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A parazslo betegség jelentdsége a sclerosis
multiplex progresszidjaban, a progresszio
ellenérzése képalkoto eljaras segitségével
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Debreceni Egyetem, Altaldnos Orvostudomanyi Kar, Neurolégiai Tanszék,
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A fogyatékossag progresszidja a sclero-

sis multiplex (SM) minden fenotipusaban
jelentkezhet a betegség korai szakaszatol
kezdve, ami a klinikai relapszusokbdl vald
hianyos felépulésbdl és/vagy a neuroldgiai
funkciok relapszusoktol fuggetlen, alattomo-
sabban zajlé rosszabbodasabdl kovetkezhet
be. A relapszustdl flggetlen rosszabbodas
progressziv sclerosis multiplexben gyakoribb,
mint a relapszalé-remittald kérformaban.
Hatterében elsésorban a velesziletett
immunsejtek aktivacioja, kronikus aktiv
laesiok kialakulasa allhat, amit parazslo
betegségként jeldinek. Azonositasuk segit-
heti az agressziv formak korai felismerését.
A progressziv mechanizmusokat célzo
hatékony terapiak megtalalasa jelentds
igény. Az SM progresszidjanak hatterében
allé mechanizmusok jobb megértése, a
biomarkerek azonositasa és validalasa, az Uj
terapias célpontok azonositasa vezethet a
terapiak tovabbi sikeréhez. A kdzleményben
dsszefoglaljuk a parazslé betegség elméleti
hatterét, és a felismerését célzé lehetséges
képalkotd eljarasokat.

Kulcsszavak: sclerosis multiplex, PIRA,
parazslod betegség, MRI, PET, PRL

Prognostic significance of smoldering
disease in multiple sclerosis, monitoring
progression by imaging

Racz L, MD; Csépany T, MD, PhD

Disability progression can occur in all
phenotypes of multiple sclerosis (MS)
from the early stages of the disease, which
may be due to incomplete recovery from
clinical relapses and/or more insidious
deterioration of neurological functions
independent of relapses. Progression
independent of relapse is more common
in patients with progressive MS than in
patients with relapsing-remitting MS. Its
main background may be the activation of
innate immune cells and the development
of chronic active lesions, referred to as
smoldering disease. Their identification
may help in the early recognition of
aggressive forms. Finding effective therapies
targeting progressive mechanisms is a
major need. A better understanding of the
mechanisms underlying the progression
of MS, the identification and validation of
biomarkers and new therapeutic targets
could lead to further success of therapies.
In this communication, we summarize

the theoretical background of smoldering
disease and potential imaging modalities for
its detection.

Keywords: multiple sclerosis, PIRA,
smoldering disease, MRI, PET, PRL

sclerosis multiplex (SM) a kozponti idegrendszer

KIR) immunrendszer altal kozvetitett betegsége,
amit kronikus gyulladas és neurodegeneracio jellemez. A
betegség sulyossagat a betegség aktivitasanak (klinikai
relapszusok vagy radiologiai valtozasok) és progresz-
szidjanak értékelése alapjan hatarozzak meg. A klinikai
gyakorlatban elsésorban a betegségaktivitas mértékének

megallapitasa terjedt el, melynek megfeleléen a hatékony-
sag alapjan valasztunk kezelést a jelenleg hasznalatos
immunmodulans készitmények koziil'. A betegség prog-
resszidjanak hatterében 4allo patologiai ismeretek boviilé-
séhez igazodva a rokkantsag mérését atértékelték, és ez
alapjan Gjabb terapias célpontok sziilethettek. A rokkant-
sag fokozodasa nemcsak a relapszushoz kapcsol6dé ma-
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radvanytiinetként (relapse-associated worsening, RAW),
hanem egy bizonyos idon keresztiil a relapszus aktivita-
satol fiiggetlentil is kialakulhat, mely PIRA (progression
independent of relapse activity) néven ismert?3. {gy lehet,
de nem feltétleniil kell, hogy észrevétlen legyen* .

A progressziv sclerosis multiplexet (PSM) a neurol6-
giai funkciok fokozatos, progressziv hanyatlasa jellemzi,
aminek két f6 formaja ismert. Egyik a primer progressziv
SM (PPSM), melyben a betegséggel dsszefiiggd fogya-
tékossag a tliinetek megjelenésétdl kezdve elérehalad; ez
az SM-mel diagnosztizalt egyének koriilbeliil 15%-anal
fordul el6. A masik a szekunder progressziv SM (SPSM),
melyben a betegséggel dsszefiiggd fogyatékossag a kez-
deti relapszalo-remittalé (RRSM) lefolyast koveti. Ko-
rabban gy becsiilték, hogy ez a forma az RRSM kezdeti
diagnoézisat koveto 25 éven beliil az egyének 50-90%-at
¢érinti, azonban ez a szam az utdbbi években ugy tinik,
csokkent az RRSM-ben alkalmazott hatékonyabb kezelé-
sek mellett®. A progresszi6 idében alattomosan zajlik, igy
a PSM diagnozisa nagyobb kihivast jelenthet, mint az SM
relapszusos formainak diagnozisa.

Patofiziolégiai jellemzék

Korabban az SM klinikai lefolyasan alapulod klasszikus
altipusait patologiailag kiilonb6zd betegségként irtak le.
Az utobbi években azonban a patologiai mechanizmusok
jobb megértése ezt a paradigmat afelé tolta el, hogy ezeket
az altipusokat egyetlen betegség spektrumanak tekintsék,
ahol a betegség legkorabbi szakaszatol kezdve a kiilon-
bdz6 patoldgiai mechanizmusok szorosan keverednek, és
a kiilonbségek inkabb a jelen 1év0 jellemzdk aranyahoz
kapcsolodnak.

A betegség korai szakaszaban dont6en a fehérallomany-
ban az autoreaktiv T- és B-lymphocytak altal kivaltott,
fokalis gyulladas zajlik, ami fokalis demyelinisatiohoz ve-
zet. Egyes gocokban mar ebben a staddiumban is axonalis
transsectio mutathato ki. Kronikus betegség révén a leg-
kiilonb6z6bb koru (aktiv, kronikus aktiv és inaktiv) gocok
jelennek meg t6bbszordsen a fehérallomanyban, valtozd
axonvesztéssel és remyelinisatioval, astrocytahegesedéssel
jellemezve. Bar a neurodegeneracié mar a betegség korai
szakaszaban is jelentkezik, idovel egyre gyakoribba valik.
Ezt a folyamatot az agykéregben is zajléo kompartmentalis
gyulladas, vastoxicitas, oxidativ stressz és mitochondrialis
diszfunkcio kozotti Osszetett kapcsolatok iranyitjak, me-
lyek az egyének kozott valosziniileg kiillonboznek’.

A fogyatékossag fokozatos felhalmozodasahoz veze-
té parazslo patologiai folyamatok kiilonboznek az akut
fokalis karosodastol. A progressziv SM jellemzdi kdzé
tartoznak a lassan terjed6/novekvo elvaltozasok (slowly
expanding/evolving lesions, SEL), a leptomeningealis
gyulladas, az agykérgi demyelinisatio, a neuronvesztés,
az egész agyat érintd atrofia, a diffiz neuroaxonalis és

myelinkarosodas, a vér-agy gat sériilése és a hianyos
remyelinisatio. Az RRSM-ben gyakori akut gyullada-
sos elvaltozasokkal ellentétben a kronikus aktiv laesiok
(chronic active lesions, CAL) vagy parazslé plakkok
(smoldering plaques) a kronikus gyulladas neuropatologiai
jellemzai. Jelenlétiik az életkorral, a betegség idotartama-
val nd, illetve progressziv fenotipus esetén gyakoribb. A
normalisnak tiing fehérallomanyban (normal-appearing
white matter, NAWM) a CAL-t inaktiv, demielinizalt
centrum jellemzi, amit myelinlebomlasi termékeket és
vasat tartalmaz6 aktiv microgliabol és makrofagbol al-
16 periférias szegély vesz korbe, és a microglia-aktivitas
alapjan lassu terjeszkedése feltételezhetd. A SEL kifejezést
az MRI-vel meghatarozott laesiokra célszerti fenntartani
(lasd alabb).

A parazslo betegség patologiai mozgatorugoi potencia-
lisan tobb 6 kategoriat foglalnak magukba, mint példaul
a CAL korili microglia-aktivacio, a B- és T-sejtek kol-
csonhatasa, a B-sejtek aktivacidja a KIR-en beliil a kérgi
demyelinisatioval 6sszefiiggésben, astrocyta altal vezérelt
krénikus neuroinflammacio, és a neuronalis anyagcsere
és mitkodés belsé hianyossagai®. Valoszintileg kiilonb6z6
glialis, immun- és idegsejtek halozata jarul hozza az alap-
jaul szolgalo patoldgiahoz. A neuropatologiai jellemzéket
az 1. tablazat foglalja 6ssze.

A progresszio klinikai jellemzdi

A progressziv SM — mind a PPSM, mind az SPSM — di-
agnozisa kihivast jelenthet. A PPSM-et olyan egyéneknél
diagnosztizaljak, akiknél a fogyatékossag legalabb 12
hoénapja stlyosbodik klinikai visszaesés(ek) nélkiil, és az
alabbi harom kritérium kozil legalabb kettd teljesiil: 1.
> 1, az SM-re jellemz6 T2-fokozott jelintenzitasu elval-
juxtacorticalis, infratentorialis); 2. > 2 T2-fokozott jelin-
tenzitasu elvaltozas a gerincvelében; vagy 3. agy-gerinc-
vel6i folyadékra jellemz6 oligoklonalis savok jelenléte’.
Az SPSM-et olyan RRSM-ben szenvedd egyéneknél diag-
nosztizaljak, akiknél 6-12 honap alatt (vagy hosszabb idén
keresztiil) klinikai relapszus nélkiil progressziv, a fogya-
tékossagot fokozo allapotrosszabbodas tapasztalhatd'®'2.
Fontos, hogy mind a PPSM, mind az SPSM esetében ki
kell zarni olyan alternativ allapotokat, amelyek prog-
ressziv rokkantsagsulyosbodast okozhatnak. Mindkettd
retrospektiv klinikai értékelésen (korelézmény és/vagy
vizsgalat) alapul.

Az utdbbi években a betegség lefolyasat a betegség
teljes klinikai spektrumat figyelembe véve Gjra defini-
altak'> . A hagyomanyos klinikai SM-fenotipusokat
(klinikailag izolalt szindroma [CIS], RRSM, PPSM ¢és
SPSM) egy adott periddusra jellemzd betegségi allapot
alapjan alkalmazzak, és a betegséget a relapszusok €s a
progresszio szempontjabdl jellemzik. Az alcsoportok-
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1. tablazat. A sclerosis multiplex neuropatoldgiai jellemzoi

Neuropatoldgiai jellemz8

Leiras

Lassan terjedé elvaltozasok (SEL)

Jellemz&en microgliakbol/makrofagokbdl alinak, és microgliaperemekkel és/
vagy myelintormelékkel tarsulnak; lassu, koncentrikus ndvekedéssel jarnak;
PSM-ben gyakoribbak és nagyobbak, mint RRSM-ben.

Microgliaperemek

Vaslerakédas a microglia belsejében és azon kivil; gyakran a SEL-eket korul-
véve,

Leukocytaaggregatumok

B-sejtekbdl, plazmasejtekbdl és T-sejtekbdl allnak, az agyhartyaban vagy a
mély sulcusokban helyezkednek el; neurotoxikus mediatoraik hozzajarulnak
az agykérgi és a subpialis demyelinisatiéhoz; PSM-ben gyakoribbak, mint
RRSM-ben.

Preaktiv elvaltozasok

Leukocytak felhalmozddasa a perivascularis térben (a parenchymaba vald
bejutas eldtt); PSM-ben kevésbé gyakori, mint RRSM-ben.

Microglia-aktivacio

Széles korben elterjedt az egész parenchymaban; reaktiv oxigéngyokoket
(ROS) és reaktiv nitrogéngyokoket valasztanak ki, amik oxidativ stresszt és
kozvetlen sejtsérilést eredményeznek; a microgliacsomok vagy -csoportosu-
lasok megelézhetik a plakkok kialakulasat; korreldlnak a paranodalis zavarok-
kal; PSM-ben gyakoribbak és nagyobbak, mint RRSM-ben.

Aktiv elvaltozdsok

A perivascularis terekbdl kivandorlé leukocytak; PSM-ben kevésbé gyakoriak,
mint RRSM-ben; gyakran kronikus aktiv laesiokka fejlédnek.

Aktivalt T-sejtek

CD4+ és CD8+ T-lymphocytak szétszérddva a parenchymaban.

Kronikus aktiv elvaltozasok

Koértanilag kuldnbozik a SEL-ektdl.

Intracorticalis elvaltozdsok

Aktiv elvaltozasok az agykérgi szlrkeallomanyban.

Nem korulirhaté elvaltozasok

Diffuz axonalis sértléssel jarnak; az agy szamos teruletén eléfordulhatnak.

Hianyos remyelinisatio

A korabban karosodott parenchyma terdletein beldl (jellemz&en hianyos)

myelinjavitas terUletei; az axonok nem kapnak tdpanyagot/az axonok trofikus
tdmogatasanak elvesztése/novekedett mennyiségl gyulladasos mediatornak
és ROS-expozicidnak vald kitettség; PSM-ben gyakoribb és nagyobb, mint

RRSM-ben.

ban a klinikai kiilonbségek inkabb az adott idépontban
uralkodé patologiai mechanizmusokat tiikrozik. Az RR
¢és a progressziv SM kozotti fenotipusos atfedést tikroz-
ve, a PIRA fogalma, mint az RRSM-ben a relapszushoz
nem kapcsolodo rokkantsagi progresszié megragadasa
¢és szamszerUsitése jelent meg. A PIRA-t, a kiterjesztett
fogyatékossagi allapot skala (Expanded Disability Status
Scale, EDSS) pontszamndvekedésével a kdvetkezoképpen
definialtak: a vizsgalt idészakasz alatt >1,5 pontos ndove-
kedés, ha a kiindulasi EDSS 0; >1,0 pontos ndvekedés,
ha a kiindulasi EDSS 1,0-5,0 pont k6z6tt van; vagy >0,5
pontos novekedés, ha a kiindulasi EDSS >5,5 pont, amit
legalabb 3 honap elteltével egy masodik értékeléssel meg-
erdsitenek, és az EDSS-novekedés észlelésének idbtarta-
ma alatt nincs relapszus, vagy a kiindulasi (referencia-)
értéket az utolso bejelentett relapszus kezdetétdl szamitott
90 napon tal mérték*> . Annak ellenére, hogy RRSM-ben
a rokkantsagndvekedés f6 okanak hagyomanyosan a klini-
kai relapszusokat tartjak, valojaban az dsszes megerdsitett
EDSS-rosszabbodasnak legalabb a felét vagy még tobbet

(53,6-70,9%) a PIRA okozhatja. Kimutattak, hogy a be-
tegek ~10%-anal az elsé tiinetek megjelenésétdl szamitott
5 éven beliil PIRA-események torténtek, ami azt sugall-
ja, hogy a PIRA az RRSM-ben szenvedok jelentds részét
érinti, ¢és jelentdsen hozzajarul a fogyatékossaghoz'> '°.
Ugy vélik, hogy a PIRA jelenlegi meghatérozasa nem
feltétlentil tiikrozi a tiinetek finom rosszabbodasat. A KIR-
ben zajlo parazslo patologiai folyamatok eredményezik
a parazslassal 6sszefliggd rosszabbodast (smoldering-
associated-worsening, SAW), ami olyan fokozatos és las-
su hanyatlasra utal, amely a fokalis gyulladasos aktivitas
sikeres terapias szuppresszidja mellett és a rendelkezésre
allo metodikaval szamszerisithet6 klinikai valtozasok hi-
anya ellenére is jelentkezik'”. SM-ben a parazslo betegség
(smoldering disease) egy gytjtéfogalom, mely magaba
foglalja az akut gyulladason tul azokat a kdzponti ideg-
rendszerben zajlo kronikus patobiologiai folyamatokat,
amelyek neurodegeneracioval jarnak, és klinikailag fizikai
allapotrosszabbodasban, funkcionalis hianyossagokban
és kognitiv hanyatlasban nyilvanulhatnak meg'’. Ennek
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megfeleléen a PIRA klinikai megjelenésének kdvetésében
az EDSS-en tal, ami elsGsorban a motoros teljesitmény
klinikai skalain alapul, egyéb tesztek kombinacidja le-
het hasznos. Ilyen méréeszk6zok kozé tartozik példaul
a 25 1ab idozitett séta (Timed 25-Foot Walk, T-25FW), a
9 lyuku palcika teszt (9 Hole Peg Test, 9-HPT), a kogni-
tiv eszkdz szimbdlum, szamjegymodalitas-teszt (Symbol
Digit Modalities Test, SDMT) és mas kognitiv értékelé-
sek (Paced Auditory Serial Addition Test, PASAT; Brief
International Cognitive Assessment for MS, BICAMYS),
valamint az alacsony kontraszta latasélesség teszt (Low-
Contrast Visual Acuity, LC-VA), a fatigue-ot mér6 kér-
doéivek, betegek altal jelentett kimeneti mérések (Patient
Reported Outcomes, PROM), az életmindség-kérdéivek
(Quality of Life-54, QoL-54), az 4ltalanos ¢életmindség
megitélése, nyomon kovetése! 1,

A progresszi6 biomarkerei
Labormarkerek

Az RRSM-bdl az SPSM-be val6 atmenetet jelzd, valamint
a PPSM ¢és az SPSM esetében a betegség szamszertisitését
szolgal6 biomarkerek tovabbra sem allnak rendelkezésre,
¢és tovabbra is a kutatas egyik elsddleges teriiletét jelen-
tik. A szérum neurofilamentum konnytlancot (sNfL), a
KIR citoskeleton fehérjéinek akar 85%-at alkoto szer-
kezeti fehérjét széles korben vizsgaltak biomarkerként.
Az sNfL erdsen Osszefiigg a gyulladas altal okozott friss
neuroaxonalis karosodassal. A gyulladascsokkentd, beteg-
a liquorban és a vérben a relapszusos SM-ben®. A leg-
ujabb vizsgalatok szerint azonban az sNfL-nek, a fokalis
gyulladas markerén tilmenden, nincs prognosztikai értéke,
¢és idonként félrevezetd, amikor a fogyatékossag progresz-
szidja csokkend sNfL-szintek mellett kovetkezett be, és
forditva. Jelenleg a gliafibrillaris savas fehérje (GFAP)
igéretesebb prognosztikai markernek tlinik az SM jovo-
beli, hosszl tava rokkantsagfelhalmozodasa szempont-
jabol*.

Képalkoto vizsgalatok

Magneses rezonancias képalkotas (MRI)

Az MRI megalapozott szerepet jatszik az SM diagndzisa-
ban és prognozisaban?, a korlefolyast modositd kezelés
hatasanak kovetésében, de ez elsésorban a fehérallomanyi
elvaltozasok kimutatasan és a relapszusokkal vald dssze-
fiiggésiikon alapul®. Az MRI szerepe az SM progresszio-
janak értékelésében a klinikai gyakorlatban kevésbé egy-
értelmii. Nincsenek olyan képalkoto jellemzok, amelyek
véglegesen megkiilonboztetnék a PPSM-et ¢s az SPSM-
et. Az elmult években jelentds eréfeszitést tettek az SM

progressziv formaihoz kapcsolodo képalkoto jellemzok/
markerek azonositasara és validalasara, kiilonos tekintettel
az olyan jellemzdkre, amelyek a neurodegeneracio alap-
jaul szolgalo patofiziologiai mechanizmusokat tiikrozhe-
tik. A vizsgalatok arra utalnak, hogy a progressziv SM
valdsziniileg mar nagyon koran, a betegség relapszusos
fazisaban kezd6dik*.

A klinikai kimenetel vizsgalatanal kapcsolatot talal-
tak a kiindulasi fehérallomanyi laesiok nagyobb szama,
a kiindulasi és az 1 éves vizsgalati infratentorialis laesiok
szama, valamint a mély fehérallomanyi laesiok szama és
anagyobb klinikai fogyatékossag kozott, azaz a stilyosabb
fogyatékossagot ¢s a betegség kifejezettebb progressziojat
elére jelezhetik. A gadoliniumhalmozo elvaltozasok ¢s a
gerincveld atrofiaja szintén noveli a fogyatékossag prog-
resszidjanak kockazatat. A hosszu tavu rokkantsag kiala-
kulasaban a gerincveldi atrofia jobb prediktiv értéki, mint
az agyi laesiok vagy az agyi atrofia, ezért rutin vizsgala-
tokba beépitése javasolhato®. A krénikus laesiok térfogata
az 0j fehérallomanyi laesiok kialakuldsatol fiiggetlentil
szignifikansan 0sszefligg a felgyorsult agyi atrofiaval és a
rokkantsag felhalmozodasaval EDSS-sel mérve®.

Corticalis patologiai mérések, atrofia

A fokalis demyelinisatio mértéke mind a kérgi, mind a
mély sziirkeallomanyban (gray matter, GM) erésen kor-
relal a betegségprogresszid sebességével, és a hattérben
meghtz6dé mechanizmusok feltehetéen nem fiiggenek
Ossze a fehérallomanyi demyelinisatioval. A kérgi elval-
tozasok, a diffuiz GM-atrofia mar az SM korai szakaszaban
kimutathato, és idovel progressziv felhalmozodasuk az
SPSM-be valo atmenet nagyobb kockazataval és a hossza
tavu rokkantsag felhalmozodasaval jar. Az atrofiamérések
a szoveti pusztulashoz vezetd kiilonb6z6 patobiologiai fo-
lyamatok végeredményét tiikrozik, ezért nem specifikusak
a parazslo betegségfolyamatokra. Mindenképpen hasznos
markerei lehetnek a SAW-val kapcsolatos patologiai ka-
rosodasnak, azonban az értékelésénél tovabbra is fontos
technikai korlatok allnak fenn®. Tekintettel arra, hogy a
koran felszaporod¢ fehérallomanyi laesiok csak évek mul-
va fejthetik ki maximalis hatdsukat az agyi atrofiara és a
progressziv betegségre, és hogy a laesiok jelentds hanyada
(~30%-a) kronikus gyulladasos aktivitasra utal”’, a CAL
mint a SAW egyik lehetséges patologiai szubsztratja egyre
fontosabb kutatasi célpontta valt.

A CAL radiologiai definicioja, mérése

A kronikus fehérallomanyi laesiok in vivo kimutatasanak
optimalis modszerei még hianyoznak, bar a North Ameri-
can Imaging in Multiple Sclerosis Cooperative (NAIMS)
konszenzusos nyilatkozata utmutatast nyujt a CAL radio-
l6giai meghatarozasahoz és méréséhez?. A CAL radiolo-
giai jellemzdi az elvaltozas lassu terjeszkedése ¢s a laesiot
koriilvevo szuszceptibilitasstilyozott perem jelenléte® 30,
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Lassan novekvd laesiok (SEL)

A SEL-ek folyamatosan, koncentrikusan terjednek az idé
mulasaval, és a hagyomanyos MRI-szekvenciakkal idébeli
sorozatos mérésekkel idedlisan 2 év alatt azonosithatok®'.
A myelintartalomra €s a mikrostrukturalis szoveti integri-
tasra érzékeny MRI-mérések (magnetizacio-transzfer kép-
alkotas, myelin viz képalkotas, diffuzios tenzor képalkotas
¢és kvantitativ T1-jelvaltozas) alkalmazasaval kimutattak,
hogy az MRI-vel definialt SEL-eket a nem SEL T2-elval-
tozasokhoz képest nagyobb szdveti destrukcio jellemzi.
A SEL-ek jelenléte és megnovekedett aranya dsszefligg a
rokkantsag iddvel nagyobb mértékii progresszidjaval®’. A
PPSM-es betegekben ezek a laesiok gyakoribbak és na-
gyobb T2-térfogattal rendelkeznek, mint az RRSM-ben
szenveddkben®.

Paramagneses peremlaesiok (paramagnetic rim lesions,

PRL)

A vasszegély-elvaltozasnak is nevezett PRL-ek perifé-
rias csokkent jelintenzitasti peremként mutathatok ki a
szuszceptibilitasalapti (SWI) MRI-felvételeken a laesiok
koriil. A jel forrasa a proinflammatorikus makrofagokban
¢és microglidkban az intracellularis, ferritinhez koétott mo-
lekularis vas®*. A PRL-ek kimutatasara szamos modszert
alkalmaztak, beleértve az egy- és tobb-echos gradiens ké-
peket, amelyekbdl szuszceptibilitasstlyozott képalkotas,
fazis, T2*/ R2* és kvantitativ szuszceptibilitas térképezés
vezethetd le. Mindegyik mddszer elénydkkel, de lehet-
séges korlatokkal is rendelkezik, ¢s még nem tisztazott,
hogy melyik technika teljesit jobban. Mindenesetre a
2024-ben modositas alatt allo6 McDonald-kritérium szerint
a PRL-ek jelenléte novelheti a diagndzis specificitasat.
Példaul a diagnozis felallithatd tipusos klinikum és
egyetlen tipusos MRI-laesio esetében, ha > 1 PRL ¢és
oligoclonalis band jelenléte igazolhatd®. A perem nélkiili
T2-laesiokhoz képest a PRL-lel rendelkezék nagyobbak,
iddvel kiterjednek, és a magban nagyobb mértékii szoveti
sériilés jellemzi 6ket. A leglijabb tanulmanyok a SEL-ek
¢és a PRL-ek kozotti atfedés kiilonbdzo szintjeit mutat-
jak. Kimutattak, hogy a PRL-ek mar az SM legkorabbi
stadiumatol kezdve eléfordulnak®, rosszabb klinikai és
radiologiai kimenetellel jarnak egyiitt, és 0sszefiiggenek a
kognitiv karosodas megjelenésével, még a RIS-ben szen-
ved6 személyekben is*’. Ezen tilmenden, amikor a PRL-
eket a juxtacorticalis régiokban észleltek, ugy talaltak,
hogy korrelalnak a kérgi demyelinisatio stlyossagaval.
A PRL-¢ek betegség lefolyasa soran jelennek meg, majd
eltlinnek, ahogy a microglia elvesziti a vasat, és inak-
tivva valik. A PRL-ek hosszu élettartama €s természetes
elttinésiik kihivast jelenthet a klinikai vizsgalatokban,
bar a mikroszerkezeti tulajdonsagaikban bekdvetkezd
valtozasok 2 éven beliil megfigyelhetdk. Az ultranagy
térerésségli MRI, példaul a 7 Tesla (7T) gold standard-

nak szamit a PRL-ek kimutatasara®®, bar 1,5T-n és 3T-n
is lathatova tehetok. Osszességében a PRL-ek vonzo
jeloltek a SAW monitorozasara a klinikai vizsgalatokban
¢s a klinikai gyakorlatban a jovében, tovabbi értékelésiik
és validalasuk folyamatban van'’.

PET-képalkotas

A 18 kDa transzlokatorfehérjéhez (TSPO) kot6do
radioligandok ¢és a PET felhasznalhato a kronikus gyulla-
das értékelésére az SM-es agyszovetben. Az aktivalt vele-
sziiletett immunsejteken €s az astrocytak egy alcsoportjan,
amelyek siiriisége bizonyos agyi régiokban megnoveke-
dett, a TSPO-molekula termelése megemelkedik, ami fo-
kozott TSPO ligandk&tédést eredményez. A TSPO-PET
segitségével a parazslo gyulladas in vivo szamszer{isit-
het6 mind az NAWM-ben, mind a GM-ben, valamint a
CAL-ok egy részében, a microglia-aktivacionak megfeleld
széleken, amint azt a patologiai vizsgalatok kimutattak?”.
A TSPO-kotddés eldre jelzi a CIS RRSM formava alakula-
sat, mértéke megndvekedett az SPSM-es betegek agyaban
az RRSM-es ¢€s az egészséges kontrollokéhoz képest, és
Osszefligg az agyi atrofia és a fogyatékossag felhalmo-
zodasaval, valamint a szérum-NfL-koncentracioval®.
Ezenkiviil kimutattak, hogy a TSPO-kotodés mértéke a
thalamusban, az NAWM-ben, valamint a CAL-ok szélén
¢és magjaban a relapszusoktol fiiggetleniil elére jelzi a
klinikai rosszabbodast, ami még inkabb kiemeli a SAW
potencialis biomarkerszerepét*'. A TSPO-PET azonban
jelenleg nem hozzaférhetd széles korben a klinikai gyakor-
latban, mivel a technologia kihivast jelent. A hozzaférést
a magas koltség, a betegek sugarterhelésével kapcsolatos
korlatok, valamint a képelemzés és a modellezés bonyo-
lultsaga korlatozza'”.

Osszegzés

SM-ben a korlefolyast modosito kezelések fejlesztése mér-
foldkovet jelentett. Kezdetben a kezelések elsésorban a
relapszusok gatlasat, masodsorban a progresszio lassita-
sat céloztak. Jelenleg a betegség progresszidjanak nyo-
mon kovetése kizardlag klinikai méréseken alapul, mivel
nincsenek olyan képalkoto vagy folyadék biomarkerek,
amelyek pontosan korrelalnak a progresszioval. A parazslo
betegség felismerése, a relapszustol fliggetlen, ,,parazs-
lassal 0sszefliggd rosszabbodas” fogalmanak beépitése a
klinikai vizsgalatokba ujszeri megkozelités, ami 0j diag-
nosztikus kritériumot és Uj terapias stratégiat kovetel. A
hatterében zajlo kronikus aktiv laesiok kimutatasanak le-
hetséges biomarkerei a SEL-ek, PRL-ek és TSPO-pozitiv
elvaltozasok. Legigéretesebb az MRI vizsgalattal kimutat-
hatd PRL, melynek klinikai gyakorlatba val6 integralasa
megvalosulhat a kdzeljovoben.
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Beszamold az els6 Eurépai Gyermek Neuroradioldgiai
Kongresszusrol

2024. november 13. és 16. kozott kerllt megrendezésre az elsé Eurdpai Gyermek Neuroradioldgiai Kong-
resszus (EPNC) Budapesten, az Eurépai Neuroradioldgiai (ESNR) és az Eurdpai Gyermekradioldgiai Tarsa-
sag (ESPR) kozos szervezésében, a nagy érdeklddésre vald tekintettel hibrid formaban, helyszini és online
részvételi lehetéséggel. Az esemény elsd napjan egy, a magzati képalkotast targyald kurzus zajlott, a to-
vabbiakban pedig a gyermekkori stroke, az epilepszia, a legljabb MR-vizsgalati technikdk, a koponyabasis
és az Ujszulottkor radioldgiai vizsgaldmddszerei témakorok koré szervez8dott a program (https://mnrt.hu/
elso-epnc/). Huszonegy orszaghol érkezett az 54 eléadd, a helyszinen 196, online 166 f§ vett részt az ese-
ményen 0sszesen 46 orszagbdl. Hazankbol 27-en regisztraltunk, négy felkért el6adassal, két szébeli és egy

elektronikus poszterrel képviselve a magyar neuroradioldgiat.

A rendezvény emelkedett pillanata volt, amikor csaladja jelenlétében megemlékeztiink a 2022-ben tragi-
kus hirtelenséggel elhunyt dr. Patay Zoltdn USA-ban dolgozo, nemzetkdzileg elismert neuroradioldgusrol, aki
az ESNR-kurzusok és -kongresszusok allando résztvevdje, sokak példaképe volt. A szervezdk tanitvanyat, Ulrike
Lébelt kivald mentor-mentoralt kapcsolatért jard dijjal jutalmaztak.

A tervek szerint az EPNC kétévente kerll majd megrendezésre, masodik alkalommal 2026 oktéberében
Genovaban.

A Magyar Neuroradioldgiai Tarsasag vezetésége
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Bevezetés - A depresszio korai és pontos
diagndzisa elengedhetetlen a megfeleld
kezelés miel6bbi megkezdéséhez, azonban

a hagyomanyos diagnosztikai médszerek
hasznalata gyakran szubjektiv, ember- és
id8igényes. Az automatizalt hangelemzés
igéretes megoldast kinadlhat e kihivasok
lekUzdésére, lehetévé téve a hangalapu bio-
metrikus jellemz&k objektiv mérését. A jelen
tanulmany célja a gépi tanulassal tamogatott
hangelemzési mddszerek kutatasi gyakorla-
ténak és eredményeinek attekintése, a kdvet-
kezetlenségek feltarasa, valamint a jovébeli
kutatdsok szamara konstruktiv javaslatok
megfogalmazasa.

Médszerek - A jelen kdzlemény egy Ugyne-
vezett umbrella review eredményeit ismerte-
ti, ami mar publikalt szisztematikus irodalmi
attekintések és metaanalizisek eredményeit
integralja. A kdzlemények azonositasahoz a
PubMed, Scopus és ProQuest adatbaziso-
kat hasznaltuk, kdvetve a PRISMA iranyel-
veit. A keresési intervallum az elmdlt 5 évre
terjedt ki. A keresés elére meghatarozott
keres®kulcs és szelekcios kritériumok segit-
ségével tortént, fuggetlen attekinték alkalma-
zasaval. A részletes elemzést megel6z&en a
kozlemények modszertani megfelel8ségét az
AMSTAR? értékelérendszerrel vizsgaltuk.
Eredmények - A szisztematikus irodalomku-
tatas soran sszesen 162 egyedi rekordot
azonositottunk. A bevonasi és kizarasi kritériu-
mok alapjan végul hat kozlemény részletes
elemzésére kerult sor. Az eredmények ramu-
tatnak az eddig fejlesztett modellek korlato-
zott alkalmazhatdsaganak hattértényezdire,
valamint hangsulyozzak azon akusztikai jel-
legzetességek fontossagat, amelyek a feltart

Automated audio analysis and depres-
sion: A systematic umbrella review
Hajduska-Dér B; Simon L, PhD; Réthelyi ],
PhD; Haluska-Vass E, PhD

Background and purpose - The early and
accurate diagnosis of depression is essential
for the timely initiation of appropriate treat-
ment. However, the use of traditional diag-
nostic methods is often subjective, labour-in-
tensive, and time-consuming. Automated
voice analysis offers promising solution to
overcome these challenges by enabling

the objective measurement of voice-based
biometric features. The aim of this study is
to review the research practice and findings
of voice analysis methods supported by ma-
chine learning, to uncover inconsistencies,
and to formulate constructive suggestions
for future research.

Methods - This paper presents the re-

sults of a so-called umbrella review, which
integrates the findings of already published
systematic literature reviews and meta-anal-
yses. For the identification of publications,
we used the PubMed, Scopus, and ProQuest
databases, following the PRISMA guidelines.
The search interval covered the last 5 years.
The search was conducted using predefined
search terms and selection criteria, with the
involvement of independent reviewers. Prior
to detailed analysis, the methodological qual-
ity of the publications was assessed using
the AMSTAR? evaluation system.

Results - Through the systematic literature
search, we identified a total of 162 unique
records. Based on the inclusion and exclu-
sion criteria, 6 publications were selected for
detailed analysis. The results highlight the
background factors limiting the applicability
of the developed models and also empha-
size the importance of acoustic characteris-
tics that can be identified as biomarkers of
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modszertani kdvetkezetlenségek ellenére a
depresszio biomarkereként azonosithatok.

A jelen attekintés alatamasztja a gépi tanulas
és a hangelemzés jelent&ségét a depresz-
szi6 diagnosztikajanak fejlesztésében. Ahhoz
azonban, hogy a kutatasi eredményeket a
gyakorlatba at tudjuk Ultetni, standardizalt
maodszerek alkalmazasan tul tdbbek kozott
kulonboz8 dsszetétel( tesztcsoportokon
torténd validalas sziukséges.

Kovetkeztetés - A gépi tanulds alkalmazasa
a depresszid detektalasaban szamos elényt
igér, ilyen az objektiv diagnosztika vagy a
korai felismerés. Ez a technoldgia hosszu
tavon koltséghatékony megoldast kinalhat,
mikozben nagyobb hozzaférhetéséget biz-
tosit a mentalis egészséglgyi szolgaltatasok-
hoz. Mindazonaltal, a terllet még fejl6dbében

depression despite methodological inconsis-
tencies. This review supports the importance
of machine learning and voice analysis in
advancing the diagnostics of depression.
However, to translate research outcomes
into practice, beyond the application of
standardized methods, validation across
diverse test groups is necessary, among
other things.

Conclusion - The application of machine
learning in depression detection promises
numerous advantages, such as objective
diagnosis or early detection. This technology
could offer cost-effective solution in the long
run while providing greater access to mental
health services. Nevertheless, the field is still
evolving, and further research is needed to
enhance the reliability of these methods.

van, és tovabbi kutatasokra van sztkség a
modszerek megbizhatdsaganak novelése

érdekében.

Kulcsszavak: depresszio, gépi tanulds, auto-

matizalt hangelemzés

depresszio korunk egyik leggyakoribb mentalis beteg-
ége, ami vilagszerte kdzel 280 millié embert érint, és
jelentds hatassal van az egyének ¢letmindségére. A tiinetek
korai felismerése és a hatékony kezelés kulcsfontossagu a
depresszioval kiizdok tamogatasaban; azonban az alacsony
¢és kozepes jovedelmii orszagokban az emberek tobb mint
75%-a nem részesiil megfeleld kezelésben'. Az évtizedek
ota hasznalt pszichodiagnosztikai tesztek és klinikai inter-
juk hatékonyan kiszlirik a depresszios allapotokat, de ezek
gyakran ember- ¢és iddigényesek, ami noveli a gazdasagi
raforditast, emellett gyakran szubjektiv természetiik is
problémat jelenthet.

Az utdbbi években egyre nagyobb figyelmet kapott a
gépitanulas- és a hangalap biomarkerek alkalmaza-
sa a depresszios allapotok diagnosztizalasaban, mivel ezek
a technologiak potencialisan objektiv és gyors modszere-
ket kinalnak a mentalis allapotok értékelésére'. A beszéd-
elemzés biztatd eredményt mutat a depresszio potencialis
biomarkereként, ahogy azt tobbek kozott azok a kutatasok
is alatamasztjak, amelyek depressziv allapotok esetén a
beszéd csokkent sebességét, megndvekedett sziinethosszo-
kat és a hangmagassag kisebb variabilitasat azonositottak?.
A hatékonysagra iranyul6 biztaté eredmények mellett a
beszéd konnyen és invaziv eszkdzok nélkiil begytijthetd
adattipus, ami szamos, a depresszio tiineteihez kapcsolodo

Keywords: depression, machine learning,
automated voice analysis

informaciot hordoz?®. A gépi tanul6 eljarasok fejlodésével
a beszéd akusztikai elemzése felgyorsithato és automati-
zalhato, lehetdvé téve olyan szilirdeszkdzok 1étrehozasat,
amelyek emberi beavatkozas nélkiil is hasznalhatok. Jelen-
leg a kiilonb6z6 kutatasok altal elért diagnosztikai pontos-
sag 70-80% kozotti, azonban az eltérd vizsgalati tervek,
a validacios vizsgalatok hidnya és a kis mintanagysagok
korlatozzak az altalanosithatdo modellek kidolgozasat®.

Az emlitett hianyossagok ¢és a gyakran ellentmonda-
sos eredmények feltérképezése érdekében ugynevezett
umbrella review alkalmazasaval foglaltuk dssze a teriileten
sziiletett eddigi eredményeket. Ez a megkozelités lehe-
tové teszi, hogy a mar publikalt szisztematikus irodalmi
attekintések és metaanalizisek alapjan integralt és atfogo
képet nytjtsunk a kutatasi eredményekrdl, az esetleges
hianyossagokrol és a feltarhato ellentmondasok természe-
térodl, ezzel elésegitve a jovobeli kutatasok iranyvonalanak
meghatarozasat az altalanosithaté modellek hatékony ki-
dolgozasa érdekében.

Fontos megjegyezni, hogy a vizsgalatba bevont tanul-
manyok a fokuszt nem az egyértelmtien diagnosztizalhato
depresszios epizodok detektalasara helyezik, hanem a de-
presszios tiinetekkel jellemezhetd allapotok felismerésére
torekszenek. Igy a tovabbiakban depresszio sziirése alatt
a depresszios allapot azonositasat értjiik.
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Maddszer

A jelen vizsgalat mar publikalt szisztematikus irodalmi
attekintések ¢és metaanalizisek vizsgalatara épiild, ugy-
nevezett umbrella review, a vizsgalt tudomanyteriileten
sziiletett eddigi eredmények dsszefoglalasa ¢és integralasa
érdekében.

Szisztematikus irodalomkeresés

A vizsgalt téma szempontjabol relevans kozlemények azo-
nositasahoz a PubMed, Scopus ¢és ProQuest adatbazisokra
tamaszkodtunk. A kozlemények azonositasanak folyamata
a PRISMA iranyelv alapjan, szisztematikus irodalomke-
resés réveén tortént. A keresést 2024. szeptember 18-an
bonyolitottuk le, a keresési intervallum a tudomanyterti-
let dinamikus fejlédésére tekintettel az elmult 5 évre
terjedt ki.

A keresés soran az alabbi keresdkulcsot alkalmaztuk:
»acoustic”* OR ,speech” OR ,,vocal” OR ,,audio” AND
»depress”* AND ,, Machine learning” OR ,,Deep learning”
OR ,,Neural network” OR ,,automated detection”.

A tanulmanyok azonositasakor az adatbazisokban ismé-
telten eléfordulo rekordok (duplumok) kizarasat kdvetden
cim, majd absztrakt alapjan hataroztuk meg a relevans
kozleményeket. A fennmarado kozlemények teljes szove-
gének attekintésére sor keriilt. A szlirési folyamat minden
1épését az elso €s utolso szerzd egymassal parhuzamosan,
egymastol fiiggetleniil végezte. A rekordok kizarasanak
okat a szerzok a szlirést kovetden egyeztettek és rogzi-
tették. Amennyiben a kdzlemények bevonhatosagat te-
kintve dontésiik nem egyezett, a folyamatba a masodik
¢s harmadik szerzé mint fliggetlen értékel6 bevonasara
is sor kertilt.

A kozlemények relevanciajanak megitélésére az alabbi
bevonasi és kizarasi kritériumok mentén keriilt sor:

Bevonasi kritériumok: 1. A kozlemény angol nyelven
irodott; 2. az elmult 5 évben publikaltak; 3. tipusat te-
kintve PRISMA iranyelv alapjan késziilt irodalmi atte-
kintés (annak tovabbi tipusatol fliggetleniil); 4. legalabb
részben automatikus, gépitanulds-alapt hangelemzésre
¢épiil6 detekcios rendszerek vizsgalatara iranyul depresz-
szios betegpopulacioban (de nem feltétleniil csak dep-
resszidban).

Kizarasi kritériumok: 1. A vizsgalat nem fogalmaz meg
kovetkeztetéseket a depresszio automatikus hangelemzés-
sel torténd detektalasarol, ideértve hatékonysagvizsgalati
eredményeket vagy modszertani megfontolasokat. 2. A
kozlemény teljes szovege nem elérhetd.

Tekintettel arra, hogy a bevont tanulmanyok koziil csak
egy volt metaanalizis, a bevont kozlemények kvalitativ
elemzésére keriilt sor. A kvalitativ elemzést megel6zden
az elemzésben szerepld szisztematikus attekintések és
metaanalizis minéségét AMSTAR 2 értékeldrendszerrel
meértiik és értekeltiik, hogy lathatova tegyiik azokat a hi-

bakat, melyek az attekintd tanulmanyok megbizhatosagat
és érvényességét befolyasolhatjak®.

Eredmények

Szisztematikus irodalomelemzés

A szisztematikus irodalomkutatas soran dsszesen 162
egyedi, nem duplikalt rekordot azonositottunk. A bevonasi
és kizarasi kritériumok alapjan a megvizsgalt tanulmanyok
koziil 16 esetben keriilhetett sor azok tartalmanak teljes
terjedelemben torténd atvizsgalasara. Az utobbi munka-
szakasz eredményeként tovabbi 10 kdzlemény kizarasara
keriilt sor. A kozlemények kivalasztasanak folyamatat az
1. abra szemlélteti.

A bevont kdzleményeket a részletes kvalitativ elemzést
megel6zoen AMSTAR 2 értékeldrendszer segitségével
vizsgaltuk, melynek eredményét az 1. tablazat rogziti.
Az AMSTAR 2-elemzés alapjan megallapithatd, hogy a
vizsgalatba bevont kozlemények tobbsége kozepes vagy
magas mindségli, mig egy tanulmany alacsony mindsi-
tést kapott. A mindsités soran a kozlemények tobbsége
megfelelt az eredmények ismertetésére és interpretalasara
iranyulo kovetelményeknek. A tanulmanyok értékelésének
alapjat igy foként az elemzés modszertani megfeleldsége
képezte. Ennek alapjan harom tanulmany egyetlen adatba-
zisban végzett keresést, illetve minddssze egy alkalmazott
fliggetlen értékeldket az irodalomkutatas folyamataban.
Emellett mindossze egy kozlemény nyilatkozott a pro-
tokoll elézetes regisztraciojardl (1. tablazat). Egyetlen
tanulmany végezte el a bevont kdzlemények irodalom-
jegyzékének attekintését.

A hat vizsgalatba bevont sszefoglalo tanulmany fébb
jellemzdit a 2. tablazat dsszesiti. A bevont kdzlemények
atlagosan 90 tanulmany szisztematikus attekintését vé-
gezték el (minimum: 36, maximum: 264); a depresszio
gépitanulas-alapi hangelemzésre ¢épiilé detekciojaval
atlagosan 23 tanulmany foglalkozott. Ennek oka, hogy
minddssze két olyan attekintés sziiletett, ami a bevonasi
kritériumoknak megfelel, és depresszion kiviil mas pszi-
many nem hatarozta meg a bevonasi iddszak also hatarat,
a fennmarado tanulmanyok attekintési idészaka 1 és 10
¢év kozott mozgott. Az altalunk bevont attekintd kozleme-
nyek tobbnyire olyan tanulmanyokat vizsgaltak, amelyek
mintaelemszama a gépitanulas-alapt predikcios modellek
tesztelése szempontjabol szuboptimalis, azaz a predikalt
kimeneteli osztalyokhoz asszocialt Iétszam 50 {0 alatti, és
a nok altalaban feliilreprezentaltak.

A hangalapu elemzés formai és modszerei

Ahogy attekintd tanulmanyunk is szemlélteti, a mester-
ségesintelligencia-alapu detekciés modellek vizsgalata
altalaban nem alkalmaz kontrollcsoportot, mivel ezek a



90

Hajduska-Dér: Depresszid és hangelemzés

( N
Duplumok (n =299)

> | Cim alapjan eltavolitott rekordok:

Nem depresszidval foglalkozik (n = 115)

Nem angol nyelvi (n = 1)

Nem attekintd tanulmany (n = 1)

Nem hangelemzéssel foglalkozik (n = 2)

Nem diagnosztikaval, detekcidval
foglalkozik (n = 10)

- J

( M
Absztrakt alapjan eltavolitott rekordok:

Y

Nem peer reviewed (n = 1)

Nem depresszidval foglalkozik (n = 1)

Nem hangelemzéssel foglalkozik (n = 3)

Az attekinté tanulmany nem felel meg a
maddszertani kdvetelménynek (nem PRISMA-
ajanlas alapjan készult (n = 10)

Teljes szdveg alapjan eltavolitott rekordok:

( N
Azonositott rekordok (n = 461):
PubMed (n = 18)
&8 Scopus (n = 83)
G ProQuest (n = 360)
g
o
N
<
-/
)
Tovabbi sz(irésbe bevont
kozlemeények
(n=32)
§
<
X
3z
S
N
L
R
n Teljes terjedelemben megvizsgalt
kozlemeények
(n=16)
-/
)
%)
\©
C
% A vizsgalatba bevont tanulmanyok
m (n=06)
- J

Y

Nem depresszidval foglalkozik (n = 5)

Nem hangelemzéssel foglalkozik (n = 1)

Az attekintd tanulmany nem felel meg a
maddszertani kdvetelménynek (nem PRISMA-
ajanlas alapjan készult (n = 4)

1. dbra. Az irodalomkutatds folyamatdnak bemutatdsa a PRISMA dtmutatds alapjdn javasolt folyamatdbraban

vizsgalatok meglévé adatok elemzésére és a modellek
tanulmanyozasara dsszpontositanak. Elrendezésiiket te-
kintve tipikusan retrospektiv elemzések.

Noha a nyelvi paraméterek és a depresszio kozotti 6sz-
szefiiggések vizsgalatara alkalmazott technikak alkalma-
sak lehetnek az egyénen beliili valtozasok mérésére, ezen
lehet6ségek vizsgalata a bevont kdzleményekben nem ke-
riil kelloképpen elemzésre. Ez részben annak kdszonhetd,
hogy a mesterségesintelligencia-alapu modellek vizsgalata
adatéhes folyamat, ahol az egyénen beliili eltérések nyo-
mon kovetése a longitudinalis elrendezés sziikségessége
miatt jelentds mértékben megndvelheti a sziikséges adat-
mennyiséget.

A vizsgalatba bevont tanulmanyok alapvetden két meg-
kozelitést vazolnak a depresszio gépi tanulasra és hang-
elemzésre egylittesen épiild detekcidjanak lehetdségeivel
kapcsolatban. Az egyik, tradicionalis megkozelitést azok
a tanulmanyok képviselik, amelyek a beteg altal eldallitott
hanganyag mesterségesintelligencia-alapu algoritmusok
segitségével torténd elemzését végzik. Ezen tanulmanyok
célja, hogy meghatarozzak azokat az akusztikai jellemzo-
ket, amelyek atlagtol valo eltérése a depresszio fennallasara
utal. Emellett azt is vizsgaljak, hogy az emlitett jellemzok-
re épiilé predikcios modellek a tradicionalis diagnosztikai

folyamatokkal 6sszevetve mennyire pontosak® . Egy
masik, talan szokatlanabb megkozelitést képviselnek azok
a tanulmanyok, amelyek a mesterségesintelligencia-alapu
algoritmusokat elsdsorban a betegekkel kommunikalni
képes, igynevezett beszélgetd ligynokdk hasznalata soran
alkalmaznak. Ezek az ligynokdk virtualis asszisztensek,
amelyek képesek emberi beszélgetést szimulalni, segitve
a paciensekkel folytatott interakciok fenntartasat. Tobbsé-
giik meglepd modon a mesterséges intelligencia nytjtotta
lehetdségeket nem a hangelemzés, hanem a beszélgetés
fenntarthatosaganak biztositasa soran igyekszik kihasznalni,
mig a betegek allapotfelmérésében tovabbra is standardizalt
teszteket alkalmaz. A vonatkozé attekintd tanulmany szer-
761 mindossze 6t olyan tanulmanyt azonositottak, amelyben
az ligyndk nem valamely teszt, hanem a beteg beszédének
elemzése alapjan vont le kdvetkeztetéseket a depresszio
fennallasara vonatkozdan'. A teriileten sziiletett meglepéen
magas szamu tanulmany ellenére azonban ezen a teriileten
csak egyetlen szisztematikus irodalmi attekintést tudtunk
azonositani. Ez a munka sem nyilatkozik ugyanakkor az
alkalmazott mesterségesintelligencia-kliensek hatékonysa-
garol, elsésorban azok technologiai leirasara szoritkozik'®.
Ezért a tovabbiakban a korabban ismertetett tradicionalis
megkdzelités modszereit ismertetjiik.
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1. tablazat. A bevont k6zlemények elemzése AMSTAR 2 értékelGrendszerrel®
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I:igen, N: nem, RI: részleges igen, NA: nem alkalmazhato, PICO: Population, Intervention, Comparison, Outcome,
RCT: randomized controlled trial/randomizalt kontrollalt vizsgalat, NRSI: non-randomized study interventions/nem
randomizalt elrendezés, RoB: risk of bias/elfogultsagi kockazat

A gépitanulas-alap hangelemzés legfontosabb 1épé-
se maga az adatgyijtés. E tekintetben szamos kutatas
tamaszkodik nyilvanosan elérhetd adatbazisokra, mint
példaul az AVEC Audio/Visual Emotion Challenge
Workshop vagy a DAIC-WOZ (Analysis Interview Cor-
pus Wizard of Oz) adatbazis. Az attekintd tanulmanyok
altal vizsgalt kutatasok koziil a gépi tanulo algoritmusok-
kal dolgozé munkak 60-70%-a, mig a mélytanuld archi-
tektarak koriilbeliil 40%-a sajat adatbazissal dolgozik,
amelyek jelentdsen eltérnek méretiiket, a résztvevék
demografiai adatait, a depresszi6 értékeléséhez hasznalt
eszkdzoket, vagy a beszédrogzités soran alkalmazott
feladatokat illetéen. Noha az dsszefoglald tanulmanyok
altal megvizsgalt kozlemények az emlitett paraméterek
mentén mintaikat részletesen jellemzik, sajnos szinte
egyetlen esetben sem torténik meg a minta komorbiditas
mentén torténd jellemzése, ami a mintak jellemzdinek
valtozékonysaga mellett tovabb neheziti az eredmények
Osszehasonlithatosagat® 6.

A minta azonositasanal fontos kérdés, hogy a kutatok
milyen eszkdzokkel mérik fel a depresszios pacienseket.
E tekintetben aranystandardnak a klinikai pszichologu-
sok ¢és pszichiaterek értékelésére épiild diagnozisalkotasi
folyamatot tekintik. Mivel azonban ez gyakran koltséges
folyamat, a kutatasok tobbsége tigynevezett onkitoltds
kérdoivek eredményei alapjan hatdrozza meg a betegcso-
portokat. Ezek leggyakrabban a PHQ-9 (Patient Health
Questionnaire-9) és a Beck Depression Inventory (Beck
depresszio kérddiv) kérddivek (mélytanuld architektarak
esetén ez az arany 90% folotti, mig a gépitanulas-alapu

modelleknél a modellek alacsonyabb informacioé¢hsége
miatt alacsonyabb). Az attekint6 tanulmanyok minddssze
néhany olyan esetet azonositottak, ahol a klinikus értékelé-
sét és az Onkitoltés kérddiveket egymassal parhuzamosan
alkalmaztak® "1°.

Hasonloan nagy valtozékonysag jellemzi az
audioadatok rogzitésénél hasznalt feladatokat is. Ez lehet
tobbek kozott strukturalt interju, szabad beszéd, szerepja-
ték, érzelmeket kivalto torténetek elmondasa vagy felol-
vasasi feladat. Az altalunk bevont attekinté tanulmanyok
alapjan leggyakrabban szabalyozott beszédkdrnyezet al-
kalmazasara, azon beliil felolvasasi feladat alkalmazasara
keriilt sor, de meglehetdsen gyakran hasznaltak szabad
szovegelemzést is, melynek soran a spontan, kotetlen be-
sz€dbdl szarmazo6 nyelvi mintakat és hangparamétereket
vizsgaltak. Az alkalmazott feladatok valtozékonysaga
mellett fontos megjegyezni, hogy azok felvétele minden
alkalommal ellen6rzott koriilmények kozott tortént, jo
mindségli eszk6zok hasznalataval. Ez a megkozelités bar
biztositja az adatok megfelelé mindségét, eréforrasigénye
miatt korlatozhatja a gyijtott adatok mennyiségét. E tekin-
tetben bar tobb szerzd jutott arra a kdvetkeztetésre, hogy
az ugynevezett ,,off site”, azaz tavoli eszkdzok, példaul
mobiltelefonok, okosorak hasznélataval torténd, kevés-
bé ellendrizhetd adatgytijtés fontos alternativat kinalhat
az adatmennyiség novelése érdekében, egyetlen altalunk
bevont attekintd tanulmany sem azonositott ,,off site” esz-
kozokkel végzett vizsgalatot. Ennek hatterében az utobbi
megkdzelités sajatos kockazatai feltételezhetdek (példaul
az adatmin6ség egyenetlensége)® ©°. Bar az attekint6 ta-
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2. tablazat. A bevont tanulmanyok f6bb jellemzoi

Hivat- Attekint6  Re- Vizsgalt Bevont  Ebb6l Vizsgalt Vizsgalat fokusza  Vizsgalt Fébb

kozds tanulmany gisztrd- inter-  tanul- rele-  adatbazis paraméterek  eredmények
tipusa cio vallum  manyok vans

szama

6 Sziszte- Nem  2015- 43 5 Web of Atfogd attekintés  Hangelemzés  Leggyakrabban
matikus re- 2021 Science,  aneuroldgiai soran hasz- alkalmazott
attekintés  giszt- Pubmed, és pszichidtriai nalt felada- feladatok: felol-

ralt IEEE zavarok hangala-  tok tipusa, vasas, spontan
Xplore pu felismerésére  alkalmazott beszéd, leggya-
vonatkozo tanul-  algoritmusok,  koribb algorit-
manyokrol. depresszidval  mus: SVM, DT,
kapcsolatba RF, differencialast
hozhatd segitd akuszti-
akusztikai kai jellemzdk:
jellemz8k shimmer, jitter,
HNR, Gssz-
szlUinethossz, fO
variabilitas.

7 Sziszte- PROS- 2021- 25 25 Web of Deep-learning Adeep- Osszesitett
matikus PERO 2024 Science,  alapu beszéd- learning mo-  pontossag: 0,87;
attekintés Pubmed, elemzésre dellek becslési  Osszesttett szen-
meta- IEEE épulé diagnosz-  pontossaga zitivitas: 0,87
analizis Xplore, tikai rendszerek  (szenzitivitds,  Legmagasabb

Medline,  pontossaganak  specificitas, pontossag CNN-
Embase,  felmerése de- pONtossag) transformer
Psych- presszidban. modell esetén:
INFO, 0,94.

Scopus

3 Sziszte- Nem  2010- 127 55 Google Automatizalt Depresszidval  Differencialast
matikus re- 2020 Scholar beszédelemzésre kapcsolatba segitd akuszti-
attekintés  giszt- épulé pszichidt-  hozhato kai jellemzék:

ralt riai diagnosztikai  akusztikai shimmer,
rendszerek jellemz8k jitter, HNR, fO
vizsgalata, els6- variabilitas, 6ssz-
sorban a beszéd sziinethossz.
megkulonboztetd A modellek
jegyeinek azono- becslési pontos-
sitasa céljaval. saga a mérések
komplexitasabdl
adodo overfitting
miatt nem altala-
nosithato.

8 Koncep- Nem  2017- 45 2 PubMed  Ahangulatza- Machine Pontossag:
ciondlis re- 2021 varok digitalis learning mo-  0,65-0,82; szen-
és kritikai  giszt- fenotipizalasara dellek becslési  zitivitas: 0,65%;
attekintés  ralt iranyuld torekvé-  pontossaga specificitas:

sek elemzése, ide (szenzitivitds,  0,65%;

értve a beszéd- specificitas, differencidlast

elemzésre épulé  pontossag), segité akusztikai

diagnosztikatis.  depresszidval  jellemz&k: meg-
kapcsolatba nétt valaszadasi
hozhaté latencia, szline-
akusztikai tek gyakorisaga-
jellemz8k nak és hosszanak

novekedése.
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Folytatas az el6z6 oldalrdl

Hivat- Attekintd  Re- Vizsgalt Bevont  Ebb6l Vizsgalt Vizsgalat fokusza  Vizsgalt para-  FObb eredmé-
kozds tanulmany gisztra- inter-  tanul- rele-  adatbazis méterek nyek
tipusa cié vallum  manyok vans
szama
E Sziszte- Nem  2022- 264 18 Google Gépitanulas- Depresszidval  Differencialast
matikus re- 2023 Scholar alapt diagnosz-  kapcsolatba segité akusztikai
attekintés  giszt- tikai rendszerek  hozhatd jellemzdk: pozitiv
ralt pontossaganak akusztikai korrelacid: jitter,
felmerése de- jellemz8k shimmer, HNR.
presszidban. Negativ korre-
lacio: 1O atlag,
O variabilitas,
intenzitasatlag.
10 Sziszte- Nem  -2023 36 36 PubMed,  Hangalapu Abeszélgetd A bevont tanul-
matikus re- IEEE interakcidkra kliensek tech-  manyok 13,9%-a
attekintés  giszt- Xplore, épulé beszélgetd  nikaijellemzéi-  hasznalt kizaré-
ralt Psych- Kliensek (pél- nek vizsgalata  lag hangalapu
INFO, daul avatarok) dialégusokat az
Scopus detekcidban elemzések soran.
jatszott szerepé-
nek felmérése
depresszidban.

Jitter: a zonge peridédusainak idébeli ingadozasat méri, jelezve a hangadas stabilitasat vagy instabilitdsat; shimmer: a zonge periédusainak

amplitidobeli ingadozasat méri, jelezve a hangadas stabilitdsat vagy instabilitdsat, SVM: tamogato vektorgép (support vector machine), DT:
dontési fa (decision tree), RF: véletlen erdd (random forest), HNR: harmonikus-zaj arany (Harmonics-to-Noise Ratio), fO: alaphangmagassag;
CNN: konvoluciés neurédlis haldzat (Convolutional Neural Network)

nulmanyok nagy gondot forditanak az alkalmazott felada-
tok leirasara, arrél, hogy miként hathatnak az alkalmazott
feladatok az algoritmusok predikcios pontossagara csak
egy attekintd tanulmany nyilatkozott, ami a vizsgalt kuta-
tasok alapjan a spontan beszédre épiild elemzést altalaban
jobbnak talalta’.

Az audioadatok elemzésének egyik els6 1épése a min-
tavételt kovetden az eldfeldolgozas, ami magaba foglalja
a csend €s zaj eltavolitasat, a jel normalizalasat, a zajszi-
rést és az esetleges torzitasok korrigalasat. Ez a folyamat
tobbek kozott digitalis jelfeldolgozoé technikak, szoftve-
res zajszird algoritmusok segitségével zajlik. Az altalunk
vizsgalt dsszefoglalé tanulmanyok azonban az altaluk
vizsgalt kutatasokat e tekintetben részletesen nem elem-
zik. Nagyobb hangsuly helyezddik ugyanakkor a relevans
akusztikai jellemzok kinyerésére (feature extraction). Az
Osszefoglalod tanulmanyok alapjan ehhez leggyakrabban
nyilt forraskodu platformokat (openSMILE, COVAREP és
openEAR), illetve Python-alapu konyvtarat alkalmaznak
(pyAudioAnalysis) a kutatok. A leggyakrabban kinyert/
vizsgalt akusztikai jellemzoket, azok rovid meghataroza-
saval a 3. tablazat részletezi® ©°.

Az akusztikai jellemzok kinyerését kovetden a kovetke-
70 1épés a jellemzok elemzése ¢és az algoritmusok tanitasa,
ami magaba foglalja a gépitanulas-alapi modellek kiva-
lasztasat és az adatok el6készitését a modellek szamara.

E tekintetben a depressziokutatasok soran leggyakrabban
gépitanulas-architekturak, azon beliil is SVM (Support
vector machine) hasznalatara kertil sor. Viszonylag rit-
kéan alkalmaznak mélytanulasi architektirakat. Ennek oka
valoszintileg az, hogy a mélytanulasi modellek adatigénye
nagyobb, mig példaul az SVM kis adathalmazon is képes
osztalyok elkiilonitésére. Az SVM mellett a kutatok mas
gépi tanulasi modelleket is elészeretettel alkalmaznak,
ilyen a DT (decision trees), ami atlathato és interpretal-
hato, klinikusok €s kutatok szamara konnyen értheté mo-
delleket kinal, vagy az RF (random forest), ami a magas
zajarannyal jellemezhet6 adatokat is jol toleralja, emellett
a DT-kkel 6sszehasonlitva csokkenti az overfitting koc-
kazatat>%7°, A mélytanul6 architektrak koziil az ugyne-
vezett CNN (Convolution Neural Network) alkalmazasa
volt a leggyakoribb. Ennek oka valdsziniileg az, hogy a
CNN a nyers audioadatokbol komplex mintazatok (pél-
daul spektralis és idébeli jellemzdk) kinyerésére képes
anélkiil, hogy kézzel definialt jellemzdket kellene hasznal-
ni; emellett rétegzetten lehet felépiteni, igy komplexebb
Osszefiiggések megtanulasara és modellezésére is képes
(példaul intonacids mintazat)’. Az egyes architektarak ko-
zotti kiilonbségek nem azt jelentik, hogy a mélytanul6 al-
goritmus minden esetben jobb valasztas. A modellek kiva-
lasztasa ugyanis gyakran attol fiigg, milyen tipusu audio-
jellemzdkkel dolgoznak a kutatok.
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3. tablazat. A depresszidval bsszefliggésben vizsgdlt akusztikai jellemzdk listaja és azok révid meghatarozdsa (a
tdblazat nem terjed ki valamennyi ismert akusztikai jellemzé ismertetésére, a leggyakrabban vizsgalt paramétereket

kiemeltiik)
Jitter A zdnge periddusainak id8beli ingadozasat méri, jelezve a hangadas stabilitdsat vagy
instabilitasat.
Shimmer A zdnge periddusainak amplitiddbeli ingadozasat méri, jelezve a hangadas stabilitasat
vagy instabilitasat.
Tremor A hangszalagok rezgésének frekvenciabeli ingadozasat méri, amely a hang stabilitdsa-

nak periodikus valtozasait jellemzi.

Harmonics-to-noise ratio
(HNR)

Az alapfrekvencia (fO) és a zajenergia aranyat méri a hangban, és a hang tisztasagat,
valamint a vokalis zaj jelenlétét jellemzi.

Quasi-open quotient

(QOQ)

Ahang mindségét és természetességét értékeli kilonbozé paraméterek, példaul a
hangszin és a tisztasag alapjan.

Normalized Amlitude

A beszéd érthet8sége és a hattérzaj aranyat méri, ezzel segitve a beszéd mindségé-

Quotient (NAQ) nek értékelését.

Peak slope A hanghullam cslcsanak emelkedési sebességét méri, amely a hang intenzitasanak
gyors valtozasat jelzi.

F1 dtlag Elsé formans frekvencia atlaga.

F2 atlag Masodik formans frekvencia atlaga.

F1 variabilitas

Az els8 formans (F1) frekvencidjanak szérasa.

F2 variabilitas

A masodik formans (F2) frekvencidjanak szérasa.

F1 tartomany

Az elsé formans frekvencidinak intervalluma.

Vowel space

A vowel space (maganhangzé-tér) egy akusztikai tér, amely a maganhangzok formans-
frekvenciainak (F1 és F2) alapjan mutatja a nyelv helyzetét a beszéd soran, és vizuali-
san abrazolja a kulénbozé maganhangzok képzését.

Mel Frequency Cepstral

A beszéd Mel-frekvencidk szerinti sdvokra bontott intenzitas értékeinek a diszkrét

Coefficients (MFCCQ) koszinusz transzformacidjaval nyert egyltthatoi.

fO dtlag A beszédhang alaphangjanak atlagos értéke.

fO tartomdny Beszédhang alaphangjanak legkisebb és legnagyobb értékei kozotti intervallum.
fO variabilitds Beszédhang alaphangjanak szérasa.

Intenzitasatlag

A hangenergia (hangnyomas) id6beli atlagolt mértéke.

Intenzitdsvariabilitds

A hang intenzitasanak idébeli valtozékonysagat jelenti.

Energiasebesség

A beszédjel intenzitasanak idébeli valtozasat méri, vagyis azt mutatja meg, hogy a
hangenergia milyen gyorsan ingadozik a beszéd soran.

Energiavaltozékonysag

A hanghullamok altal kdzvetitett energia valtozékonysagat jelenti.

Beszédsebesség

Mésodpercenkénti beszédhangok szama egy adott beszédszakaszon, a szlineteket is
figyelembe véve.

Artikulacids sebesség

Masodpercenkénti beszédhangok szama egy adott beszédszakaszon a szunetek
nélkdl.

Atlagos szlinethossz

A beszédben el6forduld szUnetek atlagos idétartama.

SzUnetvariabilias

A beszédben el&6forduld szunetek idétartamanak szérasa.

SzUnetgyakorisag

A beszédben el6forduld szUnetek és nem szinetek idébeli aranya.

Ossz-sziinethossz

A beszédben eléforduld szUnetek 6sszhosszat jelenti.

A modellek bemeneteként az adatkészlet gazdagitasa
érdekében altalaban javasolt kiilonbdzé hosszusagu be-
szédrészleteket hasznalni, mivel a beszédrészletek hossza
befolyasolja, hogy milyen részleteket tud a modell megra-

gadni. Arrol azonban, hogy a bevont tanulmanyok e tekin-
tetben milyen gyakorlatot kovetnek, csak egy tanulmany
nyilatkozott’. Ezen attekintés alapjan a legjobb teljesit-
ményt (pontossag: 0,94, szenzitivitas: 0,92) 9 masodperces
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szegmensekkel érték el, altalanossagban pe-

dig az 5 masodpercnél hosszabb szegmensek Tremor —
alkalmazasanak elénye abrazolodik’. Artikulacids sebesség - @ ®
A modelltréningezés eldkészitésének fon- Beszédsebesség - @ { °
tos, de gyakran nem kell6 mértékben hang- Energiasebesség —|
sulyozott része a hiperparametrizalas. Ez Intenzitasvariabilitds —| ( (
tulajdonképpen az alkalmazott algoritmu- fOtartomany —| @ (]
sok eldre meghatarozott beallitasat jelenti. Vowel space 4| @ °
Ezeket a valtozokat optimalis esetben nem Flétlag 4/ @ () )
az adatokbol tanuljak meg a modell trénin- NAQ 4/ @ ® ®
gezése sordn, hanem elére meghatarozzak. QQ - @ P P
Ebben a folyamatban gyakran iterativ tré- Ossz-sziinethossz — @ P P
ningezési eljarast alkalmaznak, ahol az op- Sziinetgyakorisig —| @ P P
ti.r.nfllis telj esitrmf%r'ly megtalréla’isa érdékében MECC — @ PS PS
kulornbrorzo bealhtasorkaf probalnak k’1. E.z’ek PRilag o ® °
a beallitasok nagy Ir}eﬂekpen befolyasoljak, fOdtlag o @ °® Py
hogy a beszédmintazatbol az adott modell . |
. i ; X . Szlnetvariabilitas
milyen gyorsan és hatékonyan képes tanulni. . )
. i o, , Atlagos szlnethossz — [ ]
Ilyen hiperparaméter lehet példaul az ugyne- o
, , . ; fOvariabilitdss -| @ o [
vezett epochszam (hany teljes ciklust végez )
o . . F1tartomény —| @ [ ]
a modell az adatokon a tréningezése soran) o
. ;. F2 variabilitas —
vagy a CNN-modell esetén a konvolucios N
. . . g s . F1 variabilitas —
rétegek szama. Sajnos, bar tobb dsszefoglalo 1 e ® ®
tanulmany kitér a hiperparametrizalas fon- Peak slope
tossdod Kk X . . HNR | @ [ ] [ ]
ossagara, azok mentén mintajukat kevés- . ° ° °
sé elemzik>57°, Bz alol kivételt képez Liu Shimmer
és munkatarsai’ tanulmanya, ami ramutat, Jiter 7 @ hd hd
hogy a finomhangolés fontossaga ellenére (Hecker (Low etal, (Mao etal,
. 11 s . R etal, 2022) 2020) 2023)
sok tanulmanybol hianyzik ezen paraméte-
rek pontos leirasa. @ Pozitiv Nincs kapcsolat ® Negativ

A kifejlesztett modellek teljesitményének

értékelése soran a kutatasok valtozatos mu-
tatokat alkalmaznak. Ezek kozott leggyako-
ribb (tobb mint az esetek 80%-a) a pontos-
sag, érzékenység, specificitas és az F1 érték
hasznalata. Valamivel ritkabban jellemzik
a teljesitményt AUC (gorbe alatti teriilet),
CCC (concordance correlation coefficient),
RMSE (root mean square error/atlagos
négyzetes hiba négyzetgyoke) és MAE (mean square
error/atlagos négyzetes hiba) segitségével®’°. E tekin-
tetben az attekintd tanulmanyok tobbsége igyekszik az
Osszehasonlithatosag kedvéért egyidejiileg tobb mutato
mentén jellemezni a modellek teljesitményét. A model-
lek pontossaganak jellemzésével késobb részletesebben
is foglalkozunk.

A depresszidval 6sszefiiggésbe hozhato
akusztikai jellemzok

Az altalunk bevont kdzlemények dsszegzése alapjan sza-
mos akusztikai jellemz0 prediktiv értéke megerdsitést
nyert. Ezek a jellemzok lehet6séget nyujtanak a depresz-
szi6 megfigyelhetd, hallhato, gyakran csupan szubjekti-
ven észlelhetd jegyeinek objektivizalasara. A depresszio

2. abra. A leggyakrabban vizsgdlt akusztikai jellemzbk és a depresszio
Osszeftiggéseinek grafikus osszefoglaldsa

'Pozitlv kapcsolat: Az egyik valtozd novekedése a masik valtozd ndvekedésével jar
egyltt. 'Negatlv kapcsolat’: Az egyik valtozé ndvekedése a masik valtozd csok-

kenésével jar egydtt. 'Nincs kapcsolat’: Az egyik valtozé valtozasa nem befolyésol-
ja a masik valtozét. ' - ' Az 6sszeflggést a bevont tanulmanyok nem vizsgalték

esetében altalaban és leggyakrabban vizsgalt jellemzoket
a 2. tablazat mutatja be.

A 2. abra jol szemlélteti, hogy a depressziod és az
akusztikai jellemzok kozott kapcsolatot keresé Ossze-
foglalo tanulmanyok kdvetkeztetései nagy mértékben
Osszhangban allnak egymassal. Példaul az {0 tartomany
(meghatarozasa a 2. tablazatban talalhato) csokkené-
sét depresszio esetén kovetkezetesen megfigyelték, ami
jol tiikrozi, és mérhetdvé teszi a depresszioban gyakran
szubjektiven is észlelheté monoton beszédet. Hasonloan,
a vowel space, az F1-atlag, a NAQ és QOQ valtozokkal
valo negativ kapcsolat a betegeknél tapasztalhaté meglas-
subbodott gondolkodast, csdkkent reakcididot tiikkrdzheti.
Ezzel parhuzamosan megfigyelték, hogy mas akusztikai
jellemzok, mint példaul a jitter, a shimmer, az igynevezett
Peak slope, vagy a HNR értéke altalaban a depresszio
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sulyossagaval egylitt emelkedik, a gondolkodas, a mozgas
¢és a reakcioidd lassulasa mellett a beszédmindség rom-
lasara, valamint a hangzasbeli variabilitas csokkenésére
utalva® &9,

A tdbbnyire egy iranyba mutaté eredmények ellené-
re néhany esetben azok ellentmondasa lathaté (példaul
MFCC, atlagos sziinethossz, sziinetgyakorisag). Ennek
kapcsan fontos megjegyezni, hogy a depresszi6 egy
spektrumot 6lel fel, amennyiben a depresszios tiinetek €s
megnyilvanulasok széles skalan mozoghatnak, fliggden
tobbek kozott a betegség sulyossagatol vagy a komorbid
allapotoktol. fgy egyes akusztikai jellemz6k a depresszi-
0s allapotokkal komplex interakciot mutathatnak. Ennek
megfelelden a kiilonboz6 akusztikai mintak és a hangzas-
beli variabilitas a személyek aktualis érzelmi allapotatol,
a beszédkornyezetiiktdl és a kommunikacios szandéktol
fliggden is valtozhat. Erre lehet példa az MFCC-jellemzdk
¢és a depresszio kapcsolataban talalt ellentmondas. E te-
kintetben pozitiv és negativ 6sszefiiggést egyarant tiikr6z6
eredmények sziilettek. Ez a mutaté ugyanakkor érzékeny
lehet a besz¢lok érzelmi allapotara és a kommunikacios
kontextusra, ami igy ellentmondasos eredményekhez ve-
zethet. Az Ossz-sziinethossz €s a szlinetgyakorisag esetén
hasonlo ellentmondas tapasztalhato, ahol a depresszios tii-
netek sulyosbodasaval parhuzamosan mind a sziinethossz
¢és sziinetgyakorisag ndvekedésére, mind csdkkenésére
utalé eredményeket publikaltak. Az eredmények azonban
nem feltétleniil zarjak ki egymast. Bar a hosszabb sziinet-
hossz és a gyakoribb sziinetek altalanossagban utalhatnak
arra, hogy a depresszios személyek nehezebben formal-
jék a gondolatokat, arra is felhivjak a figyelmet, hogy a
depresszios személyek fesziiltebbek lehetnek, igy hajla-
mosabba valhatnak gyorsabban besz€lni, vagy a sziinetek
elkertilésével kompenzalni a gondolkodasi nehézségeiket.

Ezzel egyiitt a kiilonboz6 tanulmanyok eltéré modszer-
tani megkozelitése is titkrozdhet az eredményekben. Alta-
laban elmondhato, hogy a kisebb mintakra épiild kovetkez-
tetések instabilabb eredményeket hozhatnak. Esetiinkben
azonban ez az Osszefliggés csak az f0 atlag eltéréseinek
magyarazatanal johet szoba, mivel a tovabbi valtozok
kapcsan a legkisebb és legmagasabb mintaelemszammal
dolgozo dsszefoglald kozlemények kdvetkeztetései konzisz-
tensek. Az eltérések dontéen a kozepes mintaclemszammal
dolgozo 6sszefoglald tanulmany esetén megfigyelhetok. A
hangfelvételi és elemzési technikék valtozékonysaga az
osszefoglald kdzleményekbe bevont tanulmanyok esetén
Ujabb magyarazatot kinalhat az eltérések értelmezésére.
Azonban az elemzésiinkbe bevont kozlemények koziil
minddssze egy nyilatkozik a bevont kutatasokban alkal-
mazott mérési modszerekrdl’. Végiil az attekintett tanulma-
nyokban vizsgalt klinikai csoportok jellemz6i (példaul élet-
kor, nem, besz¢lt nyelv, alkalmazott gyogyszeres kezelés,
egyéb komorbiditasok) is hatassal lehetnek a megfigyelhetd
akusztikai mintakra* %% '°. Ezen paraméterek részletes elem-
zése azonban kiviil esik az altalunk bevont kdzlemények

hataskorén. Hecker és munkatarsai ¢ ugyanakkor megjegy-
zik, hogy sajnos sok esetben ezen relevans confounding
faktorok kontrollalasa elkeriili a szerzék figyelmét. Osz-
szességében ugyanakkor az ellentmondasok hatterében
feltételezhetd okok sokfélesége fontos iranymutatasként
szolgalhat jovobeli kutatasok szamara. E tekintetben a
standardizalt modszertani keretek kidolgozasa, valamint a
kiilonbz6 depresszios megnyilvanulasok és akusztikai jel-
lemz6k kapcsolatanak mélyebb és arnyaltabb feltérképezése
egyarant fontos szempont lehet a mesterségesintelligencia-
alapt rendszerek jovobeli vizsgalatakor® &9

A prediktiv modellek teljesitménye

A gépitanulas-alapt prediktiv modellek teljesitménye a
vizsgalt kozlemények alapjan meglehetdsen széles tar-
tomanyban mozog. Gépitanulas-modelleknél az atlagos
abszolut hiba (MAE): 5,77-7,08; pontossag: 0,75-0,86;
mélytanul6 architekturaknal pontossag: 0,57—0,99; dup-
likalt adatkészletek kizarasat kovetéen pontossag: 0,75—
0,9)*7%. Ennek megértéséhez érdemes megemliteni, hogy
a gépi tanulasi modellek validalasat alapvetden két meg-
kozelités hatarozza meg, az ugynevezett ,,held-out” (azon
beliil példaul hold-out validation) €s a ,,cross-validation”
(azon beliil példaul K-fold cross-validation vagy nested
cross-validation) megkozelitések. E16bbi esetben jellem-
zOen a mintat két részre osztjak: egy tréning- (tanulasi)
halmazra és egy teszt- (ellenérzési) halmazra, ahol a teszt-
halmazt csak egyszer hasznaljak a modell teljesitményé-
nek értékeléséhez. A cross-validation sordn ezzel szemben
a mintat tobb részre osztjak, €s a mérést tobbszor ismétlik.
A modellt két alkalommal tanitjak és tesztelik, €s minden
alkalommal mas-mas halmazt tartanak fenn a tesztelésre,
mig a fennmarad6 adathalmazt a tréninghez hasznaljak.
A két megkozelités eltéréseibdl adodoan a held-out tesz-
telési modszer eldnye, hogy egyszeriibb és gyorsabb, am
az egyszeri felosztas ¢és a véletlenszerlisag miatt a teljesit-
ménybecslés — kiilondsen kis adathalmazon — ingadozhat.
A cross-validation megkdzelités ezzel szemben részlete-
sebb és megbizhatobb értékelést nyujt kis adathalmazon
is. Ez a megkozelités jol alkalmazhato az ugynevezett
overfitting elkertiléséhez is (amikor egy modell talsago-
san illeszkedik a tréningadatokra, ideértve azok zajait és
specialis mintazatait, ezért kevésbé teljesit jol ismeretlen
adathalmazon). Fontos azonban megjegyezni, hogy an-
nak elkertilését nem garantalja: ha a modell tilsagosan
bonyolult, vagy ha a tréningadatokban magas a zajarany,
az overfitting veszélye ugyantgy fennallhat® ™.

Low és munkatarsai® megjegyzik, hogy a depresszio
esetén alkalmazott modellek meglehetdsen kis aranyban
alkalmaznak held-out megkdzelitést. A szerzok azt is meg-
figyelték, hogy a jellemzden cross-validation megkdzeli-
téssel dolgozo tanulmanyok hajlamosak ugyanazt a nyilt
audioadatbazist (példaul AVEC) alkalmazni a modelljiik
tesztelésekor, mely gyakorlat segithet a prediktiv mo-
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dellek teljesitményének kiilonboz6 tanulmanyok kdzotti
Osszehasonlitasaban. A validacios folyamat eredménye
ezen tanulmanyok esetén a prediktiv modellek teljesitmeé-
nyének csokkenését mutattak tesztadathalmazon torténd
alkalmazas esetén’. A szerz6k azonban az egyes tanul-
manyok eredményeinek tételes 6sszehasonlitasa alapjan
az alkalmazott modellek komplexitasat nem talaltak a
teljesitményeltérés elégséges magyarazatanak. A bevont
tanulmanyok tételes elemzése alapjan a teljesitmény szem-
pontjabol a mintanagysag, a mintavétel koriilményei €s
eszkoze, a zavar6 tényezok kontrollalasa (ez sajnos a leg-
tobb tanulmany esetében elmarad), a minta tovabbi jellem-
761 (nem, beszElt nyelv, életkor, kulturalis hattér), valamint
a minta eléfeldolgozasa egyarant ¢és egyiittesen bizonyult
meghatarozonak. Bar az emlitett tényezok egyedi hozza-
jarulasa nehezen megitélhetd, bizonyos eljarasok elénye
kirajzolodik a bevont dsszefoglald tanulmanyok alapjan.
Ilyen példaul az akusztikai jellemzdk kinyerése soran al-
kalmazott eljarasok koziil az LLD (low-level descriptor),
vagy az MFCC (Mel-Frequency Cepstral Coefficients),
melyek alkalmazasa mélytanul6 architektirakkal egyiitt
kovetkezetesen 80% fo616tti predikcids pontossagot ered-
ményezett’. Emellett, bar csak néhany tanulmany vizsgal-
ta, mégis egyértelminek tlinik a multimodalis jellemzok
hasznalatanak teljesitményjavito hatasa, illetve 0sszessé-
gében a mélytanulo architekturak folénye gépitanulas-ala-
pu tarsaikkal szemben® 7.

Megbeszélés

Ismereteink szerint ez az elsd, a depressziod diagnoszti-
kajaban alkalmazott automatizalt hangelemzés teriileten
sziiletett, Ggynevezett szisztematikus umbrella review.
Természetébol adododan ez a review tipus szélesebb pers-
pektivat nytjthat a kutatasi eredmények értékelésére és az
adott teriileten trendek azonositasara.

A bevont kdzlemények kovetkeztetései alapjan sza-
mos akusztikai jellemzd, mint példaul az fO tartomany,
a jitter és a shimmer prediktiv értéke megerdsitést nyert
a depresszid objektvizalasaban. Ezek a jellemzok lehe-
tove teszik, hogy a depresszio szubjektiven észlelhetd,
de a szakmai gyakorlatban, kiilondsen az alapellatasban
gyakran figyelmen kiviil hagyott aspektusai, mint a mo-
noton beszéd vagy a lassulo reakcioidd gyorsan €s auto-
matikusan mérhet6vé valjanak. A depresszioval asszocialt
akusztikai jellemz6k vonatkozasaban a legtdbb tanulmany
eredményei 0sszhangban allnak egymassal, a prediktiv
modellek teljesitménye azonban jelentdsen eltér, ami azt
mutatja, hogy a jellemzden a tréningmintara jol illeszkedd
modellek generalizalhatosaga megkérddjelezheto.

Idedlis esetben a gépitanulas-alapt predikcios mo-
delleknek képesnek kell lenni felismerni egy adott rend-
ellenességet, olyan személyeknél is, akik nem voltak
tagjai a tréningmintanak. A teljesitménynek annak ér-
dekében, hogy a modellek kiilonb6zé kdrnyezetben is

megbizhatéan mikodjenek, optimalis esetben fiigget-
lennek kell lennie a személy kdrnyezetétdl, életkoratol,
akcentusatol, a hattérzajtol, a felvételi eszkdzoktdl vagy
a komorbiditastol. Jelenleg azonban a rendelkezésre allo
modellek esetén ez a generalizacio csak korlatozott mér-
tékben valdsithatdo meg’.

Ezért a jelen dsszefoglald tanulmany nemcsak a korabbi
kutatasi eredmények attekintésére torekszik, hanem azok
kovetkezetlenségeinek feltarasara is. Célja, hogy az ellent-
mondasok mogott huzodo lehetséges tényezdket azonosit-
va a jovobeli kutatasok szamara konstruktiv javaslatokat
fogalmazzon meg. Ezek egy részére mar tortént utalas az
eredmények ismertetésében, amennyiben az eredmények
eseti inkonzisztencidja ramutatott a standardizalt modszer-
tani keretek kidolgozasanak fontossagara.

Kirajzolodott az is, hogy a hagyomanyos klinikai vizs-
galatokban a hangfelvételek rogzitésére leggyakrabban
ellendrzott kornyezetben kertilt sor. Ez a megkdzelités
ugyanakkor korlatozhatja a mintanagysagot, és kérdéseket
vethet fel az eredmények altalanosithatésagaval kapcso-
latban. Erre mintegy valaszként az utobbi idében az tigy-
nevezett tavoli, off-site adatgytjtésre is torténtek kisérle-
tek, melyek tobbek kozott és elsdsorban okostelefonokat,
okosorakat hasznalnak. Ezek az eszkdzok lehetové teszik
a természetes kdrnyezetben torténd adatgylijtést, ezzel
egyiitt jelentdsen megndvelik a begyiijtott adatok meny-
nyiségét. Ezek az adatgy(jtési modszerek a depresszio
alakulasanak hosszu tava kovetését is elosegitik, mivel
akar tobbszori, ismételt mintavétel lehetdségeét is felkinal-
jék, a felhasznalok érdemi terhelése nélkiil. A mindennapi
¢letben torténd adatgyiijtés azonban pont a standardizalt
modszertani keretek kidolgozasanak igényével megy
szembe, szamos kihivas el¢ allitva a kutatokat. Erre pél-
da, hogy kontrollalt koriilmények kozott a kutatok ki-
valé mindségli eszkozokkel gytijtenek adatokat. Off site
adatgylijtés miatt azonban az okostelefonok, okosorak
sokfélesége tobbek kozott eltérd mindségli mikrofonok
alkalmazasat jelentheti, ami jelentds hatast gyakorolhat
az adatok mindségére. A lehetséges nehézségek ellenére
a mesterséges intelligencia egészségiigyi alkalmazasat
vizsgalo kutatok jelentds része egyetért abban, hogy a
jovobeli kutatasi trendekben a természetes kornyezetbdl
szarmazo adatok elemzését érdemes fokuszba helyezni,
noha ez a trend a depresszio esetén még a kozelmultbeli
kutatasokban sem érvényestlt> .

Ismert emellett, hogy a gépitanulas-alapu prediktiv
modellek becslési pontossagat javithatja, ha azok tobbfe-
le modalitasbdl szarmazé adatokat hasznalnak. Depresz-
szid esetén példaul az audioadatok elemzését videofel-
vételek elemzése egészitheti ki. Ez a megkdzelités mar
régota ismert, a depresszio teriiletén azonban csak ritkan
talalkozunk olyan vizsgalattal, ami ezt a trendet kdveti.
Ennek valdsziniileg az adatelemzés dsszetettebbé vala-
sa all a hatterében. A kiilénb6z6 adatforrasbol szarmazo
informaciok ugyanis eltérd zajszintet, mindséget €s rep-
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rezentaciot hordozhatnak, ami megnehezitheti az adatok
egységes elemzését és értelmezését'?. Az utobbi folyamat
a kiilonb6z6 modalitasok kozdtti eltéréseket kezelni képes
algoritmusok ¢€s technikak alkalmazasat is megkdveteli,
ami tovabbi szakmai kihivast jelenthet> ¢,

A pszichiatriai kutatasok a mesterséges intelligencia
alkalmazasaban az egyik legnagyobb elonyként a pszi-
chiatriai zavarok objektiv Gjradefinialasanak lehetdségét
latjak. Ennek ellenére azonban a kutatasokban dontéen
tovabbra is a pszichiatriai zavarok meghatarozasanak kate-
gorialis szemlélete érvényesiil, amennyiben a gépitanulas-
alapu algoritmusokat nem egy-egy tiinet vagy probléma
¢észlelésére, hanem meghatarozott szindromak detekciojara
tréningezik. Kérdés azonban, hogy nem lenne-e kivanato-
sabb az akusztikai jellemzoket olyan specifikus tiinetekkel
vagy problémakkal asszocialni, melyek tobb pszichiatriai
zavarban megjelenhetnek®.

A modszertani szempontok atgondolasanak sziikséges-
ségén til a bevont kdzlemények arra is ramutattak, hogy
a jovobeli kutatasok soran érdemes alaposan megfontolni
az adatelemzési eszkdzok megvalasztasat. E tekintetben a
feldolgozott kdzlemények alapjan tobbek kozott az alabbi
szempontok meriilnek fel:

— Az overfitting elkertilése érdekében javasolt a tanulési
¢s tesztkészleteken az eléfeldolgozast kiilon elvégezni.
Ennek hianyaban olyan informacio juthat a teszthalmazba,
ami mar a tréninghalmazbol szarmazik, ez pedig mester-
ségesen novelheti a modell teljesitményét, mivel igy a két
tesztkészlet mar nem teljesen fliggetlen®.

— Javasolt emellett az akusztikai jellemzok kinyerésé-
nek (feature extraction) standardizalasa az eredmények
tanulmanyok kozotti 6sszehasonlithatosaga érdekében.

— Javasolt a hiperparaméterek pontos megadasa a rep-
rodukalhatosag és az atlathatosag érdekében® .

— A modellek hatékonyabb finomhangolasat segitheti
a kédok megosztasa’.

— Kis mintaméret esetén javasolt a ,,held out” megkdze-
lités keriilése. Ehelyett érdemes a bootstrapping mddszer
alkalmazasa. Osszetettebb modellek, mint neuralis halok
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Background and purpose - Carotid revas-
cularization through carotid endarterecto-
my (CEA) and carotid artery stenting (CAS)
are well established secondary preventive
measures after ischemic stroke in unilateral
carotid artery stenosis, but in the presence
of contralateral carotid occlusion (CCO) the
evidence regarding the optimal management
of the stenotic carotid is not as clear even
though the risk of ischemic stroke is high.
The purpose of our review is to summarize
recent findings and suggest its future impli-
cations.

Methods - We conducted a systematic
literature review using PubMed and Science-
Direct databases supplemented with studies
found from Google Scholar.

Results - Recent guidelines recommend
CAS over CEA in patients with CCO, but in
contrast some studies favor CEA over CAS af-
ter analysis of the complications and clinical
outcome.

Discussion - The decision between CEA and
CAS depends upon a variety of factors such
as neurological status, surgical risk factors,
medical comorbidities, age, and imaging
findings (presence of silent infarcts, plaque
characteristics and the state of collateral
circulation). Due to the contradictory obser-
vations the authors suggest further multi-
center studies to establish the optimal ma-
nagement of patients with carotid stenosis
and CCO and also summarize their personal
opinion.

Keywords: stroke, carotid artery stenosis,
contralateral carotid occlusion, carotid end-
arterectomy, carotid artery stenting

Nehéz klinikai déntések a nyaki verdér
revascularisatidjaval kapcsolatban
kontralateralis nyakiverdér-elzarédasban
szenvedd betegeknél

Mathews RR, MD; Olah L, MD, PhD; Csiba L,
MD, PhD, MSc

Hattér és cél - A carotisendarterectomia
(CEA) és a stent (CAS) j6l megalapozott be-
avatkozasok szignifikans egyoldali carotisste-
nosis kezelésére ischaemias stroke utan, de
nincs széles korben elfogadott ajanlas arra

az esetre, ha a carotisstenosis ellenoldali
occlusidval (CCO) tarsul, noha ez az allapot
fokozott stroke-veszéllyel jar. A szerzék ta-
nulmanyukban osszefoglaltak a kdzelmult
megfigyeléseit, és ajanlasokat tettek.
Médszerek - A PubMed és ScienceDirect
adatbézisok szisztematikus attekintése, ki-
egészitve a Google Scholar tanulmanyaival.
Eredmények - A legtobb megfigyelés sze-
rint az egyoldali carotis interna elzarédas és
egyidejl ellenoldali carotis interna stenosis
fokozott stroke-veszéllyel jar.

Megbeszélés - Annak a kérdésnek a meg-
valaszolasa, hogy a stenosis dezobliteraciora
szorul-e, tobb tényez8tél fugg: a neuroldgiai
allapot, sebészeti kockazat, tarsbetegségek,
életkor, a képalkotok eredmeényei (azonos
oldali infarktus? silent infarktusok? kollateralis
haldzat dllapota?). A dezobliteracié mdédja
tekintetében sem egységes a szakirodalom.
Egyes vezérfonalak a CEA-t, masok a CAS-t ja-
vasoljak. Ezért a szerz8k multicentrikus tanul-
manyt javasolnak az optimalis dezobliteracios
mod megvalasztasara. Megfogalmazzak
személyes allaspontjukat is: a dezobliteracio
formajaval kapcsolatos dontéskor (CEA vagy
CAS?) figyelembe kell venni (az MRI és a caro-
tisangiografia mellett) a stenosist okozé plakk
duplex ultrahanggal vizsgalt jellegzetességeit
is (stabil? nem stabil plakk? stb.). Instabil plakk
esetén a CEA-t javasoljak.

Kulcsszavak: stroke, nyaki veréérszikulet,
kontralateralis nyaki veréér-elzarodas, nyaki
endarterectomia, nyaki veréérstentelés
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troke is ranked second on the leading causes of death

worldwide, with an annual mortality rate of around
6.5 million'. Aside from its high mortality it also carries a
high morbidity due to many of the survivors being chron-
ically disabled. Around 80% of the strokes are ischemic
and 50% of the carotid territory strokes are due to embo-
li from a diseased stenotic carotid artery®. Large artery
atherosclerosis (extracranial or intracranial) is one of the
main etiological causes and it comprises about 15.3%
of all ischemic strokes®. Moreover, patients with stroke
due to large-artery atherosclerosis had the highest odds
of recurrence at 7 days, 30 days and 3 months compared
to the other subtypes®, highlighting the importance of
carotid imaging and secondary preventive interventions
like carotid revascularization. Carotid revascularization
through carotid endarterectomy (CEA) or carotid artery
stenting (CAS) is performed to restore normal blood flow
through the stenotic carotid artery, thereby reducing the
risk of any future cerebrovascular events.

There is a great deal of evidence on unilateral carotid
artery stenosis from numerous trials and the major guide-
lines have strong recommendations for its management.
On the contrary, there is a subset of patients with contra-
lateral carotid occlusion in whom the ideal management
is not as clear. Many of the recent studies have provided
contradicting results and there is a lack of strong recom-
mendation in the guidelines for these patients leading to
uncertainty in deciding the ideal revascularization tech-
nique. This review aims to summarize recent studies per-
taining to the above-mentioned patient population and
also discuss current evidence.

Contralateral carotid occlusion
(CCO) in patients undergoing
carotid revascularization

To ensure the best outcomes it is essential to adjust the
therapeutic intervention according to presence of co-ex-
isting risk factors in patients with carotid artery disease. A
small but high-risk group of patients are those with con-
tralateral carotid occlusion (CCO). Around 6% to 10% of
the patients undergoing carotid revascularization through
CEA have CCO, and these patients are at an increased
risk of peri-procedural death, non-fatal MI, or stroke®.

As per literature, CEA is associated with a higher in-
cidence of adverse events in the peri-operative period in
CCO patients®. This could be partly explained due to the
increased cardiovascular risk factors in those with CCO,
which is evident from the advanced degree of atherosclero-
sis in these patients. Moreover, there is insufficient collat-
eral circulation in patients with CCO, which can increase
the risk for a cerebrovascular accident’. These are a few of
the reasons why the optimal management of patients with
CCO remains controversial with different opinions.

Possible complications after
carotid revascularization

Some early complication in CEA include: stroke (intra-
operative and immediate post-operative), hemodynamic
instability (post-CEA hypertension and hypotension),
cranial nerve injury, myocardial infarction, renal insuffi-
ciency, wound hematoma, TIA, and bleeding. Late com-
plications include prosthetic patch infection and resteno-
sis of the artery.

Similarly, early complications in CAS include: em-
bolic stroke (due to atherosclerotic debris getting dis-
lodged), intracranial hemorrhage, hyperperfusion syn-
drome, carotid artery dissection and hemodynamic
depression (causing bradycardia or hypotension). Late
complications are seen mainly due to restenosis due to
stent thrombosis. Hemodynamic depression occurs due
to stretching of the carotid sinus during stenting which
can trigger the baroreceptors located there, causing a
transient decrease in the sympathetic tone and increased
parasympathetic tone. This can result in bradycardia and
hypotension, which increases the risk for complications
like MI and stroke after CAS.

Cerebral hyperperfusion syndrome on the other hand
is a serious complication which can occur after carotid
revascularization (both CEA and CAS). It occurs due
to factors such as impaired cerebral autoregulation and
postoperative elevated systemic blood pressure. If not
managed effectively, it can lead to brain edema or in-
tracerebral hemorrhage, leading to symptoms such as
altered consciousness, headache, neurologic deficits,
and seizures in some cases. Severe ipsilateral stenosis,
presence of contralateral carotid occlusion and bilateral
carotid artery stenosis are known to increase the risk of
cerebral hyperperfusion syndrome?®.

Overview of the recommendations
from recent guidelines

The European Society for Vascular Surgery published the
2023 Clinical Practice Guidelines on the management of
atherosclerotic carotid artery disease’, where they cov-
ered the management of the stenotic carotid artery. They
recommended that in asymptomatic patients with 60-
99% stenosis, both with average and high surgical risk
and with imaging or clinical features that increase the
risk of stroke (including contralateral TIA/stroke), CAS
may be considered as an alternative to CEA, provided
that 30-day stroke/death rates are <3%, patient life ex-
pectancy exceeds five years and there is favorable carotid
anatomy. While for symptomatic patients with 50-99%
stenoses and contralateral carotid occlusion, they recom-
mended that the choice between CEA and CAS should be
considered on an individual basis. Whereas in the 2021
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Guidelines for the Secondary Prevention of Ischemic
Stroke'®, the American Heart Association recommend-
ed that CAS is a reasonable choice over CEA in patients
with symptomatic severe stenosis (=70%) who have
contralateral occlusion conferring an increased risk of
surgery. These recommendations generally hold true not
only for patients with CCO, but other high-risk patients
including those with severe underlying cardiac or pulmo-
nary disease and also those who have had prior radical
neck surgery or cervical irradiation.

Method of our study

A literature review was performed using PubMed and
ScienceDirect databases supplemented with studies
found on Google Scholar by searching the terms “con-
tralateral carotid occlusion”, “carotid artery stenosis”,
“carotid endarterectomy” and “carotid artery stenting”.
Out of the studies initially identified, fourteen were from
PubMed and thirteen from ScienceDirect databases. The
abstracts of English language articles were screened for
relevance and those which compared the various treat-
ment modalities (CEA, CAS, or medical therapy) were
included in this review.

Results

Review of the studies

Gasecki et al. conducted a study based on the results of
NASCET", where they investigated how the progno-
sis of patients presenting with a recent ischemic event
due to a 70-90% stenosis of the ipsilateral carotid artery
was influenced by the presence of stenosis or occlusion
of the contralateral carotid artery. The results were that
medically treated patients with CCO were more than
twice as likely to suffer an ipsilateral stroke due to their
stenotic side than patients with an overall patent but ei-
ther mild-to-moderate (hazard ratio [HR] = 2.65; 95%
confidence interval [CI]: 1.43—4.90) or severely (HR =
2.36, 95% CI: 1.00-5.62) stenosed contralateral artery
at 2 years. Furthermore, the benefit of performing CEA
compared to medical therapy alone was also investigat-
ed. In the perioperative period there was higher risk of
ipsilateral stroke and death in patients undergoing CEA
with CCO (14.3%) as compared to severe (4%) and mild
to moderate (5.1%) stenosis. Nonetheless, CEA on the
symptomatic, stenotic ipsilateral artery in patients with
CCO, reduced the risk of stroke at 2 years to 22.1% as
compared to the 69.4% risk of stroke in the medically
treated patients at 2 years.

Baker et al. carried out a secondary analysis on the
Asymptomatic Carotid Atherosclerosis Study (ACAS)'%,
wherein they highlighted that in the study, among the

CCO patient population, the 5-year ipsilateral stroke
rate was 3.5% for the medically managed patients while
5.5% for the surgically managed patients, hence a 2% in-
crease in the risk associated with surgical management
(P=0.58). This was compared to the 6.7% risk reduc-
tion in surgically managed patients (P=0.0047) when
compared to medically managed patients without CCO.
They concluded by stating that there was not any long-
term benefit in the efficacy of CEA as an intervention for
preventing cerebrovascular events among asymptomatic
patients with contralateral occlusion.

Brewster et al. conducted a retrospective study for the
Southern Association for Vascular Surgery'®, where they
investigated whether there was a clinical benefit of CAS
over CEA in patients with CCO. Amongst the 57 patients
with CCO, 39 were treated with CAS and 18 with CEA.
Both groups had similar characteristics and also had sim-
ilar prevalence of symptomatic lesions (8/18 in CEA and
20/39 in CAS). At follow up, in the patients who had un-
dergone CEA, there was only 1 death and in those with
CAS, there were 7 deaths (17.9% CAS vs 5.5% CEA;
P=.40). This particular study did not support CAS over
CEA as an intervention for carotid revascularization in
CCO patients, contrary to the recommendations of the
major guidelines. Some drawbacks of this study included
a small sample size for CEA patients and also the patients
who underwent CAS had other reasons for choosing it
over CEA (for example prior neck surgery and prior neck
irradiation), and overall the CAS patients had more seri-
ous comorbidities.

Faggioli et al. carried out a single-center study'* where
they analyzed perioperative (30-day) outcomes such
as “cerebral events” (which includes clinically verified
post-operative stroke with new ischemic lesion visible on
CT scan, or a TIA with transient focal neurologic deficit
without any new ischemic lesion) and death. Out of the 75
patients with CCO, 37 underwent CEA and 38 underwent
CAS. In the CEA patient group, patients with CCO had
a higher incidence of cerebral events and death (CED)
as compared to non-CCO patients (16.2% vs. 2.9%, p =
.001). This was not the case in the CAS subgroup, as they
did not have such a high difference in the incidence of
CED as compared to non-CCO patients (2.6% vs. 8.7%,
p = 0.23). They concluded by stating that CCO could be
considered as a risk factor for cerebral events and death
for those undergoing CEA but not CAS.

Ricotta et al. evaluated patients in the Society for Vas-
cular Surgery Vascular Registry'® both with and without
CCO who underwent carotid revascularization and their
outcomes such as death, stroke, and MI termed major ad-
verse cardiovascular events (MACE) were analyzed. Out
of the 1794 patients with CCO, 666 (37.1%) underwent
CEA and 1128 (62.8%) underwent CAS. The patients
who had CAS were more likely to be symptomatic and
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have other comorbidities putting them at a higher sur-
gical risk. When CAS and CEA were compared, they
both had similar risk of periprocedural MACE (2.7% for
CAS vs 4.2% for CEA), death (1.1% for CAS vs 0.7%
for CEA), stroke (2.1% for CAS vs 3.1% for CEA), and
MI (0.3% for CAS vs 0.6% for CEA). When the out-
comes of CCO patients were compared to those without
CCO, CEA increased periprocedural MACE, mainly by
increasing the stroke rates for both asymptomatic (0.7%
vs 2.0%; P =.0095) and symptomatic (1.7% vs 4.9%; P =
.0012) patients but there was no such trend seen in CAS
patients when outcomes were compared between CCO
and non-CCO patients. They concluded by stating that
their study suggested that CAS and CEA are equivalent
revascularization techniques in patients with CCO and
the choice should be made by center expertise and other
coexisting risk factors.

Nejim et al. published a retrospective analysis'® where
they examined outcomes such as stroke, MI and death
at 30 days and also stroke and death at 2 years in both
asymptomatic and symptomatic patient with CCO. The
study included 4326 patients with CCO, out of which
3274 (75.4%) underwent CEA and 1052 (24.3%) had
CAS. In asymptomatic patients, the 30-day outcomes of
stroke, death, post-operative MI and other MACEs were
comparable for the two procedures. In contrast, symp-
tomatic patients had better outcomes after CEA, as the
30-day stroke risk was nearly three-times higher in pa-
tients who underwent CAS as compared to CEA (adjust-
ed odds ratio [aOR] =2.90, 95% confidence interval [CI],
1.06-7.94; P=.038). Similarly, the risk of 30-day mortal-
ity was especially higher in symptomatic patients who
underwent CAS, as the odds were sixfold when com-
pared to CEA (aOR =6.10, 95% CI, 2.20-16.92; P=.001).
When comparing long-term outcomes, the hazard of
2-year stroke or death was higher by 42% in asymptom-
atic patients who underwent CAS (adjusted hazard ratio
[aHR] = 1.42, 95% CI, 1.08-1.86; P=.011) and likewise,
even in symptomatic patients there was a 94% higher risk
of 2-year stroke for those who underwent CAS over CEA
(aHR =1.94, 95% CI, 1.18-3.19; P=.009). Overall CAS
did not perform better than CEA in asymptomatic pa-
tients and had considerably worse outcomes in symptom-
atic patients, and their recommendation was that current
guidelines should be reconsidered.

Turley et al."’ analyzed the risk of postprocedural
stroke in CCO patients after a carotid intervention us-
ing the American College of Surgeons National Surgi-
cal Quality Initiative Project registry data. Out of the
607 CCO patients, 565 (93.1%) underwent CEA and 42
(6.9%) underwent CAS. They reported that risk of post-
procedural stroke was higher in patients with CCO than
non-CCO patients (odds ratio, 1.73; 95% confidence in-
terval, 1.08-2.76; P=.02). The postprocedural stroke risk

in CCO patients undergoing CAS was 2.38% (n=1) and
CEA was 3.36% (n = 19), implying that there was not
any significant difference between the two procedures in
terms of postprocedural stroke. They suggested that CCO
only has a minor influence on the periprocedural stroke
risk and other factors contribute more to outcomes after
revascularization.

Krawisz et al. conducted a study in 2021 which has
shown results that support the current guidelines'®, here
they investigated patients with CCO in the NCDR CARE
(National Cardiovascular Data Registry Carotid Artery
Revascularization and Endarterectomy) and PVI (Pe-
ripheral Vascular Intervention) registries. There were
4,624 patients with CCO who underwent revasculariza-
tion, of which there were 1,439 (31.1%) CEA and 3,185
(68.9%) CAS performed. Patients who had CAS as their
planned intervention had more comorbidities (peripheral
artery disease, severe lung disease, congestive heart fail-
ure, and end-stage renal disease) or higher surgical risk
factors than the CEA group. They reported that patients
with CCO who underwent CAS had similar endpoint of
in-hospital death, M1, or stroke (2.1% vs. 2.3%, p =0.33)
compared to those who had CAS done without CCO. In
comparison, patients with CCO who underwent CEA had
higher endpoint outcome rate as compared to those with-
out CCO who had CEA (3.6% vs. 2.0%; p = 0.01). They
concluded, that patients with CCO have a 71% increase
in the odds of an adverse outcome (in-hospital death,
stroke, MI) after CEA (95% confidence interval [CI]:1.27
to0 2.30; p <0.001), compared with no increase after CAS
(adjusted odds ratio [OR] = 0.94; 95% CI: 0.72 to 1.22;
p=0.64) (Table 1).

Discussion

Patients with ipsilateral carotid artery stenosis and con-
tralateral carotid artery occlusion comprise a small but
worrisome patient population. The guidelines usually
consider patients with CCO as a high-risk group, and
an explanation could be that patients with CCO due to
their advanced degree of atherosclerosis are more likely
to have co-existing risk factors such as poorly controlled
diabetes, hypertension, and old age. Moreover, as a result
of the extensive nature of atherosclerosis, patients with
CCO might be more likely to have coronary artery dis-
ease which could manifest as acute coronary syndrome
or heart failure, putting them at a higher surgical risk;
these could be some of the reasons why CEA has been
documented to have worse outcomes in these patients.
Another factor to consider is that many of the patients
who were treated with CAS in the studies mentioned
above included such patients with multiple comorbidi-
ties, which could have distorted their results unfavorably
with regards to stenting.
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Table 1. Summary of the literature

Article Study Total Patients  Inter- Compa- Evaluation Interpretation Corre-
design patients with CCO vention rison lation
Gasecki AP.  Multi- 659 43 (6.5%) CEA BMTvs  2-year stroke In favor of CEA + Yes
Journal of  center CEA + risk BMT
Neurosur-  Prospec- BMT
gery, 1995  tive
Baker WH.  Multi- 1,648 163 CEA ASA VS Risk of long-  In favor of medical  Yes
Stroke, center (9.9%) CEA + term (5-year) treatmentalone
2000 Prospec- ASA ipsilateral
tive stroke
Brewster Single-cen- 713 57 (8%) CEA CEAvs Death on Not in favor of CAS  Yes
LP.Journal ter Retro- (31.5%) CAS follow-up over CEA (in the
of Vascular  spective and CAS absence of other
Surgery, (68.4%) indications)
2012
Faggioli G.  Single-cen- 1,218 75(6.1%) CEA CEAvs  Cerebral In favor of CAS over Yes
European ter Retro- (49.3%) CAS events (post-  CEA (in terms of
Journal of  spective and CAS op ischemic  having lower risk of
Vascular & (50.6%) stroke, TIA) cerebral events and
Endovascu- and death death)
lar Surgery,
2013
Ricotta JJ. Multi- 18,440 1794 CEA CEAvs  Major Both CAS and Yes
Society of  center (9.8%) (37.1%) CAS adverse CEA have similar
Vascular Retro- and CAS cardiovas- periprocedural
Surgery, spective (62.8%) cular events  MACE risk
2014 (death,
stroke, MI)
Nejim B. Multi- 4,326 4326 CEA CEA Vs Risk of Not in favor of CAS  Yes
Journal of  center (100%) (75.4%) CAS 30-day over CEA in asymp-
Vascular Retro- and CAS outcomes tomatic patients
Surgery, spective (24.3%) (stroke, and in favor of CEA
2017 death, over CAS in symp-
post-op MI)  tomatic patients
and 2-year
risk (stroke,
death)
Turley Multi- 12,320 607 CEA CEAvs  30-day post- Both CAS and Yes
RS. New center (4.9%) (93.1%) CAS procedural CEA have similar
England Retro- and CAS stroke periprocedural
Society for  spective (6.9%) stroke risk
Vascular
Surgery,
2019
Krawisz AK.  Multi- 58,423 4,624 CEA CEAvs  In-hospi- In favor of CAS Yes
Journal of  center (7.9%) (31.1%) CAS tal death, over CEA (in terms
the Ameri-  Retro- and CAS stroke, and  of predictor of
can College spective (68.9%) Ml increased risk)
of Cardio-
logy, 2021

ASA: aspirin, BMT: best medical therapy CEA: carotid endarterectomy, CAS: carotid artery stenting, MACE: major adverse cardiovas-
cular events
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Aside from patient-specific factors like age, baseline
neurological status and medical comorbidities confer-
ring increased surgical risk, the clinical decision be-
tween CEA and CAS should also be supported by ev-
idence obtained from imaging. A detailed Duplex US
(DUS) can investigate the nature of the atherosclerotic
plaque, whether it is stable or unstable. An unstable ca-
rotid plaque has features such as a thin or ruptured fi-
brous cap, large lipid core, intraplaque hemorrhage, sur-
face floating thrombus, neovascularization and marked
inflammatory infiltrate'®, which can all influence the
preferred intervention. For instance, presence of a float-
ing thrombus would require CEA as stenting carries an
increased risk of embolic stroke, whereas CAS would
fare better in a stable plaque with a smooth surface.
Additional evidence from CTA/MRA can provide some
insight regarding the status of the intracranial vessels
and collateral circulation. Insufficient collateral circula-
tion might lead to poorer outcomes in CEA as it requires
temporary clamping of the carotid artery during the pro-
cedure. MRI can furthermore identify a silent infarct,
and its localization can determine whether it was due
to ipsilateral carotid stenosis (suggesting a need for an
intervention) or from a cardiac source.

To conclude, recent guidelines generally recommend
CAS over CEA in patients with CCO, however several
studies have provided contrasting evidence. CAS seems
suitable in this patient population especially if they have
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Background and purpose - Computerised
interactive devices provide various treatment
options for post-stroke rehabilitation, and
may be applicable to treat neuropsycholog-
ical deficits. This study aimed to identify a
single rehabilitation task capable of improv-
ing both motor and cognitive functions in
stroke patients.

Methods - This prospective randomised
controlled trial involved post-stroke patients
with hemispatial neglect who were divided
into four groups. All groups received con-
ventional treatment. Besides this, the control
group made sorter exercises, while the
three experimental groups engaged in the
following additional activities: exercises with
a gravity-supporting exoskeleton; exercises
with an upper limb device with sensors on
the patient; exercises with an upper limb
device with sensors on a touchscreen. All
groups used the unaffected side, except the
exoskeleton group. Following measures were
assessed pre- and post-test: upper limb
subsection of the Fugl-Meyer scale (FM-UL),
functional independence measure (FIM), line
bisection test (LBT), Bells test.

Results - The programme (four weeks, 15
sessions) was completed by 59 post-stroke
patients (less than 6 months after stroke).
Significant associations were observed be-
tween time since stroke onset and improve-
ments in FM-UL (p = .039), and motor (p =
.021) and total FIM (p =.034). The motion
abilities of the affected upper limb improved
regardless of the treated side (p FM-UL =
0.45; p FIM = 0.416; p motor FIM = 0.395;

p Bells test = 0.347; p LBT = 0.887). Bells
test and LBT showed a strong correlation

Komputerizalt interaktiv eszk6z6k
alkalmazasa hemispacialis neglectben
stroke-betegeknél

Tavaszi I; Szabo G; Erdési P; Shenker B;
Fazekas G

Bevezetés - A komputerizalt interaktiv eszko-
70k szamos lehet8séget biztositanak a stroke
utani rehabilitacié terén, és hasznalatuk
hasznosnak bizonyulhat a neuropszicholdgiai
eltérések esetében is. A kutatas célja egyet-
len rehabilitaciés feladatnak a motoros és
kognitiv funkcidk javulasara kifejtett hatasanak
vizsgélata.

Médszerek - A prospektiv randomizalt
kontrollalt klinikai vizsgalat négy csoportba
osztott, neglect-szindrémas stroke-bete-

gek adatait dolgozta fel. Mindegyik csoport
részesult hagyomanyos terapiaban. Ezzel
parhuzamosan a kontrollcsoport szortirozasi
feladatokat kapott, mig a vizsgalati csoportok
a feladatokat az alabbi eszkdzokkel végezték:
alatdmasztast biztositd exoskeleton, a paci-
ens felsd végtagjara rogzitett érzékelbkkel
rendelkez6 eszkdz, illetve képernybbe beépi-
tett szenzorokat tartalmazé eszkdz. Mind-
egyik csoport az ép fels@ végtaggal végezte a
feladatokat, kivéve az exoskeletonos csoport.
A kovetkezd skalak kertltek felmérésre a
vizsgalat eldtt és utan: Fugl-Meyer-skala
fels6 végtagi szubtesztje (FM-UL), Functional
Independence Measure (FIM) skala motoros
és 0sszértéke, vonalfelezés (line bisection
test, LBT) és Bells-teszt.

Eredmények - Osszesen 59 stroke-ot (6 ho-
napon belll) elszenvedett paciens teljesitette
a programot (4 héten beltl 15 alkalommal
kaptak kezelést). Szignifikans 6sszeflggés
mutatkozott a stroke 6ta eltelt id8 és az
alabbiak kozott: FM-UL (p = 0,039), motoros
(p=0,021) és 6sszFIM (p= 0,034). Az érintett
oldal mozgasai a kezelt oldaltdl flggetlenul
javultak (p FM-UL=0,45; p FIM = 0,416;

p motor FIM = 0,395; p Bells test = 0,347;
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(-0.593). The effectiveness of the comput-
erised interactive rehabilitation exercises in
treating hemispatial neglect was comparable
to conventional exercises, improving motor
abilities of patients, as well as reducing
hemispatial neglect in post-stroke patients.
Conclusion - This form of therapy is effec-
tive for both motor and certain cognitive
deficits.

Keywords: neglect, stroke, rehabilitation,
task specific training, advanced technologies

p LBT =0,887). A Bells-teszt és az LBT kozott
szoros 0sszefuggés mutatkozott (-0,593).

A komputerizalt interaktiv eszkdzos terapia
hatasat 6sszehasonlitva kontrollcsoportéval
a stroke-ot elszenvedett pacienseknek nem-
csak a mozgasuk javult, de neglect tuneteik is
csokkentek.

Koévetkeztetés - Ez a tipusu terapia alkal-
mazhatd mind mozgasos, mind bizonyos
kognitiv deficitek kezelésére.

Kulcsszavak: neglect, stroke, rehabilitacio,
feladatspecifikus gyakorlas, fejlett technoldgia

troke is one of the most common cause of severe

long-term disability'. While movement dysfunction is
a common symptom in post-stroke patients, stroke can
also lead to a range of cognitive, non-motor disabilities.
Post-stroke rehabilitation programmes involve multiple
interventions, including interactive therapy, which fo-
cuses on assisting in the patients’ physical rehabilitation;
in this form of therapy, the application of devices based
on advanced technology allows patients to execute goal-
oriented, repetitive exercises”. Using robots and other in-
teractive devices may help to improve outcomes?’.

In fact, several upper limb and lower limb rehabili-
tation devices have been shown to deliver positive out-
comes for patients with disabilities. These promising
devices have been proven clinically effective and have
widened treatment options’. As mentioned previously,
post-stroke rehabilitation often involves several inter-
ventions to improve motor function, but addressing neu-
ropsychological symptoms is also essential®. In light of
these considerations, this research aimed to determine
how to achieve positive outcomes for cognitive deficits
associated with hemispatial neglect, which is a neurolog-
ical disorder. Neglect syndrome can present in multiple
forms, including egocentric neglect, which is oriented
from the individual’s perspective, and allocentric neglect,
which focuses on an object-centred frame of reference.
Although these forms often coexist, they reflect dis-
tinct facets of spatial processing deficits. The condition
is most commonly associated with damage to the right
hemisphere, particularly in regions such as the inferior
parietal lobe or the temporoparietal junction. These areas
are integral to spatial attention and coordination. Further-
more, the condition’s complexity is linked to disrupted
connections between parietal and frontal brain regions,
as well as subcortical structures like the basal ganglia’.

ROVIDITESEK

ANOVA: analysis of variance

BIT: Behavioral Inattention Test

CIRE: computerized interactive rehabilitation
exercises

CG: control group

CONSORT: Consolidated Standards of
Reporting Trials

COVID-19: coronavirus disease 2019

EG: exoskeleton group

FIM: functional independence measure

FM-UL: Fugl-Meyer Scale upper limb
subsection

LBT: line bisection test

SPG: sensor-on-patient group

SPSS: Statistical Package for the Social
Sciences

SSG: sensor-in-screen group

VST: visual scanning training

Despite the numerous studies on neglect training, it is
unclear why hemispatial neglect is frequently used as
an exclusion criterion in some stroke rehabilitation tri-
als. Mitigating disability in patients frequently correlates
with enhanced independence. The integration of conven-
tional therapeutic approaches with innovative, advanced
technologies may offer promising avenues for simultane-
ously improving independence and reducing disability.
Specifically, technology-based strategies can enable the
design of not only motor but also cognitive rehabilitation
programs for post-stroke patients®.
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The importance of early rehabilitation is supported by
the concept of neuroplasticity’. The authors of this paper
hypothesized a relationship of stroke onset with both mo-
tor and cognitive functions, and there are numerous types
of rehabilitation programs for the various functions that
are impaired in post-stroke patients. Nonetheless, for pa-
tients to have access to rehabilitation services that tend to
their needs, healthcare professionals must first accurately
diagnose patient symptoms. Various cognitive screen-
ing instruments have been developed to assess cognitive
impairment, including computerized tablet-based tools
such as the Oxford Cognitive Screen — Plus®. However,
these instruments primarily focus on comparing memory
and executive attention functions, rather than specifically
targeting hemispatial neglect. While they offer valuable
insights into general cognitive functioning, they may not
provide the specialized assessment required for detecting
and evaluating hemispatial neglect. A significant chal-
lenge in this field is the diversity of assessment method-
ologies employed for each symptom. This heterogeneity
is particularly evident in the evaluation of post-stroke pa-
tients, where hemispatial neglect serves as a prime exam-
ple of a condition with multiple assessment approaches.

Hemispatial neglect was first described more than 100
years ago’, but analysis of the current literature on the
topic does not provide clear evidence regarding the pre-
ferred study design for investigating hemispatial neglect,
instructions for the time since onset of stroke relevant to
assessing such neglect, minimum sample size regarding
post-stroke patients, duration of trials, suggested neglect-
specific assessments, and significant results'®. Tavaszi
et al.!” reviewed 19 trials, identifying 35 different types
of assessments and 17 treatments. The most frequently
applied treatments are visual scanning programme and
prism adaptation treatment. Neglect has a lot of compo-
nents, such as visual perception and motion-based ones.
This scoping review concludes that a multicomponent,
heterogeneous approach is necessary for both the diagno-
sis and treatment of neglect syndrome.

There is little consensus in the literature regarding con-
ventional treatment for hemispatial neglect. While visual
scanning (VST) is commonly used as a standard therapy,
some studies, such as Chan et al., consider VST to be an
experimental treatment''. Furthermore, there have been
some papers examining the usability limitations of the cur-
rent hemispatial neglect measures' *. For example, Fer-
ber et al."? called into question the use of line bisection test
(LBT) as a hemispatial neglect specific assessment, finding
that the Bells test and other types of cancellation tests are
more helpful and accurate in this regard. Abe and Ishiai'
also explored the best assessment methods for hemispatial
neglect, including LBT, and Mcintosh and Ishiai'> delved
into the reasoning underlying the potential methodological
differences between different measurement tools for the
condition. Despite Ferber et al.'*’s conclusions that LBT

is less helpful and accurate than other types of tests for
hemispatial neglect, and considering that LBT is a rela-
tively quick measure, the authors of this paper hypothesize
that both LBT and the Bells test are specific to assessing
hemispatial neglect. One of the primary goals of this clini-
cal trial was to assess the patient’s attention, regardless of
the specific type of neglect syndrome, since any kind of
neglect could impede the rehabilitation programme.

Although Nelemans et al.'® described several limita-
tions of some new assessment methods of hemispatial
neglect, such as mobility assessment course, it is also
regarded that these novel tools are easy to apply. In light
of these innovative methodologies, the researchers posit
that interventions targeting the unaffected side may exert
influence on the affected side, analogous to the mecha-
nism observed in mirror therapy'’. Consequently, the
investigators propose that concurrent recovery of both
motor function and neglect syndrome is feasible. This
study aimed to investigate the effectiveness of three dif-
ferent computerised interactive rehabilitation exercises
(CIREs) in improving primarily cognitive functions as-
sociated with hemispatial neglect, as well as motor func-
tion in post-stroke patients.

Methods

Study design, setting, and participants

This study was approved by the National Institute of
Pharmacy and Nutrition (current name: National Center
for Public Health and Pharmacy) (number of permission:
OGYEI/41661/2019). This prospective randomised con-
trolled trial study with four groups was conducted in the
context of inpatient rehabilitation in the National Institute
for Medical Rehabilitation (current name: Rehabilitation
Clinic of Semmelweis University of Budapest). The in-
stitution provides rehabilitation for hemiparetic patients
from across the country.

Patients were screened and enrolled as participants
from 12 August 2019 to 31 August 2022, and group allo-
cation was performed using block randomisation. A six-
months follow up assessment was scheduled subsequent
to the initial screening and enrolment. However, due to
the constraints imposed by the COVID-19 pandemic,
several patients were not able to participate, while others
passed away in the meantime.

The inclusion criteria were as follows: hemiparesis
caused by ischemic or haemorrhagic stroke; time since
stroke onset being less than six months; aged 30-85
years; hemispatial neglect detected by a neuropsycholo-
gical assessment (conducted by the neuropsychologist); a
minimum of grade 2 muscle strength in the shoulder and
elbow regions (according to Medical Research Council
Scale)'®; medically stable status; cooperative subject;
signed consent form.
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The exclusion criteria for all patients
were as described herein: severe aphasia;
incapacitated or partially incapacitated
person; imprisoned or subject to criminal
proceedings; fever or other infections; epi-
lepsy; cutaneous diseases precluding the
use of braces; musculoskeletal or other dis-

eases that prevent patients from sitting still

during treatment.
All participants gave written informed
consent.

Participant groups and blinding

This study focused primarily on cognitive
rehabilitation specifically addressing hemi-
spatial neglect, not on motion rehabilita-
tion. Each participant received conven-
tional interventions (e.g., physiotherapy,
occupational therapy, aquatic therapy) based on their
medical needs. Visual scanning training (VST) was the
standard neglect therapy used in the institute; it was pro-
vided for all patients with neglect. Besides these, no other
neglect-specific or computerised interactive therapy was
received by the participants (mirror therapy, constraint-
induced movement therapy, prism adaptation, optokinet-
ic stimulation), except for the hereinafter described group
specific intervention. Patients were randomly assigned to
one of four groups.

The members of the control group engaged in sorting
exercises using their unaffected upper limb, with some
exercises requiring eye-control and others performed
without it (Figure 1). In the institute of the study, the sort-
ing exercise is not part of conventional therapy, but it is
accepted as neglect therapy. Hidden objects were placed
in a mustard-seed tank. The control group performed three
types of exercises: there were two kinds of sorting exer-
cises without eye-control condition (i.e. ‘finding subjects
in the deep’ and ‘wearing a sleep mask’) and one eye-
control condition. Objects were located on the right, in
the middle, and the left sides of the tank, and sorting tasks
were conducted under strict observation by the medical
team. In total, 15 patients completed the control therapy.

Experimental groups performed CIREs using differ-
ent easily-adaptable devices. In essence, the exercises re-
quired motor responses to visual stimuli, and the CIREs
were similar for all experimental groups. The selected
tasks were performed in two and three dimensions, and
considering the difficulties associated with hemispatial ne-
glect, the exercises did not involve horizontal movement,
as the workspace utilized only vertical motion, limiting
the complexity of tasks for neglect patients (i.e. items that
moved through the screen moved only vertically). It means
the workspace was used on the full screen; the items could
appear on the scene anywhere around the x-axis, but they

Figure 1. Control group (CG) made sorting exercises selecting subjects
with and without eye-control

only moved along the y-axis. Importantly, the devices used
could not differentiate the location of selected items on the
screen; it was randomized and not adjustable. Addition-
ally, horizontal visual motion modulates focal attention in
neglect syndrome'. Each group performed three CIREs,
and each CIRE-session lasted 10 minutes. A complete ses-
sion for one patient was 30 minutes at a time. This time
period is in accordance with the time needs of advanced
technology devices, and is comparable to the duration of
conventional neglect specific treatments.

The gravity-supporting exoskeleton group (EG) com-
prised 15 patients who performed exercises through a
gravity-supporting exoskeleton device (ArmeoSpring®,
Hocoma, Volkestwil, Switzerland) using the affected
side (Figure 2A). The device consists of an ergonomic
weight-supporting exoskeleton for the upper limbs, an
optional supplemental support used for wrist stabilisa-
tion, and a screen in front of the patient. The exoskeleton
braces the upper limb and counterbalances its weight as
a part of the body weight support. Built-in sensors allow
the recording of motions throughout participants’ self-
directed training, enabling the documentation of patient
progress and the assessment of data collected through the
device’s own measurements.

The sensor-on-patient group (SPG), encompassing 14
participants, used a self-directed sensor-based system for
upper limb therapy that requires the attachment of sen-
sors to the patient (ArmeoSenso®, Hocoma, Volkestwil,
Switzerland). Two sensors were fixed to the participants’
unaffected upper limbs to allow the recording of their
movements in front of a monitor without any kind of
support, and these sensors could also make assessments
associated with device use (Figure 2B).

The sensor-in-screen group (SSG) used a sensor-based
device where the sensors were integrated into a touch-
screen (Tyromotion Myro, Tyromotion, Graz, Austria),
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Figure 2. Experimental groups. A: Exoskeleton group (EG), B: sensor-
on-patient group (SPG), C: sensor-in-screen group (SSG)

as opposed to being placed on the patient. Participants
performed the exercise using their unaffected upper limb,
and while the device had different supplements, they did
not support the upper limbs. In the clinical trial, only the
big touchscreen was used (Figure 2C).

Blinding participants and physiotherapists were not
possible due to the nature of the interventions. However,
independent examiners who conducted outcome assess-
ments were blinded to group allocation.

Measurement tools and procedures
Fugl-Meyer upper limb

The Fugl-Meyer upper-limb®- 2! (FM-UL) subtest, a
stroke specific test to assess motor functioning, was used
to describe motor recovery. Total scores for this subtest
range from 0-66.

Functional independence measure

While the functional independence measure® (FIM) test
is a mixed test, it is useful for assessing activities of daily
living and widely used for function evaluations. Specifi-
cally, the FIM is an 18-item clinician-administered scale
divided into six areas, with total scores ranging from
18-126. The motor FIM encompasses the performance of
a series of organised, harmonised, and optimised move-
ments and is calculated based on the scores of the first
four areas (including 13 items) of the FIM. The scores for
the motor FIM range from 13-91.

Inattention assessments

There is heterogeneity of spatial neglect assessments
in the literature'*. Furthermore, some usable tests, such

as the Caterine Bergego Scale, were not
adapted to the target country’s language
(i.e. Hungarian) at the time the trial was
conducted. The solution was to measure
well known and usable inattention tests in
order to provide comparable results.

The following inattention assessments
were used by the neuropsychologist re-
sponsible for the procedures before and
after the intervention: LBT?, Bells test?,
and Toulouse-Piéron test*?. The Behav-
ioral Inattention Test (BIT)? is a widely
known and used assessment in stroke at-
tendance. The first two of the above men-
tioned measurements are consistent with
BIT, as it includes cancellation tests, and
the Bells test is a type of cancellation
test. Furthermore, LBT is also included
within BIT. As mentioned before, au-
thors of this paper hypothesize that the Bells test (a
type of cancellation test) and LBT are specific tests to
hemispatial neglect, and are among the most relevant
assessments for condition.

LBT is a quick measure of hemispatial neglect, where-
in participants mark the center of horizontal lines, with
scores ranging from -1 to 1%.

In the Bells test, the patient has to circle all bells on
a picture containing 280 different black figures, with the
maximum score being 35.

The Toulouse-Piéron test measures attention, which is
one of the aspects of hemispatial neglect. The test also as-
sesses other cognitive functions, such as mental fatigue,
concentration, and performance stability. The possible
maximum score in this test is 37.5.

All aforementioned tests were paper-and-pencil tests,
and although the devices used in the experimental groups
had their own tests and collected additional parameters,
these were not comparable with data from prior clinical
trials and were difficult to use for assessing cognitive
functions.

Procedures

The procedures for both the control and the experi-
mental groups were the following. Neuropsychologi-
cal assessments were conducted as part of the insti-
tution’s regular post-stroke rehabilitation program.
Eligible participants were informed about the study
after screening, provided consent, and were enrolled
by the project administrator (i.e. a physician). After
receiving informed consent, the project administra-
tor assessed the clinical status of participants and ad-
ministered the FIM. The independent physiotherapist
thereafter conducted the FM-UL for the patient’s af-
fected side. New participants were randomly distrib-
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uted to different interventional groups using block
randomisation. Each patient received 15 sessions of
the therapy programme over four weeks in addition
to the usual post-stroke therapy. The FM-UL and FIM
were applied again after session 15, marking the end
of the therapy programme. A post-intervention ques-
tionnaire was also administered.

Statistical analyses

All statistical analyses were performed using SPSS ver-
sion 24.0.

Authors used descriptive statistics, one-way analysis
of variance (ANOVA), bivariate Pearson’s correlation
test, and independent samples t-tests. The authors have
reported this study according to the Consolidated Stand-
ards of Reporting Trials (CONSORT).

Results

Sample

The sample selection process was depicted in the CON-
SORT flow diagram (Figure 3). Initially, 801 patients
were treated in the department and assessed for eligibil-
ity; of these, 692 were stroke patients, 618 were within
six months of stroke onset, and 523 had hemiparesis or
hemiplegia, and five declined participation in the study.
After screening, 739 patients were excluded based on
inclusion and exclusion criteria, and 62 patients partici-
pated in the clinical trial.

In light of the inclusion of 62 participants in the study,
the authors randomly assigned 16 participants to the
control group and the EG, and 15 participants into the
SPG and SSG. Three participants dropped out during the
study, two because they needed urgent intestinal medical
attention, and one was unable to execute the tasks de-
spite understanding the exercises and having good active
range of motion. In total, 15 patients in each group re-
ceived the intended treatment, except for the SPG; in the
latter group, only 14 patients received the intended treat-
ment because one dropped out at the end of the clinical
study. In the end, data from 59 participants was analysed.

The researchers had originally planned to screen and
enrol eligible patients from 12 August 2019 to 31 De-
cember 2020, but the COVID-19 pandemic affected the
stability and feasibility of the project. This forced the au-
thors to extend the clinical trial to 31 August 2022.

After reviewing the methodological designs of past
hemispatial neglect studies’, the authors of this paper be-
came aware that follow-up procedures were not used in
most studies and it did not make much sense for research-
ers to conduct short-term follow-ups, but long-term im-
pact of the therapy is shown clearly after six months. The
authors had originally decided to conduct a long-term

follow-up in this study because it could be helpful for fu-
ture data analyses, and would enable the authors to ana-
lyse the stability of the results. The first patients ended
their treatment in early September 2019; six months later,
the pandemic emerged. Close contact to the COVID-19
pandemic decreased the number of available facilities,
and some of the patients initially enrolled died soon after
the onset of the pandemic. Follow-up was cancelled be-
cause of the above reasons. There were no adverse events
considering the experimental interventions.

Demographic and clinical characteristics

The main demographic and clinical characteristics of the
participants are outlined in Tables 1 and 2. No participant
reported discomfort during the trial. The mean age of
the 59 participants (39 male, 20 female) who completed
the therapy programme was 56.97 years (range: 30-80
years). The highest mean age among the sample groups
was 60.07 years, and the lowest was 54.53 years.

One patient had right-sided hemiparesis, while the left-
side was affected in all other participants. Furthermore,
one participant with left hemiparesis was left-handed but
had practiced right-handed writing since childhood, and
also had aphasia, but it was not so severe as to hamper
his understanding of or ability to perform the exercises.
The mean time since stroke onset was 56.69 days (range:
14-180 days). Regarding stroke type, there were 48
(81.4%) cases of ischaemic and 11 (18.6%) of haemor-
rhagic stroke. One participant experienced two haemor-
rhagic strokes during the clinical trial period.

Analyses

With regard to the aim of the research study, pre-tests
across the groups indicated homogeneity. To determine
which group showed the greatest improvements across
the various variables, ANOVA was conducted. Table 3
shows the means, standard deviations, standard errors,
and 95% confidence intervals for the dependent variables
of FM-UL, FIM, motor FIM, Bells test, and LBT for each
group and the whole sample. Results showed significance
values over 0.05. Figure 4 showcases the scores for dif-
ferent groups regarding FIM and the Bells tests, depict-
ing non-significant differences between groups: p ., . =
045 p,.,y=0416;p . =0395p = 0347 p
gy = 0.887 (Table 4), and indicating that the improve-
ment was similar across groups (Tables 3 and 4).
Pearson’s correlation tests were performed to inves-
tigate the directional associations between variables.
Specifically, time since stroke onset showed a small but
significant correlation with improvements in the follow-
ing variables (N = 59): FM-UL (R = -0.269; p = .039);
motor FIM (R = -0.299; p = .021; Figure 5); total FIM
(R =-0.277; p = .034). Time since stroke onset didn’t
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Figure 3. Consolidated Standards of Reporting Trials (CONSORT) Flow Diagram of the study
EG: exoskeleton group, SPG: sensor-on-patient group, SSG: sensor-in-screen group

show significant correlation with improvements in the
Bells test (R =0.108; p = .415) and LBT (R =-0.033; p
=0.806).

Post-test, there was a significant (p < 0.05) correlation
between line bisection and the Bells test data. Based on
the results, there was a moderately strong negative cor-
relation (-0.593) between the two variables (Figure 6).

Based on the findings reported thus far, the authors
were looking forward to the results of the independent

t-tests of the measurement tools. Upon combining all ex-
perimental groups and comparing their results with those
of the control group, there was no significant difference
in the improvements for FM-UL (p = .599), FIM (p =
.332), motor FIM (p = .278), Bells test (p = 0.821), and
LBT (p=0.701).

Furthermore, in the Bells test, experimental group par-
ticipants who performed exercises with the unaffected up-
per limb (mean improvement: 4.14 + 4.875) did not show
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Table 1. Patient characteristics of numerical data

Age (years)

Groups n Mean Std. Std. error Median Minimum Maximum
deviation

CG 15 55 11.98 3.09 58 34 73

EG 15 57 9.85 2.54 61 42 71

SPG 14 60 14.60 3.90 62 37 80

SSG 15 54 12.87 332 55 30 73

Total 59 56 12.26 1.59 58 30 80

Mean time since onset of stroke (days)

Groups n Mean Std. Std. error Median Minimum Maximum
deviation

CG 15 53 32.84 8.48 42 19 125

EG 15 50 33.32 8.60 43 14 144

SPG 14 63 36.55 9.77 62 24 161

SSG 15 60 39.70 10.25 43 28 180

Total 59 56 35.19 4,58 44 14 180

CG: control group, EG: exoskeleton group, SPG: Sensor-on-Patient Group, SSG: Sensor-in-Screen Group, n: number,
std.: standard

Table 2. Patient characteristics of qualitative data

Groups Gender Type of stroke Educational level
n n n
CG female 4 ischaemic 14 primary or lower 3
male 11 haemorrhagic 1 secondary 4
total 15 total 15 tertiary or higher 8
total 15
EG female 5 ischaemic 11 primary or lower 2
male 10 haemorrhagic 4 secondary 9
total 15 total 15 tertiary or higher 4
total 15
SPG female 4 ischaemic 12 primary or lower 2
male 10 haemorrhagic 2 secondary 7
total 14 total 14 tertiary or higher 5
total 14
SSG female 7 ischaemic 11 primary or lower 2
male 8 haemorrhagic 4 secondary 7
total 15 total 15 tertiary or higher 6
total 15
Total female 20 ischaemic 48 primary or lower 9
male 39 haemorrhagic 11 secondary 27
total 59 total 59 tertiary or higher 23
total 59

CG: control group, EG: exoskeleton group, SPG: Sensor-on-Patient Group, SSG: Sensor-in-Screen Group, n: number
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Table 3. Descriptive statistics for assessments’ results

95% Confidence
Interval for mean

N Mean Std. Deviation Std. Error Lower Upper Minimum  Maximum
Bound Bound

A FM-UL
CG 15 5.87 15.222 3.93 -2.56 143 -2 58
EG 15 10.73 8.738 2.256 5.89 15.57 0 25
SPG 14 4.86 5.985 1.6 1.40 8.31 -4 18
SSG 15 6.8 9.344 2413 1.63 11.97 0 35
Total 59 7.1 10417 1.356 4.39 9.82 -4 58
A FIM
CG 15 24.8 10.178 2.628 19.16 30.44 6 44
EG 15 22.07 17.023 4.395 12.64 31.49 0 68
SPG 14 16.21 14.338 3.832 7.94 24.49 1 50
SSG 15 232 15.195 3.923 14.79 31.61 2 46
Total 59 21.66 14.392 1.874 17.91 25.41 0 68
A motorFIM
CG 15 22.73 10.714 2.766 16.8 28.67 1 44
EG 15 19.4 15.389 3.973 10.88 27.92 0 62
SPG 14 14.71 12.250 3274 7.64 21.79 1 39
SSG 15 21.07 13.226 3415 13.74 28.39 2 41
Total 59 19.56 13.023 1.695 16.17 22.95 0 62
A Bells test
CG 15 4.4 6.01 1.552 1.07 7.73 -4 18
EG 15 6.07 7.146 1.845 211 10.02 0 23
SPG 14 2.5 4.09 1.093 0.14 4.86 -3 12
SSG 15 5.67 5.178 1.337 2.8 8.53 0 19
Total 59 4.69 5.76 0.75 3.19 6.2 -4 23
ALBT
CG 15 2.8 6.982 1.803 -1.07 6.67 -9 17
EG 15 3.67 5.066 1.308 0.86 6.47 -4 12
SPG 14 2.64 7.302 1.952 -1.57 6.86 -15 13
SSG 15 4.67 10.56 2.727 -1.18 10.51 -14 31
Total 59 3.46 7.582 0.987 1.48 5.43 -15 31

CG: control group, EG: exoskeleton group, SPG: Sensor-on-Patient Group, SSG: Sensor-in-Screen Group, n: number,
std.: standard, FM-UL: Fugl-Meyer Scale upper limb subsection, FIM: Functional Independence Measure, LBT: Line

Bisection Test

significantly (p = 0.877) smaller improvements compared
to the control group (mean improvement: 4.4 + 6.01). In
LBT, experimental group participants who performed
exercises with the unaffected upper limb (mean improve-
ment: 3.69 + 9.032) did not show a significantly smaller
improvement compared to the control group (mean im-

provement: 2.8 + 6.982; p = .741). There were also non-
significant differences (based on independent t-tests) be-
tween the improvements in the experimental group parti-
cipants who performed exercises with the unaffected upper
limb and the improvements in the control group for FM-
UL (p =.999), FIM (p = .255) or motor FIM (p =.231).
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Figure 4. Baseline and discharge scores on Bells test and functional independent movement (FIM) between groups
CG: control group, EG: exoskeleton group, SPG: sensor-on-patient group, SSG: sensor-in-screen group

Discussion

Hemispatial neglect has historically been used as an ex-
clusion criterion in several stroke studies, despite its sim-
ilarity to other stroke symptoms like aphasia, which are
often integrated into the design of post-stroke rehabilita-
tion programs or studies. Accordingly, the authors of this
article believe that avoiding and excluding hemispatial
neglect from the design of such programs is unfounded.
Instead it should be regarded as a critical component of
comprehensive stroke rehabilitation. One of the inclusion
criteria of this trial was “detected hemispatial neglect”. In
the literature, right-sided neglect is known as well?®. From
the perspective of fostering independence and overcom-
ing the challenges imposed by neglect, the side of neglect
does not significantly alter the goals or outcomes of reha-
bilitation. The focus remains on mitigating the patient’s
impairments and improving functional outcomes, regard-
less of which side is affected. Consequently, the inclusion
of this patient aligns with the study’s broader objective
to assess the efficacy of rehabilitation techniques in indi-
viduals with hemispatial neglect. Furthermore, although
conventional treatments for hemispatial neglect are not
clearly defined, sorting exercises are among the most
common therapeutic approaches, thus the authors of this
paper employed sorting exercises in the control group.
The results of ANOVA demonstrated that all groups -

whether performing conventional or CIRE-based therapy
- exhibited comparable improvements in FM-UL, FIM,
motor FIM, Bells test, and LBT scores. This suggests
that the therapies using CIREs were as effective as con-
ventional therapy for patients with hemispatial neglect
symptoms.

The FM-UL test was conducted using the participants’
affected upper limb, and although there were differences
in the exercises performed across the four groups, the au-
thors’ findings underpin improvements for FM-UL scores
in all groups, including among participants using the un-
affected upper limb. This reinforces the idea that the side
involved in the exercises may be less relevant for the
improvements in the FM-UL test, and resembles to the
outcomes of mirror therapy'”. Robertson and North*® de-
scribed a relationship between neglect and active-passive
motion of the limb. Frassinetti et al.’® explored another
trial about active and passive arm movements. These
studies verified the effect of the simultaneous motion of
the active and passive arms in association with neglect.
Nevertheless, our study solely focused on unilateral
movements, distinguishing between unaffected and af-
fected arm exercises. This study didn’t use simultaneous
movements. One group did the exercises with the active
(affected) upper limb while the members of the other
groups performed the tasks with the unaffected arm. Each
patient performed only the group-specific tasks with
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one - either affected or unaffected - upper
limb, but sessions across all groups only in-
volved active movement. The resemblance
between advanced rehabilitation technolo-
gies and mirror therapy was not explored
in previous literature and warrants further
exploration in future research.

In this sample, similar results were ob-
served regarding FIM, motor FIM, the
Bells test, and LBT. Furthermore, the mo-
tor and cognitive function recovery scores
in the EG (tasks performed by the affected
upper limb) were similar to those in the
other two experimental groups and to those
in the control group, where participants
performed exercises with the unaffected
upper limb. These results generally imply a
relationship between the cognitive training
of the side unaffected by hemiparesis and
the motor recovery of the affected side in
post-stroke patients with hemispatial ne-
glect. The authors of this article propose
that treatments using CIREs may function
similarly to mirror therapy, where exercis-
ing the unaffected side helps the patient
visualise movement and then improves the
motion of the affected side. This connection
between advanced technologies and mirror
therapy was not previously known. The ap-
plication of this method could allow health-
care professionals to address two types of
stroke-related symptoms using a single
treatment intervention.

The results for independent t-tests un-
derscore a relationship between different
hemispatial neglect treatment types. This
was evident even among participants who
performed exercises with the unaffected
upper limb, supporting the idea that device-
based therapy may operate in a manner
similar to mirror therapy. This suggests that
such technology could potentially be de-
veloped as a form of computerized mirror
therapy.

The correlations of time since stroke
onset with FM-UL, total FIM, and motor
FIM were all observed to be significant by
the authors. The FM-UL assesses motor re-
covery, whereas the motor FIM is broader
and encompasses both cognitive and motor
recovery variables. There is also a relation-
ship between time since stroke onset and
motor functions, and this may be related to
the cognitive functions required for mov-

Table 4. Analysis of variance for assessments’ results

Sum of df  Mean F Sig.
Squares Square
A FM-UL
Between groups 292.609 3 97536  0.894 045
Within groups 6000.781 55 109.105
Total 6293.39 58
AFIM
Between groups 601.13 3 200377 0.966 0.416
Within groups 11412.09 55 207.493
Total 12013.22 58
A motorFIM
Between groups 514.219 3 171406 1.011 0.395
Within groups 9322324 55 169497
Total 9836.542 58
A Bells test
Between groups 111.142 3 37.047 1124 0347
Within groups 1813367 55 3297
Total 1924.508 58
ALBT
Between groups 38.363 3 12,788  0.213 0.887
Within groups 3296.281 55 59.932
Total 3334.644 58

CG: control group, EG: exoskeleton group, SPG: Sensor-on-Patient Group,
SSG: Sensor-in-Screen Group, df: degrees of freedom., F: F-value, Sig.: sig-
nificance level of value, FM-UL: Fugl-Meyer Scale upper limb subsection,
FIM: Functional Independence Measure, LBT: Line Bisection Test
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ing the upper limbs. The confirmation of
the correlations between these tools holds
importance because they entail that start-
ing rehabilitation early on after the stroke
diagnosis could enable improvements in
the variables encompassed in both the mo-
tor FIM and the FM-UL, as well as more
positive treatment outcomes. This finding
aligns with Coleman et al.’!, who hypo-
thesized that early rehabilitation could be
more effective. However, the paper-and-
pencil tests used in this study did not show
significant correlations with the measures

Bells test at discharge
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specific to hemispatial neglect, indicating
potential limitations in these types of as-
sessments.

The strong correlation between the Bells
test and the LBT - where improvement in one was associ-
ated with decrease in the other - (Figure 6) demonstrates
their value in measuring hemispatial neglect. This con-
trasts with Ferber et al.'””, who questioned the specific-
ity of the line bisection test for diagnosing hemispatial
neglect. In this study, the authors monitored the post-
therapy outcomes from both tests, focusing on a single
point in time rather than a longitudinal view, which could
explain some differences in findings compared to earlier
literature.

Patients may learn from repeated administrations of
the paper-and-pencil tests (test-retest effects), whereas
computerized tests can adjust dynamically, potentially
making them more effective for tracking patient pro-
gress. This suggests paper-and-pencil tests can be use-
ful in the diagnosis of spatial neglect but a dynamic test
would be more suitable for monitoring the changes in
patient state in the future. This has been a common issue
with most widely-used hemispatial neglect specific tests.
The Toulouse-Piéron test may have fewer limitations in
scoring, but it can still show similar results with different
efficiency levels depending on the number of processed
characters and errors. Furthermore, a low performance
on the Toulouse-Piéron test could be due to various cog-
nitive disorders, not only to hemispatial neglect.

Future studies should aim to incorporate larger sam-
ples and use more advanced computerised tests (e.g., the
dynamic Starry Night Test), which may provide more de-
tailed and sensitive assessments of spatial neglect®?, but
there still is a dearth of applications of this test in the lit-
erature. Virtual reality-based assessments could be anoth-
er solution to the limitations of paper-and-pencil tests*.

Furthermore, adjusting the placement of exercises
could further challenge patients and improve outcomes,
suggesting that future rehabilitation protocols should
take these adjustments into account. For example, it may
be easier for some patients to focus their attention in the

Figure 6. Correlation between Bells test and line bisection at discharge

first part of the rehabilitation exercise if it is provided
near to the centre of the screen, and this may then provide
patients with an adequate challenge.

Limitations

First, the clinical trial had a relatively small sample
size.

Second, despite the lack of a strong correlation be-
tween the hemispatial neglect specific assessments and
time since stroke onset, the authors believe that the afore-
mentioned hypothesis related to the effectiveness of early
rehabilitation holds true not only for motor recovery but
also for cognitive function recovery. In the authors’ opin-
ion, the primary limitation of paper-and-pencil tests lies
mostly in their scoring systems, as the low maximum
score restricts variability and reduces the sensitivity of
these tests to detect incremental changes.

Third, this trial only included participants with a mini-
mum muscle strength score of grade 2. As participants
reached this threshold, their levels of inattention also be-
gan to decrease at the same time, though at varying rates.

Fourth, the authors believe that there are limitations
in starting rehabilitation very early into the treatment of
post-stroke patients, as it may not be beneficial for every
patient. For instance, those with severe hemispatial ne-
glect often struggle to focus on specific topics in the early
stages of their recovery from stroke.

Fifth, during the COVID-19 pandemic, many health-
care facilities were closed or operated under altered
protocols, reducing the number of post-stroke patients
admitted for treatment. Patient numbers and treatment
capacity problems were also exacerbated by the higher
mortality rates during this period and the restructuring of
rehabilitation departments and facilities.

Sixth, it was challenging to clearly monitor the in-
dependent impact of the advanced devices in the inter-
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vention groups and impractical to isolate the effects of a
single therapy. Brain plasticity is an important factor in
stroke recovery, and limiting therapy options for research
purposes would be unethical, as noted by Puderbaugh
and Emmady**. This limitation is common in rehabilita-
tion research, where isolating one method is often not
feasible.

Seventh, although technological advancements have
contributed to the development of new rehabilitation
devices, they do not always allow for precise monitor-
ing of the on-screen placement of CIREs. For patients
with hemispatial neglect, the positioning of stimuli on the
screen is critical for focusing attention.

Eighth, follow-up is missing. Long-term follow-up
could support the aim of this study?.

Conclusions

The results of this trial emphasize, that cognitive function
should be considered as important as motion function in
stroke rehabilitation. Daily activities such as dressing or
bathing rely not only on muscle strength, tone and range
of motion of a joint, but also on the ability to sequence
and organise the necessary movements. Based on this,
the suggestion is that cognitive therapy should be intro-
duced for post-stroke patients as soon as they are ready to
benefit from such interventions.

The authors’ findings also demonstrate that interac-
tive devices can assist patients in practicing motor func-
tions. However, cognitive apperception is crucial for
achieving better outcomes in daily activities. Inattention
can limit patient progress and reduce treatment efficacy,
even if motor recovery is successful. It can also impact
the ability to perform activities of daily living, thus af-
fecting quality of life. Therapists delivering rehabilitation
programs should adopt a holistic approach, focusing not
only on symptoms but on the patient’s overall well-be-
ing*. Neuroplasticity following stroke affects both mo-
tor and cognitive functions, and as recovery progresses,
improvements in daily living activities are also expected.

Furthermore, because of a lack of standardisation for
hemispatial neglect measurements and the absence of
strict methodological regulations in neglect studies'®, the
authors of this paper used a variety of assessment tools
and continuously sought guidance from the literature to
design their study. Based on the findings, it seems that,
despite some discrepancies with Ferber’s conclusions,
their findings suggest that the LBT performs similarly to
the Bell test, while paper-and-pencil tests may not be sen-
sitive enough to detect the full efficacy of rehabilitation
interventions.

Results showed significant improvements across all
groups, indicating that interactive device-based exer-
cises are as effective as sorting exercises for hemispa-

tial neglect. However, the patient’s experience with the
treatment can differ and motivation is key to sustaining
participation in the rehabilitation program. While it is dif-
ficult to determine which therapy is more efficient than
the other, some treatments may be more effective in ad-
dressing multiple symptoms.

In post-stroke patients with hemispatial neglect, en-
gaging in motor activities lead to improvement in muscle
strength, and enhances active movement, along with the
necessary cognitive development. All of these improve-
ments can be measured through tools like FM-UL for ac-
tive motor recovery, and Bells test, LBT, and FIM (both
total and motor scores) (mixed measurements) for hemi-
spatial neglect. Since reducing a disability translates into
increased independence, better rehabilitation outcomes
may be achieved by addressing all symptoms and identi-
fying optimal recovery strategies.

The significance of the hypotheses explored in this
study lies in their potential to expand the range of treat-
ment options available to therapists. Our findings suggest
that a single interactive device can be used to address
multiple symptoms of hemispatial neglect. Specifically,
the authors of this article demonstrate that interactive de-
vice-based therapy can promote motor recovery, increase
muscle strength, and improve cognitive function, similar
to mirror therapy. For example, in cases where the device
does not directly promote active movement of the affect-
ed upper limb, motor recovery might still occur through
mechanism similar to mirror therapy. In cases where ac-
tive movement is facilitated, there may be strength gains,
and reduction in inattention (i.e. cognitive improvement)
can also be achieved. Consequently, the selection of exer-
cises by the therapist becomes critical, and it is up to the
medical team - including physicians and physiotherapists
- to determine the most appropriate tasks. This study also
contributes to clinical practice by highlighting how in-
teractive devices can motivate patients with hemispatial
neglect to engage in rehabilitation exercises for longer
periods than conventional sorting exercises. All of the
treatments proposed in this study aim to improve the pa-
tient’s ability to perform daily living activities, suggest-
ing that interactive devices may enhance these abilities
in patients with hemispatial neglect. As patient engage in
rehabilitation, their disability expected to decrease, lead-
ing to better outcomes in daily activities and an improved
quality of life.

Future studies with larger sample size and extended
follow-up periods are necessary to further confirm these
findings.
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Background and purpose - Flunarizine is a
specific calcium antagonist and is frequently
used in adults for the prophylactic treatment
of migraine. The use of flunarizine may lead
to somnolence and weight gain, depres-
sion, and rarely extrapyramidal symptoms

in adults. However, studies detecting the
efficacy and safety of flunarizine use in ado-
lescents are limited. In the current study, the
effectiveness of flunarizine for the manage-
ment of migraine without aura in Turkish
adolescents was evaluated.

Methods - Forty-six patients with migraine
without aura, receiving flunarizine 5mg per
day were included. In this retrospective
study, the medical records of the cases were
examined. Visual Analog Scale (VAS) and
MIDAS scores were compared to assess the
efficacy of the 3 months treatment.

Results - The mean age was 14.37+1.83
years. There was a significant improvement
in the VAS and MIDAS scores of the patients
at the end of the third month (p<0.05).

Side effects were detected in 23.9% of the
patients, and these symptoms were sedation
in 8.7% of the patients, mood swings in 4.3%,
and vomiting in 4.3% of them. None of the
patients discontinued the treatment due to
side effects.

Conclusion - Although the advancement of
migraine research and treatment is inevi-
table, our findings support that flunarizine
should still be considered as an effective and
tolerable treatment option in adolescent
migraineurs.

Keywords: migraine, flunarizine, MIDAS
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Az aura nélkuli migrén kezelése serdii-
I6knél: a flunarizinhasznalat tapasztala-
tai egy torék kohorszban

llik F, MD, PhD; Ertem DH, MD, PhD; llik MK,
MD, PhD

Bevezetés - A flunarizin egy specifikus
kalciumantagonista, amit feln&tteknél gyak-
ran alkalmaznak a migrén profilaktikus keze-
lésére. A flunarizin alkalmazasa felnétteknél
almossaghoz és testtdmeg-gyarapodashoz,
depresszidhoz és ritkan extrapiramidalis
tUnetekhez vezethet. A flunarizin serddl&k-
nél torténd alkalmazasanak hatékonysagat
és biztonsagossagat kimutatd vizsgalatok
azonban korlatozottak. A jelen vizsgalatban

a flunarizin hatékonysagat vizsgaltuk az aura
nélkuli migrén kezelésében torok serduldk-
nél.

Médszerek - A vizsgalatba 46, aura nélkdli
migrénben szenvedd, napi 5 mg flunarizint
kapd beteget vontunk be. Retrospektiv vizs-
galatunkban az esetek orvosi kartonjat vizs-
galtuk. A vizualis analog skala (VAS) pontsza-
mait és a MIDAS-pontszamokat hasonlitottuk
0ssze a 3 hénapos kezelés hatékonysaganak
értékeléséhez.

Eredmények - Az atlagéletkor 14,37 + 1,83
év volt. A betegek VAS- és MIDAS-pontszamai
a harmadik hénap végére szignifikansan
javultak (p < 0,05). Mellékhatasokat a betegek
23,9%-anal észleltek: a betegek 8,7%-anal
szedacio, 4,3%-anal hangulatingadozas,
4,3%-anal pedig hanyas lépett fel. A betegek
egyike sem hagyta abba a kezelést mellékha-
tas miatt.

Kovetkeztetés - Bar a migrén kutatasa-
nak és kezelésének fejlédése elkerulhetet-
len, eredményeink alatamasztjak, hogy a
flunarizin tovabbra is hatékony és toleralhatd
kezelési lehet8ségnek tekinthetd a serdulé-
kord migréneseknél.

Kulcsszavak: migrén, flunarizin, MIDAS
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Migraine is a common neurological issue in children
and can lead to significant disability’. Its prevalence
varies with age, ranging from 3% to 17%?23. The incidence
of headaches in childhood increases due to environmental
factors. Children with limited access to outdoor play areas,
resulting in a sedentary lifestyle, are at higher risk for
developing headaches*.

Flunarizine is a mixed sodium and calcium channel
blocker that exerts its preventive effect in migraine, at least
in part, by blocking P/Q-type channels in the brain. These
P/Q-type calcium channels are presynaptic, high-voltage
gated channels that contribute to vesicle release at syn-
aptic terminals. Dysfunction of these channels has been
implicated in various neurological disorders, including
migraine®.

Flunarizine was introduced in the 1980s for migraine
treatment. Reports suggest that it may have protective ef-
fects against brain hypoxia by reducing intracellular calci-
um levels. Its impact on the overload and inhibitory effects
on cranial artery contractility in animal models led to the
investigation of its potential prophylactic role in migraine
management. Flunarizine is recommended in various na-
tional treatment guidelines as a drug with level A evidence
for migraine prophylaxis, at doses of 5-10 mg®*.

Various medications are used for migraine prophylaxis
in children. These include antidepressants (e.g. amitrip-
tyline), antiepileptics (e.g. topiramate, gabapentin) and
calcium channel blockers (e.g. flunarizine)® '°. Practice
guidelines set a “benchmark” for evaluating the effective-
ness of preventive treatment, such as a 50% reduction in
headache frequency. The Childhood and Adolescent Mi-
graine Prevention (CHAMP) trial, the largest comparative
effectiveness study to date for preventive migraine treat-
ment in children, showed interim results that amitriptyline
and topiramate were not superior to placebo in reducing
headache days. These findings have led to increased calls
for pediatric headache specialists to prioritize behavioral
approaches in preventive treatment'® ',

Published studies on flunarizine predate the recent
endpoints suggested for evaluating migraine prophylactic
drugs, meaning there is insufficient evaluation based on
these newer criteria. Additionally, large-scale contempo-
rary studies could provide valuable insights into re-eval-
uating flunarizine’s efficacy in migraine treatment and its
potential benefits'?.

The aim of this study was to evaluate the efficacy and
tolerability of flunarizine in adolescent migraine head-
aches.

Materials and methods

This retrospective observational study was approved by
the ethics committee of the University of KTO Karatay,
Konya, Tiirkiye, (Study Protocol Number: 2024/050) and
was performed in accordance with the Declaration of Hel-

ABBREVIATIONS

FIP: Flunarizine-Induced Parkinsonism

MIDAS: Migraine Disability Assessment
Scale

NPRS: Numeric Pain Rating Scale

VAS: Visual Analog Scale

sinki. Written, informed consent was obtained from all
participants’ parents.

Patients with migraine without aura who were admit-
ted to the tertiary neurology clinic for 24 months from
May 1, 2022, to May 1, 2024, were enrolled in the study.
Demographic and clinical features, chronic diseases were
recorded.

Participants

In our study, we retrospectively assessed the clinical char-
acteristics of 46 adolescents who were diagnosed with
migraine without aura and treated at the Neurology Clinic.
The patients included in the study were diagnosed ac-
cording to the International Classification of Headache
Disorders, 3rd Edition (ICHD-3) diagnostic criteria used
for the diagnosis of auraless migraine in children. Patients
had pain complaints for at least 3 months. They had not
used prophylactic treatment before. Patients had analgesic
use for acute treatments but did not have medication-over-
use headache.

ICHD-3 was published in 2018 and describes in detail
the diagnostic criteria for types of headache in both adult
and pediatric populations. The criteria for the diagnosis
of migraine in children are described in ICHD-3 under the
heading “Migraine Without Aura (1.1)”".

The medical records of adolescents diagnosed with
migraine without aura and treated with flunarizine were
reviewed. The Visual Analog Scale (VAS) and Migraine
Disability Assessment Scale (MIDAS) values at the time
of initial flunarizine administration were recorded, as well
as the values after three months of treatment.

Instruments

The Visual Analog Scale

VAS is used to quantify certain parameters that are not
easily measured numerically. It consists of a 10 cm line
with two ends representing the extremes of the parameter
being evaluated. Patients are asked to indicate their current
state by drawing a line, placing a dot, or marking the point
that best represents their condition. For example, for pain,
one end of the line represents “no pain”, and the other end
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represents “severe pain”. The length from
the “no pain” mark to the patient’s mark in-
dicates the level of pain'* '*.

Table 1. Comparison of mean VAS and MIDAS scores at baseline and
after 3 months of treatment

Metric Baseline Mean  3-Month Mean  p-value
The Migraine Disability Assessment Scale +5D +5D
VAS (Visual Analog 7.087 +0.96 5.06+1.83 0.00
MIDAS is a commonly used tool designed ~ Scale)
to measure disability associated with mi- MIDAS (Migraine 1137 +432 813+ 4.68 0.00
graines. It assesses migraine-related disabil-  Disg bility Assessment
ity over the previous three months. Studies ~ Scale)
in our country have shown that MIDAS is a
reliable scale for measuring disease severity
and determining treatment strategies in mi-
graine patients. MIDAS evaluates the impact Without
of headaches on the patient’s life through side effects
five questions, focusing on the severity and Sedation
frequency.of the pain, as well as its imp.act Mood swings
on the patient’s work, school, or home life.
It is graded on a four-level scale: a score of Vomiting
0-5 indicates minimal disability (grade 1),
6—10 indicates mild disability (grade 2), 11— Weigth gain
20 indicates moderate disability (grade 3), Fatigue
and 21 or above indicates severe disability
(grade 4)'°. The Turkish validity and reliabil- Numbness
ity study of it was conducted in 2004 by Er- = o - 5 - - -
tas M et al'”. The MIDAS was used because Percentage (%)

the patients participating in the study were
between the ages of 11-18 and the Turkish
validity and reliability test of the Pediatric
MIDAS had not been conducted.

Statistical analysis

SPSS 22.0 software was used for data analysis and p <
0.05 was accepted as statistical significance. Statistical
analyses were performed using Chi-square, Mann-Whit-
ney U, and Kruskal-Wallis tests.

Results

The age range of the patients was 11-17 years, the mean
age was 14.37+1.83 years, 36 (78.3%) were female.
There was a significant improvement in the VAS and
MIDAS scores of the patients at the end of the third month
(p-values respectively: 0.00, 0.00) (Table 1). Although the
flunarizine caused a significant change in the VAS and
MIDAS scores, there was no change in the MIDAS value
of 14 patients in the study. Figure 1 depicts the side ef-
fects of flunarizine use over the 3-month period. None of
the patients discontinued the treatment due to side effects.

Discussion

The purpose of this study was to evaluate the efficacy
of flunarizine in adolescents with migraine without aura

Figure 1. Side effects of flunarizine over 3-month period

and to detect its side effect profile and the reasons for
discontinuation. At the end of three months of treatment
with flunarizine for migraine without aura in adolescents,
there was a significant improvement in patients’ VAS and
MIDAS scores. However, no benefit was observed in
a portion of the patients. While the most common side
effects were sedation, mood changes, and vomiting, no
patient discontinued treatment due to side effects.

In a retrospective, single-center study focusing on the
safety and efficacy of flunarizine use in childhood mi-
graine prophylaxis'®, side effects were reported in 57%
(41/72) of individuals. Although the effectiveness of flu-
narizine was similar to our findings, 18% of the partic-
ipants in that study discontinued the medication due to
side effects.

In an 8 months, double-blind, placebo-controlled,
crossover study'? evaluating the efficacy of flunarizine in
migraine prophylaxis, which included 63 children, flu-
narizine was found to significantly reduce the frequency
and average duration of headache attacks. One child dis-
continued the treatment due to excessive daytime sleepi-
ness. The main side effects were daytime sleepiness and
weight gain. This study also concluded that flunarizine
is an effective drug for treating childhood migraine, with
no serious side effects observed during the study period.
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Another study reported a 50% reduction in headaches in
86.3% of patients by the third month of flunarizine use®.
In this study, flunarizine was given as the first choice for
all patients, suggesting that it could be an effective treat-
ment for headache management due to its accessibility and
treatment adherence. However, this study did not specify
whether there was a decrease in the severity or frequency
of pain or in which parameters pain decreased.

In our study, in accordance with the literature some of
the patients did not benefit from flunarazine treatment.
No change in MIDAS values was observed in this patient
group. Since flunarizine is a drug that inhibits voltage-de-
pendent calcium channels, mutations and variations affect-
ing the functioning of these channels may be the reason
for this?!.

In recent years, there have been concerns regarding the
potential of flunarizine to cause parkinsonism in adults. In
one study comparing patients who used flunarizine with
those who did not?, it was found that although the risk
was low, it was higher in the flunarizine group. This study
highlighted that Flunarizine-Induced Parkinsonism (FIP)
may be associated with advanced age, a history of co-
morbidities, high-dose exposure, and long-term use. None
of the participants of the current study had symptoms of
parkinsonism.

There have been no studies on flunarazine-associated
parkinsonism in children and adolescents. However, in
one study, it was reported that a mutation in the ATP1A3
gene encoding the a3 subunit of the sodium-potassium
ATPase caused rapid onset dystonia-parkinsonism (RDP)
in a 13-year-old patient, which completely resolved with
flunarazine treatment®.

Nevertheless, flunarizine remains the most commonly
used migraine prophylaxis medication in adults. A study
utilizing South Korea’s national insurance database, which
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Background and purpose - Neurosurgi-
cal approaches in Sylvian arachnoid cysts
include microsurgery, endoscopy, and shunt-
ing. Yet, their relative safety and efficacy is
still under debate. This retrospective study
evaluated 36 pediatric patients with Sylvian
arachnoid cysts and treated with different
surgical types to contribute to global data.
Methods - The study included 24, 8, and 4
patients receiving endoscopic, microsurgical,
and shunt surgeries, respectively. Preopera-
tive and postoperative assessments included
the patients’ demographics and symptoms,
cyst size and type, psychomotor status,
length of hospital stay, and complications
with a mean follow-up of 37.3 months.
Results - All types of surgeries alleviated
headaches and seizures in most of the
patients. Shunt operations led to the highest
reduction in cyst size in the early postop-
erative period and relieved cranial palsy in
all patients. Microsurgery achieved greater
healing regarding hemiparesis and seizures,
and reduced cyst size more effectively in the
early postoperative period than endoscopy.
Complication rates were similar between the
endoscopy and microsurgery groups.
Conclusion - Arachnoid cyst surgery is effi-
cient and relatively safe. The higher efficacy
of microsurgery may be associated with

the lesser chronic presence of cysts in this
group rather than its technical superiority.
Endoscopic surgery is challenging, yet it may
be advocated to avoid craniotomy and shunt
complications. Surgical-type decisions for

Arachnoid cystak kezelése a gyermek-
gyogyaszatban. Retrospektiv tanulmany
Zaimoglu M, MD; Eroglu U, PhD; Bozkurt

M, PhD; Alpergin BC, MD; Hasimoglu S, MD;
Ozgural O, PhD; Kahilogullari G, PhD; Unlu
MA, MD, PhD

Bevezetés - A Sylvianus arachnoidacystak
idegsebészeti megkozelitései kozé tarto-

zik a mikrosebészet, az endoszkdpia és a
sontolés. Ezek viszonylagos biztonsagossaga
és hatékonysaga még mindig vita targyat ké-
pezi. Ez a retrospektiv vizsgalat 36, Sylvianus
arachnoidacystaban szenvedg, kilonb6z6
mutéti tipusokkal kezelt gyermekbeteget
értékelt, hogy hozzajaruljon a globalis ada-
tokhoz.

Médszerek - A vizsgalatba 24, 8, illetve 4
beteg kerllt bevonasra, akik endoszkdpos,
mikrosebészeti, illetve sontmUtétben része-
sultek. A mUtét el6tti és utani felmérések

a betegek demografiai adatait és tuneteit,
pszichomotoros allapotat, a cysta méretét és
tipusat, a korhazi tartézkodas hosszat és a
szovédmeényeket foglaltdk magukba, atlago-
san 37,3 hénapos kovetési idével.
Eredmények - A m(tétek minden tipusa
enyhitette a legtobb betegnél a fejfajast és a
rohamokat. A sontmUtétek eredményezték a
cysta méretének legnagyobb mérték{ csok-
kenését a korai posztoperativ idészakban,
és minden betegnél enyhitették a cranialis
idegek bénulasat. A mikrosebészet nagyobb
gyogyulast ért el a hemiparesis és a ronamok
tekintetében, és hatékonyabban csokken-
tette a cysta méretét a korai posztoperativ
id8szakban, mint az endoszkdpia. A szovEd-
mények aranya hasonld volt az endoszképos
és a mikrosebészeti csoportokban.
Kovetkeztetés - Az arachnoidacysta mUtéti
kezelése hatékony és viszonylag biztonsagos.
A mikrosebészet nagyobb hatékonysaga
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arachnoid cysts should be patient-tailored
based on careful preoperative clinical and

radiological examinations.

Keywords: Sylvian arachnoid cyst,

endoscopy, microsurgery,
cystoperitoneal shunt

Intracranial arachnoid cysts are benign lesions containing
cerebrospinal fluid residing within the cerebral convexi-
ty or cisternal arachnoid'*. The most common location in
both adults and children is the temporal fossa associated
with the Sylvian fissure**®. There is a consensus for sur-
gery for severe symptoms and risks of neurovascular com-
pression and neurological deficits. Surgical approaches to
treat Sylvian arachnoid cysts involve microsurgical fenes-
tration or removal of the cyst, endoscopic fenestration, and
cystoperitoneal shunts® 73, Nonetheless, the efficacy and
safety of different approaches are still debated. Hence, the
present study aims to provide a single-center experience
to contribute to global data and evaluate the outcomes of
different approaches.

Patients and methods
Study ethics and cohort

This retrospective study complies with the ethical rules of
the Declaration of Helsinki and its latest amendments. The
ethics committee of Ankara University formally approved
the study (Approval Number: 10-149-24). The parents of
all patients gave signed informed consent forms after ob-
taining information from the primary physicians regarding
the risks of each surgical type. The study included 36 pa-
tients (23 male and 13 female) receiving surgical treatment
for Sylvian arachnoid cysts between February 2017 and
August 2023 in the neurosurgery department of Ankara
University. The mean follow-up period of the whole group
was 37.3 months.

Preoperative assessment

The analyzed data comprised symptoms, cyst side, vol-
ume, and classes as evaluated with magnetic resonance

nem a maodszer technikai folényével, hanem
inkabb azzal hozhat¢ 6sszeflggésbe, hogy
ebben a csoportban a cystak kevésbé régota
alltak fenn. Az endoszkdpos mUtét kihivast
jelent, mégis javasolhat¢ a craniotomia és a
sontkomplikaciok elkertlése érdekében. Az
arachnoidacystak kezelésének mUtéti tipusa-
ra vonatkozo dontéseket a betegre szabot-
tan kell meghozni a gondos preoperativ
klinikai és radioldgiai vizsgalatok alapjan.

Kulcsszavak: Sylvianus arachnoideacysta,
endoszkopia, mikrosebészet,
cystoperitonealis sont

imaging (MRI) and computed tomography (CT). Two
observers calculated preoperative and postoperative cyst
volumes using the free version of Horos v.4.0.0 software.
Pediatric neurologists and psychiatrists examined and re-
corded patient data with psychomotor retardation to com-
pare preoperative and postoperative status.

Decisioning for surgical indication and
approach

The indication for surgery and selection of the surgical
type were decided upon by consensus of the neurosur-
gical team. Surgeries were performed for large Sylvian
cysts when symptomatic in children aged <2 years with
progressive macrocrania, causing shift and compression of
the brain parenchyma on MRI and seizures with lateraliz-
ing signs confirmed by electroencephalography. Surgeries
were made only for Type II and III Sylvian arachnoid
cysts. Microsurgical fenestration was used in the presence
of intracystic bleeding or complex vascularity in the cyst
wall. Endoscopic fenestration was performed in patients
whose symptoms were proven to be related to Sylvian
arachnoid cysts but did not have acute clinical worsening.
Cystoperitoneal shunts were performed alone or with ad-
ditional fenestration.

Surgical techniques

Endoscopy

Figure 1 demonstrates an intraoperative view of a
right-sided type III Sylvian arachnoid cyst treated with
endoscopic surgery. The head was tilted contralaterally
and fixed on the silicone cap. After opening the dura ma-
ter, a 0° or 30° free-hand rigid scope (Storz®, Tuttlingen,
Germany) was inserted within the cyst. The orientation
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Figure 1. A and B Intraoperative endoscopic view of a right-sided type
Il Sylvian cyst. Optic nerve (OP), internal carotid artery (ICA), oculo-
motor nerve (OC), anterior cerebral artery (ACA), middle cerebral ar-
tery (MCA), and the tentorium (T) free edge. The cyst membrane at the
carotico-oculomotor triangle (2) and at the oculomotor-tentorial tri-
angle (3). C The membrane at the carotico-oculomotor triangle (3) was

perforated using the monopolar probe

Figure 2. Preoperative coronal and sagittal MRl of a Type Il Sylvian
arachnoid cyst treated by microsurgery

landmarks were the free edge of the tentorium and the
Sylvian fissure with the arterial trunks, veins, and cranial
nerves. Cystocisternostomy was performed between the
opticocarotid triangle or carotico-oculomotor triangle, or
oculomotor-tentorial-triangle by creating a combination
of these. Forceps and/or endoscopic scissors were used to
make holes in the membranes. The holes were enlarged
using the double-balloon catheter (neuroballoon catheter
from Integra Neurosciences®, Antipolis, France).

Microsurgery

Figure 2 shows preoperative coronal and sagittal MR
images of a large Type III Sylvian arachnoid cyst treated
by microsurgical fenestration, and Figure 3 depicts an
intraoperative view of a Sylvian arachnoid cyst treated
with microsurgery. The head was tilted contralaterally
and fixed on a three-pin skull fixation device at an angle
of 30°—45°. A 3- to 4-cm-diameter pterional craniotomy
was performed to view the frontal lobe, temporal lobe,
and the Sylvian fissure. The arachnoid cyst wall was per-

forated using an operating microscope and
microsurgical techniques. After aspirating
the cyst content, cystocisternostomy was
obtained between the opticocarotid triangle
and carotico-oculomotor or oculomotor-ten-
torial triangle.

Cystoperitoneal shunts

Figure 4 demonstrates CT images of a large
Type III Sylvian arachnoid cyst treated by
cystoperitoneal shunt and the postoperative
reduction in cyst size. The head was tilted
contralaterally and fixed on the silicone cap.
A linear skin incision was made to fit the
largest area of the cyst. Simultaneously,
abdominal incision and peritoneal opening
were started. The maximum possible portion
of the cyst outer membrane was removed
because a collapsed outer membrane may
cause shunt tube occlusion. After intracra-
nial placement of the shunt tube, the shunt’s
distal end was tunneled to the abdomen.

Postoperative evaluation and
follow-up

Cranial CT was obtained in all patients in
the early postoperative period. Depending
on the clinical situation, CT was repeated
in some patients before discharge. An out-
patient clinic check was performed at the
2, 6 and 12 months. Afterward, follow-ups
continued annually. Symptom resolution,
clinical and radiological findings, the progress of macro-
crania, late complications, and psychomotor status were
evaluated during follow-ups.

Results
Demographic and clinical features

Table 1 summarizes the demographic features, lesion
characteristics, length of hospital stay, and follow-up
periods of patients classified according to the employed
surgeries. The mean follow-up was 37.3 months (range:
12 — 109). There were 24 patients (66.7%) treated with
endoscopy, including 17 males and 7 females, with an
average age of 5.2 years (6 months — 16 years). All of the
patients treated with cystoperitoneal shunts had a history
of previous endoscopic or microscopic fenestration and
had Galassi Type III cysts. In all surgical treatment groups,
arachnoid cysts localized more on the left side. Other de-
tails regarding the patients’ sex, age, and follow-up periods
are presented in Table 1.
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Figure 3. Intraoperative microsurgical view of a right
Sylvian cyst after perforating the cyst wall’s outer mem-
brane and fenestration communicating the cyst and
cisterns. Frontal lobe (Frl), internal carotid artery (ICA),
oculomotor nerve (OC), optic nerve (OP), internal carotid
artery (ICA), anterior cerebral artery (ACA), middle cer-
ebral artery (MCA), free edge of the tentorium (T), superfi-
cial Sylvian vein (S), temporal lobe (Tel)

Outcomes

Outcomes of endoscopic surgery

Table 2 summarizes preoperative symptoms, cyst types
and volumes, and postoperative outcomes in patients
treated with endoscopic surgery. Endoscopic surgery re-
lieved headaches in 17 of 19 patients having this con-
dition. Among five patients admitted with hemiparesis,

Figure 4. A CT scan of a Type lll Sylvian cyst treated by cystoperitoneal
shunt. B Postoperative CT showing cyst size reduction

one benefitted with complete resolution and another
with partial improvement. Among 8 patients who had
seizures, seizures completely resolved in 2 allowing for
withdrawal of antiepileptic drugs. In three patients, the
seizure frequencies declined, achieving dose reduction of
antiepileptics. One patient among 4 having psychomotor
retardation showed improvement who had a Galassi Type
IIT cyst and whose cyst volume decreased by about 50%
postoperatively. This patient had a preoperative diagnosis
of attention deficit hyperactivity disorder (ADHD) and
had remarkably benefited, rated with an ADHD Rating
Scale-1V score showing a significant decline. Other details
shown in Table 2 are not detailed to avoid giving repeated
information.

Outcomes of microsurgery

Table 3 summarizes preoperative symptoms, cyst types
and volumes, and postoperative results in patients treated
with microneurosurgery. Figure 5 demonstrates CT and
MR images of an example case with this condition and a
successful postoperative outcome. Three patients in this
group had recently developed neurological symptoms.
The seizures in 3 patients occurred for the first time af-
ter intracystic hemorrhage, and microsurgical treatment
achieved complete seizure resolution. Abducens palsy in
1 patient continued postoperatively, and there was no im-
provement during the follow-up. While the skull growth
rate of a 16-month-old patient with macrocrania returned
to normal, there was no change in the skull growth rate of
a 6-year-old patient. There was no postoperative psycho-
motor improvement in this group. Cyst volume decreased
by at least 75% in the early postoperative period in all
patients. Cyst sizes increased in 2 patients after 3 and 4
years of microsurgery; one was conservatively followed
up due to lack of symptoms, and a cystoperitoneal shunt
was applied to the other one due to the development of
headache and hemiparesis, which improved
these symptoms. The reader can refer to
Table 3 for other details regarding micro-
surgical outcomes.

Outcomes of shunting

Table 4 summarizes preoperative symptoms,
cyst types and volumes, and postoperative
results in patients treated with cystoperitone-
al shunts. Among 4 patients suffering from
headaches, 3 enjoyed pain relief. All patients
in this group benefited from shunt surgery
regarding seizures. Seizures significantly
improved in 2 patients, allowing reductions
in antiepileptic medication doses. In 1 pa-
tient, seizures completely resolved, resulting
in complete cessation of antiepileptics. Cyst
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Table 1. Demographics and clinical features

Type of surgical treatment

Endoscopy Microsurgery Cystoperitoneal shunt
Number of patients 24 8 4
Sex 16 male, 8 female 5 male, 3 female 2 male, 2 female
Mean age 52 6.7 55
Range 6 months - 16 years 16 months - 17 years 20 months - 11 years
Galassi type
Il 7 0 0
Il 17 8 4
Side 16 left, 8 right 5 left, 3 right 2 left, 2 right
Mean follow-up 31.3 months 44.8 months 43.4 months
Range 12-60 14-109 16-71
Hospital stay 5.2 days 9.2 days 5.5 days
Range 4-13 6-21 4-9

Table 2. Preoperative features and postoperative results in the endoscopy group

Symptoms and clinical

Number of patients with preoperative

Number of patients with

presentation symptoms postoperative symptom relief
(percentage) (percentage)

Headache 19 (79.2) 17 (89.5)

Hemiparesis 5(20.8) 2% (40)

Seizures 8(33.3) 5(62.5)

Loss of consciousness 3(12.5) 3(100.0)

Cranial nerve palsy 37(12.5) 27(66.7)

Macrocrania 8(33.3) 5(62.5)

Psychomotor retardation 4(16.7) 1(25.0)

Temporal bulging 4(16.7) 3(75.0)

Cyst volumes

Galassi type Preoperative Early postoperative Last follow-up

(patient number) (percentage reduction) (percentage reduction)

Type Il (4) 45.6 ml 32.5ml(28.7) 21.5ml(52.9)

Type 111 (20) 79.9 ml 54.02 (32.4) 48.02 (39.9)

Patient numbers with postsurgical complications

(percentage)

Subdural hygroma 3(12.5)

CSF leak (needing transient shunt) 2(8.3)

Subdural hematoma 14.2)

Epidural hematoma 14.2)

Wound problem 14.2)

*One complete resolution, one improvement. "Two oculomotor and one abducens palsy. *No change in abducens palsy. CSF:

cerebrospinal fluid

of follow-up. Headaches regressed after shunt revision in
both. Table 4 provides further data on the outcomes of
shunt operations.

volumes decreased by 75% or more in all patients. Shunt
dysfunction occurred in 2 patients who developed head-
aches, one in the 14th month and the other in the 3rd year
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Table 3. Preoperative features and postoperative results in the microsurgery group

Symptoms and clinical
presentation

Number of patients with
preoperative symptoms

Number of patients with
postoperative symptom relief

(percentage) (percentage)
Headache 6 (75.0) 5(83.3)
Hemiparesis 4(50.0) 4.(100.0)
Seizures 3(37.5) 3(100.0)
Loss of consciousness 3(37.5) 3(100.0)
Cranial nerve palsy 3(37.5) 2 (66.7)
Macrocrania 2 (25.0) 1(50.0)
Psychomotor retardation 1(12.5) 0(0.0)
Cyst volumes
Galassi type Preoperative Early postoperative Last follow-up

(patient number) (average)

(percentage reduction)

(percentage reduction)

Type Il (8) 88.4 ml

12.02 ml (86.4)

19.02 ml (78.5)

Patient numbers with postsurgical complications
(percentage)

Subdural hygroma

Wound problem 1(12.5)

Discussion

Several hypotheses were put forward to ex-
plain arachnoid cyst development, and more
than one mechanisms may contribute to their
formation. These include defective sepa-
ration of the endomeninx during embryo-
genesis, arachnoid membrane duplication
or splitting due to abnormal subarachnoid
cistern growth, temporal lobe underdevel-
opment, arachnoiditis, and head traumas
in infancy> 7% 18, Cyst symptoms devel-
op mainly due to cerebrospinal circulation
blockage and increased intracranial pres-
sure, including headache, vomiting, drows-
iness, bulging fontanels, hydrocephalus, macrocephaly,
and visual disturbance**. Intracystic bleeding, subdural
hygroma, or hematoma may also occur**° 820, Preventive
surgery may be employed even for asymptomatic patients
vindicated by bleeding risks and to avoid cerebral blood
flow reduction in the developing brain*?'. In this case,
intracranial pressure monitoring may guide surgical indi-
cation.’ In this cohort, arachnoid cysts localized mainly on
the left side, which is in line with previous observations?.
Both endoscopy and microsurgery provided the same rate
of symptom relief regarding nerve palsies, yet the reso-
lution rate of hemiparesis was higher in the microsurgery
group than in the endoscopy group. The greatest cyst size
reductions and relief of all cranial palsies occurred in the
shunt group, which may be ascribed to faster fluid drain-

Figure 5. A CT scan shows subdural hemorrhage in the left fronto-
temporal region. B MRI shows left chronic subdural hematoma and
intracystic hematoma. C Postoperative CT scan shows the vanishing of
the subdural and intracystic hematoma

age. Nonetheless, postsurgical symptom improvement is
related more to the intracranial pressure reduction than to
the cyst size®.

Cystoperitoneal shunts could provide better outcomes
for Type III cysts, yet fenestrations achieve better long-
term results and lower complications in Type I and II cysts
since brain re-expansion after shunting could obstruct the
shunt pipe head". A study reported the complete vanishing
of cysts and no cyst regrowth in 92 children after a mean
follow-up of 8.5 years who received cystoperitoneal shunt
or solely ventricular drainage with successful treatment
ratios of 72.8% and 15.2%, respectively®. The authors
claimed that shunt operations are highly efficient and safe.
Yet, other clinicians raise concerns regarding shunt depen-
dency, high rates of revisions, infections, over-drainage,
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Table 4. Preoperative features and postoperative results in the shunt group

Symptoms and clinical
presentation

Number of patients with
preoperative symptoms

Number of patients with
postoperative symptom relief

(percentage) (percentage)
Headache 4.(100.0) 3(75.0)
Seizures 3(75.0) 3(100.0)
Cranial nerve palsy 2% (50.0) 2(100.0)
Psychomotor retardation 2 (50.0) 0 (0.0%)
Temporal bulging 1(25.0) 1(100.0)
Cyst volumes
Galassi type Preoperative Early postoperative Last follow-up
(patient number) (average) (percentage reduction) (percentage reduction)
Type Il (4) 102.6 ml 16.2 ml (84.2) 13.3ml(87.0)

Patient numbers with postsurgical complications

Shunt dysfunction 2

*Oculomotor palsy

and cerebellar tonsillar herniation> * '*22, In parallel, in
the present cohort 2 of the 4 patients treated with shunts
required revisions.

This investigation observed that all kind of surgical
treatments alleviated headaches in most patients, while
hemiparesis was relieved in 40% and 100% of patients
treated with endoscopy and microsurgery, respectively.
Seizures were completely or partially reduced in 62.5%
of patients treated with endoscopy and in all patients with
shunts. In all patients in the microsurgery group, seizures
completely vanished, allowing the withdrawal of antie-
pileptic medication. There were no patients in the micro-
surgery group with Type III cysts. The rates of cyst size
reductions were higher in the microsurgery group than in
the endoscopy group. Higher symptom relief and cyst size
reductions achieved by microsurgery may be associated
with both surgical efficacy and different patient features.
Cyst fenestration in craniotomy allows more efficient cyst
wall exploration, coagulation of risky vessels, and avoid-
ing bleeding®. On the other hand, lower symptom reduc-
tions and cyst size in the endoscopy group may also be
attributed to the patient’s chronic disease. Indeed, patients
in the endoscopy group were admitted with lower rates of
hemiparesis and loss of consciousness, which are symp-
toms of sudden onset. Although in low rates, cognitive
improvement after arachnoid cyst surgery may occur®. One
patient with ADHD showed significant cognitive improve-
ment with endoscopic surgery accompanied by a 50% re-
duction in the cyst volume. The cessation of the pressure
on the temporal lobe and re-equilibration of the temporal
blood circulation may have caused this improvement. As
mentioned, the debate regarding the risks and benefits of
different surgical approaches is continuing. One research
comparing microsurgery, endoscopy, cystoperitoneal or

subdural shunts showed no difference in immediate post-
operative symptoms, yet endoscopies caused lesser event-
free survivals and higher subdural hematoma rates'?. Yet,
microsurgery harbors risks as postsurgical scarring may
occlude fenestrations, leading to nonnegligible rates of
morbidity and mortality®. Further, other studies declared
high treatment success with endoscopy. In 36 arachnoid
cyst patients, 29 cases were treated only with endoscopy
and 7 with additional shunts, which achieved cyst oblit-
eration in 28 (77.8%) patients after a mean follow-up of
4.2 years’.

The endoscopic approach is considered more advan-
tageous for intraventricular cysts due to easier access.'
Middle fossa cysts have restricted or absent connection
with the ventricles, commonly hindering their access with
ventriculocystostomy'®. Therefore, the use of endoscopy
for middle fossa cysts seems controversial. However, an
endoscopic approach may still be preferred over shunts to
avoid hazardous excessive fluid drainage and revisions’ '*
13, In 17 children having Sylvian cysts treated with endos-
copy, alleviation of mass effect symptoms were achievable
in all patients, including 13 receiving several stomas'’.
Yet, 2 patients developed symptom recurrence at 12 and
20 months due to closed stomas, which resolved after re-
do-endoscopies'. In 20 children having type II (n=5) or
IIT (n=15) Sylvian arachnoid cysts, endoscopic cystocis-
ternostomies were achievable in all patients with several
stomas leading successful outcomes in 18 and cyst size
reductions in 10 patients’. Nonetheless, 3 and 2 patients
required surgical repetition or shunt implantations, respec-
tively. The authors advised a minimum of two fenestra-
tions for efficient cyst marsupialization’. In 24 patients
with Sylvian arachnoid cysts receiving endoscopy (n=20)
or microsurgery (n=4), cyst volume reductions of more
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than 10% were achieved in 83.3% of patients, and head-
aches vanished or relieved in 75%?®. The authors preferred
endoscopy if the MRI suggested the likelihood of fenes-
tration towards the temporal horn of the ventricles or the
basal cisterns and chose microsurgery if the fenestration
of the medial cyst membrane wass only possible along
the middle cerebral artery branches®. In 61 patients with
arachnoid cysts, 33, 18, and 10 patients were treated with
microsurgery, endoscopy, and cystoperitoneal shunts, re-
spectively'®. Postoperative events occurred in 20 patients
with hygromas, higher in the microsurgery group, parallel
to the current results, and explicable with the invasive na-
ture of open surgeries. The mechanism of hygroma devel-
opment is not entirely understood;some suggest remnant
cyst wall secretions may exceed the cerebrospinal fluid
absorption capacity'’. This proposal also aligns with the
fact that endoscopy could allow complete cyst removal at
lower rates than microsurgery. Some groups suggest that
multiple fenestrations during endoscopy achieve more suc-
cessful results to reduce further surgeries®. A study eval-
uating 20 patients with arachnoid cysts reported surgical
complications such as subdural hygroma, hydrocephalus,
cerebrospinal fluid leak, hemiparesis, and spasticity'®. No
patients in the endoscopy group required surgical repeti-
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Background and purpose - High titers of
anti-SARS-CoV-2 immunoglobulin G (IgG)
have been reported in cerebrospinal fluid
(CSF) samples of patients with COVID-19,
but the data are limited. Our purpose is to
report the clinical features and CSF findings
of patients with neurologic symptoms in the
pandemic era, and to discuss the origin and
importance of anti-SARS-CoV-2 1gG in CSF.
Methods - The data of 100 patients hos-
pitalized in neurology inpatient clinics and
tested for anti-SARS-CoV-2 1gG antibodies in
CSF samples, between May 2021 and March
2022, were evaluated in a retrospective
manner. Demographic features, presence of
coronavirus disease 2019 (COVID-19) and/
or COVID-19 history, vaccination, vaccine
type, and neurologic diagnoses were noted.
CSF and serum anti-SARS-CoV-2 antibody
ratio (AR) were assessed using a Euroimmun
ELISA assay. CSF cytology, CSF protein level,
oligoclonal band, IgG index, and albumin

SARS-CoV-2 elleni antitestek az agy-
gerincvel6i folyadékban: neurolégiai
tiinetekkel kérhazba keriilt betegek
klinikai jellemzdi és laboratériumi
leletei a vilagjarvany idején

Alpaydin Baslo S, MD, MSc, Yuksel B, MD;
Baytekin I, MD; Incesoy AC, MD; Kara ES,
MD; Koseoglu M, MD; Teker S, MD, Cengizler
B, MD, Oktelik FB; Sen A, MD, Atakli D, MD;
Deniz G, PhD

Hattér és cél - A Covid-19-ben szenvedd
betegek liquormintaiban magas SARS-CoV-2
elleni immunglobulin G- (IgG-) titerekrél
szamoltak be, de az adatok korlatozottak.
Célunk, hogy beszamoljunk a pandémias
korszakban neuroldgiai tinetekkel rendel-
kezd betegek klinikai jellemz8irdl és liquor-
leleteirdl, valamint megvitassuk a liquorban
taldlhatd anti-SARS-CoV-2 IgG eredetét és
jelent8ségét.

Médszerek - Osszesen 100 &, neuroldgiai
osztalyra 2021 majusa és 2022 marciusa
kozott felvett olyan beteg adatait értékeltik
retrospektiv médon, akik liquormintajat tesz-
telték SARS-CoV-2 IgG-ellenes antitestekre.
A demografiai jellemz8ket, a 2019. évi koro-
navirus-betegség (Covid-19) jelenlétét és/
vagy a Covid-19 anamnézisét, a vakcinalast,
a vakcina tipusat és a neuroldgiai diagnozi-
sokat gyUjtottuk 6ssze. A liquor és a szérum
SARS-CoV-2 elleni antitesteinek aranyat (AR)
Euroimmun ELISA-teszt segitségével érté-
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quotient (QAIb) were analyzed and com-
pared between CSF AR positive and negative
groups.

Results - QAIb and CSF protein levels were
higher in the CSF anti-SARS-CoV-2 AR-pos-
itive group compared with CSF anti-SARS-
CoV-2 AR-negative group (p<0.05). IgG index,
CSF cytology, and oligoclonal band (OCB)
types did not differ between the groups.
Seventy-three percent of patients had OCB
type-1. CSF anti-SARS-CoV-2 AR was correlat-
ed with serum anti-SARS-CoV-2 AR, Qalb, and
CSF protein level, as well as COVID-19 and/or
COVID-19 history and vaccination.
Conclusion - Anti-SARS-CoV-2 antibodies in
CSF seem to be related to a past immuniza-
tion or a pre-existing cross reactive immunity
and passive diffusion through a disrupted
blood-brain-barrier, but not to an intrathecal

keltuk. A liquor citoldgiajat, fehérjeszintjét,
az oligoklonalis savot, az IgG-indexet és az
albuminhanyadost (QAIb) elemeztuk, és
dsszehasonlitottuk a liquor AR-pozitiv és
-negativ csoportjai kdzott.

Eredmények - A QAIb és a liquorfehérije
szintje magasabb volt a liquor anti-SARS-
CoV-2 AR-pozitiv csoportban, mint a liquor
anti-SARS-CoV-2 AR-negativ csoportban
(p<0,05). Az IgG-index, a CSF-citoldgia és az
oligoklonalis savok (OCB) tipusa nem kulon-
bozott a csoportok kozott. A betegek 73%-a
OCB-1 tipusu volt. A liquor anti-SARS-CoV-2
AR-értéke korreldlt a szérum anti-SARS-
CoV-2 AR-értékével, a Qalb-bal és a liquor
fehérjeszintjével, valamint a Covid-19 diag-
nozissal és/vagy a Covid-19-anamnézissel és
-véddoltassal.

Kévetkeztetés - Ugy t(inik, hogy a liquor-

antibody synthesis.

Keywords: COVID-19, cerebrospinal fluid,

anti-SARS-CoV-2 antibody

evere acute respiratory syndrome coronavirus 2

(SARS-CoV-2) is the designated agent for the coro-
navirus disease 2019 (COVID-19) global pandemic. Al-
though the virus primarily causes a respiratory illness,
a vast variety of neurological symptoms (headache, my-
algia, dizziness, anosmia, ageusia, anorexia and fatigue)
and virus associated para- and/or post-infectious neuro-
logic disorders [cerebrovascular diseases, encephalitis/
encephalopathy, Guillain-Barré syndrome (GBS), crani-
al neuropathy, movement disorders, and seizures] have
been observed'. The pathophysiology of the virus effect
on nervous system remains the subject of debate. Direct
viral invasion, systemic response (hypoxic injury, coag-
ulopathy, inflammatory response, cytokine storm), and
immune dysfunction after SARS-CoV-2 infection are the
possible mechanisms being discussed?.

The analysis of cerebrospinal fluid (CSF) parameters
and understanding the role of CSF anti-SARS-CoV-2 an-
tibodies in patients with neurological symptoms in the
pandemic era could give information about the underly-
ing pathophysiology of SARS-CoV-2 associated disor-
ders of nervous system. High titers of anti-SARS-CoV-2
immunoglobulin G (IgG) have been reported in CSF sam-
ples of patients with COVID-19, but data are limited* 2.

ban 1év8 anti-SARS-CoV-2 antitestek dssze-
fuggésben allnak a korabbi immunizacidval
vagy a mar meglévg keresztreaktiv immuni-
tassal és a megrongalddott vér-agy gaton
keresztUli passziv diffdzidval, de nem allnak
Osszeflggésben intrathecalis antitestszinté-
zissel.

Kulesszavak: Covid-19, cerebrospinalis
folyadék, anti-SARS-CoV-2-antitestek

Alexopoulous et al. reported high titer anti-SARS-CoV-2
antibodies in the CSF of 8 comatose or encephalopathic
patients with COVID-19 demonstrating intrathecal IgG
synthesis or blood brain barrier (BBB) disruption and
highlighted the need for prospective CSF studies at the
very beginning of the pandemics®. Cunningham et al.
studied antibody responses to SARS-CoV-2 in serum and
CSF from COVID-19 patients with neurologic symptoms
and argued CSF antibodies as having the highest predic-
tive value for neuronal damage''. However, the role of
COVID-19 history, vaccination and pre-existing cross
reactive immunity on CSF anti-SARS-CoV-2 antibodies
is unknown. The present study aimed to report the clini-
cal features and CSF findings of patients with neurologic
symptoms in the pandemic era and to discuss the role of
anti-SARS-CoV-2 IgG positivity in CSF.

Methods

The data of 100 patients hospitalized in neurology inpa-
tient clinics of Bakirkoy Prof. Dr. Mazhar Osman Train-
ing and Research Hospital and tested for anti-SARS-
CoV-2 IgG antibodies in CSF samples, between May
2021 and March 2022, were included and analyzed in
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a retrospective manner. All patients had indications for
rachicentesis due to their neurologic disorders and gave
informed consent to test anti-SARS-CoV-2 antibodies in
their CSF samples. The patients who did not give per-
mission for testing anti-SARS-CoV-2 antibodies in their
CSF samples were not included, and anti-SARS-CoV-2
antibodies have been analyzed in random CSF samples
during hospital admission. Demographic features, fi-
nal neurologic diagnoses, the presence of COVID-19
confirmed by SARS-CoV-2-PCR positive swab and/or
COVID-19 history, COVID-19 vaccination status and
the type of vaccine administered were noted. Antibodies
to SARS-CoV-2 in CSF and serum, CSF cytologic exam-
inations and CSF total protein levels were documented.
BBB integrity and IgG intrathecal synthesis were further
evaluated by calculating oligoclonal IgG bands (OCB),
IgG index, and albumin quotient (QAIb).

The Food and Drug Administration-approved and in-
dependently validated EUROIMMUN anti-SARS-CoV-2
kit is an enzyme-linked immunosorbent assay (ELISA)
for the semi-qualitative calculation of IgG antibodies
against SARS-CoV-2 S1 (spike protein) domain (EURO-
IMMUN Medizinische Labordiagnostika AG, Germany).
In this study, sera and CSF samples were processed at the
department of immunology, Aziz Sancar Institute of Ex-
perimental Medicine, Istanbul University in accordance
with the manufacturer’s instructions'. International se-
rum reference values for antibodies to SARS-CoV-2 were
not available at the beginning of the COVID-19 pande-
mic; calibration is performed at a relatively measured anti-
body concentration in plasma, serum or CSF samples. The
calibrator optical density values (OD) were obtained using
a standard calibrator solution included in the commercially
provided ELISA kit. In ratio-based analysis values were
determined by calculating the ratio of the optical density of
the patient sample to the OD of the calibrator value. Calcu-
lation of the ratio formula was: OD of clinical sample/OD
of calibrator = antibody ratio (AR). The AR was interpret-
ed as follows: <0.8 negative; >0.8 to <1.0 borderline; >1.1
positive. In present study, borderline results were consid-
ered negative for analysis®® 3.

A CSF white cell count >5/mm?* was classified as ‘in-
creased’'. The upper limit of normal for CSF total protein
was accepted as 45 mg/dL. Oligoclonal IgG bands were
assessed by isoelectric focusing and evaluated according
to an international consensus'. IgG index was calculated
using the following formula: IgG index = CSF IgG: se-
rum IgG/CSF albumin: serum albumin and values <0.7
was accepted as normal. Albumin quotient, QAlb= CSF
albumin (mg/L): serum albumin (g/L) was used as one
of the parameters to evaluate BBB function. The upper
limit of QAlb was calculated using the formula: QAlb
i 14+(a/15)]x10°7%, where “a’ represents the age of the
patient because QAlb is age-dependent'® . Dysfunction
of the BBB was utilized when QAIb>QAlb 17

upper limit  *

The study was approved by Bakirkoy Sadi Konuk
Education and Training Hospital Ethical Committee
(18.07.2022-2022/238) and permission from Scientif-
ic Research Platform of Health Department (2021-10-
24T18 15 45) was taken.

Statistical analysis

The SPSS Statistics version 22.0 (SPSS Inc., Chicago,
IL, USA) software was used for statistical analysis. Sha-
piro-Wilk test was used to assess normality. Descriptive
statistics were given as mean and standard deviation
(SD) for normally distributed data, median and inter-
quartile range (IQR) for non-normally distributed data
and frequency (%). When comparing two groups, the
Mann-Whitney U test was used for non-parametric vari-
ables. The Chi-square test was used to compare categor-
ical variables. Correlation analysis was performed using
Spearman’s rank correlation for non-normally distributed
variables. A p-value less than 0.05 was accepted as statis-
tically significant.

Results

The data from 100 patients (47F:53M) with a mean age of
46.5+18.4 (range: 17-88) years were analyzed. The most
frequent final neurologic diagnosis in the cohort was
central demyelinating disorder (n=32, 32%), followed by
encephalopathy/encephalitis (n=17, 17%), GBS (n=13,
13%), and cranial neuropathy (n=13, 13%). Overall, 61
(61%) patients had a disorder of the central nervous sys-
tem (CNS), 26 (26%) had a disorder of the peripheral
nervous system (PNS), and 13 (13%) had cranial neuro-
pathy (Table 1).

The information of COVID-19 and/or COVID-19 his-
tory, vaccination status and the type of vaccine adminis-
tered could be gathered from 97 patients. Among these 97
patients, 13 (13.4%) had COVID-19 and/or COVID-19
history but no vaccination, 36 (37.1%) had vaccination
but no COVID-19 and/or COVID-19 history, 28 (28.9%)
had both COVID-19 and/or COVID-19 history and vac-
cination, while 20 (20.6%) patients had none (Table 2).
A nasopharyngeal swab was positive for SARS-CoV-2 in
a RT-PCR assay in 4 patients at the time of the investi-
gation. Among these 4 RT-PCR positive patients, 2 had
been vaccinated before. Sixty-four patients (66%) had
at least one vaccination against COVID-19 (41 mRNA
bnt162b2-Pfizer-Biontech, 16 inactive virus-Synovac,
and 7 had both mRNA and inactive virus vaccination),
while 33 (34%) had none (Table 3).

CSF anti-SARS-CoV-2 AR was positive in 62 (62%)
patients and negative in 38 (38%) patients. There was no
age or sex difference between the patients with negative
and positive CSF anti-SARS-CoV-2 AR. Albumin quo-
tient (8.6+8.4 vs 6.02+5.1) and CSF protein (61.5+47.4
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Table 1. The final neurologic diagnosis of patients in

the cohort
Diagnosis n
Central Nervous System Disorders 61

Central demyelinating disorders (e.g., MS, NMO) 32

Encephalitis/encephalopathy 17

Headache syndromes
Stroke-CNS vasculitis

Glioblastoma multiforme 2
Epilepsy 1
Peripheral Nervous System Disorders 26
GBS 13
CIDP 5
Axonal polyneuropathy 4
Neuralgic amyotrophia 2
Myasthenia gravis 1
Stiff person syndrome 1
Cranial neuropathy 13
Total 100

MS: multiple sclerosis, NMO: neuromyelitis optica, GBS:
Guillain-Barré syndrome, CIDP: chronic inflammatory demyeli-
nating polyneuropathy

vs 40.4£21.5 mg/dl) levels were higher in the CSF an-
ti-SARS-CoV-2 AR-positive group compared with the
CSF anti-SARS-CoV-2 AR-negative group (p<0.05). Se-
rum anti-SARS-CoV-2 AR could be studied in 23 (23%)
patients and the titer did not differ significantly between
those with negative and positive CSF anti-SARS-CoV-2
AR. Similarly, IgG index, CSF albumin, CSF IgG, and
CSF leukocyte counts showed no statistically significant
difference between patients with negative and positive an-

Table 2. COVID-19 and/or COVID-19 history and vaccination in pa-
tients with negative and positive CSF anti-SARS-CoV-2 antibody ratio

CSF anti-SARS-CoV-2 AR
Negative n (%)

Positive n (%)

Total n (%)

ti-SARS-CoV-2 AR. CSF OCB was studied in 75 (75%)
patients. Among these 75 patients, 52 (69.3%) were OCB
type 1. There were 17 (22.6%) patients with OCB types
2 and 3, all of whom were diagnosed as having a central
demyelinating disorder. There was no statistically signif-
icant difference between the patients with negative and
positive CSF anti-SARS-CoV-2 AR according to OCB
types (Table 4).

The neurologic diagnoses of patients were not sig-
nificantly different between the CSF AR-negative and
-positive groups (p=0.201). Though not statistically
significant, the diagnosis of GBS (16.1% vs 7.8%) and
encephalitis/ encephalopathy (12% vs 5 %) were more
frequent in CSF anti-SARS-CoV-2 AR-positive group
compared to those in anti-SARS-CoV-2 AR-negative
group. There were three patients with atypical isch-
emic and/or hemorrhagic stroke and a prediagnosis of
CNS vasculitis and one patient with epilepsy who need-
ed to undergo a lumbar puncture for whom CSF anti-
SARS-CoV-2 AR were all positive (Figure 1). Overall,
26 (68.4%) patients had a disorder of the CNS, seven
(18.4%) had a disorder of the PNS, and five (13.2%) had
at least one cranial neuropathy in the CSF anti-SARS-
CoV-2 AR-negative group, while there were 35 (56.5%)
patients with CNS disorders, 19 (30.6%) with PNS dis-
orders, and eight (12.9%) with cranial neuropathy in the
CSF anti-SARS-CoV-2 AR-positive group. Although not
statistically significant, the number of patients with PNS
involvement seemed to be higher in CSF anti-SARS-
CoV-2 AR-positive group compared with CSF anti-
SARS-CoV-2 AR-negative group (p=0.385) (Figure 2).

CSF anti-SARS-CoV-2 AR was positively correlat-
ed with age (rho=0.210, p=0.036), COVID-19 and/or
COVID-19 history (rho=0.304, p=0.002), vaccination
status (rho=0.415, p<0.001), the type of vaccination
(tho=0.291, p=0.004), serum AR (rho=0.728, p<0.001),
QAIlb (tho=0.286, p=0.010), and CSF protein level
(rho=0.261, p=0.009). There was no statistically signif-
icant correlation between CSF anti-SARS-
CoV-2 AR positivity and OCB type, 1gG
index, or CSF white cell count (p>0.05).

Among the 97 patients from whom
COVID-19 and/or vaccination information
could be obtained, 61 (62.9%) patients were

positive for CSF AR and 36 (37.1%) were

COVID-19 and/or  5(13.9) 8(13.1) 13(13.4) . .

COVID-19 history negative. I.n.the group of pat}ents who were
tested positive for CSF anti-SARS-CoV-2

Vaccdination 13(36.1) 23377 3667.1) AR, 91.8% had either COVID-19 and/or

Both 3(8.3) 25(41) 28(28.9) COVID-19 history or vaccination or both;

None 15 (41.7) 5(8.2) 20 (20.6) this ratio was 58.3% in the AR-negative

Total 36 (100) 67 (100) 97 (100) group (Table 2). The most frequent type of

Chi? p<0.001. Data of COVID-19 and/or COVID-19 history and vaccination could
not be achieved from 3 patients. The data of 4 patients whom SARS-CoV2
RT-PCR was positive was included in ‘COVID-19 and/or COVID-19 history' group
(n=2) and 'both’ groups (n=2). Column percentages were given in parenthesis.

vaccine was the mRNA vaccine in patients
with positive CSF anti-SARS-CoV-2 AR
(54.1%) (Table 3).

In 33 patients, there was an interval of a
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Table 3. COVID-19 vaccine type of patients with negative and positive

CSF anti-SARS-CoV-2 antibody ratio

CSF anti-SARS-CoV-2 AR

Vaccine type Negative n (%)  Positive n (%)

CSF anti-SARS-CoV-2 AR (69.7%). The
frequency of patients with high QAlb, high
CSF protein, and QAIb levels was higher
in the CSF anti-SARS-CoV-2 AR-positive
group (Supplementary Table 1). The dis-

Total n (%)

tribution of neurologic diagnoses of these

Vaccinated 16 (44.4) 48 (78.7) 64 (66) . T :
3 33 patients was not significantly different
“MRNA (22.2) 330641 41(42.3) between those with negative and posi-
-Inactive virus 7 (19.4) 9(14.8) 16 (16.5) tive CSF anti-SARS-CoV-2 AR (p=0.863)
-Both 1(2.8) 6(9.8) 7(7.2) (Supplementary Figures 1 and 2). There
None vaccinated 20 (55.6) 13(21.3) 33(34) was no statistically significant correla-
ti t F anti-SARS-CoV-2 AR

Total 36 (100) 61 (100) 97 (100) ion between CSF anti-SARS-CoV

positivity and the time period between

Chi?p=0.002. Data of COVID-19 and/or COVID-19 history and vaccination could
not be achieved from 3 patients. Column percentages were given in parenthesis.

month or less, an acceptable period for an immunologic
trigger, between the CSF examination and a COVID-19
and/or COVID-19 history or vaccination. Among these
33 patients, 15 (45.5%) had both COVID-19 and/or
COVID-19 history and vaccination, 12 (36.4%) had vac-
cination but not COVID-19 and/or COVID-19 history,
and 6 (18.2%) had COVID-19 and/or COVID-19 history
but not vaccination. In this small group, 23 had a positive

CSF examination and COVID-19 and/or
COVID-19 history or vaccination.

Discussion

In this cohort, we presented the clinical features and lab-
oratory findings of 100 hospitalized patients with neu-
rologic disorders whose CSF anti-SARS-CoV-2 IgG
detection was performed using an ELISA assay in the
pandemic era, to better understand the role of anti-SARS-
CoV-2 IgG positivity in CSF. The patients were further

Table 4. Characteristics, serum and CSF findings of patients with negative and positive CSF anti-SARS-CoV-2 antibody

ratio
CSF anti-SARS-CoV-2 AR
n Negative (n:38) n Positive (n:62) p
Age (year) 38 42.7+18.8 (17-88) 62 48.8+17.9 (18-87) 0.116
Female:male 38 18:20 62 29:33 0.954
CSF anti-SARS-CoV-2 AR 38 0.4+0.3 (1.01-0.9) 62 59+2.7(1.1-11.5) <0.007"
Serum anti-SARS-CoV-2 AR 4 3.6+4.3(0.1-9.3) 19 8.02+2.1 (1.9-11.5) 0.067
IgG index 33 0.52 (1.29) (0.1-1.4) 46 0.50(2.74) (0.1-2.9) 0.588
CSF Albumin (g/L) 34 33.1+17.7 (8.1-72) 46 36.5+33.1 (9.4-213) 0.865
CSF 1gG (g/L) 33 0.52.74)(1.1-112) 45 5.48(199.87)(1.13-201)  0.213
QAIb normal:high (%) 35 24.(68.6):11 (31.4) 46 23 (50):23 (50) 0.073
QAIb 35 6.02+5.1 (0.7-19.4) 46 8.6+8.4 (0.3-58.9) 0.032*
CSF pleocytosis yes:no (%) 38 18 (47.4):20 (52.6) 62 23(37.1):39 (62.9) 0.210
CSF leu (/mm?3) 38 5.2+7.3 (0-30) 62 10.6+35.9 (0-250) 0.418
CSF protein normal:high (%) 38 27(71.1):11 (28.9) 62 317(50):31(50) 0.03"
CSF protein (mg/d) 38 40.4+21.5 (14.3-122) 62 61.5+47.4(17.2-288) 0.017*
OCB type 29 46
1(n, %) 22 (75.9) 30 (65.2) 0.378
2 (n, %) 6 (20.7) 8 (17.4)
3(n, %) 0 (0) 3 (6.5)
4(n, %) 0 (0) 3 (6.5)
5(n, %) 1 (34 2 (4.3)

Mann-Whitney U test was used for non-parametric variables, Chi*was used for categorical variables. Results were given as mean+SD
(min-max) for normally distributed data and median (IQR) (min-max) for non-normally distributed data according to Shapiro-Wilk
test of normality. *: p<0.05
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CSF Anti-SARS-Cov2 AR-negative

H demyelinating disorder
[ encephalopathy

D stroke.

DOlheadache

Wl epiepsy

CSF Anti-SARS-Cov2 AR-positive

SARS-Cov-2 AR pointed to the disruption
of BBB. The CSF protein levels of these
cos patients were higher without increased

Dot white blood cell counts, which suggested

an acellular inflammation (either autoim-
mune/molecular mimicry, hypoxic or non-
specific inflammatory process). The IgG
index of patients with positive CSF anti-
SARS-Cov-2 AR was not significantly dif-
ferent from the AR-negative group and the
vast majority of the OCB types were type
/1. These findings were against the intrathe-

Figure 1. The neurologic diagnoses of patients with negative and
positive CSF anti-SARS-CoV-2 AR. Note the higher number of patients
with GBS and encephalopathy/encephalitis and the new existence of
patients with epilepsy and stroke in the CSF AR-positive group. GBS:
Guillain-Barré syndrome, CIDP: chronic inflammatory demyelinating

polyneuropathy, CN: cranial neuropathy
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Figure 2. The distribution of patients with negative and
positive CSF anti-SARS-CoV-2 AR according to the nerv-
ous system involvement. Note the higher number of pa-
tients with peripheral nervous system disorders in the
CSF AR-positive group. CNS: central nervous system, PNS:
peripheral nervous system, CN: cranial neuropathy

evaluated in two subgroups according to the presence of
antibodies against SARS-CoV-2 in CSF. To the best of
our knowledge, this could be the first study to compare
the clinical features and laboratory findings of patients
with and without CSF anti-SARS-CoV-2 AR-positivity
in the same time frame of the pandemic era. Sixty-two
percent of the patients had IgG antibodies against the
SARS-CoV-2 S/S1 protein in CSF, and 38% did not. A
striking feature of the present study was the higher QAlb
and CSF protein titers in patients with positive CSF an-
ti-SARS-Cov-2 AR compared to those with negative the
CSF anti-SARS-Cov-2 AR. The increased CSF/serum
albumin ratio found in patients with positive CSF anti-

cal antibody synthesis but rather favorable
to the passive diffusion of antibodies from
the already damaged BBB. All patients who
had OCB type 2 or 3, were diagnosed as
having a primary central demyelinating dis-
order, where the presence of OCB type 2
and 3 could be explained by the pathophy-
siology of the respective neurologic disor-
der rather than the possible COVID-19 effect. CSF anti-
SARS-CoV-2 AR-positivity was correlated with serum
AR, Qalb, and BOS protein levels but not with OCB,
IgG index, or white blood cell count, which additio-
nally supported the hypothesis of leakage of antibodies
against SARS-CoV-2 via a damaged BBB. Our results
are compatible with most of the data reported in the lite-
ratureS, 4,7,8,11, 18, I9.

The CSF findings in patients with COVID-19 have
been a matter of interest because the exact mechanism
of COVID-19 effect on nervous system is still under de-
bate. Jarius et al. analyzed 150 lumbar punctures in 127
patients with PCR-proven COVID-19 and neurologic
symptoms. They found that elevated QAlb was strongly
correlated with CSF total protein levels and discussed the
BBB dysfunction in the absence of intrathecal inflam-
mation, compatible with cerebrospinal endotheliopathy*.
In 2021, Lewis et al. reported a systemic review of the
literature consisting of the data of more than 400 pa-
tients with COVID-19 and CSF testing due to neurologic
symptoms’. Among them, CSF antibodies against SARS-
CoV-2 were tested in 58 patients and found positive in
42. In 32 patients, additional tests were performed to ad-
dress the CSF antibodies either to intrathecal synthesis
or to secondarily passive diffusion. In only two reports,
comprising seven patients, a possible intrathecal antibody
synthesis was discussed due to different targets of antibo-
dies on the spike protein and increased IgG indicis (>1),
respectively® 2. The remaining 25 patients (78%) with
positive anti-SARS-CoV-2 antibodies in CSF provided no
evidence of intrathecal synthesis and the passive diffusion
through the damaged BBB was verisimilar® ® -2,

In the present study, the most frequent neurologic
diagnosis was central demyelinating disorder, and the
frequency did not differ between the CSF AR-positive
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Supplementary table 1. Characteristics, serum and CSF findings of patients with a temporal relationship with

immune trigger according to negative and positive CSF anti-SARS-CoV-2 antibody ratio

CSF anti-SARS-CoV-2 AR

Negative (n:10) Positive (n:23) p

n n
Age (year) 10 45.5+20.6 (17-81) 23 46.9+18.7 (19-80) 1.000
Female: male 10 5:5 23 14:9 0.410
CSF anti-SARS-CoV-2 AR 10 0.5+0.3 (0.05-0.89) 23 6.371+2.5(1.3-10.7) <0.007*
Serum anti-SARS-CoV-2 AR 3 4.7+4.6 (0.08-9.32) 6 8.6+1.3(6.7-9.9) 0.167
IgG index 9 0.6+0.4 (0.1-1.4) 16 0.7+0.4 (0.2-1.9) 0.934
CSF Albumin (g/L) 9 28.3+11.03 (18-52) 16 38.8+28.0 (9.4-127) 0.329
CSF 1gG (g/L) 9 22.9429.5(3.2-94.3) 16 41.8+71.9 (1.13-201) 0.640
QAlb normal:high (%) 10 9(90):7 (10) 16 6 (38):10 (62) 0.017"
QAIb 10 4.4+2.8 (0.7-8.8) 16 7.9+4.1 (1.02-14.9) 0.0471"
CSF pleocytosis yes:no (%) 10 7 (70):3 (30) 23 10 (43):13 (57) 0.154
CSF leu (/mm?) 10 8.5+7.1 (0-20) 23 5.2+7.9 (0-30) 0.167
CSF protein normal:high (%) 10 9(90):7 (10) 23 9(39):14 (61) 0.008"
CSF protein (mg/dl) 10 36.7+8.2 (23.0-52.3) 23 63.1+42.0(17.2-154.8)  0.221
OCB type 9 16
1(n, %) 8 (88.9) 11 (68.8) 0.735
2 (n, %) 1T (11.1) 2 (12.5)
3(n, %) 0 (0) 1 (6.3)
4.(n, %) 0 (0 1(6.3)
5(n, %) 0 (0) 1 (6.3)

Mann-Whitney U test was used for non-parametric variables, Chi?was used for categorical variables. Results were given as

mean+SD (min-max). *: p<0.05

and negative groups. This could be explained by our hos-
pital’s being a tertiary reference center and by that lumbar
puncture was indicated in nearly all patients with a pre-
diagnosis of central demyelinating disorder. Although no
statistically significant difference could be documented,
the higher number of GBS and encephalopathy/encepha-
litis diagnoses, and the presence of patients with atypical
epilepsy and stroke with positive anti-SARS-CoV-2 an-
tibodies were notable. A possible seasonal factor could
not be excluded, but patients with GBS, encephalopathy/
encephalitis, atypical epilepsy, and stroke associated with
COVID-19 have been reported from the very beginning
of the pandemic? %,

The presence of CSF antibodies to SARS-CoV-2 was
correlated with COVID-19 and/or COVID-19 history
and vaccination. In the CSF anti-SARS-CoV-2 AR-posi-
tive group, 41% of the patients had both COVID-19 and/
or COVID-19 history and vaccination, 38% had vacci-
nation but not COVID-19 and/or COVID-19 history,
13% had COVID-19 and/or COVID-19 history but not
vaccination, and 8% had none. Having both COVID-19
and/or COVID-19 history and vaccination was more
frequent in CSF AR-positive patients in our cohort and

correlated with CSF AR-positivity. We speculate that
having a double immune trigger would have a stronger
role in IgG development in the serum, and if the passive
diffusion hypothesis was correct, it would make the de-
tection of anti-SARS-Cov-2 IgG in CSF easier. Similarly,
mRNA vaccination history seemed to be more frequent
with CSF AR-positivity when compared with the other
vaccine types. These data could be interpreted as more
frequent detection of anti-SARS-Cov-2 IgG after mRNA
vaccination. However, our sample size was not large
enough to have normally distributed subgroups for ac-
curate analysis. Also, mRNA vaccination was more fre-
quently preferred in our country. Interestingly, the CSF
antibody positivity seemed not to be correlated with the
period between the CSF examination and a COVID-19
and/or COVID-19 history or vaccination. This could be
explained by the passive diffusion of IgG against SARS-
CoV-2 whenever BBB disruption occurs, being indepen-
dent of its sensitization time. Beavis et al. reported excel-
lent sensitivity for the detection of IgG antibodies from
serum samples collected >4 days after COVID-19 diag-
nosis using PCR®. In that study, no specimens were col-
lected more than 49 days after a positive PCR. Antibody
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&

~ isting cross reactive immunity and pro-
vides some level of protection from severe
COVID-19%. In the present cohort, there
were 5 patients whose CSF AR was pos-
itive although there was no preexisting
immune trigger, neither a present or past
SARS-CoV-2 infection nor a vaccination.
We thought that the CSF AR-positivity of
these 5 patients could be explained by the
possible hypothesis of pre-existing cross
reactive immunity.

J The main limitation of our study was its

Supplementary Figure 1. The neurologic diagnoses of patients with
a time period of a month or less between rachicentesis and possible
immune trigger among CSF anti-SARS-CoV-2 AR-negative and -positive
groups. GBS: Guillain-Barré syndrome, CIDP: chronic inflammatory de-

myelinating polyneuropathy, CN: cranial neuropathy
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Supplementary Figure 2. The distribution of patients
with a time period of a month or less between rachicen-
tesis and possible immune trigger according to the nerv-
ous system involvement and CSF AR. CNS: central nerv-
ous system, PNS: peripheral nervous system, CN: cranial
neuropathy

development after viraemia and/or vaccination requires
time to reach a detectable concentration, which seems
to be short for COVID-19 seropositivity. However, how
long antibodies against COVID-19 remain positive in
sera or CSF is not yet known.

It has been reported that some subset of children
and adults had higher levels of humoral and cellular
immunity to SARS-CoV-2, without any previous ex-
posure. This hypothesis has been discussed as pre-ex-

retrospective design. Serum AR could have
been studied in a limited number of pa-
tients, though was strongly correlated with
CSF AR when present. SARS-CoV-2 RNA
in CSF using PCR, SARS-CoV-2 IgM and
IgA antibody indices as well as additional
CSF or blood biomarkers of BBB disrup-
tion, neuronal damage, or systemic inflammation such as
interleukin (IL)-6, IL-8, B2 microglobulin, 14-3-3 pro-
tein, neurofilament light chain, phosphorylated neurofila-
ment heavy chain, glial fibrillary acidic protein (GFAP),
amyloid-B-42, tau, and angiotensin-converting enzyme
(ACE) could not be studied, which all were unfortunately
inaccessible in our country at that time. We believe that
studying CSF AR in patients with neurologic disorders
whose CSF SARS-CoV-2 RNA-PCR was positive could
give more information about the pathophysiology of vi-
rus-related diseases. Only hospitalized patients and those
with an indication for lumbar puncture were enrolled in
the present cohort. Finally, there are no follow-up visits
which could be interesting to search for the outcome and
the prognostic differences between CSF AR-positive and
-negative patients.

In conclusion, our findings support that anti-SARS-
CoV-2 antibodies in CSF seem to be related to a past im-
munization due to prior infection or a pre-existing cross
reactive immunity and passive diffusion through a dis-
rupted BBB, but not to an intrathecal antibody synthesis.
Although this result cannot explain the pathophysiology
of COVID-19 and nervous system disorders alone, we
believe that understanding the role of anti SARS-CoV-2
IgG in CSF is important and should be kept in mind
while combining with other important data like CSF vi-
rus-RNA PCR.
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