.97,
p = 0.0047; sesja USG, przed 42.49 + 9.50 i po 27.46 + 11.34, p < 0.0001); podskali
TWSTRS okreslajacej nasilenie dystonii (Sesja AL przed 20.94 £4.22 1po 16.77 £6.12,
p = 0.0015; sesja USG przed 20.94 = 3.94 i po 12.66 + 6.92, p < 0.0001); w skali Tsui
(sesja AL przed 9.60 +3.77 i po 6.97 +£3.57, p=0.0038; sesja USG przed 9.66 +3.72 i
po 4.86 + 3.46, p < 0.0001) oraz w skali CDQ-24 (sesja AL przed 55.09 + 18.84 i po
44.344+19.63,p=0.0224; sesja USG przed 54.34+£19.191p0 36.74 £ 19.89, p=0.0003).
Natomiast w podskali TWSTRS niesprawnosci i bolu uzyskano jedynie istotng
statystycznie poprawe w grupie z USG (przed 12.54 £ 4.27 i po 8.69 £ 3.9, p = 0.0002
oraz przed 9.00 + 4.47 i po 5.83 £ 4.23, p = 0.0033, odpowiednio). Celem oceny samego
wplywu uzycia USG na skutecznos$¢ leczenia zdecydowano si¢ na porOwnanie wartosci
roéznicy miedzy pomiarami poczatkowymi i koncowymi (wartos¢ delta) dla skal
TWSTRS, Tsui i CDQ-24, uzyskujac istotnie wieksza poprawe oceniang w ww. skalach
w grupie z kontrolg USG, niz w grupie bez kontroli USG. Poddano analizie korelacje
miedzy ocenami w skali CGI-1 wystawionymi przez pacjenta, lekarza prowadzacego oraz
za$lepionych badaczy uzyskujac istotng korelacje pomigdzy ich ocenami w obu sesjach.
Obliczono czgsto$¢ dziatan niepozadanych. Zaburzenia potykania wystapily: w grupie
AL u 5 pacjentow (14.29%) vs. USG u 1 (2.86%); bol w miejscu iniekcji w grupie AL u
10 0s6b (28.57%) vs. USG u 12 (34.29%); opadanie glowy w grupie AL u 2 0s6b (5.71%)
vs. USG u 2 (5.71%) nie uzyskujac jednak istotnosci statystycznej. Wszystkie wyniki
przedstawiono w tabelach, na wykresach i rycinach.

Jest to pierwsze tak kompleksowe badanie oceniajgce skutecznosc¢ leczenia DS za
pomocg iniekcji BoNT pod kontrola USG. Zastosowano w nim takze oryginalny,
wlasnego pomystu protokét badawcezy. Nalezy zaznaczy¢, ze w przedstawionym badaniu
jedyna zmienng byto uzycie USG do kontroli podania BoNT. Kazdy pacjent byt leczony
dwukrotnie, z i bez kontroli USG, co pozwalato zindywidualizowa¢ uzyskane wyniki. Ma
to istotne znaczenie z powodu wspomnianej wczesniej ogromnej heterogennosci

wzorcow DS i szerokiego spektrum objawéw pozaruchowych. Wykluczono tym samym
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wplyw na wyniki innych czynnikéw, takich jak wzorzec dystonii, rodzaj wybranych
miegsni, catkowita dawka leku oraz jego dystrybucja na poszczegdlne migénie. Uzyskane
wyniki wskazaty, ze zastosowanie USG zwigksza skutecznos¢ leczenia DS za pomoca
BONT oceniang skalami CGI-I zarowno w ocenie niezaslepionego lekarza i pacjenta, jak
rowniez w ocenie zaslepionych badaczy. Tym niemniej w przypadku jednego z
zas$lepionych badaczy obserwowano nizszy wspotczynnik korelacji oceny w skali CGI-I
niz w przypadku drugiego. Nie zmienia to jednak faktu, ze obliczone wspotczynniki
korelacji wskazywaty na silne lub bardzo silne skorelowanie z ocenami lekarza
prowadzacego. Warto zaznaczy¢, ze w przypadku tego typu badan  poza
przedyskutowanymi w manuskrypcie problemami (skale, dobor grupy, zlozonosé
dystonii, do$wiadczenie w stosowaniu USG) kwestig istotng moze by¢ rdéwniez
doswiadczenie lekarza podajacego lek od wielu lat pod kontrola USG, ktérego
»Wyczucie” anatomii miegs$ni szyi, glebokosci podania leku jest zapewne lepsze niz

lekarza leczacego zazwyczaj tylko wg punktéw anatomicznych.

Wktad doktorantki w powstanie publikacji: tworzenie koncepcji pracy oraz

opracowanie metodologii, koordynacja projektu, rekrutacja grupy badanej, stworzenie
bazy danych, wykonanie iniekcji w poszczegdlnych grupach, badanie w skalach
klinicznych, nagrania wideo, analiza statystyczna zebranych danych i przygotowanie
rycin, zbidr i analiza pi$miennictwa, redakcja manuskryptu, redagowanie pracy zgodnie
z zaleceniami recenzentoOw 1 redakcji, petnienie funkcji autora odpowiedzialnego za

korespondencje z redakcja.

3. Praca kazuistyczna pt. ,,Injection into the Longus Colli Muscle via the
Thyroid Gland”. Opublikowana w czasopi$mie ,, Tremor and Other Hyperkinetic
Movements” w 2019 r. Punktacja MEIN: 20 pkt. Przedstawiono przypadek pacjentki, lat
60, ktora prezentowata rzadko spotykany wzorzec dystonii szyjnej o charakterze anterior
sagittal shift. Jest to typ DS, ktory powstaje w wyniku przesuniecia szyi w ptaszczyznie
strzalkowej do przodu (anterocollis) oraz jednocze$nie nastgpuje przesunigcie glowy w
tej samej ptaszczyznie do tylu (retrocaput). W literaturze nie ma jednego schematu
leczenia tego typu dystonii, mozna opiera¢ si¢ na koncepcji Col-Cap [9] lub tez
wykonywac iniekcje w mig$nie wybrane na podstawie aktywnos$ci w EMG, jak proponuja
Flowers i wsp. [62]. U prezentowanej pacjentki mimo kombinacji r6znych schematoéw

podania BoNT, zadna z podj¢tych prob nie data zadowalajacego efektu, w zwigzku z
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czym podjeto decyzje o wykonaniu iniekcji do migsnia dlugiego szyi. Jest to migsien
lezacy gleboko w strukturach szyi, ktéry wymaga zastosowania dodatkowych metod
monitorujgcych podanie jak np. fluoroskopia [63], tomografia komputerowa [64,65],
elektromiografia [62] lub ultrasonografia [66]. U pacjentki wykonano iniekcje
wykorzystujac droge przysrodkowa, wymagajaca przejscia przez tarczyce przy uzyciu
jednoczesnie dwoch metod kontroli, zarowno EMG jak i USG. W trakcie iniekcji, USG
umozliwito wizualizacj¢ docelowego migénia oraz sgsiadujgcych struktur, natomiast
EMG okazato si¢ niezb¢dne do uzyskania precyzyjnego potozenia igty. Pacjentce podano
po 15 j. onabotulinumtoxinA obustronnie oraz dodatkowo po 30 j. obustronnie w m. m-
0-S oraz migsien ptatowaty gtowy uzyskujac po raz pierwszy wyrazng poprawe.

W publikacji przedstawiono w peini udokumentowany przypadek rzadkiej,
trudnej dystonii szyjnej wymagajacej iniekcji toksyny botulinowej w m. dhugi szyi z
dostepu przysrodkowego przez tarczyce z wykorzystaniem dwoch metod nawigacji.
Wskazano jak istotna jest nie tylko wizualizacja docelowej struktury celem bezpiecznego
podania, ale rowniez jak rownie wazna jest kontrola aktywno$ci migénia w badaniu EMG,

ktora poprawia precyzj¢ iniekcji.

Wkiad doktorantki w powstanie publikacji: tworzenie koncepcji pracy,

przygotowanie oraz przeprowadzenie zabiegu iniekcji, opracowanie zdje¢, filmow i
analiza pi$miennictwa, redakcja manuskryptu, redagowanie pracy zgodnie z zaleceniami
recenzentow 1 redakcji, pelnienie funkcji autora odpowiedzialnego za korespondencje z

redakcja.
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VI.

1.

Whioski

Istnieje wiele czynnikow wplywajacych na skuteczno$¢ leczenia dystonii
szyjnej. Postawienie prawidtowej diagnozy z wykluczeniem pseudodystonii,
prawidtowe rozpoznanie wzorca DS w oparciu o nowa koncepcje Col-Cap,
odpowiedni wybor migsni oraz wykonanie precyzyjnych iniekcji pod kontrolg
EMG i/lub USG wydaje si¢ kluczem do sukcesu terapeutycznego. Schorzenia
wspolistniejace oraz terapia objawdw pozaruchowych takich jak depresja,
zaburzenia Igkowe, snu majg istotne, czgsto niedoceniane znaczenie dla

catkowitego efektu leczenia.

Zastosowanie kontrolowanych za pomoca USG wstrzyknig¢ BoNT moze
zwigkszac skutecznos$¢ leczenia DS za pomoca BoNT oceniang w skalach
TWSTRS, Tsui i CDQ-24 poprzez istotne zmniejszenie nasilenia objawow
(disability) oraz dolegliwos$ci bolowych w poréwnaniu do podawania jedynie
wg tzw. punktow anatomicznych. Z uwagi na rozmiar badanej grupy

niezbedne sg dalsze badania.

Iniekcje pod kontrolag USG znajdujg niewatpliwe zastosowanie w podawaniu

BoNT do migéni trudno dostepnych (np. m. dtugi szyi).
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VIIl.  Streszczenie pracy

Dystonia szyjna (DS) jest choroba nalezaca do zaburzen ruchowych,
charakteryzujacag si¢ wystgpowaniem dlugotrwatych lub okresowych ruchow
mimowolnych, ktore doprowadzaja do nieprawidlowego ustawienia glowy i/lub szyi.
Neurotoksyna botulinowa (BoNT) jest rekomendowana jako leczenie z wyboru u
pacjentow z DS, dajac w badaniach klinicznych istotng statystycznie poprawe u 70-90%
pacjentow, jednakze dosy¢ czesto suboptymalng co powoduje, ze az ok. 30% z nich
rezygnuje z kontynuacji terapii.

W trzech pracach wchodzacych w sktad rozprawy doktorskiej poddano analizie
czynniki wpltywajace na skuteczno$¢ leczenia DS za pomocg BONT jak rowniez
wskazano dziatania mogace zmniejszy¢ odsetek pacjentow rezygnujacych z leczenia w
wyniku braku uzyskania zadowalajacej poprawy. Ponadto dokonano oceny uzycia USG
jako metody kontroli podania BoNT w kontekscie skuteczno$¢ leczenia DS w
poréwnaniu z iniekcjami wykonywanymi wedlug punktéw anatomicznych (AL).
Wskazano takze na przykladzie miesni glgboko polozonych i tym samym trudno
dostgpnych na mozliwos¢ dotarcia do nich z uzyciem technik monitorujacych.

W pierwszej pracy przeanalizowano czynniki wplywajace na skuteczno$é
leczenia DS za pomoca BoNT ze szczegdlnym uwzglednieniem koncepcji Col-Cap oraz
czynnikéw pozaruchowych. Dokladnie omdéwiono nowa koncepcje Col-Cap roéznicujaca
poziom, na ktorym dochodzi do zmiany potozenia glowy i/lub szyi, przedstawiajaca
nowe, nierozpoznawane do tej pory wzorce oraz wczesniej zwykle nieostrzykiwane
mig$nie. Wyjasniono jak przy pomocy punktéw topograficznych nalezy prawidlowo
zbada¢ pacjenta. W zwigzku z konieczno$cig wykonywania iniekcji do migsni gleboko
potozonych przeanalizowano dostgpne publikacje oceniajgce takie metody kontroli
podania BoNT jak EMG i USG. Przedstawiono zaréwno prace, ktore potwierdzajg, ze
zastosowanie EMG zwigksza precyzj¢ podania i skuteczno$¢ leczenia, jak rowniez takie,
ktore nie wykazaly przewagi uzycia tej metody. Natomiast w odniesieniu do USG ze
wzgledu na brak randomizowanych, kontrolowanych badan przytoczono dostepne w
niewielkiej liczbie publikacje dotyczace iniekcji jedynie migsni gleboko potozonych.
Zwrbcono szczeg6dlng uwage na ogromne znaczenie chorob wspoélistniejacych oraz
objawéw pozaruchowych w dystonii, ktore majg istotny wplyw na finalng efektywnos¢

leczenia. Potwierdzono, ze zaburzenia te istotnic wplywajg na obnizenie jakosci zycia.
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Nie znaleziono w badaniach korelacji pomigdzy wystepowaniem tych zaburzen a
wiekiem wystgpienia dystonii, czasem jej trwania oraz nasileniem, a takze czasem
trwania terapii BONT, co moze wskazywac na ich niezalezne wystepowanie bez zwigzku
z zaburzeniami ruchowymi. W zwigzku z powyzszym, poddano pod rozwage koncepcje
stosowania lekéw przeciwlekowych czy przeciwdepresyjnych u pacjentow z dystoniami.
Poddano dyskusji réwniez istotno$¢ pierwotnej i wtérnej opornosci, dochodzac do
wniosku o obecnie marginalnym znaczeniu tego czynnika. Zwrocono uwage na
mozliwo$¢ zmiany wzorca DS w przebiegu terapii w wyniku obwodowego hamowania
przekaznictwa nerwowo-migsniowego okreslonych mieéni oraz osrodkowej aktywacji
innych mig$ni. W podsumowaniu wskazano na potrzebe stworzenia odpowiednich
narzedzi, skal do oceny skutecznosci leczenia, ktore obejmowalyby ocene nie tylko
zaburzen ruchowych, ale rowniez pozaruchowych jak roéwniez na konieczno$¢
opracowania zalecen dotyczacych rehabilitacji osob z DS.

W drugiej pracy dokonano oceny uzycia USG jako metody kontroli podania
BoNT u pacjentéw z DS na skuteczno$¢ leczenia w pordwnaniu z iniekcjami
wykonywanymi wedlug AL. Do grupy badawczej zostalo zakwalifikowanych 35
pacjentow, u ktorych rozpoznano idiopatyczng dystoni¢ szyjng. Byli to pacjenci, ktorzy
ukonczyli 18 r.z. oraz uzyskiwali stabilng poprawe po wczesniejszym leczeniu BoNT-A.
Kazdy z pacjentow poddany byt leczeniu w dwoch sesjach: pierwszej, gdzie iniekcje
wykonywano wedtug AL oraz drugiej z uzyciem USG. Wybor migsni do iniekcji, rodzaj
BoNT, jej calkowita dawka, dystrybucja na poszczegdlne migsnie byly takie same w
kazdej sesji. Wszyscy pacjenci byli badani 1 oceniani przed kazda sesjg oraz 4 tyg. po
kazdej z nich przez lekarza wykonujacego iniekcje przy uzyciu skali TWSTRS oraz
zmodyfikowanej skali Tsui okre$lajacej nasilenie dystonii. Jako$¢ Zycia oceniana byta
przy uzyciu CDQ-24 przez samych pacjentow przed kazda z sesji 1 4 tyg. po kazdej z
nich. Dodatkowo ogoélne wrazenie efektywnosci leczenia bylo mierzone skalg CGI-I
score 4 tyg. po wykonanych iniekcjach zarowno przez lekarza prowadzacego, pacjenta
jak réwniez dwoch zaslepionych badaczy. Zaslepieni badacze oceniali skuteczno$¢
podania na podstawie przestanych filmow przedstawiajacych pacjentow wedlug tego
samego protokolu. W pracy oceniono réwniez czgsto$¢ wystepowania dziatan
niepozadanych takich jak: zaburzenia potykania, bol mi¢$ni w miejscu iniekcji, opadanie
glowy oraz innych, ktore byly zglaszane przez pacjentow. W badaniu w obu sesjach,
zarOwno w sesji, gdzie iniekcje wykonywano wedtug AL jak rowniez w sesji z uzyciem

USG, uzyskano istotng statystycznie poprawe w nastepujacych skalach: total TWSTRS,
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podskali TWSTRS okreslajacej nasilenie dystonii, w skali Tsui oraz w skali CDQ-24. W
podskali TWSTRS oceniajacej niesprawnos¢ i bol uzyskano istotng statystycznie
poprawe jedynie w grupie z zastosowaniem USG. Celem oceny samego wptywu uzycia
USG na skutecznos¢ leczenia zdecydowano si¢ na poroOwnanie wartosci réznicy migdzy
pomiarami poczatkowymi 1 koncowymi (warto$¢ delta) dla skal TWSTRS, Tsui i CDQ-
24, uzyskujac istotnie wigksza poprawe oceniang w ww. skalach w grupie z kontrola
USG, niz w grupie bez kontroli USG. Jest to pierwsze tak kompleksowe badanie
oceniajace skutecznos$¢ leczenia DS za pomocg iniekcji BONT pod kontrolg USG, w
ktorym jedyna zmienng bylo uzycie USG jako metody nawigacji. Uzyskane wyniki
wskazaty, ze zastosowanie USG moze zwigkszy¢ skutecznos¢ leczenia DS w porownaniu
do iniekcji wykonywanych jedynie wg tzw. punktéw anatomicznych.

W trzeciej publikacji przedstawiono w peilni udokumentowany przypadek
rzadkiej, trudnej DS wymagajacej iniekcji BoNT w m. dlugi szyi z dostgpu
przysrodkowego przez tarczycg¢ z wykorzystaniem dwoch metod nawigacji. Wykazano
jak istotna jest nie tylko wizualizacja docelowej struktury celem bezpiecznego podania,
ale jak rownie wazna jest kontrola aktywnosci migsnia w badaniu EMG, ktéra poprawia

precyzje iniekcji.
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IX.  Summary in English

Introduction:

Cervical dystonia (CD) is the most common form of focal dystonia characterized
by sustained, involuntary or intermittent muscle contractions and/or twitching resulting
in abnormal postures and/or positioning of the head and/or neck. Botulinum neurotoxin
(BoNT) is recommended as the first line treatment for CD, with statistically significant
improvement in clinical studies in 70-90% of patients. In everyday practice many patients
experience an improvement; nevertheless, it is suboptimal in a majority of them. This
may be caused by several factors including inaccurate diagnosis, primary or secondary
resistance to treatment and invalid drug storage. Nevertheless, it seems that appropriate
pattern classification, a physician’s experience, BoONT-A dose and precision of injections
are the most important factors contributing to successful treatment of CD. Initially, CD
was classified into four types, related to: turning the head (torticollis), tilting the head to
one side (laterocollis), backwards (retrocollis), or forwards (anterocollis). The Col-Cap
concept, introduced by Reichel et al. in consonance with anatomic and imaging studies,
identified 11 main types of CD. According to this concept, deeply located muscles like
obliquus capitis inferior (OCI), semispinalis cervicis or longus colli are involved. It seems
to be that deep lying muscles are difficult to be located and precisely injected without any
visualization. Muscles can be injected using anatomical landmarks, under
electromyography (EMG), computed tomography (CT) or ultrasound (US) guidance, but
it remains controversial whether EMG and/or US are helpful in clinical practice.
Ultrasonography provides real-time visualization of muscles and adjacent anatomical
structures, which eventually may result in more precise injections and potentially a lower
number of side effects. Nevertheless, thus far there is a lack of research elucidating the
real effectiveness of US-guided treatment. Most of the studies have been performed in
small groups of patients or were focused on injections into deep cervical muscles only.
There is only one recently published study directly comparing the results of US-guided
and non-guided BoNT-A injections in two groups of patients. Nevertheless, there are no
randomized, controlled studies proving the higher effectiveness of US-guided versus
blinded injections.
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Aims:

1. Analysis and characteristics of the possible causes responsible for treatment
failures with special regard to the new classification of CD known as Col-Cap
concept and non-motor symptoms and proposal of actions which might affect
improvement of effectiveness of BONT-A treatment.

2. Assessment of effectiveness of US-guided BONT-A injections in comparison
with using anatomic landmarks (AL).

3. Clinical exemplification of the use of BoONT to deeply located muscles (e.g.

longus colli).

Materials and methods:

1. Based on PubMed the analysis the possible factors responsible for treatment
failures of cervical dystonia (CD) with special regard to the new classification
known as Col-Cap concept and non-motor symptom was conducted. The
presented information has been enriched with observations resulting from
own observations and experiences. The review was enriched with
observations resulting from own experiences. The analysis of the above
information made it possible to present all the factors that may affect the
effectiveness of treatment and to propose actions that may increase the
effectiveness of BONT therapy.

2. Thirty-five patients (12 males, 23 females) with a clinical diagnosis of CD
were included in the study. Intramuscular administration of BoONT-A was
performed using either US guidance, or with AL, in two separate therapeutic
sessions. The efficacy of BoNT-A administration was assessed with the
Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS), Tsui
modified scale, Craniocervical Dystonia Questionnaire (CDQ-24) and
Clinical Global Impression-Improvement scale (CGI-1). Additionally,
patients at therapeutic sessions were digitally recorded and evaluated by two
blinded and independent raters. Statistical analysis was performed using
GraphPad Prism 9 and Statistica 13 software. Continuous variables were
presented using mean and standard deviation, while numerical and non-
continuous variables as number of cases (n) and percentage, median and
interquartile range. Distribution of the variables was assessed using the

Shapiro-Wilk test. To compare differences between groups, the Student’s t-
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test in Welch’s modification or the Mann-Whitney U test were used. The
correlation was performed using the Spearman correlation coefficient. A
correlation coefficient ranging from 0.00 to 0.19 was considered as very weak,
0.20 to 0.39 as weak, 0.40 to 0.59 as moderate, 0.60 to 0.79 as strong and 0.80
to 1.0 as very strong. A p value below 0.05 was deemed significant.

The case of a woman with cervical dystonia was reported who presented with
anterior sagittal shift, which required injections through the longus colli
muscle to obtain a satisfactory outcome. The approach via the thyroid gland
was chosen. We injected longus colli muscle using both ultrasonography and
electromyography guidance as excellent complementary techniques for
injection at the C5-C6 level. All procedure was digital registered with details

(EMG activity and US visualisation).

Results:

1.

Identification and the creation of clinically useful guide for clinicians on the
differential diagnosis and treatment failures during CD treatment.

A significant decrease in total TWSTRS, severity subscale TWSTRS, Tsui
score, and CDQ-24 was found in both the AL and US group; however, in the
TWSTRS disability and pain subscales, a significant decrease was found only
in the US group. Moreover, US guided treatment also resulted in a greater
decrease in TWSTRS, Tsui score and CDQ-24 compared to anatomical
landmarks use only.

Clinical presentation of the practical use of USG guidance for monitoring
injections into deeply located muscles (e.g. longus colli) in complex CD

pattern.

Conclusions:

1. Several factors are responsible for effective treatment: proper diagnosis of

dystonia and exclusion of pseudodystonias, correct recognition of dystonia
pattern and the identification of new patterns according to Col-Cap concept,
muscle selection and precise injections under EMG and/or US guidance.
Concomitant diagnosis and treatment of non-motor symptoms like
depression, anxiety, fatigue, sleep problems, phobias and stigmatization are

crucial for overall effect of the treatment.
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2. US guidance might be helpful in improving the results of BoNT-A injections
in cervical dystonia assessed with TWSTRS, Tsui modified scale and CDQ-
24, specifically in reducing associated pain and disability.

3. US guidance is helpful to localize deep cervical muscles in CD complex

patterns.
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X. Publikacje wchodzace w sklad rozprawy doktorskiej
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ABSTRACT

Introduction. Cervical dystonia is the most frequent form of focal dystonia. It is characterised by involuntary muscular con-
tractions resulting in abnormal head/neck and shoulder movements and postures, which can be associated with tremor and
pain. Local intramuscular injections of botulinum toxin type A (BoNT-A) is the treatment of choice, being both effective and
well-tolerated. However, a considerable number (c. 30%) of patients discontinue this treatment.

The aim of this review was to analyse the factors possibly responsible for treatment failures of cervical dystonia (CD), with special
regard to the new classification known as the ‘Col-Cap’ concept and non-motor symptoms.

Clinical implications. Several factors analysed in this review are responsible for effective treatment: proper diagnosis of dysto-
nia and exclusion of pseudodystonias, correct recognition of dystonia pattern and identification of new patterns according to
the Col-Cap concept, muscle selection and precise injections under electromyography (EMG) and/or ultrasonography (US) gui-
dance. Furthermore, concomitant diagnosis and treatment of non-motor symptoms such as depression, anxiety, fatigue, sleep
problems, phobias and stigmatisation are crucial in obtaining the best overall effect of the treatment. Primary and secondary
immunisation and non-responsiveness seem to be marginal problems nowadays due to a low potential of new BoNT-A formu-
lations to produce neutralising antibodies.

Future directions. There is a need for new and relevant scales combining the Col-Cap concept patterns with non-motor symp-
toms and quality of life. There is also a lack of specific rehabilitation protocols which could enhance BoNT-A treatment results.

Key words: cervical dystonia, Col-Cap concept, botulinum toxin, treatment failures, primary non-responsiveness, secondary

non-responsiveness

Introduction

Cervical dystonia (CD) is a movement disorder cha-
racterised by involuntary, sustained or intermittent muscle
contractions leading to abnormal head movements and/or
positioning. It is accompanied by pain in 67-75% of patients
[1]. Typical features include sensory ticks and head tremors.
A substantial number of patients (18-41%) demonstrate com-
plications manifesting in premature degenerative disorder of
the cervical spine, discopathy or cervical myelopathy [2]. CD

significantly reduces quality of life, affects the ability to work,
and socially stigmatises patients [2-3]. Spontaneous remission
occurs in up to 15% of patients and is usually temporal [5, 6], but
may be triggered by botulinum neurotoxin type A (BoNT-A)
treatment [4]. CD is the most common focal dystonia:
a meta-analysis reveals that it affects a mean 4.98 of every
100,000 people. However, a significant difference has been
observed with regards to geographical location: in Japan the
rate is 2.52, whereas in Europe it is 6.71 [5].
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Table 1. Summary of possible causes of non-responsiveness or unsatisfactory effect of Botulinum toxin type A treatment of cervical dystonia

1. Primary non-responsiveness

— preexisting BoNT-A antibodies, chronic exposure to BoNT-A in childhood, cross-reaction of other antibodies (e.g. tetanus toxin)

2. Secondary non-responsiveness
— neutralizing antibodies

— change in the pattern of dystonia, conditioned by the central mechanism of non-specific muscle activation

3. Misdiagnosis

— dystonia in neurodegenerative diseases (PSP — usually retrocollis, MSA — usually anterocollis)
— genetic disorders: Wilson’s disease, Huntington'’s disease, spinocerebellar ataxias, neuroacanthocytosis, NBIA

— dystonia in mitochondrial disorders

— secondary dystonia caused by identified factors: post-traumatic dystonia, post-stroke dystonia, post-inflammatory dystonia, tardive dystonia,

toxin-related dystonia
— functional dystonia (psychogenic)
— pseudodystonias:

a. related to musculoskeletal deformations: camptocormia, scoliosis, Grisel’s syndrome, Arnold-Chiari syndrome, Klippel-Feil syndrome, joints
deformities, arthrogryposis, Dupuytren's contracture, congenital muscular torticollis, Sandifer’s syndrome,

b. related to the compensation of improper functioning of the central nervous system or peripheral nervous system (compensatory head tilt):
vestibular system disorder, oculomotor nerves palsies (6, 4™), mass lesion in the posterior fossa

c. disorders of sensory pathways: parietal lobe damage, syringomyelia, myelopathy, mono- and polyneuropathy

d. disorders of motor pathways: Isaac’s syndrome, stiff-person syndrome, tetanus, myotonic disorders, MMN

4. Misidentification of the subtype of dystonia (new classification -according Col-Cap concept and new CD patterns with involvement of muscles

not routinely injected earlier)

5. Improper selection of active muscles (injections of muscles that are not responsible for specific pattern) and missing the muscles (no guidance,
too short needles, too deep injections missing thin muscle layers, e.g. m. trapezius)

. Lack of monitoring techniques of injections: us, emg (combination is the optimal method as visualization does not mean that muscle is really active)

. Subjective feeling of lack of improvement (dominating non motor symptoms like depression, anxiety, phobias or sleep problems)

6
7. Improper adjustment of the total dose and its distribution in particular muscles
8
9

. Long-lasting dystonias causing secondary changes like myofibrosis, contractures

10. Improper storage and transportation of the medication

PSP — Progressive Supranuclear Palsy, MSA — Multiple System Atrophy, NBIA — Neurodegeneration with Brain Iron Accumulation, MMN — Multifocal Motor Neuropathy

Treatment of CD with BoNT-A is the treatment of choice
as recommended by the American Academy of Neurology
(AAN), with high effectiveness and safety profiles [6].

Double-blind, randomised clinical, as well as open, studies
have shown that 50-85% of patients demonstrate a significant
improvement [7-15]. A considerable number (c. 30%, range
19-46%) of patients discontinue treatment once it appears to
be ineffective [16-20]. Treatment may be considered ineffective
if neither the patient nor the therapist have observed a sati-
sfactory reduction of symptoms or if significant adverse effects
occur (e.g. dysphagia or neck muscles weakness), or when
clinical trials observe no significant score reduction in rating
scales. Those most commonly used are the Tsui Scale and the
Toronto Western Spasmodic Torticollis Rating Scale, TWSTRS.

This article aims to analyse the possible factors responsible
for treatment failures, with special regard to the new classifi-
cation of CD known as the Col-Cap concept and non-motor
symptoms.

Making a proper diagnosis
BoNT-A can be effective both in primary and secondary

dystonia. However, the latter may require specific treatment
to avoid fatal progression and other outcomes such as Wilson’s

Disease. Therefore, a proper diagnosis is essential. Particular
attention should be paid to pseudodystonias that mimic
dystonia and do not respond to treatment. Revised definitions
and an extended list of pseudodystonic postures was recently
presented by Berlot et al. (Tab. 1) [21]. Pseudodystonic po-
stures must be clearly differentiated from conditions related
to muscles weakness which can result in a head-drop e.g.
myasthenia, muscular dystrophy, and amyotrophic lateral
sclerosis. Moreover, pathological anteflexion can be confusing
(e.g. anteflexion in multiple system atrophy) because there is
no consensus as to whether it is related to dystonia of flexors
or myositis and weakness of neck extensors [22]. It has been
speculated that neck extensor myopathy might follow mecha-
nical over-stretching from flexor dystonia. There is evidence
that even muscles which are not under mechanical stress
can develop myopathic changes. Pathologic changes seen in
inflammatory myopathies (IBM) have been found in clinically
affected paraspinal muscles. This shows the neurodegenerative
nature of both IBM and parkinsonism.

Additionally, functional CD may be refractory to BONT-A
treatment. It usually presents as fixed dystonia or is multidi-
rectional, variable with different patterns at the same time,
accompanied by enormous effort put into head positioning,
with improvement after distraction, and no sensory twitches.
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Proper identification of pattern of dystonia

One of the most common reasons behind therapy failures
seems to be incorrect identification of the clinical pattern of
CD. To properly identify the subtype of dystonia, the patient
should be examined carefully, not only in a relaxed seated
position when their upper body is in a resting state, but also
with open and closed eyes (because closing eyes can worsen
dystonic posture), standing and/or lying positions, while
walking or performing activities such as writing (these can
enhance dystonic movements).

By observing the patient from the side, the front, and also
from the back, we can assess the change in head and neck
position in each of the three planes. Sometimes an objective
assessment may be difficult due to the activity of compensating
muscles as well as coexistence of tremors and/or myoclonus.
We should pay attention to the so-called ‘sensory twitches’
(as they may change the pattern temporarily), shoulder and
scapula positions, and potential muscle hypertrophy and pain.
Ifthe arm is elevated, we should assess the patient by stabilising
their arms by pushing down the elevated arm. This may reveal
its compensating character to maintain the head erect position
due to a severe head tilt.

The Col-Cap concept was first set out by Reichel et al. in
2009 [23]. Their careful examination identified new patterns
not previously recognised. Initially, CD had been classified
into four types. These related to: turning the head (torticollis),
tilting the head to one side (laterocollis), backwards (retrocol-
lis), or forwards (anterocollis). More than 50% of cases were
diagnosed as torticollis, 10-15% as laterocollis or retrocollis,
and less frequently anterocollis [24]. The ‘Col-Cap’ concept
(collum-caput = neck-head) was invented on the basis of
imaging examinations (CT/MRI of the head, cervical spine
and also soft tissues) and functional anatomy. According to
this approach, based on the various movements of the head
(muscles insertions between skull and C2 spine level) and
neck (muscles insertions between C2 and C7 level), 10 major
subtypes of CD were identified (Fig. 1): transverse (torticaput/
collis), frontal (laterocaput/collis), sagittal with tilting forwar-
ds (anterocaput/collis) or backwards (retrocaput/collis) [25,
26]. These distinctive patterns are ‘realised” by the activity of
different (i.e. different from those in the ‘classic four’) muscles
involved in the particular type. So an inaccurate diagnosis
may result in a lack of effect. According to the multicentre
study recently published by Jost et al. analysing 306 consecu-
tive patients with CD, pure forms are rare (16.3%), whereas
combinations of 2-6 of the subtypes are common (83.7%).
Among all the subtypes, the most common primary form is
torticaput (49%), and the second most common is lateroca-
put (16.7%) [27]. One can also distinguish combinations of
incorrect positions such as a mixture of laterocollis to one side
and laterocaput in the opposite direction; this is known as
lateral shift. In addition, we see a combination of anterocollis
and retrocaput called anterior sagittal shift, and consequently

posterior sagittal shift as a combination of retrocollis and
anterocaput.

To identify these new patterns, characteristic points/
lines should be identified, which enables levels of movement
(collis, caput) to be distinguished. In the case of torsion, the
main anatomical structures are: superior thyroid incisure of
the larynx and manubrium of the sternum above the jugular
incisure. Rotational torticollis is diagnosed if, during rotation,
the larynx shifts in relation to the sternum. If these points
remain in the same line, but the chin shifts in relation to the
larynx, rotational head position is diagnosed (torticaput).
In the sagittal plane, the meatus acusticus externus and the
clavicula are useful anatomical landmarks. If only the ‘head’ is
concerned, the meatus acusticus stays in line with the clavicula
(anterocaput, retrocaput). If the projection is in front or behind
the clavicula, the ‘neck’ level is involved (anerocollis/anteroca-
put) (Fig. 1) [28]. A treatment protocol differentiating the head
and the neck level may result in better outcomes. However, to
date this has only been shown in one retrospective study [29].

Based on the Col-Cap concept, ‘main’ muscles should be
injected as the first choice, then ‘secondary’ in each subtype.
In complex patterns, the leading (or primary) one should be
first injected and in refractory cases previous injection patterns
should be assessed and modified in the subsequent cycle [29].

Correct selection of active muscles
and guided injections (US/EMG)

Before the Col-Cap concept, muscles were selected on the
basis of functional anatomy, a physical examination accompa-
nied by assessment of muscle hypertrophy, location of pain, or
arm elevation. Several published studies used electromyography
(EMG) as an injection technique for the identification and lo-
calisation of muscles [30-34]. There are studies which strongly
support the role of EMG showing that injections performed only
according to anatomical landmarks can be imprecise (83% rea-
ched the sternocleidomastoid, but only 47% the levator scapule
muscle) [35]. Moreover, EMG guidance increases the sensitivity
and specificity of the muscle selection, even when performed by
BoNT-A specialists. Clinical predictions of individual muscle
involvement are only 59% sensitive and 75% specific without
EMG use. It has been pointed out that muscular hypertrophy
or shoulder elevation indicates ‘dystonic’ muscle activity in only
70% of patients, showing how a classical physical examination
can be confusing [36].

The role of EMG has been supported by randomised,
blinded studies which have demonstrated that EMG-guided
injections vs. anatomically-based bring significantly better re-
sults, measured by rating scales and subjective assessment: 82%
(TWSTRS) and 61% (patients assessment) vs. 8% (TWSTRS)
and 25% (patient report) respectively [34]. The same was
proved in another study, which showed a significant difference
in Jankovic scale (p = 0.05) between guided and blinded inje-
ctions [37]. Retrospective analysis confirmed the benefits of
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Figure 1. Ten basic clinical patterns of cervical dystonia according to col-cap concept. A. Laterocollis, B. Laterocaput, C. Lateral shift (combi-
nation of laterocillis to one and laterocaput to opposite side), D. Torticollis, E. Torticaput, F. Anterocollis, G. Anterocaput, H. Sagittal-anterior
shift (combination of anterocollis and retrocaput), I. Retrocollis, J. Retrocaput. Additional rare variant may be present (no picture) presenting
as Sagittal posterior shift (combination of retrocollis and anterocaput). Courtesy of Via Medica and Jarostaw Stawek, Monika Rudzifska eds,
In: Toksyna botulinowa w praktyce neurologicznej, Via Medica, Gdansk 2015, vol. 1, Fig. 2

using polymyography in groups of patients previously treated
with BoNT with an unsatisfactory response. After one year of
treatment, reasonable or good final results were obtained in
60% of patients measured on both the Tsui Scale (p < 0.01) and
the subjective assessment of patients (p < 0.001) [38]. Subsequ-
ently, one small open trial showed that EMG improved the tre-
atment outcome in 9/10 patients, demonstrating a significant
improvement in TWSTRS (mean improvement of 64%) [39].
In contrast, there are studies which do not confirm the utility

of EMG guided injections. In a systematic review by Nijmeijer
et al., the average improvement on the Tsui Scale was greater
(31.9 vs. 43.7%) in studies that used only clinical evaluation
[40]. But because of profound differences in methodology,
dosage, patient characteristics, and primary and secondary
endpoints, no statistical analysis could be performed, and no
firm conclusions could be drawn.

To sum up, a consensus of experts recommends a combi-
nation of clinical assessment and EMG examination as well
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as EMG-guided injections in patients treated for the first
time (Level A) [34, 41]. But for those who have undergone
unsuccessful treatment, EMG usefulness is less proven (Class
111 studies and Level C) [42, 43].

We must remember that EMG use does not allow us to dist-
inguish between ‘dystonic’ and compensatory muscle activities
or to visualise the tip of the needle (the injector is not sure if
the needle is positioned in the intended muscle). Such precise
targeting of muscles can be achieved using other methods such
as ultrasonography (US) or computed tomography.

Ultrasound is an easily available, non-invasive method
enabling the visualisation of muscles and surrounding stru-
ctures (nerve bundles and large vessels) in real time, which
may increase the accuracy of injections of not only deep, but
also superficial (sometimes as superficial as for example very
flat trapezius) muscles. Studies regarding spasticity treatment
with BoNT under US guidance have shown its efficacy in lo-
calising especially deep muscles. Recent publications are open
studies conducted in small groups of patients or case studies
on injections of deeply located muscles where the approach is
challenging, such as the longus colli muscle or obliquus capitis
inferior [41-44]. One of these studies assessed the impact of
monitoring techniques such as US and/or CT in a group of
eight patients requiring injections in deep cervical muscles (the
obliquus capitis inferior, the longus colli muscle, obliquus capitis
superior, scalenus anterior and scalenus posterior). The Tsui
Scale confirmed a significant improvement occurring within
four weeks (11.75 vs. 1.50) and on the TWSTRS scale in each
of the subscales (20.0 vs. 5.25, 20.0 vs. 7.00, and 13.10 vs. 6.50)
[48]. A study conducted in a group of five patients to assess
the incidence of swallowing problems after injections revealed
that an ultrasound examination, carried out in order to locate
the EMG needle during injections in the sternocleidomastoid,
significantly reduced such adverse effects (0% vs. 34.7%) (45).
Nevertheless, no randomised, controlled studies have proved
the greater effectiveness of US-guided versus blinded injections.

Muscles which seem to ‘benefit’ mostly from US moni-
toring include: suprahyoid muscles, scalenus muscles, the
longissimus capitis and cervicis, semispinalis capitis and
cervicis, obliquus capitis inferior (crucial muscles in some
col-cap patterns), but also the sternocleidomastoid, levator
scapulae, and trapezius (frequently injected too deeply) [46].

It seems that in some cases, particularly with accompany-
ing tremors or after several non-effective treatment attempts,
EMG and US methods, applied simultaneously, should be
considered [47]. The needle size should also be adjusted be-
cause one that is too short will not reach deep muscle layers,
although these can be easily detected thanks to US guidance.

Optimal dosage and its distribution
in particular muscles

The optimal dose of BONT-A was obtained in pivotal
studies. The recommendations according to SPC (summary

product characteristics) are based on these clinical trials.
However, dosage should be adjusted in subsequent treat-
ment cycles both in terms of effectiveness and safety. There
are studies which indicate that efficacy and the incidence of
side effects depend on the BONT-A dose. A study assessing
abobotulinumtoxin A showed that the largest and longest
improvements were obtained in the 1,000U group [12]. Ne-
vertheless, the highest number of adverse events also occurred
in this group. All groups (placebo, 250U, 500U and 1,000U)
demonstrated improvements > 20% on the Tsui Scale after
two weeks. However, in week 4 such improvements were still
observed only in the 500 U and the 1,000 U groups. In these
groups, also compared to the 250U and placebo groups, pa-
tients reported > 50% improvement on CGI scale statistically
more frequently. Therefore, the experts’ recommendations,
based on those studies [12, 48], suggest starting treatment by
administering 500 U of abobotulinumtoxin. However, lower
(200-400U) doses might be equally effective and safe if pre-
cisely administered e.g. under EMG guidance [49]. In clinical
practice, the dose should be adjusted to muscle bulk and body
mass, although formal studies have not been performed.

There are no randomised, controlled studies comparing
the effectiveness of the number of injections per muscle.
A comparative study on 49 patients showed that multi-point
injections increased treatment effectiveness: they reduced
pain (p < 0.002), increased the range of motion (p < 0.001),
and lengthened the duration of effect (p < 0.001) [50]. Experts
recommend distributing the dose to 1-4 points, depending on
the area of the muscle [51].

Subjective feelings of lack of improvement
and non-motor symptoms

Patients suffering from cervical dystonia, like those with
other movement disorders, present a wide spectrum of non-
-motor symptoms which have not been considered in clinical
trials assessing BONT-A effectiveness, but may influence the
overall result of therapy.

Patients with CD appear to be more aware of having abnor-
mal dyskinetic movements than do patients with Huntington’s
or Parkinson’s Diseases [52]. Non-motor symptoms have been
noted in several studies: 61.8% of patients with CD presented
lack of self-confidence due to stigmatisation, 59.8% had sleep
problems, and 51% fatigue [53]. Depression was prevalent in
asmany as 47.5% of patients and this was the major determi-
nant of poor quality of life [3]. In another study, poor quality of
life was more common in CD than in blepharospasm. Writer’s
cramp, depression and anxiety were the major correlates [54].

Depression, along with other emotional-psychological
disorders, may constitute a clinical spectrum of CD indepen-
dently of motor symptoms. Mood disturbances coupled with
anxiety, also adjustment disorders or obsessive-compulsive
behaviours, occur significantly more often in patients with
focal dystonias (57.3% of patients with dystonia, compared to
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24.1% of healthy subjects and 34.6% of patients with hemifacial
spasm) [55]. Another study showed that patients with CD are
much more frequently affected by depression (15-53.4%) and
anxiety disorders (26.4- 83.3%), and 4.5 times more often by
agoraphobia or panic attacks than the general population. No
correlation was found between age, duration of dystonia or its
severity, as well as duration of BONT-A treatment, which may
indicate that mental disorders are primary, but not secondary,
to dystonia.

A study by Berardelli et al. showed that during a five-year
follow up of treatment with BoNT injections, it significantly
improved dystonic movements (TWSTRS 33.4 +/- 11.1 at
baseline, 26.9 +/- 10.9 after five years). However, the incidence
of neuropsychiatric disorders did not improve at all (65% at
baseline, 64% after five years), which suggests an independent
mechanism and, possibly, the need for additional treatment
[56]. A similar effect was observed in Stawek et al’s study,
showing in a group of 101 patients with CD treated with
BoNT-A that size effect for TWSTRS (motor presentation) was
significant after treatment: 1.1 (SD + 0.6), but for depression
(Montgomery Asberg Depression Rating Scale) it was only
0.5(SD +0.7) [4].

Stamelou et al. presented evidence indicating an important
non-motor component to primary dystonia, including abnor-
malities in sensory and perceptual functions, as well as the neu-
ropsychiatric, cognitive and sleep domains [57]. Widespread
loss of inhibition and pathologically increased plasticity appear
to play important roles in the pathophysiology of primary
dystonia [58]. The hypothesis is that non-motor features of
dystonia could be explained by a common pathophysiologi-
cal deficit that also underlies the motor symptoms [59-61].
Genetic susceptibility is the key to the pathophysiology of
dystonia, indicated by the numerous non-motor abnormalities
that are found in unaffected first-degree relatives of patients
with adult-onset focal dystonia and non-manifesting gene
mutations carriers. This genetic background may predispose
patients to develop dystonia in the presence of other factors
that may have important non-motor components, such as
repetitive activity, trauma, or emotional distress [61].

Considering the accompanying non-motor disorders, such
as pain or a broad spectrum of psychiatric diseases, it seems
that analgesics or antidepressants would be beneficial. There
are, however no controlled studies supporting such practice.
The only randomised, controlled trial conducted recently
looked at the efficacy of escitalopram in the treatment of
CD with concomitant tremor. It did not reveal any beneficial
effects of the drug on either motor or non-motor symptoms;
the authors underline however that this should not be a reason
for resigning from such therapy [62].

Primary and secondary immunoresistance

Patients who do not respond to the therapy can be classi-
fied as those who did not respond at all from the beginning

(so-called primary non-responders, PNR), or those who
stopped responding to the treatment after a good initial effect
(so-called secondary non-responders, SNR).

It is suspected that primary resistance may be associated
with preexisting BONT-A antibodies (AB), chronic exposure to
BoNT-A in childhood, or cross-reaction of other AB (tetanus
toxin AB) [63, 64]. However, this is only speculation unsup-
ported by studies. Secondary non-responsiveness is defined
differently by different authors. Some authors claim that two
consecutive ineffective treatment cycles (i.e. no subjective
improvement or exacerbation by at least 2 points on the Tsui
Scale as well as absence of side effects typical for BONT-A)
which occur after at least two effective cycles in the past (defi-
ned as improvement on the Tsui Scale by at least 3 points and/
or atrophy in injected muscles and/or an occurrence of side
effects typical for BONT-A) are enough to diagnose secondary
resistance [18]. Others believe that secondary resistance can
be diagnosed only after three consecutive ineffective treatment
cycles[65]. One should remember that it may be a pseudoim-
munoresistance due to other reasons mentioned earlier, and
that the real one should be confirmed in laboratory or clinical
tests (see below).

It is estimated that secondary resistance affects approxima-
tely 3-5% of patients [66]. Previously the production of AB to
BoNT-A was considered the main cause of secondary treatment
failure (STF). Some publications indicate that higher BONT-A
doses, administered at shorter intervals and frequent injections
(within six weeks of the previous injection, so called booster
injections), increase this risk of development of AB [67, 68].
Most of the previous studies reporting AB in groups of CD
patients were unbiased regarding STF and had a short duration.
Therefore, AB rates reported in these studies more or less repre-
sent the incidence of AB induction during 1-2 years of therapy
and the range is between 0.5% and 2.0% [69-71]. In long-term
treated patients with CD, the prevalence of AB is higher, indi-
cating 14% in the group of patients still responding to therapy
who underwent BONT-A injections over 10 years [72]. Another
study showed that duration of treatment of ~15 years carries
arisk of up to 40% of becoming AB positive, not influencing the
treatment result. In addition, the study showed that single dose
per session and BoNT-A formulation were the most significant
factors influencing AB formation [73].

Furthermore, the amount of complexing proteins, which
differs in the three most commonly used preparations, plays
an essential role. Antibodies were found in 9.5% of patients
treated only with original onabotulinumtoxinA with a large
amount of complexing proteins (100 U/25ng protein), whe-
reas AB were not detected in any patients treated exclusively
with the new preparation of onabotulinumtoxinA (100U/5ng
protein) marketed more than 20 years ago [74]. Antibodies
were not found in patients treated with incobotulinumtoxinA,
which does not contain complexing proteins [75, 76].

Neutralising antibody titre decreases after discontinuation
of therapy. The rate of decline differs for each individual, and
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the decline can last for up to four years. Minimum 12-week
intervals between injections are still advisable. However, some
studies on incobotulinumtoxinA reveal that shorter intervals
are also safe and do not produce antibodies [19].

In summary, studies show that AB and their titre do not
necessarily contribute to secondary resistance; subsequent
studies revealed that antibodies are found in approximately
50% of patients with secondary resistance [77, 78] and the
reasons for this situation possibly differ.

According to some studies, secondary resistance could be
associated with a higher dose of BONT-A, administration of
other therapies (rehabilitation, pharmacological treatment),
a significant number of side effects, and more frequent inter-
ruptions in BONT-A treatment [79].

The lack of response due to the neutralising antibodies
formation may be diagnosed with specific tests. MPA (mouse
protection assay), HDA (hemidiaphragm assay (HDA), and
new enzyme-linked immunosorbent assay (ELISA) are cur-
rently available. According to the latest reports, a combina-
tion of ELISA and HDA is a quick method characterised by
the highest sensitivity and its price is reasonable. For 100%
sensitivity its specificity is 90%, and for 100% specificity its
sensitivity is 55%. Sensitivity of previously used tests, such as
MPA or WBA (western blot assay) was lower and ranged from
33% to 53% [80].

Instead of laboratory tests, in clinical practice we can use sim-
ple, objective tests involving a unilateral application of BONT-A in
the frontal muscle [74] or in the extensor digitorum brevis muscle.
The frontal test is performed by administering 30 units of abo-
botulinumtoxinA or 10 units of ona/incobotulinumtoxinA [71]
in the frontalis muscle on one side. Clinical assessment (ability
to raise eyebrows) is recommended after 2-4 weeks. Asymmetry
indicates that BONT-A is effective [43]. For an extensor digitorum
brevis muscle test we administer 100U of abo- or 20 units of ona-
botulinumtoxinA in this muscle and assess the compound muscle
action potential response (CMAP) by stimulating the peroneal
nerve at baseline and two weeks after injection (CMAP should
more than halve compared to its original value). For a decline
of up to 20%, immunoresistance is quite probable; for values of
20-50%, the result is doubtful [81].

In patients with immunoresistance, we can discontinue
injections for 12-18 months and observe the patient at regu-
lar intervals. If dystonia significantly reduces quality of life,
an alternative is re-administration of BoNT-A. Or one may
consider the use of botulinum toxin B, which is safe and ef-
fective in the treatment of cervical dystonia, but presents high
immunogenicity potential, in particular in patients already
resistant to BONT-A treatment [82, 83].

Intrinsic muscle changes
and change of dystonia pattern

Muscle fibrosis and contractures, being the result of long-
-lasting disease as well as a change in the pattern of dystonia,

play an important role in secondary resistance apart from
immunisation. The muscular dystonia pattern may change
in some patients over time. BONT-A injections may ‘activate’
other previously inactive muscles (contributing to the similar
clinical pattern of dystonia), which implies the activity of a cen-
tral mechanism, conditioning the position of the head or neck
through non-specific muscle activation. The clinical pattern
of dystonia in the course of the disease can also change. This
probably results from activation of other muscles, which in
turn results from a peripheral block of initially active dystonic
muscles, or a change of the activation centre at the level of the
central nervous system [84-86].

Evaluating the effectiveness of treatment

A lack of improvement in a patient’s assessment may
contradict the positive change in rating scales. The most
commonly used are Tsui, CIDP-58 and TWSTRS.

The TWSTRS is most commonly used in clinical trials and
serves as the primary endpoint for assessing the effectiveness
of BONT-A in treating CD [14, 17, 87-90]. In most studies, an
improvement by 25-30% measured with this scale is conside-
red significant. It shows a strong correlation with the Tsui Scale
[91]. Despite many advantages however, it does not take into
account the evaluation of dystonic tremor; there is no clear
definition of the midline and the full range of motion [92].
This scale also cannot assess properly the complex patterns of
CD demonstrated in the Col-Cap concept.

In addition, due to its complex nature, the scale can hardly
ever be applied in everyday practice. The authors of one recent
study determined the number of points in the TWSTRS scale
which contributes to a minimally clinically perceptible change
in the Patient Global Impression of Change (PGIC) scale:
a change by 3 points in milder cases (< 28.5) and 18 points in
severe cases (> 52) [93]. A linear relationship was also found
between the TWSTRS total scores and the PGIC: an impro-
vement by 2.9 points in the TWSTRS scale corresponded to
a change by one category in the PGIC scale.

The lack of a specified rating scale including both motor
(with respect to the new Col-Cap patterns) and wide spectrum
of non-motor CD features seems to be an unmet need. Moreo-
ver, it may create difficulties when planning new studies [94].

The next unmet need is the lack of consensus on specific
rehabilitation programmes dedicated to CD patients and aimed
at enhancing the effect of BONT-A therapy.

In conclusion, CD treatment with BONT-A remains a chal-
lenge for the physician. It is rare for satisfactory effects to be
obtained at the first session. If unsuccessful, the long list of
possible reasons, which have been the subject of this paper,
should be considered.
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W N e

Abstract: Aim: The aim of this study was to evaluate the efficacy of ultrasound guidance (US) in
the treatment of cervical dystonia (CD) with botulinum neurotoxin type A (BoNT-A) injections
in comparison to anatomical landmarks (AL). To date, US is routinely used in many centers, but
others deny its usefulness. Materials and Methods: Thirty-five patients (12 males, 23 females) with a
clinical diagnosis of CD were included in the study. Intramuscular administration of BONT-A was
performed using either US guidance, or with AL, in two separate therapeutic sessions. The efficacy
of BONT-A administration was assessed with the Toronto Western Spasmodic Torticollis Rating Scale
(TWSTRS), Tsui modified scale, Craniocervical Dystonia Questionnaire (CDQ-24) and Clinical Global
Impression—Improvement scale (CGI-I). Additionally, patients at therapeutic sessions were digitally
recorded and evaluated by two blinded and independent raters. Results: A significant decrease in
total TWSTRS, severity subscale TWSTRS, Tsui score, and CDQ-24 was found in both the AL and US
group; however, in the TWSTRS disability and pain subscales, a significant decrease was found only
in the US group. Moreover, US guided treatment also resulted in a greater decrease in TWSTRS, Tsui
score and CDQ-24 compared to anatomical landmarks use only. Conclusions: US guidance might be
helpful in improving the results of BONT-A injections in cervical dystonia, reducing associated pain
and disability; however, more studies are needed to evaluate its clinical efficacy.

Keywords: ultrasound guidance; cervical dystonia; botulinum neurotoxin; efficacy
Key Contribution: Anatomical assessment seems to be not enough to reach the deep located muscles

or those with very thin layers. Botulinum toxin injections with US guidance seem to be more effective
than using anatomical landmarks alone. The study needs confirmation.

1. Introduction

Cervical dystonia (CD) is the most common form of focal dystonia characterized by
sustained, involuntary or intermittent muscle contractions and/or twitching resulting in
abnormal postures and/or positioning of the head and/or neck [1]. Botulinum neurotoxin
(BoNT) is recommended as the first line treatment for CD [2,3], with statistically signif-
icant improvement in clinical studies in 70-90% of patients [4,5]. In everyday practice
many patients experience an improvement; nevertheless, it is suboptimal in a majority of
them [6,7]. This may be caused by several factors including inaccurate diagnosis, primary
or secondary resistance to treatment and invalid drug storage. Nevertheless, it seems that
appropriate pattern classification, a physician’s experience, BONT-A dose and precision of
injections are the most important factors contributing to successful treatment of CD [8,9].
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Initially, CD was classified into four types, related to: turning the head (torticollis),
tilting the head to one side (laterocollis), backwards (retrocollis), or forwards (anterocol-
lis) [10]. The Col-Cap concept, introduced by Reichel et al. [11] in consonance with anatomic
and imaging studies, identified 10 main types of CD. According to this concept, deeply
located muscles like obliquus capitis inferior (OCI), semispinalis cervicis or longus colli are
involved. Jost et al. [12] confirmed that during the last several decades some new muscles,
which were previously never, or hardly ever, considered, have been added. Based on this
study the most common injected muscles besides splenius capitis, sternocleidomastoid
(scm) and trapezius were the levator scapulae, semispinalis capitis and OCI. It seems to
be that deep lying muscles are difficult to be located and precisely injected without any
visualization. Muscles can be injected using anatomical landmarks, under electromyog-
raphy (EMG), computed tomography (CT) or ultrasound (US) guidance, but it remains
controversial whether EMG and/or US are helpful in clinical practice. There are studies
that support the role of EMG indicating that injections performed using only anatomic land-
marks are unreliable (83% reached sternocleidomastoid, but only 47% the levator scapulae
muscle) [13]. The other study evaluating the accuracy of anatomy-guided injections also
showed that even targeting first-layer muscles can be difficult (splenius capitis 67.9%, scm
86.7%, trapezius 75%, levator scapulae 78.3% of accuracy) [14].

Ultrasound-guided injection provides real-time visualization of muscles and adjacent
anatomical structures, which eventually may result in more precise injections and poten-
tially a lower number of side effects [15]. Nevertheless, thus far there is a lack of research
elucidating the real effectiveness of US-guided treatment.

Most of the studies have been performed in small groups of patients or were focused
on injections into deep cervical muscles only [16-21]. There is only one recently published
study directly comparing the results of US-guided and non-guided BoNT-A injections in
two groups of patients [22]. Nevertheless, there are no randomized, controlled studies
proving the higher effectiveness of US-guided versus blinded injections. In order to address
this hypothesis, the aim of our study was to evaluate the efficacy of US-guided BoNT-A
injections in comparison with using anatomic landmarks.

2. Results

The mean disease duration was 9.43 £ 2.93 years and mean treatment time was
43 £ 29 months. The majority of study participants (n = 28, 80%) were diagnosed with
complex type of CD (45.7% torticaput combined with laterocaput, 11.4% torticaput with
laterocollis, 8.5% lateral shift, 8.5% anterior saggital shift and 5.7% retrocaput with lateroca-
put). Twenty percent of patients presented pure torticaput. Muscles that were injected are
shown in Figure 1. All of the participants were previously treated with BoNT-A, but none
were treated according to the Col-Cap concept with US-guided injections. Twenty percent
of patients (n = 7) used baclofen occasionally and 28.5% (n = 10) of patients were diagnosed
with depression and were treated with SSRIs (selective serotonin reuptake inhibitors).
Detailed characteristics of the study group are presented in Table 1.

Table 1. Baseline characteristics of the study group.

Study Group (n = 35) Males (n = 12) Females (n = 23)
Age (years) at the time of study 52.49 +10.05 50.00 + 12.88 53.78 + 8.23
Treatment time (prior the study) 43.06 + 28.96 56.92 + 33.05 35.83 +24.30
Disease duration (years) 9.43 +2.93 10.28 + 3.24 898 £2.73
Type of BONT-A and doses
AbobotulinumtoxinA 11 (500-1000 U, mean 863.6 U) 12 (750 U)
OnabotulinumtoxinA 0 7 (200 U)
IncobotulinumtoxinA 1 (200 U) 4 (200 U)
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Figure 1. No. of muscles that were injected with botulinum toxin. SCM—m.sternocleidomastoideus.
SPL.CAP—m.splenius capitis. SEM.CAP—m.semispinalis capitis. SEM.CER—m.semispinalis cervicis.
LEV.SCA—m levator scapulae. OCI—m.obliquus capitis inferior. SCA.MED—m.scalenus medius.

2.1. Clinical Assessments

A significant decrease in total TWSTRS score was found both in the AL (from
42.71 + 9.67 to 35.11 &+ 11.97, p = 0.0047) and the US (from 42.49 £ 9.50 to 27.46 £+ 11.34,
p < 0.0001) groups. Detailed analysis of TWSTRS subscales revealed that there was a
significant decrease in TWSTRS severity subscale in AL (from 20.94 £ 4.22 to 16.77 £ 6.12,
p = 0.0015) and US (from 20.94 £ 3.94 to 12.66 + 6.92, p < 0.0001); however, in the TWSTRS
disability and pain subscales, a significant decrease was found only in the US group (from
12.54 &+ 4.27 to 8.69 £ 3.9, p = 0.0002, and from 9.00 + 4.47 to 5.83 & 4.23, p = 0.0033,
respectively). We also found a significant decrease in Tsui scores in both the AL (from
9.60 £ 3.77 to 6.97 + 3.57, p = 0.0038) and US groups (from 9.66 £ 3.72 of 4.86 £ 3.46,
p < 0.0001). Finally, a significant decrease in the CDQ-24 score was observed both in
AL (from 55.09 + 18.84 to 44.34 £ 19.63, p = 0.0224) and US (from 54.34 £ 19.19 to
36.74 + 19.89, p = 0.0003). Detailed results are shown in Table 2 and Figures 2 and 3.
To study the exact effect of US use on a patient’s clinical improvement, we decided to sub-
tract the results of measurements over time (value g, — valuepesore) and create a Avalue.
Use of US significantly decreased the scores in all studied scales (TWSTRS, Tsui score,
CDQ-24) compared to the AL group. Detailed results are shown in Table 3 and Figure 4.

Table 2. Comparison of mean scoring values for AL and US groups.

AL UsS
Scoring

Before After p-Value Before After p-Value

TWSTRS 42.71 £ 9.67 35.11 £11.97 0.0047 42.49 +9.50 27.46 = 11.34 <0.0001
severity subscale 20.94 £4.22 16.77 £+ 6.12 0.0015 20.94 £ 3.94 12.66 £+ 6.92 <0.0001
disability subscale 12.57 +4.39 10.86 + 5.11 0.1368 12.54 + 427 8.69 £+ 3.93 0.0002
pain subscale 9.11 £+ 4.42 7.43 + 4.58 0.1222 9.00 £ 4.47 5.83 £4.23 0.0033
Modified TSUI scale 9.60 £ 3.77 6.97 £ 3.57 0.0038 9.66 £+ 3.72 4.86 £+ 3.46 <0.0001
CDQ-24 55.09 + 18.84 44.34 £ 19.63 0.0224 54.34 £ 19.19 36.74 £+ 19.89 0.0003
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Figure 2. Comparison between TWSTRS decrease after BONT-A injection with AL (A) and with US
(B). Asterisks indicate the level of statistical significance (** p < 0.001, *** p < 0.0001).

Table 3. Comparison of mean change (A) for all scales.

Score AL US p-Value
ATWSTRS total —7.60 £7.76 -15.03 £15.51 0.0003
Aseverity subscale —4.17 £ 429 -8.29 £ 8.09 0.0007
Adisability subscale -1.71£1.15 -3.86 £ 3.05 0.0024
Apain subscale —1.69 £1.52 -3.17 £ 3.35 0.0084
AModified Tsui scale —2.63 +2.85 -4.80 £ 4.86 0.0008
ACDQ-24 —10.74 £ 10.28 -17.60 + 17.51 0.0185




Toxins 2022, 14, 674 50f 10

A
20
* % * % % Hl before
15— = after
o
S 10 T
’ |
5
0 T 1
AL us
B.
80— E 3 % %k
60—
2 T
S 40-
(72}
20—
0 | |
AL us

Figure 3. Comparison between TSUI (A) and CDQ-24 (B) changes after BONT-A injections. Asterisks
indicate the level of statistical significance (* p < 0.05, ** p < 0.001, *** p < 0.0001).
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Figure 4. Comparison between Avalues for each variable. Asterisks indicate the level of statistical
significance (* p < 0.05, ** p < 0.001).
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2.2. Correlations between Clinical Scales

Next, we aimed to determine whether the change in TWSTRS total score (ATWSTRS)
and severity subscale (ATWSTRS) score correlates with TSUI (ATSUI). We found a strong
correlation between ATWSTRS severity subscale and ATSUI in the AL group (p = 0.72,
p < 0.0001) and moderate correlations between ATWSTRS and ATSUI in both the AL and
US groups (p = 0.49, p = 0.0027, and p = 0.49, p = 0.0030, respectively, data you can find in a
supplementary File S2.

2.3. Blinded Raters” Assessments

In the last part of the analysis, we have evaluated the blinded raters’ assessments
according to CGI-I score. Treated patients and two blinded experts (Nol, No2) assessed
treatment effects versus the study physician. For AL and US injections, we observed signif-
icant correlations between study physician and patient (p = 0.53), and blinded physicians
Nol (p = 0.72) and No2 (p = 0.68), and between study physician and patient (p = 0.60), and
blinded physicians Nol. (p = 0.82) and No2. (p = 0.66), respectively. Detailed results are
shown in Tables 4 and 5, and in Figure 5.

Table 4. Averages of CGI scale scores by patient, physician, and experts 1 and 2 according to
ultrasound use.

CGI-I AL uUs p-Value
Patient 2.94 +0.94 2.31 +0.80 0.0069
Physician 2.83 4+ 0.98 2.03 +0.92 0.0005
Blinded physician 1 2.80 + 1.02 2.31+1.23 0.0453
Blinded physician 2 2.69 + 0.90 2.43 +1.31 0.0842
7 ; ;
6 L 4
5 L 4
o
3
» 4| |
5 o
O N
3t ] - 4
2 L L — 4
L H patient
H physician
1 . . H blinded physician 1
AL us — blinded physician 2

Figure 5. Box-plot with comparison of mean CGI-I scores graded by patient, physician and
two blinded physicians. Means shown as lines, standard deviations as boxes.
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Table 5. Spearman correlation coefficients between raters and Study Physician in CGI-I scale.

AL us
Patient p=0.53; p =0.001 p =0.60; p = 0.001
Blinded physician 1 p=0.72; p <0.001 p=0.82;p<0.001
Blinded physician 2 p=0.68;p <0.001 p =0.66;p <0.001

2.4. Incidence of Side Effects

Additionally, we calculated side effects after both types of treatment (AL and US). We
found no significant differences between the incidence of side effects, e.g., swallowing prob-
lems, pain at the site of injection and head drooping, between compared groups. Detailed
results are shown in Table 6. No other treatment related adverse events were reported.

Table 6. Incidence of side effects after BONT-A administration.

AL us p-Value
Swallowing problems 5 (14.29%) 1 (2.86%) 0.0877
Pain at the site of injection 10 (28.57%) 12 (34.29%) 0.6066
Head drop 2 (5.71%) 2 (5.71%) -

3. Discussion

The novel approach to BoNT-A treatment of CD include the identification of dystonia
pattern according to the Col-Cap concept [23]. According to this concept, in many forms of
CD deeply located muscles, which are difficult to identify without imaging, like OCI or
semispinalis cervicis, are involved. On the other hand, superficial muscles (like trapezius,
scm, splenius capitis) also may be easily missed without any visualization [13,14]. In
studies comparing the blinded (AL) and EMG guided/verified [13] or US verified injec-
tions [14], even in the hands of an experienced physician there was a substantial rate of
missed muscles.

Ultrasonography is a convenient, non-invasive method that enables the visualization
of muscles and surrounding structures, including nerve bundles and large vessels, in
real time. It is hypothesized that using US increases the accuracy of injections of both
superficial and deep cervical muscles. Available data on using US in the treatment of
CD is scarce. Bhidayasiri et al. [16] presented a case series of three patients about whom
they conclude the lack of deeply located muscles imaging led to BONT-A treatment failure.
There is only one study comparing directly US-guided and non-guided injections in two
different groups of patients which found no difference [22]. An expert-statement published
in 2015 [24] suggested that US-guided injections should be used especially in cases with
specific anatomic conditions, such as pronounced or inaccessible neck muscles, obesity or
muscle atrophy, during adverse events following BoNT-A treatment, complex dystonic
patterns with involvement of deep cervical muscles, or in secondary non-responders.
Nevertheless, evidence is still lacking for proving the real effectiveness of US-guided vs.
AL injections in CD treatment. In our study, the response to treatment measured by clinical
scales was significant in both US-guided and AL injections, but a greater decrease in scales
was associated with US use. The consistency of the results obtained by unblinded and
blinded raters proved this hypothesis. Despite the effectiveness of both, the comparison of
the two approaches (AL vs. US) showed the superiority of US-guided injections (Table 3).
All injections and US assessments were performed by one and the same experienced
(15 years) and certified neurologist, which is why it cannot be excluded that the results
in group AL were influenced by the principal investigator’s knowledge of anatomy and
experience in the use of ultrasound.

Hong et al. [15] revealed that use of US during injections decreases the incidence of
dysphagia (0% vs. 34.7%), but no exact conclusions have been made due to the small num-
ber of participants (1 = 5). Similarly, in our study, swallowing problems were less frequent
in the US-guided group, but the difference did not reach significance. In our opinion, a low
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number of patients may have been relevant. On the other hand, a retrospective study on a
group of 75 CD patients revealed that US guidance is not able to prevent dysphagia [25].

In summary, US can be helpful in improving the results of BONT-A injections in CD.

There are, however, several limitations of our study. First of all, we have not em-
ployed a randomized trial protocol, nor a case-control study. The study was only partially
blinded. The assessments based on TWSTRS and Tsui scores were not blind, with the only
blind assessment being the CGI assessment. To study the exact effect of US use on a pa-
tient’s clinical improvement, we decided to subtract the results of measurements over time
(valueyfer — Valuepesore) and create a Avalue which showed a greater decrease in scales,
but more studies are needed to evaluate whether it has clinically relevant effect. On the
other hand, we compared the results of AL and US in the same patients, which seems to
be a more reliable method, taking into account the high variability of CD patterns. Our
approach does not provide information about the possible influence of other variables (e.g.,
sex, age, disease duration, BONT-A preparation and doses) on treatment efficacy. However,
comparing the results in one patient allowed us to exclude the influence of many factors
(e.g., dose or dystonia pattern, co-morbidities like depression or anxiety) which could
influence the overall effect [5,26,27].

To the best of our knowledge, this is one of the most complex studies performed
to date, showing that US-guided injections might be helpful in improving the results of
BoNT-A injections in cervical dystonia. We definitely need more larger and controlled
studies to prove the concept.

4. Conclusions

US guidance might be helpful in improving the results of BONT-A injections in cervical
dystonia, reducing associated pain and disability; however, more studies are needed to
evaluate its clinical efficacy.

5. Materials and Methods
5.1. Study Design and Patients

Thirty-five consecutive patients (12 males, 23 females, mean age 52.49 & 10.05) with
clinical diagnosis of idiopathic CD were recruited from the outpatient clinic from the group
who participate in the routine therapeutic program for cervical dystonia. They were the
patients who fulfilled the following inclusion criteria: >18 years of age, previous effective
treatment with BoNT-A, the recurrence of symptoms and at least 12 weeks interval after
the last injection. The study was prospective and each patient underwent two sessions:
the first one in which injections were administered according to anatomic landmarks (AL
group) and, after no less than 12 weeks, the second one was performed under US guidance
(US group). The second session was only performed on condition that the patient had
returned to the clinical condition from before the first session (the same number of points in
the scales). Patients were evaluated by the same physician (the so-called Study Physician)
with 15 years of experience who performed a clinical examination and classified dystonic
posture on the basis of the Col-Cap concept [23,28].

The choice of muscles, type of BONT-A, total dose and each muscle dose remained
the same as before and during both sessions. Each session was digitally video recorded
according to the same protocol.

In US-guided injection, we used a Hitachi Arietta 50 device with a linear probe
(6-13 MHz) and out-of-plane approach.

The landmarks used for injections and muscle injection sites with US use are presented
in the Supplementary Materials.

All patients signed informed consent before enrollment into the study. The study was
approved by the local bioethics committee (Nr of consent K.B.-2/17).
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5.2. Assessments

All patients were evaluated before each session and 4 weeks after the injection. The
efficacy assessments included Toronto Western Spasmodic Torticollis Rating Scale (TW-
STRS, including total scores, severity, disability and pain subscale scores); Tsui-modified
score; Craniocervical Dystonia Questionnaire (CDQ-24); and Clinical Global Impression—
Improvement (CGI-I) score (calculated on a scale from 1-very much improved to 7-very
much worse). CGI-I was assessed by patients, injector and two independent blinded raters
to whom standardized video recordings were sent. The patients were filmed in frontal
position (with open and closed eyes, and with shoulder stabilization), from the side, and
while walking. Both raters were experienced neurologists with at least five years of experi-
ence in BONT-A treatment of CD. Safety assessments included incidence of adverse events:
dysphagia, muscle pain and head drop as obligatory questions and others spontaneously
reported by patients.

5.3. Statistical Analysis

Statistical analysis was performed using GraphPad Prism 9 and Statistica 13 software.
Continuous variables were presented using mean and standard deviation, while numer-
ical and non-continuous variables as number of cases (1) and percentage, median and
interquartile range. Distribution of the variables was assessed using the Shapiro-Wilk test.
To compare differences between groups, the Student’s t-test in Welch’s modification or
the Mann-Whitney U test were used. The correlation was performed using the Spearman
correlation coefficient. A correlation coefficient ranging from 0.00 to 0.19 was considered as
very weak, 0.20 to 0.39 as weak, 0.40 to 0.59 as moderate, 0.60 to 0.79 as strong and 0.80 to
1.0 as very strong. A p value below 0.05 was deemed significant.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ toxins14100674/s1. File S1: The landmarks used for injections and muscle
injection sites with US guidance; File S2: Spearman’s correlation coefficients between ATWSTRS and
ATSUI in patients with AL (A) and with USG (B), and between ATWSTRS subscale I and ATSUI with
AL (C) and with USG (D).
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Case Reports

Injection into the Longus Colli Muscle via the Thyroid Gland
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Abstract
Background: Anterior forms of cervical dystonia are considered to be the most difficult to treat because of the deep cervical muscles that can be involved.

Case Report: We report the case of a woman with cervical dystonia who presented with anterior sagittal shift, which required injections through the longus colli

muscle to obtain a satisfactory outcome. The approach via the thyroid gland was chosen.

Discussion: The longus colli muscle can be injected under electromyography (EMG), computed tomography (C'T), ultrasonography (US), or endoscopy guidance.

We recommend using both ultrasonography and electromyography guidance as excellent complementary techniques for injection at the C5-C6 level.
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Background

Cervical dystonia (CD) is the most common form of focal dystonia in
adults,’ characterized by involuntary sustained or intermittent neck-
muscle contractions, resulting in abnormal phasic or tonic movements or
posture of the head.? Botulinum neurotoxin (BoNT) injections are con-
sidered the first-line of treatment for CD due to its high degree of effec-
tiveness and safety in approximately 80-85% of the patients, as has been
demonstrated in numerous controlled clinical studies.” ' Pain can be a
prominent symptom in 68-75% of cases and may cause significant dis-
ability."* According to the Col-Cap concept, we can recognize 11 (8+3)
phenomenological forms of CD.'" Patients may present with head/neck
movements in three planes: coronal, sagittal, or transverse, resulting in
turning, tilting, flexion, extension, or a combination of these postures.
Prominent anterocollis occurs in about 25% of CD cases and may be
either primary or secondary.? Anterior forms of CD are considered the
most difficult to treat because of the deep cervical muscles that can be
involved."” Injections of superficial cervical flexor muscles, such as ster-
nocleidomastoid (SCM), anterior/middle scalene (AS/MS), or levator
scapulae (LS), can be only occasionally effective in that variant of CD.

We find that longus colli (LCo) injections with fluoroscopy,'®

17,18

computed
tomography (CT), electromyography (EMG)" or ultrasonography
(US) guidance® give satisfying results. Endoscopic guidance can also be
used for targeting the upper part of this muscle.?' Anterior Sagittal Shift
(ASS), known as “goose neck,” is a special form of CD that combines
anterocollis and retrocaput. There are different treatment protocols. On
the basis of the Col-Cap concept, we should choose the muscles involved
in these two forms of CD.*?? We can also find another suggestion based on
EMG functional guidance and inject both SCM and splenius capitis
muscles.'” We will now describe an injection into the longus colli muscles
via the thyroid gland in a patient with ASS.

Case report

The patient is a 60-year-old woman who presents with cervical dysto-
nia. The onset was in 2002 and started with neck pain, then she noticed
flexion of the neck. We diagnosed ASS (Figure 1A). The patient provided
written consent to publish her images. The patient underwent several
treatment sessions with BoN'T' injections into her neck muscles under
EMG and/or US control without any significant improvement. She had
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Figure 1. Progress in Patient. (A) Patient before BoN'T: (B) Patient at 4 weeks after BoN'T injection with only slight improvement regarding retrocaput. (C) Patient

at 4 weeks after the injection.
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Figure 2. Ways of Approaching Used in US-guided LCo Injections. (A) Mecdial approach of the injection of LCo via the thyroid gland. (B) Arrows show the

path of the needle via the thyroid gland. (C) Lateral approach of the injection of LCo via SCM and the anterior scalene muscle.

an approximately 20% reduction in pain, with only slight improvement
regarding the head position (retrocaput) (Figure 1B). We attempted dif-
ferent combinations of target muscles. On the basis of COL-CAP con-
cept, we injected middle scalene, levator scapulae, obliquus capitis
inferior (OCI), semispinalis capitis, and trapezius muscles, and, based
on the experience of other researchers in this form of CD, both SCM
and splenius capitis muscles as well. There was no difference in the
final result between these sessions. We used onabotulinumtoxin A in a
total dose of 200 U in each session. Because of unsatisfactory results,
we decided to inject the longus colli muscle. The patient was placed
supine on the examination table. The potential risks of side effects,
such as bleeding, damage to other structures, or dysphagia, were
explained to the patient. The longus colli was visualized with a 12.5
MHz linear US transducer. We decided to use the medial approach via
the thyroid gland (Figure 2A and B). Using US guidance and an EMG

Figure 3. Simultaneous Use of Both Methods. Longus colli activation in
EMG while the patient flexed the neck.
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injection needle (26 G X 50 mm), onabotulinumtoxin A was injected
15 U per side (Figure 3). The dose was chosen based on the recommen-
dations of the botulinum toxin atlas and other published experiences,
in which 60 U of abobotulinumtoxin A was used on each side,' 30-35
U of abobotulinumtoxin A unilaterally,'” or 25 U of abobotulinum-
toxin A on one side and 10 U on the other side.” Based on the publi-

cation,"

in which seven patients with “goose neck” dystonia were
reported, both sternocleidomastoids and splenius capitis presented
increased dystonic activity on EMG. In addition to both longus colli
muscles, we also injected both SCM (each 30 U) and both splenius
capitis (each 30 U). The splenius capitis muscles act as extensors of the
head, and there is no risk injecting them to worsen anterocollis. After 4
weeks, the patient presented significant improvement (Figure 1C).

There were no side effects.

Discussion

BoN'T injections are the first-line of treatment for CD with a high
response rate and low incidence of adverse effects.”

Since examinations of the muscle using imaging techniques were
started,' we have witnessed the introduction of the so-called Col-Cap
concept, which is the classification of the phenomenological forms into
11 variants. Among them, the anterior forms (anterocaput and antero-
collis) are the most difficult to treat’ because of the deep cervical mus-
cles that are very often involved. Injecting of these deep lying muscles
carries the risk of damage to neighboring structures, such as blood ves-
sels, nerves or the esophagus. ASS is a specific type of CD involving
neck flexion (anterocollis) and head extension (retrocaput). The longus
colli muscle is a deep neck muscle situated on the anterior surface of the
vertebral column between the atlas and the third thoracic vertebra. It is
broad in the middle part and narrow at either end and consists of three
portions: A superior and an inferior oblique and a vertical one. The
Longus Colli muscle (LCo) can be treated under fluoroscopy,'® CT,'"!¢
EMG," or US? control approximately at the fifth neck vertebra level by
BoN'T injection in the pars obliqua inferior and the pars recta. In one of
the studies, neurobotulinum toxin treatment under C'T- guided injec-
tions was rated to be good or very good by only three out of eight
patients (37.5%) with severe antecaput and/or antecollis.® Six out of
eight patients reported on dysphagia, whereas one patient developed a
small hematoma at the place where the tip of the needle had been
inserted, resulting in mild dysphagia. In another paper, one case injected
with the same guidance was presented, in which treatment was repeated
several times and the patient reported subjective improvement of his
anterocollis of about 40%."7 Only the second injection led to mild dys-
phagia, which was completely reversible after 4 weeks. No other side
effects were noted. In another study, a total of 10 injection sessions were
performed on three patients under fluoroscopy guidance.'® In two
patients whose main complaint was neck pain, marked improvement in
pain relief was observed. In the third patient, who had prominent motor
symptoms but no pain, a 20-30% motor improvement was reported. All
patients complained about mild post-procedure injection site discomfort
and one patient reported a sore throat lasting several days. Swallowing
difficulties were reported after two of the 10 injections and were related

Injection into the Longus Colli Muscle

to higher doses of BoNT. Potential drawbacks in this method of guid-
ance are X-ray exposure and allergic contrast agent reactions.

Injection of LCo under EMG guidance can be effective and safe as is
presented in the published cases' of the two double-chin patients with
bilateral suprahyoid, SCM, and LCo injections. During the review at 4
weeks postinjection, the mean subjective improvement observed was from
50 to 80%. Neck flexor weakness was observed in one patient, who com-
plained of difficulty in lifting her head from the pillow in the first 3 weeks.
In one case, which applied the same methods, that is, injection of the LCo
muscle under both EMG and US control, pain and posture improvement
without side effects was reported.”” The injection of the pars obliqua
superior of the L.Co requires endoscopic guidance.?’ There are two per-
cutaneous approaches, the medial and lateral, depending on individual
patient anatomy. We need US to find the most optimal path to target LCo
and avoid damaging surrounding structures.” Using a medial approach,
we proceed via the thyroid gland, between the carotid sheath and trachea,
paying close attention to the esophagus, as well as the inferior and supe-
rior thyroid arteries. We have discussed this approach with several ENT
and radiologist doctors who deal with thyroid gland biopsy. We can addi-
tionally use Doppler technique to visualize arteries and perform labora-
tory tests assessing coagulation system to decrease the risk of bleeding,
When approaching the LCo laterally, the needle 1s guided laterally to the
carotid sheath but medially to the anterior scalene to avoid traversing the
phrenic nerve (Figure 2C). The lateral approach is performed going
through the anterior scalene muscle. The drawback of this method is that
the placement of the EMG needle tip is often not visible, so we need
EMG as a functional guidance. The patient is positioned supine, and the
EMG needle is inserted under US control. To check the correct place-
ment of the needle tip, we ask the patient to flex the neck expecting the
proper EMG sound reflecting muscle activation. In the case described
here, we had to change the needle position to a deeper level to get an
adequate acoustic response. This is the reason why we recommend using
both EMG and US guidance. Even though both of these techniques are
simultaneously in use, we must of course be aware that the injection of
longus colli muscle carries some risk, which is why we should try to mini-
mize it. Of course, numerous cases of subjects undergoing this procedure
without adverse effects would make a more reliable and convincing argu-
ment; however, for now, we can share our experience with only one such
case. Once more subjects have been treated in this way, we will be glad to
share our observations and conclusions.
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