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wiadczenie

Kod ICD-9:
92.113

Dzieki wizualizacji DaT otrzymujemy zwiekszenie
jasnosci postawionej diagnozy

DaTSCAN odstania funkcje mozgu lezace u podstaw patologii
Pozwalajac dostrzec skale utraty dopaminy, od 2000 roku DaTSCAN pomaga

w stawianiu wczesnych, doktadnych diagnoz

DaTSCAN jest analogiem kokainy z radioaktywnym izotopem 1-123, ktory z duzym
powinowactwem wiaze sie z transporterami dopaminy na neuronach presynaptycznych*

W prawidtowym obrazie W nieprawidtowym obrazie
skanu DaTSCAN przyjmuje skanu DaTSCAN przyjmuje
postac charakterystycznych postac ,.kropek”

sprzecinkow”

Ilustracje pochodza ze skanowania na potrzeby diagnozy réznicowej AD wzgledem DLB.
Ilustracje uzyskano dzieki uprzejmosci Szpitala w Birmingham City w Wielkiej Brytanii.
Uwaga: DaTSCAN nie umozliwia rozréznienia pomiedzy PD, zanikiem wielouktadowym (multiple

system atrophy, MSA) i postepujacym porazeniem nadjadrowym (progressive supranuclear palsy, PSP).

DaTSCAN nie umozliwia rozréznienia pomiedzy DLB a demencja spowodowang chorobg Parkinsona.

AD: Choroba Alzheimera; DaT: transporter dopaminy; DLB: otepienie z ciatami Lewy’ego; ET: drzenie
samoistne; EFNS: European Federation of Neurological Sciences [Europejska Federeacja Nauk
Neurologicznych]; MSA: zanik wielouktadowy; PD: choroba Parkinsona; PSP: postepujace porazenie
nadjadrowe; SPECT: tomografia emisyjna pojedynczych fotonéw

Dopaminergiczna tomografia emisyjna
pojedynczych fotonéw (single-photon emission
computed tomography, SPECT) jest zalecana
przez EFNS do stawiania diagnoz réznicowych

degeneracyjnego parkinsonizmu oraz ET®

Dopaminergiczna SPECT jest zalecana przez
EFNS i konsorcjum DLB do stawiania diagnoz
réznicowych degeneracyjnej AD oraz DLB*’

Pi$miennictwo:

1. Benamer HTS, Patterson J, Grosset DG. Mov Disord 2000; 15: 503-510.

2. McKeith IG i in. Lancet Neurol 2007; 6(4): 305-313.

3. TinelliM i in. The value of early diagnosis and treatment in Parkinson’s disease.
Marzec 2016 r. Opracowanie dostepne pod adresem: http://www.braincouncil.eu/wp-content/
uploads/2016/11/Parkinson-report-2016-1.pdf [Dostep uzyskano dnia: 09/06/2017].

4. DaTSCAN Charakterystyka Produktu Leczniczego (PL), GE Healthcare, styczen 2021 r.

5. BerardelliAiin. Eur J Neurol 2013; 20: 16-34.

6. Hort Jiin. EurJ Neurol2010; 17: 1236-1248.

7. McKeith IG et al. Neurol 2005; 65(16): 1863-1872.



GE HealthCare

Skrécona Charakterystyka Produktu Leczniczego DaTSCAN (/oflupanum 1231)

Przed przepisaniem produktu leczniczego nalezy zawsze zapoznac si¢ z Charakterystyka
Produktu Leczniczego (ChPL). Dodatkowe informacje sg dostepne na zadanie.

Sktad jakosciowy i ilosciowy Kazdy mililitr produktu zawiera 74 MBq joflupanu (1231) w
czasie aktywnosci referencyjnej (0,07 do 0,13 pg/ml joflupanu).

Kazda fiolka zawierajaca pojedyncza dawke 2,5 ml zawiera 185 MBq joflupanu (123I) (zakres
aktywnosci 2,5 do 4,5 x 1014 Bq/mmol) w czasie aktywnosci referencyjnej. Kazda 5 ml fiolka
zawiera pojedyncza dawke 370 MBq joflupanu (123I) (zakres aktywnosci 2,5 do 4,5 x 1014
Bg/mmol) w czasie aktywnosci referencyjnej.

Substancje pomocnicze o znanym dziataniu Ten produkt leczniczy zawiera 39,5 g/l etanolu.
Petny wykaz substancji pomocniczych, patrz punkt 6.1.

Postac farmaceutyczna Roztwér do wstrzykiwan. Przejrzysty, klarowny roztwér.

Wsk ia do st ia Produkt leczniczy przeznaczony wytgcznie do diagnostyki.
DaTSCAN przeznaczony jest do wykrywania zmniejszenia liczby funkcjonalnych dopaminer-
gicznych zakoriczen neuronalnych w prazkowiu: - u dorostych pacjentéw z klinicznie
niejasnymi zespotami parkinsonowskimi, na przyktad tych na wczesnym etapie, w celu
odrdznienia drzenia samoistnego od zespotow parkinsonowskich powiazanych z idiopaty-
czna chorobg Parkinsona, zanikiem wielouktadowym i postepujacym porazeniem
nadjadrowym. DaTSCAN nie pozwala na rozréznienie choroby Parkinsona, zaniku
wielouktadowego oraz postepujacego porazenia nadjadrowego; - u dorostych pacjentow
utatwia réznicowanie prawdopodobnego rozpoznania demencji z obecnoscia ciatek
Lewy’ego oraz choroby Alzheimera; DaTSCAN nie pozwala na réznicowanie demencji z
obecnoscig ciatek Lewy’ego oraz demencji w przebiegu choroby Parkinsona.

Dawkowanie i spos6b podawania Przed podaniem nalezy upewnic sig, ze dostegpny jest
zestaw reanimacyjny. Produkt DaTSCAN nalezy stosowac wytacznie u pacjentow

skierowanych przez lekarzy doswiadczonych w leczeniu zaburzen ruchowych i (lub) demencji.

Produkt DaTSCAN powinien by¢ stosowany wytacznie przez wykwalifikowany personel,
posiadajacy odpowiednie uprawnienia do wykonywania badan z zastosowaniem produktow
radiofarmaceutycznych, w wyznaczonej jednostce klinicznej.

Dawkowanie Skutecznos¢ kliniczng udokumentowano w zakresie dawek od 111 MBq do 185
MBq. Nie nalezy stosowac¢ dawki wiekszej niz 185 MBq ani stosowac, jezeli aktywno$¢ wynosi
mniej niz 110 MBg. W celu zminimalizowania wychwytu radioaktywnego jodu przez tarczyce
przed podaniem nalezy zastosowac u pacjentéw odpowiednie zablokowanie gruczotu
tarczowego, np. poprzez doustne podanie 120 mg jodku potasu, od 1 do 4 godzin przed
podaniem DaTSCAN. Populacje specjalne Zaburzenia czynnosci nerek i watroby Nie
przeprowadzono oficjalnych badan u pacjentéw ze znacznymi zaburzeniami czynnosci
watroby lub nerek. Brak dostepnych danych (patrz punkt 4.4). Dzieci i mtodziez Nie okreslono
bezpieczenstwa stosowania i skutecznosci produktu leczniczego DaTSCAN u dzieci w wieku
od 0 do 18 lat. Brak dostepnych danych. Sposéb podawania Do stosowania dozylnego.
Produkt DaTSCAN powinien by¢ stosowany bez rozcienczania. Aby zminimalizowac ryzyko
wystapienia bélu w miejscu iniekcji podczas podawania leku, zalecane jest podawanie w
formie powolnej iniekcji dozylnej (w czasie co najmniej 15 do 20 sekund) do zyty korczyny
gornej. Uzyskiwanie obrazu Obrazowanie metodg SPECT nalezy wykonac¢ w okresie od trzech
do szedciu godzin po iniekcji. Obrazy nalezy uzyskiwac¢ za pomoca gammakamery
wyposazonej w kolimator o wysokiej rozdzielczosci, skalibrowany przy uzyciu fotopiku
159keV oraz + 10% okna energii. Korzystne jest, aby prébkowanie katowe wynosito nie mniej
niz 120 projekcji na 360 stopni. Dla kolimatoréw o wysokiej rozdzielczosci promien rotacji
powinien by¢ zgodny i jak najmniejszy (zwykle 11-15 cm). Badania doswiadczalne wykonane
za pomoca fantomu prazkowia sugeruja, ze w przypadku obecnie uzywanych systeméw,
najlepsze obrazy uzyskuje sie przy dobraniu rozmiaru macierzy oraz wspétczynnika zblizenia
tak, aby rozmiar piksela wynosit 3,5-4,5 mm. W celu uzyskania optymalnych obrazéw nalezy
uzyskac co najmniej 500 000 zliczen.

Przeciwwskazania - Nadwrazliwos$¢ na substancje czynna lub ktérgkolwiek substancje
pomocnicza wymieniong w punkcie 6.1 ChPL. - Cigza (patrz punkt 4.6 ChPL).

Specjalne ostrzezenia i Srodki ostroznosci dotyczace stosowania Jezeli wystapi reakcja
nadwrazliwosci, nalezy natychmiast przerwa¢ podawanie produktu leczniczego i jezeli jest to
konieczne, rozpoczac leczenie dozylnie. Produkty lecznicze stosowane w reanimacji oraz
wyposazenie reanimacyjne (np. rurka dotchawiczna i respirator) musza by¢ gotowe do
uzycia. Ten produkt radiofarmaceutyczny moze by¢ stosowany i podawany wytacznie przez
osoby upowaznione, w wyznaczonych do tego jednostkach klinicznych. Jego przyjmowanie
na stan, przechowywanie, stosowanie, transport oraz niszczenie podlegaja przepisom i
wymagaja posiadania licencji wydawanych przez upowaznione do tego instytucje. U kazdego
pacjenta narazenie na promieniowanie jonizujgce powinno by¢ uzasadnione spodziewanymi
korzysciami. Podawana aktywnos$¢ musi by¢ taka, aby dawka promieniowania byta mozliwie
najmniejsza, przy uzyskaniu zamierzonego wyniku diagnostycznego. Dotychczas nie
przeprowadzono badan u pacjentéw ze znaczna niewydolnoscig nerek lub watroby. Wobec
braku takich danych nie zaleca sig stosowania DaTSCAN u pacjentéw z umiarkowana lub
ciezka niewydolnoscia nerek lub watroby. Ten produkt leczniczy zawiera 39,5 g/ (5% obj.)
alkoholu etylowego. Jedna dawka zawiera 197 mg alkoholu, co odpowiada 5 ml piwa lub 2 ml
wina. Preparat szkodliwy dla pacjentow z chorobg alkoholowa. Nalezy to uwzgledni¢ w
przypadku pacjentow z grup wysokiego ryzyka na przyktad z chorobami watroby lub u
chorych na padaczke.

Interpretacja obrazéw DaTSCAN Obrazy DaTSCAN sa interpretowane wizualnie na
podstawie wygladu prazkéw. Optymalna prezentacja zrekonstruowanych obrazéw do
interpretacji wizualnej sa przekroje poprzeczne réwnolegte do linii spoidta przedniego i
tylnego (AC-PC). Analiza, czy obraz jest prawidtowy, czy nieprawidtowy, odbywa sie poprzez

ocene zasiegu (na co wskazuje ksztatt) i intensywnosci (w stosunku do tta) sygnatu prazkowia.

Prawidtowe obrazy cechuja sie obecnoscig dwoch symetrycznych, sierpowatych obszaréw o
jednakowej intensywnosci.

GE Medical Systems Polska Sp. z 0.0.
ul. Wotoska 9
02-583 Warszawa

© 2023 GE HealthCare.
DaTSCAN is trademark of GE HealthCare.
GE is a trademark of General Electric Company used under trademark license.
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Nieprawidtowe obrazy sg albo asymetryczne, albo symetryczne o nieréwnej intensywnosci
i(lub) nie maja ksztattu sierpowatego. Wizualnej interpretacji moze towarzyszy¢ dodatkowo
pétilosciowa ocena z uzyciem oprogramowania z oznakowaniem CE, jak np. DaTQUANT,
gdzie absorpcja produktu DaTSCAN w prazkowiu jest poréwnywana z absorpcjg w
referencyjnym regionie, a wskazniki te s3 poréwnywane z bazg danych zdrowych oséb
dostosowana pod wzgledem wieku. Ocena wskaznikdw takich jak absorpcja produktu
DaTSCAN w lewym/prawym prazkowiu (symetrycznie) lub absorpcja skorupa/jadro ogoniaste
prazkowia, moze by¢ dodatkowa pomoca w ocenie obrazéw.
Z stosowaniem metod pétilosciowych nalezy zachowac nastepujace srodki ostroznosci: -
Ocena pétilosciowa powinna by¢ stosowana jedynie jako dodatek do oceny wizualnej
- Nalezy uzywac wytacznie oprogramowania ze znakiem CE
- Uzytkownicy powinni zosta¢ przeszkoleni przez producenta w zakresie obstugi
oprogramowania oznaczonego znakiem CE i postepowac zgodnie z wytycznymi EANM
dotyczacymi akwizycji, rekonstrukcji i oceny obrazu
- Osoby odczytujace powinny wizualnie zinterpretowac skan, a nastepnie przeprowadzi¢
analize pétilosciowa zgodnie z instrukcjami producenta, w tym kontrole jakosci procesu
iloSciowego
-Techniki ROI/VOI powinny by¢ uzywane do poréwnania absorpcji w prazkowiu z
absorpcja w referencyjnym regionie.
- Zalecane jest poréwnanie z baza danych zdrowych oséb dostosowang pod wzgledem
wieku w celu uwzglednienia spodziewanego zmniejszenia sie wigzania w prazkowiu
-Zastosowane ustawienia rekonstrukcji i filtra (w tym korekta tta) moga wptywac na
wartosci pétilosciowe. Nalezy przestrzegac ustawien rekonstrukgji i filtrow zalecanych
przez producenta oprogramowania oznaczonego znakiem CE i powinny one odpowiadac
tym stosowanym do pétilosciowego oznaczenia bazy danych oséb zdrowych.
- Intensywnos¢ sygnatu prazkowia mierzona metoda SBR (stratial binding ratio,
wspoétczynnik wigzania prazkowia) oraz asymetria i stosunek jadra ogoniastego do
skorupy dostarczaja obiektywnych wartosci liczbowych odpowiadajacych parametrom
oceny wizualnej i mogg by¢ pomocne w trudnych do odczytania przypadkach
- Jesli wyniki oceny potilosciowej sa niezgodne z interpretacja wizualna nalezy ocenic¢
skan pod wzgledem prawidtowosci potozenia ROI/VOI, poprawnosci orientacji obrazu,
poprawnosci doboru parametréw do pozyskiwania obrazu i poprawnosci korekty tta.
- Ostateczna ocena powinna zawsze uwzgledniac zaréwno interpretacje wizualna, jak i
wyniki oceny pétilosciowej
Dziatania niepozadane Dla produktu DaTSCAN zidentyfikowano nastepujace dziatania
niepozadane: Podsumowanie dotyczace objawéw niepozadanych w Tabeli Czestos¢
wystepowania objawow niepozadanych zostata zdefiniowana w nastepujacy sposéb: bardzo
czesto (21/10), czesto (=1/100 do <1/10), niezbyt czesto (=1/1 000 do <1/100), rzadko (=1/10
000 do <1/1 000), bardzo rzadko (<1/10 000) oraz czesto$¢ nieznana (czestos$¢ nie moze byc
okreslona na podstawie dostepnych danych). W obrebie kazdej grupy o okreslonej czestosci
wystepowania objawy niepozadane sg wymienione zgodnie ze zmniejszajacym sie
nasileniem. Zaburzenia uktadu immunologicznego
Czesto$¢ nieznana: nadwrazliwo$¢ Zaburzenia metabolizmu i odzywiania Niezbyt czesto:
zwiekszony apetyt Zaburzenia uktadu nerwowego Czesto: bél gtowy Niezbyt czesto: zawroty
gtowy, mrowienie (parestezje), zaburzenia smaku Zaburzenia ucha i btednika Niezbyt czesto:
zawroty gtowy Zaburzenia skéry i tkanki podskérnej
Czesto$¢ nieznana: rumien, $wiad, wysypka, pokrzywka, nadmierne pocenie sie
Zaburzenia uktadu oddechowego, klatki piersiowej i Srédpiersia Czestos¢ nieznana: duszno$é
Zaburzenia zotadkowo-jelitowe Niezbyt czesto: nudnosci, sucho$¢ w ustach,
Czesto$¢ nieznana: wymioty Zaburzenia naczyniowe Czesto$¢ nieznana: obnizone ci$nienie
krwi Zaburzenia ogélne i odczyny w miejscu podania Niezbyt czesto: b6l w miejscu podania
(silny bol lub uczucie pieczenia po podaniu do drobnych zyt), Czesto$¢ nieznana: uczucie
goraca
Narazenie na promieniowanie jonizujace ma potencjalne dziatanie rakotwoércze i wigze sie z
ryzykiem powstania wad genetycznych. Poniewaz dawka skuteczna wynikajaca z podania
maksymalnej zalecanej aktywnosci 185 MBgq DaTSCAN wynosi 4,63 mSv, prawdopodobienst-
wo wystapienia dziatan niepozadanych jest niewielkie.
Zgtaszanie podejrzewanych dziatar niepozadanych Po dopuszczeniu produktu leczniczego
do obrotu istotne jest zgtaszanie podejrzewanych dziatan niepozadanych. Umozliwia to
nieprzerwane monitorowanie stosunku korzysci do ryzyka stosowania produktu leczniczego.
Osoby nalezace do fachowego personelu medycznego powinny zgtasza¢ wszelkie
podejrzewane dziatania niepozadane za posrednictwem Departamentu Monitorowania
Niepozadanych Dziatan Produktéw Leczniczych Urzedu Rejestracji Produktéw Leczniczych,
Wyrobéw Medycznych i Produktéw Biobdjczych.
Al. Jerozolimskie 181C, 02-222 Warszawa, Tel.: + 48 22 49 21 301, Faks: + 48 22 49 21 309,
Strona internetowa: https://smz.ezdrowie.gov.pl
Podmiot odpowiedzialny posiadajacy pozwolenia na dopuszczenie do obrotu
GE Healthcare B.V. De Rondom 8, 5612 AP, Eindhoven, Holandia
Numery pozwolen na dopuszczenie do obrotu EU/1/00/135/001 (2,5 ml)
EU/1/00/135/002 (5 ml)
Nazwa organu, ktéry wydat pozwolenia na dopuszczenie do obrotu
Komisja Europejska
Kategoria dostepnosci Produkt leczniczy wydawany z przepisu lekarza do zastrzezonego
stosowania - Rpz.
Data zatwierdzenia lub czesciowej zmiany tekstu Charakterystyki Produktu Leczniczego
28 stycznia 2021 r.
Data sporzadzenia materiatu reklamowego 14.04.2023
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Abstract

Introduction. Progressive supranuclear palsy (PSP) and corticobasal syndrome (CBS) are clinical manifestations of tauopathies.
They are commonly associated with rapid motor and cognitive deterioration. Sleep disturbances are less frequently described
as a feature of these diseases, though they are reported among 50-75% of PSP patients.

State of the art. Apart from various clinical manifestations, sleep abnormalities in PSP and CBS seem to be a factor enhancing
pathogenesis as well its consequences. Multiple researchers have looked into the issue of whether the complexity of sleep
disturbances in PSP and CBS could be linked to atrophic changes within structures crucial for daytime regulation, coexisting
pathologies, or other less explored mechanisms.

Clinical significance. Among sleep abnormalities in PSP and CBS have been reported excessive daytime sleepiness, night-time
insomnia, reduction of total sleep time, more pronounced sleep fragmentation, restless leg syndrome (RLS), agrypnia excitata,
periodic limb movements, sleep respiratory disturbances, rapid-eye movement behaviour disorder, and others.

Future directions. The aim of this review was to elaborate upon the significance of sleep abnormalities in tauopathic parkin-
sonian syndromes, and to determine their usefulness in differential diagnosis with synucleinopathic parkinsonian syndromes.

Extended analyses of sleep disturbances may provide a different perspective on atypical parkinsonisms.

Key words: progressive supranuclear palsy, corticobasal syndrome, CBS, PSP, sleep disturbances

(Neurol Neurochir Pol 2023; 57 (3): 229-234)

Introduction

Progressive supranuclear palsy syndrome (PSP) and
corticobasal syndrome (CBS) are clinical manifestations of
tauopathies. They are classified as atypical parkinsonisms.
While PSP is most commonly associated with PSP pathology,
CBS is observed among patients with various pathologies,
among which could be mentioned what used to be known
as corticobasal degeneration (CBD), PSP, frontotemporal
degeneration (FTD), Alzheimer’s disease (AD) and others.

The pathogenesis of these diseases is not fully understood [1].
There has been growing interest in the non-motor symptoms
of tauopathic parkinsonian syndromes [2], and more attention
has recently been paid in the context of sleep disturbances in
this group, a feature often omitted in clinical examination.

Clinical significance

The frequency of sleep disorders among patients diagnosed
with parkinsonisms varies widely. An observational study
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released in 2010 evaluated 1,307 patients with parkinsonisms,
among whom 34 patients had multiple system atrophy (MSA),
30 had PSP, 14 had dementia with Lewy bodies (DLB), and
11 had CBD. Sleep disturbances were observed in more than
75% of patients with PSP and DLB, in ¢.65% of those with MSA
and PD, and only in 36.4% of CBS patients [3].

This discrepancy between PSP and CBD may suggest that
the sleep disturbance in parkinsonian syndromes may not be
directly associated with underlying pathology, as both entities
are tauopathies.

Though sleep disorders are interpreted as a common
feature of PSP, they are not indicated in the criteria of diag-
nosis [4]. The incidence of sleep abnormalities in CBS is less
specified. The aim of this review was to present an overview
of findings concerning sleep abnormalities in PSP and CBS.

Material and methods

Our search for articles related to sleep abnormalities in PSP
and CBS was based on the use of the PubMed database. We
used the phrases “Corticobasal Syndrome Sleep’, “Corticobasal
Syndrome Sleep Abnormalities”, “Progressive Supranuclear Palsy
Sleep’, and “Progressive Supranuclear Palsy Sleep Abnormalities”
Due to the rarity of the syndromes, we also acknowledged case
reports and research studies based on groups of fewer than 10 pa-
tients examined. Additionally, due to the evolution of terminology,
certain older works referring to “Corticobasal Syndrome” used to
describe it as “Corticobasal Degeneration”. The goal of our search

was to obtain a perspective dedicated to these clinical entities.

Sleep disturbances
Sleep disturbances in development
of neurodegeneration

Sleep disturbances have been evaluated as a factor in
neurodegeneration. They may be a condition preceding the
initiation of other symptoms of neurodegenerative disease.
The exact relation between these processes is not verified.
Growing interest is associated with dysfunction of the glym-
phatic system, which on the one hand is linked with slow-
wave sleep, while on the other hand its abnormalities have
been found to contribute to neurodegeneration [5]. The role
of the glymphatic system has been evaluated in PD, where
the extracellular accumulation of alpha-synuclein is a feature
impacting upon the neuroinflammatory and glymphatic re-
sponse [6]. Deficits of the glymphatic system, a deterioration
in eliminating waste proteins, and the correlation between this
and an increase of tau accumulation have also been studied in
AD [7]. Abnormalities of the system have been interpreted as
possibly modifiable points in the pathogenesis of dementia [7].
Sleep abnormalities have been indicated as parallel features
correlated with this process, as the accumulation of tau may
disrupt the wake-sleep cycle. To the best of our knowledge,
no study presenting this issue in PSP and CBS has previously
been published.

Sleep disturbances in progressive supranuclear palsy

The first report presenting PSP indicated that fatigue was
a feature of the disease [8]. With the evolution of knowledge
concerning this disease, sleep abnormalities and night-time
behavioural deviations became associated with approximately
half of PSP patients [9]. Interestingly, the abnormalities have
been interpreted as moderate to severe among almost one out
of four [9]. Among sleep disturbances associated with PSP
can be mentioned excessive daytime sleepiness, night-time
insomnia, reduction of total sleep time, more pronounced
sleep fragmentation, rapid-eye movement behaviour disorder,
restless leg syndrome (RLS), and sleep respiratory disturbances
[10-13]. Insomnia and deviated sleep architecture are the most
common sleep abnormalities in PSP [14]. Sleep disturbances
are rarely observed at the time of diagnosis. However, they are
reported by 50% of patients who have experienced three years
or more of disease duration [15].

Sleep disturbance has been interpreted as a factor inducing
up to a quadrupling in mortality in PSP [16]. Additionally,
the pathogenesis of sleep abnormalities seems multifacto-
rial, being on the one hand linked with neurodegenerative
changes within the brainstem, and on the other hand being
associated with cognitive, pseudobulbar and extrapyramidal
disturbances [17]. The sleep disturbances in PSP may be also
related to degeneration of the thalamus, as this has been in-
terpreted as a milestone in the gating of sensory information,
which induces different patterns of activity during sleep and
wakefulness [18]. Abnormalities related to the thalamus have
been reported in various works, although the issue of sleep
disturbances associated with these deviations was not explored
[19-21]. Hypothalamus, another structure impacted upon by
PSP degeneration, is associated with decreased pre- or post-
synaptic orexin neurotransmission [22]. In a work evaluating
orexin levels in the cerebrospinal fluid in PD, DLB, PSP and
CBD, it was revealed that its levels were significantly lower in
tauopathic parkinsonian syndromes [23].

The disturbance of orexin regulation may cause abnormal-
ities in the sleep-wake cycle [24]. Interestingly, disturbances
of this cycle may be both a manifestation and a cause of neu-
rodegenerative disorders [25]. PSP and CBS have also been
examined in the context of wake-promoting neurons. It was
found that the structure, though highly impacted upon by AD,
is spared in both PSP and CBS [26].

Sleep abnormalities in PSP refer to different entities. The
quality of sleep in PSP is interpreted as being more deterio-
rated partly due to its fragmentation, which can be observed
in polysomnographic examination (PSG) [27]. Patients with
PSP are considered as experiencing a longer duration of falling
asleep [28]. The neurodegeneration and subsequent atrophic
changes within the brainstem result in deviations affecting
sleep regulating structure [16]. Due to the degeneration of
the brainstem, insomnia in patients with PSP is more severe
than the insomnia observed in Parkinson’s Disease (PD) and
AD. [29]. This deterioration within the brainstem has been
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found to be correlated also with excessive daytime sleepiness
and obstructive sleep apnoea [30]. The atrophies within
the pedunculopontine tegmentum significantly decrease the
percentage of REM sleep in PSP [31, 32]. Additionally,
the durations of N2 and N3 sleep have been shown to be
significantly decreased [28]. Vertical saccadic restriction was
also found to decrease both sleep time and its efficiency [33].
In a work presenting two phenotypes of PSP-PSP Richardson
Syndrome (PSP-RS) and PSP-speech and language subtype
(PSP-SL) it was pointed out that sleep deviations are more
frequent in probable PSP-RS than in PSP-SL. The work was
based on a screening questionnaire evaluation of 90 patients
with PSP-SL and 71 with PSP-RS.

Interestingly, the threshold of at least one sleep disturbance
has been observed in almost twice the number of patients
with PSP-RS compared to PSP-SL. Features such as using one’s
voice during sleep or acting out dreams, commonly associated
with being an aspect of synucleinopathies, have been found to
be often present in probable PSP-RS [34]. Excessive daytime
sleepiness was not considered a differentiating feature of the
examined entities. Fatigue in PSP patients has not been fully
explored [35]. Its increased level correlates not only with se-
verely disturbed sleep hygiene, but also a more pronounced
tendency towards depression [36]. The EEG patterns of sleep
in PSP have been considered to resemble those reported in
presenile dementia [37].

Rapid Eye Movement Behaviour Disorder (RBD), a fea-
ture commonly associated with synucleinopathies, is one of
the sleep abnormalities found in tauopathic parkinsonian
syndromes [38-43]. Extended research has revealed that ab-
normalities such as RBD, which have been primarily described
in synucleinopathies, have also been found to be present in
PSP and CBS. In PSP, RBD is linked with recurrent dream
enactment behaviour [11]. RBD is associated with 14-33%
of patients with PSP compared to ¢.60% in PD [10, 11, 44].
A different study investigating the incidence of RBD showed
significantly lower rates of RBD among patients afflicted by
PSP — 36.7% and especially CBS — 5.5%, when compared
to those afflicted by PD, DLB and MSA (58-81.9%) [45]. The
authors, Smilowska et al., revealed that although RBD is not
a common feature of PSP, it should be interpreted as a possible
aspect of the disease, unlike CBS [40]. A different work pre-
senting similar rates (11-14%) of RBD among PSP and CBD
patients was affected by smaller groups — 35 with PSP and
only seven with CBD [46].

The frequency of REM without atonia (RWA) in PSP has
been evaluated in various works. In the study by Arnulf et al.,
evaluating 15 patients with PD, 15 with PSP and 15 controls,
the incidence of RWA in both diseases was similar, ranging
from 28% to 36% [47]. This study was based on sleep in-
terviews, overnight polysomnography (PSG), and Multiple
Sleep Latency Tests. In the work by Nomura et al. examining
20 patients with PSP and 93 with PD, RWA was more common
in PD [48]. The authors verified interviews with patients and

their caregivers, and subsequently assessed the clinical back-
grounds and PSG parameters. None of the abovementioned
works acknowledged any differentiation between phenotypes
of PSP. The study highlighting the higher prevalence of RWA
among PD patients was based on older PD and PSP patients
than the work by Arnulf et al. (75 + 7 years in PSP and 73.4 +
+ 7.9 in PD compared to 68 + 8 in PSP and 67 + 7 in PD)
[47]. The percentage of males in the study indicating lower
RWA incidence in PSP was three times higher than females.
The disease duration of the PD group with similar to PSP.
RWA incidence was more diverse. Comparing these works
may suggest an additional impact of sex, age at onset, and
disease duration on the prevalence of RBD in both diseases.
Restless leg syndrome, RLS, though commonly linked with
PD, is also frequently present in PSP, and has been correlated
with deviated sleep efficiency and duration [30]. PSP rating
scale (PSPRS), a common test evaluating PSP, is interpreted as
feasible in the evaluation of sleep disturbances. In the section
covering daily activities can be found a query regarding sleep
difficulties. This part of the test is dedicated to insomnia in
PSP and may be insufficient in other sleep abnormalities [49].

Sleep disturbances in corticobasal syndrome

The interpretation of sleep abnormalities in CBS is more
difficult than in PSP, due to the more diverse underlying
pathologies and the lower incidence of the disease. Recent
advances have revealed that CBS should be interpreted as
a group of diseases among which could be mentioned most
commonly tauopathies, however the group also includes
vascular changes, TDP-43 pathology and others [50-52].
The presence of TDP-43 pathology has been reported in up
to 17%, while the incidence of vascular CBS is not yet fully
evaluated [53]. Among sleep disturbances in CBS one can
mention insomnia, RLS, agrypnia excitata, sleep respiratory
disorders, inversion of sleep and vigilance pattern, periodic
limb movements, and less commonly RBD [45, 46, 54-61].
Periodic limb movements in CBS may be unilateral. Their
presence is linked with disrupted inhibitory pathways initiated
in the cortex or basal ganglia [62].

A work highlighting Lewy body disease with clinical
manifestation of CBS showed a lower incidence of RBD and
a younger age at disease onset among these patients when
compared to LBD [63]. The incidences of RBD in CBS are
commonly based on a small number of patients or case re-
ports [45, 46, 54, 55, 57]. Patients with CBS and RBD may
experience symptoms of overlapping synucleinopathic and
tauopathic parkinsonian syndromes. One of the patients with
clinical manifestation of apraxia, rigidity, bradykinesia and
right arm myoclonus, suffered due to hallucinations and RBD.
Neuropathological evaluation revealed astrocytic plaques, and
thorny astrocytes were disseminated within cortical, subcorti-
cal and limbic structures [51, 53]. Lewy bodies were found in
the substantia nigra, locus ceruleus and nucleus of the solitary
tract. The appearance of subclinical RBD in CBS is associated

www.journals.viamedica.pl/neurologia_neurochirurgia_polska 231



Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 3

Table 1. General overview on sleep disturbances in PSP and CBS

Progressive supranuclear palsy

syndrome
Frequency* 75%
Sleep disturbances — clinical features Most common:

— excessive sleepiness
— insomnia
— sleep fragmentation
— night-time insomnia
— reduction of total sleep time

Less common:

Corticobasal syndrome

36.4%
*insufficient data to determine frequency of disorders
— insomnia
— restless leg syndrome
— agrypnia excitata
— sleep respiratory disorders
— inversion of sleep vigilance pattern

— periodic limb movements

— rapid-eye movement behaviour disorder

— restless leg syndrome

— sleep respiratory disturbances

Sleep disturbances — related features

(CBS — corticobasal syndrome; PSP — progressive supranuclear palsy syndrome

with simultaneous atrophic changes in the cortex, thalamus
and brainstem [59]. Brainstem nuclei and pontomedullary
pathways being affected is considered to be a possible cause
of RBD in CBS [64].

Conclusions

Our review of sleep disturbances shows them to be
an insufficiently explored aspect of PSP and CBS (Tab. 1).
Undoubtedly, PSP and CBS show a significantly lower rate
of RBD incidence than synucleinopathic parkinsonian syn-
dromes. However, the presence of RBD should not be a factor
leading to the exclusion of tauopathic parkinsonian syndromes
in a differential diagnosis. On the other hand, the presence
of factors such as insomnia, excessive daytime sleepiness
and sleep fragmentation combined with parkinsonian syn-
drome may not necessarily be observed in PD or other
synuclienopathies, however they can be also associated with
possible tauopathic atypical parkinsonisms. There are several
limitations which make interpretation of the studies more
difficult. Chief among these is the lack of neuropathological
verification in the majority of the presented works; also, the
diverse pathology of CBS, the small groups rarely exceeding
20 patients in the research studies in the context of CBS, and
the lack of indication regarding subtypes of PSP. Any of these
could additionally impact upon the obtained results.

In the context of PSP and CBS, the features regarding the
course of sleep disturbances are multifactorial. The evolution of
the abnormalities is likely to be correlated with the stage
of atrophic changes, and the dissemination of pathological
proteins and other coexistent mechanisms. The presence of
RBD may be additionally impacted upon by the coexistence
of Lewy bodies in neuropathological examination.

Analysis of the combination of sleep deviations may be
interpreted as an interesting feature of disease progress and
may provide additional hints on the possible underlying

Decreased level of orexin

Decreased level of orexin

pathology. Our review shows that patients with diagnoses of
probable or possible PSP and CBS, or their caregivers, should
undergo a detailed interview concerning sleep disturbances.
The course of these abnormalities may be both a manifestation
and a cause of the progress of the disease. Further research in
this field is required.
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ABSTRACT

Multiple sclerosis (MS) is a chronic autoimmune demyelinating disease of the central nervous system (CNS) that mostly ma-
nifests as irreversible disability. The aetiopathogenesis of MS is still unclear, although it was initially thought to be primarily

mediated by T-cells.

Research into the immune concepts of MS pathophysiology in recent years has led to a shift in the understanding of its origin
i.e. from a T-cell-mediated to a B-cell-mediated molecular background. Thus, the use of B-cell-selective therapies, such as anti-
-CD20 antibody therapy, as expanded therapeutic options for MS is now strongly supported.

This review provides an up-to-date discussion on the use of anti-CD20 targeted therapy in MS treatment. We present a rationale
for its use and summarise the results of the main clinical trials showing the efficacy and safety of rituximab, ocrelizumab, ofa-
tumumab, and ublituximab. Future directions that show selectivity to a broader population of lymphocytes, such as the use of
anti-CD19 targeted antibodies, as well as the concept of extended interval dosing (EID) of anti-CD20 drugs, are also discussed

in this review.

Key words: multiple sclerosis, targeting CD20, ofatumumab, ocrelizumab, ublituximab, rituximab, extended interval dosing
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Introduction

Multiple sclerosis (MS) is one of the most common auto-
immune inflammatory diseases of the central nervous system
(CNS) and is characterised by the accumulation of irreversible
disability. The most common form of the disease, relapsing-re-
mitting multiple sclerosis (RRMS), is characterised by the
appearance of new or worsening neurological symptoms (re-
lapses), which last for at least 24 hours. In the early stages of the
disease, complete resolution of neurological defects is observed;
however, after some time, the symptoms can become permanent.

Gradually, MS symptoms become more severe, and patients
suffer from serious neurological deficits, including physical,
psychological, and cognitive deficits. Nevertheless, there is no
specific course of the disease, as it can vary from patient to
patient. Other forms of MS, including primary progressive MS

(PPMS), secondary progressive (steady worsening after RRMS;
SPMS), and progressive-relapsing MS (PRMS), are character-
ised by a particularly intensive accumulation of disability [1].
Therefore, effective early treatment is crucial to prevent disa-
bility progression and reduce relapse risk.

The aetiopathogenesis of MS is still not fully clear.
Nevertheless, excessive activation of the immune system is
known to be responsible for the destruction of myelin and,
consequently, axonal (neuronal) failure. For many years, the es-
sential component of the immune system attacking myelin was
considered to be CD4+ lymphocytes. As a result, many drugs
used in the treatment of MS, such as interferons, teriflunomide,
or natalizumab, decrease the activity of CD4+ cells and reduce
the risk of relapses and disease progression [2, 3]. However,
aprofound decrease in the immune response can increase the
risk of serious infections or even anticancer responses.
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In recent years, a growing body of evidence has emerged
showing that the picture of the abnormal immune response in
MS is far more complicated. An important role in the process
of neuronal and myelin damage is played by B lymphocytes, or
B cells [4, 5]. The involvement of these cells in MS pathology
is supported by the existence of oligoclonal bands in the cer-
ebrospinal fluid, as well as by the detection of myelin-targeted
antibodies, which are responsible for myelin damage and
neuronal loss. Currently, in the treatment of MS, we have some
CD20-targeted antibodies at our disposal, including rituximab,
ocrelizumab, and ofatumumab. Some others are still under
investigation e.g. ublituximab and inebilizumab (MEDI-551,
an antibody that binds to CD19, which is a surface antigen
expressed on a broader range of B cells than CD20).

In this review, our aims were to describe the role of
B lymphocytes in MS pathology, to present the latest data
regarding the efficacy and safety of the currently available
CD20-targeted drugs, and to indicate the future perspective
of the use of such drugs.

Our modus operandi involved searching the PubMed
database from 1970 to the present. Clinical trial registries
were also searched for appropriate data. Key words searched
for were “CD20”, “rituximab”, “ocrelizumab’, “ofatumumab’,
“ublituximab”, “multiple sclerosis”, “RMS”, “RRMS”, “SPMS”,
and “randomised clinical trial”. Records were limited to
those in the English language. The search was last updated
on 5 January 2023.

B lymphocytes in MS

Research into the pathology associated with MS has
been ongoing for many years. Initially, attention was focused
on the role of T lymphocytes, including CD4+ and CD8+
lymphocytes, with consideration given to subtypes releasing
IL-17 or granulocyte-macrophage colony-stimulating factor
(GM-CSF) [6, 7]. These cells were believed to play a crucial
role in demyelination and neuronal damage. In recent years,
attention has been drawn to a shift in thinking regarding the
pathogenesis of MS.

It now appears that CNS damage results from multiple
types of immune cells, with a more significant than expected
role played by B lymphocytes [8, 9]. In patients with MS,
B lymphocytes have been shown to be an important compo-
nent of inflammatory infiltrates, especially in active demyeli-
nating lesions with predominantly perivascular localisation
[10, 11]. The concept of B-cell-mediated pathogenesis of MS
was prompted by the finding of impaired antibody production
in the CNS (presence of anti-myelin antibodies), the presence
of oligoclonal bands in the cerebrospinal fluid (CSF), the de-
tection of antibodies in inflammatory lesions, and, above all,
the clinical confirmation of the high clinical effectiveness of
antibodies directed against CD20, the most reliable marker
of B lymphocytes [12].

In MS, increased numbers of B cells and plasmablasts (PB)
have been observed in the CSE Most B lymphocytes present
the phenotype of memory cells and short-lived PB [13].
It is worth noting that CSF PB numbers in MS patients are
correlated with intrathecal IgG synthesis and inflammatory
parenchymal disease activity as revealed by MRI, in other
words, CNS inflammation.

It should be noted however, that antibodies directed
against CD20 do not cover the entire population of B lym-
phocytes suspected to be involved in the pathogenesis of MS.
Plasma cells, as well as plasmablasts, which are responsible for
the production of antibodies and whose presence and num-
ber in inflammatory infiltrates correlate with the severity of
inflammatory processes in the CNS, do not present CD20 an-
tigens, i.e. they are not targeted by anti-CD20 antibodies [14].

B lymphocytes can contribute to MS in multiple ways.
Subsets of B lymphocytes may produce cytokines with pro-
(which secrete TNFa, GM-CSE IL-6,IL-12, and IL-15) and an-
ti-inflammatory (which secrete IL-10 and IL-35) properties [5].
Furthermore, they are antigen-presenting cells pivotal for
T-cell activation. B cells can also express CD80 and CD86 an-
tigens on their surface, which play a crucial role in the T-cell
activation observed in MS [15].

The available data indicates that the initial step of the auto-
immune reaction may be the attraction of Th cells into the CNS
followed by secondary infiltration of the affected region by
B lymphocytes. Finally, B lymphocytes undergo differentiation
into plasma cells that are able to produce autoantibodies, thus
directly contributing to the demyelination of neurons, which
is strongly facilitated in conditions of increased inflamma-
tion. Antibodies produced by B lymphocytes in the CNS are
directed against various structural, but also other functional,
elements of neurons. Previous studies have identified antibod-
ies directed against myelin basic protein (MBP), proteolipid
protein (PLP), myelin oligodendrocyte glycoprotein (MOG),
inwards rectifying potassium channel (Kir) 4.1, a calcium-
-activated chloride-channel protein called ‘anoctamin 2’
(ANO2), and many other antigens [16-19]. The role of B cells
is also postulated to be linked with the trafficking of Th cells to
demyelinating lesions. This action of B cells could form a ‘vi-
cious circle’ of inflammation and lead to intense accumulation
of different inflammatory mediators in the CNS.

Conversely, in MS, the pathophysiological role of individ-
ual antibody production needs to be clarified. Specifically, no
clear correlation has been demonstrated between antibody
titres and disease severity [20]. It is worth noting that among
the isolated antibodies, none are strictly specific for MS.
However, their occurrence correlates with disease activity e.g.
the number of demyelinating foci lesions, indicating that in in-
dividual patients, a certain unique specificity may be expected.
In addition, there is a lack of research into the nature of stimuli
that trigger B-cell influx into the CNS and the mechanism of
B-cell accumulation in specific CNS regions [21].
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However, these doubts do not change the fact that in-
hibition of CD20+ cell activity will effectively slow disease
progression, regardless of the antigenic spectrum of anti-
bodies produced. Accordingly, the role of B lymphocytes as
antigen-presenting cells and cells that induce overactivity of
T cells is becoming increasingly important. Recent studies have
shown that the involvement of B lymphocytes in CNS damage
in the course of MS is not only limited to the production of
antibodies directed against structural elements of myelin,
glial cells, or neurons, but also involves the activation of
T lymphocytes. This phenomenon is related to the activity
of B lymphocytes as antigen-presenting cells, and their
action includes the effective presentation of soluble and mem-
brane-bound antigens [22].

The predominant mechanism by which CD20-blocking an-
tibodies exert their therapeutic effect is still unclear. Protection
against relapses is achieved within 1-2 months of admin-
istration depending on the agent used, which is faster than
the effect on antibody production or plasma cell counts [23].
It is speculated that the reduced function of B lymphocytes
as antigen-presenting cells, as well as a reduced influx of
B lymphocytes across the blood-brain barrier, may lead to
a local decrease in antibody production in the CNS [8]. In
addition, B lymphocytes in MS have a disturbed cytokine
production profile, with excessive production of proinflamma-
tory cytokines such as IL-6, TNFa, or lymphotoxin alpha, and
a concomitant deficiency in inhibitory cytokines, including
TGEp. The disturbed profile of cytokine production results
in an excessive activation of Thl or Th17 cells, leading to
processes associated with myelin and neuronal damage [5].
An important element affecting the effectiveness of drugs
targeting CD20 is the profile of B lymphocytes reconstituted
after treatment. Reconstituted B lymphocytes produce fewer
proinflammatory cytokines, such as TNFa, IL-6, or GM-CSEF,
and more IL-10. The change in the profile of B lymphocytes
also appears to reduce the proinflammatory response of
T lymphocytes [15, 24]. This phenomenon seems very impor-
tant in terms of the long-term suppression of the pathological
inflammatory response in MS.

CD20-targeted drugs in MS

Due to evidence of B lymphocyte involvement in MS-
-related pathology, a decision was made to use anti-CD20 mon-
oclonal antibody medication for MS treatment. Currently
used anti-CD20 agents include ocrelizumab, ofatumumab,
and rituximab (off-label). The last of the CD20 ligands cur-
rently being assessed by the FDA and the EMA is ublituximab.
CD20is a surface antigen present on B lymphocytes at different
stages of maturation, from pre-B cells to naive and memory
B cells, and is involved in the generation of T-cell-independent
antibody responses [25]. The binding of anti-CD20 antibodies
to the antigen leads to the activation of mechanisms that re-
sult in a profound decrease in the number of B lymphocytes.

Usually, these mechanisms are antibody-dependent cellular
cytotoxicity (ADCC) or complement-dependent cytotoxicity
(CDC). Available drugs targeting CD20 do not act identically
in this regard. Ocrelizumab and ublituximab are drugs with
a dominant ADCC effect involving NK cells (natural killer
cells), whereas rituximab and ofatumumab have a dominant
CDC effect with activation of the C1q component of the
classical complement pathway [26, 27]. A decrease in CD20+
cell levels below 10% is considered to be therapeutic and
correlates with clinical efficacy. However, in clinical practice
and clinical trials, the reduction in B lymphocytes (measured
as CD19+ cells) is usually more profound, reaching as low as
less than 1% [28]. Current clinically used antibodies directed
against CD20 have different structures and some differences
in binding sites. However, their efficacy in reducing CD20+
cell levels appears to be similar.

Rituximab

Rituximab (RTX) is a chimeric (mouse-human) anti-
-CD20 antibody used in the off-label treatment of MS. As
mentioned above, the drug’s mechanism of action is mainly
based on the activation of CDC. In addition to its use in MS,
RTX is widely used in haematological disorders and autoim-
mune diseases such as B-cell lymphomas (e.g. non-Hodgkin’s
lymphoma, chronic lymphatic leukaemia, rheumatoid arthri-
tis, and granulomatosis with polyangiitis) (SmPC Mabthera).

One of the first clinical trials to evaluate the efficacy and
safety of RTX in MS was an open-label, 72-week clinical trial in
which 1.0 g of RTX was administered on days 1 and 15 of treat-
ment and then at 6-monthly intervals in adult patients with
RRMS [29]. The use of RTX was shown to be associated
with a reduction in the annualised relapse rate (ARR) from
1.27 at baseline to 0.18 at week 72 of treatment, with the pro-
portion of patients without relapses exceeding 80% (80.8%).
However, the high rate of infusion-related allergic reactions
was noteworthy (65.4%).

Subsequent studies confirmed the initial observations. The
double-blind, placebo-controlled HERMES study, which used
RTX in 69 RRMS patients ata dose of 1.0 g on days 1 and 15 of
treatment, showed that, starting at week 12 of follow-up, there
was a significant reduction in both the number of Gadolinium-
enhancing (Gd+) lesions (by more than 90%) and the risk of
relapse [20.3% (RTX) vs. 40% (PBO)] at week 48 of follow-up
[RR 1.9 (1.1-3.2), p = 0.04]. Infusion-related adverse events
were common following the first infusion (in more than 90% of
patients) and most likely reflected cytokine release syndrome.
However, during the next dose, their frequency did not differ
from the placebo [30]. In contrast, the OLYMPUS study, which
was also a double-blind, placebo-controlled trial using RTX in
439 adult patients with PPMS, with a modified regimen (two
infusions of RTX at a dose of 1.0 g every two weeks or placebo
every 24 weeks until week 96) showed no significant difference
in terms of confirmed disability progression (CDP12 — time
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to confirmed disease progression sustained for 12 weeks; haz-
ard ratio (HR) 0.77, 95% confidence interval (CI): 0.55-1.07,
p = 0.1442). However, subgroup analysis indicated a signif-
icant effect in a population of younger patients (50 years or
younger) with active disease [with active Gd+ lesions present;
HR 0.33 (95% CI: 0.14-0.79, p = 0.0088)] [31].

Although the results of the study were disappointing to
some extent, they did indicate a direction for further research
on a subpopulation of younger patients with active disease (with
active Gd+ lesions). As in previous studies, infusion-related
side effects occurred primarily after the first dose of the drug.
The tolerability of RTX treatment appears to be good. A retro-
spective analysis of MS patients adhering to treatment, based
on data from a Swedish multiple sclerosis registry, showed
much the lowest dropout rate to be from RTX therapy (3%)
compared to other agents such as IFNsp (53%), fingolimod
(38%), dimethyl fumarate (32%), and natalizumab (29%) [32].

The long-term efficacy and safety of RTX use in patients
with relapsing multiple sclerosis with active disease were
evaluated in a double-blind, placebo-controlled, randomised,
single-centre study. Participants were followed up for three
years. The primary endpoint was the number of participants
with no evidence of disease activity (NEDA). At the end of the
study, 44% of RTX-treated patients showed NEDA, compared
to 19.23% of the placebo-treated group (p = 0.049). More than
two new lesions, relapses and/or sustained accumulation of
disability, defined as treatment failure, was smaller in RTX-
-treated patients than in placebo-treated patients (37.04% vs.
69.23%, p = 0.019). Furthermore, the time to treatment failure
was longer in RTX-treated patients than in placebo-treated
patients (23.32 months vs. 11.29 months, p = 0.027). More infu-
sion-related reactions were observed in the RTX-administered
group than in the control group. No differences in serious
adverse events between the groups were observed [33].

Ocrelizumab

Ocrelizumab (OCR) is the first anti-CD20 drug reg-
istered for the treatment of MS. The drug has received
a positive recommendation from both the US Food and Drug
Administration (FDA) and the European Medicines Agency
(EMA) for the treatment of patients with RRMS as well as
PPMS. Due to structural differences compared to RTX (i.e.
slightly different target site, humanised antibody), OCR is
a drug that exerts its effects primarily through an ADCC
mechanism.

The two largest phase III trials using OCR in adult patients
with RRMS were the two identical, double-blind OPERA I
and OPERA 1I trials, in which more than 800 patients (in
each trial) were randomised to receive OCR (300 mg on
days 1 and 15 of therapy followed by 600 mg every 24 weeks)
or the active comparator, [FNp 1a, s.c. at a dose of 44 ug (three
times weekly). After 96 weeks of treatment, there was a statisti-
cally significant difference in favour of OCR in terms of ARR

(0.29 for IFNIP vs. 0.16 OCR, p < 0.001 for both studies).
At the same time, almost complete protection was observed
in terms of Gd+ lesions [OPERA I — 0.02 vs. 0.29 (= 94%),
p <0.001; OPERA IT — 0.02 vs. 0.42; p < 0.001 — 95% reduc-
tion] and in terms of the number of new Gd+ lesions [OPERA
[ —0.32 vs. 141 (= 77%), p < 0.001; OPERA II — 0.33 vs.
1.90 (= 83%), p < 0.001]. Additionally, the use of OCR was
shown to be associated with a ¢.30-40% reduction in the risk
of 24-week CDP [OPERA I — 5.9% vs. 9.5% (= 38%), p = 0.03;
OPERA II — 7.9% vs. 11.5% (= 31%), p = 0.003].

These results clearly demonstrated the usefulness of OCR
and its significant advantage over the active comparator (IFNp
la). An interesting observation was the weaker functional
effect (progression of disability) compared to almost com-
plete protection in the context of new demyelinating lesions.
However, this phenomenon was not explained [34].

The long-term efficacy and safety of OCR in relapsing
MS were assessed over the course of 6.5 years (336 weeks)
in the double-blind period (DBP) and open-label extension
(OLE) period of the OPERA I and OPERA II studies, wherein
the influence of OCR administration (compared to IEN) on
time to EDSS 2 6.0, confirmed for > 24 and > 48 weeks, was
assessed [35]. The risk of requiring a walking aid confirmed
for > 24 weeks was 34% lower in patients who initiated OCR
treatment over 6.5 years earlier [HR (DBP + OLE) 0.66, 95%
CI: 0.45-0.95, p = 0.024]. Furthermore, over 6.5 years, the
risk of requiring a walking aid at > 48 weeks was 46% lower
in patients who initiated OCR treatment earlier compared
to those who started it later [HR (DBP + OLE) 0.54, 95% CI:
0.35-0.83, p = 0.004].

A continuation of the set of studies with OCR was a dou-
ble-blind, placebo-controlled phase III study in 732 adult
patients with PPMS (the ORATORIO trial). OCR was admin-
istered intravenously at a dose of 300 mg on days 1 and 15 and
then repeated every 24 weeks. OCR was shown to result in
a moderate but statistically significant reduction in the risk
of disability progression (12-week CDP — 24% reduction,
OCR — 32.9% vs. PBO — 39.3%, and 24-week CDP — 25%
reduction, OCR — 29.6% vs. PBO — 35.7%). Similarly to
RTX, the effect of OCR was most pronounced in the younger
subpopulation (under 45 years) [36].

The safety profile of OCR is quite similar to that of RTX,
and as in the case of RTX, the most common adverse reactions
observed in clinical trials were drug-related reactions associ-
ated with cytokine release, especially after the first dose of
OCR. Pruritus and redness of the skin and hot flushes were the
most common. However, the incidence of these changes was
significantly lower than with RTX, probably due to premedi-
cation, including antipyretics and antihistamines. It is worth
mentioning that OCR has been discontinued in patients with
rheumatoid arthritis due to an increased risk of opportunistic
infections. The older age of patients and the concomitant use
of other immunosuppressive drugs were the most likely causes
of these infections [23, 28].
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Ofatumumab

Another drug registered by the FDA (2020) and the EMA
(2021) targeting CD20 is ofatumumab. This is a fully human
IgG1 antibody suspected to have reduced immunogenicity
compared to chimeric rituximab and ocrelizumab. It is postu-
lated that the mechanism of action on B lymphocytes is mainly
based on CDC. An additional advantage of ofatumumab is
that it can be administered subcutaneously. In addition to
MS, the drug is also registered for the treatment of chronic
lymphocytic leukaemia.

The primary evidence for the efficacy of ofatumumab
comes from two methodologically identical, double-blind,
randomised trials (ASCLEPIOS I and IT) comparing the effi-
cacy and safety of ofatumumab (20 mg every four weeks after
20 mg loading doses on days 1, 7, and 14) vs. teriflunomide
(14 mg daily) [37].

Both studies showed that, compared to teriflunomide,
the use of ofatumumab was associated with a reduced risk of
relapse (ARRs were 0.11 and 0.22, respectively, in ASCLEPIOS
I [RR 0.49 (95% CI — 0.37 to 0.65), p < 0.001] and 0.10 and
0.25in ASCLEPIOS II [RR 0.42 (0.31 t0 0.56), p < 0.001)]. In
addition, there was a significantly better inhibitory effect of
ofatumumab on the progression of disability confirmed at six
months [8.1% and 12.0%, respectively (HR 0.68 (95% CI —
0.50 t0 0.92), p = 0.01]. A very strong effect of ofatumumab
was also observed in terms of inflammatory parameters on
MRI, in terms of the number of Gd+ lesions on T1-weighted
MRI [ASCLEPIOS I — Rate ratio 0.03, (95% CI) (0.01 to 0.05)
p <0.001; ASCLEPIOS IT — Rate ratio 0.06 (95% CI) (0.04 to
0.10), p <0.001], as well as in terms of new or enlarging lesions
on T2-weighted MRI [ASCLEPIOS I — Rate ratio 0.18 (95%
CI) (0.15 to 0.22), p < 0.001; ASCLEPIOS II — Rate ratio
0.15 (95% CI) (0.13 t0 0.19), p < 0.001]. The safety profile of
ofatumumab was very favourable, with the most common
changes associated with the first administration of the drug
(e.g. headache, flushing) (14.4% and 7.5% ofatumumab
vs. placebo injections, respectively). In both studies, other
adverse effects, particularly those leading to treatment dis-
continuation, occurred in 5% of both the ofatumumab and
teriflunomide groups.

Additional data pertaining to the long-term safety of
ofatumumab comes from the ALTHIOS study, which was
a phase IIIb, open-label, long-term safety study. Patients
completing the ASCLEPIOS 1/1I, APLIOS, or APOLITOS
trials could enter ALITHIOS [38]. The safety and tol-
erability of ofatumumab were assessed in RMS patients
after extended treatment for up to 3.5 years. A total of
1,650 patients (83.8%) reported > 1 adverse event, and
191 (9.7%) had > 1 serious adverse event. No opportunistic
infections or progressive multifocal leukoencephalopathy
events were identified; the risk of malignancies was very
low (0.55%, 11/1,969).

Ublituximab

The last of the CD20 ligands currently being evaluated by
both the FDA and EMA is ublituximab. Unlike the recently
registered ofatumumab, but similarly to ocrelizumab and ritux-
imab, ublituximab is a chimeric antibody with different binding
sites on CD20 and a mechanism based mainly on ADCC [39].

The main results regarding treatment efficacy have come
from the ULTIMATE I and II studies. As with other CD20 li-
gands, these were double-blind, controlled phase III studies,
with teriflunomide as an active comparator. The results were
not published as full text but have been presented as confer-
ence reports. In both studies, ublituximab was administered
as an intravenous infusion of 450 mg UTX via a one-hour
i.v. infusion every 24 weeks (following a 150 mg UTX infusion
on day 1) or 14 mg oral teriflunomide once a day.

Over a 96-week follow-up period, ublituximab was shown
to be associated with no relapses in 86.7% (ULTIMATEI) and
87.5% (ULTIMATE II) of MS patients. In addition, ublituxi-
mab was associated with a significant reduction in the risk of
developing a relapse compared to teriflunomide (ULTIMATE
I: HR 0.50; 95% CI: 0.33-0.75; p = 0.0007; ULTIMATE II: HR
0.43, 95% CI: 0.28-0.65, p < 0.0001) [40].

The ULITMATE study showed an acceptable safety pro-
file for the drug. Infusion-related adverse events occurred in
47.7% (ublituximab) and 12.2% (placebo) of patients and,
as with ocrelizumab or rituximab, these adverse events were
mostly associated with the first infusion. A severe anaphylactic
reaction was observed in one patient [41].

At the time of writing, full results have not yet been
published, but the preliminary data indicates similar efficacy
and safety profiles for ublituximab compared to other drugs
belonging to the CD20 ligand group. Long-term data regard-
ing efficacy and safety is not available for ublituximab. An
OLE study of ublituximab in subjects with relapsing multiple
sclerosis is ongoing. This study is planned to be completed
in October 2023 (clinicaltrials.gov, NCT04130997) (Tab. 1).

Future directions

In clinical practice, in addition to the drugs used for the
treatment of MS, other anti-CD20 molecules are available
for the treatment of haematological diseases or treatment-
-resistant autoimmune conditions. These include veltuzumab,
obinutuzumab, tositumomab, and ibritumomab; however, to
date (based on ClinicalTrials.gov), there is no data regarding
their efficacy in MS.

Another therapeutic option being considered for the treatment
of MS is blocking the CD19 antigen. Similar to CD20, the CD19
antigen is localised on B lymphocytes but, unlike CD-20,
CD19 s also localised on younger forms (early pro-B cells) and
on plasmablasts and plasma cells, which are responsible for an-
tibody production [42]. It is therefore postulated that antibodies
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Table 1. Biological, pharmacological and clinical characteristics of anti-CD20 antibodies used in multiple sclerosis treatment

Antibody Rituximab Ofatumumab
Structure Chimeric Human
Target epitope A

of CD20

Primary

mechanism
of action

Symptomatic
results

MRI results

cbC

cp20 Antibody

Complement
cell component
e
MAC
death Complement

Important clinical endpoints

ARR reduction from 1.27 at
baseline to 0.18 at week 72
in RRMS [29]

ARR not reduced compared
to PBO at week 48 in RRMS
(0.37 vs. 0.72) [30]

Reduction of T2 lesion
volume compared to
baseline (from 8,566.4 mm’
at baseline by 272.7 mm? at
week 72 in RRMS [29]

Reduction of Gd+ lesions
from 1.31 at baseline to 0 at
week 72 in RRMS [29]

Reduction of T2 compared to
PBO (=175 mm?® vs. +418 mm?)
at week 36 in RRMS [30]

Reduction of Gd+ lesions
compared to PBO at weeks
12,16, 20, 24, and 48 in
RRMS (0.5 vs. 5.5) [30]

component activation

ARR reduction compared
to teriflunomide in RRMS at
EOS (median 86 weeks)
(0.11 vs. 0.22 — ASCLEPIOS
land 0.10vs. 0.25 —
ASCLEPIOS I1) [37]

Reduction of mean number
of Gd+ lesions compared
to teriflunomide at EOS

(median 86 weeks) in RRMS
(0.01 vs. 0.45) (ASCLEPIOS

land 0.03 vs. 0.51)
(ASCLEPIOS 1) [37]

Reduction of new or
lesions on T2 compared
to teriflunomide at EOS

(median 86 weeks) in RRMS
(ASCLEPIOS | — 0.72 vs. 4.0;
ASCLEPIOS Il —

0.64 vs. 4.15) [37]

Ocrelizumab

Humanised

Cell
death

Ublituximab

Chimeric

Release of cytotoxic
granules

Reduction of CDP in PPMS
(at week 24 CDP for OCR
— 29.6% vs. PBO — 35.7%;
OLYMPUS [36]

Reduction compared to
IFN-B1ain RRMS (0.16 vs.
0.29 at week 96 — OPERA

land Il) [34]

Reduction of mean percent
change in total volume of
lesions on T2 compared to

placebo in PPMS
(-3.37 vs. +7.43

from baseline to week 120;
OLYMPUS) [36]

Reduction of mean no. of

Gd+ lesions compared to

IFN-B1ain RRMS at week
96 (OPERA | — 0.02 vs. 0.29;
OPERA Il — 0.02 vs. 4.2) [34]

Reduction of number of new
Gd+ lesions compared to
IFN-B1a in RRMS at week

96 (OPERA | —0.32 vs. 1.41;

OPERA Il — 0.33 vs. 1.9) [34]

Full data not available

Nearly 86.7% of RMS
patients free of relapse at
week 96 (ULTIMATE I) and

87.5% (ULTIMATE I1) [40]

Full data not available

Mean number of lesions
per scan per participant:
0.282 for ublituximab
+ oral placebo vs. 2.831
for teriflunomide + IV
placebo in RMS at week
96 (ULTIMATE 1) [40, 41]

directed against CD19 may be more potent in modifying im-
mune activity. Conversely, this effect may also be associated with
apoorer safety profile than that of anti-CD20 antibodies due to
its more potent suppression of the immune system.

The results of a phase I trial using inebilizumab (MEDI-
-551), a humanised IgG1k monoclonal antibody directed
against the CD19 antigen, for the treatment of MS are now
available [43]. During a 24-week follow-up period, the use of
inebilizumab was shown to lead to an effective reduction in
B-lymphocyte counts, with an acceptable safety profile and
a reduced risk of new Gd+ lesions. However, these results
should be regarded as preliminary.

Extended interval dosing

The high efficacy of anti-CD20 drugs used in MS has led to
increased consideration of the option of increasing the dosing
interval for patients with good disease control achieved with
standard dosing [44]. The concept of extended interval dosing
(EID) is related to observations that the use of anti-CD20 drugs
results in prolonged immunosuppression, which in turn
is associated with maintaining clinical activity. Currently
available data indicates that ocrelizumab can take more than
six months to repopulate B lymphocytes and, in some cases,
more than 12 months. Furthermore, no significant differences
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in treatment efficacy have been found when comparing the
effectiveness of standard dosing to EID. Similarly, encouraging
findings were also obtained for another highly active drug
(not acting on CD20), natalizumab [45]. However, the issue
requires further study, especially since most of the available
clinical data is from phase III trials with standard dosing, and
there is relatively limited long-term data [46].

Conclusions

The importance of drugs directed against CD20 in the
treatment of MS is not in doubt. Clinical evidence indicates
that these agents are highly effective in various forms of MS.
Although the full mechanism of their high clinical efficacy is
not yet fully understood, it is mainly related to their effect on
the number and function of B lymphocytes. Currently used
agents include ocrelizumab, ofatumumab, and rituximab
(off-label). In addition, promising data also exists for ublituxi-
mab, which is presently being evaluated by the registration
agencies (FDA and EMA). Despite the relatively modest data
supporting the long-term efficacy of anti-CD20 antibodies,
they represent an important therapeutic option in the treat-
ment of MS.
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cytokini (Iub) innych mediatorw reakcji chemicznych. Objawy reakcji zwigzanych z wlewem moga wystapic w trakcie kazdego podania wlewu, ale czgéciej zgtaszano | ewtraicwe ierwszego pocjanla wlewu. Reakcje zwigzane zw?ewem moga wystapi¢ w ciagu
24 godzin od podania. Reakqetegotypu moga mie¢ postac $wigdu, wysypki, pokrzywki, rumienia, podraznienia gardta, blu jamy ustnej i gardla dusznosci, obrzgku gardfa lub krtani, zaczerwienienia twarzy, hipotensji, goraczki, zmeczenia, bélu glowy,
zawrotéw glowy, nudnosci, czestoskurczu i anafilaksji. Moze wystapi¢ reaiqa naci) razliwosci (ostra reaEqa alergiczna na produkt leczniczy). Reakcja nadwrazliwoéci moze rozwina¢ sie wirakcie kazdego podamawyewu chociazzazwyczaj nie wystepuje wtrakcie
pierwszego podania wlewu. Jezeliw trakcie kolejnych podar wystapia objawy ciezsze niz poprzednio lub jesli wystapia nowe ciezkie objawy, nalezy zatozy¢ podejrzenie wystapienia reakeji nadwrazliwosci. Nie nalezy stosowac leczenia u pacjentéw ze znang
nadwrazliwoscig IgE-zalezng na okrelizumab. Podawanie leku Ocrevus musi by¢ opéznione u pacjentéw z aktywnym zakazeniem do czasu ustapienia tego zakazenia. Zaleca sig ocene stanu ukladu immunologicznego pacjenta przed podaniem produktu
leczniczego, poniewaz pacjenci z ciezkim obnizeniem odpornosci (np. z limfopenia, neutropenia, hipogammaglobulinemia) nie powinni by¢ leczeni. Leczenie produktem leczniczym Ocrevus prowadzito do spadku cafkowwtego stezenia immunoglobulin
wynikajacego gtéwnie ze spadku miana IgM. Dane z badan klinicznych wykazaly zwiazek pomigdzy zmniejszonym stezeniem IgG (a w mniejszym stopniu takze IgM lub IgA) a cigzkimi zakazeniami. W PPMS pacjenci z trudnosciami w przefykaniu podlegaja
wyzszemu ryz iu aspiracyjnego zapalenia ptuc. Leczenie produktem Ocrevus moze dodatkowo zwigkszac ryzyko cigzkiego zapalenia ptuc u tych pacjentéw. Lekarze powinni podja¢ niezwloczne dziatania w przypadku pacjentéw z objawami zapalenia p%uc
Nie mozna wykluczy¢ ryzyia wystapienia postepujacej wieloogniskowej leukoencefalopatii (PML), poniewaz zakazenie wirusem JC powodujacym PML obserwowano u pacjentéw Heczonych przeciwciatami anty-CD20 i innymi lekami stosowanymi w SM i byto
ono zwigzane z czynnikami ryzyka (populacja pacjentéw np. zlimfopenia, w podesztym wieku; politerapia lekami immunosupresyjnymi). Lekarze powinni zachowat czujnos¢ wobec wezesnych przedmiotowych i podmiotowych objawéw PML, doktérych naleza
wszelkie nowe objawy lub nasilenie juz istniejacych przedmiotowych i podmiotowych objawow neurologicznych, poniewaz moga one przypominac stwardnienie rozsiane. W przypadku podejrzenia PML nalezy wstrzyma¢ podawanie produktu leczniczego
Ocrevus oraz nalezy rozwazy¢ przeprowadzenie oceny, w tym wykonanie badania MRI, najlepiej z kontrastem (wynik nalezy poréwnac z wynikiem sprzed leczenia), badanie ptynu mézgowo-rdzeniowego w kierunku DNA wirusa JC oraz powtarzane badania
neurologiczne. Jezeli rozpoznanie PML zostanie potwierdzone, leczenie nalezy przerwaé i nie wznawiac. Przed rozpoczeciem leczenia produktem leczniczym Ocrevus u wszystkich pacjentow nalezy wykonac badania przesiewowe w kierunku zakazenia HBV,
zgodnie z lokalnymi wytycznymi, w celu oceny ryzyka reaktywacji HBV. Pacjentéw z czynnym wirusem HBV (tj. z dodatnimi wynikami HBsAg i przeciwciaxantyrHB) nie nalezy leczy¢ produktem leczniczym Ocrevus. Pacjentéw z ujemnym wynikiem HBsAg
i dodatnim wyniz‘\em przeciwciat HbcAg oraz pacjentéw z HBsAg+ nalezy skonsultowac przez specjalistow chordb watroby przed rozpoczeciem leczenia oraz monitorowac i leczy¢ zgodnie z lokalnymi standardami medycznymi, aby zapobiec reaktywacji
wirusowego zapalenia watroby typu B. Zgtaszano przypadki neutropenii o poznym poczatku. Wiekszos¢ przypadkéw byta stopnia 1. lub 2. U pacjentow z przedmiotowymi i podmiotowymi objawami zakazenia zaleca sie oznaczanie liczby granulocytow
obojetnochtonnych we krwi. Nalezy dokona¢ indywidualnej oceny stosunku korzysci do ryzyka u pacjentéw ze znanymi czynnikami ryzyka wystapienia nowotwordw zfosliwych oraz u pacjentow, ktorzy s3 aktywnie monitorowani ze wzgledu na ryzyko nawrotu
nowotworu ztosliwego. Pacjenci powinni poddac sie standardowym badaniom przesiewowym w kierunku raka piersi, zgodnie z lokalnymi wytycznymi. Nie zaleca sig stosowania innych lekow immunosupresyjnych w skojarzeniu z produktem leczniczym Ocrevus,
poza kortykosteroidami w objawowym leczeniu rzutéw. Rozpoczynajac podawanie leku Ocrevus po leczeniu immunosupresyjnym lub rozpoczynajac leczenie immunosupresyjne po leczeniu produktem Ocrevus nalezy wziaé pod uwage prawdopodobieristwo
nakladania sig efektéw farmakodynamicznych. Podawanie szczepionek zawierajacych zywe lub zywe atenuowane wirusy nie jest rekomendowane w trakcie leczenia oraz do czasu odnowy limfocytéw B. Lekarze powinni sprawdzac wynik szczepiert pacjentdw,
uktrych rozwazaja leczenie produktem leczniczym Ocrevus. Zaleca sig szczepienie pacjentéw Keczonych produktem Ocrevus inaktywowanymi szczepionkami przeciwko grypie sezonowej. Pacjenci, ktérzy wymagaja podania szczepionek powinni ukoriczy¢
szczepienia przynajmniej 6 tygodni przed rozpoczeciem przyjmowania produktu leczniczego Ocrevus. Zalecasig, by wszystkie szczepienia inne iz szczepienia szczepionkamizywymi lub zywymi atenuowanymi byty podawane zgodnie z lokalnie obowiazujacym
kalendarzem szczepieri oraz nalezy rozwazy¢ oznaczanie miana odpowiedzi na szczepienie, aby sprawdzic, czy u danej osoby wzrosta ochronna odpowiedz immunologiczna, poniewaz skutecznosé szczepieniamoze by¢ zmniejszona. Ze wzgledu na potenqarnq
deplecje limfocytéw B u niemowlat matek, ktére byty narazone na dziatanie produktu leczniczego Ocrevus w okresie ciazy, zaleca sie, by szczepienia szczepionkami zywymi lub zywymi atenuowanymi byty opéznione do czasu powrotu liczby limfocytéw B do
normy; z tego wzgledu zaleca sig pomiar chby CD19-dodatnich limfocytéw B u noworodkéw i niemowlat przed szczepieniem. Kobiety w wieku rozrodczgm powinny stosowac antykoncepcje w trakcie leczenia produktem leczniczym Ocrevus oraz przez 12
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ABSTRACT

Stroke remains one of the greatest health challenges worldwide, due to a high mortality rate and, despite great progress
in its treatment, the significant disability that it causes. Studies conducted around the world show that the diagnosis of stroke in
children is often significantly delayed.

Paediatric ischaemic arterial stroke (PAIS) is not only a problem that varies greatly in frequency compared to the adult popula-
tion, it is also completely different in terms of its risk factors, clinical course and outcome.

The main reason for the lack of a rapid diagnosis of PAIS is a lack of access to neuroimaging under general anaesthesia. The
insufficient knowledge regarding PAIS in society as a whole is also of great importance. Parents and carers of children should
always bear in mind that paediatric age is not a factor that excludes a diagnosis of stroke.

The aim of this article was to develop recommendations for the management of children with acute neurological symptoms
suspected of ischaemic stroke and further treatment after confirmation of the ischaemic aetiology of the problem. These recom-
mendations are based on current global recommendations for the management of children with stroke, but our goal was also
to match them as closely as possible to the needs and technical diagnostic and therapeutic possibilities encountered in Poland.
Due to the multifactorial problem of stroke in children, not only paediatric neurologists but also a neurologist, a paediatric
cardiologist, a paediatric haematologist and a radiologist took part in the preparation of these recommendations.

Key words: stroke, paediatric, risk factors, diagnosis, treatment

(Neurol Neurochir Pol 2023; 57 (3): 243-260)

Introduction

Stroke remains the third most common cause of death
worldwide, after cardiovascular disease and cancer, despite
tremendous progress in its treatment. Around the world, about

17 million people suffer a stroke each year, and about 90,000 of
these are registered in Poland.

Paediatric arterial ischaemic stroke (PAIS) is not only
a problem that is significantly different in its incidence
compared to the adult population, but it has also completely
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different risk factors and prognosis. The PAIS incidence rate
is estimated at ¢.3-13 new cases per 100,000 children per year.
This frequency range is due to several reasons, i.e. the ages of
patients recruited for the studies (including newborns or an
extension of recruitment up to 21 years of age), the recruit-
ment of children with any type of cerebral vascular disease
including haemorrhagic stroke or cerebral venous thrombosis
of the brain (CVT), and another factor that leads to differing
incidences is geography, e.g. in the basin of the Mediterranean
Seaand in sub-Saharan Africa, children with sickle cell disease
(SCD) will be more often affected [1, 2].

Therefore, for practical and methodological reasons, it is
necessary to define PAIS and the correct use of this term for
confirmed cases.

PAIS is an acute neurological deficit of sudden onset in
children aged between 29 days and 18 years, and the results of
neuroimaging tests show acute ischaemic changes correspond-
ing to the range of symptoms observed in the patient [3-5].

Late diagnosis of stroke in children is a worldwide prob-
lem, especially when contrasted with the diagnosis of adult
patients. Frequently, the delay in making a correct diagnosis
after the onset of symptoms of stroke can take several days.
This means that the child is excluded from thrombolytic
treatment, because the therapeutic window remains the same
for children and adults.

The crucial reason for the delay in PAIS diagnosis is lack of
access to neuroimaging under general anaesthesia. Moreover,
in children with acute neurological symptoms, a large propor-
tion of changes detected in radiological studies are pathologies
different from ischaemic stroke (so-called ‘stroke mimics’) [6].

Alack of understanding in society in general, and among
parents and caregivers in particular, about the fact that pae-
diatric age does not exclude stroke is also very important. The
consideration of stroke in differential diagnosis is likewise
inadequate among medical staff and doctors. This means that
training programmes for radiologists, as well as for paedia-
tricians and paediatric neurologists, are necessary to improve
the accuracy and promptness of PAIS diagnoses.

Bearing in mind the specificity of childhood stroke,
special attention should be paid to risk factors for its oc-
currence in children. The most common are arteriopathies
with pathologies of the arterial wall being a cause of acute
cerebral ischaemia. Among arteriopathies, the most prevalent
is so-called focal cerebral arteriopathy of childhood (FCA),
affecting large arterial vessels such as the middle cerebral
artery (MCA) with uni- or bilateral location. Upper res-
piratory tract infections are a predisposing factor for FCA,
and its nature is often reversible. Dissection of extracerebral
arteries in children and adolescents, usually due to trauma,
accounts for ¢.20% of the arteriopathies associated with
stroke in children.

The recommended diagnostic method in the case of
suspected PAIS is magnetic resonance imaging. If however
this technique is not available, then a computed tomography

examination is acceptable [2, 7, 8]. The frequency and variable
localisation of vascular lesions in PAIS contribute in turn to
the scope of imaging diagnostics in a child with suspected
ischaemic stroke. The current recommendations for the
diagnostics of a child with sudden symptoms of central nerv-
ous system impairment indicate the need for head and neck
imaging, taking into account angio mode. Otherwise, if cervi-
cal vessels and structures are not assessed in radiological scans,
an important arteriopathy such as extracerebral dissection
might be overlooked and not properly treated [2, 7, 8].

The current classification of paediatric stroke, CASCADE
(Childhood AIS Standardised Classification and Diagnostic
Evaluation), which includes seven categories, also places
strokes in the course of various arteriopathies in items 1-4;
indicating at the same time a possible variety of their aetio-
logies (i.e. genetic, metabolic, or infectious) and their course
(stable, progressive, or reversible). A follow-up neuroimaging
examination is required to determine the extent of the course
of arteriopathy, and the recommended period is 3-6 months
after disease onset. Category 5 in the CASCADE classification
is a cardiac-embolic stroke, which in turn affects the young-
est children with congenital heart defects, often requiring
numerous surgeries.

Nearly 40% of all childhood strokes occur under the age
of five years. This fact contradicts the popular belief that there
is no stroke in children. Moreover, newborns are a group
in which stroke occurs much more often than does AIS in
children over 29 days of age; but due to specific risk factors
and the course of neonatal stroke, this is excluded from the
PAIS category [9].

Idiopathic aetiology of childhood stroke is another element
that significantly distinguishes it from stroke in adults, when
despite extensive laboratory and imaging diagnostics, none
of the well known risk factors for acute cerebral ischaemia
can be found.

Today, in the adult population with stroke, thrombolytic
therapy is common, provided that a stroke is diagnosed
and that contraindications have been ruled out within the
therapeutic window, i.e. 4.5 hours from the onset of clinical
symptoms. Australian and American recommendations indi-
cate the possibility of using intravenous thrombolysis under
these conditions in children aged 2-17 years. According to the
Summary of Product Characteristics in Poland, this treatment
can be considered in children aged 16 years or older. In turn,
endovascular therapy can be performed in children with
a stroke up to six hours after its onset. Uncertainty about the
timing of a stroke is a contraindication to both of the above
procedures.

For all children with PAIS, initial therapy with unfraction-
ated heparin, low-molecular heparin or aspirin is recommend-
ed until a cardioembolism or a dissection has been excluded.
Aspirin for another two years is recommended even after the
exclusion of the two reasons mentioned; for cardioembolic
aetiology or vascular dissection, low-molecular weight heparin
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(LMWH) or vitamin K antagonists would be appropriate for
6-12 weeks after stroke onset [7].

The purpose of this paper was to develop recommen-
dations on how to deal with a child with acute neurological
symptoms being suspected of an ischaemic stroke, and for
further treatment after confirming the ischaemic aetiology of
the problem. These recommendations are based on the current
global recommendations for the management of children
with stroke, but our goal was also to match them as closely as
possible to the needs and technical diagnostic and therapeutic
possibilities encountered in Poland.

Obviously, although paediatric stroke, as has been repeat-
edly emphasised, is not a ‘tracer’ of adult stroke, the experience
of ‘adult’ neurologists dealing with stroke contributes to the
management of children. For this reason, the team develop-
ing our recommendations included ‘adult’ neurologists. On
the other hand, due to the multifactorial and complex basis
of stroke in children, the team also included a cardiologist,
a haematologist and a radiologist because our goal was to not
only set out theoretical assumptions, but above all to convey
the experience and practical knowledge of a group of people
experienced in dealing with paediatric stroke.

When preparing the guidelines, we used the tips contained
in the work by Graham ID, Harrison MB, Brouwers M et al.,
2002 [10].

Paediatric stroke recommendations —
definitions, epidemiology and clinical
presentation in acute phase

For a diagnosis of paediatric ischaemic stroke, several
conditions must be met:

1. occurrence of a sudden neurological deficit with an acute
onset;

2. results of radiological examinations, i.e. magnetic res-
onance imaging (MRI) or computed tomography (CT),
showing the presence of a stroke/strokes of vascular origin
and corresponding to known ranges of arterial vasculari-
sation as well as clinical symptoms;

3. symptoms occurring in a child aged between 29 days and
18 years [11-14].

According to various researchers, the prevalence of ischae-
mic stroke in children is estimated at between 1.2 and 7.9 per
100,000 child population per year [15-16].

These differences in the estimated prevalence of AIS in
children result from several factors, such as the age of the
patients recruited for the study (e.g. just the neonatal period,
or with an upper age limit ranging between 16 and 19 years),
various ethnic origins, and thus various factors risk of AIS (e.g.
moya moya disease and sickle cell disease), and whether or not
to include patients with heart defects and patients diagnosed
with TIA (transient ischaemic attack) or CVT.

Less than half of childhood strokes affect patients under
5 years of age, and it is largely determined by the number of

cases of cerebral ischaemia in children with congenital heart
defects. In the entire paediatric population, stroke occurs more
often in boys than in girls; the neonatal population, especially
preterm infants, is also characterised by a higher incidence of
strokes due to risk factors specific to this age group [17-23].

Clinical symptoms of a child’s stroke depend on three
factors: the patient’s age, and the location and the size of the
brain ischaemia. In newborns and young infants, the symp-
toms of stroke are disturbances of consciousness and epileptic
seizures, including so-called ‘subtle seizures’

Neurological symptoms associated with the occurrence of
stroke in adult patients, can also concern older children. In
the case of localisation of an ischaemic focus in the anterior
circle of cerebral circulation (i.e. arteries: ICA, the Internal
Carotid Artery, MCA, the Middle Cerebral Artery, and ACA,
the Anterior Carotid Artery), the symptoms of a stroke will
be paresis or hemiplegia, central paresis of the facial nerve on
the side of limb paresis, semi-amblyopia, and aphasia (speech
disorder) which may be motor, sensory or mixed, in the case
of dominant hemisphere involvement. In some patients, these
symptoms are accompanied by, or preceded by, symptoms such
as headache, nausea, vomiting and/or convulsions, which are
an expression of increased intracranial pressure syndrome.

On the other hand, if the stroke is located within the pos-
terior part of the cerebral vascularisation, the clinical picture
will be dominated by the features of the cerebellar syndrome.

In the paediatric population, anterior strokes occur much
more frequently than those in the posterior part of brain cir-
culation. The division of strokes into PACI (Partial Anterior
Circulation Infarct), TACI (Total Anterior Circulation Infarct),
LACI (Lacunar Infarct) and POCI (Posterior Circulation
Infarct) was based on the location of vascular changes
in stroke patients, and it concerns both adults and children
with stroke [24-27].

The most important risk factors for death in the early
phase of childhood stroke are the patient’s young age, the
presence of a heart defect, and the large size of the stroke [26].
Malignant middle cerebral artery syndrome is characterised
by a dramatic course, with rapidly increasing cerebral oedema
and deterioration of the patient’s condition; in patients not
qualified for decompressive craniectomy, the course of the
stroke is usually fatal.

Paediatric stroke recommendations —
risk factors

The factors predisposing towards paediatric arterial ischae-
mic stroke (PAIS) are numerous, and it is not uncommon for
one patient to recognise several comorbid factors. Such coin-
cidences make the ischaemia more likely to recur (see Table 1).

The first group of factors, cerebral arteriopathies, are any
pathologies of the cerebral vessel wall, both congenital and
acquired, of a transient, stable or progressive nature, which
cause abnormal cerebral flow and, consequently, cerebral
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Table 1. Risk factors of paediatric arterial ischaemic stroke (PAIS)
Cerebral arteriopathies
FCA (focal cerebral arteriopathy of childhood)

Moya moya disease and syndrome (e.g. in course of SCA, sickle cell
anaemia)

Vascular wall dissection

PVA (post-varicella arteriopathy)

Congenital blood wall defects, e.g. hypoplasia, fibro-muscular
dysplasia

Congenital and acquired heart diseases/defects

Thrombophilia Congenital
(prothrombotic
state) Protein C (PC) deficiency
Protein S (PS) deficiency
Antithrombin IIl (ATIIl) deficiency

Activated protein C resistance (APCR)

High lipoprotein(a)(lp(a) serum concentration

Genetic polymorphisms of genes of coagulation
factors

FactorV G1691A
Factor I G20210A
MTHFR C667T
Factor Xlll Val34Leu
Fibrinogen A (FGA) Thr312Ala
Fibrinogen B (FGB) G455A
Acquired
Antiphospholipid syndrome (APS)
URI (upper-respiratory infection), generalised infection (sepsis)
Connective tissue diseases
Traumas
Intoxications (e.g. amphetamines, cocaine)

ischaemia. The most common in this group is FCA, which
affects large cerebral vessels (e.g. the ICA or MCA), unilater-
ally or bilaterally, and the nature of which is often reversible.

Of the acquired arteriopathies, vascular wall dissection,
most often associated with neck trauma, deserves attention;
this problem accounts for ¢.20% of arteriopathies associated
with the risk of childhood stroke. Indeed, this possibility is
the reason why imaging of the vessels of the head and neck
to the aortic arch is included in the recommendations for the
methodology of neuroimaging in children with suspected
stroke [3, 11, 28-30].

The second group of risk factors of acute cerebral is-
chaemia in the paediatric population is congenital, and less
frequently acquired, heart disease [33-35].

Another group of factors contributing to the occurrence of
PAIS are coagulation disorders, congenital or acquired, known
as thrombophilia or prothrombotic state [12,31].

In the differential diagnosis of stroke risk factors in
the pediatric population, infections should also be taken
into account, among which is the presence of post-vari-
cella arteriopathy (PVA) as a consequence of chickenpox.

Table 2. Recommended tests for thrombophilia screening

*It is necessary to refer the results to the norms for different age
groups [70-74, 77, 83-84].

**A single finding of deviations in the results requires control (except
for pathogenic mutations).

— coagulation tests:

APTT, PT, fibrinogen; thrombin time (TT)
— antithrombin (AT)

— protein C

— free protein S

— activated protein C resistance (APCR) -> in more than 95%
corresponds to factor V Leiden mutation

— factorV Leiden mutation
— prothrombin G20210A mutation

— homocysteine - in the case of abnormal result, testing for MTHFR
gene polymorphism

— lipoprotein (a)

— antiphospholipid antibodies: anticardiolipin antibodies (aCL), anti-

B2-glycoprotein | antibodies (anti-B2GPl); lupus anticoagulant (LA);
activity of clotting factors: VIII, IX, XI

***To be considered:
— plasminogen
— tissue plasminogen activator (t-PA)

— tissue plasminogen activator inhibitor 1 (PAI-1) - in the case of
abnormal PAI-1 results, testing for 4G/5G polymorphism in the PAI-1
gene

Upper respiratory tract infections deserve special attention
(URIs, upper respiratory infections) as they are considered
a predisposing factor for FCA. Moreover, the possibility
of intoxication with amphetamines or cocaine as a risk
factor for PAIS has been included in the set of laboratory
tests [12, 31].

Despite the described imaging methods and laboratory
diagnostics, in as many as one third of children with ischaemic
stroke, it is not possible to determine the aetiology.

Paediatric stroke recommendations —
acute phase management

The scheme for dealing with a child with acute CNS (cen-
tral nervous system) symptoms/suspected acute cerebrovas-
cular disease, is based on the 2017 recommendations of the
RCPCH, the Royal College of Paediatrics and Child Health,
as well as on the guidelines developed in 2019 by a team of
specialists from the AHA, the American Heart Association/
/American Stroke Association [35-36].

For a quick assessment of symptoms in a patient, including
a child, the simple FAST (Face Arm Speech Time) mnemonic
is useful:

F — face asymmetry (i.e. sudden onset of paresis of facial
muscles);
A — arm drift (i.e. sudden upper limb weakness);
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S — speech disturbances (i.e. sudden onset of aphasia or

dysarthria);

T — time (summon ambulance as soon as possible and

transport patient to hospital to qualify for treatment of causal

stroke).
Correctly collected history is of great importance in the
diagnosis of a stroke. When a stroke is suspected, the timing
of the first symptoms, the circumstances of the onset of the
disease, the possibility of trauma to the skull, throat or neck,
upper respiratory tract infections, and drug poisoning are
important facts to gather. The course of symptoms (sudden,
relapsing), the sequence of neurological symptoms, and the
circumstances of their occurrence are all important. When
taking an interview, account should be taken of previous
diseases, the presence of heart disease, medications used,
unexplained fever (systemic diseases), and psychomotor
retardation. Family history, the presence of hypertension,
diabetes, atherosclerosis, and genetically determined diseases
are also important.
In a suspected childhood stroke, i.e. a sudden neurological
deficit in a patient aged 29 days to 18 years, or in the neonatal
period a neonatal stroke, the child should immediately be
sent to the accident and emergency department of a hospital
prepared for the treatment of children with stroke. A multi-
disciplinary stroke team including a paediatric neurologist,
aneuroradiologist/radiologist, and an anaesthetist, should be
available 24/7. A paediatric cardiologist, a paediatric haema-
tologist, a physiotherapist, and a neurosurgeon should also be
available in the hospital treating a child with stroke.
On the way to the hospital, it is necessary to secure the
intravenous catheter, to monitor blood pressure, heart rate
and respiration — oxygen therapy (goal sat > 92%), and to
control and symptomatically treat hypoglycaemia, fever and
convulsions.
Laboratory tests to be performed on admission to the
hospital/A&E department:
— Blood tests: blood gas analysis, complete blood count
with smear, CRP (C-reactive protein), blood coagulation
parameters, glucose level, electrolytes: sodium, potassi-
um, calcium, magnesium, phosphorus; creatinine, urea,
transaminases, bilirubin, urine.
Vital functions should be monitored constantly.
o Evaluation of child’s condition using Glasgow Coma
Scale and PedNTHSS score.

o Enclosed is a workflow, Glasgow Scale and PedNTHSS.

o Every child suspected of having an acute stroke should
have an urgent neuroimaging examination after go-
ing to the hospital — recommended for children are
MRI or CT and/or with vascular examination (MR/
/CT angiography) — up to one hour after the child is
admitted to hospital [7]. Further treatment depends
on the diagnosis.

— In case of ischaemic stroke: ASA (acetylosalicylic acid)
or LMWH/UFH (unfractionated heparin) treatment

to be considered. If conditions are met: thrombolysis,
thrombectomy or decompressive craniectomy if necessary.

— Haemorrhagic stroke:

o Urgent contact with a neurosurgeon is necessary —
surgical treatment to be considered
o ICU care (intensive care unit) — anaesthetist

— Stroke mimic: further management is based on clinical

symptoms, and the result of an imaging examination;
a careful history should be taken into account.

Paediatric stroke recommendations —
imaging diagnosis

The logistics of admitting a child with a suspected stroke
to the paediatric accident and emergency department should
aim at performing neuroimaging tests as soon as possible. In
a child with suspected stroke, imaging of the brain should be
performed immediately, and preferably within 60 minutes of
arrival at hospital. Magnetic resonance imaging (MRI) diag-
nostics is the method of choice in children with suspected
stroke, in the absence of contraindications to its performance.

The final decision to perform a specific imaging test,
i.e. computed tomography (CT) or MRI, should be made
depending on the availability of these methods, and on the
centre’s own procedures and experience in neuroradiological
diagnostics in children.

MRI has higher sensitivity and an undoubted advantage
over CT in detecting ischaemic changes in the acute and hy-
peracute phases, and their differentiation from other sudden
states imitating a stroke (bearing in mind that in children
stroke-mimics are more frequent than in adults) [35-38].

In the detection of a haemorrhagic stroke, both CT and
MRI techniques are similarly effective, but it is easier to reco-
gnise the presence of blood in the subarachnoid space in
a CT. CT imaging of the brain should not be delayed if MRI,
general anaesthesia or staff are not available. If it is impossible
to perform a CT or MRI scan in a given unit, the child should
be immediately transported to a centre equipped with full
diagnostic capabilities [40-44].

These are the recommended neuroimaging diagnostic
guidelines in the case of a child suspected of stroke:

1. Every child suspected of having an acute stroke should
immediately undergo a neuroimaging diagnosis (no later
than 60 minutes after arriving at the hospital) in order to
confirm or rule out the diagnosis of ischaemic stroke. This
is very important when deciding to start thrombolytic
treatment.

2. Magnetic resonance imaging or computed tomography
should be performed, depending on the availability of
these techniques and on the centre’s own experience in
paediatric neuroradiological diagnostics. Whether or not
to perform the examination under general anaesthesia,
especially in young children who are agitated or who are
unable to remain motionless throughout the examination
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Figure 1. Extent of MCA vascularisation on both sides with marked areas, enabling assessment of ischaemic lesions on ASPECTS scale.
Markings as follows: Alberta Stroke Programme Early CT Score (ASPECTS) — a scale used to quantify early ischaemic changes in CT, where
C — caudate nucleus; L — lenticular nucleus; | —island; IC — inner capsule; M1 — anterior cortical area part frontal lobe; M2 — cortical area
lateral to island ribbon; M3 — posterior cortical area temporal lobe; M4 — anterior area located above M1 area; M5 — central area located

above M2 area; M6 — posterior area located above M3 area

period, should be taken into account (CT — 1-3 minutes,

MRIc. 7-20 minutes). Some children who will require

MRI anaesthesia will be able to have a CT scan without

the need for anaesthesia.

3. Ischaemic stroke from onset until 7-10 days after acute
symptoms can be diagnosed on the basis of DWI (dif-
fusion-weighted imaging) sequence which is the most
sensitive and specific tool for ischaemia detection in the
first minutes.

4. MRI examination is the examination of choice in children
suspected of having acute stroke.Due to the race against
time, the MRI examination should be as short as possible.
The most important sequences are DWI, T2* or SWI

(susceptibility-weighted imaging), FLAIR (fluid attenuated

inversion recovery) and optionally T1 weighted images with

TOF (time of flight) MRA (magnetic resonance angiography).

The examination time must not exceed 15 minutes in the basic

version without TOF MRA. It is recommended that this should

be less than 10 minutes if the MRI machine is technically
capable of doing it (e.g. automatic positioning of scans, fast
diffusion scanning).

5. Ifischaemic stroke is diagnosed, a follow-up CT examina-
tion is recommended to assess if haemorrhagic transfor-
mation was observed up to 48 hours [45-50].

Based on the distribution of ischaemic lesions, radiologists
can identify the cause of a stroke in a child. Ischaemic strokes
of cardiogenic aetiology are more often bilateral, occur in both
the anterior and posterior circulations, and have an increased

tendency for haemorrhagic transformation. Similarly, stroke
caused by the herpes virus is multifocal but more frequently
unilateral and related to limbic system and basal ganglia
[51-54].

The radiological picture of ischaemic stroke depends
mainly on its duration and the extent of ischaemia caused by
the size of the occluded artery (e.g. internal cerebral artery
vs. anterior cerebral artery) and the level of occlusion (e.g.
occlusion of the first segment in the middle cerebral artery,
so-called M1 vs. M4).

The time from the onset of clinical symptoms is the
criterion for the division of the stroke into the following
phases: hyperacute (0-6 hours; divided into the thrombolytic
window: 0-4.5 hours and outside the thrombolytic window
4.5-6 hours), acute (6-24 hours), subacute (1-7 days), and
chronic (8 days to 3 months).

In the first minutes of ischaemia, lactic acidosis develops
and the cell membranes and the ion pump are damaged. This in
turn leads to the redistribution of water from the extracellular
to the intracellular space and the formation of cytotoxic
oedema. Cytotoxic oedema in the infarction zone is visible as
areas of restriction of free diffusion of water molecules in the
extracellular space, i.e. high signal areas on DWT maps and
low signal areas on apparent diffusion coefficient (ADC) maps.

Cytotoxic oedema lowers the brain tissue density in CT
theoretically by 2 HU (Hounsfield units) within 2.5 hours,
which can be difficult for the human eye to see and requires
extensive experience in evaluating CT scans [55-56].
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Paediatric stroke recommendations —
qualification for mechanical thrombectomy
[57-59]

This decision is made jointly by an interventional radiolo-
gist, a paediatric neurologist, and a neurologist from a centre
experienced in treating patients with mechanical thrombecto-
my based on the following data: the age of the child, the time
elapsed since the onset of clinical symptoms, the severity of
clinical symptoms according to the MRS and NIHSS scales,
the angio-CT examination/angio-MRI performed on the
height of the aortic arch, and the advancement of ischaemic
lesions on CT according to the ASPECTS scale (Alberta Stroke
Programme Early Computed Tomography Score).

For MRI, the size of the lesion can be assessed using the
approximate ASPECTS to DWI scale [60-70].

Standard considerations for qualifying adult ischaemic
stroke patients for endovascular treatment with mechanical
thrombectomy are as follows:

— up to 6 hours from the presentation of symptoms

— MRS=0orl

— NIHSS = not less than 6

— ASPECTS = not less than 6

— occlusion or critical stenosis of a large arterial trunk
documented in angio-CT or angio-MRI: ICA, MCA (M1,

M2, ACA), BA, VA and changes at the junction of the

above-mentioned arteries.

The ASPECTS scale used to quantify early ischaemic CT
lesions identifies patients who will benefit from mechanical
thrombectomy. According to this scale, the brain is divided
into 10 areas of MCA supply, 1 point is scored for ischaemic
changes in a single area. If there is ischaemia in several areas
— the changes add up and the rating is weighted. In the case
of a correct CT image in the MCA range, the brain CT image
gets 10 points on the ASPECTS scale, when all 10 MCA ter-
ritories are occupied — ASPECTS is 0 points, but when three
areas are occupied — ASPECTS is 7. We only add up fresh
ischaemic changes, ignoring the old ones. The MCA areas are
set out in Figure 1.

In addition, an extended therapeutic window may be
considered in children by considering the principles used in
adults in the DEFUSE-3 and DAWN studies and in the absence
of certain information at the time of onset according to the
WAKE-UP protocol.

The DAWN study showed that adult patients with ob-
struction of the large cerebral artery and a small volume of
infarcted area (reduced flow in CBF) and, at the same time,
with a relatively large neurological deficit, may benefit from
mechanical thrombectomy in the therapeutic window up to
24 hours after the onset of symptoms.

Similar conclusions can be drawn from the DEFUSE-3 study,
in which the target mismatch profile on CT perfusion or MRI-
mismatch between the volume of the penumbra area and
ischaemic core volume was the basis for the qualification of

patients for endovascular treatment of occlusion of the large
arterial trunk 6-16 hours after the clinical manifestation of
stroke. Volumetric assessment of an outbreak on DWI maps in
the adult population in the DAWN study was used to qualify
patients for endovascular therapy between six and 24 hours
from the time they were last seen without clinical signs of
stroke, outside the standard therapeutic window.

Patients with a relatively small volume of diffusion restric-
tion and, at the same time, a significant neurological deficit,
have been successfully treated with mechanical thrombectomy
in an extended therapeutic window. Similar observations were
made in the DEFUSE-3 study, where the decisive factor in
endovascular restoration of the main arterial trunk 6-16 hours
after the onset of the disease was a clear mismatch between
the DWI and PWT sequences [27-36].

Although a fairly large number of randomised trials con-
ducted in adults have found that they do benefit from mechan-
ical thrombectomy, we cannot directly transfer these guidelines
to children. Therefore, in each case, the assessment should
be highly individualised, and we recommend thrombectomy
therapies only in older children.

Summary

1. Neuroimaging on admission — CT or MRI in every child:

a. CT of head without using contrast agent;
b. Rapid MRI protocol including inversion and recovery
sequences (FLAIR, fluid attenuated inversion recovery),
MR diffusion-weighted imaging (DWI) with actual diffu-
sion-weighted imaging (ADC, apparent diffusion coeffi-
cient) and T2 * or SWI;

2. In children with symptoms of ischaemic stroke on MRI/
/CT or with a normal CT image, it is recommended to
perform angio-CT or angio-MRI of intracerebral arteries
(from level of aortic arch);

3. Control neuroimaging of head (CT or MR) to exclude
haemorrhagic transformation — usually performed
24 hours after start of thrombolytic treatment and/or
mechanical thrombectomy, or performed earlier in event
of significant deterioration of neurological condition.
An abbreviated method of neuroimaging diagnosis is

presented in Figure 2.

Paediatric stroke recommendations —
diagnostics of thrombophilia

The basic analysis includes blood group, complete blood
count with microscopic smear and iron balance assessment,
biochemical tests, and coagulation tests. Their implementa-
tion is also aimed at assessing the safety of anticoagulant/
/antiplatelet or thrombolytic therapy [70-72]. D-dimer is of
limited importance in children, because the results are often
false-positive (including infection, pre-laboratory errors), and
alow concentration of D-dimer does not exclude a thrombo-
embolic event, including ischaemic stroke [70-73].
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Imaging diagnosis of stroke in children/
/children with sudden neurological deficit and suspicion of stroke

7

A

MR IMAGING
(within 60 minutes of arriving at hospital)
sequences: DWI/ADC
FLAIR
T1and T2 or SWI
TOF MRA (head and neck)
Examination time 10-15 mins

A 4

If no ischaemia/haemorrhage:

Full MRI protocol + contrast enhancement + MRV

CT IMAGING
(if MRl is not possible)
CTA and CT perfusion

Figure 2. Imaging diagnosis of stroke in children/children with sudden neurological deficit and suspicion of stroke

In our opinion, laboratory tests for thrombophilia should
be performed in every child diagnosed with ischaemic stroke,
although experts in this field are not unanimous on this topic.
The parameters set out in Table 2 are used in the differential
diagnosis of hypercoagulability [71-77].

Important to consider

1. In the acute phase of stroke/thrombosis, the determina-
tion of proteins C, free S, antithrombin III, and activity of
clotting factor VIII, can be inaccurate. If incorrect results
are obtained, it is recommended to repeat them at least
6-8 weeks after the acute episode. Factor VIII is also an
acute phase protein [74-76].

2. Determination of homocysteine level is recommended,
and, only if elevated, polymorphisms in the methylenetet-
rahydrofolate reductase (MTHEFR) gene should be tested.
Carriage of clinically insignificant MTHFR polymor-
phisms is common in the Caucasian race. Importantly,
the increase in homocysteine concentration also occurs
in vitamin deficiencies (folic acid, vitamins B6, B12) and
inmetabolic diseases such ashomocystinuria or cobalamin C
deficiency [75].

3. Antiphospholipid syndrome (APS) is the most severe ac-
quired thrombophilia. It is most common in adolescents
and young adults. The diagnosis and treatment of APS
in children is based on the guidelines for adults (Tab. 2),
and the criteria for paediatric patients are being drawn up
[78-81]. Antiphospholipid syndrome comprises primary
(isolated) and secondary (coexisting) APS, which is usually
found in the course of rheumatological diseases (mainly
systemic lupus erythematosus). After a bacterial or viral
infection, as well as in patients with atopic dermatitis,
antibodies typical for APS [anticardiolipin antibodies
(aCL), anti-B2-glycoprotein I antibodies (anti- B2GPI);

lupus anticoagulant (LA)] may be transient, and therefore
it is necessary to repeat the tests after 12 weeks. It should
be emphasised that in a group of 121 children from the
Ped-APS Registry, ischaemic stroke was the first manifesta-
tion of APS in 31 children [80]. In the case of perinatal/
/neonatal stroke, the role of maternal antiphospholipid
antibodies penetrating the placenta is ambiguous, and
additional factors (including perinatal hypoxia, infection,
and congenital thrombophilia) seem to play a role in the
development of stroke [83].

4. Oral contraception, or increased activity of factor VIII,
are associated with acquired activated protein C resistance
(APCR) [70-75].

5. Inthe case of ischaemic stroke in a patient with sickle cell
anaemia, the RCPCH 2017 recommendations discuss in
detail the management and different treatment for this
group of patients [15].

Tests for thrombophilia screening are set out in Table 3.
Diagnostic criteria for the antiphospholipid syndrome
recommendations in Table 3 [78].

Paediatric stroke recommendations —
other laboratory tests

An important element of the diagnosis of the aetiology of
stroke, apart from neuroimaging tests, are laboratory tests that
should take into account haematological disorders that predis-
pose people, especially children, to the occurrence of a stroke.
Additional tests should exclude the inflammatory process,
systemic diseases, disorders of lipid and electrolyte metab-
olism, as well as mitochondrial diseases or infection [6, 37].
Most of these tests can be performed in the days following
acute illness.

If an infection is suspected, a chest X-ray should be per-
formed, and if an inflammatory aetiology of ischaemic stroke
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Table 3. Diagnostic criteria for antiphospholipid syndrome [77]
Clinical criteria:
Venous or arterial thrombosis confirmed by imaging tests
Obstetric failures:
— death of a morphologically normal foetus > 10 weeks of gestation
— premature birth of a morphologically normal child < 34 weeks gestation due to eclampsia, severe pre-eclampsia or confirmed placental insufficiency
— three or more spontaneous abortions < 10 weeks gestation, other causes excluded
Laboratory criteria:
Lupus anticoagulant confirmed at least twice with an interval of > 12 weeks
Anticardiolipin antibodies (IgG and/or IgM) in medium or high titre (> 40 GPL or MPL¥, or > 99 percentile), confirmed at least twice at an interval of > 12 weeks
Antibodies against B2-glycoprotein | (in IgG and/or IgM class), titre > 99" percentile, confirmed at least twice with an interval of > 12 weeks)

*At least one clinical criterion and one laboratory criterion are required for diagnosis
*Symbols GPL and MPL denote standardised units used in measurement of anti-cardiolipin antibodies in IgG and IgM classes, respectively

All children should be tested:

Full blood count with differential

Basic biochemistry: urea, creatinine, electrolytes, glucose

Coagulation screen: international normalised ratio/prothrombin time, activated partial thromboplastin time, fibrinogen
In all children with confirmed AlS, it is recommended: vascular imaging (MR or CT angiography) of intracranial and neck
vessels

In all children should be performed: echocardiography and ECG

Investigation of prothrombotic makers: anticardiolipin Ab(ACLA), lupus anticoagulant, antithrombin, protein C, protein S,
activated protein C resistance, Factor V Leiden, prothrombin G20210A, and MTHFR TT677 mutation, serum homocysteine
A history of recent infection (within preceding six months), particularly varicella infection, should be sought in children with
suspected or confirmed stroke

There are no indications for determination of level of D-dimer, and their value does not affect treatment

Additional tests should exclude inflammatory process, systemic diseases, disorders of lipid and electrolyte metabolism, as well
as mitochondrial diseases/genetic diseases or infection. Most of these tests can be performed in days following acute illness.

Figure 3. Investigations for suspected or confirmed childhood stroke

or subarachnoid haemorrhage is suspected, a cerebrospinal
fluid test is performed if the CT image is abnormal.

If there are seizures or non-seizure status epilepticus, elec-
troencephalography (EEG) should be performed. If possible,
this should be performed in a child at the beginning of the
disease, in order to be able to follow the dynamics of changes
in subsequent tests, which may be a possible indicator of the
development of epilepsy. Every child with suspected stroke
should have the following test (Fig. 3).

Paediatric stroke recommendations —
Doppler ultrasound of vessels in children

This test should be performed in all children who have
had a stroke or transient ischaemic attack, regardless of other
neuroimaging tests [86].

Probes used in ultrasound examinations

Examination of extracranial and intracerebral arteries
should be performed with a duplex-Doppler apparatus,
a 5-13 MHz linear probe, which enables the assessment of
the vessel wall, as well as the assessment of flow in the form
of colour-coded flow according to velocity or amplitude
(the so-called ‘power Doppler’), with an assessment of the
flow direction and velocity graph (Doppler spectrum in
visualisation of the spectrum shape and measurement of
systolic and diastolic velocities as well as vascular resistance
coefficients).

The transcranial examination can be performed using
Transcranial Doppler ultrasonography (TCD), sometimes
called ‘blind Doppler’, equipped with a 2 MHz pulse wave
(PW) probe) or duplex-Doppler examination with a sector
probe with a frequency of 2-3.5 MHz. The lower frequency
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used in transcranial probes makes it impossible to assess the
walls of intracranial vessels, so the most important thing is
to assess the velocity, flow direction and shape of the Doppler
spectrum.

In very young children with an open fontanelle, convex
duplex probes with a small forehead area, broadband with
afrequency of 5-11 MHz is used. The examination is routinely
performed through the anterior fontanelle [87].

Paediatric stroke recommendations —
cardiological diagnostics

A cardiogenic stroke is an ischaemic stroke caused by
embolic material formed in the cavities or valves of the heart.
In the general population, cardiogenic stroke accounts for
25-30% of all ischaemic strokes. With age, the proportion
of cardiogenic strokes in the pathomechanism of ischaemic
stroke increases, and it reaches 50% in the 45-80 age group.
This is due to the increase in potential risk factors, such as:
an increase in the percentage of cardiac arrhythmias (mainly
atrial fibrillation), dilated and contractile disorders of the heart
cavities, and valve prostheses as well as venous flow disorders,
which can lead to the formation of embolic material and its
subsequent migration into cerebral circulation in the mecha-
nism of paradoxical (cross) embolism. Such a mechanism of
stroke is favoured by impaired venous flow and inflammation
of these vessels, which predisposes to the formation of embolic
material in them. The incidence of these diseases increases
significantly with age.

A large percentage of strokes are cryptogenic strokes with
an undiagnosed cause. It depends, of course, on the scope and
detail of the conducted diagnostics. The causes and patho-
mechanisms of cardiogenic stroke in the paediatric popula-
tion are completely different. The disease entities that are the
main causes of stroke in adults (atrial fibrillation and dilated
cardiomyopathy) are almost entirely absent in the paediatric
population. In an analysis of 667 children with ischaemic
stroke, 30.6% were diagnosed with heart disease. Congenital
heart defects were found in 59.3%, acquired cardiovascular
abnormalities in 19.6%, and PFO (patent foramen ovale) in
15.2% [88].

There is an increased risk of cardiogenic stroke in children
with congenital heart disease. Defects with a right-to-left leak
(e.g. Fallot syndrome) allow the embolic material to pass from
the venous system to the systemic circulation through the
existing communication. The formation of embolic material
is favoured by compensatory polyglobulia, which occurs in
response to cyanosis accompanying the defect.

A similar situation occurs in patients with Eisenmenger’s
syndrome, in whom changes in the pulmonary vessels in the
course of the defects with increased pulmonary flow leads
to the development of pulmonary hypertension and right-
left reversal of the intracardiac shunt. Also, children after

cardiac surgery for heart defects have an increased risk of
thrombotic material formation, which is facilitated by the
presence of artificial materials used during the correction
of the defect. This thrombotic material can be clots or bac-
terial vegetations.

Bacterial endocarditis, especially located on the valves or
structures of the left heart, is associated with a high (25-50%) risk
of stroke [89]. Compared to the general population, the risk of
ischaemic stroke in young adults with a heart defect is
9-12 times higher, and in children up to 19 times higher [90-91].
Studies of more than 25,000 children and young adults with
congenital heart disease have shown that the incidence of
ischaemic stroke is 0.5%, which is 11 times higher than in the
general population [92].

Heart defects predisposing to ischaemic stroke in the
mechanism of paradoxical embolism include atrial septal
defect (ASD II). This defect causes blood to flow from the left
to the right heart. However, the pressure difference between
the atria is small. In certain situations, the leak direction may
be reversed temporarily. This can cause the transfer of embolic
material to the systemic circulation. A history of ischaemic
stroke in this mechanism is an indication for the closure of
the interatrial defect, regardless of its size and haemodynamic
significance. A similar mechanism of stroke may occur in the
case of patent foramen ovale (PFO). This remnant of the foetal
circulation remains patent in up to 20-30% of the population.
Itis not treated as a heart defect, and under no circumstances
is there any indication for its prophylactic closure. Due to the
anatomy of PFO, spontaneous leakage of blood between the
atria is often not observed, or the flow is haemodynamically
insignificant.

However, in situations such as pushing, sneezing, lift-
ing heavy objects, or Valsalva’s manoeuvre, right-left blood
flow may occur, and with it, embolic material may enter the
systemic circulation. In patients after ischaemic stroke and
after excluding its other causes, patent foramen ovale may be
considered as a potential site for the transition of the embolic
material from the venous to the systemic circulation.

In people under 45 years, as many as half of ischaemic
strokes may be caused by a paradoxical embolism. In this age
group, percutaneous PFO closure can be considered as a sec-
ondary prophylaxis of stroke. However, in paediatric patients,
this embolic mechanism is much less frequent. This is mainly
due to the fact that venous thrombosis as a potential source
of embolism occurs rarely in children, with a frequency of
0.05/1,000/year [93].

Data from the literature shows that in children after an
ischaemic stroke of uncertain origin, the incidence of PFO
is higher than in the adult population, and in many of them
the decision has been made to percutaneously close the PFO
[94-97]. Implantation of the device closing interatrial com-
munication is a safe and effective method of treatment also
in paediatric patients.
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Arterio-venous fistulas located in the lungs may be
another cause of ischaemic stroke in the mechanism of
paradoxical embolism. The prevalence of arteriovenous
fistulas in the lungs is estimated at 2-3/100,000. More than
80% of fistulas are congenital and often coexist with Rendu-
Weber-Osler syndrome. Fistulas are abnormal connections
between the artery and the pulmonary vein, bypassing the
pulmonary capillaries, in which there is a constant flow of
desaturated blood from the pulmonary bed directly into
the pulmonary veins, bypassing the capillaries. Fistulas
can cause desaturation (cyanosis), volume overload, or
be asymptomatic. Ischaemic stroke in the mechanism of
paradoxical embolism may be the first, and often the only,
symptom. The frequency of strokes in pulmonary arteri-
ovenous fistulas is estimated at 18-32%, and up to 60% in
the case of multiple fistulas [98].

The risk of paradoxical embolism is increased by the fact
that there is constant right-left blood flow. Percutaneous em-
bolisation of abnormal connections is the method of choice for
the treatment of these malformations. This allows for minimal-
ly invasive, precise closure of them while maintaining healthy
lung tissue. Valsalva contrast echocardiography is standard in
the diagnosis of leaks between the right and left hearts. During
echocardiography, saline is administered intravenously with
microbubbles in the air. During the Valsalva test, it is found
that the micro air vesicles enter the systemic circulation.

Transoesophageal echocardiography is the most sensitive
and specific. However, in children with good echocardio-
graphic visualisation, a transthoracic examination is sufficient.
Equally sensitive is the transcranial Doppler (TCD) test,
also with agitated saline. During the Valsalva manoeuvre,
the micro signals are detected in the cerebral circulation.
This examination, although simpler and less invasive for
the patient, does not allow for the indication of the leakage
site, and only detects its presence. It can definitely be used
as a screening test.

Paediatric stroke recommendations —
anticoagulant treatment and secondary
prevention of stroke in children, based on
RCPCH 2017 and AHA 2019 guidelines

1. Ifpatientis qualified for thrombolytic treatment according
to scheme included in these recommendations, antiplatelet/
/anticoagulant treatment is postponed for 24 hours [35].

2. Patients who do not qualify for thrombolytic therapy
should be urgently initiated on antiplatelet therapy (in ab-
sence of CNS bleeding and other contraindications) [36].
Recommended therapy is acetylsalicylic acid (ASA) at
a dose of 5 mg/kg (up to a maximum of 300 mg daily) with
dose reduction after 14 days (up to a maximum of 75 mg
daily) [35, 71, 72].

3. Patients with a suspected cardiovascular or vascular
embolism should be treated with anticoagulation (low
molecular weight heparin/unfractionated heparin/vita-
min K antagonist; in the absence of contraindications
and intracranial bleeding) [35, 71-72]. Anticoagulation
therapy should last at least six weeks (in the case of
dissection of the arteries) or longer. A multi-specialist
council and planning of further therapy, including pro-
cedures in the field of invasive cardiology, is necessary
[36, 72, 98].

It must be emphasised that the main goal of antiplatelet
or anticoagulant therapy is to prevent recurrence of stroke

[35,71-73].

Safety of therapy

Patients with a massive ischaemic stroke involving a signi-
ficant area of the brain (> 2/3 of the vascular territory of middle
cerebral artery), or with arterial hypertension, are at high risk
of secondary haemorrhage. The decision whether to initiate
anticoagulant/antiplatelet therapy should be postponed for up
to 72 hours. Patients with middle cerebral artery involvement
may develop a malignant cerebral oedema requiring urgent
neurosurgical treatment (hemicraniectomy) and reversal of
anticoagulant drugs [35, 71-73].

During antiplatelet therapy with ASA, in case of severe
epistaxis or gastrointestinal intolerance, it is reccommended
to reduce the dose to 1-3 mg/kg/day. ASA therapy is advised
to last at least two years, because the risk of recurrent stroke
is highest during this period. ASA therapy is considered safe,
and so far Reye’s syndrome has not been reported in children
receiving the drug in a prophylactic dose [99].

Based on the observation of large groups of patients, the
risk of secondary haemorrhage in ischaemic lesions in children
who have received or have not received antiplatelet/antico-
agulant therapy is similar [100-102]. The same observations
also apply to newborns treated with anticoagulants due to
cardiogenic strokes [101].

Paediatric stroke recommendations —
indications for use of chronic secondary
anticoagulant prophylaxis after ischaemic
stroke [103-105]:

— Recurrent ischaemic stroke

— Predisposing heart defect, arrhythmias, blood vessels
abnormalities

— Antiphospholipid syndrome

— Severe thrombophilia: deficiency of antithrombin, protein
C deficiency, free protein S deficiency, homozygous factor
V Leiden mutation, homozygous G20210A mutation in
prothrombin gene
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— Complex thrombophilia (e.g. coexistence of heterozygous
forms of factor V Leiden mutation and prothrombin gene
G20210A and others)

— Current process/inflammation in body predisposing to
relapse (e.g. active nephrotic syndrome, active ulcerative
colitis, use of asparaginase).

Long-term anticoagulants in children are vitamin K antag-
onists (VKA) administered orally (e.g. warfarin, acenocouma-
rol) or subcutaneously injected low molecular weight heparin
when the use of VKA is impossible (gastrointestinal malab-
sorption, in tablet form in young children). Therapy requires
regular monitoring, including INR or anti-Xa determination,
respectively. In 2022, the direct oral anticoagulant (DOAC)
rivaroxaban was approved for use in children in Poland in
the treatment of VTE and prevention of its recurrence, while
other DOAG:s are yet to be registered in patients under 18.

Studies in adults have shown that DOACs should not be
used in patients with antiphospholipid syndrome or in patients
undergoing heart valve replacement (due to the increased
frequency of recurrence of thrombosis) [105].

The risk of recurrent ischaemic stroke and, on the other
hand, the risk of bleeding, the chronicity and the burden of
secondary anticoagulation in children raise many doubts. To
make therapeutic decisions, specialist consultations and the
active participation of the patient and his or her family are
necessary.

Paediatric stroke recommendations —
intravenous thrombolytic therapy

Intravenous thrombolytic therapy of ischaemic stroke
(i.v. cerebral thrombolysis) with tissue plasminogen activator
(rt-Pa i.v.) has been approved for the treatment of adult pa-
tients since 1996, initially in the USA based on results from
the National Institute of Neurological Diseases and Stroke
(NINDS), and then since 2002 in Europe, following the results
of randomised clinical trials and the European Cooperative
Acute Stroke Study (ECASS) [106].

In Poland, cerebral thrombolysis, implemented incidental-
ly since the beginning of the 21st century, has been admitted
into routine clinical practice since 2003 and is currently used
in an average of 17%, and in the best patient centres more
than 33%, of ischaemic stroke patients. Even though access to
endovascular methods is increasingly common, rt-Pa i.v. re-
mains a standard method of treatment of stroke patients [107].

The insufficient data on safety and long-term effects
can probably be explained by the fact that the US Food and
Drug Administration and Health Canada do not recommend
thrombolytic therapy for ischaemic stroke in children and
adolescents. Also, the American Heart Association, the
American Stroke Association, and the American College of
Chest Physicians do not recommend routine use of thrombo-
lytic therapy for stroke before the age of 18 [36].

The opinion of the American Heart Association/American
Stroke Association on the management of stroke in newborns
and children, published in 2019, states that it remains contro-
versial, without providing clear indications/contraindications
for the use of thrombosis brain due to the absence of clinical
trial results on the treatment of acute phase of stroke. The
AHA/ASA recall only the protocol elements used in the TIPS
(Thrombolysis in Paediatric Stroke) study (classic rt-PA dos-
ing at a dose of 0.9 mg/kg body weight: 10% by bolus in the
first 5 minutes, the remaining amount in the infusion pump
within 55 min) [108].

Currently, the most detailed practical guidance is pro-
vided by the algorithm proposed by the Boston Children’s
Hospital Neurological Department, prepared on the basis of
the TIPS study protocol (Tab. 2) [8]. Similarly, the Australian
Clinical Consensus Guidelines for diagnosis and acute man-
agement appropriate in specific children proposes the use
of criteria based on the TIPS study consensus, pointing to
“weak” evidence of the benefits of thrombolytic therapy in
children [7].

In a small group of patients, it is additionally helpful
to use the premises contained in the summary of product
characteristics of actilyse/alteplase, indicating: “in children
> 16 years of age, the individual benefit-risk ratio should be
carefully assessed. Children aged > 16 years should be treated
according to the guidelines for adults after confirmation of
arterial ischaemic thromboembolism (exclusion of a disease
imitating stroke)” [108].

In light of the above facts, thrombolytic therapy in chil-
dren and adolescents < 16 years of age can still be performed
outside the registration indications (only off-label), and there-
fore should be considered individually and after a detailed
consideration of the benefit-risk ratio. Its conduct should be
carried out in a centre equipped with an interdisciplinary team
of specialists experienced in the diagnosis and treatment of
stroke in children and adolescents.

Indications and contraindications for
cerebral thrombolysis in children and
adolescents proposed in TIPS study [109]

Indications
— Age: 2-17 years
— Symptoms of acute ischaemic stroke defined as sudden
onset of focal deficit
— NIH Stroke Scale (PedNTHSS) > 4 and < 24 points (An-
nex 1) [110]
— Duration of symptoms < 270 minutes
— Features of acute ischaemia confirmed by neuroimaging:
« MRI with diffusion-weighted sequences and MRA
showing at same time signs of partial or complete
occlusion of cerebral arterial vessel in location corre-
sponding to symptoms,
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« CT examination showing correct image of brain
structures or minimal early ischaemic changes and
CT-angio examination showing partial or complete
obstruction of cerebral arterial vessel in location
corresponding to symptoms,

o Exclusion of haemorrhagic foci.

Contraindications*
Unknown time of onset
Pregnancy
Clinical symptoms suggesting a subarachnoid haemor-
rhage even with a normal CT imaging
Patients in whom consent has not been obtained for a po-
tential blood transfusion
Previous intracranial haemorrhage
Known arteriovenous malformation, aneurysm or brain
tumour
Systolic blood pressure in lying or sitting position > 15%
higher than 95" percentile value for patient’s age
Blood glucose < 50 mg/dL (2.78 mmol/L) or > 400 mg/dL
(22.22 mmol/L)
Platelet count < 100,000, PT > 15 sec, INR > 1.4, PTT
> laboratory norm
Symptoms of myocardial infarction or pericarditis that
require a cardiac evaluation
Stroke, major head injury, or intracranial surgery in pre-
vious three months
Major surgery or biopsy within previous 10 days (relative
contraindication)
Bleeding from gastrointestinal tract or urinary tract during
previous 10 days (relative contraindication)
Puncture of artery in a place inaccessible to pressure or
lumbar puncture in period of seven preceding symptoms
(relative contraindication) (patients with a catheter insert-
ed into pressure artery are not excluded)
Patients with active neoplastic disease or within one month
after end of treatment
Patients with known significant coagulation deficits (pa-
tients with mild platelet dysfunction, mild von Willebrand’s
disease, or other mild coagulation deficits are not excluded)
Mild neurological deficit (PedNTHSS < 4) at initiation of
rt-PA infusion or prior to initiation of sedation for neu-
roimaging (if applicable)

— Significant neurological deficit suggesting extensive ter-
ritorial stroke (PedNIHSS > 24 points), regardless of size
of ischaemic focus seen in neuroimaging

— Symptoms of stroke in course of bacterial endocarditis,
moya moya disease, sickle cell anaemia, meningitis, my-
eloid, air or fat embolism

— Previously diagnosed primary central nervous sys-
tem vasculitis (PACNS) or secondary central nervous
system vasculitis (childhood focal cerebral arteriopathy
(FCA) is a contraindication)

— Intracranial haemorrhage (HI-1, HI-2, PH-1 or PH-2)
demonstrated by MRI or CT of head

— Dissection of intracranial arteries (above exit of eye artery)

— Significant volume of infarct on MRI, covering > one third
of MCA supply area

— Known allergy to recombinant plasminogen activator

— INR>14

— APTT in laboratory standard for heparin treatment up
to 4 hours

— LMWH treatment in previous 24 hours (aPTT and INR
do not reflect LMWH effect).

*The occurrence of an epileptic seizure upon onset is not

a contraindication if the other inclusion criteria are met and

if the exclusion criteria are absent.

Paediatric stroke recommendations —
malignant MCA syndrome

Malignant middle cerebral artery syndrome (MMCAI) is
a situation where the ischaemic area is large and covers over
33% of the MCA vascularisation range, which is associated
with large swelling of the brain and rapid deterioration of the
patient’s condition. MMCAT risk factors include seizures lasting
more than 5 minutes as a manifestation of trauma, and a severe
neurological condition at the beginning. For adult patients
with MMCALI, the recommended management is to perform
a decompressive craniectomy; this improves the survival rate
of the stroke and the neurological outcome of patients in long-
term follow-up; in the case of children, there is no reliable
research [8, 36]

In summary, we propose a scheme illustrating in a simpli-
fied way the diagnostic procedure in the case of a child with
suspected stroke (Fig. 4).
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Protection of airway patency
Oxygen therapy (Sat goal > 92%)
Intravenous input security

(in children with fever)
Constant monitoring of vital functions
Glasgow score and PedNIHSS score

Child with acute CNS symptoms — hospital accident and emergency Intubation and mechanical ventilation
department prepared for treatment of children with stroke

Intravenous hydration pressure

Symptomatic treatment of hypoglycaemia, fever and convulsions

Laboratory tests:

Blood gas analysis, complete blood count with smear, CRP, coagulation If a child has been diagnosed with sickle
system, glucose, urea, creatinine, blood group, blood and urine cultures cell anaemia

to consider:

GCS < 8 points

Features of respiratory failure
Symptoms of increased intracranial

(SCD), need for any replacement blood
transfusion
should be discussed with haematologist

v

Urgent neuroimaging tests by MR method — recommended in children/CT and/or together with vascular
examination (MR/CT angiography) — up to one hour after child's arrival at hospital

|

l

Ischaemic stroke Haemorrhagic stroke 'Stroke mimic’

l

l

sant, antipyretic)
(see Chapter 3)

Treatment of ASA Urgent contact with a neurosurgeon Depending on result of imaging
Thrombolysis to be considered and an anaesthettist — surgical examination and clinical symptoms,
if conditions are met treatment and ICU care to be further diagnostic decisions (lumbar
Symptomatic treatment (anticonvul- considered puncture, CSF examination for

neuroinfections/demyelinating
diseases of CNS)

v

To consider:
« Thrombectomy
« Decompressive craniectomy

In paediatric neurology department: rehabilitation,
speech therapist and psychologist care

l

Discharge from the department to the rehabilitation center/department
Secondary prophylaxis: ASA or depending on the established etiology
of ischemic stroke

Figure 4. Scheme of management of child with acute symptoms of central nervous system/suspected acute cerebrovascular disease —
from appearance of symptoms through diagnosis and treatment of acute phase to secondary prophylaxis (according to Royal College of
Paediatrics and Child Health recommendations in 2016, 2019 [8, 36], modified by the authors)
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ABSTRACT

Introduction. Nearly 80% of people diagnosed with idiopathic REM sleep behaviour disorder (iRBD) via video-polysomnography
(v-PSG) are expected to be in the prodromal stage of an alpha-synucleinopathy. Signs of autonomic dysfunction can appear earlier
than motor or cognitive alpha-synucleinopathy symptoms. Heart rate variability (HRV) can potentially be an objective measurement
of autonomic dysfunction, and furthermore can be obtained directly from v-PSG.

Objectives. The aim of this study was to evaluate dysautonomia in iRBD subjects using HRV obtained during different sleep
stages and wakefulness from v-PSG.

Material and methods. Subjects positively screened by an RBD screening questionnaire (RBD-SQ) underwent v-PSG to
diagnose RBD. HRV obtained from v-PSG recordings was correlated to dysautonomia evaluated from a Non-Motor Symptoms
Scale (NMSS) questionnaire. Optimal cut-off values of HRV parameters to predict dysautonomia were calculated using receiver
operating characteristics (ROC) — area under the curve (AUC) analysis. The effect of confounder variables was predicted with
binomial logistic regression and multiple regression analyses.

Results. Out of 72 positively screened subjects, 29 subjects were diagnosed as iRBD (mean age 66 + 7.7 years) by v-PSG. Eighty-
-three per cent of the iRBD subjects in our cohort were at the time of diagnosis classified as having possible or probable pro-
dromal Parkinson'’s disease (pPD) compared to zero subjects being positively screened in the control group. The iRBD-positive
subjects showed significant inverse correlations of NMSS score, particularly to log low-frequency (LF) component of HRV during
wakefulness: r=-0.59 (p = 0.001). Based on ROC analysis and correlation between NMSS score, log LF during wakefulness (AUC
0.74, cut-off 4.69, sensitivity 91.7%, specificity 64.7%, p = 0.028) was considered as the most accurate predictor of dysautono-
mia in the iRBD group. Apnoea-hypopnoea index (AHI) negatively predicted dysautonomia in the iRBD group. None of the
HRV components was able to predict the presence of iRBD in the full cohort. Age, gender, and PSG variables were significant
confounders of HRV prediction.

Conclusions. The presented study did not confirm the possibility of using HRV from v-PSG records of patients with iRBD to
predict dysautonomia expressed by questionnaire methods. This is probably due to several confounding factors capable
of influencing HRV in such a cohort.
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Introduction

Consistent evidence indicates that RBD is the most spe-
cific clinical prodromal marker of alpha-synucleinopathies —
neurodegenerative disorders characterised by the pathological
accumulation of alpha-synuclein, such as Parkinson’s disease
(PD), dementia with Lewy bodies and multiple system atrophy
[1, 2]. The presence of RBD is also currently being studied in
tauopathies, such as progressive supranuclear palsy [3] and
Alzheimer’s disease [4]. Several studies have demonstrated
that ¢.80% of v-PSG proven RBD patients eventually develop
alpha-synuclein-induced neurodegeneration [2, 5, 6], with
a nearly 6.3% phenoconversion rate per year [7], and thus
it can be effectively used as a substitute for pPD in research
studies of other potential biomarkers [1].

Such a predictor is dysfunction of the autonomic nervous
system (ANS). Signs of autonomic dysfunction are estimated
to start developing as much as 15 years before the diagnosis
of PD [8]. Orthostatic hypotension in PD involves a combina-
tion of sympathetic denervation and baroreflex failure, and oc-
curs in 20-50% of patients with PD, according to the different
diagnostic criteria used [9]. Other signs of dysautonomia are
constipation, with a prevalence ranging from 24.6-63% [10],
and lower urinary tract dysfunction, mostly characterised by
overactivity of the detrusor muscle leading to an overactive
bladder, occurring in 27-80% of PD patients [11].

It has been recognised that the presence of RBD identifies
a specific PD subtype characterised by a higher prevalence
of autonomic dysfunction [12]. A recent proposal [13] divides
PD into two subtypes, according to the phenotypes seen in
the prodromal stage. One is the ‘body-first’ subtype, clearly
associated with the presence of RBD, appearing during the
prodromal stage and with significant damage to the ANS
preceding measurable damage to the nigrostriatal dopamine
system. The other subtype is designated ‘brain-first, which in
its prodromal stage is without RBD or quantifiable dysfunction
of the ANS, but already with evident damage to the nigrostri-
atal dopamine system [13].

Questionnaires and rating scales are currently the gold
standard for assessing most aspects of autonomic dysfunction;
however, these are subjective, and few objective measures
are available, e.g. HRV. HRV measures the fluctuation of the
time intervals between consecutive heartbeats, revealing
the dynamic interactions between the sympathetic and para-
sympathetic functions. HRV has been suggested as a possible
biomarker for dysautonomia in conditions such as diabetes
mellitus type 2 [14] and ischaemic stroke [15]. Having the
advantage of being directly obtained from diagnostic v-PSG,
HRYV is an inexpensive measure of cardiac dysautonomia com-
pared to examinations such as 123 I-MIBG-scintigraphy [16],
and could potentially be an objective measure of autonomic
dysfunction in subjects at risk of developing an alpha-synucle-
inopathy. In this study, we tested the hypothesis that HRV can
predict subjective autonomic dysfunction in iRBD patients.

Material and methods

Study participants were recruited in a single Movement
Disorder Centre in Kosice, Slovakia, between 2018 and 2021
after a nationwide media campaign, followed by a multistage
screening described previously [17]. Patients were screened
using the REM Sleep Behaviour Disorder Single-Question
Screening [18], followed in the case of positive findings by
the RBD-SQ [19]. Patients with > 5 points on the RBD-SQ
underwent v-PSG. All involved subjects signed informed
consent forms prior to their enrolment. The investigation
protocol was approved by the local ethics committee, and
the work was carried out in accordance with the Declaration
of Helsinki.

A full night v-PSG examination was performed over the
course of one or two nights using Sleepware G3 version 3.9.5.
software to guarantee an appropriate amount of REM sleep for
the evaluation. The v-PSG scoring used was according to the
American Academy of Sleep Medicine’s recommendation [20].
REM sleep muscle tone was recorded and scored according to
the SINBAR group’s recommendations [21]. Subjects were con-
sidered as RBD-positive patients in the presence of REM-sleep
without atonia (RWA) in PSG and complex motor behaviour
in the REM phase based on the synchronised v-PSG recording
or patient history, according to the International Classification
of Sleep Disorders — 3™ edition [22].

All patients were evaluated by a movement disorder spe-
cialist to exclude the presence of clinically established par-
kinsonism and also by a level 2 neuropsychological assess-
ment to exclude the presence of cognitive dysfunction [23].
Patients presenting with severe autonomic dysfunction and
age below 50 were also excluded in the initial visit [24]. After
performing v-PSG analysis, those patients who were observed
to have severe OSA (apnoea-hypopnea index (AHI) over 30 per
hour of total sleep time), and those with cardiac arrhythmia or
artefacts affecting ECG signal were excluded from the study
as well. Subjects included in the study were then divided into
an iRBD group and an RBD-negative group based on the
presence of RBD (Fig. 1).

The likelihood ratio (LR) of a given subject being in pPD
at the time of examination was also calculated based on the
updated Movement Disorder Society (MDS) Research Criteria
for prodromal Parkinson’s disease [24], using all risk factors
and prodromal markers, excluding genetic testing, plasma
urate levels in men, and physical inactivity, as described
previously [17].

HRV analysis came from a 5-min interval with stable ECG
taken from v-PSG in three distinct sleep and wake stages:
pre-sleep relaxed wakefulness, NREM (especially stage N2 but
occasionally also N1 and optimally from the first sleep cycle),
and REM. Intervals did not contain arousals, motor or res-
piratory events. For each interval, HRV was analysed in the
frequency domains using Kubios HRV Premium software
version 3.5.0 (University of Eastern Finland, Kuopio, Finland).

262 www.journals.viamedica.pl/neurologia_neurochirurgia_polska



Joaquim Ribeiro Ventosa et al., HRV in dysautonomia in iRBD

Initially recruited subjects (n = 72)

Excluded for not having v-PSG

performed at current <
analysis time (n = 2)

Excluded for being

Excluded for being diagnosed
with manifest parkinsonism

A

under 50 years of age
(n=6)

Excluded due to severe OSA

during clinical examination
(n=6)

Excluded due to severe

A

(AHI > 30/hour of TST) (n = 8)

urinary dysfunction (n = 1)

Excluded due to severe artefacts
in ECG channel in v-PSG

recording (n = 2)

Subjects included
in current analyses
(n =47, males n = 26; 55%)

Group 1 —iRBD
(n =29, males n =22; 76%)

l

Group 2 — RBD negative
(n =18, males n = 4; 22%)

Figure 1. Flow chart of study population. AHI — Apnoea-Hypopnoea Index; iRBD — idiopathic rapid eye movement (REM) sleep behaviour
disorder; n — number; OSA — obstructive sleep apnoea; v-PSG — video-polysomnography; TST — total sleep time

HRYV analysis provided several different metrics: the fre-
quency-domain metric LF is a measure of the low-frequency
band (0.04-0.15 Hz) traditionally associated with both sympa-
thetic and vagal influence and reflects baroreflex sensitivity [25].
Parasympathetic activity is considered to be a major contribu-
tor to the high-frequency (HF) band (0.15-0.4 Hz). The LF/HF
ratio is used to estimate the relation between the influence of
the sympathetic and parasympathetic systems under controlled
conditions, also known as the sympathovagal balance [26]. In
our analysis, the following frequency-domain spectral com-
ponents of HRV were obtained, as quantified by a fast Fourier
transform decomposition algorithm available in the software:
absolute power of LF — LF ms’, natural logarithm of LF —
log LF, absolute power of HF — HF ms’, natural logarithm of
HF — log HE, and the LF/HF ratio.

Lastly, the Non-Motor Symptoms Severity Scale (NMSS)
questionnaire was selected in this study based on MDS
recommendations [27] to reflect multidomain autonomic
dysfunction due to its cross-validity with other scales [28].
Items regarding autonomic function were selected (Nos. 1, 2,
19-24 and 30) [29]. Each item is evaluated based on the sever-
ity of the symptoms (0-3 points) and frequency (1-4 points).
The final score for each NMSS item is the result of the severity
multiplied by the frequency.

The NMSS total in the study represents the sum of the scores
for the items concerning autonomic function, and the separate
domains of autonomic dysfunction — the cardiovascular (CVS),
gastrointestinal (GIT), urinary domains or sweating, were
quantified by a set of NMSS items regarding specific domain.

We defined significant dysautonomia if the subject scored
at least one severity score of 2 or 3 points that represents symp-
toms which were a moderate or major source of disturbance
for the patient.

Data analysis

Statistical analysis was performed using IBM SPSS Statistics 22
and managed by spreadsheet software. The one-tail unequal
variance t-test (Welch’s t-test) was used when assessing the
differences in demographic, v-PSG and autonomic parameters
between the two study groups.

Correlations between the values of NMSS total, as well as
of separate autonomic dysfunction in the CVS, GIT, urinary
and sweating domains, with the LF (ms’), log LF, HF (ms’),
log HF and the LF/HF ratio components of HRV obtained
separately during wakefulness, NREM and REM sleep, were
calculated using Pearson’s correlation coefficient (r) in the full
cohortand in iRBD subjects. The correlations were considered
to be significant if r > 0.5 or r < -0.5.
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Table 1. Description of study groups. Values are expressed as averages followed by standard deviations (in brackets)

All individuals n = 47, age [years] = 63.8 (7.7)

Group 1 (iRBD)

n=29
Age [years] 66 (7.7)
MDS-UPDRS-IIl total evaluation score 7.1(6)
TST —total sleep time [min] 375.7 (106.4)
Sleep efficiency [%] 76.7 (13.5)
AHlindex (/h TST) 11.9 (8.1)
PLMS index (/h TST) 20.7 (19)
Arousal index (/h TST) 9.6 (5.5)

NMSS total autonomic score 11.1(10.2)

Statistical
Group 2 (RBD negative) significance - p-value

n=18

60.4 (6.6) 0.006

6.5(6.1) 0.379
407.8 (62.3) 0.1

82.4(7.8) 0.039

9.8(7.3) 0.19
12.1(12.9) 0.035

10.7 (8.6) 0.311
10.2 (15.8) 0416

AHI — Apnoea-Hypopnoea Index; MDS-UPDRS-IIl — Movement Disorder Society-Unified Parkinson’s Disease Rating Scale part Ill; N — number; NMSS — Non-Motor Symptoms Severity Scale; PLMS — periodic

Limb movements of sleep; TST — total sleep time

We performed ROC analysis, from which the AUC (values
0-1) was calculated, using HRV components as the diagnostic
test and significant dysautonomia as the outcome.

The ROC analysis was performed to obtain a cut-off value
for different components of HRV that predict whether or
not a given subject has a significant autonomic dysfunction,
with a given sensitivity and specificity. Using the AUC calcula-
tion, we obtained a cut-off value for each of the studied HRV
components, predicting if a given subject had a significant
autonomic dysfunction.

Binomial logistic regressions were performed to ascer-
tain the effects of independent variables — age, gender, AHI
index and PLMS index on the prediction of HRV changes,
having iRBD, and the presence of significant autonomic
dysfunction. The Nagelkerke r* coefficients and correct
prediction — overall percentage of the final binary regres-
sion model for the prediction of the dependent variables
were calculated. The magnitude of association between the
dependent and the independent variables was measured by
the odds ratio (OR). A 95% confidence interval (CI), was
used in the study, with a p-value of under 0.05 considered
statistically significant.

Results

Demographic, v-PSG, autonomic parameters
and HRV components

Seventy-two initially recruited patients with positive RBD-
-SQ (average age 62.6 + 9 years, 29 females and 43 males) were
eventually included in the study (Fig. 1). Due to technical
problems, two of the 72 subjects did not undergo v-PSG. Six
patients were excluded because of the presence of parkinson-
ism. From the remaining 64 subjects, six were excluded from
further analysis due to age under 50 years, plus one because
of severe urinary dysfunction (associated with a complication
of surgery), plus 10 due to severe OSA or severe artefacts in
ECG (Fig. 1). For the further analysis of HRV, we used 47 pa-
tients (average age 63.8 + 7.7 years, 21 females and 26 males),

29 of them diagnosed with iRBD (Tab. 1). Thirty-five (50%)
positively RBDSQ-screened subjects out of the 70 were con-
firmed as RBD.

The diagnosis of RBD was based on the presence of RWA
and dream-enacting complex behaviour on v-PSG or patient
history. On average, 7.53% of the REM epochs presented
with RWA in the RBD positive group.Of the 29 RBD positive
subjects, 12 manifested dream-enacting behaviour on v-PSG.

The LR for pPD was calculated for each subject. The iRBD
group consisted of 22 (76%) subjects with an LR of probable
pPD; two (7%) subjects met the criteria for possible pPD, and
five were classified as negative for pPD. All 18 subjects in the
RBD negative group - the control group — were classified as
negative for pPD.

Table 1 presents a description of the demographic, v-PSG,
and autonomic parameters of the two studied groups according
to the presence of RBD. Significant statistical differences were
found between the groups in terms of age, sleep efficiency,
and periodic limb movements in sleep (PLMS) indices. IRBD
subjects were older, had decreased sleep efficiency, and had
more PLMS.

Relationship between HRV components
and questionnaire-assessed autonomic
parameters in iRBD patients
In iRBD subjects, we found significant inverse correlations
of NMSS total to the natural logarithm of the LF and HF
components of HRV during wakefulness: log LF: r = -0.59
(p = 0.001), log HF r = -0.54 (p = 0.003). Significant corre-
lations were also observed between the urinary domain of
autonomic function and log LF (r = -0.58; p = 0.001), as well
as log HF (r = -0.54; p = 0.003) during wakefulness (Tab. 2).
In the control group, we did not find any significant correla-
tions. Also when considering the full cohort, there were no
significant correlations.

By performing the ROC analysis, we obtained values of
AUC for each of the HRV components. Only three HRV com-
ponents had statistically significant AUC values. Of these three
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Table 2. Correlations between HRV components and autonomic parameters in iRBD group

Relaxed wakefulness

logLF  HF (ms®) logHF  LF/HFrat.

LF (ms?)
-0.18

logLF  HF (ms’) logHF LF/HFrat. LF(ms’) logLF HF(ms’) logHF LF/HFrat.

LF (ms?)

-0.14

-0.25
0.198
0.02
0.907

-0.16
0.405

-0.45*
0.014

-0.06
0.759
-0.13

0.51

-0.28
0.146

-0.18
0.353

-0.24
0.22
0.01

0.976

-0.18

0.346

0.05
0.814

-0.59%* -0.35 -0.54**
0.003

.001

-0.43*
0.02
-0.02

0.921

Pearson’sr

NMSS total

0.06
0.06

0.76
-0.19

p-value

-0.13

-0.06
0.77
0.09

0.634

-0.04

0.836

-0.09

0.07
0.733

0.12
0.543

0.03
0.874

-0.16
0.415

-0.02
0.907
-0.11

-0.17
0.375
-0.27

0.15

Pearson’s r

CVS

p-value

-0.07

0.03
0.895

0.01
0.975

0.02

-0.19
0.337

-0.09
0.645

-0.03
0.879

-0.29
0.125
-0.24
0.213

-0.19
0.326

-0.13
0.519

-0.31
0.099
-0.41*%
0.026
-0.09
0.643

Pearson’s r

GIT

0.559

0.32
-0.27
0.153

p-value

-0.11

-0.22
0.245
-0.31
0.105

-0.13
0.511

-0.45*

0.015

-0.17

-0.08
0.671

-0.32
0.096

-0.19
-0.11

0315

-0.28
0.137
0.22
0.247

0.05
0.813

-0.54%

-0.58%*
0.001

Pearson’sr

Urinary

0.003
-0.37%
0.048

p-value

-0.07

-0.29
0.123

-0.41*

0.026

-0.19

0.23
0.225

-0.15
0.449

0.1
*Correlation is significant at < 0.05 level (2-tailed). **Correlation is significant at < 0.01 level (2-tailed). In bold are marked correlations with a Pearson’s correlation coefficient of either < -0.5 or > 0.5, considered significant correlations

0.23
0.601

-0.3
0.115

-0.2
0.29

Pearson’s r

Sweating

0.581

0.23

p-value

natural logarithm; ms” — absolute power of HRV component;

CVS — cardiovascular system; GIT — gastrointestinal system; HF — high-frequency HRV component; HRV — heart rate variability; iRBD — idiopathic REM sleep behaviour disorder; LF — low-frequency HRV component; log

NMSS — Non-Motor Symptoms Scale for Parkinson’sDisease; NMSS total — sum of scores of items in NMSS regarding autonomic function; Pearson’s r — Pearson's correlation coefficient

HRV components, one of them had been described previously
as also having a significant correlation to the total NMSS
score in the correlation analysis: log LF during wakefulness;
therefore, this HRV component was finally selected to be the
HRV component that could more accurately predict significant
dysautonomia. We further selected an optimal cut-off level for
predicting significant dysautonomia, together with sensitivity
and specificity values: log LF during wakefulness has an AUC
of 0.74 and an optimal cut-off of 4.69 (sensitivity 91.7% and
specificity 64.7%, p = 0.028) (Suppl. Material A).

Using binomial logistic regression, we described that
the influence of age, gender and PSG variables is 44.1%
(Nagelkerke r,) on the prediction of significant dysautonomia
in the group of iRBD subjects. The only variable that can sig-
nificantly impact the prediction of significant dysautonomia
was the AHI index, where an increase of 1 point in the AHI
index decreases the chance of having significant dysautonomia
by 19% (p = 0.017) (Suppl. Material B).

Differences in HRV between iRBD patients and
controls

The subjects in the cohort did not show any statistically
significant differences between the HRV components during
wakefulness or NREM, and REM sleep, when comparing the
iRBD group to the RBD negative group (Suppl. Material C).

A ROC curve was performed in the full cohort to predict
iRBD based only on HRV values during wakefulness and
sleep. No HRV component was able to independently predict
the diagnosis of iRBD, which is reflected in the values of AUC
without statistical significance (Suppl. Material D).

Using binomial logistic regression, we described that the
influence of age, gender and PSG variables on the prediction
of iRBD in the full cohort was 83%. The Nagelkerke r, indicated
approximately 43% of the variance in the iRBD prediction
was accounted for by independent factors. The only variable
that could significantly impact the prediction of iRBD was
gender: females were 88.1% less likely to have iRBD than males
(p =0.005) in the presented cohort.

Multiple regressions were used to predict how much
of the variance of each HRV component in sleep and wake stag-
es was accounted for by age, gender, AHI and PLMS indices,
in the full cohort (Suppl. Material E). The HRV component
which was most influenced by these variables was log LF
in wakefulness (R’ = 0.22).

Discussion

The presented study revealed that 50% of subjects after
a questionnaire screening process were v-PSG proven as RBD-
-positive, which was lower than in a previous study [19]. Eighty-
-three per cent of the iRBD subjects in our cohort were at the time
of diagnosis classified as possible or probable pPD, compared
to zero subjects being positively screened in the control group,
which was in accordance with previous observations [30, 31].
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For the first time, changes in HRV were correlated with
the questionnaire-assessed autonomic dysfunction. The study
revealed correlations between NMSS questionnaire-assessed
autonomic function scores and HRV indices in the iRBD
group, especially with the low-frequency (LF) components
of HRV in wakefulness, which mainly represent the sympa-
thetic nervous system function.

In contrast, in the study we observed that although HRV
is strongly correlated with general autonomic dysfunction
in iRBD subjects (based on the total score for the questions
regarding autonomic function in the NMSS), it is only weakly
correlated with the separate domain of CVS function. The
explanation for this could be that HRV is closely related to
cardiac autonomic function, while the CVS domain in the
NMSS questionnaire mostly concerns orthostasis, which more
accurately represents peripheral vascular autonomic function,
or it could be that the subjective nature of questionnaire-
-assessed dysautonomia in NMSS does not reflect all of the
aspects of CVS function. However, Sumi et al. demonstrated
that the decrease in HRV indices during the supine position
can predict orthostatic hypotension, providing an alternative
to the orthostatic challenge test [32]. While using the head-
up tilt test, Rocchi et al. [33] described LF and LF/HF ratio
as significantly higher in controls compared to iRBD, while
we did not find statistically significant differences between
both groups.

The other issue could be the reliability of subjective
NMSS domains for orthostasis and objective head-up tilt test.
Unfortunately, the presented study was set before the MDS
updates for pPD evaluation, and such data was not available for
the first patients included. A question that remains unanswered
in the presented study is that while log LF was significantly
correlated with autonomic questionnaires, the absolute power
of LF was not. In practice, this finding means that it can only
be a random statistical phenomenon, and not a relationship
between quantities. Moreover, log LF in wakefulness was the
HRV component which was the most affected by confounders.
The assessment of HRV in the studied iRBD patients during
any stage of sleep and wake is not able to identify the presence
of subjectively reported dysautonomia.

In previous studies that only looked at HRV changes in
patients with RBD, the findings were inconsistent as for the
main impact on LF or HF component or distribution during
sleep and wakefulness: Attenuated sympathetic nervous system
activity has been observed in RBD patients (11 iRBD, 14 PD
patients with RBD) when compared to controls, and being
more pronounced in patients with PD [34]. Decreased HRV
(both the sympathetic and parasympathetic components)
in iRBD has been described when analysing 5-minute pre-
sleep ECG segments [35]. Another study however reported
reduced HF in RBD (47 individuals) compared to age- and
gender-matched controls (26 individuals), along with re-
duced time-domain HRV components (RMSSD and SDRR).
The latter study also observed that tonic activity in RWA was

inversely correlated with LF and LF/HF ratio, and positively
correlated with HF [36].

The other studies found reduced HRV during sleep in iRBD
and RBD associated with neurodegenerative disorders [37].
Significant differences in HRV between iRBD and healthy
control subjects were found in the very LF and LF compo-
nents of HRV during wakefulness, independent of whether
or not the iRBD subjects would eventually develop neuro-
degeneration [38]. The presented study failed to show sig-
nificant changes in HRV between iRBD patients and controls
in any sleep-wake stage.

It has been demonstrated that HRV can be easily in-
fluenced by other variables, such as age, gender, OSA, and
PLMS [39-43]. There is a high interindividual variability in
HRYV, so there are no ranges of normative values for a given
individual [44]. There were no significant differences between
the study groups regarding comorbidities that may affect HRV
evaluation (heart arrhythmia, diabetes mellitus type 2, arte-
rial hypertension, thyroid disorder, neuropathy, myocardial
infarction, and ischaemic heart disease) no regarding med-
ication (antidepressants, beta-blockers, alpha-blockers, ACE
inhibitors and sartans, calcium-channel blockers, diuretics,
statins and antiaggregants). Lower HEF, reflecting deficient
vagal inhibition, has been correlated with stress, anxiety, and
increased morbidity [45]. It was reported that LF power was
lower in healthy individuals who developed type 2 diabetes
mellitus over an average follow-up period of 8.3 years, with
no differences in HF power [46].

Since, in the presented study, iRBD patients differed
from controls in terms of age, gender and PSG variables, we
considered that confounding factors were involved in HRV
changes. We demonstrated that gender could have signifi-
cantly influenced the prediction of iRBD using HRV. Despite
the fact that there were men and women in a ratio of 1:1.2 in
the entire cohort obtained by the questionnaire survey, the
gender distribution in the iRBD (male 76%) group and
the non-RBD group (male 22%) was clearly uneven. The
higher representation of the male gender in the iRBD group
is also in accordance with previous findings, which led to the
expression of a 1.5-fold increased risk for pPD in males [27].
The high ratio of women in the iRBD-negative group could
indicate that the questionnaire survey in women fails to dif-
ferentiate the motor and dream activity in women associated
with other sleep and mental disorders, especially the abuse
of psychoactive substances. No other independent variable
(age, AHI and PLMS indexes) had a significant effect on
this prediction. In the group of iRBD subjects, we observed
that AHI may be a significant confounder (even if patients
with severe OSA were excluded from the study).

Limitations
This study has several limitations. Firstly, the limited
number of the studied subjects, due to iRBD rarity, should
be followed by studies on larger patient cohorts. The nature
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of our study did not allow for having age- and gender-matched
subjects. In addition, while our study evaluated autonomic
symptoms based on subjective patient reports correlated
to objective HRV components, other multimodal objective
autonomic examinations, such as orthostatic and/or head-up
tilt test, the quantitative sudomotor axon reflex test, ther-
moregulatory sweat test, urodynamic investigations, as well
as emerging GIT autonomic tests [47], should be included in
future studies.

Conclusions

Questionnaire screening for RBD positively predicted the
disease in 50% of subjects. HRV changes failed to differentiate
iRBD patients from controls, as HRV changes were affected
by age, sex, and AHI. The presented study did not confirm
the possibility of using HRV from v-PSG records of patients
with iRBD to predict dysautonomia expressed by the NMSS
questionnaire.
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ture of the brain, joining the two cerebral hemispheres [1, 2].
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Abstract

Introduction. Corpus callosum abnormalities are complex, aetiologically diverse, and clinically heterogeneous conditions.
Counselling parents regarding their causes and associated syndromes, and predicting the neurodevelopmental and seizure
risk prognosis, is challenging.

Material and methods. We describe the clinical characteristics, associated anomalies, and neurodevelopmental outcomes of
children with agenesis of corpus callosum (ACC). Fifty-one neonates with ACC/hypoplasia of the corpus callosum were identified
over a 17-year period, and their medical records were retrospectively reviewed.

Results. Patients were classified into two groups depending on the presence or absence of associated abnormalities. The first
group (17 patients, 33.4%) presented with isolated callosal anomalies. The second group included 34 patients (66.6%) with as-
sociated cerebral and extracerebral anomalies. We achieved an identifiable genetic aetiology in 23.5% of our cohort. Magnetic
resonance imaging was performed in 28 patients (55%), and of these 39.3% had additional brain anomalies. During the study
period, five patients died early in the neonatal period and four were lost to follow up. Of the 42 followed patients, 13 (31%)
showed normal neurodevelopment, 13 (31%) showed mild delay, and 16 (38%) had a severe delay. Fifteen (35.7%) had epilepsy.

Conclusions and clinical implications. We have confirmed that callosal defects are frequently accompanied by brain and so-
matic anomalies. Additional abnormalities were shown to be significantly associated with developmental delay and increased
risk of epilepsy.

We have highlighted essential clinical features that may provide diagnostic clues to physicians and we have given examples of
underlying genetic disorders. We have provided recommendations about extended neuroimaging diagnostics and widespread
genetic testing that may impact upon daily clinical practice. Paediatric neurologists may therefore use our findings to help base
their decisions regarding this matter.

Key words: agenesis of corpus callosum, developmental delay, somatic anomalies, brain malformation, genetic anomalies

(Neurol Neurochir Pol 2023; 57 (3): 269-281)

Introduction genes are involved. Agenesis of the corpus callosum (ACC) can
result from disruption of its formation at numerous develop-

The corpus callosum (CC) is the largest connective struc- mental stages, leading to a total or partial absence of the CC,

Development of the ACC comprises variable mechanisms splenium) is missing. It may also present as hypoplasia of the
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VEd

when one of its components (rostrum, genu, body, isthmus, or

CC (HCC), when the CCis fully formed, but thinner. ACC can
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occur as an isolated condition, or in association with various
brain and extracranial malformations, as well as with a broad
range of genetic disorders [3-8].

ACC can result from antenatal infections, vascular or
toxic factors. Foetal alcohol spectrum disorders (FASD) and
inborn errors of metabolism are also considered as causes of
ACC [6, 8-10]. The reported prevalence of callosal anomalies
ranges between 1.47-2.05 per 10,000 live births to 2.49 per
10,000 births [10-13].

Prenatal diagnosis of ACC s possible on the mid-trimester
ultrasound, when there is a failure in visualisation of CC in
mid-sagittal plan [14-16]. Callosal anomalies can also be de-
tected based on the presence of indirect ultrasound signs, such
as the absence of the cavum septi pellucidi (CSP), colpocephaly
(dilatation of the occipital horns of the lateral ventricles),
increased separation of the hemispheres, abnormally elevated
third ventricle, and lack of pericallosal arteries [15, 17].

The clinical course of ACC varies remarkably widely,
ranging from asymptomatic cases to severe developmental
delays. A lack of CC affects intelligence and behaviour,
leading to motor and intellectual disability, epilepsy, and
social and language deficits [3, 6, 18]. Parental counselling
as to its causes and associated syndromes, and predicting
the prognosis for neurodevelopment and seizures is difficult.
Asymptomatic neonates without an antenatal diagnosis of
ACC can be discharged without a congenital callosal defect
being recognised. Thus, early diagnosis and prediction of
long-term complications can help towards earlier intervention
and better outcomes.

Objective

The clinical and diagnostic features of a group of children
with CC anomalies born in a single tertiary perinatal care cen-
tre were analysed to show the possible diagnostic difficulties
encountered in paediatric practice. Isolated and non-isolated
cases were compared to show the impact of extracallosal ab-
normalities on long-term outcomes. We focused on the key
steps in the diagnosis, assessment, investigation, and man-
agement of neonates and children presenting with ACC. We
wanted to highlight any essential clinical features that could
provide diagnostic clues to physicians.

Materials and methods

This study was conducted at the Department of Neonatology
of the University Clinical Centre in Gdansk associated with
the Medical University of Gdansk, Poland.

We evaluated prenatal findings and postnatal outcomes of
neonates who presented with a congenital anomaly diagnosis
during hospitalisation in our centre from 1 January, 2001 to
31 December, 2017.

Fifty-seven neonates demonstrating CC anomalies were
found during this 17-year study period. Of these, we elim-
inated six infants in whom the CC was missing due to the

presence of severe destructive central nervous system (CNS)
lesions (two cases of holoprosencephaly, two neonates with
bilateral schizencephaly, one with schizencephaly and hemi-
sphere atrophy, and one with hemisphere atrophy coexisting
with hypoplasia of the CC after intracranial haemorrhage
following prematurity).

This left a total of 51 cases with callosal anomalies included
in the study. Of these, 43 (84.3%) underwent postnatal head
ultrasound following prenatal suspicion of congenital defects,
including callosal anomalies and other brain or organ defects.
The remaining eight (15.7%) cases underwent ultrasound due
to prematurity (one case), intrauterine growth restriction (one
case), the presence of dysmorphic features (four cases), being
aneonate of a diabetic mother (one case), and coexisting pre-
maturity, dysmorphic features and other anomalies, namely
congenital heart defect and cleft lip and palate (one case).

Children with anomalies of the CC were initially identified
during their stay in the Neonatal Department. The following
data was assessed: gestational age (GA) at birth, birth weight
(BW), gender, prenatal and postnatal diagnoses, brain mag-
netic resonance imaging (MRI) if carried out, genetic test
results (if available), and the presence of additional cerebral
and extracerebral malformations. Mothers were asked to
complete a questionnaire regarding pregnancy course, parity,
comorbidities and place of residence. Prenatal diagnoses were
also taken into consideration. After assigning an identifica-
tion number and anonymisation, data was transferred to the
hospital database. Written informed consent was obtained
from parents or authorised representatives of all the subjects
included in this study. Informed consent to collect subsequent
patient observations and patient information to be published
was also provided. Clinical records of the selected patients
were retrospectively reviewed for additional examinations
(e.g. brain neuroimaging, genetic tests), developmental course,
and neurological status by researching the hospital database.

Patients showing callosal anomalies were classified into
two groups depending on the presence or absence of accom-
panying anomalies.

Group 1
Isolated callosal anomalies; no other malformations
identified. Patients with an interhemispheric cyst, a lipoma,
or colpocephaly were included in this group, as we considered
these findings to be a part of callosal anomalies [1,2,7,11, 12].

Group 2

Callosal anomalies associated with both CNS and other
organ anomalies, including genetic disorders.

The main characteristics and developmental outcomes of
each group were compared.

The extent of the defects in each baby was defined based
on head ultrasound; MRI was performed in 28 patients (55%
of the 51 studied). In cases of neonatal death, post mortem
reports were available. Callosal defects were classified as
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either agenesis of the CC, complete — ACC, or agenesis of the
ACC, partial — pACC, or HCC, according to the description
provided by the radiologist or pathologist. The assessment of
neurological development was conducted by paediatricians or
paediatric neurologists during hospitalisations or follow-up
visits. The patient’s age at the time of the last examination was
taken into consideration. We relied on clinical descriptions
of neurological conditions from children’s medical records,
as this was a retrospective study. The phrase “children with
motor delay” is a description of patients who were not diag-
nosed with an intellectual disability, but who did show delayed
motor milestones. Intellectual disability, social problems, and
speech delay were defined by hospital psychologists without
providing the type of tools used for the diagnosis.

Statistical analysis

Data was analyzed using Statistica 13.3 software (TIBCO,
Palo Alto, CA, USA). Descriptive statistics were calculated sep-
arately for groups of patients with callosal defects. Analysis of
variance (ANOVA) and Chi-square test were used to compare
data between groups of children with ACC depending on the
ACC pattern. Contrast analysis and Fisher’s LSD test were used
to evaluate the differences between these groups. A P-value <
< 0.05 was considered statistically significant.

Ethical approval
This study is consistent with the Helsinki Declaration,
and was approved by the Independent Bioethics Committee
for Scientific Research at the Medical University of Gdansk,
Poland, approval number NKBBN/65/2014.

Results

Over the study period, 36,145 neonates were born at
our centre. Congenital malformations were identified in
1,163 (3.2%) infants. CNS anomalies were found in 217 cases
(18.7% of all inborn defects and 0.6% of the general popula-
tion). Of them, 51 infants had ACC/HCC diagnosed, resulting
in a prevalence of 14.1 per 10,000 births.

In patients with ACC, the mean GA at birth was 37.1 weeks
(range 24-41) and the mean BW was 2,891.4 g (range 600-
-4,730). Newborns with an isolated ACC/HCC had a signifi-
cantly higher BW (3,433.8 g) than those presenting with addi-
tional somatic and CNS defects (2,614.0 g, p = 0.027). Similarly,
they had a significantly higher GA at birth (38.6 weeks), than
the remaining patients (36.3 weeks, p = 0.018). There were
30 (58.8%) males and 21 (41.2%) females. Twenty-eight (55%)
neonates had complete ACC, 14 (27.4%) had pACC, and nine
(17.6%) had HCC.

A prenatal diagnosis was made in 11 (21.5%) foetus-
es. Mean GA at diagnosis was 25 weeks (range 21-30).
Finding one of the indirect signs of failed commissuration
was strongly associated with a prenatal diagnosis of ACC
(Table 1). Ventriculomegaly (VM) was found in five (45.5%) of

Table 1. Correlation between presence of indirect symptoms and prenatal
diagnosis of agenesis of corpus callosum

Prenatal diagnosis
of colpocephaly

Prenatal diagnosis of ACC

Not Diagnosed  Row
diagnosed (%) (%)
(%)
Not diagnosed 38(95.0) 5(45.5) 43
Diagnosed 2(5.0) 6 (54.5) 8
Totals 40 (100.0) 1" 51
p = 0.00059
Prenatal finding Prenatal diagnosis of ACC
of interhemispheric Not Diagnosed  Row
: cyst or.W|den_|ng of diagnosed (%) )
interhemispheric fissure )
Not diagnosed 39(97.5) 8(72.7) 47
Diagnosed 1(2.5) 3(27.3) 4
Totals 40 (100) 11 (100) 51
p=0.028
Non-visualisation of Prenatal diagnosis of ACC
cavum septi pellucidi Not Diagnosed  Row
diagnosed (%) (%)
(%)
Not diagnosed 40 (100) 7 (63.6) 47
Diagnosed 0 4(36.4) 4
Totals 40 (100) 11 (100) 51
p=0.00132

ACC — agenesis of corpus callosum

11 foetuses with a correct diagnosis of ACC and in 33 (82.5%)
of 40 cases without antenatal diagnosis (p = 0.102). There
were 40 (78.5%) cases in which CC anomalies were not sus-
pected during pregnancy despite other abnormalities being
diagnosed. In this group, the most common abnormality was
hydrocephalus in 17 foetuses, VM in seven, Dandy Walker
Syndrome in four, cardiac defects in three (Hypoplastic Left
Heart Syndrome, Ebstein anomaly, dextrocardia), chromo-
somal aberration in one, and arm and leg deformations in
two foetuses.

In total, 29 (57%) neonates were born by caesarean deliv-
ery (CD) and 22 (43%) by vaginal delivery (VD). Newborns
with a prenatal diagnosis of CNS anomalies were more likely
to be born by CD, either planned or emergency (p = 0.060).
Prenatal diagnosis of ACC did not affect the plan of delivery
(Tab. 2).

There was no difference in the level of care received by
neonates born by CD and VD (p = 0.466). Six (20.7%) neonates
born by CD and five (22.7%) born by VD received normal
neonatal care, and 18 (62.0%) born by CD and 13 (59.1%) by
VD required special care in the Neonatal Intermediate Care
Unit. Five (13.7%) born by CD and two (9.1%) born by VD
required admission to the Neonatal Intensive Care Unit, and
two (9.1%) born by VD received palliative care.
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Table 2. Impact of prenatal diagnosis on mode of delivery

Mode of delivery

Elective CD
n (%)
Prenatally diagnosed ACC 4(36.5)
Prenatally diagnosed CNS anomalies 14 (52.0)
Prenatally diagnosed other organ anomalies 1(20.0)
Cases without prenatal diagnosis 1(12.5)
20(39.2)

Emergency CD
2(18.0) 5 (45.5) 11(100) 0.525
4(15.0) 9(33.0 27(100) 0.060
2 (40.0) 2(40.0) 5(100) 0.817
1(12.5) 6 (75.0%) 8(100) 0.042
9(17.8) 22 (43.0) 51(100)

ACC — agenesis of corpus callosum; CD — caesarean delivery; CNS — central nervous system; VD — vaginal delivery

Patients were classified into two groups on the basis of
accompanying anomalies. Group 1 included 17 (33.4%) pa-
tients who presented with isolated callosal anomalies. In one
child, a congenital cytomegalovirus infection was diagnosed
postnatally; this baby died at the age of one year. Three cases
were lost to follow-up. The characteristics of this group are
set out in Table 3.

Group 2 comprised 34 (66.6%) patients who presented
with CC anomalies associated with extracallosal CNS anom-
alies and/or other organ anomalies or genetic syndromes.
The characteristics of this group are set out in Tables 4-6. The
most frequent extracallosal brain anomalies were agenesis
of the septum pellucidum (9/51; 17.6%) and hydrocephalus
(8/51; 15.6%).

Of the 28 (55%) patients who underwent MRI, 11 (39.3%)
had additional brain abnormalities, including cortical mal-
formations (seven cases), and septo-optic dysplasia, Chiari
syndrome, lack of other cerebral commissures, and stenosis
of aqueduct of Sylvius (one case each, see Tab. 4-6).

Genetic testing was conducted in 43% (22/51) of cases, in-
cluding karyotype analysis, fluorescence in situ hybridisation,
and array comparative genomic hybridisation (aCGH). Two of
our patients were screened for FRAS1 and EPG5 mutations.
An underlying diagnosis was found in 12 of the 51 patients
(23.5%). Chromosomal disorders were confirmed in seven
patients (13.7%), with one case each of mosaic trisomy chro-
mosome 8, sex chromosome aneuploidy (47, XYY), trisomy 13/
/trisomy 18 mosaicism, 22q11.2 deletion syndrome, 5p de-
letion syndrome, and Vici syndrome. The last of these new-
borns had a disorder of sex development, in which the female
phenotype did not correspond to the genetic sex (46, XY). In
five (9.8%) cases, the genetic analysis did not reveal any abnor-
malities, although specific dysmorphic features were present.
The following genetic syndromes were recognised: Fraser
syndrome (one case), Smith-Lemli-Opitz syndrome (one case),
Rubinstein-Taybi syndrome (one case), and Apert syndrome
(two cases). The main features of these patients are set out in
Table 6. In eight (15.6%) patients demonstrating unspecific
dysmorphic features, the genetic basis remained unknown.

Neurodevelopmental outcomes were available for
42 (82.3%) of our patients. Four children were lost to fol-
low-up, and five died early in the neonatal period. The mean

age at the last neurological assessment was 4.7 years (range
4 months to 18 years).

Development at the last follow-up was normal in 31%
(13/42) of patients. Of these, nine were in the isolated ACC
group, while four were in the other group (p = 0.001, Tab. 7).

Of 14 patients who presented with isolated ACC, five had
transient hypotonia, two had speech delay in early childhood,
one had learning difficulties at school age, one demonstrated
cognitive and social problems, and one developed epilepsy
(see Tab. 3).

All of the 12 infants with chromosomal disorders or
known genetic syndromes had mild to severe developmental
delay (see Tab. 6).

Epilepsy occurred in 35.7% (15/42) of children. The risk
of seizures was almost 13-fold higher for babies with addi-
tional abnormalities (OR = 12.99; 95% confidence interval
(CI): 1.49-111.11), compared to cases with isolated callosal
defects. Of 28 patients with callosal defects accompanied by
other abnormalities, 14 (50%) developed epilepsy, while in the
14 patients with isolated callosal anomalies, only one (7.1%)
had epilepsy (p = 0.008).

In a total of 51 ACC cases, nine deaths occurred (15.6%).
The presence of extracallosal anomalies significantly affected
mortality. Infants with ACC/HCC accompanied by additional
defects were 10 times more likely to die compared to those
with an isolated ACC/HCC (OR = 10.70; 95% CI: 1.20-95.23).

Discussion

The detection of callosal anomalies in infants always raises
concerns among parents and healthcare professionals. The
diagnosis of ACC is possible antenatally, which could allow
for medical care for the mother and her child to be optimised
after birth [10, 15, 19]. Postnatal detection of ACC may be
limited, as ACC can be asymptomatic, especially if not asso-
ciated with other anomalies. Head ultrasound in neonates is
usually undertaken following prenatal suspicion of congenital
anomalies, or as a neuroimaging investigation in newborns
who have neurological abnormalities or risk factors for in-
tracranial lesions [20].

The current study confirmed a relatively high frequency
of clinical indications for brain imaging in the context of

272 www.journals.viamedica.pl/neurologia_neurochirurgia_polska



Iwona Janczewska et al., Childhood ACC

1eak |

yieaq

(-) 103
Juswdo|aAsp [ewWION

(-)1d3
‘uodaul sniinoebaw0IAd [eHURbUO)

!Ae|op |e3usWAO[AIP 213135

soA—1d]
‘Juswdo|anap [ewIoN
(=) 13 ‘sanynoyyip butusea
Juswdo|aAsp |ewWION

(-)1d3
‘JuaWdo|aAap [eWwION
(-) 1d3 ‘yuswdojanap [ewiioN
“21uojodAy — abe Jo syyuow ¢
(-)1d3
juojodAy ‘Aejap [eauswdolaAap pliN

)
(-)1d3
‘swa)qoud |erdos ‘Aejap yooads ‘swajqoid
an1Iubod ‘eixeldsAp ‘Aejap ysaads pjiy

“21u0jodAy — a3y Jo Jeak |
(-)1d3
Juswdo|anap |ewloN

(-)1d3
‘Kejop yoaads pjiw
"21u0jodAy — a1 Jo Jeakh |

(-)1d3

‘JuswdojaAap [eW.ION

Asdajid3
{3wo23n0 [eyuswdojanapoina

sleaf ¢

syjuow g

sledf g

sieak z|

sleak gz

sieak ¢

Jeak |

1507

sleak 9

sledf ¢

sieak 7

sledk ¢

wexa
3se|je aby

(=) :14wd
Jovd

() :1ywd
0V
ewodi| :;yd
Ajeydacodjo)
0V
1542 Buy|piw iy d
DV
() :1ywd
Ajeydasod|o)
0V
sisoubelp pawyuod :ynd
XX ‘9% 2DV
sisoubelp pawiyuod :ynd
0V
(=) ‘;awd
DV

(=) :wd
ww 8 HO Ajeydsdod|o)
DOH
(=) 1wd
2Dvd

sisoubelp pauwyuod :iyd
ww 0z HO 3] ‘wwi /| HO 3ybu :Ajeydasodjon
oV

sisoubelp pawyuod :ynd
DV

synsal

(14w d) 14N [ereursod
‘sbuipuy jejeuisod

ww o€ HO
snjeydadoipAy :0z vO :a¥

wuw | HO Aleydadod|od ‘WA :6€ YO :aV

WW G YIPIM S2LIIUBA INA 8L VYD AV
ww oz HO
snjeydadoipAy :0z ¥O :ay

WWw QL YIpim apLausA WA EZ v¥O :dY
ww ez HO
snjeydadoipAy :€€ vo :ay

()
ww 0z HO sh|eyda0ipAy :0€ v
‘Ww 91 HO WA #Z ¥ :aV

DDV Pa3e[os|
‘ww 791 HO Ajeydanod|od ‘@duasge 4s) :ay

‘WAl 0€ YO
DDvd paje|os| ‘Buluspim 4H| ‘Y
2DV ‘Buluspim 4H| :a1:87 YO

DDV Pa3e|os| ‘wiw 81 HO Ajeydadod]od :|yiny
‘Udsge 45 ‘ww 81—/ | HO Ajeydadod|od :qy
‘WA:QI:ST VD
DDV Pd3e[os|
"XX9p ‘BuIuspim 4H] :[gIN ‘Buiuspim 4H| :ay
‘3D JO UOI3eSI[_NSIA-UOU (] :ZT YO
(@y) sisoubeip jejeusjuy
‘(a1 sbuipuy
|eleus)jue [eiiu]) [e143)24 10) UOSeY
{(s)j99m) sisoubelp je yo

uoissiwpe
NDOWIN

uoissiwpe
NDOWIN

[EWION

uolissiwpe
NDOWIN

[eW.ION

[eW.ION

uoissiwpe
NDOWIN

uoissiwpe
NOWIN

uoissiwpe
NDOWIN

uolssiwpe
NDOWIN

uolssiwpe
NDOWIN

[eW.ION

o4ed
|ejeuosN

JRETE) or
a 4
oF

an W
8¢

an 4
JRETE] L€
a 4
P9 6€
a W
8¢

an 4
(0]7

an 4
1999 8¢
a W
(874

an W
(JENE] S€
a W
(374

an W
or

an 4

s)aam/
/yanq e
VD X35

Kian19p jo
3apon
wnso|[ed sndiod Jo saljewoue paje|os! yim syualied Jo sonsualdeley) °€ ajqeL

273

www.journals.viamedica.pl/neurologia_neurochirurgia_polska



Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 3

Kejop
[e3uWdO[ASP DI9ADS ON
Yieap [ejeuosN )

Kejop
[eyusWdO[OASP 19ASS SOA

Juswdo|aAsp [ewIoN

‘ejuojodAy
— 9J1] Jo 4eak 3su14 ON
Kepop
|eyuswdolaAsp plIN SOA
Kejop
|eyuswdojanap aIaASS SOA

yeaq

“Juawdojanag Asdajid3

awodno [ejuswdo|aAaponaN

syjuow
14

sleaf ¢

sleaf gz

sleak /

sleaf ¢

wexo

se|je aby

$129J9p [e13]9YSO|NISNW
‘saljewoue A1euinojuab ‘wisiydiowsAq dsy DIV

SHTH SMa v

Aydoue anssu dndo ‘Ajeydadomniw Dy

dSv 20V

dSv 2oV

AX'9F dSV ‘snjeydanoipAy ‘Doy

S)|Nsa. 353} J13dUSD
!sajjewoue ueb10 19Y3o0 pue uieiq JBY10
:sbuipuy [eyeuisod

snjeydadoipAy ‘gz vO :aV

‘SHTH ‘snjeydac01pAy ‘yz vo :av

snjeydadoipAy 0 vO :QV

ww 8| HO Ajeydadod|od WA ‘5z ¥ ‘Y

20V pateos|
‘duIsqe
dSD "W 71 YapIm IPLAUSA ‘WA 8T YD QY

Aleydaduaziyds ‘IdH ‘snjeydadoipAy ‘€z vo :ay

@y sisoubelp |ejeuajuy
{(s){29m) sisoubelp [ejeuajue je yo

uolssiwpe 9¢
NOWIN PR Ad W
uolssiwpe 6¢
NJIN P3P A W
uolssiwpe 9¢
NOWIN P3P Ad 4
uoissiwpe @e
NOWIN an W
[0j%

[BWION an W
uoissiwpe 123
NOWIN P3P Ad W

aied Ki1an119p Jo

S)3M Yuiq Je

|eyeuoapn apon VD ‘X3s

Suoljew.ojjew ulelq-elixs pue ujelq |esoj|edelixa Y}Im uoljeidosse ul ssijewoue wnsoj|es sndiod yum syuaried JO salisueydeIey) *f @|qel

Kjebawojnouuan — WA ‘A19n1ap [euiben — gA ‘winsojjed

snd.0> Jo sisauabe [ensed — HDyd ‘uioy endidd0 — HO ‘Buibew sdueuosal d1jaUbeW [eleusOd — YN ‘U B4eD) SleIPaWLRIU| [EIRUOSN — NDWIN ‘B[BW — | ‘Inssy dLaydsiwayaiul — 4H| ‘wnsojjed sndiod Jo sisausbe paje|josi — JDy| ‘wnsoj|ed sndiod jo eisejdodAy — JJH ‘abe [euoneisab
— v ‘Buibewi ad>ueuosal djauUbRW (2130 — Y| Djewd) — 4 ‘Asdajida — 1d3 ‘Ippnjjad ndas wnaed — 45 ‘A1aA1ap uealesaed Aouabiawa — Biawd D) ‘AI19AIPP URAIESIED AAIIAID — 193]9 (D) ‘AISAISP UeaIeSIRd — () ‘winpdnjjad wnldas Jo sisauabe — ¢Sy ‘wnsojjed sndiod Jo sisauabe — Yy

(-)1d3
) ‘ejuojodAy ‘Aejap eyusawdolanap plIN
) )
) )
(-)1d3
) ‘Juswdo|aAsp |ewloN
(-)1d3
) ‘Juswdo|aAsp [ewloN

Asdapdz
3w o033n0 [eyUaWdo|aA3pOoINaN

yeaq

sleaf ¢

1507

1507

sledk gz

sledk

wexs

)se|je aby

(=) 14wd
DDH
(=) 1awd
DDH
(=) :1awd
Jovd
(=) 1wd
2ovd
(=) 1wd
2Dovd

s}j|jnsaA

(14Wd) 1HW Jereussod
‘sbuipuy jejeulsod

()
ww gl
YIPIM 3DLUSA WA 0EYD ‘aY

)

)

Ww QL YIpim s2LIUSA INA9€ VO AV
(a@y) sisoubelp |ejeudjuy
‘(@1 sbuipuy
|ejeuajue | 1) |eA19)94 10} uOseay
{(s)}2am) sisoubelp je yo

|eyeuoan

LL=N

uoissiwpe 3909 8¢
NDOWIN a W
uolssiwpe P9 6€
NDOWIN a W
uolssiwpe 8¢
NDOWIN an El
8¢

[ewioN an E|
uoissiwpe LE
NOWIN an W

syaam/
/ydiiq e
VD X3S

aled A13A119p Jo
apon

winsoj[ed sndiod Jo saljewoue paje|os! Yim syuaiied Jo solsLaIdRIRYD *JU0D € djqeL

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

274



Iwona Janczewska et al., Childhood ACC

103943p [e1das JendLuAA — GSA ‘Ajebawojnouiuan — WA ‘Aianijap [euiben — g ‘Adueubaid jo uoneuiwa) — dQJ ‘SIUNWWOD SNSOLBLIE SNdUNJ) — Dy ‘wnsojjed sndiod o sisauabe [ered — H)yd ‘uioy [e)diddo — HO Hun 246D S)eIPaULIRIU [BIRUOSN — NDWIN ‘Hun 248D
BAISUU| [e3eUoaN — NDIN ‘Bulbewi adueuosal diaubew — Y| Bew — | ‘wnsoj|ed sndiod Jo sisauabe pajejost — DV ‘Aleydaduasoidojoy — J4H ‘DwoipuAs Jieay Ya| dnsejdodAy — SHH ‘winsojjed sndiod jo eisejdodAy — HIH ‘abe [euoneISD — YO ‘YA [2190) — [YIN} ‘D]eWd) — { BWOIPUAS
1¥em-Apueq — SMQ ‘A1anijap uealesaed Aouabiaws — Biawd @) ‘AISAIIRP UBAIESIRD dAINIRID — 193] (D ‘AI9A1Dp Uealesard — () ‘Ipnjad ndas wnaed — ¢ ‘winpidnjjad winydas Jo sisauabe — sy ‘uonesipugAy diwouab aaneledwod Aeie — Hode ‘winsojjed sndiod Jo sissuabe — Dy

Juawdo|aAsp [ewioN

1507
Kejop
[eausWdo[ASP BI9AS

ejuojodAy
‘Kejap |eyuswdojansp
eqoy6 piI

dOL

U3esp [e3euosN

Kejop
[e3uBWdO[ASP BIIAS

Yieaq
Juswdoanag

oN

ON

ON

ON

Asdajidg

3w033n0 |ejudswdo|anapoInaN

) €L=N

DDV Po3e[0S] ‘XX ‘O ‘UoISaype dlwe|eyaiu| 8¢

s1eaf ¢ XX'9% ‘GSA ‘wiw G1/z 1 Aleydadodjod ‘)dyd ‘ww 1 :HO Aleydad0d|0 4N ‘WA LT VD :aV [ewION an E|

8¢

AIV xx@_u umw__mEOCM \Cmc::ou_cwm UU<Q um>u aul|piw N.VN VYO :ay |ewIoN PP A 4

uoissiwpe oy

sieak € AX'9% ‘SMA “DDvd SMA ‘snjeydadoipAy ‘91 vo :av NOWIN Biaws D W

SaM[ewOUqe OU — HHDR XX ‘9 uonebIISaAUL 12y} Pasnyl Jayiow uoissiwpe LE

leak | ‘asA 'wsiydiowsAp ‘sma DdH ‘uopidsns aseasip Jelpied ‘SpMa ‘7z Vo :ay NOWIN an E|

DDV X31dwiod ‘XX ‘9f ‘sisolydauoipAy Oy 2Jed 144

Q) siso1ydauoipAy ‘Jv1 DV ‘ww | 1-0L *HO Aeydadod|od |l -7z ¥ :av anel|[ed an E|

uoissiwpe 6

) wsiydiowsAp Dy ) NDIN an W
AX ‘9 '5129)9p |e1s|eysojndsnw

syuow ‘soljlewoue Aieuninojuab ‘wisiydiowsAqg Squul| [e320) paualIoys uolssiwpe L€

6 545 sul|piw ‘snjeydadoipAH DDV ‘snjeydadoipAy ‘g€ vo :qy NDOWIN Brows @) W

S}|NSaJ 353} d13P2UID

wexa !saljewoue ueb1o 13Y3o pue uieiq ;Y10

@y sisoubeip [ejeusjuy aled
{(s)}9aMm) sisoubelp |ejeuajue je yo

A1dn1p Jo  syPam yiiiq e

jse| je aby :sbuipuy jejeuisod |ejeuosN spo VD ‘X3as

Suoljewojjew uieig-eJixe pue uleiq |esoj|edelixs YliM Uoljelidosse Ul ssljewioue wnsojjed sndiod yum sjualied JO sdlislieloeiey) “Juod ¢ ajqel

275

www.journals.viamedica.pl/neurologia_neurochirurgia_polska



Kjebawonouuan — WA ‘A1aaiap [euiben — g 10]je4 Jo ABojests) — 40] ‘winsojjed sndiod jo sisauabe [ensed — Hoyd
‘uioy [e)d1d20 — HO ‘31U 218D ]BIPIWLISU| [BIRUOSN — NDWIN “HUN 4ED SAISUSIU| [eIRUOSN — NDIN ‘Bulbewi 9dueuosal Jnaubew — [Y| ‘9]ew — W ‘winsojjed sndiod Jo sisauabe pajejos| — JDy| ‘winsojjed sndiod Jo eisejdodAy — JDH ‘abe [euoneissb — yo ‘buibew adueuosal d1aubew [e130)
— YIS ‘3]ewd) — 4 ‘DWOIPUAS J¥j|eM-ApuRg — SM( ‘B1IOR JO UOIRIDIR0D — YO ‘AIDAIIDP UBAIRSIRD AdUdbIawa — BIawa @) ‘AIaAIap UeaIesae) AR — 193J3 D) ‘AIaAIPP UBAIeSaRY — @D ‘Wnpdnjjad WNidas Jo sisauabe — dsy ‘193)9p [e3das [eLiie — Sy ‘winsojjed sndiod jo sisauabe — Dy

Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 3

) 6=N 6=N
eIpIed0AX3a" DY
PaPNX3 [YN uolssiwpe 8¢
snwisige.s ‘Juawliedwl [ensiA JusudojaAsp [ewIoN ON sieah g ) eise|dsAp ondo-03dss sy ‘DDyd ‘TTvo:ay NDWIN ‘Brawd @D W
Ayjewiouqe uopelfb ‘Adojosalay DDV ‘wwi z|
S1S0331L0310Y2 ‘sa1nduip buiules] Juspuadapyjas ‘eise|dsAp |e213100 s£D suljpiw :HO Ajeydadod|o) 6¢
“Y|em 03 3|qe :Aejap |eauswdojasp [eqolb plIN SOA sieak gL asy ‘wsiydiowsAg ‘Aleydad0d|od 4sy Dovd ‘Sz ¥ :ay |eWw.oN 232 @D W
|ooyds spaau [e1dads 4axjem e yum dn pueis 03 3|qy XX'OF ‘S3l|ewoue [eudJ ‘s329J9p Vep) uolssiwpe 8¢
‘Kejap |e3uswdolanap a19n9s ‘Ayjedojeydadus a1anss SOA siedk / |e3g|ysojnasnw ‘wisiydiowsAg $aInssy UBIAAS Jo buluspim ‘DDH ‘SMA ‘PT YD :aV NDWIN ‘aA 4
eisedsAp |e213400 ww G|
sannoyip bulules] ‘Aejap 820} ‘4Sy ‘eisejdodAy wnjjaga19d UYIPIM 3PLIUSA uojssiwpe 6C
[esuswdolanap pjiw ‘eluojodAy — o)1 Jo Jeak 3si14 SOA sieaf g XX'OF 1sK3 auljpiw ‘snjeydadoipAy ‘ODH WA ‘0T ¥O :ay NDIN 2312 @D 4
ww 6z
Aejap y33ds ‘Aejap snjeydanoipAH uolssiwpe S€
e3usWdo}PAIp pji ‘eluolodAy — a1 Jo seak 3sity SA steak ¢ 0 eise|dsAp [eI310) dSY DDH YT VD Q¥ NDIN ‘aA W
AX'9p uoissiwipe 4
Kejap |e3USWAO|SAIP SI9NSS SOA siedf ¢ ‘saljewoue K1eutnonuab ‘dij Yo £doyosa1ay ‘Aleydadomiw Dy ) NDWIN ‘Brawd @ W
XX'9%
o] ‘5129J3p [e39[S0jNShw uolssiwpe s€
Kejop [eyuswdojonap 219AaS ON sieaf g ‘dij Yoo ‘wisiydiowsAqg £doyosmyay ‘Aleydedoiniw Doy (=) NDWIN ‘aA 4
sallifewriouqe snjeydad0ipAH [eULION 8¢
juswdo|anap [ewlou ‘eluojodAy — a1 Jo Jeak 3sii4 SIA sieak || (=) uonelAb 1sA3 sulpiw ‘DY 8¢ ¥D :aQy HIETNIEY¢p) W
swa|qo.d [e1os ‘sanynouyip Huiuies) awoipufs snjeydadolpAy uoissiwpe 9¢
1DY3p [en)a9|R1ul pjiw :Aejap [ejuswdojaAsp plIN SOA sieak /| =) ey ‘snjeydedoipAy Dy ‘cgvo:ay NDWIN 3232 aD W

yieaqg uswdojanag

awod)no [eyuswdojaAapoInaN

|4 UO PUNOJ S3I|EWIOUE UlRIg] [RUOIHPPE SUOIHRWLIO)eW UIRIG-BIIXS PUR UlRIC [eSO|[BIRAIXS UHM UOLIRDOSSE Ul S3ljewoue wnsoj[ed sndiod yym sjuaiied Jo sonsuaideley) °s ajqeL

Asdajdy

wexs
se| je aby

S)|Nsal S)s3) 1}2UID
!saljewoue uebio 1d3Y10

sajjewoue ujeig

sbuipuy [ejeulsod

@y sisoubeip
|ereuajuy
{(s)9am)
sisoubelp je yo

a4ed |ejeuosN
‘L1an19p
J0 3pon

s)yaam/
/yanq e
VD ‘X35

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

276



Iwona Janczewska et al., Childhood ACC

123J3p [3d3s JRNLIUSA — OSA ‘AISAISP [euIBeA — A ‘SIUNWWIOD SNSOLSLE SNOUNJ} — DY 110][e4 o ABOe1a} — 40| ‘duoIpuks ZydQ 1| YHWS — SOTS ‘wnsoj[ed sndiod jo sisauabe erped — Hyd ‘eisaie Lreuownd — yd 4iun

1eD) 3)eIPaULIAU [21RUOBN — NDWIN HUM 248D JAISUIU] [23eU0BN — NDIN ‘3Jew — | Ajeydaduasoidojoy — 34H ‘wnsojjed sndiod Jo eiseidodAy — JDH ‘aqn} Awojsonseb — |5 abe [euonelsab — yo) ‘ajewa) — 4 ‘DW0IPUAs 1asj|em-Apueg — SMA JUaWAO[PAIP X3S JO SIPIOSIP — @SA ‘AlaAIp
uealesaed A>usbiaws — Biawa gD ‘AISAIBP UBaIES3E BAI3IS — 1939 (D ‘AISAIISP UBBIeS3EY — () ‘19349p [e3daS JBNdLIUSAOLIE — GSAY ‘Wnpidn|ad winidas Jo sisauabe — ¢Sy 41034ap [e3das [eriie — Sy ‘uonesipLigAy diwouab aieredwod Aeite — HoOe ‘winsojjed sndiod Jo sissuabe — Dy

Ke|ap |eyuswdojanap 219A3S
Aejap [enpda)a3ul plIN
Kejap JoyowoydAsd pin
U31eap |ejeuoaN

Kejop |eauswdojanap 219A3S

sieaf 7| :y1eag
Kejop |e3uUsWdO|RASP 219ASS

JDY3p [eNId3|[3Ul
pjiw ‘eluojodAy — a41] Jo Jeak
L Ae[op [eruswdojensp plIN

J1appe|q d1uaboinaN
‘19 ‘yb1u 1e uone|uaA ‘Aejop
|eyuswdolanap [eqo|b S19A9S
‘Ayyedojeydadus a1aA3s

J1eak 151y :1yreaq
Ke|ap |ejuswdojanap 219A3S

sieak g pabe yieaglo
‘Asda|ida jueysisai-bnip ‘Aejap
|ejuswdoansp |eqo|b 21935
Ke|ap |eyuawdojanap 219A3S

U3eap |ejeuosN

yieaq “quswdojanaqg

SOA

ON

ON

oN

ON

ON

SOA

oN

SOA

awodino [ejuswdo|aA3poinaN

syjuow 9

sieaf 6

Jeaf |

)

sleaf ¢

sieak z|

sieakz|

Jeaf |

sieak 7

je aby

ANX 'Ly

awoIpuAs pady

awolpuAs Jady

AX "9 'SOTS

(LD(E@yLd)(S)IRP
AX ‘9F :dwolpuAs uonajap dg

wsplesow g| Awosiiy/g | Awosu]

[L]1 AX ‘oF [zl
8+ ‘AX 'L ‘Wsidlesow g Awosii|

uoneINw
9uab GHd3‘awoIpuAs PIA

TL1bzzys)
XX ‘9t:awoipuks abioaiqg

AX ‘Ot ‘SwoipuAs
13se14 paydadsns Ajediud

S3}I|eWIOUCe OU — HDDR AX
‘9 ‘2WoIpUAs 1gAe]-ulRisulgny
AX ‘o ‘saljewoue [euai ‘eisejdodAy
s|jegaAa ‘gsq ‘wisiydiowsAq

sawoJpuAs d139uab umouy
Asdapdz wexa jse| pue sasoubeip jewosowoayd

SNIAJAS o 3onpanbe o sisous)s
‘snjeydadoipAy ‘sma dsv

DDH

Jovd

ASAY ‘saljewoue
Kteunnoyuab pue jeuas ‘))yd

2Dvd

asy ‘seijewoue
Jeuas ‘a3ejed/d1| o3 ‘DDvd

saljewoue
Kreuunojuab pue [euas ‘)oy

Alewoue ui21503 ‘DY

NI 3dK1 DvL
‘vid ‘e1sejdodAy winjjaga13d ‘)oY

saljewoue Areunojusab
‘91ejed/di| 9)> ‘sow|eyydoue
|e13e]iq ‘sisausbe wn|jagaiad
15K> 3ul|piw ‘snjeydadoipAy Doy

3INSSIWWOD IOLIIUL PUE XIUIO)
40 3duasqe ‘snjeydadoipAy ‘DY

snjeydaoipAy ‘DY
sajjewoue uebio
19410 pue ujeiq pajenossy

sbuipuy [ejeulsod

s11eqo|Iwas
3dH ‘SMQ ‘snjeydadoipAy :L € vo :qv
salyjew.ouqe
|e>ey pue swie ‘sba)| ‘€7 vO :qy
sallljew.ouqe
Je1dey pue swie ‘sba| ‘£z ¥o :ay

AX ‘OF “DVL ‘sisauabe |euai [esa3ejiun
“3DH ‘1dH ‘Aleydadoydijop ‘5z vo :av

)

8L+'XX'Ly €L VD QY

snjeydadoipAy ‘| vO :ay

Ajewoue uRsa3 £z vo Qv
DDV pajejost ‘wwi o1 :HO Ajleydadod|od
152 snxa|d proioyd ‘8z yo :qy

DDV X3|dwod ‘AX ‘Of ‘sisausbe suoq
asou ‘sowjeydoue [eidie|iq ‘@duasqe
dSD ‘lImis padeys Ausgmens ‘o€ ¥o :av
junys JioIU
WeOo[NJUIUIA
‘snjeydadoipAH ‘z€ vO :ay

snjeydadoipAy ‘67 ¥O :aY

@y sisoubeip |ejeusjuy
{(s)}99m) sisoubeip je yo

uolssiwpe
NDWIN ‘B1aws @
uoissiwpe
NOWIN ‘aA
uolssiwpe
NDIN %3P @)
uolssiwpe
NDIN 123 @D
uolssiwpe
NDWIN ‘A
uoissiwpe
NOWIN ‘aA

|RWLION 23]2 @D

uolssiwpe
NOWIN ‘b1awe @
uolssiwpe
NDIN 23 @)

uolssiwpe
NDWIN ‘P3J3 A

uolssiwpe
NDWIN 3312 @D

a1ed aaieljed (g

24ed [eJRUODN
‘K12n119p
J0 ®pon

CL=N

6EW

6¢€4

9EW

8EW

Oov

JAE|

6EW

8¢4

L€d

6EW

8EW

[4F]

syaam/
/yaig
jeyo ‘xas

asned BulAIapun pauIWIIEpP & YMm S3udiied ‘SUoleuIIO)ew Uleig-BI}XS pUe UleId [eSO|[BRAIXS UHM UOIIRIDOSSE U S3ljewoue wnsoj|ed sndiod yym syuslied Jo sonsuaideiey) 9 ajqer

277

www.journals.viamedica.pl/neurologia_neurochirurgia_polska



Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 3

Table 7. Neurodevelopmental outcomes in all patients with corpus callosum anomalies: isolated callosal anomalies versus callosal anomalies associated with

other abnormalities

Group
Normal
Isolated ACC 9 (64.3%)
ACC + other brain defects + other organ defects 4(14.3%)
Sum 13 (31%)

p=0.001

ACC — agenesis of corpus callosum

postdelivery ACC diagnosis. In more than three-quarters
of patients from our series, a neonatal head ultrasound and
a subsequent diagnosis of ACC resulted from a prenatal sus-
picion of CNS defects [1].

Neonatal head ultrasound is usually the first step in the
diagnosis of ACC; however, it has some limitations; it does not
provide enough information to determine whether the lesion
is isolated or not. Including MRI in the diagnostic pathway
helps to confirm the diagnosis and to identify associated
brain anomalies, especially cortical malformations previously
undiagnosed during the prenatal and postnatal ultrasound
[10, 21, 22].

Some clinicians value the reliability and reproducibility
of a neonatal ultrasound in an accurate diagnosis of callosal
anomalies, and this can lead them to abstain from performing
MRI. MRI s typically undertaken in the context of evaluation
for either developmental delay or epilepsy, and is not con-
sidered to be a standard procedure for a detailed diagnosis
of callosal abnormalities. We noticed a similar trend in our
study. MRI was performed most often in the group of patients
presenting with additional defects and displaying neurological
symptoms. In those cases in which an MRI was carried out,
previously undiagnosed brain defects were revealed.

Like most previous series, we confirmed that callosal de-
fects are frequently accompanied by a large number of brain
and somatic anomalies [11, 13, 21, 23]. Isolated cases com-
prised only one-third of our cohort, while the remaining cases
were accompanied by other defects. Most of these associated
defects were found after birth, as has been shown in previous
studies [24, 25]. Malformations of cortical development and
heterotopia have been identified as the most common con-
comitant brain abnormalities, and their presence dramatically
alters the prognosis [11, 13, 21, 22, 24, 25].

Chromosomal aberrations or gene mutations have been
reported as common underlying factors of ACC. However,
due to the presence of unknown causative genes and techni-
cal problems, approximately half of all ACC cases cannot be
identified [3-5, 8, 13].

Although trisomy 18 and trisomy 13 have been previously
shown as the genetic basis of ACC, the rare reported cases of
their mosaicism did not include callosal defects [26].

To the best of our knowledge, this is the first study
to describe a patient presenting with trisomy 13/trisomy

Development Sum
Mild delay Severe delay
4 (28.6%) 1(7.1%) 14 (100%)
9(32.1%) 15 (53.6%) 28 (100%)
13 (31%) 16 (38%) 42 (100%)

18 mosaicism accompanied by pACC. Other chromosomal
disorders may impact upon CC morphogenesis [27-29]. Our
study found DiGeorge and 5p deletion syndromes as an under-
lying aetiology of ACC. ACC accompanied by these syndromes
has been previously presented in case reports [30, 31].

The challenge of identifying the underlying disorder of pa-
tients with ACC is significant. Patients should be offered pae-
diatric genetic testing following a diagnosis of ACC. Genetic
investigation usually starts with karyotyping. Molecular
diagnostics with aCGH may be a valuable method, allowing
re-investigation of cases in which conventional cytogenetic
techniques reached no conclusion. Although the implemen-
tation and availability of molecular gene analysis is increasing,
it is still not performed as a routine diagnostic protocol. It is
more often undertaken in children with developmental delay,
epilepsy or multiorgan manifestations, than in patients with
normal or slightly delayed neurodevelopment. We observed
a similar trend in our survey.

There are numerous conditions in which ACC may be
afeature, as in Vici or Fraser syndromes. All previously report-
ed cases of Vici syndrome featured ACC. In our patient suffer-
ing from this condition, ACC was also found. Vici syndrome is
caused by mutations in the EPG5 (ectopic P granules protein 5)
gene, while Fraser syndrome is caused by mutations in the
FRASI and FREM2 gens. Fraser syndrome is rare, without
clear genotype-phenotype correlations, and FRASI gene has
many exons, which impedes the investigation of mutations in
affected patients. For Vici syndrome, almost 40 EPG mutations
have been already detected, making it difficult to identify the
mutation in some patients [9, 32, 33]. Two of our patients were
screened for FRASI and EPG5 mutations. Unfortunately, in
a patient who met the clinical diagnostic criteria for Fraser
syndrome, genetic testing did not prove this diagnosis. Patients
with Fraser syndrome described so far have presented with
several brain abnormalities, but, callosal anomalies have not
been among those reported [32].

The differential diagnosis of ACC is wide. Subsets of
callosal anomalies, dysmorphic features, other anatomical
malformations and neurological impairment can be encoun-
tered in different syndromes, which can result in difficulties
in choosing the relevant molecular screening test.

Apert, Aicardi, Smith-Lemli-Opitz, and Rubinstein-Taybi
syndromes are among the known genetic syndromes that
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could manifest with ACC [3, 8, 10]. Our results are in line
with these findings, although we did not include any patients
with Aicardi syndrome.

Defects of the CC, neurodevelopmental delay, epilepsy, and
dysmorphism are frequently reported in patients presenting
with various types of dystonia and other hereditary movement
disorders with childhood onset. Results of the latest gene anal-
yses have revealed varied molecular bases of these disorders
(34, 35].In neurodegenerative diseases with onset in the 4"
and 5" decades of life, in which brain macrophages known as
microglia play an important role in their formation, defects
of the CC may also be present. Microglia proliferation and
development requires the activation of a Colony Stimulating
Factor 1 Receptor (CSF1R), the gene previously associated
with adult-onset leukoencephalopathy with axonal spheroids
and pigmented glia (ALSP). However, the role played by brain
microglia in nervous system development has been recently
noted. Individuals with homozygous CSFIR mutations who
presented paediatric phenotypes distinct from ALSP have been
described. This mutation has been found in infants with ACC
and in adolescents with severe developmental regression, epi-
lepsy and leukodystrophy [36, 37]. It has also been described
in paediatric patients as BANDDOS, a syndrome consisting of
brain abnormalities including ACC, neurodegeneration and
dysosteosclerosis [34, 35].

A CSFIR mutation was identified in a Polish patient
with a diagnosis of ALSP accompanied by thin CC [38]. The
clinical features of CSF1R-related leukoencephalopathy oc-
cupy a broad spectrum, encompassing seizures, movement
disorders and psychiatric features, seen also in individuals
with ACC [39].

Therefore, in patients with callosal abnormalities, genetic
testing should also include this gene mutation.

The clinical course in children with callosal anomalies
is unpredictable and varies from asymptomatic cases to
a wide range of neurodevelopmental impairments [21-23].
Establishing the prognosis for further neurodevelopment of
affected individuals remains difficult, as these infants may
not show symptoms during the neonatal period, especially if
they have no other associated malformations. Poor outcomes
have often been reported when ACC has been associated
with extracallosal anomalies, while patients without other
associated malformations or chromosomal abnormalities
have been shown to be more likely to obtain better neurolog-
ical outcomes [6, 19, 25, 40-42]. Our results are consistent
with these findings. The majority of children with normal
development in our study were patients with isolated ACC.
However, even in isolated cases, the prognosis remains un-
clear, and the neurodevelopmental outcome can range from
normal development in 75% of patients, to differing levels
of intellectual disability. Some clinical features may become
more apparent during infancy and childhood, including sei-
zures, abnormal muscle tone, poor coordination, cognitive
impairment, and language developmental delay [24, 40, 41].

Similarly to previous works, a third of our isolated ACC cases
showed (mostly mild) developmental disabilities. Hypotonia
and slight motor delay occurred in the first six months of life,
while cognitive disabilities manifested at school age.

The presence of extracallosal CNS and extra-CNS malfor-
mation, together with the detection of a genetic aetiology, have
been linked to abnormal developmental outcomes [3, 6, 19].

Our study confirmed these findings: delayed neurodevel-
opment and intellectual disability were evident in all patients
displaying chromosomal disorders and known genetic syn-
dromes. Unfavourable neurological findings were also seen
in the majority of children with additional serious CNS and
non-CNS abnormalities.

Like most earlier studies, the present paper confirms that
the coexistence of other defects significantly increases the risk
of epilepsy [42].

Limitations of study

Firstly, as this was a retrospective study, some data may
be missing or not fully reported (e.g. genetic testing reported
for 43%, MRI imaging available for 55% of patients). MRI
data was reported mostly in patients with poor neurological
outcomes. It remains unknown how many patients with
normal intelligence, mild behavioural problems, or assessed
as having isolated ACC, actually had additional brain abnor-
malities. Secondly, intellectual disability, social problems, and
speech delay were defined by hospital psychologists without
providing the type of tools used for the diagnosis. Moreover,
the assessment of neurological impairments relied on our
review of medical records. However, our diverse cohort was
a strength of this study; based on our hospital database, we
obtained a diverse sample of ACC cases which were not limited
to patients with neurodevelopmental delays. With respect to
developmental outcomes, the results in our cohort may reflect
those to be expected for the overall population of children
with callosal defects.

Conclusions

Callosal defects are frequently accompanied by a large
number of brain and somatic anomalies. Therefore, both chil-
dren with additional malformations, and those with apparently
isolated callosal anomalies, should undergo a detailed brain
and cardiac examination. Thorough neuroimaging should
also be carefully planned at a later date to confirm partial or
complete agenesis and other accompanying abnormalities.

Since several chromosomal aberrations may be an under-
lying cause of callosal anomalies, genetic testing should be
offered to all ACC patients. Patients presenting with ACC may
exhibit different degrees of neurodevelopmental impairment.
The coexistence of extracallosal abnormalities significantly
worsens the neurological prognosis and increases the risk of
epilepsy. Individuals with isolated ACC show better neurode-
velopmental outcomes.
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ABSTRACT

Introduction. Neurodegeneration is likely to be present from the earliest stages of multiple sclerosis (MS). MS responds poorly
to disease-modifying treatments (DMTs) and leads to irreversible brain volume loss (BVL), which is a reliable predictor of future
physical and cognitive disability. Our study aimed to discover the relationship between BVL, disease activity, and DMTs in a co-
hort of patients with MS.

Material and methods. A total of 147 patients fulfilled our inclusion criteria. Relevant demographic and clinical data (age,
gender, time of MS onset, time of treatment initiation, DMT characteristics, Expanded Disability Status Scale (EDSS), number of
relapses in the last two years prior to MRI examination) were correlated with MRI findings.

Results. Patients with progressive MS had significantly lower total brain and grey matter volumes (p = 0.003; p < 0.001), and
higher EDSS scores (p < 0.001), compared to relapsing-remitting patients matched by disease duration and age. There was no
association between MRI atrophy and MRI activity (c2 = 0.013, p = 0.910). Total EDSS negatively correlated with the whole brain
(r,=-0.368, p < 0.001) and grey matter volumes (r, = —0.308, p < 0.001), but was not associated with the number of relapses
in the last two years (p = 0.278). Delay in DMT negatively correlated with whole brain (r, = —0.387, p < 0.001) and grey matter
volumes (r,=-0.377, p < 0.001). Treatment delay was connected with a higher risk for lower brain volume (b =-3.973, p < 0.001),
and also predicted a higher EDSS score (b =0.067, p < 0.001).

Conclusions. Brain volume loss is a major contributor to disability progression, independent of disease activity. Delay in DMT
leads to higher BVL and increased disability. Brain atrophy assessment should be translated into daily clinical practice to monitor
disease course and response to DMTs. The assessment of BVL itself should be considered a suitable marker for treatment escalation.

Key words: multiple sclerosis, brain volume loss, atrophy, neurodegeneration, disability
(Neurol Neurochir Pol 2023; 57 (3): 282-288)

Introduction

Multiple sclerosis (MS) is an inflammatory and degen-
erative disorder of the central nervous system (CNS) with
complex and not yet fully-understood disease mechanisms

[1, 2]. In addition, MS has a heterogeneous presentation and
a wide range of onset age. This diversity can lead to a delayed
diagnosis and result in more complicated management.
Although the clinical course of MS is variable, in the vast ma-
jority of cases it starts with reversible episodes of neurological
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disability — as the relapsing-remitting (RR) form with dominant
inflammatory pathogenesis. Later in the course of the dis-
ease, continuous and irreversible neurological decline due
to neurodegeneration prevails (this is secondary progressive
MS — SPMS) [3]. When exactly the progressive phase of MS
begins is still the subject of debate. A minority (10-15%) of
patients have primary progressive MS (PPMS), in which the
progression of disability is present from the very onset [4].
Whether the clinical subtypes of MS are pathologically distinct
from each other — or possibly even different disease entities
— is still open for discussion. Some authors consider MS per
se (all types) to be an asynchronously progressive disease from
the very beginning [5]. Nevertheless, MS classification is still
based on the clinical phenotype [6].

In the context of reserve capacity, progression occurs in all
patients, but remains unrecognised by clinicians. Numerous
magnetic resonance imaging (MRI) features — i.e. brain
volume, spinal cord atrophy, and T2 lesion volume — are
predictive of disability worsening and are variably present
in both the relapsing and the progressive forms of MS (7, 8].
Brain volume loss (BVL) is relatively independent of lesion
load, and, as a predictor of the evolution of disability, has
become a critical biomarker of neurodegeneration [9].
Irreversible brain atrophy is clinically relevant, correlating
with future physical and cognitive disability in MS patients
[10]. Brain volume loss, reflecting the real tissue damage in
MS patients, occurs from the preclinical stage of the disease
and progresses up to five times faster than natural ageing
[11]. Axonal damage accounting for brain atrophy may be
acute due to inflammation or chronic due to pathogenic
mechanisms primed by the preceding inflammation and later
perpetuated with disease progression [12]. Brain atrophy
assessment is substantial in MS, making BVL a relevant
marker to diffuse CNS damage, leading to clinical disease
progression, and serving as a useful parameter in evaluating
the effects of MS therapies [13].

The definition for efficacy of MS treatment has become
more comprehensive over the last decade. With the introduc-
tion of more effective types of disease-modifying therapies
(DMTs), the disease-free period or “no evidence of disease
activity” (NEDA) became a new measured outcome. Although
NEDA status may strongly predict favourable long-term out-
comes, its absence is not necessarily a poor prognostic sign.
Daily clinical practice indicates that patients may experience
a new relapse and/or new MRI lesion, and yet remain stable
from a long-term point of view [14].

Three basic components — an absence of clinical relapses,
no progression measured by expanded disability status scale
(EDSS), and a lack of new T2 and/or enhancing lesions on
brain MRI — represent NEDA-3. Cognitive state assessment
and monitoring of neuroaxonal damage (measuring BVL or
plasmatic levels of neurofilament chain) became the basis for
NEDA-4 [15]. The concept of NEDA-4 has the potential to
capture the impact of therapies on both inflammation and

neurodegeneration. NEDA-4 deserves further evaluation
across different compounds and long-term studies [16].

Clinical rationale for study

Our study aimed to analyse the clinical relevance of brain
atrophy in a cohort of patients with MS. According to obser-
vations from clinical practice and our preliminary data [17],
we postulated the following hypotheses:

— Brain atrophy is independent of MRI activity.

— Disability is more affected by brain volume loss than by
disease activity (number of relapses and/or new T2 lesions
on brain MRI).

— Delay in DMT initiation leads to worse outcomes in MS
patients.

Material and methods

Patients
Inclusion criteria for study enrollment were:

— diagnosis of MS according to the 2017 McDonald criteria,

— minimum age of 18 years,

— having valid results from brain MRI and volumetry exams
at the MRI Centre, Dr. Magnet Ltd, Bratislava, Slovakia.
Data collection was carried out between April 2017 and

December 2020. We collected data from 150 patients; three of

them were excluded due to incomplete information.

Methods

This was a retrospective, cross-sectional, single-centre
study approved by the Ethical committee of Derer University
Hospital, Comenius University, Bratislava, Slovakia under
approval number 03/2017.

All MRI examinations were performed using the same
hardware and software throughout the whole study duration.
Data was assessed by neuroradiologists trained in MS. Visual
evaluation of the brain focused on detecting lesions (Flair/
/T2 hyperintensities, T1 hypointensities) and distribution in
space, the detection of new Flair/T2 lesions, and contrast-
-enhancing T1 hyperintensities to evaluate disease activity —
distribution in time, according to the 2017 McDonald criteria.
Description of atrophic changes was assessed using visual
rating scales. Simultaneously, MRI scans (3D Flair, 3D T1)
were analysed by Icobrain MS software (Icometrix, Leuven,
Belgium). Icobrain MS software can detect, quantify and track
the evolution of MS lesions (Flair, T1) and distribution in space
and time. The software provides metrics that can assess the
volume of the whole brain and grey matter, tracking annual-
ised brain volume changes to evaluate disease progression.
Additionally, the software compares brain volume and volume
changes to age — and sex — having matched a normative
reference population. The calculated volumes can be used to
interpret the subjects’ measurements concerning a normative
population.
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Table 1. Relevant demographic and clinical data of all included patients

Mean Median
Age (years) 42.13 42.00
MS duration (years) 10.70 8.500
Treatment duration (years) 6.128 5.700
Number of DMTs 2.007 2.000
EDSS 3.500 3.000

sD [0] 3 Min Max
11.03 15.50 20.00 71.00
7.458 9.850 0.3000 46.70
4.263 5.600 0.000 20.90
1.089 2.000 0.000 5.000
1417 2.250 1.000 7.000

MS — multiple sclerosis; DMT — disease-modifying therapy; EDSS — expanded disability status scale; SD — standard deviation; IQR — interquartile range

Relevant demographic and clinical data was collected
from the information system at the Centre for MS Treatment
at the Second Department of Neurology, Faculty of Medicine,
Comenius University in Bratislava. Data was obtained at the
timepoint corresponding with the date of the brain MRI exa-
mination, and included:

— age,

— gender,

— time of MS onset,

— time of treatment initiation,

— DMT characteristics (escalation versus induction; 1" line
versus 2" line),

— Expanded Disability Status Scale (EDSS),

— number of relapses in the two years prior to MRI exami-
nation.

Statistical analysis

We determined the required minimum sample size based
on a a priori power analysis [18] using the G*Power 3 pro-
gram [19]. The data was analysed by JASP Team (2021) JASP
(Version 0.16) software. Statistics were used to evaluate demo-
graphic and clinical data. For normality evaluation, individual
variables were first tested with the Lilliefors modification of the
Kolmogorov-Smirnov test. Continuous parametric data satis-
fying normal distribution were described as mean # standard
deviation. If the data was non-normally distributed, it was
described as median values with corresponding interquar-
tiles. Categorical parametric data was presented as percent-
ages. Parametric data was compared by the Student T-test,
non-parametric data by the Mann-Whitney U-test; the
chi-square test was used for categorical variables. Using the
Bonferroni approach to control Type I errors, a p-value < 0.008
was required for statistical significance. Correlation analysis
of the data was conducted with the Spearman correlation test
and linear regression. In cross-sectional analysis, a binary
logistic or linear regression model was used to estimate prob-
ability and 95% confidence intervals (CI) for the risk factors.

Results

Description of patients
We collected complete data from 147 patients with
MS, of whom 68.7% were female. The mean age was 42.13

+11.03 years and mean disease duration was 10.70 + 7.46 years.
By far the most common MS subtype in our group was relapsing-
-remitting (n = 123; 83.7%), followed by the secondary pro-
gressive (n = 21; 14.3%) and then the primary progressive
subtypes (n = 3; 2.0%). The median of EDSS was 3.0 (IQR
2.250, min 1.0, max 7.0). The mean duration of MS treatment
was 6.13 £ 4.26 years; 36.7% patients were treated by their first
DMT (n = 54), 34.0% (n = 50) by the second DMT, 17.0% by
the third (n =25), 6.8% (n = 10) by the fourth, and 3.4% (n=5)
by the fifth DMT in their medical history. Only three patients
(2%) did not take any DMT. Demographic and clinical data is
summarised in Table 1.

Both whole brain volume (r,= —0.409, p < 0.001) and grey
matter volume (r,= -0.747, p < 0.001) negatively correlated
with age; there were no significant differences between genders.

According to age, whole brain volume negatively corre-
lated with MS duration (r,= -0.270, p < 0.001). Progressive
MS (both primary and secondary) patients had significant-
ly lower whole brain and grey matter volumes (p = 0.003
and p < 0.001, respectively) compared to RRMS patients
matched by disease duration and age.

Whole brain volume also negatively correlated with treat-
ment duration (r, = -0.177, p = 0.037).

There was no significant difference in whole brain vol-
ume when comparing patients treated by different treatment
lines (p = 0.384), different therapy modes (induction versus
escalation, p = 0.552), or the number of previous treatments
(p = 0.228). We did not find any significant correlation with
grey matter volume in these specific parameters (data available
upon request).

MRI atrophy and MRI activity

There was no association between MRI atrophy and MRI
activity (x = 0.013, p = 0.910).

Comparing patients with and without MRI activity, there
was a significant difference in age (p = 0.006) and the number
of relapses in the last two years (p = 0.008). There was no sig-
nificant difference in either MS or therapy duration (p = 0.533,
and p = 0.113, respectively) or total brain and grey matter
volume (p = 0.533, and p = 0.113, respectively).

Comparing patients with and without MRI atrophy, there was
a significant difference in both whole brain volume (p < 0.001)
and grey matter volume (p < 0.001), and in MS duration
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Table 2. Comparison of patients with and without MRI activity, or MRI atrophy, respectively

MRI activity MRI atrophy
Group Mean SD p-value Mean SD p-value
Age No 43,577 10.889 0.006 40.527 9.923 0.027
(years) Yes 37.667 10.398 44732 12.285
MS duration (years) No 10.639 6.833 0.533 9.291 6.501 0.005
Yes 10.872 9.232 12.979 8.362
Treatment duration No 6.356 4.017 0.113 5.384 4.019 0.004
(years) Yes 5.425 4943 7338 4.406
Relapses in last two No 0.360 0.569 0.008 0.429 0.635 0.680
years () Yes 0722 0.815 0482 0.687
Whole brain volume No 1,509.586 75.779 0314 1,548.132 64.039 <0.001
(mt) Yes 1,510.972 89.679 1,447.839 59.607
Grey matter volume No 904.135 48.802 0.038 927.297 46.476 <0.001
(m) Yes 925.806 58.206 880.429 47.245
MRI — magnetic resonance imaging; SD — standard deviation; MS — multiple sclerosis
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Figure 1. Negative correlation between expanded disability status scale (EDSS) and both whole brain volume (r, = -0.368, p < 0.001) and

grey matter volume (r, = -0.308, p < 0.001)

(p =0.005) and treatment duration (p = 0.004). All data is set
out in Table 2.

Disability

Total EDSS score correlated positively with MS duration
(r, = 0.457, p < 0.001) and treatment duration (r, = 0.329,
p <0.001), but was not associated with the number of relapses
in the last two years (p = 0.278). Comparing patients with
and without MRI activity, there was no significant difference
in EDSS (p = 0.01). Comparing patients with and without
MRI atrophy, patients with atrophy had higher EDSS scores
(p < 0.001). EDSS negatively correlated with whole brain
volume (r;= -0.368, p < 0.001) and grey matter volume

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

(r,=—0.308, p < 0.001) as shown in Figure 1. Progressive MS
patients had significantly higher EDSS scores (p < 0.001)
compared to RRMS patients matched by MS duration and age.

Treatment delay

The number of years from MS onset to DMT initiation
(treatment delay) negatively correlated with whole brain
volume (r, = -0.387, p < 0.001) and grey matter volume
(r,=-0.377, p < 0,001). Treatment delay was connected with
a higher risk for lower brain volume (b = -102, p < 0.001).

There was no significant correlation between treatment
delay and MRI activity or the number of relapses (p = 0.943,
and p = 0.591, respectively).
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Figure 2. Positive correlation between treatment delay and expanded disability status scale (EDSS) score (r, = 0.322, p < 0.001)

Discussion

Neuroimaging is of the utmost importance in both the
diagnosis and the differential diagnosis of MS — especially
in borderline, undetermined and atypical cases [20]. Multiple
sclerosis used to be considered a white matter inflammatory
disease, whereas brain volume loss was previously regarded as
being present in more severe or advanced stages of the disease.
This belief has been refuted in the last decade by numerous
studies demonstrating that brain atrophy begins to occur from
the preclinical stage of MS, and continues (at least partially)
independently of inflammation [21]. This has been proved not
only by volumetric studies; progressive neurodegeneration
was recently confirmed by measuring the peripapillary retinal
nerve fibre layer (pRNFL) by optical coherence tomography
(OCT) [22].

MRI activity versus MRI atrophy and brain

volume loss

Our results confirm that total brain volume is negatively
correlated with MS duration. In addition, patients with pro-
gressive forms have significantly lower whole brain volume and
grey matter volume compared to patients with RRMS (matched
by disease duration and age). Previously published data showed
that grey matter volume is lower in secondary-progressive
disease compared to relapsing-remitting disease [10].

Regarding DMT, brain volume is negatively correlated with
treatment duration, but it is not affected by current therapeutic
approaches (i.e. the first versus the second line, escalation
versus induction scheme). This supports the above-mentioned
hypothesis that the neurodegenerative process is not signifi-
cantly influenced by inflammation and/or immunomodulatory
medication.

We found no association between MRI activity and brain
volume changes on MRI (atrophy, total brain volume or grey
matter volume). We proved that patients with confirmed
activity on brain MRI — compared to patients with stable

MRI findings — were significantly younger and had a higher
number of relapses in the past two years — very probably being
still in the inflammatory-predominant stage of MS. Here, MRI
activity can predict the effects of immunomodulatory treat-
ment on relapses of over two years [23]. This is important for
clinicians’ decisions about the escalation of DMT in a patient
without manifest clinical worsening, as the predictive value of
a new T2 MRI lesion counting as a predictor of longer-term
effects on relapses has been assessed [24].

On the other hand, we found that the presence of brain
atrophy on MRI did not correlate with disease activity (nei-
ther the number of relapses, nor new lesions on MRI). These
patients had longer MS duration, as well as longer duration
of DMT, compared to patients with no atrophy. All these
findings underline that atrophy and activity are independent
of each other.

Assessment of atrophy helps to distinguish between clini-
cally and cognitively deteriorating patients and predicts those
who will have a less favourable clinical outcome in the long
term. Atrophy can be measured from brain MRI scans due to
the many technological improvements made over the last few
years. Despite this, measuring brain atrophy is not yet estab-
lished as a routine clinical practice [12]. Early identification of
patients with MS — accumulating future irreversible clinical
disability in the long term — could help with therapeutic
decision-making and patient management [25].

Impact of MRI findings on disability

In our study, EDSS score positively correlated with MS
duration. However, it was not associated with disease activity
assessed by the number of relapses in the last two years.

In addition, the difference in EDDS scores between pa-
tients with and without MRI activity was not significantly
different. On the other hand, patients with brain atrophy had
significantly higher EDSS scores, and this disability indicator
negatively correlated with both whole brain and grey mat-
ter volume. An association between brain volume loss and
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disability progression has been recently confirmed [12, 25].
These findings support previous research revealing that grey
matter atrophy and T2 lesion volume are independent and
mirror distinct pathological processes in a specific stage of
MS [10].

Progressive MS patients had significantly higher EDSS
scores, and lower total brain and grey matter volumes, than
RRMS patients matched by disease duration and age.

Grey matter volume loss explains physical disability (as
measured by the EDSS) better than white matter volume loss
and/or T2 lesion volume [26]. Recent reports have confirmed
that the rate of BVL is relatively stable throughout the course of
RRMS. Accelerated BVL is weakly associated with concurrent
higher disease activity [27]. Brain atrophy might also have
a higher predictive value than conventional MRI findings in
preventing physical disability progression (T2 lesion load)
[21]. Our results are in agreement with the hypothesis that
the neurodegenerative components of the progressive aspects
of MS pathology, characterised by worsening disability, are
independent of relapses [28].

Effect of treatment delay on outcomes

We found no significant correlation between treatment
delay and MRI activity or the number of relapses in the last
two years. This is not surprising, as the role of effective DMT
is to decrease the activity of MS. On the other hand, a higher
number of years from MS onset to DMT initiation was as-
sociated with lower brain volumes and higher EDSS scores.
This has been referred to as the ‘therapeutic window: if anti-
-inflammatory drugs are started late, too much damage has
already accrued to prevent the consequences of previous focal
inflammatory activity. Patients with SPMS show sustained
accumulation of disability due to uncontrolled progression
attributable to brain volume loss. The rate of cerebral atrophy
is most significant in patients with established cerebral atrophy
and a higher inflammatory lesion burden before DMTs [29].
Available DMTs are of only marginal benefit for patients al-
ready in the progressive stage of the disease [3]. Therefore, pre-
venting patients from converting from the relapse-remitting to
the progressive form of MS might be the only way of slowing
down the irreversible neurological deterioration caused by
axonal loss. Uher et al. [7] found that early initiation of ade-
quate treatment helps halt the rate of BVL [27]. Randomised
controlled trials and recent observational studies suggest that
the initiation of early-intensive therapy is associated with
decreased accumulation of overall disability. Understanding
risk factors associated with disability progression is helpful in
enhancing the clinician’s availability to provide optimal treat-
ment recommendations. There is clear evidence that a higher
reduction in brain atrophy leads to a reduction of disability
amelioration, but disease-modifying therapies (DMTs) can
only partially slow down the rate of brain atrophy progression
in MS patients [11, 21, 24]. Over the past decade, new DMTs
with various secondary neuroprotective properties impacting

on axonal survival have been implemented. Moreover, treat-
ment delay is now shorter. All this might have contributed
to the changes in the course of multiple sclerosis — which is
apparently milder nowadays.

Our study has some limitations. The vast majority of
our patients were treated with DMTs; therefore, the effect
of pseudo-atrophy may have been present [30]. In our study,
we did not assess the volume of T2 lesions, which, together
with magnetisation transfer ratio (MTR) lesions, correlate with
mean grey matter volume loss [31-33].

We did not include healthy controls; nevertheless, our data
was statistically analysed, controlling for age and gender. We
are aware that EDSS is not sensitive to signs of progression
such as cognitive impairment, severe fatigue etc., but despite
its limitations, this scoring system for disability evaluation
is still the gold standard [6, 12, 28, 33]. Various volumetric
software has been used in different reviewed studies compared
to ours. However, the majority of results are still consistent
[10, 27, 31-33].

Clinical implications / future directions

Our results have validated that brain atrophy manifests
progressively in MS patients, and independently of clinical
and MRI activity. Brain volume loss is a major contributor to
disability progression, and we found that delay in DMT leads to
higher BVL and increased disability. With the advent of easily
accessible neuroimaging software, brain atrophy assessment
should be translated into daily clinical practice to monitor
disease course and responses to DMTs. Volumetric assess-
ment should be implemented into routine MRI protocol for
patients with MS. In addition, plenty of new, more promising
DMTs are already being tested in progressive MS types, and
the assessment of BVL itself should be considered a sufficient
marker for treatment escalation. Further studies are required
to confirm these promising results.
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ABSTRACT

Introduction. Several studies have suggested the possibility that disease prodromes might occur months or even years before
a multiple sclerosis diagnosis.

Objectives. To describe the profile of prodromal symptoms and the possible relationship between the occurrence of individual
symptoms and clinical course characteristics in patients with relapsing-remitting multiple sclerosis (RRMS), and to assess their
role as predictors of further disease course.

Material and methods. The cohort included 564 patients with RRMS. Patients were stratified based on their current EDSS sco-
re, and the annual EDSS growth rate was calculated. Logistic Regression Analysis was used to study the relationship between
prodromal symptoms and disease progression.

Results. The most commonly reported prodromal symptom was fatigue (42%). The following symptoms were significantly
more common in women than in men: headache (39.7% vs. 26.5%, p < 0.05), excessive sleepiness (19.1% vs. 11.1%, p < 0.05)
and constipation (18.0% vs. 11.1%, p < 0.05).

Prodromal urinary and cognitive disturbances, fatigue and pain complaints were significantly more common in patients with
the highest annual EDSS increase (p < 0.05).

Multivariate analysis revealed some potential predictors of long-term disability progression: hesitancy in starting urination
predicted EDSS increase by 0.6 point (p < 0.05), while deterioration in everyday functioning because of cognitive disturbances,
and pain complaints, were associated with an EDSS increase of 0.5 (p < 0.05), and 0.4 (p < 0.05), respectively.

Conclusions. Prodromal pain, urinary and cognitive complaints (especially when these lead to deterioration of everyday fun-
ctioning) were associated with a higher EDSS increase rate, and may thus be regarded as possible predictors of worse clinical
outcomes in RRMS patients.

Key words: multiple sclerosis, prodromes, disease predictors, RIS, preclinical phase
(Neurol Neurochir Pol 2023; 57 (3): 289-296)

Introduction when the patient meets the criteria for dissemination in time

Multiple sclerosis (MS) is a chronic demyelinating disease
of inflammatory and neurodegenerative aetiology, which
mainly affects young adults [1]. Currently, MS diagnosis can
only be made at the onset of clinical symptoms typical for MS,

and space [2]. However, it is vital to diagnose the disease at
avery early stage, since starting treatment without delay allows
patients to achieve better outcomes [3-6].

Radiologically isolated syndrome (RIS), first described by
Okuda in 2009 [7], is a condition wherein the patient has brain
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magnetic resonance imaging (MRI) abnormalities suggestive
of MS, but with no apparent signs or symptoms of the disease.
Approximately 50% of subjects with RIS go on to develop
MS within 10 years [8]. Therefore, describing RIS was one
of the first arguments to suggest that there was a preclinical
phase of MS. If such a phase does in fact exist, then it would
be extremely important to be able to identify patients who
are still in this very phase, possibly by careful screening for
disease prodromes.

A prodrome is defined as a sign or symptom preceding the
classical course of a specific disease [9]. One of the best exam-
ples of diseases with an evident prodromal phase is Parkinson’s
disease [10] but it is also features in Alzheimer’s disease, de-
pression, rheumatoid arthritis, and Crohn’s disease [1, 11, 12].

Clinical rationale for study

Several studies have suggested the possibility that disease
prodromes might occur even 5-10 years before MS diagnosis.
Such a possibility is implied by a higher number of hospital-
isations and visits to psychiatrists and dermatologists, and
more frequent recognition of sleep and bowel disturbances,
fatigue, pain, migraines or cognitive impairment [1, 13-18].

In this study we aimed to: (I) analyse the profile of prodro-
mal symptoms based on information obtained directly from
MS patients; (II) compare this profile to previously published
data obtained from healthcare and insurers’ registries; (III)
analyse the profile of patient-reported prodromal symptoms
with regards to gender and age at disease onset; and (IV) finally
to assess the possible role of different prodromal symptoms as
predictors of the subsequent disease course.

Material and methods

Participants were recruited from the single MS centre at
the Department of Neurology, Poznan University of Medical
Sciences, Poznan, Poland. Adult patients with relapsing re-
mitting MS (RRMS) were enrolled to take part in the study
between November 2021 and April 2022. The data was ob-
tained by neurologists using an original questionnaire called
‘ProdroMuS$’ (see Appendix 1) during the patients’ visits to
the clinic. In the questionnaire, patients were asked about
any symptoms that preceded the onset of their first relapse
for up to five years, but were not typical MS relapses. In the
questionnaire, we listed the prodromal symptoms mentioned
in previously published studies. Additionally, we asked patients
about their subjective feelings about their cognitive functions
during the time preceding their first MS relapse. The patients
were asked to mark the time frame in which they developed
symptoms. When asking about fatigue and upper respiratory
tract infections, we asked about the increased number of
symptoms or severity in comparison with their peers.

Patients were also assessed by their treating neurologists
with Expanded Disability Status Scale (EDSS) at the time

of enrollment into the study. Clinical data concerning the
onset of first MS symptoms, MS diagnosis and all annual
EDSS assessments since treatment onset were obtained from
patient records, and verified with the data entered by treating
neurologists to the central nationwide register under the
Polish public healthcare system (the National Health Fund
electronic database).

Patients who did not consent to participate in the study
were excluded.

This study was approved by the Internal Review Board
at Poznan University of Medical Sciences, Poznan, Poland.

Demographics and clinical characteristic
of study group

We enrolled 564 patients with relapsing-remitting MS,
consisting of 383 women (67.9%) and 181 men (32.1%). The
study flow diagram is presented in Figure 1. The mean age
(years) was 39.3 £ 10.4; median 39 (range 19-71); IQR 14.8.
The mean EDSS at enrollment was 2.0 + 2.8, median 2.0 (range
0-6.5), IQR 1.5.

The mean age at MS diagnosis (years) was 30.9 + 9.2;
median 29.5 (range 13-66); IQR 12.8.

The mean time from experiencing first MS symptoms to
enrollment (years) was 9.9 + 6.3, median 9.0 (range 0-39),
IQR 9. The majority of patients were treated with disease-
modifying therapies (N = 562; 99.6%), including 70 (12.4%)
on high-efficacy therapies (natalizumab, alemtuzumab,
ocrelizumab, cladribine, fingolimod) and 494 (87.6%) on
platform therapies (injectables) i.e. teriflunomide or dimethyl
fumarate. The relatively small percentage of patients treated
with high-efficacy therapies in our centre is a result of the
provisions of the National Health Fund that require meeting
the appropriate (relatively high) criteria for receiving high-
efficacy therapies [19].

Statistical analysis

The results were reported as counts (percentage) for the
categorical variables, mean with standard deviation, and medi-
an with quartiles for the continuous variables. As appropriate,
categorical variables were compared using Chi-square tests
(with Yates correction for 2 x 2 tables) or Fisher’s exact tests.

Continuous variables were compared between two groups
using a Mann-Whitney test. The comparison of variables in
three or more groups was performed using a Kruskal-Wallis
test. After detecting statistically significant differences, post-
hoc analysis with Dunn’s test was conducted to determine
which groups differed from each other.

A multiple linear regression model was used to investigate
the combined effect of all prodrome variables on EDSS value.

A p-value of 0.05 or lower was considered statistically
significant. All statistical analyses were performed using R soft-
ware [R Core Team (2022). R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org/].
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Results

Frequencies and timing of prodromal symptoms
prior to first relapse

Four hundred and sixty-five out of 564 patients (82.4%) had
atleast one prodromal symptom, and 99 patients (17.6%) had no
such symptoms. The mean number of prodromal symptoms per
patient was 4.8 + 4.4, median 4 (IQR =7), and ranged from 0 to 22.

The period in which patients noticed prodromes was
mostly reported as being difficult to assess (N = 142, 25.2%),
followed by 2-3 years (N = 120, 21.3%), then within one year
(N'=102, 18.1%), then within 4-5 years (N = 99, 17.6%) before
the onset of classical MS symptoms (Tab. 1).

Two hundred and thirty-seven patients (42%) experienced
fatigue and this was the most commonly reported prodrome.
As the definition of fatigue can be vague, we asked specifically
about fatigue which hindered everyday functioning and was
more pronounced than in their peers.

A total of 65 (11.5%) patients observed new dermatological
diseases, such as atopic dermatitis, psoriasis, rash, tinea versicolor
or photodermatosis, in the years preceding MS onset. In addition
to the symptoms mentioned in the questionnaire, we also asked
an open question about any bothersome symptoms occurring
in the years preceding the MS onset. Patients typically reported:
paresthesia (N = 62, 11%), non-specific visual disturbances
(N'=27,4.7%), or Lhermitte sign (N = 12, 2.1%). Fewer than five
patients mentioned other symptoms, such as syncope, Bell’s palsy,
hearing disturbances, sexual dysfunction, excessive sweating, tin-
nitus, stammering, or involuntary movements of the upper limbs.

Differences between women and men

A total of 318 women (83%) and 147 men (81.2%) reported
prodromal symptoms, which was not significantly different
(p = 0.682) However, women reported more symptoms than
men (mean 5.1 vs. 4.3, p < 0.05).

The following symptoms were significantly more common
in women than in men: headache (39.7% vs. 26.5%, p < 0.05),
excessive sleepiness (19.1% vs. 11.1%, p < 0.05), and constipa-
tion (18% vs. 11.1%, p < 0.05). Gender-related differences were
not statistically significant for other symptoms (see Tab. 2).

Prodromal symptoms and age at disease onset
We divided patients into five groups depending on their age
when experiencing their first MS symptoms. The largest group
constituted patients with a typical age at MS onset, namely
21 to 30 years of age (N = 231, 41%). The frequency of pro-
dromal symptoms was not significantly different between the
groups. However, the mean number of the reported prodromal
symptoms was higher in the groups of middle age at disease
onset (mean 5.3 and 6.1 for 31-40-years and 41-50-years onset
respectively) compared to younger patients (mean 4.3 for
onset<20yearsand 4.2 for onsetat21-30years) and to thelate on-

set group (mean 4.8 for disease onset > 50 years), p < 0.05.

Table 1. Prodromal symptoms reported by RRMS cohort in‘ProdroMu$S’
questionnaire

Symptom N %

Fatigue 237 42%
Headache 200 35.5%
Vertigo 173 30.7%
Sleep disturbances 165 29.3%
Bowel disturbances 146 25.9%
Cognitive difficulties at school/work 130 23.1%
Concentration disturbances 123 21.8%
Limb tremor 119 21.1%
Dizziness 112 19.9%
Urinary disturbances 104 18.4%
Spinning 101 17.9%
Excessive sleepiness 93 16.5%
Increased frequency of URTIs 89 15.8%
Constipation 89 15.8%
Insomnia 83 14.7%
Deterioration in everyday functioning due to 83 14.7%
cognitive difficulties

Anxiety and depressive disorders 82 14.5%
Dermatological disorders 65 11.5%
Abdominal pain 61 10.8%
Urgent need to urinate 58 10.3%
Diarrhoea 46 8.2%
Incontinence 44 7.8%
Use of antidepressant drugs before diagnosis 36 6.4%
Hesitancy in starting urination 32 5.7%

URTIs — upper respiratory tract infections

We also analysed whether the occurrence of specific pro-
dromes was associated with age at MS onset. Pain complaints,
sleep disturbances, vertigo, and fatigue were most common
in the group that was diagnosed with MS between the ages
of 41 and 50. Nightmares prevailed in the group with disease
onset before age 20. Dizziness, urinary incontinence, or urgent
need to urinate dominated in the group with late MS onset
(after 50 years of age). All the above-mentioned relationships
were statistically significant (p < 0.05, see Supplemental Tab. 1).

Prodromal symptoms and EDSS

To assess how and which of the prodromal symptoms
were associated with future neurological status, we stratified
patients into two groups according to their current EDSS
(EDSS < 3 and > 3).

The group with the higher EDSS reported more prodro-
mal symptoms (a mean of 6.1 £ 5 vs. 4.4 £ 4.1, p < 0.05), see
Figure 1.
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Figure 1. Number of the reported symptoms by the current EDSS
score (p < 0.05)

Table 2. Prevalence of reported prodromal symptoms by gender

Symptom

Pain complaints

Headache

Sleep disturbances

Insomnia

Excessive sleepiness

Vertigo

Spinning

Dizziness

Anxiety and depressive disorders
Limb tremor

Bowel disturbances

Diarrhoea

Constipation

Abdominal pain

Urinary disturbances

Incontinence

Urgent need to urinate

Hesitancy in starting urination

Use of antidepressant drugs before dg
Fatigue

Cognitive difficulties at school/work
Concentration disturbances
Deterioration in everyday functioning due to cognitive difficulties

Increased frequency of URTIs

*statistically significant. URTIs — upper respiratory tract infections

The following prodromes were significantly more frequent
in the higher EDSS group: pain complaints, headache, vertigo,
dizziness, limbs tremor, diarrhoea, urinary disturbances
(incontinence, urgency, hesitancy in starting urination) and
deterioration in everyday functioning due to cognitive issues,
see Supplemental Table 2.

In multivariate analysis, the following prodromes correlated
significantly with the future EDSS score: hesitancy in starting
urination (raised EDSS by 0.6, p < 0.05), deterioration in every-
day functioning because of cognitive difficulties (raised EDSS by
0.5,p <0.05), and pain complaints (raised EDSS by 0.4, p < 0.05).
The R coefficient for this model was 14.13% (p < 0.05).

Prodromal symptoms and subsequent increase
in disability
We adopted the index EDSS increase per year to assess
whether and which prodromal symptoms occurred in patients

Sex p-value
Women (N =383) Men (N=181)

88 (23%) 38 (21%) 0.68
152 (39.7%) 48 (26.5%) 0.003*
122 (31.9%) 43 (23.8%) 0.06
60 (15.7%) 23 (12.7%) 043
73 (19.1%) 20 (11.1%) 0.02*
128 (33.4%) 45 (24.9%) 0.005*
71(18.5%) 30 (16.6%) 0.65
80 (20.9%) 32(17.7%) 0.44
57 (14.9%) 25 (13.8%) 0.84
78 (20.4%) 41 (22.7%) 0.61
105 (27.4%) 41 (22.7%) 0.27

25 (6.5%) 21 (11.6%) 0.06

69 (18%) 20 (11.1%) 0.046*

42 (11%) 19(10.5%) 0.98
76 (19.8%) 28 (15.5%) 0.26

34 (8.9%) 10 (5.5%) 0.22
41 (10.7%) 17 (9.4%) 0.74

21 (5.5%) 11 (6.1%) 0.93

23 (6%) 13 (7.2%) 0.73
168 (43.9%) 69 (38.1%) 0.23
94 (24.5%) 36 (19.9%) 0.26
86 (22.5%) 37 (20.4%) 0.67
59 (15.4%) 24 (13.3%) 0.59
60 (15.7%) 29 (16%) 1.0
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with a more aggressive course of the disease. Patients with
disease duration of less than one year were excluded from this
analysis. Subjects were divided into four numerically similar
subgroups (see Suppl. Tab. 3).

The presence and number of prodromal symptoms cor-
related significantly with a higher increase in index EDSS per
year during the course of the disease (see Suppl. Tab. 3).

For several of the analysed prodromal symptoms, we
showed statistically significant differences between the groups,
with the following prodromes occurring more often in the
two groups with the highest annual EDSS increase: urinary
disturbances, cognitive complaints, fatigue, and pain (see
Suppl. Tab. 4).

Pain complaints, headache, sleep disturbances, cognitive
difficulties at school/work and deterioration in everyday
functioning due to cognitive complaints were all significantly
more frequent in the group with the fastest rate of disability
accrual of 2 0.35 EDSS per year (p < 0.05 for all correlations).

Discussion

In this study, a great majority of our RRMS cohort (82.5%)
presented with at least one prodromal symptom. The follow-
ing characteristics correlated significantly with the number
of reported prodromal symptoms: female sex, disease onset
between ages 31 and 50, EDSS score > 3.0 at enrollment into
the study, and higher annual EDSS increase. We stratified
patients into two groups using a cut-off of EDSS 3.0. This was
selected as a generally accepted essential milestone in the
course of the disease [20].

The occurrence of individual prodromes differed signifi-
cantly depending on gender; specifically, headache, excessive
sleepiness and constipation were significantly more common
among women. The differences between the groups stratified
by age at MS onset did not reach statistical significance.
Therefore, it seems that the occurrence of the prodromal phase
is independent of age at disease onset.

Fatigue, which is common among MS patients, has also
been described in subjects with RIS [21], and was the most
commonly reported symptom in our population (42%). In
astudy by Berger et al. [22], 28.9% of MS patients were labelled
with chronic fatigue syndrome, malaise or fatigue in the three
years preceding the MS diagnosis. In another study, fatigue
was significantly more frequent in MS subjects up to five years
before their diagnosis, compared to a healthy population [23].

Cognitive impairment in MS tends to progress over time,
but might be detected as early as in clinically isolated syndrome
[24] and even in up to 27.6% subjects with radiologically iso-
lated syndrome [25]. Notably, almost a quarter of our patients
reported that they had noticed problems with concentration
and learning even several years before their first relapse. These
cognitive disturbances resulted in difficulties at school or work
[26] and in almost 15%, these symptoms had affected their
everyday life months or even years before MS onset.

Similarly, according to a Norwegian study, impaired cog-
nitive performance was found up to two years prior to the first
MS event [27]. In an Argentinean population, it was shown
that patients with subsequent MS diagnosis performed worse
in their math exams at school compared to the healthy control
group, even many years before disease onset [13].

In the current study, we were able to show that the pro-
dromal cognitive complaints were most frequently reported
by the group with the fastest rate of disability accrual.

Also, patients with EDSS > 3 at enrollment were more
likely to report that prodromal cognitive impairment and fa-
tigue led to deterioration in everyday functioning even before
their first MS relapse.

We acknowledge that fatigue could affect cognitive
impairment. Importantly, our study participants were spe-
cifically asked whether their memory and concentration
problems or difficulties in acquiring new information were
more severe than in their peers and whether they made
it difficult to cope with work or school duties. It was the
deterioration in everyday functioning due to cognitive
impairment that was a predictor of higher EDSS increase
rate. This finding underlines the importance of patients’
subjective judgements and patient-reported outcomes in
clinical reasoning.

Another clinically significant complaint is pain, which is
more prevalent in MS subjects, even as much as 10 years before
their first MS relapse [15, 23, 28]. In our study group, pain
complaints (usually muscles, joints or back) were a predictor
of higher disability (raised EDSS by 0.4 point, p < 0.05) and
were reported more commonly in the higher EDSS subgroup
(33.6% vs. 18.7%, p < 0.05) and in the subgroup with the
highest annual EDSS increase (33.8% in > 0.35 EDSS/y group
vs. 12.1% in < 0.10 EDSS/y group, p < 0.05). However, pain
might be more elusive as a potential outcome predictor than
cognitive impairment, given that the latter allows for a more
reliable quantification.

Interestingly, 6.4% of our patients were treated with
antidepressant drugs before their first MS relapse, which is
consistent with the data reported for Polish (7%) and European
(7.2%) populations [29]. This points to the fact that in the years
preceding the disease, future MS patients do not use antide-
pressant drugs more frequently than the general population,
something which has been implied by some studies [14, 15].
Importantly, the number of patients on antidepressants dou-
bled after the diagnosis was made, rising from 6.4% to 12.4%.
The frequency of anxiety and depressive disorders did not
statistically differ between groups divided based on EDSS
outcome or age at onset of disease.

Vertigo was reported by 30.7% of our patients, which is
consistent with studies revealing that patients with MS had
more prescriptions made out for anti-vertigo drugs in the five
years preceding the diagnosis [30]. This was reported more
frequently in groups with a higher EDSS score and higher
accrual of EDSS per year.
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In our study population, gastrointestinal disturbances
were observed in 29.1% of patients, which is higher than the
numbers reported in Portuguese (17%) [15] and Swiss studies
(11.6%) [23]. On the other hand, Almeida et al. [31] revealed
that 31.6% of patients with RRMS reported bowel symptoms
before the occurrence of clinically isolated syndrome, mostly
constipation (50%) and diarrhoea (29.5%). In a Lithuanian
population, 36.7% of patients experienced gastrointestinal
disorders as prodromes [28]. The differences in the reported
numbers may represent regional differences (dietary habits,
environmental exposures) or may result from different group
size effects.

Urological symptoms are rarely the first presentation of
MS (3-10%), but in the course of the disease almost 65%
of patients report moderate to severe urinary complaints
[32]. Importantly, in our group 18.4% of patients reported
them as prodromal signs, mostly in the groups with a higher
disability increase rate. We must emphasise that studies based
on International Classification of Diseases-10 (ICD-10) codes
have also revealed that patients with MS have a significantly
higher risk of presenting urinary dysfunction before their
MS onset [14] and have a higher hospitalisation rate related
to bladder disorders or higher number of prescriptions for
urinary anti-spasmodics in the five years before typical MS
onset [30, 33].

In the current study, hesitancy in starting urination as
a prodromal sign correlated significantly with a higher EDSS
at enrollment into the study.

The strengths of our study include its access to a relatively
large RRMS population with well-documented disease onset
and follow-up EDSS scores, as recorded in the clinical database
by the treating neurologists.

So far, the majority of studies concerning the prodromal
MS phase have been based on electronic healthcare databases,
which does ensure large groups of patients. However, in such
databases, MS onset would be reported as the date of the first
MS clinic visit [15, 22, 23, 33]. Such an approach could easily
be flawed as some of the earlier visits could already be related
to MS and not constitute a prodrome. Additionally, symptoms
were identified from records by ICD-10 classification, and not
reported directly by patients, which we believe to be a limi-
tation. Some complaints, such as fatigue, are rarely coded in
ICD-10, especially if they accompany sleep or mood disorders.

Limitations of retrospective approach

Recall bias needs to be addressed as an important limita-
tion of this study. Firstly, our questionnaire was designed to
screen a period of only five years before MS onset, which is
limiting but reliable (given the fact that it is self-reported). In
fact, in most of the available studies on MS prodromes, a 5-year
period has been analysed [14-16, 18, 30].

Another limitation is the lack of a control group. However,
the aim of our study was rather to assess whether the symp-
toms were consistent with data available from studies based

on ICD-10 databases, and not to compare MS to the general
population. Importantly, we attempted to select symptoms that
could be predictors of a more severe disease course.

Notably, most patients found it difficult to answer the
open-ended questions about the other antecedent symp-
toms they noticed. This indicates the potential difficulties
in accurately estimating prodromal symptoms. Due to their
non-specific nature, relatively low intensity as compared to
the symptoms of a relapse, and their chronicity, prodromes
may sometimes simply be ignored by patients.

It is well established that radiologically isolated syndrome
may precede the appearance of clinical symptoms of MS by up
to several years [34-36], with levels of serum neurofilament
light chain showing increases as much as six years before
clinically definite MS [37].

Based on the pattern of radiological abnormalities in RIS
and the presence of oligoclonal bands, we can estimate the risk
of conversion from RIS to MS [34-36]. It is likely that consid-
ering prodromal symptoms would allow physicians a better
selection of subjects requiring disease modifying therapies
promptly in their care. As we nowadays have a wide range of
therapies available, it seems that the biggest problem is still
that we introduce them too late [4]. Also, in this specific pop-
ulation, neuroprotective strategies would be especially needed.

In this paper, we have shown that patients with higher
EDSS scores reported more prodromal symptoms. Cognitive
impairment and urinary disturbances were significantly cor-
related with a higher rate of EDSS increase in the future. This
obviously necessitates further research.

This might be the right moment to change the generally
dismissive approach to non-specific, ‘mild’ symptoms that do
not affect a patient’s life. This approach is clearly contraindi-
cated by the high percentage of our study population who did
experience a significant deterioration in their quality of life
years before their first MS relapse.

Clinical implications and future directions

The inclusion of prodromes into the clinical course of MS
may change the diagnostic criteria in future, although the use
of additional tests/biomarkers, e.g. neurofilament light chain
measurements, could be helpful in terms of minimising the
risk of misdiagnosis [38]. We suggest that patients with RIS
should receive routine assessments on Fatigue Severity Scale,
neuropsychological tests, and a detailed history of urinary
disturbances.

Since pain and fatigue can be difficult to objectify, we
suggest focusing on complaints regarding cognitive impair-
ment, especially since a large group of patients noticed that
these deficits worsened their daily functioning, even before
manifestation of the typical MS symptoms.

Our study may have important implications for newly
diagnosed patients. Specifically, it suggests that screening
this population for previous prodromal symptoms could be
afactor in considering highly effective therapies (HET) earlier
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on, if patients were identified as high-risk for early disability.
Interestingly, in a Polish population, it has recently been shown
that HET have been used less frequently than anticipated [19].

In the future, we plan to compare the results obtained from

the MS population to those of additional comparative study
cohorts of patients with other immune-mediated diseases,
such as ulcerative colitis.

We conclude that a broader appreciation and deeper

understanding of the phenomenon of prodromes will allow
us to better apprehend the early stages of multiple sclerosis.
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ABSTRACT

Introduction. Recurrent falling is a major clinical milestone in Parkinsonian syndromes. It has a detrimental impact on quality
of life, further prognosis, and life expectancy.

Aim of the study. To improve fall management and prevention, we aimed at identifying clinical parameters predicting fall fre-
quency. To this end, we retrospectively analysed records of fall events of patients with Parkinson’s disease (PD), or progressive
supranuclear palsy (PSP), or multiple system atrophy (MSA), during their two-week inpatient stay at the Parkinson-Klinik Orte-
nau, Wolfach, Germany. This data served as an objective proxy for patients'fall frequency and allowed us to estimate the impact
of several demographic and clinical variables on the occurrence of falling.

Material and methods. Of 2,111 patients admitted to our hospital, 1,810 presented with PD, 191 with PSP, and 110 with MSA.
We employed a multiple (quasi-) poisson regression analysis to model the fall frequency as a function of various demographic
variables (age at diagnosis, gender) and clinical variables (disease duration and sub-type, motor and cognitive impairment,
autonomic dysfunction).

Results. Statistically significant predictors for falls in PD were cognitive impairment, motor impairment, and autonomic dys-
function. In PSP, significant predictors for falls were motor and autonomic dysfunction, while in MSA only disease duration
predicted falls, but with only marginal statistical significance.

Conclusions. Our results stress the importance of different factors in predicting falls in the different types of Parkinsonian syn-
drome. Preventive interventions should address these disease-specific targets for optimal success.

Key words: autonomic dysfunction, cognitive impairment, falls, multiple system atrophy, Parkinson’s disease, progressive

supranuclear palsy
(Neurol Neurochir Pol 2023; 57 (3): 297-304)

Introduction

The occurrence of falling is a major clinical milestone
in the progression of Parkinsonian syndromes [1]. While in
progressive supranuclear palsy (PSP) falling occurs early and
is a diagnostic feature [2], falls occur later in the course of
Parkinson’s disease (PD). Specifically, the median time to the

first fall has been reported to be 1.4 years in PSP, but 9 years
in PD [3]. In multiple system atrophy (MSA), the first fall has
been estimated to occur at a median of 3.5 years after diagnosis.

Alongside the occurrence of dementia [4], falling has
been described as a major detrimental factor in patients with
Parkinsonian syndromes, affecting their quality of life nega-
tively [5]. A survey among Parkinsonian patients, including
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Table 1. Patient demographics and clinical characteristics

Variable PSP MSA PD
N 191 110 1,810
Gender (female:male) 77:114 65:45 673:1,137
40.3:59.7% 59.1:40.9% 37.2:62.8%
Age at diagnosis in years; mean + SD (range) 68.7 7.0 (47-86) 63.1 £9.4 (37-84) 64.0 +10.5 (30-89)

Disease duration in years; mean * SD (range)

PD and atypical Parkinsonian syndromes, has found that
after falling, 65% of patients sustained injuries. Of these, 33%
sustained fractures [6]. Falling, and in particular recurrent
falls and their resulting injuries, are a major risk factor for
nursing home admissions [7]. The early occurrence of falls
has been described as being predictive of shorter survival in
both MSA and PSP [8].

Previous studies have usually relied on retrospective chart
reviews [3], post-hoc rating scales and questionnaires [9-11],
or self-report diaries [12] to estimate fall rates in Parkinsonian
syndromes. A major disadvantage of post-hoc self-reports is
the possibility for recall bias. The occurrence of falls is likely to
be underreported, patients and their caretakers might down-
play fall events, and might only recall those falls resulting in
injuries as being genuine falls.

Recording fall events of inpatients in a clinical setting has
the advantage of standardised criteria as to what constitutes
a fall event, and should thus provide an objective estimate of
fall frequency.

In order to understand the occurrence of falls in Parkinsonian
syndromes and to obtain possible insights into the mechanisms
of falling, we retrospectively analysed data of 2,111 patients
with PSP, MSA, or PD who were admitted as inpatients to
the Parkinson-Klinik Ortenau, Wolfach, Germany between
2015 and 2020. As a part of standard clinical routine, we
obtained various clinical parameters, describing the disease
progression and its effects on motor, cognitive, and autonomic
function. On average, patients stayed for about two weeks at
our hospital, and many of them experienced fall events during
that time. The aim of our data analysis was to identify predic-
tors by modelling the fall rate at our hospital with regression
analysis as a function of various demographic and clinical
parameters. The fall rate observed at our hospital was thus used
as an objective proxy measure for fall probability in general.

Material and methods

Participants
We retrospectively surveyed data of inpatients admitted
to the Parkinson-Klinik Ortenau, Wolfach, Germany in
2015-2020. Inpatients were included in this study if they
had been diagnosed with a) PSP, or b) MSA, or ¢) PD. PSP
was diagnosed according to the criteria given in the National
Institute for Neurological Disorders and Society for PSP [13]

2.6+2.5(0-20)

3.2+29(0-17) 7.8+5.9 (0-46)

and the criteria devised by Hoglinger et al. [14]. The diagnostic
criteria for MSA were those of Gilman et al. [15]. The level
of diagnostic certainty for PSP was “probable PSP” according
to Hoglinger et al. [14] and “probable MSA” following the
guidelines described in Gilman et al. [15]. Diagnoses were
supported by neuroimaging (magnetic-resonance imaging
and positron-emission tomography), but neuropathological
evidence was not available. Diagnosis of PD relied on the
UK Brain Bank criteria [16] and the criteria published by
Postuma et al. [17] and were sub-classified, with PSP being
distinguished into PSP-Richardson’s syndrome (PSP-RS),
PSP with predominant parkinsonism (PSP-P), or others (see
Hoglinger et al. [14] for sub-type definitions).

MSA was sub-typed according to the guidelines described
by Gilman et al. [15] into MSA with predominant cerebellar
ataxia (MSA-C), or MSA with predominant Parkinson motor
features (MSA-P).

PD patients were classified into tremor-dominant, akinet-
ic-rigid, or mixed motor phenotypes (see [17]).

We identified 2,111 patients fulfilling the requirements
(see Table 1 for patient characteristics). All patients received
medication and various therapies (physical, speech, and occu-
pational therapy; psychosocial counselling) according to best
practice. Detailed information on prescribed medication was
not collected for this study sample. See the supplementary
material of Altmann et al. [19] for typical prescriptions of
anti-Parkinson, anti-dementia, anti-psychotic, and anti-de-
pressant drugs in a sample of PD patients at the same clinic.
The procedures used in this study were in accordance with
the ethical guidelines laid down in the Declaration of Helsinki
1964, and were approved by the local ethics committee of the
State Medical Chamber of Baden-Wiirttemberg, Germany
(F-2021-151).

Assessment and procedure

Data on demographics was obtained from medical records.
Disease severity was assessed with the Unified PD Rating Scale
(UPDRS, [20]). As measures of motor function, we analysed
part IIT of the UPDRS and the Berg Balance Scale (BBS, Berg
etal., 1989 [21]; Scherfer et al. [22]). Global cognitive function
was assessed with the Montreal Cognitive Assessment (MoCA,
[23]), a diagnostic tool widely used in screening for cognitive
impairment in PD [24]. Frontal lobe functions were tested with
the Frontal Assessment Battery (FAB; Dubois et al., 2002 [25]).
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To measure autonomic function, orthostatic hypotension
(OH) was tested with the modified Schellong test [26]. The
UPDRS was performed by neurologists, the BBS by physical
therapists, the cognitive test by neuropsychologists, and the
Schellong test by medical technical assistants. All examin-
ers were experienced in applying the tests to patients with
Parkinsonian syndromes. Fall events were recorded as part of
clinical routine by any staff member who witnessed the event
or its outcome, and were confirmed by a neurologist. Falls were
defined as “an unexpected event in which the person comes to
rest on the ground, floor or lower level” [27].

Statistical analysis

Fall frequency was computed by dividing the number
of falls of a patient during his or her inpatient treatment by
the number of days he or she was an inpatient. In the first
analysis, the distribution of fall frequencies was calculated as
afunction of disease duration (in years). To assess correlations
among clinical parameters, Pearson’s correlation coefficients
were computed and tested for significance computing a test
statistic t and comparing to Student’s ¢ distribution (degrees
of freedom: n-2). An a = 0.05 was defined as a critical value
for statistical significance.

An analysis of predictive factors was performed with
multiple Poisson regression models, which are the canon-
ical statistical model used for count data such as falls (see
e.g. [12]). Calculation of these models was conducted in R
(www.r-project.org, version 3.5.2) employing the glm function.
For model selection, we followed a formal model-building
procedure [28], as follows:

1. We started with a Poisson regression model to explain
the number of falls during the inpatient residency as
a function of various variables, including the demographic
factors: age at first diagnosis and gender; disease duration
and sub-type (sub-types being for PSP: PSP-RS, PSP-P, and
PSP-others; for MSA: MSA-C and MSA-P; and for PD:
akinetic-rigid, mixed, and tremor-dominant); motor pa-
rameters: UPDRS (part III), the BBS; cognitive parameters
(MoCA and FAB scores); and autonomic dysfunction: OH.

2. We then tested the Poisson model for over-dispersion (i.e.
for empirical variance not equal to the mean of the data)
and the necessity for an additional parameter account-
ing for this. We tested for over-dispersion with a x’-test,
with a = 0.05 as the critical value. Over-dispersion was
evident in all cases and therefore quasi-Poisson models
were employed that entailed an additional coeficient by
which the variance in the model is greater than the mean,
as described in Ver Hoef and Boveng [29].

3. We then employed backward stepwise deletion and re-
moved all predictors from the resulting model that did not
reach significance in a t-test on the regression coefficients
(a0 =0.05). Overall performance of the final models was
evaluated with an Omnibus test and an R* value describing
the explained variance [28].

Results

Data from 2,111 patients was analysed for this study.
The patients’ clinical characteristics are set out in Table 1.
Frequencies of the different sub-types of Parkinsonian syn-
dromes are shown in Supplementary Table 1. Figure 1 depicts
the fall rate as a function of disease duration. Fall rates were
highest early for PSP, increased with disease duration, and
showed a slight decrease in advanced disease stages (4+ years).
For MSA, fall rates were higher than for PD, and for both MSA
and PD fall rates increased monotonically with disease dura-
tion for the disease stages observed in this study.

We obtained several clinical parameters as potential predictors
for falls. Table 2 sets out correlations among these predictors. High
correlations were observed between the two cognitive parameters,
i.e. between the test scores of MOCA and FAB, and for the motor
parameters, i.e. between the UPDRS (part III) and the BBS. To
avoid collinearity in the regression model, only one of the cogni-
tive parameters (the MoCA test score) was considered for further
analysis. Results of the regression model including the FAB instead
of the MoCA are set out separately in Supplementary Table 2.
The strongest correlation with disease duration was observed for
the UPDRS (part III)-score, in particular for MSA patients.

We analysed factors predicting fall rates separately for the
different types of Parkinsonian syndrome (PSP, MSA, and PD).
Statistically significant coefficients for the final multiple
(quasi)-poisson regression models are set out in Table 3.
Cognitive, motor, and autonomic factors were predictive for
falls in PD, whereas for PSP, only the motor and autonomic
factors predicted falls significantly. Sub-types of Parkinsonian
syndromes were not significantly predictive for falls in this
study. However, for PSP, the factor sub-type reached marginal
significance (p = 0.059), with a tendency towards a higher fall
rate in Richardson’s Syndrome. The omnibus tests for the full
models were significant for PSP and PD, but revealed only
a marginally significant result for MSA, with disease duration
as the only significant predictor for fall rate.

Our analysis was mainly focused on modelling fall fre-
quency during the hospital stay as an inpatient. However,
many previous studies have differentiated between frequent
fallers and less frequent fallers [9, 11] or between fallers and
non-fallers [12, 29] and have therefore represented falls as
binary data. To allow for comparability with these previous
reports, we show demographic and clinical parameters for
fallers and non-fallers in Table 4.

Discussion

We analysed fall rates of patients with Parkinsonian
syndromes based on objectively recorded fall events during
hospitalisation as inpatients. While fall rates in PD were pre-
dicted by cognitive (MoCA), motor (UPDRS-III, BBS), and
an autonomic parameter (OH), falls in PSP were significantly
predicted by a motor (UPDRS-III) and an autonomic (OH)
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Figure 1. Histogram of falls during hospital stay as a function of disease duration for PSP, MSA, and PD patients, measured in years since

diagnosis

Table 2. Pearson’s correlation coefficients between parameters
Parameter pair
MoCA ~ FAB
UPDRS-IIl ~ BBS
MoCA ~ disease duration
FAB ~ disease duration
UPDRS-IIl ~ disease duration
BBS ~ disease duration

OH ~ disease duration
*—p<0.05;* —p <0.01;** —p <0001

300

PSP
0.74***
—0.58***
-0.003
0.005
0.30***
-0.23**
0.14

MSA
0.79***
-0.66***
-0.08
-0.16
0.39***
-0.24*
-0.02
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PD
0.83***
-0.60***
—0.13***
—0.14%**
0.29%**
—0.22%**
0.13%**
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Table 3. Multiple quasi-Poisson regression models

Parameter PSP MSA PD
N 146 110 1540
MoCA — — -0.059%***
BBS — — -0.028****
UPDRS-III 0.027*** — 0.012*
OH 0.018* — 0.012%**
Gender = — =
Sub-type — — —
Age at diagnosis — — —
Disease duration — 0.112% —
Intercept -4.328*** -3.828%*** —-2.81%**
Dispersion parameter 3.17 2.26 2.10

*—p<0.05;* —p<0.07;** —p < 0.001. Omnibus test p-values and R PSP p < 0.0001, R*= 0.114; MSA p = 0.055, R*= 0.061; PD p < 0.0001, R*= 0.060; dispersion parameters > 1 indicate overdispersion.
Please note that sample sizes (N) can deviate from those in Table 1, because not all patients received all clinical tests (e.g. some patients had no MoCA or OH score)

Table 4. Comparison of demographic and clinical parameters between non-fallers (0 falls during hospital stay) and fallers (= 1 fall during hospital stay)

PSP MSA PD
Falls=0 Falls > 1 Falls=0 Falls > 1 Falls=0 Falls > 1

N 99 92 84 26 1,529 281
Gender (f:m) 32:67 45:47 53:31 12:14 565:964 108:173

32:68% 49:51% 63:37% 46:54% 37:63% 38:62%
Sub-type* 21:54:24 46:28:18 17:67 6:20 923:546:60 198:79:4

21:55:24% 50:30:20% 20:80% 23:77% 60:36:4% 70:28:2%
Age at diagnosis [years] 69.3+6.8 68.1+7.2 63.1+87 63.2+11.6 63.6+10.5 65.8+9.9
Disease duration [years] 24+22 28+27 29+25 40+3.8 75+57 9.6+6.5
UPDRS-III 373147 422+10.7 479+ 14.6 46.8+ 12 353+12 424+£11.2
BBS 348+164 283119 278+17.2 229+128 428+13 31.8+14.8
MoCA 209+4.7 189+59 242+4.1 244+55 22+58 176 £6.5
FAB 121+£34 11.9+3.5 152+3 148 +£3.6 143+3.7 11.7+£42
OH [AmmHG] 105+ 12.1 13.3£15.1 31.9+£21.9 320+21.2 17.8+17 26.5+21.8

*Sub-types for PSP: PSP-RS, PSP-P, and PSP-others; for MSA: MSA-C and MSA-P; for PD: akinetic-rigid, mixed, and tremor-dominant

parameter. Falls in MSA were significantly predicted by disease
duration. Gender or age at diagnosis had no predictive value
in any Parkinsonian syndrome.

The occurrence of falls and associated injuries follows
different time-courses and is mediated by different risk factors,
depending on the syndrome [3]. Our data showed that cogni-
tive, motor, and autonomic factors predict fall rate in PD. This
is in line with previous retrospective [3], but also prospective,
studies [12]. The latter study has stressed the importance of tan-
dem gait and global cognitive performance (mini-mental state
examination) as predictors for short and long-term (6 months
and 3.5 years, respectively) fall frequencies. Some studies have
also proposed that gender (a higher risk for females) and age
at disease onset (a higher risk for older age) contribute to fall
frequency [3, 6], but this was not replicated in the current study.

The peak in fall frequency for intermediate disease dura-
tions in PSP, with fewer falls in later stages of the disease, is in

line with descriptions of a single patient in Brown et al. [10]
who suggested that advanced immobilisation and the use of
a wheelchair in the later stages of the disease might lead to
fewer falls. For PSP patients, falls in our study were predicted
by motor and autonomic factors, but not by cognitive status.
This finding is in line with previous studies reporting motor
factors such as oculomotor parameters, modified turning,
bradykinesia, axial rigidity, neck dystonia, and postural sta-
bility as being predictive of fall risk [9].

Interestingly, our analysis revealed an association between
orthostatic hypotension (OH) and fall risk in PSP patients.
However, OH values were lowest for the PSP group (only
40/191, i.e. 20.9% of PSP patients had OH > 20). A recent study
has even suggested that there is no association between neuro-
genic OH and PSP based on data from post mortem-confirmed
cases [31]. Thus, even though clinically relevant OH is rare in
PSP, it might still contribute to falls as a risk factor, possibly
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due to mechanisms similar to those in the elderly in general

[32]. The role of cognitive status as a risk factor in PSP is under

debate. While some studies indicate a role of cognition in falls

[3, 11], others point toward deficits of dual-tasking as a risk

factor for falls [33]. A recent study with 339 patients did not

find a significant association between cognitive parameters

and fall risk in PSP [9].

As for MSA, only disease duration proved to be a predictor
for falls in this study. While autonomic dysfunction was more
severe in MSA than for PD and PSP, the OH was similar for
fallers and non-fallers. This is in line with findings reported
in a recent review [34] suggesting that dysautonomia does
not predict falls, while motor parameters, in particular axial
symptoms and early pyramidal tract signs, are associated
with falls [3].

However, due to low sample sizes for MSA and PSP,
we cannot rule out that in these cases statistical power was
insufficient to detect subtle potential effects of cognitive or
motor/autonomic parameters on fall rate. In contrast, since
PD is comparatively more prevalent in the population, the
sample size for PD was also larger in our study, resulting in
better statistical power. Thus, for direct comparisons between
the Parkinsonian syndromes, sample sizes of the atypical
syndromes were possibly insufficient.

Other than that, four further factors might limit the gen-
eralisability of this study’s results:

1. In this study, fall events were only counted when they
occurred during an inpatient stay (of c.14 days). That
means that patients with fall rates of less than one fall
per two-week period were unlikely to fall during their
inpatient stay, and were thus recorded as non-fallers.
Therefore, a fall rate of once per six months [12] or two
falls per 12 months [11] was likely not to be covered in
our study. Thus, the fall rates covered in our study were
in the ‘very frequent’ range.

2. Recording fall events in a hospital setting has the advan-
tage of the presence of an objective witness, very often
a trained member of nursing staff, and is thus not subject
to bias due to delayed recall. Nevertheless, the possibility
of under-reporting still exists. In particular, patients with
high fall rates might not report some actual fall events,
because they perceived them to be ‘near-falls, e.g. when
no injury occurred. Moreover, PSP patients very often
lack insight into their postural disorder due to cognitive
impairment [35] and may therefore also underreport fall
events in the absence of witnesses.

3. Another factor that might distort fall rate estimates is that
during a patient’s stay in a hospital, the environment is
very different from that at home and might therefore lack
ecological validity (e.g. see Fasano et al. [36]). Specifically,
patients might experience more mobilisation and in-
creased activity in the less familiar hospital environment,
resulting in an increase of fall frequency. Then again, the
hospital might be a more controlled environment with aids

such as handrails and wheeled walker, possibly resulting

in a lower fall frequency. Furthermore, the presence of

professional staff might result in avoiding many near falls
from becoming actual fall events.

4. Another possible limitation of this study was the reduced
variance in disease severity: patients seeking medical
help as inpatients are commonly those who are already
advanced enough in their disease to suffer significantly,
so only a few PD patients in Hoehn & Yahr stages I-II are
expected to be treated as inpatients. On the other hand, pa-
tients with a severely advanced Parkinsonian syndrome are
also rarely present at a specialised Parkinson clinic, where
most of the patients are in Hoehn & Yahr stages III-IV.
Interventions to prevent falls in PD have mainly focused

on exercise and medication [36]. The targets for exercise-based

interventions are mainly poor balance and decreased mobil-
ity as risk factors for falls. Interestingly, combining exercise
targeted at both physical and cognitive factors using a virtual
reality setting has been shown to positively affect the long-
term (6-month follow-up) risk of falls [37]. Pharmacological
interventions with an effect of reducing fall rates (besides
anti-parkinsonian medication) include acetylcholinesterase
inhibitors (rivastigmine), but also drugs (droxidopa) amelio-

rating neurogenic orthostatic hypotension [36].

Due to the retrospective nature of our study, we have not
investigated the effect of prescribed medication as a risk factor
for falls. However, polypharmacy, sedative, anticholinergic,
and other drugs are known to affect the risk of falling for PD
patients, and the elderly in general [36, 38]. Other potentially
important variables, such as eye disease, sarcopenia or BMI
were not investigated either, limiting the scope of the study,
considering the effect of obesity on fall frequency demonstrat-
ed in previous studies on healthy elderly people [39].

Overall, the described targets to reduce falls in PD are in
line with the risk factors predicting fall rate in PD in the cur-
rent study. Compared to PD, interventions to reduce falls are
much less established in PSP, owing to a scarcity of data [10].
Promising approaches have aimed at preventing falls with
physical therapy employing treadmill or robot-assisted
training [40], or reducing risk by targeting cognition and the
impulsiveness typical of PSP [41]. However, the existing data is
insufficient to draw valid conclusions as to the efficacy of these
approaches. Similarly, therapeutic interventions specifically
targeting fall risk reduction in MSA are rare; possibly, some of
the strategies developed for PD may prove applicable for MSA
as well [34]. Retrospective epidemiological studies can provide
rough indications towards plausible targets for interventions.

Nevertheless, to develop effective and individualised
therapies for Parkinsonian syndromes, detailed analysis of
falls, their mechanisms and possible triggers is necessary. For
instance, dual tasking during walking has been suggested as
resulting in increased fall probability in PD due to cogni-
tive-motor interaction [42]. Understanding the mechanisms
of falling therefore allows for the development of targeted
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therapies taking into account cognitive, motor, and auto-
nomic factors.

Conclusion

Our study evaluated the rate of falling in a sample of
patients with Parkinsonian syndromes. Rather than relying
on self-report, we counted falls during a two-week stay as
inpatients. We identified different predictors for falls de-
pending on the particular type of syndrome. While for PD,
cognitive, motor, and autonomic factors best predicted falls,
for MSA the main variable predicting falls was the duration of
the disease. For PSP, both motor and autonomic dysfunction
predicted falls. Thus, optimal management and prevention of
falls should consider these predictors in the different types
of Parkinsonian syndrome.
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ABSTRACT

Aim of study. Spinal dural arteriovenous fistulas (sSDAVF) are rare spinal cord lesions formed between a radicular artery and medul-
lary vein leading to venous hypertension resulting in neurological impairment. Endovascular embolisation is a minimally-invasive
method aiming to interrupt the shunt between the artery and vein. We report our experience with SDAVF treated endovascularly.

Material and methods. Clinical and procedural data of 16 consecutive patients diagnosed with sDAVF was reviewed. Pre- and
post-operative neurological condition was evaluated using both the Aminoff and Logue disability scale and the VAS scale. Rates
of complete occlusions, technical difficulties, and procedural complications were noted.

Results. Four of the patients were female and 12 were male; mean age was 62.4 years. Mean interval between symptom onset
and treatment was 13.3 months. Complete occlusion was achieved in 88% (14/16 patients). Significant or moderate clinical
improvement in long-term follow-up was observed in eight patients (50%). Recurrence was observed in two cases (13%).

Conclusions and clinical implications. While endovascular methods are being refined and thus achieving an increasing
percentage of successful occlusions, patients should be closely monitored since this condition is recurrent and the clinical

consequences of myelopathy can persist despite complete occlusion of the shunt.

Key words: spinal dural arteriovenous fistulas, endovascular, embolisation, outcome

(Neurol Neurochir Pol 2023; 57 (3): 305-309)

Introduction

Spinal dural arteriovenous fistulas (sDAVF) are rare
spinal cord lesions formed between a radicular artery and
medullary vein leading to venous hypertension with subse-
quent radicular pain and extremity weakness (paresis), as
well as loss of bowel and bladder function [1]. They are also
the most common vascular malformations found within the
spinal canal [2]. Because of the manifold clinical presenta-
tions, which resemble much more common diseases such as
degenerative disc disease or polyneuropathies, the diagnosis
is often delayed [3].

However, due to the fact that SDAVF can result in perma-
nent spinal cord injury if left untreated, prompt and accurate
diagnosis is crucial. Initial diagnosis is based on magnetic
resonance (MR) findings, with special attention to MR angi-
ography (MRA), but digital subtraction angiography (DSA)
is necessary for a thorough understanding of the anatomical
condition and planning of the therapeutic strategy [4, 5].
Current medical treatment includes both microsurgical and
endovascular methods [6-8]. A recent multicentre study aimed
at comparing these two techniques did not find significant
differences in overall clinical outcomes, but concluded that
patients undergoing embolisation have a higher risk of late
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Table 1. Aminoff and Logue scale of disability

Grade Characteristics

Gait
disturbance

1 Leg weakness or abnormal gait, no restricted activity
2 Grade 1 with restricted activity

3 Requiring one stick/crutch for walking

4 Requiring two sticks/crutches/walker for walking

5 Unable to stand, confined to bed/wheelchair
Micturition

1 Hesitancy, frequency, urgency

2 Occasional urinary incontinence or retention

3 Total urinary incontinence or retention

recurrence [9]. However, with constant technological im-
provements the rate of successful embolisation has been rising
and due to the additional advantages of minimally-invasive
embolisation (i.e. shorter hospitalisation and a less painful
postoperative course), some centres now consider this as the
treatment of choice in selected patients [10].

The aim of this study was to report the clinical outcomes,
as well as the failure and recurrence rates, of 16 patients with
sDAVF treated with endovascular means.

Material and methods

In this single-centre retrospective study, we evaluated the
clinical and procedural data of 16 consecutive patients diag-
nosed with sDAVF and treated with endovascular embolisation
between January 2014 and December 2020. All sDAVF were
initially diagnosed with MR and MRA and subsequently con-
firmed with DSA examination. All cases were then reviewed by
a multidisciplinary board which consisted of a neurosurgeon
and a neuroradiologist. All cases amenable to endovascular
treatment were referred for embolisation. Baseline clinical
condition was evaluated using both the Aminoff and Logue
disability scale and the VAS scale [11]. All patients gave in-
formed consent prior to the procedure (Tab. 1).

All endovascular interventions were performed under
biplane angiography unit with 3D rotational angiography and
with patients under general anaesthesia. After selective cath-
eterisation of the feeding artery with a microcatheter, defini-
tive embolisation was attempted with N-butyl cyanoacrylate
(NBCA; Cordis Microvascular Inc.) or ethylene vinyl alcohol
(Onyx, Covidien) depending on the vascular condition of
the fistula. Control angiography was performed afterwards.

All patients underwent at least one control DSA and/
/or MR examination as well as a neurological examination
3-6 months after the procedure. In cases of recanalisation/
/incomplete occlusion and no clinical improvement, the pos-
sibility of secondary embolisation or surgical intervention was
discussed with the patient.

Results

In total, 16 patients met the inclusion criteria. The ma-
jority of patients were male (12, 75%) and the mean age on
admission was 62.4 years (range 28 to 70). Average time from
symptoms onset to endovascular procedure was 13.3 months.
In terms of fistulas localisation, the most common on spinal
angiography was at the level of T7 (four cases), with 13 fis-
tulas located at the thoracic level and three at the lumbar
level. All the malformations were dural spinal arteriovenous
fistulas (pathological arteriovenous shunting between the
leaflets of the dura), with draining vein on the dorsal surface
of the spinal cord, and were classified as type 1 according to
the Spetlzer et al. classification [12]. Complete and super-selec-
tive occlusion was achieved in 10 patients (63%). Five patients
required secondary intervention due to late recurrence (four
cases) or the presence of multiple feeders (one case). As far
as post-procedural complications were concerned, in one case
a transient paralysis of the lower extremities was noted, which
resolved within three months of the procedure.

Imaging examination performed at the long-term fol-
low-up (mean duration = 28 months, range 7 to 58) disclosed
that complete occlusion of the fistula was achieved in 14 pa-
tients (88%). In the two cases in which complete occlusion
could not be obtained, one patient was referred for further
microsurgical operation and one is being followed-up with
incomplete occlusion of the fistula.

In the long term, clinical improvement was observed in
eight patients (50%) and stable clinical condition in a further
five patients (31%). Deterioration of the patient despite treat-
ment was observed in three cases (19%). Among the patients
with clinical improvement or stable neurological condition, av-
erage improvement was 1.25 points in the Aminoff and Logue
disability scale and 2.1 points in the VAS scale (Fig. 1, Tab. 2).

Discussion

Due to variable clinical presentations, spinal dural arte-
riovenous fistulas (sSDAVF) remain a diagnostic challenge.
They are usually diagnosed in middle-aged male patients in
the thoracic and lumbar spine, and this was reflected in the
findings of our study. Although they might present with a va-
riety of symptoms ranging from mild to severe neurological
impairment, accurate diagnosis and effective treatment is
crucial as the disease is progressive and leads to disability [13].
Fortunately, recent advances in diagnostic imaging modalities
and endovascular treatment techniques have greatly increased
the options regarding these lesions.

Magnetic resonance imaging is currently the best tool in
the diagnosis of SDAVE. The diagnosis is confirmed by a triad
of findings on routine MRI that is present in > 95% of cases:
1) spinal cord oedema (hyperintense signal on T2-weighted
images); 2) enlarged veins around the spinal cord (flow voids
on T2-weighted images); and 3) disruption of the blood-brain
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Figure 1. Successful embolisation of a thoracic sDAVF in a 53-year-old male patient who presented with increasing weakness in lower extre-
mities. Initial diagnosis of sDAVF was made after MR examination (A) and confirmed in DSA afterwards (B). Super-selective catheterisation
of feeding artery was performed (C), tip of a micro-catheter is pointed with white arrow. Embolisation of fistula was performed with N-butyl
cyanoacrylate. Control angiography confirmed successful occlusion (D). Control imaging examinations performed six months after procedure
(DSA — E) and two years after procedure (MR — F) showed no signs of recurrence

Table 2. Clinical data of patients and procedural outcomes

Clinical data

Patients (n) 16
Male/female (n, %) 12 (75%), 4 (25%)

Mean age (years, range) 62.4 (28-70)
Mean time from onset to procedure 13.3(1-39)
(months, range)

Localisation of sDAVF (n, %)
Thoracic 13 (81%)
Lumbar 3(19%)

Procedural details

Occlusion of fistula (n, %)

Complete 10 (63%)
Incomplete 6 (37%)
Secondary treatment (n, %)
Endovascular 4(25%)
Microsurgical 1(6%)
Complications (n, %)
Transient paralysis 1(6%)
Long-term outcome
Duration of follow-up (months, range) 28 (7-58)
Occlusion of sDAVF (n, %)
Complete 14 (88%)
Incomplete 2 (12%)
Clinical outcome (n, %)
Improvement 8 (50%)
Stable condition 5(31%)
Deterioration 3(19%)

barrier (cord enhancement on T1-weighted images after con-
trast injection) [14]. The location of the sSDAVF is determined
by magnetic resonance angiography (MRA) and/or digital
subtraction angiography [5].

The traditional treatment of sDAVF consisted of micro-
surgical occlusion of the fistulous connection. This involves
a hemilaminectomy, opening the dura and coagulation or
clipping of the vein [15]. A recent review of the literature
published by Maimon et al. [14] described a reported success
rate of this surgery ranging from 85-100%. However, being
an open surgery, it is associated with several procedural com-
plications including epidural haematoma, CSF leak, wound
infection etc. [6, 16].

For this reason, some centres are implementing novel
technologies (e.g. microscope-assisted endoscopic techniques
in order to reduce the risk of complications) [17].

Minimally invasive endovascular embolisation is an alterna-
tive therapeutic approach for patients presenting with sDAVE
During this procedure, liquid embolic material is injected from
a microcatheter placed in the proximity of the shunt aiming to
permanently occlude the venous side of the fistula [14].

Although the initial experience was less satisfactory com-
pared to the surgery, today with the introduction of modern
microcatheters and liquid embolic materials, especially Onyx,
the role of minimally invasive endovascular embolisation in

www.journals.viamedica.pl/neurologia_neurochirurgia_polska 307



Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 3

Table 3. Overview of literature on treatment and outcomes of patients with sDAVF

Patients

Treatment

Initial technical success

Complications rate

Overall clinical success

(n)

(%)

Qietal. [8] 52 Surgery — 40 Surgery — 100%
Embolisation —12 Embolisation — 60%
Bretonnier et 63 Surgery — 23 Surgery — 91%
al. [9] Embolisation — 40 Embolisation — 70%
Park et al. [10] 18 Embolisation 82%
Saladino et al. 154 Surgery 95%
[16]
Kirsch et al. 78 Surgery — 17 Surgery — 100%
(8] Embolisation — 61 Embolisation — 77%
Gemmete et 33 Surgery — 4 Surgery — 100%
al.[19] Embolisation — 29 Embolisation — 76%
Sasamori et 50 Surgery — 19 Surgery — 95%
al. [20] Embolisation — 31 Embolisation — 71%
Present study 16 Embolisation 63%

(%)
4%

Surgery — 9%
Embolisation — 2%
6%

9%

Surgery — 0%
Embolisation — 5%
Surgery — 0%
Embolisation — 3%
Surgery — 11%
Embolisation — 13%

6%

(%)

Improvement to some
degree — 100%

N/i

83%

Improvement — 82%
Stability — 14%

>75%
Improvement — 45%
Stability — 55%

Improvement — 66%

Improvement — 50%

the management of spinal vascular malformations has ex-
panded [8, 10, 14, 19]. In our series, compete occlusion of the
fistula in long-term follow-up was achieved in 88% of patients,
comparable to the outcomes reported by other authors [19, 20].
Similarly, the rate of complications remains within the range
of reported procedural complications described in the above-
mentioned articles.

As far as the clinical outcome is concerned, the observed
clinical improvement rate was 50%. Similar results have
been described in surgical studies [16, 21]. In addition to
this, clinical stable condition was achieved in further 31% of
monitored patients.

An overview of presented literature on treatment and
outcomes of patients with SDAVF is set out in Table 3.

Considering the minimally-invasive nature of endovas-
cular embolisation, and its high success rate combined with
low rate of procedural complications, is seems reasonable to
refer all SDAVF patients for multidisciplinary board evaluation
consisting of a neurosurgeon and a neuroradiologist and to
consider embolisation in all amenable patients.

We are aware that our study has some limitations. First and
foremost, our small sample size of unrandomised patients limits
the validity of the data. Secondly, the absence of a control group
treated with surgical methods might be perceived as a potential
drawback. Perhaps patients more suitable for microsurgical treat-
ment were referred to other neurosurgical centres, and this prese-
lection bias may have impacted upon the final outcome of our
study. Finally, the heterogeneity of the location and morphology
of the fistulas might have affected the results. Nonetheless, these
drawbacks might be attributed to the rarity of the entity.

In conclusion, the results of this preliminary study suggest
that long-term clinical outcomes in patients with sSDAVF treat-
ed with endovascular embolisation are comparable to those

Stability — 31%

reported in surgical studies, even if the initial success rate is
significantly lower compared to microsurgical intervention.
Similarly, the rate of procedural complication is comparable
with microsurgery.

Clinical implications

Even if microsurgery remains the primary treatment
modality for patients with spinal dural arteriovenous fistulas,
modern endovascular methods offer a safe and reliable alter-
native, and should therefore be considered during multidis-
ciplinary evaluation of these patients.

Conflicts of interest: None.
Funding: None.
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ABSTRACT

Introduction. We present the first two Polish families diagnosed with spinocerebellar ataxia type 7 (SCA7) and draw attention
to cardiac involvement as a new potential manifestation of this disease.

Material and methods. Two well-documented kindreds are presented.

Results. The proband from Family 1 presented aged 54 years with vision worsening followed by progressive imbalance. Brain
MRI demonstrated cerebellar atrophy. Genetic testing confirmed CAG repeat expansion (42/10) in ATXN7 gene. The proband from
Family 2 developed imbalance at age 20, followed by progressive deterioration of vision. Brain MRI revealed cerebellar atrophy.
Additionally, she developed chronic congestive heart failure and, at age 38, had cardiomyopathy with an ejection fraction of
20% and significant mitral and tricuspid regurgitation. Genetic analysis found abnormal CAG expansion in the ATXN7 (46/10).

Conclusions and clinical implications. Vision loss due to pigmentary retinal degeneration is the distinguishing feature of SCA7
and often the initial manifestation. Although SCA7 is one of the most common SCAs in Sweden, it has never been reported in
neighbouring Poland. Until now, cardiac abnormalities have only been described in infantile-onset SCA7 with large CAG repeats.
The observed cardiac involvement in Family 2 may be coincidental, albeit a new possible manifestation of SCA7 cannot be

excluded.

Key words: SCA7, hereditary, retinal degeneration, neurodegenerative

(Neurol Neurochir Pol 2023; 57 (3): 310-313)

Introduction

Spinocerebellar ataxia type 7 (SCA7) is a rare autoso-
mal-dominant neurodegenerative disorder caused by ab-
normal CAG expansion (typically above 36 repeats) in the
ATXN7 gene encoding Ataxin-7 protein [1, 2]. SCA7 is very
rare, with an estimated prevalence of less than 1:100,000 and
accounting for 2% of all SCA cases worldwide [1, 2]. However,

its prevalence is higher in Scandinavians, indigenous South
Africans, and Mexicans, constituting approximately 50%,
22%, and 7% of all SCAs in those countries and regions, re-
spectively [2]. Interestingly, until now, only one isolated case
from Eastern Europe (Czechia) has ever been reported [3].

In this work, we present the first two Polish families diag-
nosed with SCA7 and draw attention to cardiac involvement
as a new potential manifestation of the disease.
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Figure 1. Pedigrees of Family 1 (A) and Family 2 (B). For family pedigrees, standard pedigree symbols are used: arrowhead indicates pro-
band; circle indicates female; square indicates male; slash through symbol indicates diseased individual; left lower quadrant black symbol
indicates affected individual with ataxia; right upper quadrant grey symbol indicates affected individual with cardiac disease

Material and methods

Family 1 (Fig. 1A)

A 54-year-old female (II-1) noticed a blurring of vision,
and optical coherence tomography revealed degeneration of
the optic nerve. Brain magnetic resonance imaging (MRI)
demonstrated cerebellar atrophy. Subsequently, her vision
deteriorated, and she developed imbalance. Neurological ex-
amination at age 57 showed dysarthria, vision loss, four-limb
ataxia, and wide-based gait. Genetic testing confirmed CAG
repeat expansion (42/10) in ATXN7. Her symptoms slowly
worsened over time. During a follow-up evaluation at age 67,
she had dysarthria, severe vision deficiency, impaired vertical
gaze, four-limb ataxia, increased muscle tension of the mixed
rigid-spastic type, brisk tendon reflexes, bilateral ankle clonus,
and Babinski sign on the left side. She could stand only with
intermittent support and walk with the strong support of
an accompanying person. Her follow-up brain MRI showed
progression of the cerebellar atrophy.

Her daughter (III-1) presented aged 32 with slurring of
speech and difficulties with word retrieval. She was diagnosed
with oligoastrocytoma WHO grade I1T in the left temporal lobe
and underwent surgical excision, chemo- and radiotherapy.
Despite recovering from the brain tumour, she experienced
worsening of speech and imbalance. Genetic testing found
abnormal CAG repeat expansion in ATXN7 (43/10). On neu-
rological examination aged 43, she had dysarthria, horizontal
nystagmus during lateral gaze, four-limb ataxia, spasticity,
exaggerated tendon reflexes, and Babinski sign on the left side.

She could walk unsupported but occasionally staggered, was
unable to walk in tandem, and had reduced right arm swing.

A second daughter, a 41-year-old (III-2), is asymptomatic,
with genetic testing revealing abnormal CAG repeat expansion
in ATXN7 (42/10). The family history for similar symptoms
in other family members was negative. Based on the genea-
logical information going three generations back, the family
originated from the Greater Poland region.

Family 2 (Fig. 1B)

A 20-year-old female (I1I-3) developed imbalance and gait
difficulty, followed by progressive vision loss. On neurological
examination aged 28, she had dysarthria, vision deficiency,
impaired vertical and horizontal gaze, spasticity in the lower
limbs, exaggerated tendon reflexes, and four-limb ataxia. She
needed an accompanying person or a walker to ambulate.
Brain MRI revealed cerebellar atrophy. Genetic analysis found
abnormal CAG expansion in the ATXN7 (46/10). In subse-
quent years, her symptoms progressed, and she developed
chronic congestive heart failure and was diagnosed with car-
diomyopathy. Transthoracic echocardiography at 38 showed
global hypokinesia with an ejection fraction of 20% and
significant mitral and tricuspid regurgitation. Neurological
examination at 39 revealed severe dysarthria, ophthalmoplegia
with complete vision loss, four-limb ataxia, spasticity in the
lower limbs, and bilateral Babinski sign. She could only walk
a short distance with a walker or the strong assistance of an
accompanying person. She depended on a caregiver for all her
daily activities, and remained recumbent for most of the day.
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The family history was positive for similar symptoms.
Her father (II-4) did not suffer from a visual deficiency or
gait difficulty, but developed cardiomyopathy at 50 and died
suddenly while asleep at 60. However, the patient’s uncle
(II-1) noticed imbalance and gait difficulty at 54, and slowly
progressed over the years. He also suffered from a cardiac
disorder (atrial fibrillation). His son (III-1) presented gait and
balance problems at 40. They both had genetic testing, which
confirmed abnormal repeat expansion in the ATXN7. Of note,
the proband’s paternal grandmother (I-1) died suddenly at 57,
of suspected cardiac arrest. The paternal side of the proband’s
family descended from central Poland, which they had inhab-
ited for at least three generations.

Discussion

Normal ATXN7 encodes a protein involved in the reg-
ulation of transcription and stabilisation of microtubules;
however, the mutation results in an aberrant polyglutamine
protein with a propensity to accumulate in the cerebellum,
spinal cord, brainstem, and retina [1, 2]. Therefore, the disease
usually manifests with progressive cerebellar ataxia, dysarthria,
oculomotor disturbances, motor neuron symptoms, and vision
deficiency due to pigmentary retinal degeneration [1, 2]. The
latter feature distinguishes SCA7 from other hereditary ataxias
and often is the first manifestation.

SCA?7 has been reported in North and South America,
Africa, Asia, Oceania, Europe, and the Caribbean [1, 2, 4]. It
is one of the most common SCAs in Sweden, but interesting-
ly, it has never been reported in neighbouring Poland [4, 5].
Although the two countries are separated by the Baltic Sea,
they have a rich history of bilateral relations and migration
in both directions. Previous studies on haplotyping suggested
acommon founder in a few populations with SCA7, including
the Swedish one [4]. On the other hand, many cases, includ-
ing the one from Czechia, were sporadic [3]. This may be
due to the high intergenerational instability of CAG repeat
length in the ATXN7 gene, which may increase from low to
pathogenic range even over one generation [6]. In particular,
paternal transmission poses a risk of expanding CAG repeat
length [3]. As the age of onset and severity of the phenotype
is inversely proportional to the extent of CAG expansion, the
next generation can present decades earlier [3]. In everyday
clinical settings, most cases of ataxia are due to causes other
than genetic ones [7, 8]; however, as many of the reported
SCA7 cases were isolated, the disease should be included in
the differential diagnosis of sporadic ataxia.

Interestingly, cardiac involvement has only been reported
in infantile-onset SCA7 [9, 10]. It has been postulated that large
(above 180 CAG repeats) ATXN7 expansions may damage
cardiac tissue and lead to congestive heart failure [9, 10]. In
light of this, the relatively small size of the CAG expansion may
suggest another aetiology of heart failure, including a genetic
one, which cannot be precluded based on the available data

regarding Family 2. However, the number of reported SCA7s
islimited, and new data on its and other SCAs’ possible symp-
tomatology, including urinary dysfunction, is emerging [11].
Therefore cardiac involvement as a new manifestation of
adult-onset SCA7 cannot be excluded.

At present, there is no approved specific therapy for SCA7,
and the management remains symptomatic and supportive [2].
Physiotherapy has been shown to improve motor coordination
and mobility in patients with other types of SCA, and these
effects persisted beyond one year of follow-up [2, 12]. Although
there is no consensus as to the optimal regimen of physiother-
apy, its beneficial effects were shown by many previous studies
with variable protocols used [2, 13-16]. Therefore, we suggest
tailoring the form and intensity of physiotherapy to the needs
of the individual patient. Occupational and speech therapy
should also be considered [1, 2]. Diplopia may be alleviated
with prism correction. Patients with spasticity may benefit
from botulinum toxin injections [17-19]. Neuropathic pain
and paresthesia may be mitigated with pregabalin and gabap-
entin; however, caution should be used as these medications
can aggravate dizziness and imbalance. Therefore, acupuncture
may also be considered in patients’ neuropathic symptoms [2].
Neuropsychiatric symptoms (depression, behavioural abnor-
malities) should be managed in the first place with selective
serotonin reuptake inhibitors [2].

Clinical implications/future directions

In this short communication, we present the first two
Polish families with SCA7 and highlight the need to include
this disease in the differential diagnosis. We draw attention to
cardiac abnormalities in SCA7, which may be other possible
disease manifestations. Further research is needed to inves-
tigate the genotype-phenotype correlations in SCA7 and to
better our understanding of the disease’s pathomechanism.
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To the Editors

Cranial solitary plasmacytoma is a very rare clinical
manifestation of multiple myeloma (MM) [1-3]. Moreover,
cranial plasmacytomas presenting as visibly prominent swell-
ings on the head are extremely rare, and their management
poses a challenge for neurosurgeons. It remains unclear which
patients are most likely to develop this type of large, solitary,
protruding cranial plasmacytoma. Age and gender are the
two main non-modifiable factors in an individuals risk of
being diagnosed with cancer. [4] Various biological and be-
havioural factors have been proposed to explain how age and
gender significantly modulate the incidence of cancer at the
population level. Exploring common features of such cranial
plasmacytomas may shed light on their pathophysiology.

A 90-year-old female patient was admitted to our hospital
complaining of a soft, painless, rapidly swelling mass that had
developed within a month on the left frontal region of her
scalp. The skin overlying the lesion was hyperaemic because
of enlarged vessels. The patient did not have any complaints
about the bump, such as a headache, other than its cosmetic
appearance, and no neurological deficit was detected during
the examination. Her medical history revealed that not only
had she been diagnosed with MM eight years before (which

was treated with chemotherapy), but also that she had been
diagnosed with basal cell carcinoma in the sacral region four
years before presenting on this occasion. The patient was in
remission, but had disrupted her treatment for the preceding
two years because of the COVID-19 pandemic. The patient’s
blood and urine analyses were consistent with the diagnosis
of MM, including increased monoclonal immunoglobulins,
anaemia, and hypercalcaemia.

Cranial magnetic resonance imaging revealed a giant
left frontal extra-axial lesion adjacent to the superior sagittal
sinus (Fig. 1a). The lesion had compressed the cerebral tissues,
causing a left ventricular collapse and subfalcine herniation.
The lesion was isointense and showed homogeneous contrast
enhancement on the T1-weighted sequences. Dural boundar-
ies were indistinguishable. Magnetic resonance angiography
showed that the mass was being fed from the distal branches
of the external carotid artery (Fig. 1b). It was observed that
the tumour had destroyed both the inner and outer tables of
the skull in an area approximately 3 cm in diameter.

The patient was operated on with a bifrontal incision
under general anaesthesia (Fig. 1c). There was a cleavage line
between the skin and the tumour. The galea was taut but intact.
Although the tumour was vascular in nature, no excessive
bleeding was observed. The tumour had completely eroded the
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calvarial bone in a small area. The parts of the tumour extend-
ing outward from the bone surface were completely removed
up to the bone surface. The grey-brown and slightly hard
intracranial component of the tumour was also completely
resected using a cleavage line plane between the tumour and
the brain (Fig. 1d). The dura was closed using a galeal graft.
In this elderly patient, cranioplasty was not performed, not
only because of the small calvarial defect, but also to shorten
the operation time and prevent the risk of infection. The
patient woke from anaesthesia with a Glasgow Coma Scale
(GCS) score of 15 without any problems and was extubated
in the operating room. She was then taken as routine to the
intensive care unit and transferred to a ward bed a day later.
Diffuse plasma cell infiltration was observed histologically;
the results were positive for kappa light chain and negative
for lambda light chain (Fig. le). Plasma cells, which were
kappa monoclonal, displayed strong and diffuse expressions
of CD138, CD38 and CD56.

The patient did well postoperatively. She was transferred
to the haematology ward on the seventh postoperative day,
and after three weeks of chemotherapy, she was discharged.
A postoperative MRI scan showed total removal of the tumour
(Fig. 1f). Four months later, the patient developed sudden
mild hemiparesis due to a cerebrovascular ischaemic event,
but recovered after treatment.

In this article, we present a case of solitary cranial plasma-
cytoma presenting as a giant swelling on the head of a 90-year-
old female patient with a history of sacral basal cell carcinoma
and an eight-year history of MM in remission. Although MM
is more common in men, cranial plasmacytomas tend to be
morecommoninwomen. Similarly, basal cell carcinomasaremore
common in women under the age of 40 than in men [4].
To the best of our knowledge, the potential relationship be-
tween sex hormones and cranial plasmacytomas has not been
explicitly researched.

Osteoclasts are important cells involved in the bone lysis of
MM. Osteoclast formation during bone remodelling is affected
by a protein from the tumour necrosis factor family called the
receptor activator of nuclear factor-kB ligand (RANKL) [5].
RANKL increases osteoclast activation, which results in aug-
mented bone resorption, leading to the release of IGF1 and
TGE-p. This process then leads to immune suppression
and the further proliferation of MM cells. An increase in serous
RANKL has been found to increase the risk of sex hormone-
induced breast cancer associated with a familial BRCA1 mu-
tation. Females with BRCA1 mutations have an increased
risk of developing breast and ovarian cancers. Although no
laboratory examination for either RANKL or BRCAI muta-
tions could be performed on our patient, increased RANKL
activation and/or a BRCA1 mutation may underlie the effects
of aggressive bone lysis in females with giant, rapidly growing,
bone-destroying plasmacytomas. With the excessive shift of
the osteoclastic-osteoblastic balance in favour of osteoclastic
activity, rapid destruction of the bone and rapid growth of the

Figure 1. A. Cranial magnetic resonance image showing giant
left frontal extra-axial lesion adjacent to superior sagittal sinus;
B. Magnetic resonance angiographic scan showing that mass was
being fed from distal branches of external carotid artery (arrow);
C. Patient was operated on with a bifrontal incision under general
anaesthesia. Skin overlying the lesion was hyperaemic because
of enlarged vessels; D. Grey-brown and slightly hard intracranial
component of tumour was also completely resected using a cleav-
age line plane between tumour and brain; E. Diffuse plasma cell
infiltration was observed histologically; F. Postoperative MRI scan
showing total removal of tumour

plasmacytoma from the bone surface towards a weak barrier,
such as the skin, may be possible. Under the influence of sex
hormones, excessive osteoclastic activity may cause the ap-
pearance of giant cranial solitary plasmacytomas in women
more than in men. Another observation that supports this
hypothesis is that Paget’s disease, which is known to be more
common in women, can be seen frequently with MM.
Although preoperative superselective tumour embolisa-
tion was recommended to prevent excessive blood loss during
the operation, embolisation was not attempted in this case in
order not to cause additional morbidity for the patient with
advanced age and comorbidities. There was no uncontrollable
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bleeding in the surgery. The primary surgical goal should be
radical tumour resection, but radiotherapy may be preferred
for small tumours or when resection is not possible because
the tumour is extremely radiosensitive. Since the tumour was
completely resected in the presented case, radiotherapy
was planned to be considered only in case of recurrence.

Since cranial plasmacytomas can present in many differ-
ent forms, many pathological lesions, such as glioblastomas,
subdural haematomas, metastases, meningiomas, sarcomas,
and giant cell tumours, should be considered during differ-
ential diagnosis [1, 2].

This case demonstrates the complexity of the pathophysi-
ology of giant cranial solitary plasmacytomas. A potential
relationship between sex hormones and giant cranial plasma-
cytoma may exist. Notably, this case featured the oldest patient
to have been successfully surgically treated and documented
in the medical literature.

Ethical issues: The ethical issues for this study have been care-
fully considered in line with the Declaration of Helsinki and
its amendments. Written informed consent and permission to
reproduce copyrighted materials were obtained from the patient.
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To the Editors

The neurological deficit of a stroke is not only the conse-
quence of the focal lesion, but also the result of the disrup-
tion in connections with other areas. The analysis of brain
connectivity provides new insights into post-stroke recovery
mechanisms, as well as means of assessing the extent of the
damage [1, 2].

Post-stroke electroencephalography (EEG) studies have
demonstrated a reduction in intrahemispheric functional
connectivity in various networks of the lesioned hemisphere
after stroke, and this pattern has been shown to be associated
with poor function. More pronounced low-frequency activity
(delta or theta frequency activity) in the lesioned hemisphere
and higher frequency activity (alpha or beta activity) in the
contralesional hemisphere may create a higher interhemi-
spheric imbalance. This may be associated with poor function
and the restoration of balance may be associated with improved
recovery after stroke [3].

Stroke leads to an early reduction of connectivity in the
motor network. With recovery time, connectivity increases
and can reach the same levels as in healthy participants. The
increase in connectivity is correlated with functional motor
gains. The analysis of changes in connectivity patterns may lead
to a better understanding of these compensatory mechanisms
in the brain after stroke [4].

EEG functional connectivity analysis can be performed
using SLORETA (standardised low resolution electromag-
netic tomography software). This is a linear inverse solution
for EEG signals that have no localisation bias in the presence

of measurement and biological noise. The electric potential
differences from EEG can estimate the current density vector
field on the cortex in LORETA [5].

We report below some observations regarding network
reorganisation in two cases of ischaemic stroke with an early
good outcome. Informed consent was acquired from both
patients.

We firstly report the case of a 74-year-old man who was
admitted to the neurological department for sudden onset of
weakness in his left limbs of two days’ duration. He had a his-
tory of alcohol drinking, but there were no known additional
vascular risk factors.

Neurological examination revealed left hemiparesis
(Muscle Strength Rating Scale 4.5/5 upper limb and 4/5 lower
limb, left Babinski sign) and mild dysarthria with an NIHSS
(National Institutes of Health Stroke Scale) score of 5 points.
A CT (computed tomography) scan performed in the accident
and emergency department revealed an ischaemic acute stroke
in the right anterior cerebral artery territory (Fig. 1 A).

Routine blood exam was unremarkable, and cardiovascu-
lar investigations revealed atrial fibrillation.

We performed an EEG in a resting state condition, in an
isolated room, with closed eyes for 20 minutes on the fifth
day after symptoms onset. Electroencephalographic signals
were measured from 32 electrodes positioned according to
the augmented International 10-20 system. The data was
analyzed with MATLAB software, using scripts based on the
EEGLAB toolbox. Detection and rejection of the artifacts were
completed through ICA (independent component analysis).
We selected the components that had brain source (Fig. 1 B).
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Figure 1. A. Axial CT reveals acute hypodensity in right anterior cerebral artery; B. Independent component analysis in MATLAB-EEGLAB
for Patient 1; C. sLORETA algorithm for independent component chosen for Patient 1; D. Axial CT reveals acute hyperdense thrombus in
M2 segment of left middle cerebral artery; E. Independent component analysis in MATLAB-EEGLAB for Patient 2; F. sSLORETA algorithm
for independent component chosen for Patient 2. CT — computed tomography; sLORETA — standardised low resolution electromagnetic

tomography software

We used sSLORETA to compute the cortical electrical dis-
tribution from the scalp potentials measured at the electrode
sites (Fig. 1 C). We detected an increased distribution of elec-
trical sources in the contralateral hemisphere (non-lesioned

hemisphere — frontoparietal area).

318

We now report the second case: a 51-year-old man was
admitted to the neurological department for sudden onset
of weakness in his right limbs and expressive aphasia, of
four hours’ duration. He had a history of cigarette smoking,

hypertension and dyslipidemia.
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The neurological examination revealed right hemiparesis
(strength was 4+ out of 5 on the right hand and 4+ out of 5 on
the right foot, right Babinski sign) and motor aphasia with an
NIHSS score of 6 points. A CT scan performed in the accident
and emergency department revealed an acute hyperdense
thrombus in the M2 segment of the left middle cerebral artery
(Fig. 1 D). The ASPECTS (Alberta Stroke Program Early CT
Score) was 10 points. The routine blood exam was unremark-
able. During hospitalisation, the NIHSS score decreased to
1 point after intravenous (IV) thrombolysis. The cerebral CT
performed one day after IV thrombolysis confirmed a small
recent hypodense parietal area. Cardiovascular investigations
during hospitalisation detected atrial fibrillation.

We performed a resting state EEG of 20 minutes’ duration
on the fifth day of hospitalisation, and we analysed the signals
in MATLAB-EEGLAB (Fig. 1 E). We removed the artifacts
and we selected the components corresponding to brain
electrical dipoles.

We further investigated the cortical electrical distribution
of scalp potentials in SLORETA and we detected an increased
distribution of electrical sources in the contralateral temporal
area (non-lesioned hemisphere) and the ipsilateral frontal
area (Fig. 1 F).

These two clinical cases raise questions regarding the
ability of the brain to reorganise its connections and the utility
of assessing early clinical outcomes in acute stroke patients.

Recent studies have focused on connectivity after stroke
in order to find predictive biomarkers in stroke recovery.
This represents an active research area in neuroscience and this
could be a new insight in the domain of rehabilitation. In the
context of incomplete knowledge of network reorganisation
after stroke and its importance in clinics, further research
studies are required to validate the importance of connecto-
mics in this disabling disorder.

Analysing recovery studies of resting state functional
connectivity of stroke participants and comparing them to

a control group, functional connectivity measures have
shown decreases in at least some nodes or networks. When
recovery occurs spontaneously, or is supported by therapy
or training, connectivity increases over time [4]. Rehabili-
tative training (e.g. virtual reality as a therapeutic strategy
can engage certain sensory and motor circuits) that indirectly
affects the flow of information through brain connectomes and
circuit-level plasticity may have a positive impact on stroke pa-
tients [1]. Studying functional connectivity in acute stroke, and
finding early predictive biomarkers that are reliable enough in
clinical practice to guide individualised rehabilitative training,
represents a promising direction for future research.
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To the Editors

We read with interest the article by Bistriceanu et al. [1]
describing a 47-year-old male with ischaemic stroke in the ter-
ritory of the right middle cerebral artery, which was classified
as cardioembolic due to intracardiac thrombus formation in
the context of left ventricular hyper-trabeculation (LVHT),
also known as non-compaction. Their study is excellent, but
has limitations that cause us concerns and which we would
like to discuss.

We disagree with the statement that LVHT is congenital in
each case [1]. Though rarely reported, several cases of LVHT
have been reported in which LVHT was not present at birth,
and therefore not congenital, but developed during post-par-
tum life [2]. Acquired LVHT has been particularly reported in
patients with neuromuscular disorders, in pregnant females,
and in professional athletes [2]. There are also indications that
acquired LVHT in pregnant females can disappear again after
delivery or after cardiac surgery [3].

We also disagree with the statement that LVHT is a genetic
disorder [1]. Though commonly associated with genetic dis-
ease, particularly chromosomal defects, LVHT and hereditary
neuromuscular disorders, and although rare familial cases
have been reported [4], a causal relation between any of these
genetic defects and the intra- or extrauterine development of
LVHT has not been proven.

The complications of LVHT not considered in the dis-
cussion of the index case are ventricular arrhythmias and
sudden cardiac death (SCD). Ventricular arrhythmias can
have neurological implications as they can be associated with
heart failure or thrombus formation. Thrombus formation can
occur either within the recessus between the trabeculations
or within the left ventricular cavity. Because of the risk of

ventricular arrhythmias, LVHT patients are recommended to
undergo either repeated Holter monitoring or implantation of
a loop recorder to detect malignant ventricular arrhythmias.

Detection of ventricular arrhythmias has therapeutic
implications, because implantation of an implantable car-
dioverter defibrillator (ICD) should be considered in LVHT
patients with recurrent syncopes or documented ventricular
arrhythmias on long-term ECG recordings.

Neurological complications of LVHT not only include
cardio-embolic stroke but also syncope, transitory ischae-
mic attack, or cerebral hypoxia in the case of heart failure,
prolonged malignant ventricular arrhythmias, or insufficient
resuscitation in the context of asymptomatic ventricular
arrhythmias.

Because LVHT is most commonly associated with neu-
romuscular disorders [5], all patients with LVHT should be
systematically investigated for myopathy. Accordingly, we
would like to establish whether the index patient, who was seen
by a neurologist because of the stroke, had any indications for
peripheral nervous system disease.

Because LVHT is commonly associated with the phe-
nomenon of late gadolinium enhancement (LGE) of the
left ventricular myocardium [6], we would also like to ask
whether the index patient underwent cardiac MR, and if this
phenomenon could be documented in his case as well. The
pathophysiological consequences of this phenomenon are not
fully understood, but it has been postulated that it represents
intraventricular fibrosis. LGE is associated with the occurrence
of major adverse cardiovascular events (MACE) [6].

To sum up, this interesting study has limitations that call
the results and their interpretation into question. Addressing
these issues would strengthen the conclusions and could im-
prove the status of the study. LVHT has to be regarded as a risk
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factor of cardioembolic stroke, but before attributing stroke to
LVHT, alternative aetiologies need to be thoroughly ruled out.
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(Neurol Neurochir Pol 2023; 57 (3): 322-323)

To the Editors

We read with interest the article by Chatys-Bogacka et
al. on a cross-sectional study on the differences between the
sexes in post-COVID ‘brain fog’ [1]. Data collection took
place between April 2021 and August 2021 using previously
published electronic questionnaires which were delivered via
bulk email, Facebook, and a post-COVID outpatient unit [1].
It was found that females compared to males were more
likely to report problems with writing, reading, counting,
and thought communication at > 12 weeks post infection [1].
At > 12 weeks, no gender differences were found in mul-
titasking, remembering past information, determining the
current date, or field orientation [1]. We feel that the study
is excellent, but has limitations and raise concerns that
should be discussed.

The main limitation of the study is the definition of ‘brain
fog) a vague term that means different things to different peo-
ple. There is no single, universally accepted definition of brain
fog. Therefore, if neuropsychological deficits are recognised
as a post-COVID complication, they should be described
in detail after appropriate testing by a neuropsychologist,
and not reported by the patient him or herself. When using
electronic questionnaires in particular, there is a risk that dif-
ferent patients will understand the term ‘brain fog’ differently,
which is why we suggest the term should be abandoned. The
ambiguity of the term is supported by the different definitions
in the article. In the introduction, the authors define brain
fog firstly as “poor memory and concentration’, then later as
“poor concentration, intellectual ambiguity, mental fatigue,

and anxiety”, and thirdly as “disorders of concentration and
memory, sleep and speech disorders” [1]. Even the investiga-
tors themselves seem to be unsure about a precise definition
of the term ‘brain fog’ [1].

Another limitation is that electronic questionnaires were
used for data collection [1]. Electronic questionnaires have
several disadvantages. There is no guarantee that the patient
will provide truthful answers; it is not verified that the patient
addressed will in fact answer the questionnaire themselves
rather than leave it to a relative or caregiver; and there is no
certainty that the patient is physically and/or mentally able
to fill out the form. There is also the disadvantage that only
patients who are able to use a computer can respond. Indi-
viduals in a hospital, individuals without access to electronic
media, and individuals unfamiliar with using electronic media
will probably not be included in such a study. Individuals
with severe complications resulting from COVID-19 may
not be included because they simply cannot be reached for
the investigation.

Another limitation is that no distinction was made be-
tween people with and without a SARS-CoV-vaccination.
Vaccinated patients may have a different type, intensity,
and frequency of symptoms compared to unvaccinated
patients.

Another limitation is that it remains unclear how causes
other than COVID-19 were ruled out in order to explain
symptoms described by the patient. Since the latency period
between the onset of COVID-19 and the completion of the
questionnaire was 208 days on average [1], it is conceivable
that some of the included patients suffered another disease
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that was responsible for the symptoms during this period.
How was depression ruled out, and what scores were used to
assess depression?

Furthermore, the results and conclusions drawn may be
unreliable because the sex ratio was 5:1, meaning that five
times more females than males were included in the study.
This inequity is a strong bias, meaning that the results must
be interpreted with caution.

Overall, this interesting study has several limitations that
call the results and their interpretations into question. Clari-
fying these weaknesses would strengthen the conclusions and
so improve the study. Before identifying a gender difference

regarding post-COVID ‘brain fog), we feel that the require-
ments for such a study must be met.
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To the Editors

We thank Finsterer and Stéllberger for their valuable
feedback [1], and we would like to respond to it.

A study from 2018 that involved a molecular analysis of
107 genes in 95 adult patients with LVNC in order to charac-
terise the genetic spectrum of this disorder found that TTN,
HCN4, MYH?7 and RYR2 were the most common mutations
among these patients.

The results of this study give substance to the idea that
LVNC s basically a genetic disease. However, according to the
European Society of Cardiology, LVNC is listed among unclas-
sified cardiomyopathies, and according to the American Heart
Association it is among the genetic cardiomyopathies [2].

Another interesting research field in this area is the asso-
ciation and overlapping with other conditions.

Several decades ago, the association of the phenotype
with congenital heart diseases was first acknowledged and
attributed to the additional burden imposed by the congenital
defects on the LV [3].

Other associations between non-compaction cardiomyo-
pathy and neuromuscular disorders can be found, i.e. Duchene
muscular dystrophy, Becker muscular dystrophy, myotonic
dystrophy, metabolic myopathy, and Leber’s hereditary optic
neuropathy [4].

No such neuromuscular pathology was detected in our
patient, nor any other peripheral nervous system disorder.

We discussed in our article some complications such
as cardiac arrhythmias, cardiac failure and sudden death.
Cardiac monitoring is important because the treatment is
related to cardiac failure management or an implantable
defibrillator in ventricular arythmias [5]. In our patient,
ECG monitoring did not reveal atrial fibrillation or any
other cardiac arrhythmia at that moment. Further car-
diac investigations did not reveal any thrombus between
the trabeculations or within the left ventricular cavity.
The phenomenon of late gadolinium enhancement (LGE) was
not described on cardiac MRI.

However, we analysed the brain DWI-MRI imaging, and
this revealed acute stroke in the right superficial MCA terri-
tory and left PCA territory. This is known as MACI (multiple
acute cerebral infarcts in multiple arterial territories) and
is radiologically defined as more than one acute ischaemic
lesion in at least two cerebral territories. Several studies have
emphasised cardiogenic embolism to be the primary aetiology
for this group.

Further investigations in our case did not reveal a cervical
or intracranial atherosclerosis that could have explained suc-
cessive embolisation and affected clinical assessment or MRI
timing. A cardio-embolic mechanism was hypothesised and
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the treatment with DOACs was started (the EF was < 20%
and this represents another criterion according to other
studies) [5, 6].
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(Neurol Neurochir Pol 2023; 57 (3): 326-327)

To the Editors

We are grateful to Finsterer and Mehri for their valuable
comments [1] on our article entitled ‘Sex-related patient-
-reported brain fog symptoms in non-hospitalised COVID-19
patients’ that was recently published in the Polish Journal of
Neurology and Neurosurgery [2].

However, we believe that all the points raised in their re-
cent Letter to the Editors were in fact covered in detail within
the ‘limitations’ section of our paper [2].

Firstly, we admit that the ambiguity exists regarding
what is perceived as a ‘brain fog’ in COVID-19 research.
However, for the purposes of the current study, we used
the meaning proposed by the National Institute for Health
and Care Excellence and the Centres for Disease Control and
Prevention that underlined difficulty in thinking [3]
and other cognitive problems, including loss of concentration
and memory [4]. All of these aspects were covered by our

detailed questionnaire that was created based on the expe-
rience of 70 healthcare professionals who were afflicted by
SARS-CoV-2 infection [5]. Furthermore, the development and
validation process of the BF-COVID questionnaire included
a standardised methodology, i.e. item generation, validation of
content, face validation, and psychometric analysis [6]. Note-
worthy, exploratory factor analysis with varimax rotation and
reliability testing showed good content validity and acceptable
internal consistency (Kaiser-Meyer-Olkin value 0.796, Bartlett’s
test of sphericity Chi’= 943; df = 36, p-value < 0.001, and Cron-
bach’s alpha of 0.740) [6].

Secondly, as we mentioned in the limitations section
of our article, our research was based on patient-reported
data only and, given that the anonymous questionnaires
were completed retrospectively, our results inherently re-
flect largely subjective aspects of brain fog. However, we
did not rely solely on electronic versions of questionnaires,
because individuals who attended the ambulatory clinic for
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post-COVID patients in the University Hospital in Krakow
were also asked to participate in the study [2]. It is also note-
worthy that patient-reported outcomes are increasingly being
used among COVID-19 survivors [7]. Furthermore, although
neuropsychological examination remains an important and
valuable assessment tool, it may actually be less sensitive
in detecting subtle cognitive changes during recovery after
SARS-CoV-2 infection [8].

Thirdly, only 19% of participants were vaccinated against
COVID-19; however, most of them underwent this procedure
after their diagnosis of SARS-CoV-2 infection [2]. Indeed, as
the authors of the Letter to the Editors suggest, although vac-
cination against COVID-19 might reduce the risk of persistent
problems after initial infection, nonetheless, in individuals with
existing long COVID symptoms, including brain fog, the role
played by subsequent vaccination remains uncertain, as some
studies have suggested improvement while others have not [9].

Fourthly, as specifically stated in the limitations section of our
paper, no data on comorbidities, including neurological and psy-
chiatric conditions such as depression, were collected during the
course of our study [2]. Therefore, their influence on the respons-
es given by the patients cannot be excluded. On the other hand,
using self-reported screening questionnaires might not be help-
ful in depression, and can even result in its overestimation [10].
Thus, face-to-face interviews would be the preferable method
for both brain fog and depression assessment, but this would
require studies with diverse methodologies and designs.

Finally, we are aware of the uneven sex distribution in our
cohort [2]. However, post hoc power calculation remained
satisfactory [2].

In summary, the limitations of our study are important when
interpreting the results. Nevertheless, the use of a previously
validated questionnaire allowed us to show significant differ-
ences in the course of brain fog between women and men [2].
Although consistent with previous research regarding the role
of female sex in the risk of developing post-COVID brain fog,
future studies are essential to confirm the results and conclu-
sions set out in our paper.
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