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@ OSSZEFOGLALO KOZLEMENY

KLINIKAI NEUROFIZIOLOGIAI MODSZEREK
A CEREBROVASCULARIS BETEGSEGEK DIAGNOZISABAN
ES KEZELESEBEN

NAGY Ildiké', FABO Ddniel?

1Szentendre Véros Egészségigyi Intézményei, Neurofiziolégiai Laboratérium, Szentendre
2Juhész Pal Epilepszia Centrum, Neurolégiai Osztdly, Orszdgos Klinikai Idegtudoményi Intézet, Budapest

A neurofiziolégiai modszerek Uj teret hoditanak a cereb-
rovascularis betegségek diagnosztikdjéban és terdpidjdban.
Mig az EEG vezetd szerepe a post-stroke epilepszia diag-
néziséban véltozatlan, a thrombolysis eredményességének
korai megitélésére, illetve a beteg dllapotdnak prognosz-
tizdldsdban a qEEG-paraméterek tébb vizsgdlatban is
bizonyitottdk hatékonysagukat.

A sulyos éllapoty betegek intenziv osztdlyon t6rténd dllandé
EEG-monitorozdsa az intenziv osztdlyok szakmai pro-
tokolljénak részévé valt.

Az infraoperativ neuromonitorozasban a carotisendarterec-
tomia sordn végzett SSEP- (somatosensory evoked potential),
illetve EEG-vizsgélat korén jelzi a rossz prognézist
kimenetelt.

A neurorehabilitdcié egy Ujonnan felfedezett terilete a neu-
rofiziolégidnak, klinikai vizsgdlatok bizonyitotték az rTMS
(repetitive transcranial magnetic stimulation) hatékonysagét
a stroke-betegek rehabilitaciéjaban. A brain computer inter-
face (BCl) médszer kezdetét jelzi a modern rehabilitdcionak,
ahol robottechnikaval a kiesett funkci6 helyettesithetd.

Kulesszavak: qEEG, intraoperativ neuromonitorozds,
neurorehabilitdcié, cerebrovascularis betegségek,
thrombolysis

http://dx.doi.org/10.18071/isz.71.0007

CLINICAL NEUROPHYSIOLOGICAL METHODS
IN DIAGNOSIS AND TREATMENT OF
CEREBROVASCULAR DISEASES

Nagy |, MD; Fabé D, MD, PhD

Ideggyogy Sz 2018;71(1-2):7-14.

Neurophysiological methods are gaining ground in the
diagnosis and therapy of cerebrovascular disease. While the
role of the EEG (electroencephalography) in the diagnosis
of post-stroke epilepsy is constant, quantitative EEG para-
meters, as new indicators of early efficiency after thromboly-
sis or in prognosis of patient’s condition have proved their
effectiveness in several clinical studies.

In intensive care units, continuous EEG monitoring of criti-
cally ill patients became part of neurointenzive care proto-
cols.

SSEP (somatosesnsory evoked potencial) and EEG per-
formed during carotid endarterectomy, are early indicative
intraoperativ neuromonitoring methods of poor outcome.
Neurorehabilitation is a newly discovered area of neuro-
physiology. Clinical studies have demonstrated the effective-
ness of repetitive franscranial magnetic stimulation (rTMS) in
the rehabilitation of stroke patients.

Brain computer interface mark the onset of modern rehabi-
litation, where the function deficit is replaced by robotic
tehnology.

Keywords: qEEG, intraoperativ neuromonitoring,
neurorehabilitation, cerebrovascular disease,
thrombolysis

Levelez8 szerz8 (correspondent): Dr. NAGY Ildiké, Szentendre Varos Egészségigyi Intézményei;
2000 Szentendre, Kanonok u. 1. (Levelezési cim: 2001 Szentendre, Pf. 58.) Telefon: (06-26) 501-444,
e-mail: nagyildikodr@citromail.hu

Erkezett: 2017. szeptember 5.

Haza’mkban, a cerebrovascularis betegségek és
els6sorban a stroke-ban alkalmazott neurofi-
zioldgiai vizsgdlati médszerek, alulreprezentaltak.
A thrombolysis mint a stroke ellatdsi médja rutin-
feladatnak szdmit. A kvantitativ EEG-monitorozas,
amellyel a thrombolysis nyomon kovethets és a

Elfogadva: 2017. oktéber 10.

betegek rovid, valamint hosszi tdvd kimenetele
megitélheté nem képezi az alkalmazott protokollok
részét. A cikkben olyan eljarasokrodl esik sz6, ame-
lyek mind a stroke-6rz6ben, mind az intenziv
osztalyon és a miitében is segitséget nyujthatnak az
ott dolgozé kollégdknak a betegek ellatdsaban.

Ideggyogy Sz 2018;71(1-2):7-14.

www.elitmed.hu

7



8

A qEEG-vizsgdlat és elnyei

Az EEG képes nem invaziv és invaziv médon is az
agy funkciondlis dllapotdnak dinamikus véltozasait
abrazolni. Egyediildll6 abban, hogy nem invaziv
modon (is) jellemezhet6 vele az agy globdlis és
regiondlis funkciondlis allapota. Az EEG reprodu-
kalhat6, 4gy mellett végezhetd vizsgélat, a folyama-
tok hosszmetszeti kovetésére is alkalmas.

A kvantitativ EEG (qEEG) az EEG-mddszer
tovabbfejlesztésének tekinthetd, melynek sordn
az EEG-mérés kiegésziil olyan szoftveres opciok-
kal, amelyek az eredeti EEG-g6rbékbdl szarmaz-
tatott adatokat szolgaltatnak. A qEEG-értékelése
soran ezen adatok klinikai értelmezése zajlik. Az
EEG-bdl szidrmazd informédcié modern szadmito-
gépes adatfeldolgozassal grafikonok, trendek, szi-
nes abrdk formdjdban vizualizalhat6. Mivel a
gEEG-adatok a standard EEG-b&l szdrmaznak,
ezért szamos miitermék zavarhatja az értékelést.
Az értelmezéshez hozzaértd személyzet sziiksé-
ges, akar személyesen, akdr tavleletezés formdja-
ban.

Ischaemids stroke alatti
EEG-vdltozdasok

Az EEG-viltozasok szoros sszefiiggésben vannak
az agyi vérataramlassal (cerebral blood flow, CBF)
és metabolizmussal'. Az EEG a corticalis pyramis-
sejtek altal generdlt excitatoros és inhibitoros ara-
mok Osszege. A III, V és VI rétegben taldlhato
pyramissejtek kifejezetten érzékenyek a csokkent
oxigenizdciéra, mint példdul az ischaemia, emiatt
felel6sek az EEG-n lathat6 koéros véltozdsok zomé-
ért’.

Ha a CBF 25-35 ml/100 g/perc mértékre csok-
ken, el6bb a gyors frekvencidk esnek ki, majd amint

a CBF 18-25 ml/100g/perc-re csokken, a lassu
frekvencidk szaporodnak fel. Ez alatt beszéliink
ischaemias kiiszobértékr6l (1. tablazat). Ezen az
értéken az infarktusok akar érakkal késébb jelent-
kezhetnek?, az EEG-n §-aktivitds lathatd.

Amennyiben a CBF az infarktuskiiszob 10-12
ml/100g/perc ald csokken, az EEG-n elektromos
csend (suppression) jelentkezik és a sejtkdrosoda-
sok irreverzibilisek lesznek?.

Korai, nagy kiterjedést, sulyos CBF-csokkenés
(8,6 ml/100 mg/perc) esetén a gyors frekvencidk
regiondlisan csokkennek & kialakuldsa nélkiil (regi-
onal attenuation without delta, RAWOD)*,

Periodikus epileptiform Kkisiilések (periodic
lateralized epileptiform discharge, PLED) silyo-
sabb karosodast jeleznek*. Altaldban akut agyi
funkciézavart vagy féloldali agyi kdrosodast (élta-
Idban destruktiv) jelez, leggyakrabban cerebralis
infarktusban fordul elé®. A PLED egy interictalis
jel, vagy egy instabil ictalis-interictalis kontinu-
um®. Comatosus betegek differencidldiagnosztika-
jaban is szerepet jatszik. A coma-NCSE-ben (non-
convulsiv status epilepticus) 5-10%-daban jelent-
kezik PLED. Az allapot egyik diagnosztikus krité-
riuma a 2,5 Hz alatti evoliciét vagy fluktudcidt
mutatd periodikus minta (PLED vagy Bi-PLED)
jelenléte is’.

PLED az esetek 80%-dban tdrsul fokalis roha-
mokkal és fokélis neuroldgiai tiinetekkel, 30%-
aban epilepsia partialis continudval®.

qEEG-médszerek ischaemids
stroke-ban

Az akut-szubakut ischaemids stroke elldtdsdban és a
kimenetelének prognosztizdlasaban a qEEG-mdd-
szereknek egyértelmli szerepét szamos vizsgdlat
tdmasztja ald. Csak néhdnyat részleteziink a leg-

gyakrabban alkalmazott

qEEG-paraméter koziil.

CBF (ml/100 g/min) EEG-vdltozasok

Sejtszinty valtozasok Osszesitett adatok alap-

jan a magas amplitidoju,

lassu (1-3 Hz) 6-aktivitds
korai megjelenése jellem-

(4-7 Hz)

35-50 normdl csodkkent proteinszintézis
., . anaerob
25-35 (ggyo]rzfﬁel;vencmk vesztése metabolizmus, neurotranszmitter-
~ z felszabadulds (glutamat)
18-25 alacsony frekvencidk szaporodésa | tejsavacidézis,

ATP-szint-csdkkenés

z6 leginkabb a hemisphae-
rialis ischaemids stroke-ra,

ischaemids kiszobérték

a O-aktivitds korrelal leg-

alacsonyfrekvencidk szaporoddsa

12-18 (1-4 Hz)

Na-K pumpa zavara,
intracellularis oedema

jobban az agyi vérataram-

infarktus-kiszébérték

las valtozassal, az arteria

>10-12 szuppresszid

Ca-felhalmozédés, anoxids
depolarizdcio, sejthaldl

cerebri media vagy carotis
interna (ACM, ACI) stro-

ke-ban a 6-aktivitds az

1. tablazat. Az EEG kapcsolata az agyi vérdtdramldssal és a patofizioldgiai viltozd-

sokkal

azonos oldali fronto-tem-
poro centralis elektrédak-

Nagy: Klinikai neurofiziolégiai médszerek a cerebrovascularis betegségek diagnézisédban és kezelésében



ban a legkifejezettebb. Lasd Finnigan és Van
Putten metaanalizisét a témaban’.

A §-aktivitds megjelenése el6tt f-aktivitds-csok-
kenés vagy a-lassulds is megjelenhet.

A kiilonbozd frekvenciaspektrumok Fourier-
transzformacidjaval nyert mutatok koziil a 6-power
forditott ardnyban, az a-power egyenes ardnyban
korreldl legjobban az agyi vératdramlas valtozdsai-
val'®,

A qEEG-mutatok két csoportjét tartottdk legin-
kabb informativnak: az egyik, a kiilonb6z6 spektru-
mok frekvencia analizise, a lassulds mértékét, mig a
masik az agyi szimmetria index (brain symmetry
index, BSI), az interhemisphaerialis aszimmetriat
méri. Az elsG csoportba tartoznak a & abszolut
power, valamint a 6-a, illetve a 8-6-a-f power
arany (6-a, illetve delta-alpha-omega-beta ratio,
DAR, illetve DTABR) modszerek. Mindkét maéd-
szer prediktiv értékét magasabbnak taldltdk a klini-
kai skalaknal, illetve novelték a képalkoto vizsgala-
tok prediktiv képességét is’.

A DAR és DTABR numerikus értékeket szolgal-
tatnak, 0—1 kozott normalis, 2 folott korosnak értéke-
lend6. Egy 2015-6s vizsgélatban a 3,7-es DAR 100%-
os specificitdssal és szenzitivitdssal differencidlt a
radioldgiailag igazolt stroke és a kontroll kozott!!.

A BSI a két félteke kozotti kozépspektrum
power-kiilonbséget méri az 1-25 Hz-ig tart6 teljes
spektrumban. Altaldban féltekénként négy bipolaris
csatornarol (F3-C3, C3-P3, P3-0O1, T5-0O1, F4-C4,
C4-P4, P4-02, T6-02) vezetik el. Szintén numeri-
kus értéket ad, ahol a 0 a normélis: teljes szimmet-
riat jelent, az 1-es a maximadlis aszimmetridt. A
pdBSI (pair derived BSI) a homolég kétoldali csa-
tornaparok kozotti (a)szimmetridt méri.

Bizonyos vizsgalatok szerint ischaemidban a
qEEG-paramétervaltozdsok megel6zhetik a klinikai
tiineteket és az MR-valtozdsokat. A diffuziéstlyo-
zott (diffusion weighted imaging, DWI) MR-vizs-
galat a CBF 35-40 ml/100 g/percen bekovetkezd
véltozasokat perceken beliil jelzi'’, mig azonos
CBF-en, az EEG-viltozasok masodpercek alatt
megjelenhetnek és id6ben kovethetSek!'s.

A DWI-MRI nem kéros minden ischaemids
stroke-ban, a mddszer szenzitivitisa 80-90% kozott
mozog'. Ez valészintileg azzal magyarazhato,
hogy néhany ischaemidas stroke-betegnél a sejthalal
nem azonnal kovetkezik be, a klinikai deficit oka a
véglegesen kdrosodott szinaptikus funkcié®.

Bar az ischaemia patofizioldgidjarél az ismere-
tek sokat boviiltek, de az, hogy az EEG-jelek pon-
tosan a folyamat mely szakaszat jelolik, még nem
teljesen vildgos. Egyes feltételezések szerint legva-
16szintibbnek tlinik, hogy a lassu &-, 6-aktivitast a
penumbra generélja'> 2,

Klinikai vizsgalatokban, szdmos, egyéb qEEG-
paramétert is alkalmaztak, de részletes targyaldsuk
meghaladnd az 6sszefoglalé céljat.

A qEEG-mdédszereknek a stroke klinikai ellatd-
saban két fontos teriilete van:

1. A thrombolysis alatti és kozvetleniil utdna
mért folyamatos (continuous) cEEG-monitorozas
(1248 o6ra), amellyel valés ideji adatok alapjan
eldonthetd az ellatds kovetkezd 1épcsdje, mint a
mechanikus thrombectomia!?, Thrombolysis alatt
cEEG-monitorozdssal korai valtozast észleltek a
o-power-ben az rTPA beaddsa utan koriilbeliil 25-
30 perccel'?, mig a BSI-valtozas koriilbeliil 5-6
6ran beliil jelentkezett'>. A §-power-csokkenés a
klinikai tlinetek javuldsa el6tt 2 draval kovetkezett
be'?.

2. Szubakut, rovid felvétel a klinikai kimenetel
prognosztizadldsara, illetve a neurorehabiliticids
stratégidk eldontésére.

A stroke kezdetétdl szamitott 48 h-n beliili DAR
egyezett leginkdbb a 30 napos NIHSS adattal'4, mig
a 24-72 é6ra kozott végzett EEG-bd] nyert qEEG-
paraméterek jo korreldciét mutattak a 7, illetve 30
napos NIHSS, illetve a 6 hoénapos mddositott
Rankin-skéldval, és az MRI-n az infarktus nagysa-
géaval®s.

A Klinikai kritériumok alapjan az egyéves kime-
netel 60%-ban becsiilheté meg, ami az EEG-ada-
tokkal egyiitt 85%-ra emelhetd!s.

A stroke utdni els6 12 hénapban a qEEG jobban
korrelalt a klinikai kimenettel, mint a klinikai ska-
lak.

Technikai oldalrdl nézve a médszer nem igényel
sok elvezetési helyet, standard 16 csatorna elegen-
dé volt a prognézis megitéléséhez’.

Neurointenziv megfigyelés alatti
folyamatos EEG-monitorozds

2013-ban az ESICM (European Society of Inten-
sive Care Medicine) neurointenziv szekcidja egy
konszenzust fogalmazott meg az neurointenziv osz-
tdlyon (nITO) kezelt betegek EEG-monitorozasat
illetGen?'.

Az ajanlasok alapjan folyamatos EEG- (continu-
ous EEG; cEEG) monitorozds indikdciéjat a kdvet-
kez6 allapotokban javasoljak:

1. Refrakter konvulziv vagy nem konvulziv sta-
tus epilepticusban a gyégyszerelés monitorozasara.

2. Nem megmagyarazhato, perzisztens comato-
sus allapotokban rohamszlirésre: traumds agysérii-
1és, subarachnoidealis vérzés (SAV), intracerebralis
vérzés, szivmegdllds, encephalitis, szeptikus és
metabolikus encephalopathia.

Ideggyogy Sz 2018;71(1-2):7-14.
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3. Comatosus SAV-s betegeknél, ahol a klinikai
vizsgélattal az dallapotrosszabbodds nem {télhet6
meg a kés6i vasospasmus okozta ischaemia
kimutatdsara.

4. Szivmegallas utdni comatosus betegek prog-
nézisdnak felallitasaban.

Az ITO-n kezelt betegeknél az epilepszids tevé-
kenység mellett az ischaemia kimutatdsa is fontos
és nehéz feladat.

Neurofiziolégiai vizsgalatok
subarachnoidealis vérzésben

A SAV (subarachnoidealis vérzés) -betegek 20—
40%-aban alakul ki késéi agyi ischaemia (delayed
cerebral ischaemia, DCI), amely klinikai tiinetek-
ben és/vagy radioldgiai eltérésekben nyilvanul
meg. Transcranialis Doppler-ultrahang (TCD) -vizs-
gdlattal, 120 cm/mp feletti dramldsi sebesség 60—
70%-o0s szenzitivitdssal jelzi a proximalis ACM
(arteria cerebri media)-ben fellépd véltozast, de
mads érteriileteket kevésbé vizsgaltak, illetve a dista-
lis érszakaszt nem vizsgalja?.

A klinikum alapjan a rosszabbodds 40%-ban
itélhetd meg, mig a qEEG-vel egyiitt ez 67%-ra
emelhet8, specificitdsa pedig 73%%. A vasospas-
mus el6tt az EEG-n lehet lassulas, a hatsé dominans
ritmus megszakaddsa, rohamok, periodikus kistilé-
sek, reaktivitds hidnya, az alvési tranziensek hié-
nya. Rossz prognézisra utal a reaktivitds elvesztése,
az alvas-ébrenlét ciklus hidnya. Regiondlis valtoza-
sok mind a 6 hidnya vagy a 24 6ran beliil megma-
radé gyorsabb frekvencidk jé prognézisra utalnak.
A fennmaradé féloldali folyamatos & vagy az o
csokkenése rossz progndzist jelez?*,

SAV-betegeknél a szubklinikus epilepszia is
detektdlasra keriil, mely szintén rosszabb kimenet-
tel tarsul®’.

A Kklinikai vizsgalatokban tobbféle qEEG-para-
métert alkalmaztak, emiatt ©sszehasonlitdsuk
nehézségekbe iitkozik.

Egy vizsgalatban a relativ a szdzalék variabilit4-
sat kétpercenként mérték, és hisztogram forméja-
ban jelenitették meg®. Az eredmények alapjin a
variabilitds hidnya utalt vasospasmus kialakuldsara,
amely eltérés atlagosan 2,9 nappal a TCD és az
angiografias eltérések el6tt jelentkezett.

Egy 2011-es vizsgélatban 12 SAV-betegnél az
a-sdv teljes powert mérték minden 30 mp-ben az o
frekvencia értékét kiszamitottdk és 30 percen &t
atlagoltak, igy egy Osszetett o indexet nyertek. A 12
betegbdl 6sszesen 8-ndl alakult ki késdi ischaemia.
Hérom betegnél az dsszetett o index, az ischaemia
kialakuldsa el6tt tobb mint 24 éraval kordbban elté-

rést mutatott’*. A DAR-ban mért véltozasok szintén
a tiinetek megjelenése el6tt jelezték a vasospasmus
okozta kés6i ischaemidt SAV-betegeknél?.

A regiondlis EEG-power értékei specifikusab-
bak a laesio nagysdgara és természetére, valamint
jobban 0Osszefiiggnek a kés6bbi progndzissal, de
onmagukban nem elegend&ek az ischaemia detekta-
lasara. A féltekei kiilonbségek az akut ischaemids
valtozdsokat jelzik, de a vasospasmusban jelentke-
z6 multifokalis, szubakut eltérésekben kevésbé
érzékenyek. Bizonyos érték (mint a 0-frekvencia-
tartomany novekedése) a penumbrival mutat 6ssze-
fliggést. Az ischaemia korai észleléséhez a regiona-
lis, féltekei és teljes power- és frekvenciamérések
kombindldsa hasznos lehet*.

Ujabb, invaziv médszerekkel is torténtek vizsga-
latok, példaul az intracorticalis EEG-n, 24 6ran
keresztiil fennallé o/d ardany 25%-os viltozasa a
legjobb paraméternek bizonyult a vasospasmus
kimutatdsaban 1-3 nappal az angiografis eltérések
elott?.

Subduralis elektroddval az infarktus koriili depo-
larizaciot és a kérgi tovaterjedd gatlast (cortical
spreading depression) regisztraltdk, amelyeknek
szerepét feltételezik a vasospasmus kialakuldsa-
ban?.

Intraoperativ neuromonitorozds
carotisendarterectomia sordn

Carotisendarterectomia (CEA) esetén az esetek
2-3%-aban jelentkezik ischaemids szovédmény,
amely hatterében thromboembolisatio, vagy hipo-
perfizi6 éllhat®.

A CEA utani stroke szignifikdns morbiditassal
és kozel haromszor nagyobb jovébeni mortalitdssal
tarsul®’. Az intraoperativ neuromonitorozas eldont-
heti a sont behelyezésének sziikségességét az ACI
(arteria carotis interna) kirekesztésekor. A CEA
alatt leggyakrabban haszndlt elektrofiziol6giai
modszer a SSEP- (somatosensory evoked potential)
monitorozds. Ennek alapja, hogy amennyiben a
CBF 14 ml/100 g/perc ald esik, perzisztens 50%-os
SSEP-amplitidécsokkenés 1ép fel®2.

19502013 kozotti 464 vizsgdlat metaanalizise
megéllapitotta, hogy a carotisendarterectomia alatti
SSEP-eltérések specificitdsa 91%, szenzitivitdsa
58% volt*!'. Az SSEP 14-szer gyakrabban volt pozi-
tiv, amikor perioperativ ischaemids esemény lépett
fel. Ha az SSEP-eltérés irreverzibilis volt, 97%-ban
alakult ki ischaemids komplikdcié. Fals negativ
SSEP-értékek az esetek 0,96%-dban jelentkeztek?!.

Az agyi vérataramlas és metabolizmus valtoza-
sait a qEEG-paraméterek 28—104 mdsodperc alatt

Nagy: Klinikai neurofiziolégiai médszerek a cerebrovascularis betegségek diagnézisédban és kezelésében



jelzik'®. Azonban egy-egy kvantitativ EEG-paramé-
ter bizonyos klinikai szitudcidéban megbizhatdbb.
Példaul az intraoperativ spektralis edge frekvencidk
az isoflurananesztézidban végzett carotisendarte-
rectomidban jelzik az ischaemidt, mig a relativ 6
szazalékvaltozdsai propofolanesztézidban ponto-
sabbak'8. Neuromonitorozds soran lehet&ség szerint
keriilni érdemes a gdzanesztetikumokat, tekintettel
nehezen kiszadmithaté, mérést befolydsolé hatasuk
miatt*®.

A qEEG-paraméterek koziil az interhemisphae-
rialis differenciat (BSI) méré modszerek a féltekei
valtozdsokat mérik és hasznosak a carotisendarte-
rectomia alatti monitorozdsban®.

CEA-mtitét soran, az SSEP mellett a ,nyers”
EEG-monitorozds is gyakran alkalmazott modali-
tas.

Itt emlitend6 még az aneurysmak, cavernomak
miitéti megolddsandl az elokvens teriiletek kimuta-
tasdra és megkimélésére alkalmazott intraoperativ
neuromonitorozas is.

A noninvaziv neuromoduldcié szerepe
a post-stroke neurorehabilitdciéban

A neurorehabiliticiés modszerek alapjat a fizikai
gyakorlatok képezik, amelyek intenzitasfiiggbek,
id6igényesek és a mindennapos aktivitdsokra foku-
szélnak. A beteg motivacidja fokozhaté bizonyos
videojatékokkal®*.

A neuromodulaciés médszerek a modern neuro-
rehabilitdciés programok részét képezik. Ide tarto-
zik a repetitiv transcranialis magneses stimulacié
(rTMS) és a transcranialis egyendaram-stimulacié
(transcranial direct current stimulation, tDCS),
amelyek hasznos kiegészitd kezelési mddok a
stroke-rehabilitdciéban a motoros funkcidk és apha-
sia kezelésében. Ez esetben a motoros és a beszéd
funkci6 javitdsa az interhemisphaerialis kompeticio
elméletén alapszik, mely szerint stroke-ban a két
félteke kozotti egyensily megbomlik, az ép félteke
fel6l fokozodik az interhemisphaerialis gatlds az
érintett félteke irdnyaban. Terdpids hatds az érintett
félteke excitabilitdsfokozasaval vagy az ép félteke
excitabilitdscsokkentésével érhets el®.

Az rTMS-t a 90-es évek elején kezdték el alkal-
mazni a stroke-rehabilitdciéban®.

A stroke-ot kovetéen a motoros és szenzoros
somatotopidkban valtozds kovetkezik be, amely a
contralateralis primer motoros cortex aktivaci6ji-
ban, kétoldali ventralis premotoros cortex €s szupp-
lementer motoros area aktivitds fokozdédasdban
nyilvanul meg®’.

Az alacsony frekvencidji rTMS (1 Hz alatt)

Ep félteke

fokozott excitabilitas

Erintett félteke

csdkkentett excitabilitas

= magas
frekvenciaji
serkentd
rTMS

anddos
IDCS

= alacsony
frekvenciaju
gatio rTMS

= kalddos
tDCS

1. abra. Az rTMS- és tDCS-ingerlés hatdsa az ép és érintett

[félteke miikodésére

gdtolja az ép hemisphaerium excitabilitdsdt mig a
magas frekvencidju rTMS (5 Hz f6lott) noveli az
érintett félteke excitabilitasat (1. abra).

2014-ben jelentek meg eurdpai, bizonyitékokon
alapul6 irdnymutatdsok az rTMS terdpids alkalma-
zasat illetéen, amelyekben az idiilt motoros stroke
kezelésében a contralaesionalis motoros cortex
(M1) alacsony frekvencidju rTMS kezelése B
szintd ajanldst kapott.

Egy, 2017-ben végzett szisztematikus attekintés
szerint a stroke-betegeknél a laesidval ellentétes
motoros cortex gatldsa hatdsos lehet a motoros
karosodds, aphasia, spasticitas, hemispatialis neg-
lect és a dysphagia kezelésében, de terdpids klinikai
jelentGsége nem egyértelmien tisztazott®.

A contralaesionalis gdtldé rTMS 4tmenetileg
ronthatja a kétkezes (bimanudlis) mozgédsokat, ame-
lyek kivédhetSk az érintett félteke anodalis tDCS
ingerlésével®.

A transcranialis egyendram-stimuldcié (tDCS)
alacsony intenzitdsu egyendramu ingerlést jelent, és
polaritasfiiggd véltozdsokat okoz a cortexben. Az
andd stimulécié fokozza, a katédstimulacié csokken-
ti a corticalis excitabilitdst és hosszabb tavi alkalma-
zasa hatdssal lehet a neuroplaszticitisra*! (1. abra).

Neuron szinten a nyugalmi sejtmembran polari-
tas valtasat okozza, moduldlja a spontdn neuronalis
oszcillacidkat. Ardolino és munkatdrsai szerint a
katéd alatt a 0- és 6-aktivitds fokozddott*?. A nem
neuralis szovetekre is hatdssal van, példaul az anéd
alatt vasodilatatiot okoz*.

Az elektréddk elhelyezése fontos, a 10-20-s
rendszerben torténik, a motoros cortex ingerlésére a
C3, C4, a latékéreg ingerlésre az O1, O2 elektrodo-
kat haszndljak. Az ingerlés 1-2 mA dramerdséggel
2040 percig tart.

Ideggyogy Sz 2018;71(1-2):7-14.

11




Jel feldolgozas

7 i
N X : Y Beazonositas
Eléfeldolgozas [H Minta extrakcioja (Detektalés}
~ Jel Interface
kinyerése alkalmazasa
—
~ e

Alkalmazasok

Beszédel és mozgast
segitd eszkozok

t6zi
Feedback Neuroprotézis

2. abra. Az agy-szdmitégép interface alapelve

12

Az aphasia kezelésében egy dj modell szerint a
szubdomindns félteke gatlasa mellett a laesio korii-
li teriiletek stimulacidjat alkalmazzak*.

A neurorehabiliticiéban legijabban alkalmazott
modszer, amely szdmos kutatds targyédt képezi a
motoros imagindcid-agy-szamitégép interface-szel
kombindlt mddozata (brain-computer interface —
motor imagery, BCI-MI), amely rendszer egy
robotkarral, egyéb eszkozzel, vagy funkcionalis
elektromos stimuldcidéval (FES) all Gsszekottetés-
ben (2. abra).

Az EEG-alapi BCI esetében a jel szarmazhat
noninvaziv vagy invaziv, koponyéba iiltetett agyfel-
szini vagy intracorticalis, elektrédokrdl*. A BCI 1ét-
rehozdsaban négy elv alkalmazhat6 leginkabb: lassi
corticalis potencidlok, kiilonb6z6 frekvencidkon mért
eseményfiiggd deszinkronizacié (ERD) vagy szink-
ronizaci6 (ERS), eseményfiiggd P300 potencidl és a
steady-state vizudlis kivéltott valasz (SSVEP).

Az MI a motoros aktivitds megtervezése, képze-
letbeli lejatszasat jelenti. A folyamat soran a képze-
let alatt bekovetkezd nagyrészt ipsilaesionalis
motoros cortex mellett a contralateralis premotoros
cortex aktivalodasat is kihaszndljak. Ismételt fel-
adatvégzés alkalmdval neuroplaszticitds indukalo-
dik, segitve a rehabilitaciot*.

Igen gyakori megoldds a- és p-ERD és -ERS
mérése képzelt vagy valés mozgasok alatt. Az ERD
rovid ideig tartd, jol lokalizdlhatd, egy bizonyos
eseménnyel szoros Osszefliggést mutaté amplitido-
redukcid vagy teljesitménygatlds az a- és [3-savok-
ban, mig az ERS fazikus és regiondlis teljesitmény-
novekedést jelent.

A mért elektromos jeleket felerdsitik, digitalizal-
jak és szamitogépes parancsokkd alakitjdk. Ezek a
parancsok kiilonb6z6 eszkozoket irdnyithatnak:
példaul robotkar, beszEél6gép, kerekesszék stb. A
bénult végtagbdl, a robotkar segitségével vagy
FES-sel szenzomotoros feedback generdlddik,
amely aktivdlja a motoros cortexet is. A feedback
elosegiti a felhaszndl6t, hogy az agyi szigndlok
modositdsaval a robotkar vagy sajat végtag (FES
esetén) teljesitményét korrigdlja.

Osszefoglalds

Az EEG-vizsgdlatoknak Iényeges szerepiik van az
ischaemia észlelésében, kovetésében, a stroke-bete-
gek kimenetelének prognosztizdldsdban, a stlyos
betegek neuromonitorozdsdban, az intraoperativ
neuromonitorozdsban és a neurorehabilitdciéjaban.
Az eddigi klinikai vizsgalatokban a qEEG-paramé-
terek szamos skéldjat alkalmaztdk. A megbizhatébb
Osszehasonlitds érdekében olyan egységes paramé-
ter haszndlata lenne iidvozitd, amely megbizhatd,
konnyen regisztralhatd, mitermékek kevésbé za-
varjak, reprodukalhat6, és hosszabb ideig kovethe-
t6. A tavlati célokat illetGen indokolt lenne a fenti
moédszerek gyakorlati alkalmazdsianak bevezetése
az orszag vezetd stroke-centrumaiban. Az intraope-
rativ neuromonitorozdsban az SSEP-vizsgilat
egyre szélesebb korben alkalmazott eljaras, de még
nem képezi a CEA protokollok részét.

Az r'TMS szerepe a hazai neurorehabiliticiéban
fokozatosan béviil, viszont a BCI egyelére még a
kutaté kozpontok privilégiuma.

Nagy: Klinikai neurofiziolégiai médszerek a cerebrovascularis betegségek diagnézisédban és kezelésében
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The link between the hippocampus and declarative memory
dysfunctions following the removal of the medial temporal
lobe opened unexplored fields in neuroscience. In the first
part of our review, we summarized current theoretical
frameworks discussing the role of hippocampus in learning
and memory. Several theories are highlighted suggesting
that the hippocampus is responsible for assembling stimulus
elements into a unitary representation that later can be uti-
lized to simulate future events. The hippocampal formation
has been implicated in a growing number of disorders,
from neurodegenerative diseases to atypical cognitive age-
ing and depression. Recent neuroimaging studies provided
new opportunities to study in detail the hippocampal forma-
tion’s role in higher levels of the nervous system. We will
present data regarding the regional specialization of the
hippocampus in experimental models developed for healthy
and neurological conditions with a special focus on
Parkinson’s disease. Combined evidence from neuroimag-
ing studies suggested that hippocampal volume is reduced
in non-demented, newly diagnosed patients with Parkinson’s
disease, which is associated with impaired memory per-
formance. These findings proposed that, beyond the well-
known striatal dopamine loss, impaired hippocampal
synaptic plasticity may contribute to cognitive and affective
impairments in early Parkinson’s disease.
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A HIPPOCAMPUS STRUKTURALIS ES FUNKCIONALIS
SZEREPE PARKINSON-KORBAN
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A hippocampus memérianyomok régzilésében jétszoft
szerepére epilepsziasebészeti céllal végzett kétoldali media-
lis temporalis lobectomia hivta fel a figyelmet. A neuro-
pszicholégia klasszikus esetének szdmité felfedezés j utat
nyitott a kognitiv idegtudomanyokban. Kézleményink célja
a hippocampus anatémiai és funkcionélis kapcsolatrend-
szerének bemutatdsa olyan alapvetd kognitiv folyamatok-
ban, mint a tanulds és emléknyomok régzitése, majd annak
bemutatésa, hogy ezek miként jGrulhatnak hozzd a
Parkinson-kér nem motoros tineteihez. A modern képalkoté
eligrasok Uj lehetéségeket nydjtanak a hippocampus
szerepének megismerésére, kilénds tekintettel az alrégidk
szerkezetének és szerepének tisztdzdsara. Az alrégidk speci-
fikus eltérései feltételezheték nem csak neurodegenerativ
kérképekben, hanem az éregedésben és a depressziéban
is. Tébb tanulmdny egybehangzé megfigyelése a hip-
pocampus volumencsdkkenésére hivia fel a figyelmet Gjon-
nan diagnosztizdlt Parkinson-kéros betegeknél, amely
dsszefigg a memériadeficittel. A megfigyelés hatterében a
dopaminerg rendszer szinaptikus plaszticitast befolydsoléd
szerepe feltételezhets. A hippocampus térfogatcsdkkenése
prediktiv értéky lehet a Parkinson-kérban jelentkezé kognitiv
hanyatlds kapesdn.
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One of the main views in cognitive neuroscience
attributes an essential role for hippocampus in
declarative memory. This concept emerged after
the observation of unexpected short-term memory
deficits in patients who underwent bilateral tempo-
ral lobe resection'.

Another pivotal approach regarding the hip-
pocampal function refers to the spatial cognition.
Research in non-primate mammals has an enormo-
us contribution to our current knowledge in spatial
navigation. The pioneering electrophysiological
studies in freely moving rats discovering the place
cells, suggested that the rodent hippocampal neu-
rons show a particular firing pattern dependent on
the animal’s physical location®.

Considering the differences between rodent and
primate hippocampus pertaining to orientation
(along a ventral-dorsal axis in rodents vs. an anteri-
or-posterior axis in humans), cross-sectional area
(uniform area along the longitudinal axis in rodents
vs. increased anterior volumen in humans) it see-
med deeply difficult to clearly define the functional
similarities between the species’s hippocampus?.

It has been hypothesized that mammals have a
different cellular mechanism responsible for the
spatial representation than the rodents. Robertson et
al. suggested that the primate’s environmental men-
tal map is related to ‘spatial view cells’. In vivo
electrophysiological recordings in macaques hip-
pocampal formation showed that the firing of these
cells is conditioned by the gaze direction, related to
the head orientation, it is independent of the ani-
mal’s physical location*. Nowadays accumulating
evidence supports the existence of the place cells in
primates. Hori et al. observed place responsive cells
in hippocampal formation and parahippocampal
gyrus of monkeys performing real and virtual spa-
tial tasks®. Intracranial recordings in humans during
a goal-oriented navigational task also demonstrated
the presence of hippocampal place cells, however
the authors highlighted that a place — goal conjunc-
tion might seem a modulatory association of the
hippocampal firing pattern®.

The above-mentioned evidences raised the ques-
tion of a possible connection between spatial navi-
gation and memory functions within the medial
temporal lobe’. A recent theoretical framework pro-
posed common threads between these two
approaches, suggesting that the hippocampus
serves as a memory hub relating the elements of the
declarative memory into a spatial relational net-
work®.

Electrophysiological recordings introduced a
possible mechanism how the hippocampal neurons
might process the temporal order of the elements of

ABBREVIATIONS

AUT: alternate uses task

BDNF: brain-derived neurotrophic factor
fMRI: functional magnetic resonance
SPW-Rs: sharp wave ripples

LFP: local field potential

L-DOPA: levodopa

VTA: ventral tegmental area

declarative memory. It has been proposed that the
place cells are able to operate like ‘time cells’ as
well. The neural population encoding the place
cells can shift their function: they not only fire at
specific environment but also sense the temporal
signal between the salient cues’ '°.

The hippocampal formation has a strong impli-
cation to understand the connection between emo-
tion and memory. The historic link between hip-
pocampus and emotion dates back to anatomical
data confirming the eminent position of the hip-
pocampus in Papez circuit. Behavioral data report-
ed different functional properties along the longitu-
dinal axis: the ventral ‘hot’ hippocampus is linked
to emotional processing while the dorsal, ‘cold’
cognitive hippocampus stands for declarative mem-
ories (including spatial processing) regardless of
emotional content™ ',

In humans, decreased hippocampal volumes are
associated with psychiatric disorders with strong
affective components such as posttraumatic stress
disorder and depression!?. Several theories had
been introduced to explain the relationship among
hippocamapal atrophy and depression. The ‘neuro-
toxiticy hypothesis’ suggested that a depressive
state associates high glucocorticoid levels, and a
prolonged exposure to high levels of cortisol
increase the susceptibility to oxidative stress lead-
ing to hippocampal cell death'’. The continuous
stress might induce also a decrease in neurotrophic
factors (BDNF) and the reduced neurogenesis re-
sults in hippocampal atrophy'“.

Hippocampal structure and function

The hippocampal formation is composed of the
Cornu Ammonis (CA1-CA3) regions, the dentate
gyrus (DG), and the subiculum. The hippocampus
proper is a relatively small structure and the sub-
fields are in the order of a few millimeters with sub-
regions CA1l, CA2, and CA3 together having an
average volume of around 1 cm’ 15,

Gyorfi: The hippocampus formation in Parkinson’s disease



Memory formation, the
main hippocampal opera-
tion includes at least three
basic steps: encoding, con-
solidation, and subsequent
retrieval of the learned
material. These computa-
tions are ensured by the
trisynaptic circuit within
the hippocampus!s. The
trisynaptic wiring starts at
entorhinal cortex (EC)
sending the major poly-
modal sensory input to the
DG via the perforant path-
way. The axons of DG
granule cells (mossy
fibers) project to CA3

Schaffer collaterals

pyramidal cells which
then project through
Schaffer collaterals to
CA1 pyramidal cells. The
CA1 subregion receives
preprocessed information
from the subnetworks of
the DG and CA3, but also receives direct projec-
tions from the EC. The axon collaterals of CA3
pyramidal neurons form a recurrent autoassociative
network. The CA1 pyramidal neurons are the major
output relay neurons, projecting via the subicular
complex back to the EC and to various subcortical
and cortical areas'’.

Considering the complexity of the hippocampal
network it has been suggested that these subregions
perform complementary operations in different
cognitive tasks. The CA1 subregion has a main role
in detecting the contrasts between the unprocessed
sensory data arriving from EC and familiar infor-
mation transferred from the CA3 (Figure 1). The
CA1 is also involved in autobiographical memory
retrieval and in learning the map-like representa-
tions. The DG on the basis of ‘similarity’ differen-
tiates the similar and dissimilar patterns. The oper-
ation is termed pattern separation, it is a prerequi-
site tool in novelty detection. The autoassociative
CA3 region through pattern completion is able to
reconstruct the whole memory trace by using a just
a fragment from a previous experience!s.

Accumulating evidence sustains a functional
distinction along the hippocampal longitudinal axis.
Neuroimaging studies in healthy participants imple-
menting an associative memory formation task
points that the CA2, CA3, and DG supports the
encoding, whereas the subiculum assists in the
retrieval of the new associations'*-2!.

already known sensory data.

Figure 1. Connectivity within the hippocampus

CA1l:pyramidal neurons in Cornu Ammonis 1; CA3: pyramidal neurons in Cornu Ammonis 3; DG: den-
tate gyrus; EC: enthorinal cortex

The trysynaptic pathway from the EC via the DG, CA3 and CAL1 subregions represents the main direction
of the information flow. The CA1 subregion represents the anatomical junction between the novel and

Cellular mechanisms of the
hippocampal memory formation

For an efficient memory formation the subjects
have to accommodate to current environmental that
assumes dynamic change in the behavior. These
acts functionally can be monitored as distinct brain
rhythms, extracellularly recorded as local field
potentials*2. Goal-oriented behavior assumes an ini-
tial preparation, when the subjects explore the envi-
ronment to find the most appropriate acts leading to
a subsequent reward. This phase requires focused
attention, ensured by a cholinergic prohibitory sig-
nal that prevents hippocampal excitatory spread.
The preparatory phase electrophysiologically is
dominated by hippocampal theta oscillations (6-10
Hz). After attaining the target the behavior changes
toward consummation (immobility and slow wave
sleep). The shift towards ‘offline processing mode’
removes the cholinergic tone, releasing an excitato-
ry circuit within the hippocampus. The LFP is char-
acterized by sharp wave bursts in CA1, CA3, DG,
subiculum, and enthorinal cortex. These sharp
waves and the associated fast ripple oscillations are
the electrophysiological correspondent of informa-
tion rehearsal, ensuring the transfer of the newly
acquired data back to neocortex, essential for long-
term consolidation? 24,

The above-mentioned evidence highlights the
importance of a proper frequency control within the

Ideggyogy Sz 2018;71(1-2):15-24.
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hippocampal network for memory formation. The
adequate firing pattern is ensured by inhibitory
GABAergic interneurons (basket cells). Two sorts
of basket cells have been particularly considered to
influence long-term memory consolidation. During
theta state the cholecystokinin-containing (CCK)
basket cells act as ‘calibrators’ by adjusting to sim-
ilar firing patterns the subcortical afferent signals
responsible for motivational acts. The parvalbu-
min containing basket cells (PV) contribute
to SPW-Rs generation by keeping under temporal
inhibition the pyramidal neurons followed by a
rebound excitation contributing to synchronized
bursts. The current data indicate that the PV basket
cells — are responsible for the simultaneous firing of
the pyramidal neurons during SPW-Rs generation,
ensuring the periodicity by providing the critical
time signal for hippocampal pyramidal neurons sus-
tained firing during the ripple oscillation** %

Hippocampus dependent cognitive
skills

A recent metacognitive approach suggested that the
hippocampus serves as a hub, linking memory,
imagination, and future predictive skills. The first
remarks regarding the medial temporal lobe and
future predictive skills can be traced back to the
well-known study of H.M. who, in addition to
extreme episodic memory impairments, was also
unable to see himself in future scenes®. The com-
mon roots of remembering past events and envi-
sioning the future points toward a hippocampal
mechanism, termed mental construction, a process
that integrates different information in space and
time into a rationale model. This hippocampal oper-
ation has two key principles: the first is the necessi-
ty of a core concept — the ‘central rule’ to bind
together the details. The second principle refers to
the type of the data to merge: the hippocampus-
related computations are preferentially involved if
there is an item-context relation among the data as
in the case of autobiographical memory?’.

The mental construction is triggered by demands
of pattern separation or pattern completion that
engages different computations in hippocampus.
The exact mechanism can be illustrated by the
scene construction theory: when one is recalling a
past experience, the hippocampus acts as a main
director, setting up an imaginary scene, encompass-
ing all of the details of an autobiographical event.
These imaginary scenes have a predictive value to
guide future behavior®.

Future imagination is considered a process

grounded in frontoparietal network activity. The
ability to imagine the future requires a flexible
recombination of the stored information during
mental construction. Flexible thinking assumes
coupling of the frontoparietal network and salience
networks to cross conventions, traditional patterns
to generate novel scenarios. This skill is indexed as
divergent thinking — a component of creative men-
tal activity. Researchers seeking a common root of
episodic memory and creativity hypothesized that
differences in cognitive flexibility should relate to
process of episodic-simulation. Episodic simulation
was assessed with an experimental recombination
paradigm: the investigators created several social
spheres containing details of the subjects own lives
(e.g. work, home, and sport team). In parallel cog-
nitive flexibility was measured by the Alternate
Uses Task (AUT) assessing divergent thinking. The
key assumption proposed that details from the same
sphere are more congruent and easier to recombine
than details from different spheres (incongruent
associations). During the test, the participants saw
different memory details and they had to incorpo-
rate them into earlier defined social spheres. The
results showed that the AUT flexibility scores cor-
related negatively with the congruent-incongruent
difference scores, meaning that more flexible indi-
viduals are less affected by increasing combinatory
demands associated with incongruent condition. In
other words, the association suggests a relationship
between episodic memory and episodic future
thinking. The hippocampus seems to be of crucial
importance to vivid imagination®.

Enhanced creative potential and open-mindness
has been reported in healthy individuals presenting
low latent inhibition in association with high intel-
ligence quotient and strong social supports®. Latent
inhibition is a personality trait, observed during
classical conditioning. The latent inhibition para-
digm connotes that a previously experienced stimu-
lus needs longer time to acquire meaning than a
new stimulus. Reduced latent inhibition is a fasci-
nating field in neuroscience. In mentally intact con-
ditions the subject are able to ‘dissociate’ the attrib-
utes of a previously learned association when they
confront one of the (association’s) component in a
novel environment. From the other hand, patients
with schizophrenia showing low latent inhibition,
reflect an altered association between a conditioned
stimulus and an unconditioned stimulus when the
conditioned stimulus was previously experienced in
a different context. In other worlds the patients have
difficulty to disrupt from past experiences?'.

The above-mentioned examples show the impor-
tance of cognitive flexibility in optimizing the con-

Gyorfi: The hippocampus formation in Parkinson’s disease



tingencies to maximize
reward. During condition-
ing the dopaminergic sig-
nals keeps the salience for
reward, maintaining a
focused attention on the
relevant stimuli necessary
for the favorable out-
come!'®,

Our research group
aimed to evaluate the
modulating effect of the
dopaminergic therapy on
latent inhibition and
schizotypal traits in PD
patients. Several experi-
mental paradigms in
healthy humans demon-
strated that dopamine ago-
nists can disrupt latent
inhibition®!" 32, The back-
ground mechanism sug-
gests that in the initial

stage of PD the dopamine
agonist therapy might pro-
duce an overdose in the
intact ventral striatum
resulting in controversial
side effects similarly to
schizotypy (Figure 2). In
the first study the latent
inhibition was assessed
with a visual search task
consisting of two phases. In the pre-exposure phase
the subjects learned to identify a target stimulus
among distracters. During the next step the targets
varied (in first condition the target was the same
stimuli as the distracter in the pre-exposure phase
and in the second condition the target was a new
stimulus). The measurable variant was the reaction
time of the target identification. Schizotypal traits
were assessed with Oxford-Liverpool Inventory of
Feeling and Experiences (O-LIFE) questionnaire,
measuring four dimensions of schizotypy: unusual
experiences, introvertive anhedonia, cognitive dis-
organization and impulsive nonconformity.
Compared to healthy controls the PD patients on
dopaminergic therapy were more likely to score
higher at all four subscales of schizotypal traits, but
the cognitive disorganization seemed the most rele-
vant trait. As indicated by previous studies on
healthy patients the PD subjects compared to con-
trols presented significantly lower reaction time to
recognize the targets on the task assessing latent
inhibition. The correlation analysis revealed that

Figure 2. Dopaminergic pathways in newly diagnosed PD

PFC: prefrontal cortex; N.acc: nucleus accumbens; DS: dorsal striatum; SN pc: substantia nigra pars
compacta, VTA: ventral tegmental area

The blue dashed lines show the deficient mesocortical (from ventral tegmental area to the prefrontal cor-
tex) and nigrostriatal pathway (from substantia nigra pars compacta to dorsal striatum composed of nucle-
us caudatus and putamen) inducing the classical motor symptoms and impaired executive functions.

The red line shows the effect of dopaminergic treatment that reestablish the deficient dopamine levels in
nigrostriatal pathway, but overdose the relatively intact mesolimbic projections responsible for phychiatric
complications (schyzotypal traints, impulsivity).

the daily levodopa equivalent dose (LED) positive-
ly predicted the scores measuring unusual experi-
ences and cognitive disorganization. The reaction
times measuring latent inhibition was negatively
predicted by LED suggesting a dose-dependent dis-
rupting effect of dopaminergic drugs*.

In similar theoretical grounds we conducted a
follow-up study in patients with PD to examine
how the individual schizotypal traits might influ-
ence the modulating effect of dopaminergic therapy
on divergent thinking. Divergent thinking is a
measurable, neuropsychological correspondent of
creative potential referring to open-mindedness: the
ability to find multiple possible solutions for a sin-
gle problem. The variables: divergent thinking,
impulsivity and creativity were assessed at drug-
naive, baseline condition and after 12 week of do-
pamine agonist monotherapy. In accordance with
the theoretical assumptions we found that patients
receiving either pramipexole or ropirinol were more
likely to develop impulsivity and present schi-
zotypal traits. In the PD group the dopaminer-
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gic treatment improved the scores of the divergent
thinking — a measurable correlate of reduced latent
inhibition. The statistical analysis revealed positive
correlations among schizotypal traits, impulsivity
and different dimensions of divergent thinking. A
positive association was found between originality
and positive schizotypy, flexibility and disorgan-
ized schizotypy. The changes in flexibility of verbal
divergent thinking positively correlated with cre-
ative tendencies**.

The role of hippocampus as a unique
structure in PD pathophysiology

Cognitive dysfunctions can appear ever in an early
course of PD, characterized by impairments in
executive, visuospatial, and attentional functions.
The data from literature emphasize the link between
the development of non-motor PD symptoms, such
as cognitive impairment, depression, and various
other psychological and or behavioral disorders,
and hippocampal damage. It has been suggested
that the interaction between dopaminergic transmis-
sion and hippocampal synaptic plasticity might
explain the cognitive dysfunctions®.

The anatomical background of cognitive impair-
ment in PD emphasized the alterations in mesocor-
ticolimbic projections that connect the ventral
tegmental area, the origin of dopaminergic neurons
to the limbic system including the hippocampus
(Figure 2). The medial temporal lobe is a well-
known area where the long-term potentiation — the
underlying mechanism of novelty detection and
long-term memory formation takes place. Neuro-
toxic and transgenic animal models of PD demon-
strated that loss of endogenous dopamine reduce
the NMDA receptor activity leading to altered hip-
pocampal long-term potentiation. Moreover admin-
istration of L-DOPA reestablished the synaptic
plasticity, proposing that the dopamine-dependent
long-term potentiation might offer a biological sub-
strate of the behavioral changes in PD.

Neuropathological studies in PD highlighted the
role of cytoskeletal changes in terms of Lewy body
(LB) and Lewy neurites (LN) deposition. Braak et
al. distinguished six neuropathological stages
describing the topographical appearance of deposi-
tions that correlate with clinical symptoms. The
medial temporal lobe alterations, responsible for
behavioral changes can be observed from stage four
disease progression. The CA2 hippocampal subre-
gion might be a specific predilection sites for LN
depositation?’.

The significance between the onset side of the

initial motor symptom and subsequent cognitive
impairment is a widely debated topic in PD
research. A recent study, in accordance with mor-
phopathological findings demonstrated that PD
patients with a prolonged disease duration (more
than five years) and left symptom dominance
showed worse performance on tasks assessing spa-
tial memory than the subjects with right-side
onset™®.

Several neuroimaging studies investigated the
hippocampal volume changes in PD. In an MRI
study using voxel-based morphometry, the authors
compared hippocampal grey matter densities in
three groups of PD patients (non-demented PD,
demented PD, and cognitively intact PD with visu-
al hallucinations) with healthy control subjects. The
analysis revealed hippocampal atrophy in the
patient groups relative to the control subjects. The
most noticeable difference in hippocampal grey
matter loss was seen between demented PD patients
and controls. The atrophy affected the entire hip-
pocampus with prominent involvement in both
anterior and posterior regions and a relative sparing
of the central region. The non-demented PD group
with visual hallucinations showed grey matter
reductions confined only to the hippocampal
head®.

The importance of visual hallucinations in PD as
a predictor factor for cognitive decline has been
highlighted also in a neuropsychological study
assessing the cognitive functions of non demented
PD patients with and without visual hallucinations.
The results revealed that the subjects with visual
hallucinations presented poorer performance in lan-
guage, verbal learning, and semantic fluency com-
pared to PD patients without visual hallucinations*.
Thus, the association of visual hallucinations and
hippocampal atrophy in cognitively intact PD
patients suggests that modified illusory perceptions
might serve as a predictive marker of subsequent
cognitive decline in PD* %,

To address the question of cognitive impairment
in elderly PD patients a neuroimaging study com-
pared the hippocampal volumes of PD patients
above 70 years (with and without dementia) to age
matched non-PD subjects. Similarly to previous
reports, the authors noticed smaller hippocampal
volume in the patient group compared to controls,
with more prominent atrophy in the demented PD
group. The volumetric analysis showed that the
older PD subjects had significantly smaller mean
head and whole hippocampal volume than the
younger PD and older non-PD group. They con-
cluded that, in PD patients over 72 years the
advanced hippocampal atrophy could be explained
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by an age-dependent increase in the prevalence of
Lewy-body related morphopathological changes®!.

The role of hippocampal subfields in PD

Recent developments in MRI technology allowed a
more precise anatomical visualization of the hip-
pocampal formation. Computational developments,
like the FreeSurfer software (Laboratory for Com-
putational Neuroimaging, Boston, United States)
and related techniques, that works with many com-
monly available T1-weighted MRI sequences,
enable automated segmentation of the hippocampal
subfields using models build from manual segmen-
tation. The theoretical background of the method
consists of using Bayesian interface, which is a
mathematical model of image reconstruction at the
hippocampal area to delineate automated segmenta-
tion. The technique has been validated by compar-
ing its segmentation to corresponding manual delin-
eations in high resolution MRI scans by showing
that automated volume measurements of the larger
subfields correlate with manual volume estimates*.

A recent study aimed to describe the pattern of
hippocampal volume changes in PD patients and its
correlation with memory performance. They en-
rolled non-demented PD patients with and without
visual hallucinations and a control group. Using
automated volumetry, they differentiated seven hip-
pocampal subfields, including the CA sectors,
subiculum, presubiculum, and the DG. Comparing
the hippocampal subfields, the patient group pre-
sented CA2-3 and CA4-DG volume loss versus
controls, while PD patients with visual hallucina-
tions presented an additional subicular atrophy*.
Examining the whole patient group, the learning
scores correlated with CA2-3 and CA4-DG vol-
umes, while the authors did not find any association
regarding recall performance and recognition mem-
ory. The association of regional atrophy pertaining
to DG-CA3 volume (the hippocampal input re-
gions) with learning deficits confirmed the func-
tional specialization of hippocampal subfields in
memory processing®.

A multicenter study aimed to assess the relation-
ship between hippocampal atrophy and perform-
ance on memory encoding, retention, recognition,
and free recall in newly diagnosed, drug-naive PD
subjects with and without cognitive impairments.
The authors estimated hippocampal atrophy by
measuring the subfield’s radial distances on T1-
weighted MRI images. Deficits in short- and long-
term free recall correlated with CAl, CA3, and
subicular radial distance, while the recognition

scores correlated with subicular thickness. No asso-
ciation was found between hippocampal volumes
and neuropsychological scores measuring encod-
ing. However, the study design did not include a
control group, the association of delayed recall
scores with CA 1 radial distance is in accordance
with theoretical assumptions regarding the role of
CAL in consolidation and late retrieval*.

Beyond the above discussed cognitive impair-
ments, the non-motor features in PD include psy-
chiatric symptoms, sleep disorders, autonomic dys-
function, pain, and fatigue. These symptoms are
common in early PD, even before the onset of clas-
sic motor symptoms®. Depression is one of the
most common of these symptoms, occurring in
around 35% of patients*,

Theoretical frameworks highlighted the possible
role of hippocampus not only in cognitive dysfunc-
tions, but also in mood disorders and their treatment
possibly via the modulation of hippocampal neuro-
plasticity by dopaminergic medication®. In a longi-
tudinal study, using automated volumetric measure-
ments, we measured hippocampal subregion vol-
umes in drug naive PD patients and healthy controls
before and after a 12-week period of L-DOPA treat-
ment. Our baseline findings indicated CA2/CA3
atrophy in the PD group, which was normalized
after the treatment. At both baseline and follow-up
states, more severe depressive symptoms were
associated with smaller CA2-3 volumes. The corre-
lation between depressive symptoms with hip-
pocampal subfield volumes raises the possibility of
a common pathological pattern between mood dis-
orders and neurodegenerative diseases®’.

Conclusion

Our summary revised the current viewpoints sur-
rounding the hippocampal formation in healthy
subjects and in PD patients. Evidence suggested
that beyond memory formation the hippocampus
has different properties along the longitudinal axis
and it is clinically involved in the processing of spa-
tial information, emotion regulation, stress, and
anxiety® '8, The hippocampus supports learning and
memory via pattern separation and pattern comple-
tion mechanisms. The dynamic interaction of these
hippocampal operations define the mental construc-
tion supporting the online integration of multimodal
details into a central, coherent construct's.

Because the hippocampus is a small and variable
structure, it is challenging to detect changes in
structure and activity in different subfields. Due to
the development of different segmentation methods
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and imaging protocols, there is a significant
progress, but disagreements also exist between the
research groups. Overall, the results suggested dis-
sociation within hippocampal subregions during
spatial learning and memory'®%°.

Despite the appearance of clinical data support-
ing the role of hippocampus in Parkinson’s disease,
only a few volumetric studies investigated the con-
tribution of hippocampal subregions. The recent
voxel-based neuroimaging studies agree on hip-
pocampal volume loss in PD patients compared to
healthy controls. The results indicated that in PD
the neurodegenerative process starts at the hip-
pocampal head which mainly corresponds to the
CAT subregion than spreads to the tail and body?®.
The CA2 volume loss is an in vivo evidence for the
peculiar damage of the second sector of CA in PD
neurodegeneration. The CA3-DG and subicular
involvement might be attributed to the propagation
of the pathological process extending from the
affected CA2-3 area®. Although the segmentation
methods are different, the CA2/CA3 seems to be
prominently involved even in the earliest stage of
the disease. These alterations may be relevant
markers for non-motor symptoms (e.g., depression)
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AZ EGYSZERI ALLERGENDOZIS HATASA AZ
EXPLICIT-IMPLICIT EMLEKEZETRE PARLAGFU-ALLERGIAS
SPORTOLO ES NEM SPORTOLO BETEGEKEN

TOKODI Margaréta' 3, CSABI Eszter?, KIRICSI Agnes' 3, SCHULTZ Rebeka', MOLNAR H. Andor?,
ROVO Lészlé', BELLA Zsolt’
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CélkitGzés — A rhinitis allergica népbetegség, amely a
léguti tineteken 10l a fizikai és szellemi teljesitEképességre is
hatdssal lehet. Vizsgélatunk célja a szénandtha hatdsanak
vizsgdlata az emlékezeti miksddésre.

Médszerek — A nyilt, prospektiv klinikai vizsgdalatban két,
egymdstdl pszichoszomatikusan markdnsan elkilénithetd
parlagfG-allergids betegcsoportot, rendszeres sportoldkat és
kontrollcsoportként nem sportolé betegeket hasonlitottunk
dssze. Mindkét csoportban specifikus nazdlis provokéciét
végeztink orrfelenként 30 IR/ml dézist parlagfiallergénnel.
Kildnbsz8 emlékezeti mGkddéseket mértink allergénex-
pozicié elstt és utdn. Az explicit emlékezetre térténetfel-
idézést, az implicit emlékezet vizsgdlatdra pedig reakcisids-
feladatot alkalmaztunk.

Eredmények — A két csoportot ésszehasonlitva az allergén-
provokdciét kévet8en az explicit feladatban — a révid és
hossz0 tavi emlékezeti mikddésben — jobb eredményt
mutattak a sportolék a kontrollcsoporthoz képest, az implicit
feladat mutatéiban nem jelent meg kilénbség a csoportok
kézdtt. Az explicit feladatokban a sportolécsoport
dnmagdhoz képest szignifikéns javuldst mutatott a provoka-
ciot kovetden.

Kévetkeztetés — Osszefoglalva, a nazdlis allergénprovoka-
ci6 sordn felmerUl8 révid tavi zavard tényezék, mint
példdaul szemviszketés, kénnyezés, garatviszketés, tisszdgés,
orrfolyés nem eredményeztek romlést az emlékezeti
funkcidkban. Az egyszeri, nagy dézist allergén a parlagfi-
allergids betegeknél fokozott koncentrdldst eredményezett,
mely a sportolék kérében még kifejezettebb volt.

Kulcsszavak: nazdlis provokdcid, rhinitis allergica,
explicit és implicit emlékezet, sportolék

http://dx.doi.org/10.18071/isz.71.0025

EFFECTS OF NASAL PROVOCATION WITH A
SINGLE-DOSE ALLERGEN ON THE EXPLICIT AND
IMPLICIT MEMORY OF PHYSICALLY ACTIVE AND
INACTIVE PATIENTS WITH RAGWEED ALLERGY
Tokodi M, MD; Csdbi E, PhD, Kiricsi A, MD; Schultz R, MD;
Molnér HA, PhD; Rové L, MD; PhD; Bella Zs, MD, PhD
Ideggyogy Sz 2018;71(1-2):25-33.

Background and purpose — Allergy is an endemic disease
and has a considerable impact on the quality of life. This
study aimed to measure the effect of active allergic rhinitis
on memory functions of physically active and inactive
patients with ragweed allergy.

Methods — Memory functions were assessed before and
after allergen exposure. Participants in both groups were
provoked nasally with 30 IR/mL ragweed allergen in each
nostril. Explicit memory was measured with story-recalling
and implicit memory was investigated with reaction time
task.

Results — In neuropsychological assessments athletes per-
formed significantly better, compared with the control group
after allergen provocation in short-term and long-term
memory functions. There was no difference between the
groups in the implicit tasks. Athletes have achieved better
results affer provocation, comparing to the baseline test and
the tests that measured short-term and long-term memory
functions.

Conclusion — Short-term disturbing factors, e.g. swollen
nasal mucosa, sneezing, and watery eyes after provocation
did have not caused deterioration in cognitive functions. A
single-shot allergen in high doses have caused an increase
of mental concentration, which was more pronounced in
athletes.
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explicit and implicit memory, athletes

Levelez8 szerz8 (correspondent): Dr. TOKODI Margaréta,
Szegedi Tudomdnyegyetem, Fil-orr-gégészeti és Fej-nyaksebészeti Klinika;
6725 Szeged, Tisza Lajos krt. 111. Telefon: (06-62) 545-310; fax: (06-62) 545-848,
e-mail: tokodi.margareta@gmail.com.

Erkezett: 2017. jolius 19.

Elfogadva: 2017. oktéber 10.

Ideggyogy Sz 2018;71(1-2):25-33.

www.elitmed.hu

25



26

rhinitis allergica az egyik leggyakoribb kréni-

kus betegség, amelynek prevalencidja a fejlett
orszagokban eléri a 20%-ot! 2. A tiinetek kivaltasa-
ban szezondlis vagy perennialis jellegl allergének
jatszanak szerepet, melyek perzisztdlé vagy inter-
mittdlé panaszokat okoznak. Klasszikus tiinetei a
tiisszogés, viszketés, orrfolyds és az orrdugulds® 3,
amelyek jelentdsen befolydsoljdk az életmindséget
azaltal, hogy megzavarjdk az alvast, a koncentraci-
6t a tanuldsban és a munkavégzésben, illetve a sza-
badidGs tevékenységek végzését*. A gyakori
el6fordulds ellenére, kevés tanulméany foglalkozik
azzal, hogy a tiinetek milyen hatdssal vannak az
emlékezeti funkcidkra® 7 8. Ezekben a kozlemé-
nyekben nem taldltak kiilonbséget a verbdlis és
vizudlis emlékezet miikodésében az allergids és
nem allergids kontrollszemélyek kozott, de ezek a
tanulmanyok nem vizsgéltdk az explicit és implicit
emlékezetet. A jelen tanulmény célja annak feltér-
képezése, hogy a rhinitis allergica milyen hatassal
van kiilonbdz6 emlékezeti rendszerek mikodésére.
A rendszeres sport vajon befolydsolja-e a kognitiv
képességek miikodését, illetve az allergids tiinetek
életmindséget befolydsold szerepét? A nyilt, pros-
pektiv klinikai vizsgédlatban allergids sportoldkat
hasonlitottunk 6ssze olyan személyekkel, akik al-
lergidsok, de nem sportolnak.

Az explicit és implicit emlékezeti miikodést
tobbféle betegcsoportban vizsgaltdk mar®!>, Amné-
zids betegek esetében példaul ,,multiple-choice
questions” kérd6ivvel mutattak ki'* az explicit
memoria stlyos kdrosoddsat, azonban a kutatdsban
az implicit memoria teljesitményét mérd ,,the wea-
ther prediction” feladatot ugyanolyan jdl teljesitet-
ték, mint az egészséges kontrollcsoport.

Gobel és munkatarsai'? enyhe kognitiv karoso-
dasti amnézids, és Parkinson-koéros betegek telje-
sitményét hasonlitottdk Ossze egészséges személye-
kével. Eredményeik alapjdn az implicit tanulast
mérd szekvenciatanulas-feladatban, a medialis
temporalis lebeny alulmikddése nem befolydsolta
az implicit tanuldst. Poszttraumds stressz zavarban
szenved6 ndknél'® a verbdlis explicit memoria
alulmikodését mutattak ki, ami megegyezik annak
a tanulmanynak az eredményeivel, ahol hiboris
veteranoknal kialakult poszttraumads stressz zavar-
ban szenvedd férfiakat vizsgéltak'>. Csdbi és mun-
katdrsai!! alvasfiiggd 1égzészavarban szenvedd gye-
rekeknél vizsgaltak az explicit és implicit rendsze-
rek érintettségét. Az érintett gyerekek a kontroll-
csoporthoz képest alacsonyabb explicit memoria
teljesitményt nyujtottak, viszont az implicit tanulds
ép maradt. Tehat disszocidcidt taldltak a két tipusd
emlékezeti rendszer érintettsége kozott az alvasza-
varos gyerekeknél a nem alvdszavaros gyerekekhez

képest. Insomnids betegek vizsgalatandl® is rosz-
szabb eredményt taldltak az egészséges csoporthoz
képest az explicit memoria teljesitményét mérd sz6-
partanuldstesztben. Huntington-kéros betegeket!?
kétféle implicit feladattal vizsgaltak. A betegcso-
port a— ,,probabilistic classification learning task” —
feladatokndl rosszabbul teljesitett, mint a kontroll-
csoport, de a mesterséges nyelvtan tanuldsban nem
volt kiilonbség a két csoport eredménye kozott.

Szintén késziiltek tanulmanyok azzal kapcsolat-
ban, hogy a stressz milyen hatdssal van az explicit
emlékezetre. Hidalgo és munkatarsai'® eredménye-
ik alapjan azt feltételezik, hogy a stressz nem befo-
lyasolja az explicit emlékezeti mikodést, ezzel el-
lentétben mas tanulmanyban'” viszont romlé expli-
cit emlékezeti teljesitményrdl szamoltak be.

Az eddig publikalt kdozlemények ellentmondasos
eredményei indokoltdk kutatisunkat, amelynek
célja annak vizsgdlata, hogy a rhinitis allergica mi-
lyen mértékben befolydsolja az explicit és az imp-
licit emlékezetet parlagfii-allergids aktiv sportoldk-
nal.

Médszerek
RESZTVEVOK

A vizsgalat 35 résztvevdvel indult, de a kellemetlen
tiinetek miatt koziiliik tobben nem vettek részt a
nazdlis provokdcié utdni mérésen. Végiil dsszesen
14, parlagfti-allergidval rendelkezd, 6t n6 és kilenc
férfi beteg teljesitette az 6sszes vizsgalatot. A vizs-
galatban hét f6 sportold (atlagéletkor: 42,14+5,984
év; iskolai végzettség atlaga: 18,57+4,93) és kont-
rollcsoportként hét nem sportolé személy (atlag-
életkor: 42,29+5,765 év; iskolai végzettség atlaga:
18,14+1,68) vett részt, akik valamennyien a par-
lagfiire allergidsak. A két csoportot életkorban
[t(12)=-0,045, p=0,964] és iskolai végzettségben
[t(12)=0,218, p=0,831] egyeztettiik. A vizsgalatban
részt vevd sportoldk uszok, vizilabdazok koziil
keriiltek ki, akik heti 6t vagy tobb alkalommal edze-
nek. A kontrollcsoport tagjai testmozgéstél mentes
életet élnek. A vizsgdlt személyeket hozzaférés
alapi mintavétellel valogattuk be a kutatdsba,
onkéntesen jelentkeztek. Minden résztvevét a vizs-
galat megkezdése elbtt részletesen tdjékoztattunk a
kutatds menetérdl, a provokdcié okozta kellemet-
lenségekrdl, illetve beleegyezési nyilatkozatot irtak
ald. A vizsgalat soran barmikor kérhettek pihendt,
illetve indoklds nélkiil félbeszakithattdk azt. A
kutatds sordn betartottuk az ide vonatkozo etikai
szabalyokat (etikai engedély iktatészdma: 43/2014.,
engedélyszam: 3368).
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VIZSGALATI ELIARAS

A vizsgélatok a Szegedi Tudoményegyetem Fiil-
orr-gégészeti és Fej-nyaksebészeti Klinikdjan tor-
téntek. A vizsgdlatba bevont személyek vérbdl
kimutathat6 specifikus IgE-vel vagy Prick-bérteszt-
tel igazolt, szezonban kozepes/sulyos tiinetekkel
rendelkezd parlagfii-allergidsok voltak. Minden
vizsgélati személynél két alkalommal volt tesztfel-
vétel, a két mérés kozott egy hét telt el. Az elsd
mérés volt az alapmérés parlagfiipollen-mentes id6-
szakban. A nazdlis provokécié sordn orrfelenként
0,2 ml 30 IR/ml dézist parlagfiiallergénnel (Stal-
lergenes, Franciaorszdg) stimuldltuk a vizsgalati
személyek orrnydlkahartydjat. Az allergénnel torté-
nd specifikus nazélis provokdacio alkalmas egy adott
allergén koroki szerepének kimutatdsara allergids
rhinitisben. De alkalmas a hirtelen jelentkez6 inten-
ziv nazalis reakcio tiineteinek és azok kovetkezmé-
nyeinek vizsgalatdra is* '8 1%,

A provokalds orvosi feliigyelet mellett tortént. A
provokaciot kovetden 10-15 percen beliil kezdtiik
meg a tesztek felvételét. Mindkét mérési alkalom-
mal véltoztattuk a tesztek sorrendjét a tanulési és
sorrendi hatds elkeriilése érdekében. A vizsgélat
megkozelitdleg masfél orat vett igénybe.

ESZKOZOK
Az explicit emlékezet mérése

Az explicit emlékezet mérésére a Rivermead Vi-
selkedéses Emlékezeti Teszt* résztesztjei koziil az
azonnali és késleltetett torténetfelidézést hasznal-
tuk. A feladat sordn a vizsgalat vezetGje egy torté-
netet olvas fel, amit a vizsgdlati személynek
azonnal, majd meghatdrozott ideji késleltetést
kovetden vissza kell idéznie. A torténet 6sszesen 21
gondolategységbdl all, az egyes egységek sz6 sze-
rinti felidézése egy pontot ér, a tartalmilag azonos
felidézésért fél pont jar. A két adatfelvétel alkalma-
val eltér torténeteket alkalmaztunk a tanuldsi hatds
elkertilése érdekében.

Az implicit emlékezet mérése

Az implicit emlékezet mérésére az Alterndlé Sze-
ridlis Reakci6id6 (Alternating Serial Reaction Time
Task, ASRT) feladatot alkalmaztuk, amely alkal-
mas az altaldnos készség és a szekvenciaspecifikus
tanulds egyidejli mérésére?" 2. A feladat sordn a
szamitogép képernydjén 1€vo négy iires kor egyiké-
ben megjelend vizudlis ingerre kellett reagdlni a
vizsgélati személynek, az erre a célra kialakitott
specidlis billentytizeten, a lehet6 leggyorsabban és

legpontosabban. A megfeleld billentyli lenyomasét
kovetéen 120 ms-mal kés6bb jelent meg a kovetke-
z6 inger. Mindkét mérési alkalommal 20 blokkot
teljesitettek a vizsgdlati személyek. Egy blokk 85
letitést tartalmazott, az els6 &t inger gyakorlasként
szolgdlt, majd ezt kovette egy kilenceleml szek-
vencia tiz alkalommal, amelynek minden masodik
eleme random elem (példaul: 2r1r4r3, ahol a sza-
mok jelolik a szekvencia elemeit, az ,r”° pedig a
random elemet). Minden blokk megkozelitSleg
masfél percig tartott, igy a feladat 6sszesen 20-30
percet vett igénybe. A blokkok kozott a vizsgalati
személyek pihendt tarthattak, illetve visszajelzést
kaptak a szamit6gép képernydjén az adott blokkban
elért eredményeikrdl a pontossagra és a reakci6éids-
re vonatkozoélag?> 2. Annak ellenrzésére, hogy a
vizsgélati személyek nem ismerték fel a rejtett
szekvenciat, a feladat elvégzését kovetden rakér-
deztiink, hogy észrevettek-e valamilyen torvény-
szerliséget a feladat sordn. Valaszaikkal egy 1-5-ig
terjedd skdlan osztalyoztuk a szekvencia tudatosu-
l4sat (1 — nem vettem észre semmi kiilonbséget, 5 —
felismertem a szekvencidt). A résztvevok koziil
senki nem ismerte fel a rejtett szekvenciat.

Az ASRT-feladat értékelésének szempontjai

Az ASRT-feladat sordn a meghatarozott szekvencia
elemei véltakoznak random elemekkel (példaul:
2rlrd4r3r), azonban néhdny ingerhdrmas (mas
néven: triplet) gyakrabban fordul el6, mint mas
ingerhdrmasok. Példaula2_1,1_4,4_3,vagya3_2
gyakrabban el&fordulé ingerharmasok, mert a har-
madik elem lehet a szekvencia része, de lehet ran-
dom elem is. Ezzel ellentétben, a 1_2 vagy a 4_1
ritkdbban el6forduld tripletek, mert a harmadik
elem csak random elem lehet. Kordbbi szakiroda-
lom alapjan®" 2> 2% a gyakrabban el&fordul6 inger-
harmasokat magas gyakorisagu, a ritkdbban el&for-
dul6 ingerhdrmasokat alacsony gyakorisdgu triple-
teknek nevezziik. A 64 lehetséges triplet koziil 16
magas gyakorisagu, amely 62,5%-ban fordul el6 a
feladat alatt, ezért sokkal jobban bejésolhatd, mint
a 48 alacsony gyakorisagu triplet, amely 37,5%-ban
jelenik meg. Korabbi tanulmanyok eredményei
alapjan a vizsgalati személyek jobban begyorsulnak
a magas, mint az alacsony gyakorisdgu tripletekre,
ezt nevezziik szekvenciaspecifikus tanuldsnak. A
feladaton torténd gyorsuldst, amely fiiggetlen a trip-
let tipusatol altalanos készség tanuldsnak nevez-
ziik?! 222 [gy ez a feladat alkalmas arra, hogy egy-
szerre €és szepardltan vizsgdlja az implicit tanulds-
nak ezt a két aspektusat.

Az ASRT-feladat statisztikai elemzése soran a
20 blokkot otosével csoportositottuk, amelyet
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epochnak neveziink, igy 0Osszesen négy epochot
kaptunk. Az elemzés sordn a pontossdg esetében
atlaggal, a reakci6idd esetében medidnnal szdmol-
tunk és csak a helyes vélaszok aranyét vettiik figye-
lembe. Ezeket kiilon elemeztiik mind a magas,
mind az alacsony gyakorisdgi epochok esetében.
Korabbi tanulmanyok alapjan?! 22, két tipusu inger-
harmast kihagytunk az elemzésbol: az ismétlédése-
ket (példaul: 222, 333) és a trilleket (példaul: 212,
313).

Rivermead Viselkedéses Emlékezeti Teszt és az
ASRT-feladat statisztikai elemzése

Az explicit tesztek eredményeinek kiértékelését a
két csoport 0sszehasonlitdsdnal kétmintds t-proba-
val, a két mérési alkalom Gsszevetését csoporton-
ként péros t-probaval végeztiik.

Az ASRT-feladat sordn kapott reakci6iddk
elemzésére minden kondici6 esetében Osszetartozd
mintds varianciaanalizist haszndltunk. A TRIPLET
(alacsony és magas gyakorisagi) és az EPOCH
(1-4) volt az 6sszetartoz6 mintds faktor, a fliggetlen
mintés faktor pedig a CSOPORT (sportolé- és kont-
rollcsoport).

Eredmények

AZ EXPLICIT EMLEKEZET EREDMENYEI —
TORTENET-VISSZAMONDAS

Alapmérés — csoportok osszehasonlitdsa

Els6 mérési alkalommal az explicit emlékezetet
mérd Rivermead Viselkedéses Emlékezeti Teszten
az azonnali felidézés soran (1. abra) nem jelent
meg szignifikdns kiilonbség a csoportok kozott
[t(12)=-0,51, p=0,62; sportolécsoport 8,14+2,27
pont; kontrollcsoport 8,71+1,93 pont]. A késlelte-
tett felidézésnél (2. abra) szintén nem talaltunk
szignifikdns kiilonbséget a csoportok kozott
[t(12)=1,14, p=0,39; sportolécsoport 7,64+2,85;
kontrollcsoport 6,5+1,87].

Nazdlis allergénprovokdcio

Provokacié utdn az explicit emlékezeti miikodés
azonnali felidézésében (1. abra) szignifikdns Kkii-
Ionbséget talaltunk a két csoport kozott [t(12)=2,48,
p=0,03], a sportoldcsoport (12,07+3,03) jobb ered-
ményt ért el, mint a kontrollcsoport (8,64+2,06). A
késleltetett felidézésnél (2. abra) szintén szignifi-
kéns kiilonbség jelent meg a csoportok kozott
[t(12)=2,21, p=0,047], a sportolécsoport jobban tel-
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1. abra. A Rivermead-teszt azonnali felidézésének ered-
ményei: a sportolo- és kontrollcsoport teljesitménye nem
tért el egymadstol az alapmérés sordn az azonnali felidé-
zésben, viszont a provokdcio utdn a sportolok szignifi-
kdnsan jobban teljesitettek a kontrollcsoporthoz és
onmagukhoz képest is. Az dbrdn ldthaté hibasdvok a
standard hibdt jelolik
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2. abra. A Rivermead-teszt késleltetett felidézésének
eredményei: az alapmérés sordn a csoportok teljesitmé-
nye kozott nem volt kiilonbség, a provokdcio utdn viszont
a sportolok szignifikdnsan jobban teljesitettek a kontroll-
csoporthoz és onmagukhoz képest is. Az dbrdn ldthato
hibasdvok a standard hibdt jelolik

jesitett (10,93+3,27), mint a kontrollcsoport (7,43+
2,62).

A kontrollcsoport eredményeinek dsszehasonlitdsa
a két mérési alkalommal

A kontrollcsoport a explicit emlékezeti teszten nem
mutatott szignifikans kiilonbséget a két mérési alka-
lom kozott sem az azonnali (1. abra) [t(6)=0,09,
p=0,93; 8,71%£1,93 vs. 8,65+2,06], sem a késleltetett
felidézés soran (2. abra) [t(6)=—1,24, p=0,26;
6,50+1,87 vs. 7,43+2,62].

Tokodi: Az egyszeri allergéndézis hatdsa az explicit-implicit emlékezetre



A sportolocsoport eredményeinek dsszehasonlitdsa
a két mérési alkalommal

A Rivermead Viselkedéses Emlékezeti Tesztben a
sportolok valaszai szignifikdns kiilonbséget mutat-
tak az azonnali felidézési feladatnal (1. abra) a két
mérési alkalom kozott, onmagukhoz képest [t(6)=
-2,81, p=0,03; 8,14+2,26 vs. 12,07+£3,03]. Késlel-
tetett felidézésnél (2. abra) szintén szignifikédns
kiilonbséget taldltunk a két mérési alkalom kozott a
masodik mérés javara [t(6)=—3,13, p=0,02; 7,64+
2,85 vs. 10,93+3,72]. A sportoldk explicit emléke-
zeti teljesitménye szignifikdnsan javult a provoka-
cié soran a tiinetmentes idészakban mért eredmé-
nyeikhez képest mind az azonnali, mind a késlelte-
tett felidézés esetében (1., 2. abra).

AZ IMPLICIT EMLEKEZET EREDMENYEI — ASRT-FELADAT
Alapmérés — csoportok osszehasonlitdsa

A sportolé- és a kontrollcsoport elsé tesztfelvételkor
mért eredményeinek 6sszehasonlitdsa sordn a szek-
venciaspecifikus tanuldsban szignifikdns javuldst
talaltunk a feladat el6rehaladtaval, ezt a TRIPLET
f6hatas jelzi [F(1,12)=12,53 np?=0,511, p<0,004]. A
vizsgélt személyek gyorsabban vélaszoltak a magas
gyakorisdgu tripletekre, mint az alacsony gyakorisa-
guakra. Nem taldltunk szignifikdns kiilonbséget a
sportold- €s a kontrollcsoport kozott a szekvencia-
specifikus tanuldsban [TRIPLET X GROUP inter-
akcio: F(1,12)=0,88 np*=0,07, p=0,37].

A feladat sordn nem jelent meg altalanos kész-
ségtanulds, amit az EPOCH f6hatds mutat
[F(3,36)=2,32 np*0,16, p=0,09], a feladat elSreha-
ladtaval nem tortént jelentds csokkenés a megjele-
nd ingerekre adott valaszadési idSben, a vizsgélati
személyek a feladat folyaman nem gyorsultak szig-
nifikdns mértékben. A két csoport kozott ebben az
esetben sem taldltunk szignifikdns kiilonbséget
[EPOCH X GROUP interakci6: F(3,36)=0,13
np’=0,01, p=0,94].

A TRIPLET X EPOCH interakci6 [F(3,36)=0,36
np’=0,03, p=0,79], illetve a TRIPLET X EPOCH X
GROUP interakcié [F(3,36)=0,61 np*=0,05 p=
0,61] nem szignifikdns, ennek alapjan a két csoport
tanuldsi mintdzata azonos. Az altaldnos reakci6idé-
ben nem kiilonbozott szignifikdnsan egymdstdl a
sportold- és a kontrollcsoport [CSOPORT f&hatds:
F(1,12)=0,08 np*0,007, p=0,78] (3.A abra).

Csoportok dsszehasonlitdsa provokdciot kovetden

A sportol6- és a kontrollcsoport masodik tesztfelvé-
telekor, a provokacié utdn mért eredményeik 6ssze-

hasonlitdsa sordn szekvenciaspecifikus tanuldsban
szignifikdns javuldst taldltunk a feladat el6rehalad-
taval, ezt a TRIPLET f6hatas jelzi [F(1,12)=41,29
np’=0,78, p<0,00], a vizsgalt személyek gyorsab-
ban vilaszoltak a magas gyakorisdgu tripletekre,
mint az alacsony gyakorisdgiakra. Nem taldltunk
szignifikdns kiilonbséget a sportold- és a kontroll-
csoport kozott a szekvenciaspecifikus tanuldsban
[TRIPLET X GROUP interakcio: F(1,12)=3,24
np*=0,21, p=0,09].

A feladat sordn nem jelent meg altalanos kész-
ségtanulds, amit az EPOCH f6hatds mutat
[F(3,36)=2,46 np*=0,17, p=0,078], a feladat eldre-
haladtdval mindkét csoportban tendenciaszint(
csokkenés mutatkozott a megjelend ingerekre adott
valaszadasi id6ben. A két csoport kozott ebben az
esetben sem taldltunk szignifikdns kiilonbséget
[EPOCH X GROUP interakcié: F(3,36)=0,39
np*=0,03, p=0,76].

A TRIPLET X EPOCH interakcié nem szigni-
fikans [F(3,36)=1,44 np’=0,11, p=0,25], azaz a két
csoport tanuldsi mintdzata azonos [TRIPLET X
EPOCH X GROUP interakcié: F(3,36]=0,005
np*=0,00 p<0,99]. Az dltalanos reakciéidében nem
kiilonbozott szignifikdnsan egymastol a sportold- és
a kontrollcsoport [CSOPORT f6hatas: F(1,12)=
0,793 np*=0,06, p=0,39] (3.B abra).

A kontrollcsoport eredményeinek dsszehasonlitdsa
a két mérési alkalommal

A kontrollcsoport esetében a két tesztfelvétel sordn
mért reakcididbk Osszehasonlitdsakor a vizsgélati
személyek szignifikdns javulast értek el a szekven-
ciaspecifikus tanuldsban, amit a TRIPLET f6hatas
jelez [F(1,12)=11,97, np*=0,49, p=0,005]. Tehat
reakcididejiik kisebb volt a magas gyakorisagu trip-
letek esetén, mint az alacsony gyakorisagiak eseté-
ben. Nem taldltunk szignifikdns kiilonbséget a két
mérési alkalom kozott a szekvenciaspecifikus tanu-
1as mértékében [TRIPLET X SESSION interakci6:
F(1,12)=0,04 np*=0,003, p=0,85].

Tendencia szintd valtozds jelent meg az altala-
nos készség tanuldsban, amit az EPOCH f6hatés
mutat [F(3,36)=2,28 np*=0,16, p=0,096], a feladat
elérehaladdsaval tendenciaszinten véltozott az
ingerekre adott vilaszadas ideje. A két mérési alka-
lom k6zott nem jelent meg szignifikdns kiilonbség
[EPOCH X SESSION interakcié: F(3,36)=0,41
np’=0,33, p=0,74].

A TRIPLET X EPOCH interakci6 nem volt
szignifikans [F(3,36)=0,39 np*=0,03, p=0,76], ami
azt mutatja, hogy nem javult dtlagosan a reakciéid6
a feladat sordn. Ebben nem volt kiilonbség a két
mérési alkalom ko6zott sem [TRIPLET X EPOCH X
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3. abra. Szekvenciaspecifikus és dltaldnos készség tanulds a provokdcio eldtt (A) és utdn (B): A sportolokbdl dllo
csoport reakcidideje csokkent az alacsony és a magas gyakorisdgii tripletek tekintetében is. A két triplettipusra adott
reakcioidd kiilonbsége nem novekedett fokozatosan a feladat sordn. A kontrollcsoport reakcidideje szintén csokkent
a feladat elérehaladtdval az alacsony és a magas gyakorisdgii tripletek esetében is. Provokdcio elott (A) és utdn (B)
sem figyelhetd meg egyenletes reakcioiddkiilonbség-novekedés a két tipusi tripletre adott vdlaszokban. A két csoport
tanuldsi mintdzatdaban nem taldltunk szignifikdns kiilonbséget. Az dbrdn ldthato hibasdvok a standard hibdt jelolik

SESSION interakci6: F(3,36)=0,98 np?=0,08 p=
0,41] (4.A abra).

A sportolocsoport eredményeinek dsszehasonlitdsa
a két mérési alkalommal

A sportoldcsoport esetében a két tesztfelvétel sordn
mért reakciéid6k Osszehasonlitdsakor azt az ered-
ményt kaptuk, hogy a betegek szignifikdns javulast
értek el a szekvenciaspecifikus tanuldsban, amit a
TRIPLET f6hatas jelez [F(1,12)=30,69, np*=0,72,
p<0,000], azaz a sportoldk reakcidideje kisebb volt
a magas gyakorisagu tripletek esetén, szemben az
alacsony gyakorisdgiak esetében a feladat elvégzé-
se soran. Nem taldltunk szignifikdns kiilonbséget a
két mérési alkalom kozott a szekvenciaspecifikus
tanulas mértékében [TRIPLET X SESSION inter-
akci6: F(1,12)=0,16 np*=0,01, p=0,69].

Nem taldltunk szignifikdns éltaldnos készég ta-
nulast, amit az EPOCH f6hatds mutat [F(3,36]=
2,24 np*0,16, p=0,101], a feladat el6rehaladasaval
nem valtozott az ingerekre adott vdlaszadas ideje,
vagyis a sportolok nem gyorsultak fel a feladat
alatt. A két mérési alkalom k6zott nem mutathaté ki
szignifikdns kiilonbség [EPOCH X SESSION
interakci6: F(3,36)=0,34 np?=0,03, p=0,797].

A TRIPLET X EPOCH interakcié nem volt
szignifikans [F(3,36)=0,67 np*=0,05, p=0,57], ami
azt mutatja, hogy nem javult dtlagosan a reakciéidd
a feladat sordn. Ebben nem volt kiilonbség a két

mérési alkalom ko6zott sem [TRIPLET X EPOCH X
SESSION interakcié: F(3,36)=0,55 np?=0,04 p=
0,65] (4.B abra).

Megbeszélés

Vizsgélataink sordn arra kerestiik a valaszt, hogy az
allergids rhinitis milyen hatdssal van az explicit és
implicit emlékezetre, valamint a rendszeres sporto-
14s vajon befolydsolja-e az explicit és implicit emlé-
kezetet? Ennek vizsgélatara allergids sportoldkat
hasonlitottunk 0ssze allergids nem sportol6 szemé-
lyekkel. A témdba vagd szakirodalomban nem
taldlhat6 olyan vizsgalat, amelyben allergids rhini-
tises sportolokndl tanulmanyoztik az emlékezeti
tényezdket. Az egyetlen hasonl6 vizsgalat a széna-
ndthas sportolék életmindségét tanulmanyozta a
»Quality of Life” kérd6iv segitségével, és a Bu-
desonide allergids tiinetekre hat6 orrspray jétékony
hatésat figyelték meg?®.

Eredményeink alapjan a sportol6- és a kontroll-
csoport hasonldan teljesitett a tiinetmentes id&szak-
ban, beleértve az explicit, illetve az implicit emlé-
kezetet mérd teszteket. A sportolék viszont jobb
eredményt értek el a provokacié utdni mérésnél az
explicit emlékezet azonnali és késleltetett emléke-
zetfelidézés tesztekben. Eredményeink Osszhang-
ban vannak Fletcher és munkatdrsa*’ vizsgdlati
eredményeivel, akik olimpikonokndl kimutattdk,
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4. abra. Szekvenciaspecifikus és dltaldnos készég tanulds a kontroll (A) és a sportolé (B) -csoportban: Mindkét cso-
portban a reakcioidd csokkent a feladat eldrehaladtdaval, az alacsony és a magas gyakorisdgii tripletek esetében is.
Nem volt megfigyelhetd egyenletes reakcioidokiilonbség-novekedés egyik csoportban sem a két tipusii tripletre adott
valaszokban. A két mérési alkalom kozott nem mutatkozott szignifikdns kiilonbség, tehdt a kontrollszemélyek (A) és a
sportolok (B) dtlagos reakcidideje sem kiilonbozott szignifikdnsan az allergids provokdldst kovetben az elsd tesztfel-
vételkor nyujtott teljesitményhez képest. Az dbrdn ldthato hibasdvok a standard hibdt jelolik

hogy a stresszorok a pszichikai tényezéket — mint a
pozitiv személyiség, motivacié, bizalom — olyan
mértékben befolydsoljdk, hogy szignifikdnsan segi-
tik az optimdlis sportteljesitmény elérését. Egy
masik tanulmdnyban® egyetemi hallgatokat vizs-
galva megallapitottdk, hogy a fizikai aktivitds szig-
nifikdnsan jé hatdssal van a mentélis egészségre és
kolesonhatdsban van a vondsszorongasszinttel. A
reziliencia, a mentdlis egészség és a sportteljesit-
mény Osszefliggését sportolokndl figyelték meg a
Connor—Davidson Reziliencia Skéla segitségével
és arra a kovetkeztetésre jutottak, hogy a reziliencia
foka meg tudja ,,jésolni” a sportteljesitményt €s a
mentélis egészséget”. Ez utébbi harom tanul-
many?-* azt bizonyitja, hogy a rendszeres sport
Osszefiigg a reziliencia mértékével, igy megnoveli a
stresszel szembeni ellendllé képességet, amit pozi-
tiv pszicholdgiai tényezékkel”’, megfeleld mentalis
egészséggel®® 2, a csapatsportokndl pedig a pozitiv
alkalmazkodassal lehet fejleszteni®®. Ezért a rend-
szeresen sportolokra inkdbb jellemz8, hogy na-
gyobb nyomds alatt is képesek jol teljesiteni.
Eredményeink azonban ellentétesek azokkal a kuta-
tasokkal, ahol kimutattdk, hogy a stressz nem befo-
lyédsolta'®, vagy pedig rontotta az explicit emlékeze-
ti teljesitményt!’.

A sportold allergids csoport jobb eredményt ért
el onmagahoz képest a provokacié hatdsara az exp-
licit memoria mutatéiban, viszont az implicit emlé-

kezet mérésénél nem volt valtozds az alapméréshez
képest. Eredményeink ellentétesek azokkal a kordb-
bi kutatdsokkal, ahol teljesitményromlést taldltak a
betegeknél az explicit emlékezeti teljesitményben.
Viszont aldtdmasztjdk ugyanezen tanulminyok
azon eredményeit, ahol szintén nem talaltak eltérést
az implicit emlékezeti mikodésben’ . Hartge-
rink-Lutgens és munkatarsai® szerint az allergidsok
csak szubjektiven élik meg a teljesitményromlést,
de az objektiv teszteken ez a romlds nem jelenik
meg.

A kontrollcsoportndl sem az explicit, sem az
implicit memoria teljesitményében nem tortént val-
tozds a provokaciét kovetden a tiinetmentes id6-
szakhoz képest.

Vizsgdlatunk limitdciéja, hogy igen alacsony
mintaelemszammal dolgoztunk, mivel kevés olyan
beteget taldltunk, akik ugyanazon sportdgban aller-
gids sportoldok, 30-50 év kozotti életkorban vannak
és vallaltak a kellemetlenséggel jaré nazdlis provo-
kaciot.

Osszefoglalas
Az egyszeri, nagy dézisu allergénnel végzett nazalis
provokécio az adott allergénnel szenzitizalt betegek-

nél sdlyos allergids tiineteket okoz, amely a sporto-
16knal fokozott Osszpontositiast eredményezhet. A
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provokécio kovetkeztében kialakul6 orrtiinetek, mint
példaul orrdugulds, orrfolyés, tiisszogés, valamint a
szemkonnyezés nem rontottdk az emlékezeti funk-
cidkat. A sportolokndl észlelheté fokozott explicit
funkcidk javuldsa a stresszhelyzetben kialakulo
nagymértékli koncentracié képességre utal.
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FUNCTIONAL NEUROTOXICITY AND TISSUE METAL
LEVELS IN RATS EXPOSED SUBACUTELY TO TITANIUM
DIOXIDE NANOPARTICLES VIA THE AIRWAYS
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Introduction and aims — Nanoparticles of titanium dioxide
are suspected neurotoxic agents and have numerous appli-
cations possibly resulting in human exposure by several
ways including inhalation. In the present work, rats were
exposed to spherical TiO, nanoparticles of two different
sizes by the intratracheal route. It was investigated how the
neuro-functional alterations, detected by electrophysiologi-
cal and behavioral methods, were related to the concentra-
tion of Ti in the tissue samples and what the influence of the
size of the NPs was.

Materials and methods - Rats (young adult Wistar males,
10/group) were exposed to TiO, nanoparticles of ca. 10
and 100 nm diameter (suspension medium: neutral PBS
with 1% hydroxyethyl cellulose) by intratracheal instillation in
5 and 18 mg/kg b.w. dose; 5 days per week for 6 weeks.
Controls were instilled with saline, and vehicle controls, with
the suspension medium. To see general toxicity, body weight
was checked daily, and organ weights were measured at
the end of experiment. Grip strength fest, to assess motor
function damage, was done before and after the 6-week
treatment. Finally, the rats were anesthetized with urethane,
spontaneous cortical activity and sensory evoked potentials
were recorded, then the rats were dissected and tissue sam-
ples were taken for Ti level measurement.

Results — Body weight gain indicated no general toxicity, and
no significant change in the relative organ weights, except
that of the lungs, was seen. However, change of time-to-fall
in the grip strength test, and latency of cortical evoked po-
tentials, were altered in the treated groups, indicating func-
tional damage. Correlation of these alterations with the corti-
cal Ti level was dissimilar for the two sizes of nanoparticles.

Szeged
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FUNKCIONALIS NEUROTOXICITAS ES SZOVETI
FEMSZINTEK PATKANYBAN TITAN-DIOXID-
NANORESZECSKEK SZUBAKUT LEGUTI
ADAGOLASAT KOVETOEN

Horvéth T, MD; Vezér T, MD; Kozma G, MD; Papp A, MD
Ideggyogy Sz 2018;71(1-2):35-42.

Bevezetés és célkitizés — A feltételezetten neurotoxikus
hatdsu titdn-dioxid-nanorészecskék kiterjedt alkalmazdsa
emberi expoziciéval jarhat, ami tébbféle médon, t6bbek
kdzt belégzés Utjdn mehet végbe. A jelen munkdban kétféle
méret(j gémbszer( TiO,-nanorészecskével kezeltink
patkdnyokat, intratrachealis adagoléssal. Megvizsgaltuk,
hogyan figg éssze az elekirofiziolégiai és magatartdsi méd-
szerekkel kimutatott idegrendszeri funkciévdltozds a széveti
Ti-szintekkel és hogyan hat erre a részecskék mérete.
Anyagok és médszerek - Fiatal felnétt him Wistar-
patkényokat (hat csoport, 10-10 éllat) kezeltink heti &t
napon, hat héten at, 10 és 100 nm kérdli atmérdjd TiO,,-
nanorészecskékkel, 1% hidroxietil-cellulézt tartalmazé fosz-
fatpufferelt fiziologids oldatban szuszpenddlva, 5 és 18
mg/ttkg dézisban. A viv8anyagos kontrollcsoportot a
szuszpenddlé kézeggel, mig a kezeletlen kontrollokat
fiziolégids sdoldattal instillaltuk. Az dltaldnos toxicitdst a
testtémeg naponta tértént mérésével, illetve a kisérlet végén
a szervtémegek meghatdrozasdval mutattuk ki. A motoros
funkcidk kdarosoddsat a hathetes kezelés elétt és annak
végén végzett kapaszkodési prébéval vizsgdltuk. Végil ure-
tdnos altatdsban kérgi alapaktivitést és szenzoros kivaltott
potencidlokat vezettink el, majd az &llatokat felboncoltuk és
szdévetmintdkat vettiink fémszint-meghatdrozésra.
Eredmények — A testtémeg-gyarapodés nem utalt
dltalénos toxicitdsra, és relativ szerviémegre tett hatds csak
a tGdénél latszott. A kezelt dllatokban azonban funkciondlis
kdrosodésra utalé véltozds volt a kapaszkoddsi prébdndl a
leesési id&ben, és a kérgi kivéltott potencidlok laten-
cidjdban. Ezen vdltozdsok és a kérgi Ti-szint korreldciéja a
kétféle méretl nanorészecske esetében eltérd volt.
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Conclusion - The results provided further support to the
functional neurotoxicity of TiO, nanoparticles. The exact
role of particle size, and the mechanisms involved, remain
to be elucidated.

Keywords: nanoparticles, titanium dioxide, neurotoxicity,
tissue metal levels

Recent advances in nanosciences and nanotech-
nology gave rise to numerous industrial pro-
cesses and products based on nanoparticles (NPs)
that is, particles with <100 nm typical diameter. By
now, NPs have been used among others in health
care, energy production, agriculture and environ-
mental protection!, which results in their release
into the environment. In nanoparticulate state, sub-
stances show different physical and chemical prop-
erties than those seen in more conventional physical
states, leading to biological, and hence, toxicologi-
cal, interactions not seen with traditional materials,
which also means novel health risks. When inhaled
by humans, NPs are either deposited in the
nasopharynx or get down to the alveoli, and reach
distant body parts by migration along fibres of the
olfactory and other nerves, or by crossing the alve-
olar and capillary wall and entering systemic circu-
lation?. Generation of reactive oxygen species
(ROS) and other surface reactions known to be cru-
cial in the biological effects of NPs, are promoted
by their high number and large specific surface
area’. Beyond that, NPs are known to migrate to
mitochondria within the cells and directly interfere
with oxidative phosphorylation, also resulting in
ROS and finally in cell and tissue damage?’.

TiO, in NP form is a frequently applied engi-
neered nanomaterial, present in coatings, and in
skin care products like sunscreens, as radiation
blocking agent*. Its anatase crystal form has photo-
catalytic properties in UV light which is utilized in
antibacterial and anti-fouling applications, and in
coatings and building materials that break down air
pollutants’. This broad and growing range of appli-
cation has raised questions about possible health
risks®, including nervous system damage’.

Chemical safety is a primary requirement today?,
toxicological evaluation of novel materials should
therefore take place not later than their introduction
to everyday use. In occupational exposure to NPs,
lung damage is the number one concern’, but —
regarding the known oxidative stress generating
potency of TiO, NPs (directly and via mitochond-
rial damage!®) and the especial sensitivity of neu-

Kovetkeztetés — Az eredmények Ujabb érvet szolgdltatnak
a TiO,-nanorészecskék funkciondlis neurotoxicitdsa mellett.
A részecskeméret szerepe és a toxikus mechanizmus tovab-
bi vizsgdlatokat igényel.

Kulesszavak: nanorészecskék, titdn-dioxid, neurotoxicitds,
széveti fémszintek

rons to oxidative stress (due to highly active mito-
chondrial energy production because of the high
energy demand, to abundance of unsaturated struc-
tural lipids, and to low antioxidant defence capaci-
ty'!) — nervous system effects are also expected. In
humans exposed to airborne titanium-based pig-
ment particles at the workplace, neurological symp-
toms were indeed found'?, but most results suggest-
ing human nervous system affection came from in
vitro investigations on cells!® 14,

Rat-based models of nervous system effects of
TiO, NPs are scarce in the literature®. Inhalation
exposure of rats to 10 mg/m’ nano-TiO, aerosol
(daily 6 hours, 5 days a week for 4 weeks) resulted
in increased level of inflammation markers and
decreased expression of synaptophysin in the brain
without relevant deposition of Ti'>. In most other rat
studies using airway application, pulmonary toxici-
ty was investigated'¢ and in some, the access of the
NPs beyond the lungs was questioned!’. On indirect
application of TiO, NPs (young rats exposed during
lactation via dam’s milk who were treated orally)
impaired synaptic plasticity in the dentate gyrus and
significant Ti deposition in the hippocampus were
found'®. When adult rats received oral administra-
tion of TiO, NPs, decreased brain acetylcholines-
terase activity, together with increased GFAP reac-
tivity and interleukin-6 level, was observed®. In a
less realistic model — using intraperitoneal (ip.)
injection — TiO, NPs given for 20 days resulted in
increased anxiety in young Wistar rats, with elevat-
ed Ti level in brain and other organs and signs of
cellular damage®.

Considering the above mentioned importance of
airborne exposure and nervous system effects, in
the present work rats were exposed to spherical
TiO, NPs of two different sizes via the airways by
intratracheal (it.) instillation. Internal Ti exposure
was determined, and functional neurotoxicity was
investigated by electrophysiological and behavioral
methods. It was also investigated how the neuro-
functional alterations induced were related to the
level of Ti in tissues and how these were influenced
by the size and dose of the NPs.

Horvath: Neurotoxicity and tissue metal levels by TiO, nanoparticles



Methods
ANIMALS

Young adult SPF Wistar rats were used, altogether
60, obtained from Toxi-Coop Ltd. (Budapest,
Hungary). The animals (with 170+£20 g body
weight at start) were kept in polypropylene cages
(3-4 rats/cage) under GLP-equivalent conditions.
(12-12 hours light/dark cycle with light on at 06:00;
temperature 22-24 °C; relative humidity 30-60%).
After one week of acclimation, the rats were ran-
domized to 6 treatment groups of 10 rats each, on
the basis of their body weight. The groups and cor-
responding treatments are shown in Table 1.

PRODUCTION OF THE NANOPARTICLES

All chemicals for the synthesis of NPs were ob-
tained from Sigma-Aldrich.

Spherical TiO, NPs of two sizes were synthe-
sized, at the Department of Applied and Envi-
ronmental Chemistry, Faculty of Science and
Informatics, the following way:

To obtain NPs of ca. 10 nm diameter, titanium
isopropoxide (TTIP, 7.32 g) was added to 50 mL
ethanol (absolute) and stirred for ten minutes.
Another 20 mL ethanol was mixed in 165.5 mL dis-
tilled water and stirred simultaneously for the same
duration. The ethanol-distilled water mix was then
added by slow dropping (one drop in 5 seconds) to
the TTIP solution being continuously stirred at high
speed (1200 rpm). After adding all the TTIP, stir-
ring went on for half an hour. The TiO, NPs were
collected from suspension by centrifuging and dried
for 36 hours at 80 °C in air; their final diameter was
9.67+1.66 nm.

Larger NPs were prepared in a similar manner
but other volumes and sequence was applied. 300
mL ethanol was added to 68.4 mL distilled water
and stirred for 10 minutes. In this case the TTIP was
given to the ethanol-water mix dropwise, at the
same rate as mentioned above. These NPs had a
diameter of 110+21.5 nm.

The medium for suspending the dried NPs was
phosphate-buffered saline (PBS, pH 7.4) containing
1% hydroxyethyl cellulose (HEC), both obtained
from the pharmacy of the Faculty of Medicine of
the University of Szeged.

DOSES AND TREATMENT

Rats in the control group (C, see Table 1) received
saline (NaCl 0.9%) and vehicle control (VC) rats
received the medium described above (1% HEC in
PBS) by it. instillation. Treated rats received TiO,
NPs suspended in the medium; the two sizes of
TiO, NPs were administered in two doses as shown
in Table 1. Treatment was done every workday
(i.e., 5 days per week) over a 6 weeks period,
between 8:00 and 10:00 a.m. It. instillation was per-
formed in light volatile anesthesia as described in*'.
Our Ti doses were ca. one order of magnitude high-
er than that applied in a similar dosing regime in"
which — 10 mg/m?® for 6 hours — corresponds to ca.
1.25 mg/kg on the basis of ventilation volume data
published in*?, and is itself higher than the 0.3
mg/m? occupational limit®.

INVESTIGATIONS
General toxicity

General toxicity of the instilled TiO, NPs was char-
acterized by the rats’ body weight gain. Body
weight was measured before every treatment to cal-
culate the exact doses. From these data, individual
weight gain for every rat over the whole treatment
period was obtained as the difference between body
weight on the last and first treatment day.

After the electrophysiological recording describ-
ed below, each rat was sacrificed by the twofold of
the anesthetic dose of urethane. From the group VC
and the metal-treated groups, 3 rats were randomly
chosen for Ti level measurement. From these, a
blood sample was taken from the left ventricle after
opening the thorax, then the rat was transcardially
perfused with 300 ml saline of 4 °C temperature to

Table 1. Treatment groups, group coding, and treatments in the control and treated groups

Treatment Groups and Codes Vehicle and volume NP dose*
Control (C) saline, 1T ml/kg b.w. -

Vehicle Control (VC) HEC-PBS, 1 ml/kg b.w. -

Small spherical NPs, low dose (S-LD) HEC-PBS, 1 ml/kg b.w. 5 mg/kg b.w.
Small spherical NPs, high dose (S-HD) HEC-PBS, 1 ml/kg b.w. 18 mg/kg b.w.
Large spherical NPs, low dose (L-LD) HEC-PBS, 1 ml/kg b.w. 5 mg/kg b.w.
Large spherical NPs, high dose (L-HD) HEC-PBS, 1 ml/kg b.w. 18 mg/kg b.w.

*The doses were based on previous experience?*; with increases to achieve more clear-cut effects.
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remove blood from the organs. Samples of cerebral
cortex and blood were stored at -20 °C. For mea-
surement, the samples, after being dried to constant
weight at 80 °C, were digested in 3 mL cc. HCl/g
wet tissue for 90 min at 90 °C, then an equal vol-
ume of cc. HNO, was added for a further 90 min of
digestion in order to fully dissolve all TiO, parti-
cles. The liquid obtained was filtered on 0.45
mikrom hydrophilic membrane filter and diluted to
100 mL final volume. Ti level was determined by
inductively coupled plasma mass spectrometry at
the Department of Inorganic and Analytical Che-
mistry, University of Szeged Faculty of Science
and Informatics. All other rats were dissected, the
organs brain, heart, kidneys, adrenals, liver, lungs,
spleen and thymus were weighed, and relative
organ weights (to 1/100 body weight) were calcu-
lated.

Functional neurotoxicity

The rats’ motor function was assessed by the grip
strength test**. A wooden rod of ca. 8 mm diameter
and rough surface was fixed horizontally in 60 cm
height above a tray lined with a layer of wood chips
litter. One by one, the rats were made grasp the rod
with their front paws and let hang free. There were
four trials in line for each rat and the length of time
until falling was measured and averaged. Grip
strength test was done before the treatment period
(0™ week) and two days after the last treatment (6
week). For each rat, the average time-to-fall on the
6" week was divided by the corresponding data of
the O™ week, and this ratio was used to quantify the
effect of nano-TiO,.

Electrophysiological recording was done on the
day following the 6™ week grip strength test.
Preparation and recording was done in urethane
anesthesia (1000 mg/kg b.w. ip, the level of anes-
thesia was checked by the hind leg withdrawal
reflex). After mechanically fixing the skull, head
skin was opened by a mid-sagittal cut, soft tissues
were removed, and the left hemisphere was

exposed by removing the temporal bone along the
inner circumference by means of a mini drill.
Wounds were sprayed with 10% lidocaine, the
exposed cortex was protected with a thin layer of
petroleum jelly, and the animal was put aside for at
least 30 min for recovery. For recording, the rat was
placed into the stereotaxic frame of the electrophys-
iological apparatus. For sustaining normal body
temperature, a thermostated (+36.5 °C) base plate
was used to support the rat’s underside during the
recording procedure. Silver electrodes were placed
on the primary somatosensory (SS), visual (VIS)
and auditory (AUD) areas. Spontaneous electrical
activity was recorded from the sites for 6 min, and
the relative spectral power of the frequency bands
was determined by the software used for electro-
physiological recording and analysis (Neurosys 1.1,
Experimetria Ltd., Hungary). Then, sensory stimu-
lation in trains of 50 was applied (SS: electric stim-
uli to the contralateral whisker pad; 3-4 V, 0.05 ms,
1, 2 and 10 Hz; VIS: flashes of a high-luminance
LED to the contralateral eye, 0.2 ms, 1 Hz; AUD:
clicks, 70 dB, 1 Hz to the contralateral ear through
the hollow ear bar of the stereotaxic frame). The
cortical evoked potentials (EPs) were recorded,
averaged automatically, and onset latency was
measured manually.

During the whole study, the principles of the
Ethical Committee for the Protection of Animals in
Research of the University of Szeged were strictly
followed. The methods used in this work were
licensed by the authority competent in animal wel-
fare issues under No. XXI./151/2013.

Statistics

The sufficient number of animals in the groups was
calculated by means of Power analysis (p=0.8).
From the data, group means were calculated and
checked for normality by the Kolmogorov-Smirnov
test. Depending on the result of that, the main sta-
tistical test used was parametric one-way ANOVA
or non-parametric Kruskal-Wallis method. Post hoc

Table 2. Body weight gain and relative organ weights (to 1/100 body weight) in the control and treated groups

Group code  Body weight gain (g) Brain Lungs Liver Right kidney
C 139.4+26.8 0.52+0.05 0.35+0.02 2.58+0.14 0.31+0.02
vC 154+17.1 0.49+0.05 0.50+0.05 2.85+0.39 0.32+0.05
S-LD 146.6+21.3 0.49=0.05 0.58+0.06 2.82+0.21 0.32+0.05
S-HD 163.7+£19.9 0.50+0.04 0.58+0.07*## 2.86+0.45 0.34+0.07
L-LD 143.9+30 0.49+0.03 0.55+0.08 2.85+0.24 0.33+0.05
L-HD 133.9+42.6 0.48+0.06 0.57+0.06 2.87+0.30 0.32+0.05

Mean=SD, n=10. **: p<0.01 vs. C; ##: p<0.01 vs VC

Horvath: Neurotoxicity and tissue metal levels by TiO, nanoparticles
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Figure 1. Ratio of the grip strength test time-to-fall in the 6™ and 0" week (see
Methods)
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Figure 2. Latency times of the averaged EPs in the somatosensory (A) and the visu-
al and auditory (B) modalities in the control and treated rat groups

Mean+SD, n=10. *, **_ #¥¥: p<0.05, 0.01, 0.001 vs. C; #, #, ##: p<0.05, 0.01, 0.001 vs. VC; °°, °°°: p<0.01,
0.001 vs. 1 Hz stimulation in the same group

analysis of group differ-
ences was done by Tukey
test and the Mann-Whit-
ney U test. SPSS 24.0
(IBM Corporation, U.S.A.)
was used.

Results

As judged from the group
mean data of body weight
gain, 6 weeks of TiO, NP
exposure exerted no gen-
eral toxicity in the treated
rats (Table 2). Also,
among the organs, only
the lungs appeared to be
affected; their relative
weight reflected the effect
of the treatment procedure
(group VC vs. C) and of
the TiO, NP exposure.

In the grip strength test,
the decrease of time-to-fall
from the O™ to the 6™ week
(indicated by the 6" week /
0™ week ratio; Figure 1)
was stronger in the treat-
ed rats, with significant
change in the L-HD group.

Among the electro-
physiological phenomena
recorded, spontaneous
cortical  activity = was
slightly shifted to higher
frequencies in the treated
rats (not shown). EP laten-
¢y, however, was substan-
tially lengthened on expo-
sure to TiO, NPs, and in
groups S-HD and L-HD
the change was significant
vs. C and VC (Figure 2).

The causal relationship
between TiO, NP expo-
sure and the mentioned
functional alterations, sug-
gested by the group-by-
group dose dependence of
the changes, was further
tested by examining the
correlation of cortical Ti
levels, and corresponding
parameters of EP latency
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Figure 3. Correlation diagrams of the somatosensory evoked potential latency to cortical Ti level in rats treated with
the smaller (left column) and larger (right column) TiO, NPs

(Figure 3) and grip strength test time-to-fall ratio
(Figure 4). Although Ti measurement was done
only on 3 rats’ samples per group, the diagrams
show mostly fair correlations. The data show also
that the effect of the smaller sized NPs was in most
cases more clear-cut, resulting in relatively higher
R? values.

Discussion

The neuro-functional alterations seen in the treated
rats, and the correlation of these with the individual
cortical Ti levels, pointed to the possible causative
role of some TiO, NP-dependent processes. Most
probably, mitochondrial damage and oxidative
stress were involved, both known to be present in
cells and tissues in NP exposure?. In rats undergo-

ing artificial cerebral hypoxia-reperfusion, oxida-
tive stress indicators increased (including lipid per-
oxidation, seen also in a previous work of us?* with
TiO, NPs) and muscle force, examined by grip
strength test, decreased®. This is in parallel with
our findings in nano-TiO, treated rats in the men-
tioned and the present study.

Latency lengthening of the EPs could result both
from mitochondrial lesion and oxidative damage.
The input-output relationship in'® indicated im-
paired synaptic function in the nano-TiO, exposed
rats. Decreased level of synaptophysin in rats after
inhalation of nano-TiO,, as described in" also sug-
gests the role of impaired transmission in EP laten-
cy lengthening observed in our work. Beyond that,
oxidative damage of membrane constituents, main-
ly lipids'!, impairs membrane-bound functions
including synaptic transmission. In rats exposed the

Horvath: Neurotoxicity and tissue metal levels by TiO, nanoparticles
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Figure 4. Correlation diagrams of the time-to-fall ratio
with the smaller (left) and larger (right) TiO, NPs

same way with another metal oxide NPs, nano-
MnO,, lengthening of EP latency in the treated rats
was reversed by antioxidant treatment® supporting
the above described mechanism of NP-induced
neuro-functional damage.

Mitochondrial damage leads to energy shortage
in neuronal and glial cells. Glutamate is co-trans-
ported into the astrocytes with Na* along its con-
centration gradient which can be degraded if ion
pumps do not operate properly due to energy short-
age, ending up with excess perisynaptic glutamate
and disturbed transmission?’. Together with
impaired axonal conduction this can result in
depressed impulse propagation manifested in
delayed cortical response to a peripheral stimulus.

The data in Figure 1 and 2 suggest that at equal
mass dose the smaller NPs had a stronger effect on
cortical EPs, and the larger ones, on grip strength.
One can suppose that 10 nm TiO, NPs had higher
chance to reach the brain and 100 nm NPs stayed
more in the peripheral circulation affecting nerves
and muscles. With iridium NPs inhaled by rats, ca.
5 times less translocation of 75 nm size NPs than of
10 nm ones from the lungs to liver and kidneys was
reported®®, underlining the effect of NP size on
crossing barriers. Likewise, breakdown of blood-
brain barrier and neuronal damage caused by metal
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Background — Epilepsy with photosensitivity (PSE) is one of
the reflex epilepsy types with pathophysiology still unexplai-
ned. In our study we aimed to evaluate the clinical, electro-
encephalogram (EEG) and prognosis of patients with PSE
diagnosis.

Method — A total of 44 patients with PSE diagnosis accor-
ding to international classification were included in this ret-
rospective and cross-sectional study. The age, gender,
syndrome, clinical and EEG characteristics of patients, and
treatment response were investigated.

Results — The mean age was 22.09+6.49 years for 28
females and 16 males included in the study. Of patients, 17
had idiopathic photosensitive occipital lobe epilepsy (IPOLE),
11 had juvenile myoclonic epilepsy (JME), 11 had other PSE
and 5 had juvenile absence epilepsy (JAE), with the most
common visual trigger factors television and sunlight. In
terms of seizure type, the most common was generalized
tonic clonic seizure (GTCS), with myoclonus, absence and
other seizure types observed. There was family history pre-
sent in 17 patients and valproic acid was most commonly
used for freatment.

Conclusion — As noted in the literature, our data show that
PSE has defined age group and clinical presentation, good
prognosis but requires correct choice of medication for tre-
atment. It is thought that good description of these epilepsy
types will reduce misdiagnosis and mistreatment rates.

Keywords: epilepsy with photosensitivity,
juvenile myoclonic epilepsy,
idiopathic photosensitive occipital lobe epilepsy

www.elitmed.hu

http://dx.doi.org/10.18071/isz.71.0043

A FOTOSZENZITiV EPILEPSZIA ELEKTROKLINIKAI ES
PROGNOSZTIKUS SAJATOSSAGAI

Yazar HO, MD; Gul G, MD; Yazar T, MD; Eren F MD;
Kuscu DY, MD; Kirbas D, MD

Ideggyogy Sz 2018;71(1-2):43-48

Hattér — A fotoszenzitiv epilepszia (PSE) egy olyan reflex
epilepsziatipus, aminek a kérfejlédése jelenleg még nem
tisztézott. A vizsgdlat célia a PSE-vel diagnosztizdlt betegek
klinikai és elektroencefalogréfias (EKG-) értékelése és prog-
nézisuk meghatdrozésa.

Médszer — A retrospektiv és dtkeresztezett vizsgdlatban 44,
a nemzetkdzi osztdlyozds alapjan PSE-vel diagnosztizalt
beteg vett részt. Rogzitették a betegek életkordt, nemét,
tuneteit, klinikai és EKG-jellegzetességeit, valamint a terdpi-
ds vélaszukat.

Eredmények — A vizsgdlatban 28 né és 16 férfi beteg vett
részt, életkoruk kdzépériéke: 22,09+6,49 év. A betegek
kézol 17 8 idiopathids fotoszenzitiv occipitalis lebenyi epi-
lepszidban (IPOLE), 11 {8 juvenilis myoclonusos epilepszid-
ban (JME), 11 {8 egyéb PSE-ben és 6t 8 juvenilis absence
epilepszidban (JAE) szenvedett; a leggyakoribb vizudlis
rohamkivélté tényezd a televizié és a napfény volt.
Rohamtipus tekintetében a leggyakoribb a myoclonussal és
absence-szel jelentkez8, generalizdlt ténusos-clonusos
roham (GTCS) volt. Tizenhét beteg esetében fordult el8 a
csalddban epilepszia. A leggyakrabban alkalmazott kezelés
a valproinsav volt.

Kévetkeztetés — A szakirodalomhoz hasonléan a jelen vizs-
gdlat is arra a megéllapitésra jutott, hogy a PSE meghaté-
rozott életkori csoportban, kérdlirt klinikai tinetekkel jelent-
kezik, és megfelel§ terdpiavdlasztds esetén |6 prognézissal
bir. A remények szerint ezen epilepsziatipusok megfeleld jel-
lemzése csdkkenteni fogja a helytelen diagnézisok szamét
és a nem megfeleld kezelés gyakorisagat.

Kulcsszavak: fotoszenzitiv epilepszia,
juvenilis myoclonusos epilepszia,
idiopathids fotoszenzitiv occipitalis lebenyi epilepszia
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A4,

hotosensitivity (PS) is an abnormal sensitivity

of the brain to intermittent light stimuli'=. On
EEG, the response to intermittent light stimuli
(ILS) of paroxysmal, focal or commonly general-
ized spike waves or multiple spikes is defined as the
photoparoxysmal response (PPR)" “®. The inci-
dence of PSE in individuals aged 5 to 25 years is
thought to be between 1 in 10,000 and 1 in 4,0007.
It is reported to be present in nearly 10% of epilep-
sy patients'.

PPR and seizure development may be triggered
by visual stimuli such as television, computers,
video games, jalousie blinds, striped clothing/walls,
escalators, and sunlight, but development may be
eased by emotional factors, cognitive state, tired-
ness and sleep deprivation* &3,

Symptoms caused when ILS is applied show
variability but include all epileptic seizure types
(myoclonic, absence, GTCS, focal seizures)* !,

EEG findings of PPR were classified into four
different phenotypes by Waltz.

— PPR Type I: occipital spikes

—PPR Type II: Parieto-occipital spikes and
biphasic slow waves

—PPR Type III: Parieto-occipital spikes and
biphasic slow waves spreading to frontal

— PPR Type IV: Generalized spikes and multiple
spike slow waves* 711 12,

The inheritance pattern of PS is still unknown,
though it is thought to be complex encompassing
the interaction of several genes® 7 3. According to
the latest evidence, the 7q32 chromosome on
D7S1804 and the 16pl3 chromosome on
D13S3395 are responsible for PPR.

This study aimed to identify the clinical, EEG,
family characteristics, prognosis and treatment
response of patients with clinical evidence of PS or
PPR on EEG, evaluate EEG responses, determine
cut-off points for PSE and compare the data
between all groups.

Method

Patient selection: Our study was a retrospective
and cross-sectional evaluation of patients at Prof.
Dr. Mazhar Osman Bakirkéy Psychiatric and
Neurological Diseases Education and Research
Hospital with at least one year of monitoring in the
epilepsy clinic, and clinical or EEG evidence of
PS.

Inclusion criteria for the study: Patients with PS
identified due to epileptic seizures caused by visual
stimulation or PPR seen at least once on EEG, mon-
itoring period over 1 year, with normal neurological

examination and cranial imaging findings, and no
mental retardation were included in the study.

Study protocol: The file information of all
patients were reviewed, and telephone interviews
were held with patients to complete missing/insuf-
ficient information.

EEG protocol: EEG data were obtained from
available EEG. Parameters investigated included
EEG findings before and after treatment, PPR type
(Waltz classification), background activity, and
presence of spontaneous interictal epileptiform dis-
charge.

ILS protocol: Standard ILS protocol begins with
the eye open for 5 seconds and then closed for 5
seconds. At frequency intervals of 3-6-9-12-15-18-
21-24-27-30-50-60 Hz in a normally-lighted room,
light stimulation is applied from a distance of 30
centimeters. If PS is identified or suspected, the
highest and lowest frequency values are recorded.

Statistical analysis: Statistical analysis was
completed with the NCSS (Number Cruncher
Statistical System) 2007 Statistical Software (Utah,
USA) program. In addition to descriptive statistical
methods for data assessment (mean, standard devi-
ation), groups were compared with one way analy-
sis of variance; Tukey multiple comparison test was
used for comparison of sub-groups; qualitative data
were compared with the chi-square test; and the
McNemar test was used for repeated measurements
of qualitative data. The results were assessed at the
significance level of p<0.05.

RESULTS

Of our cases, 17 were diagnosed with IPOLE, 11
with JME, 11 with other PSE (8 undifferentiated
PSE, 2 cryptogenic occipital lobe epilepsy, 1
absence eyelid myoclonus) and 5 with JAE. Ages
were in the interval 14 to 44 years, with mean age
of 22.09+6.49 years for 28 females and 16 males. In
13 cases PS was identified only clinically, in 5 only
with EEG and in 26 positivity was present both
clinically and on EEG.

Age for initial seizure varied from 5 to 34 years,
with mean age 12.39+4.92. The age for inital
seizure was 13.09+3.08 years for JIME, 10+2.83 for
JAE, 13+6.64 years for IPOLE and 11.55+4.30 for
other PSE.

In our 44 patients, seizure triggers were identi-
fied as visual stimuli for 37 patients, TV/PC for 26,
lack of sleep for 20, medication skipping/stop-
ping/change for 18, sunlight/bright lights/car head-
lights/patterns for 16, and emotional factors for 9
patients (Figure 1). In the JME group, the main
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trigger factor for seizures was lack of sleep/tired-
ness (9 patients; 81.80%), and this factor was statis-
tically significantly high compared to the JAE
group (2 patients; 40%), IPOLE group (5 patients;
29.40%) and other PSE group (4 patients; 36.4%).
In the JAE group, the seizure triggers of emotional
factors and medication skipping/stopping/change
were not observed.

When sub-group analysis is completed accord-
ing to seizure type, before treatment 38 patients
(86.40%) had GTCS, 15 (34.10%) had myoclonus,
16 (36.40%) had absence and 22 (50%) had other
types (complex and simple partial seizures and eye-
lid myoclonus). After treatment these rates were
observed to regress to 21 patients with GTCS
(47.70%), 10 with myoclonus (22.70%), 7 with
absence (15.90%) and 20 with other seizure types
(45.5%) (p=0.0001; p=0.063; p=0.004; p=0.500).
All JME patients were observed to have GTCS and
myoclonus, while 54.50% had absence and 9.10%
had other seizure types (complex and simple partial
seizures). In JAE patients, all had absence seizures,
60% had GTCS, 40% had myoclonus and other
seizure types. In IPOLE patients, none had absence
or myoclonus, while 94.10% had GTCS and
82.40% had other seizure types. In the other PSE
group, all seizure types were observed with GTCS
most common.

Before treatment, 26 of our patients (59.10%)
had Waltz type IV PPR, 10 (22.70%) had interictal
epileptiform abnormality, and 8 (18.20%) had nor-
mal EEG findings identified, while after treatment
these rates were 14 patients with Waltz type 1V
PPR(31.80%), 4 with interictal epileptiform abnor-
mality (9.10%) and 26 with normal findings
(59.1%) (p=0.207; p=0.866) (Figure 2).

In 17 of our patients (39%), there was family his-
tory of epilepsy and of these patients 7 had IPOLE,
6 had other PSE, 3 had JME and 1 had JAE. Again
in 17 of our patients parental consanguinity was
present, with 6 of these patients having IPOLE, 4
with JME, 4 with other PSE and 3 with JAE diag-
nosis. History of febrile convulsion (FC) in the fam-
ily was present in 2 of our patients; 1 patient had
JAE while the other had other PSE diagnosis. In 4
IPOLE, 2 other PSE and 1 JAE patient, family PSE
was identified from clinical history (Figure 3).

There was no statistically significant difference
observed in the JME, JAE, IPOLE, and other PSE
groups in terms of distribution of parental consan-
guinity, family epilepsy, FC, and presence of pho-
tosensitivity (clinical and electrophysiological).

Of our cases, 30 used valproic acid (VPA)
(68.2%), 4 used lamotrigine (LMG), 2 used
LMG+VPA, 2 used levetiracetam (LVT), 2 used

TVIFC lack of sieep/  emotional medication

visual triggers tiredness

cessation

|||JME BJAE DIPOLE D OTHERPSE |

» ! sun/patern/
factors  distruption/change/pright light

Figure 1. Trigger factors according to syndrome of cases
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LVT+VPA, 2 used VPA+topiramate (TPM) and 1
each used oxcarbazepine (OXC) and TPM.

Discussion

In our study, 44 patients with clinical or EEG evi-
dence of PS were investigated with data classified
into subgroups of JIME, JAE, IPOLE and other PSE.
The low number of epilepsy patients diagnosed
with eyelid myoclonus was linked to our study
being cross-sectional research.

PS is reported to have a female/male ratio from
1.5 to 2, while our cases were 28 females and 16
males, which is in accordance with the literature®
14-16

Photosensitive seizures generally occur in the
pubertal period (8-19 years) and 90% of patients
experience their first seizure before the age of 20*
17719 A study by Wolf et al. reported the mean onset
age of disease was 14.40+5.10 years, with this
value calculated as 12.39+4.92 for our patients* '
20, The initial seizure age is reported as 12-18 years
for JME, 10-17 for JAE, and the end of childhood
or puberty fo IPOLE* '* 162! Tn our patient sub-
groups, the onset age of disease was identified as
13.09+3.08 years for JME, 10+2.83 for JAE,
13+6.64 for IPOLE, and 11.55+4.30 for other PSE
and our results are in accordance with the literature.

In accordance with the literature, in our PSE
group the leading visual triggers were TV and sun-
light. Seizure triggers were identified as visual trig-
gers in 37 of our cases, TV/PC in 26, and sunlight/
bright lights/car headlights/patterns in 167819,

In PSE patients all epileptic seizure types (myo-
clonus, absence, generalized tonic-clonic, focal
seizures) may be observed with the most common
GTCS (80%)* > 1%22, Again complying with the lit-
erature, in our cases 38 had GTCS (86.40%), 15 had
myoclonus (34.10%), 16 had absence (36.40%) and
22 had other seizure types (50%) (complex and
simple partial seizures and eyelid myoclonus)!*
23-28

In the literature PPR Type IV changes are iden-
tified most commonly from 1-10 years of age and
less above the age of 15. Type III are observed at
equal rates from 1-10 years and from 11-15 years.
Type I and II are identified at more advanced ages.
With age the type IV rate reduces, while the rates of
Type I and II increase'! ', In our cases 26 had
Waltz type IV PPR (59.10%), 10 had interictal
epileptiform anomaly (22.70%) and 8 had normal
EEG findings (18.20%) identified. On our EEG,
Waltz type I, II and III PPR were not reported,
while the most common was type IV PPR at

59.10%. This situation is thought to primarily be
due to the age interval of our patients, with PPR
Type IV expected in accordance with the literature.

The PSE and EEG finding of PPR is known to
have genetic inheritance and commonly occur in
families. Studies related to PPR have reported the
PPR incidence in children aged 5-10 years with
PPR identified in one parent as 50%, while the inci-
dence in children of any age is reported as 40%"'% .
In our study, 17 of our patients (39%) had a family
history of epilepsy and these included 7 IPOLE
patients, 6 with other PSE, 3 with JME and 1 with
JAE. Again 17 of our patients had parental consan-
guinity with these including 6 IPOLE patients, 4
JME patients, 4 other PSE patients and 3 JAE
patients. Family history of FC was encountered in
only 2 of our patients; one with JAE diagnosis and
the other with other PSE diagnosis. While clinical
sensitivity to PS was found in 39 patients, in these
patients 14 had family history of epilepsy. EEG
sensitivity was found in 31 of our patients and 13 of
these patients had family history of epilepsy.
Family PS was identified in clinical histories of 4
IPOLE patients, 2 other PSE and 1 JAE patient.

Studies related to PSE have found the first
choice for pharmacological treatment is VPA, with
VPA preventing seizures due to visual stimuli in
85% of patients, while LMG takes second place* 2!
31 If no response is obtained from VPA and LMG
or if side effects or allergy to medication develops,
it is reported that TPM, LVT, or ethosuximide
(ESM) may be chosen. Carbamazepine (CBZ), phe-
nytoin (PHT) and vigabatrin (VGB) may increase
both absence and myoclonus seizures, while tia-
gabine (TGB) and gabapentin may increase absence
seizures and should not be used'. In our study 30 of
our patients (68.20%) used VPA, 4 used LMG, 2
used LMG+VPA, 2 used LVT, 2 used LVT+VPA,
2 used VPA+TPM and 1 each used OXC and TPM.

In addition to medical treatment, it is important
to inform these patients about preventive treatment
approaches. For these patients, wearing sunglasses
and a broad hat in sunlight may be sufficient.
Television should be watched from a distance,
channels preferably changed with a remote control
and computer games should be played Iess.

For our patients, before treatment the mean fre-
quency of seizures for all seizure types was 2.07+
3.43/month, while after treatment this rate reduced
to 0.63+1.73/month. The reduction in seizures and
amelioration of EEG findings may be interpreted as
indicating our patients received appropriate treat-
ment or have good prognosis for PSE. Additionally,
GTCS provided relative better response to treat-
ment and may be more easily controlled than
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absence seizures, while the treatment response of
myoclonus was observed to be less. When the cor-
relation between PPR and absence seizures is
examined in the literature, it is known to be a bad
prognostic factor. Baykan et al. reported that
absence seizures with photosensitivity and PPR in
absence patients did not enter remission.

Conclusion

Epilepsy with photosensitivity is a good model to
explain the epilepsy etiopathogenesis due to being
triggered by known environmental stimuli, showing
genetic tendency, and common clinical, EEG and
prognosis characteristics.
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ALTERATION OF MEAN PLATELET VOLUME IN THE
PATHOGENESIS OF ACUTE ISCHEMIC STROKE:
CAUSE OR CONSEQUENCE?

Zeynep Ozézen AYAS', Ufuk CAN?

'Sakarya University Training and Research Hospital, Department of Neurology, Sakarya, Turkey
?Baskent University Faculty of Medicine, Department of Neurology, Ankara, Turkey

Introduction — Platelets have a crucial role on vascular dis-
ease which are involved in pathogenesis of ischemic stroke.
Platelet size is measured as mean platelet volume (MPV)
and is a marker of platelet activity. Platelets contain more
dense granules as the size increases and produce more
serotonin and tromboglobulin (3-TG) than small platelets. In
this study, the alteration of MPV values were investigated in
patients with acute stroke, who had MPV values before
stroke, during acute ischemic stroke and 7 days after the
stroke. The relationship between this alteration and risk fac-
tors, etiology and localization of ischemic stroke were also
investigated.

Methods - Sixty-seven patients with clinically and radiologi-
cally established diagnoses of ischemic stroke were enrolled
into the study and stroke etiology was classified by modified
Trial of Org 10 172 in Acute Stroke Treatment (TOAST) clas-
sification and, modified Bamford classification was used for
localization and stroke risk factors were also evaluated.

The platelet counts and MPV values from patient files in
patients who had values before stroke (at examination for
another diseases), within 24 hours of symptom onset and
after 7 further days were analysed.

Results — MPV values increased after stroke (10.59+2.26)
compared with acute stroke values (9.84+1.64) and the
values before stroke (9.59+1.72) (p<0.0001); this alter-
ation of MPV values occured 7 days after stroke (p<0.016).
There was a positive correlation between age and MPV val-
ues during acute stroke (r=0.270; p<0.05). Patients with
atrial fibrillation had higher alteration in the time of MPV
compared with patients without atrial fibrillation (p>0.006).

http://dx.doi.org/10.18071/isz.71.0049

AZ ATLAGOS THROMBOCYTA-TERFOGAT .
VALTOZASANAK SZEREPE AZ AKUT ISCHAEMIAS
STROKE PATOGENEZISEBEN: OK VAGY
KOVETKEZMENY?

Ayas ZO, MD; Can U, MD

Ideggyogy Sz 2018;71(1-2):49-56.

Bevezetés — A vérlemezkéknek alapvets szerepik van az
ischaemids stroke patogenezisében szerepet |atszé vascu-
laris betegségben. A vérlemezkék méretét az &tlagos throm-
bocyta-térfogattal (MPV) mérjik, ami egyben a vérlemezkék
aktivitdsat is jelzi. A thrombocytdk méretik névekedésével
parhuzamosan egyre t6bb sétét (denz) granulumot,
valamint t&bb szerotonint és tromboglobulint (B-TG) tartal-
maznak, mint a kis méretlek. A vizsgdlat sordn akut stroke
esetében mértik fel az MPV vdltozdsdt olyan betegeknél,
akiknél rendelkezésre 4llt a stroke eléthi, kézbeni és az
uténa kévetkezd hét nap sordn mért MPV-érték. Vizsgdliuk
az MPV véltozdsa, valamint az ischaemids stroke lokaliza-
cidja, etioldgidja és kockdzati tényez8i kdzdtti viszonyt is.
Médszerek — A vizsgélatba 67, klinikailag és radiolégiailag
igazolt ischaemids stroke-beteget vontunk be. A stroke etio-
l6gidjanak klasszifikacidja a médositott Trial of Org 10 172
in Acute Stroke Treatment (TOAST) alapjén, a lokalizacié
meghatdrozdsa a médositott Bamford-klasszifikéciéd szerint
tértént, tovébba értékeltik a stroke kockézati tényezdit is.
Elemeztik a thrombocytaszdm és az MPV értékeit olyan
dlltak a (mds betegség kivizsgéldsa kapecsdn mért) stroke
elétti értékek, a tinetek jelentkezését kdvetd 24 6ran beldl
mért értékek, valamint a tinetek jelentkezése utdni hét nap
sorén mért értékek egyardnt.

Eredmények — A stroke-ot kdvetGen megndvekedett az
MPV értéke (10,59+2,26) a 24 6ran belil mért értékekkel
(9,84%1,64) és a stroke eltt mért értékekkel (9,59+1,72)
&sszehasonlitva (p<0,0001); az MPV-érték valtozdsa hét
nappal a stroke utdn kévetkezett be (p<0,016).
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We assessed for gender, men (n=38) had a higher alter-
ation in the time of MPV compared with women (n=29)
(p=0.013).

Conclusion — Although there was no alteration of platelet
counts, MPV values were increased 7 days after stroke in
patients with acute ischemic stroke.

Keywords: mean platelet volume, platelet,
stroke

Coagulopathy and vascular risk factors are influ-
ential in the pathogenesis of stroke. Platelets
play an important role in the pathogenesis of vascu-
lar disorders'- 2. Platelet size is a physiological vari-
able measured in terms of mean platelet volume
(MPV), and has a hemostatic role. As platelets
grow in size, their reactivity increases, producing
more prothrombotic factors and aggregating more
easily. Their granular content condenses, and they
release more serotonin and f-thromboglobulin (f3-
TG).

It has been reported that platelet volume increas-
es in acute myocardial infarction, acute cerebral
ischemia, and transient ischemic attack® 4. An
increased MPV has been shown to be an independ-
ent risk factor for recurrent vascular events follow-
ing myocardial infarction. However, increased
platelet volume has also been shown in patients
with vascular risk factors such as diabetes mellitus
(DM), hypercholesterolemia, and smoking, and
renal artery stenosis™®. Moreover, MPV has been
found to correlate to prognosis of patients suffering
cerebral ischemic attack, although its variability in
the acute phase of the disease is unknown.

This study aimed to investigate the relationship
between MPV and stroke in an attempt to determine
the role of increased platelet function in ischemic
stroke. For this purpose, it was investigated whether
there would be an alteration in MPV value com-
pared to pre-stroke values and whether it would
show variability by stroke etiology among patients
whose pre-stroke MPV values were known.

Method

We retrospectively reviewed the clinical findings of
67 patients meeting the inclusion criteria of the
study, who were diagnosed with acute ischemic
stroke and admitted to Ba kent University Hospital,
Department of Neurology for examination and
treatment.

Patients’s symptoms, past medical histories, vas-
cular risk factors (hypertension (HT), diabetes mel-
litus (DM), hypercholesterolemia, cardiac risk fac-

Kovetkeztetés — Bar a vérlemezkék szdma nem vdltozott,
az MPV értéke megndvekedett hét nappal az akut
ischaemids stroke bekévetkezte utdn.

Kulcsszavak: dtlagos thrombocyta-térfogat, vérlemezke,
stroke

tors, smoking, alcohol, obesity), and medications
were recorded. The duration and regular use,
dosage, and properties of preparation of antiaggre-
gant (acetylsalicylic acid 100 mg, acetylsalicylic
acid 300 mg, dipyridamole, clopidogrel) or antico-
agulant (warfarin) medications were recorded.
Patients with malignancy, hypersplenism and
thrombocytopenia or thrombocytosis were exclud-
ed.

We recorded the results of all tests and studies
performed to determine stroke etiology, which in-
cluded CT/MRI, carotis-vertebral arterial Doppler
USG, carotid MRA, ECG, transthoracic echocar-
diography, complete blood count, fasting blood glu-
cose, HbA, , TSH, total cholesterol, HDL, LDL,
triglyceride, and lipoprotein-A [Lp(a)]. Patient
height and weight were measured and body mass
index (BMI) was calculated.

Our study employed the modified version of the
TOAST “Trial of Org 10172 in Acute Stroke
Treatment” classification designed on the basis of
clinical findings and stroke etiology’. The patients
were grouped into 6 etiological groups, like as
atherothrombotic infarctions, cardioembolic infarc-
tions, lacunar infarctions, infarctions of unknown
cause, other etiologies, and infarctions with mul-
tiple etiologies. Stroke localization study was per-
formed using a modification of a classification first
designed by Bamford et al. and used in the
“Oxfordshire Community Stroke Project” (OCSP)
study®. The infarctions were classified into 5
groups, namely total anterior circulation infarctions
(TACI), partial anterior circulation infarctions
(PACI), lacunar infarctions, posterior circulation
infarctions (POCI), infarctions involving both ante-
rior and posterior circulation.

The hemogram tests were performed within the
first 24 hours of admission by taking blood samples
from the antecubital vein into K3EDTA containing
tubes, and the samples were analyzed with BECK-
MAN COULTER HMX automatic hematology
analyser. This analyser uses the aperture impedance
technology. The samples were studied at room tem-
perature, within 1 hour of sampling. The MPV refe-
ence range was taken 7.4-10.4 fL. and the platelet
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count reference range was taken 130,000-400,000.
In the patient group MPV values were measured at
admission and 1 week after the admission. MPV
before stroke values measured during routine out-
patient visits were obtained, exception acute ische-
mic attacks, inflamation and infection cases.

MPV was calculated by the Formula: MPV
(femtolitre) = Plateletcrit (%) x 1000: Platelet count
(x103 /mikroL).

SPSS (Statistical Package for Social Sciences)
for Windows 17.0 software package was used for
all statistical analyses. The descriptive statistics
included mean value and SD. The quantitative vari-
ables were compared using the Student’s t test,
Mann Whitney-U test, Kruskal-Wallis test, and
Wilcoxon signed-rank test. The qualitative vari-
ables were compared with the x2 (Chi square) test.
Spearman’s rho correlation test was used to exam-
ine correlations between study parameters. The
results were interpreted at a confidence value of
95% and at a significance value of p<0.05.

Results

This study involved a total of 67 patients of whom
29 (43.3%) were female and 38 (56.7%) were male
(Table 1). Among the whole study population,
77.6% had HT, 38.8% had DM, 36.4% had CAD,
29.9% had AF, 20.9% had CVD, 17.9% had a
smoking history, 14.5% had obesity, 11.9% had
hyperlipidemia, 6% had a history of transient
ischemic attack, 6% had hyperthyroidism, 6% had
hypothyroidism, 6% had cardiac pacemaker, 4.5%
had alcohol addiction, and 1.5% had migraine
(Table 1).

The mean age of the study population was
73.37+9.36 years and BMI was 25.98+4.37 kg/m?>.

MPYV values increased after stroke (10.59+2.26)
compared with acute stroke values (9.84+1.64) and
the values before stroke (9.59+1.72) (p<0.0001)
(Table 2).

When we compared platelet counts after stroke

Table 1. Number and percentage of patients’ risk fac-

tors
Number (n) Percentage (%)

Gender

Female 29 43.3
Male 38 56.7
HT 52 77.6
DM 26 38.8
CVvD 14 20.9
TIA 4 6.0
CAD 24 36.4
PAD 7 10.4
AF 20 29.9
HL 8 11.9
RHT 1 1.5
Cardiac pacemaker 4 6.0
Hyperthyroidism 4 6.0
Hypothyroidism 4 6.0
Migraine 1 1.5
Smoking 12 17.9
Alcohol 3 4.5
Obesity 9 14.5

HT: hypertension, DM: diabetes mellitus, CVD: cerebrovascular
disease, TIA: transient ischemic attack, CAD: coronary artery
disease, PAD: peripheral artery disease, AF: atrial fibrillation, HL:
hyperlipidemia, RHT: rheumatic heart disease

with before stroke and acute stroke, there was no
significant difference (p>0.05).

An analysis of risk factors for stroke revealed
significant differences between MPV values before,
at the time of, and 1 week after acute ischemia with
respect to the rates of HT, DM, CAD, peripheral
arterial disease, hypo-hyperthyroidism, hyperlipi-
demia, previous stroke, transient ischemic attack,
smoking and alcohol addiction and obesity
(p<0.0001) (Table 3). However, since there were
also significant differences between MPV values
before, at the time of, and 1 week after acute stroke
in patients with acute stroke but without these risk
factors, this alteration was independent of these risk
factors. Further analysis revealed that patients with
AF (n=20) had significant difference in alteration in

Table 2. Distribution of MPV values and platelet counts of before, acute and, after stroke

Mean =SD [Median (minimum-maximum)]

MPV

Platelet

Before stroke
Acute stroke
1. week after stroke
p* <0.0001

9.59+1.72 [9.27 (6.10-15.50)]
9.84=1.64 [9.44 (6.89-14.20)]
10.59+2.26 (7.51-18.50)

257.39%£72.96, [258 (117-480)]
249.36=78.08 [240 (102-506)]
243.88+76.67 [234 (110-450)]
0.276

*Analysis of variance in repeated-measures
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Table 3. MPV values of before, acute and, after stroke according to risk factors

MPV (Mean =SD) p
Before stroke Acute stroke After stroke
Gender
Female (n=29) 9.15£1.76 9.14+1.44 9.99+1.98 <0.0001
Male (n=38) 9.99+1.63 10.37+1.59 11.05+£2.37 <0.0001
HT + (n=52) 9.56+1.80 9.83+1.64 10.69+2.40 <0.0001
HT — (n=15) 9.70+1.49 9.85+1.67 10.28+1.70 <0.0001
DM + (n=26) 9.44+1.82 9.75+1.56 10.50+2.08 <0.0001
DM - (n=41) 9.69+1.67 9.89+1.70 10.65+2.39 <0.0001
CVD + (n=14) 9.40+1.71 9.73+1.59 10.74+2.23 <0.0001
TIA (n=4) 9.83+2.35 9.49+1.65 9.65+1.41 <0.0001
CVD - (n=49) 9.63+1.71 9.89+1.68 10.63+2.33 <0.0001
CAD + (n=24) 9.43+1.78 9.72+1.81 10.29+2.31 <0.0001
CAD - (n=43) 9.65+1.71 9.87+1.56 10.79+2.26 <0.0001
PAD + (n=7) 9.97+1.16 9.38+0.74 11.11+1.34 <0.0001
PAD — (n=60) 9.55+1.78 9.89+1.71 10.53+2.34 <0.0001
AF + (n=20) 10.05+1.92 10.65+1.82 11.90+3.03 <0.0001
AF — (n=47) 9.40+1.61 9.49+1.44 10.04+1.67 <0.0001
HL + (n=38) 9.14+2.28 9.28+1.54 9.61+1.55 <0.0001
HL - (n=59) 9.65+1.65 9.91+.165 10.73+2.31 <0.0001
CP + (n=4) 9.68+2.42 9.64+2.34 8.91+1.62 <0.0001
CP - (n=63) 9.59+1.70 9.85+1.61 10.70+2.26 <0.0001
Hypothyroidism
+ (n=4) 8.85+0.99 9.29+1.42 9.87+1.13 <0.0001
- (n=63) 9.64+1.75 9.87+1.65 10.64+2.31 <0.0001
Hyperthyroidism
+ (n=4) 9.18+2.07 8.94+1.53 9.05+1.44 <0.0001
— (n=63) 9.62+1.71 9.89+1.64 10.69+2.27 <0.0001
Smoking
+ (n=12) 9.27+1.79 9.19+ 10.96+2.63 <0.0001
- (n=55) 9.66+1.71 9.98+1.65 10.52+2.19 <0.0001
Alcohol
+ (n=3) 8.10+£1.84 8.87+0.67 9.70+0.26 <0.0001
— (n=64) 9.66+1.70 9.88+1.66 10.64+2.30 <0.0001
Obesity
+ (n=9) 9.41+1.55 10.19+1.39 12.26+2.86 <0.0001
- (n=58) 9.68+1.82 9.77+1.70 10.40+2.13 <0.0001

HT: hypertension, DM: diabetes mellitus, CVD: cerebrovascular disease, TIA: transient ischemic attack, CAD: coronary artery disease,
PAD: peripheral artery disease, AF: atrial fibrillation, HL: hyperlipidemia, CP: cardiac pacemaker

the time of MPV value compared to patients with-
out atrial fibrillation (n=47) (p=0.006).

We assessed for gender, males (n=38) had a
greater alteration in the time of MPV value than
female subjects (n=29) (p=0.013).

There was a positive correlation between age
and MPV values during acute stroke (r=0.270;
p<0.05) (Table 4).

According to the TOAST classification, there
was no etiology-associated MPV increase in at-
herothrombotic, cardioembolic, and lacunar infarc-
tions. MPV value did not show any significant dif-
ference in patients with stroke of unknown causa-
tion and multiple etiologies (p>0.05).

Table 4. The relationship between MPV value of acute
stroke and age with body mass index (BMI)

r (coefficient of correlation) P
Age 0.270 0.027
BMI 0.184 0.153

According to the modified Bamford classifica-
tion, patients with stroke had no significant differ-
ences between platelet counts and MPV values
before, at the time of, and after stroke (p>0.05).

Antiaggregant (acetylsalicylic acid 100 mg,
acetylsalicylic acid 300 mg, dipyridamole, clopi-
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dogrel) therapy was detected in 27 patients and
anticoagulant (warfarin) therapy in 5 patients.
Thirthy three patients had none of them. The altera-
tion of MPV value in the time did not show any sig-
nificant difference between before, acute and after
stroke in patient with antiaggregant therapy, anti-
coagulant therapy and none.

During the investigation of the etiology of acute
stroke by echocardiography revealed that 19
(28.4%) patients had hypo-akinetic segments, 24
(35.8%) had left atrial dilatation, and 3 (4.5%) had
cardiac thrombus.

According to the echocardiographic findings,
there were significant differences between hypo-
akinetic segments, left ventricular hypertrophy,
diastolic dysfunction, left atrial dilation, and valvu-
lar dysfunction with regard to alteration of MPV
before, at the time of, and after stroke (p<0.05);
however, advanced analyses showed that these
changes were independent of echocardiographic
findings, and possibly coincidental (p>0.05). There
was no significant difference between temporal
alteration of MPV and cardiac thrombus on echo-
cardiography.

Discussion

Platelets contribute to thrombus formation and play
an important role in the pathogenesis of atheroscle-
rotic complications’. Aggregation is associated with
markers of platelet activation, including Tx A2, PF
4 and B-TG'". Large platelets exhibit an increased
reactivity; they produce more thrombotic factors
and aggregate more easily; at the same time, their
granular content becomes condensed, and they
release more serotonin and B-TG': '2 Increased
MPYV is associated with augmented aggregation in
response to ADP and collagen'®.

There are conflicting data regarding increased
thrombosis risk mediated by MPV in acute
ischemic stroke. Furiozzi found a significant in-
crease in the mean MPV value of patients present-
ing to emergency department within 2 hours of
stroke onset'*. MPV abnormalities have been sug-
gested to predate ischemia and not to result from
cerebrovascular accident. It is considered that
platelet volume and count are determined in throm-
bopoiesis and that the primary changes are at the
level of bone marrow (megakaryocyte). This
approach suggests that the activation of megakary-
ocytes, which results in an increase in MPV, may
be a cause of ischemic stroke. Platelet life span of
8-10 days and MPV increase at the time of hospital
admission both suggest that platelets produced

before the incident were of a larger size and that a
platelet dysfunction must have happened before the
onset of stroke. A study showed that higher MPV
values in patients 24 hours and 14 days after stroke
than control group. The result suggested that MPV
can be proinflamatory biomarker for stroke'. Also
a recent study emphasize that MPV/platelet ratio
can be used for new predictor in large artery athe-
rosclerosis'®.

On the other hand, it is hypothesized that in
acute stroke rapidly produced platelets that replace
consumed platelets have an increased MPV. It has
been reported that the lifespan of thrombocytes may
be shortened due to mechanical stress when passing
through constricted vessels!’. Thrombopoietin may
increase in patients due to short life span and accel-
erated thrombopoiesis. And increased thrombopoi-
etin may contribute to megakaryocyte activation in
a complex cascade that develops atherothrombosis.
The study showed that thrombopoietin and MPV
were higher in stoke patients'®. Similarly, O’Malley
et al reported that MPV was greater in the acute
phase (within the first 48 hours), that platelet count
was reduced compared to controls'.

Alteration in the time is important in determin-
ing of the role of MPV in stroke pathophysiology
McCabe et al. failed to show any significant differ-
ence between MPV values measured at early period
and 6 months after cerebrovascular event®.
However, another study showed a significant
decrease in platelet count within 48 hours after
infarction, which returned to normal after 9 days?*'.
In the same study MPV value was significantly
greater than that of the control group and returned
to normal at 45 days. In our study, there was no dif-
ference between platelet counts measured before, at
the time of, and after stroke; but MPV values
increased after stroke compared with acute stroke
and before stroke. These results have been suggest-
ed that MPV can be result of ischemia and not to
cause of cerebrovascular accident.

We found a positive correlation between MPV
values during acute stroke and age. Literature stu-
dies have shown no significant difference between
patients with stroke and controls with respect to age
and sex??. Furthermore, our study detected a higher
alteration in the time of MPV value in men com-
pared to women.

Another subject that was studied is the relation-
ship with risk factors. In a study MPV was found to
be significantly increased among hypertensive sub-
jects than the normotensive ones, and MPV was
significantly reduced among those with reduced BP
at follow-up?. In contrast, our study did not show
any difference between MPV values of patient with
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hypertension, which was the most common risk
factor, compared to patients without hypertension.

Studies have shown increased MPV values in
patients with DM, glucose intolerance, and im-
paired fasting glucose* . Keskin et al. were not
able to show any correlation between risk factors
for atherosclerosis and MPV, and MPV was consid-
ered to play a role in the pathogenesis of CAD.
Another study found a higher MPV value in
patients having a history of acute MI, and increased
MPV was considered a high risk factor, which can
derive benefit from early treatment’. However,
there was no significant difference between the
MPYV values of patients with and without a history
of CAD in our study.

Bath et al. followed 6105 patients with stroke or
ischemic attack within 5 years for an average dura-
tion of 3.9 years and showed a positive correlation
between stroke risk and MPV value among high risk
persons with a past history of cerebrovascular dis-
ease”’. A study detected MPV were higher in patients
with cortical infarction and transient ischemic
attack*. However, recent study suggests that MPV
was not a predictor for follow-up patients with
carotid artery disease®®. Our study likewise demon-
strated no significant difference between the MPV
values of patients with and without a past history of
stroke or ischemic attack. In our data, recurrent cere-
brovascular diseases have been reported for at least 1
year and longer. We assessed MPV values 7 days
after stroke. This suggested that the alteration in the
time of MPV values does not reflect long time. The
new studies which assess MPV values long-term
after stroke, will provide detail information.

It has been reported that patients with paroxys-
mal atrial fibrillation had an increased values of
PF4 and B-TG which are the indicators of platelet
activation®”. Recent studies have reported signifi-
cantly greater MPV values among patients with
paroxysmal AF causing stroke than asymptomatic
ones®. In another study, the MPV value of patients
with AF and thrombotic events was greater than
those with AF alone and the control group?'.
Supporting this observation, we demonstrated a sig-
nificantly higher MPV value in patients with AF
than those without.

A study examining the effect of hypercholes-
terolemia on MPV failed to show such an associa-
tion°. Similarly, our study failed to show any signif-
icant correlation between hyperlipidemia and MPV.
Patients with hyperlipidemia had much less in-
crease of MPV values than without. Further ana-
lyses show this alteration was independent of
hyperlipidemia, may be coincidental.

Patient with cardiac pacemaker showed de-

creased MPV values, however this result is thought
to be incidental with further analyses, because of
patients number (n=4).

Kario et al. demonstrated the greatest MPV
value in smokers having atherosclerosis while they
also showed significantly increased MPV values in
smokers without atherosclerosis®. Similar to our
study, however, Arslan et al. failed to identify any
significant association between smoking and
MPV?3,

According to the researchers’ hypothesis, the
increase in MPV in obese patients was a proathero-
genic condition and an indicator of risk given the
link between obesity, which is a metabolic disorder,
and inflammation, atherosclerosis, and increased
MPV value. In contrast to our study, they show
increased MPV values in obese patients compared
to controls**.

In the TOAST classification, groups show differ-
ences in terms of underlying pathogenetic mecha-
nisms, risk factors, pattern of occurrence of the neu-
rological picture, and the size of neurological injury
it creates. Higher B-TG, Tx A2 values in cortical
thromboembolic stroke suggest that platelet activa-
tion play a greater role in the pathophysiological
process in stroke patients with large vessel disease™:
36 A study did not reveal any difference between the
MPV values of stroke subtypes and the control
group*’. Another study found a significantly larger
MPYV in the group of cortical infarction due to large
vessel disease'*. Our study did not reveal significant
differences between stroke types classified by etiol-
ogy and localization with respect to MPV value. It is
believed that platelet consumption due to localized
thrombus does not affect circulating platelet vari-
ables, and the absence of significant differences
between large cortical infarctions and smaller lacu-
nar infarctions with regard to MPV values corrobo-
rates this view. It is believed that large platelets are
considered to produce thrombotic events in suscep-
tible persons, and that an increase in MPV con-
tributes stroke development rather than being a sim-
ple consequence of the acute event.

A clearer explanation of mechanisms leading to
MPV change would guide determining its relation-
ship with stroke. The alteration in the time of MPV
detected by several studies caused a debate of cause
and effect relation. Previous studies have shown
that large platelets have role and variation in cereb-
ral thrombosis and stroke. The observation that
patients without any significant difference between
MPYV values before and at the time of stroke had
significant increase in MPV value at the end of the
first week after stroke suggests that MPV increase
occur as a result of stroke rather than a cause of it.

Ayas: Alteration of mean platelet volume in the pathogenesis of acute ischemic stroke



Conclusion

When MPV values before, at the time of, and 1
week after acute stroke were analyzed, it was noted
that MPV value increased over time; this increase
occurred one week after stroke and it did so without
a significant difference between platelet count.
Furthermore, alteration in the time of MPV was
greater in patients with atrial fibrillation than those
without.

When appraised difference of sexuality, men had
higher alteration in the time of MPV values compa-
red with women.

Studies have indicated a role and variation of
large platelets in cerebral thrombosis and stroke.

However, further research and larger studies are
needed to elucidate the role and temporal variation
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Aims — Parkinson’s disease (PD) has the second highest
incidence among neurodegenerative diseases in the world
population. The study aimed to investigate the presence of
some cardiovascular risk factors — dyslipidemia, diabetes,
and hypertension — in PD patients and fo compare their risk
with non-PD population in South East Hungary.

Methods — A case-control study was conducted at the
Department of Neurology, University of Szeged, Hungary.
The study included 1299 subjects out of which 620 patients
were identified as cases of diagnosed PD and 679 as con-
trols. Logistic regression analyses were conducted to reveal
the association of vascular risk factors with PD.

Results — In the univariate analysis, diabetes mellitus was
positively associated with PD, while dyslipidemia showed
negative association to it in the total population, and no sig-
nificant associations were found between hypertension and
PD. The multivariate logistic regression models showed that
the odds of diabetes mellitus was higher (OR=2.86), while
the odds of dyslipidemia was lower (OR=0.58) among PD
patients than in the control group. Hypertension showed a
different pattern by gender: the odds of registered hyperten-
sion was significantly lower in female PD patients
(OR=0.68), whereas the result was not significant in males.
Conclusions — This is the first study that provides a compre-
hensive view of the cardiovascular risk factors in PD patients
in Hungary and shows considerable relationship between
diabetes mellitus and PD.

Keywords: Parkinson’s disease, cardiovascular risk factors,
case-control study
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A PAR!(INSON-KéR ES A CARDIOVASCULARIS
RIZIKOFAKTOROK KAPCSOLATA - ESET-KONTROLL
VIZSGALAT A DEL-ALFOLDI REGIOBAN

Marké-Kuesera M, MD; Vécsei L, MD, PhD; Paulik E, MD, PhD
Ideggyogy Sz 2018;71(1-2):57-62.

Bevezetés és célkitGzés — A Parkinson-kér (PD) a mésodik
leggyakrabban eléfordulé neurodegenerativ kérkép a vila-
gon és igy hazdnkban is. A vizsgdlat célia egyes cardiovas-
cularis rizikétényez8k — lipidanyagcsere-zavarok, diabetes
mellitus, magasvérnyomds-betegség — el6fordulasanak
mérése volt Parkinson-kéros és attél mentes betegek
kérében.

Médszer — Az eset-kontroll vizsgdlat a Szegedi
Tudomadnyegyetem Neurolégiai Klinikgjéan tértént. A teljes
minta 1299 f8bdl &llt, amelybdl 620 18 volt a diagnosztizélt
PD-beteg, 679 18 pedig a kontrollbeteg. A vascularis
tényez&k és a PD &sszefiiggéseit logisztikus regressziéval
modelleztik.

Eredmények — Az egyvdltozds regresszids elemzés szerint a
diabetes pozitiv, a lipidanyagcsere zavarai negativ kapcso-
latot mutattak a PD-vel, a magasvérnyomds-betegség
esetében pedig nem igazolddott 8sszefiggés. A t6bbval-
tozds logisztikus regressziés modell megmutatta, hogy a
diabetes esélyhanyadosa (OR=2,86) szignifikdnsan nagy-
obb, mig a lipidanyagcsere-zavaroké kisebb (OR=0,58)
volt a PD-betegek kérében, mint a kontrollcsoportban. A
magas vérnyomds esélye viszont szignifikansan kisebb
(OR=0,68) volt PD esetén a nék kérében, mig a férfiakndl
ez nem volt megfigyelheté.

Konkl0zié - Ez az elsS olyan hazai vizsgdlat, ami a
Parkinson-kért a cardiovascularis betegségek tukrében vizs-
gdlja, és 6sszefiiggés mutatkozott a diabetes és a PD kézott.

Kulesszavak: Parkinson-kér, cardiovascularis rizikéfaktorok,
eset-kontroll vizsgélat

Correspondent: Edit PAULIK MD, PhD, Department of Public Health, Faculty of Medicine, University of Szeged;
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arkinson’s disease (PD) is the second most com-
mon neurodegenerative disorder after Alzhei-
mer’s disease, and it affects approximately seven

Elfogadva: 2017. december 19.

million people globally, and the prevalence of the
disease rises parallel with the aging of the popula-
tion!. Approximately 20 thousand people with PD
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live in Hungary?. It is also well known that coro-
nary artery diseases are among the leading causes
of death in the world population as well as in
Hungary?.

Currently, several epidemiological studies
search for how vascular risk factors such as dia-
betes or hypercholesterolemia affect the occurrence
of PD. Studies describing the relationship between
diabetes and PD have shown controversial results.
A large multicenter analysis in Germany shows that
the metabolic control of PD patients is better than
that of patients with type 2 diabetes*, while other
studies have found positive association between
diabetes and the risk of developing PD>". A large
population-based case-control study in Denmark
shows that those who were administered an antidi-
abetic drug was associated with a 35% increased
risk for PD. These results have been confirmed by
a biomarker analysis showing that diabetes and PD
are strongly linked at the molecular level®. The
association between the risk of PD and hypercho-
lesterolemia has been described by several studies,
but those results are also controversial®'2. Some
studies have found an inverse relationship between
hypercholesterolemia and the risk of PD*!!, while a
systematic review has stated that the results are
inconsistent, and further studies are needed'?. Other
studies have investigated the associations between
hypertension and antihypertensive drugs, and the
risk of PD"*~'3, Louis et al. have not found evidence
of a protective effect of antihypertensive drugs in
PD", while Rirz et al. have suggested that there is a
potential neuroprotective role of centrally acting L-
type calcium channel blockers of the dihydropyri-
dine class in PD'. Qui et al. have found that high—
normal blood pressure and hypertension are associ-
ated with an increased risk of PD in women, but
there was no significant association identified in
men'.

Considering that the results of previous epidemi-
ological studies are conflicting, the aim of our study
was to investigate the prevalence of cardiovascular
risk factors (diabetes mellitus, dyslipidemia, and
hypertension) in PD patients and to compare their
risk with non-PD population in South East Hun-

gary.
Patients and methods
STUDY DESIGN AND PARTICIPANTS
A classical case-control study was conducted at

the Department of Neurology, Albert Szent-Gyor-
gyi Health Center, University of Szeged, Hungary.

We gained our data from the computerized
MedSolution integrated hospital information sys-
tem between January 1, 2000 and January 1, 2013.
The total sample consisted of 1299 subjects who
were hospitalized during the study period at the
Department of Neurology, out of which 620
patients were identified as cases and 679 as con-
trols. Cases included all hospitalizations in the
study period if they had a diagnosis of PD (ICD-10
code: G20HO). Controls were matched to cases by
age and sex, and they were selected from the
patients with the diagnosis of epilepsy (ICD-10
code: G40) or back pain (ICD-10 code: M54) of the
same department. The exclusion criteria for the
control group was previous diagnosis of Parkin-
son’s or Alzheimer’s disease, multiple sclerosis,
myasthenia gravis or secondary Parkinsonism.

STUDY VARIABLES

Sex, age, comorbidity of dyslipidemia (ICD-10
code: E78), diabetes (ICD-10 codes: E1-E14), and
hypertension (ICD-10 codes: 110-I15) of the sub-
jects were collected from the MedSolution system.
All data were registered anonymously.

STATISTICAL ANALYSES

Simple descriptive statistics were used to character-
ize the participants. Chi-square tests were applied
to compare the basic characteristics of case and
control groups. Univariate and multivariate logistic
regression analyses were conducted to assess the
odds of vascular risk factors (diabetes, dyslipi-
demia, and hypertension) in PD. All logistic models
were developed for the total population, and for
males and females, separately. In the regression
models, we calculated the odds ratio (OR) and the
95% confidence interval (95% CI) for each predic-
tor. Statistical significance was set up at p values
lower than 0.05. Data analyses were performed
using IBM SPSS software version 20.

ETHICS STATEMENT

The study protocol was approved by the Human
Institutional and Regional Biomedical Research
Ethics Committee, University of Szeged (Registra-
tion number: 164/2012).

Results

The mean age and gender distribution of cases (PD-
patients) and controls (non-PD patients) were simi-

Marké-Kucsera: Association of cardiovascular risk factors and Parkinson’s disease



Table 1. Baseline characteristics of participants

Characteristics Cases Controls p value*
Participants 620 679

Age, years (mean=SD) 75.67+10.24 74.85+10.72 0.162
Female gender 294 (47.2%) 306 (45.1%) 0.390
Comorbidities

Diabetes mellitus 222 (35.8%) 118 (17.4%) <0.001
Dyslipidemia 160 (25.8%) 244 (35.9%) <0.001
Hypertension 408 (65.8%) 458 (67.4%) 0.530

*Results of chi-square test

Table 2. Univariate logistic regression models of vascular factors associated with Parkinson’s disease in the case-control

study
Parameters Univariate
Males Females Total

OR (95% Cl) p value OR (95% Cl) p value OR (95% Cl) p value
Diabetes mellitus <0.001 <0.001 <0.001
Yes 2.45 (1.74-3.45) 2.97 (2.01-4.40) 2.65 (2.05-3.43)
No 1.00 1.00 1.00
Dyslipidemia <0.001 0.048 <0.001
Yes 0.54 (0.38-0.75) 0.71 (0.51-0.99) 0.62 (0.49-0.79)
No 1.00 1.00 1.00
Hypertension 0.809 0.194 0.530
Yes 1.04 (0.76-1.42) 0.79 (0.56-1.13) 0.92 (0.74-1.17)
No 1.00 1.00 1.00

OR: odds ratio, Cl: confidence interval

lar (Table 1). Diabetes mellitus was significantly
more frequent, whereas dyslipidemia was less fre-
quent in the case group than in the control group,
but no difference was found related to hypertension
(Table 1).

In the univariate logistic regression analyses
(Table 2), diabetes mellitus was positively associ-
ated with PD, i.e., the odds of diabetes mellitus
was significantly higher in the PD group than in
the control group (OR  =2.65,95% CI. 2.05-3.43;
OR_ =245, 95% cl:' 1.74-3. 45, OR, =297,
95% CI: 2.01-4. 40). Dyslipidemia showed negative
association; the odds were 0.62 (95% CI: 0.49-
0.79) in the total population, 0.54 (95% CI: 0.38—
0.75) in males and 0.71 (95% CI: 0.51-0.99) in
females. In the univariate analyses, no significant
associations were found between hypertension and
PD in the total population, and among males and
females, respectively.

Age (years) and vascular predictors were invol-
ved in the multivariate logistic regression models of
the total, the male and the female populations
(Table 3). The common analysis of the factors

showed that the odds of diabetes mellitus was high-
er (OR =2.86, 95% CI: 2.19-3.73; OR  =2.72,
95% CI: 190 3.89; OR,  =3.24, 95% CL: 2.16-
4.84), while the odds of dysllpldemla was lower
(OR_,=0.58, 95% CI. 0.46-0.75; OR__ =0.48,
95% CI 0.33-0.69; OR,  =0.70, 95% CL: 0.50-
1.00) among PD patients than in the control group.
Hypertension showed a different pattern by gender:
the odds of registered hypertension was significant-
ly lower in female PD patients (OR,_ =0.68, 95%
CI: 0.48-0.98), whereas in males the result was not
significant (OR _ =0.95, 95% CI: 0.69-1.32).

Discussion

The results of our case-control study showed that
diabetes mellitus was positively, while dyslipi-
demia was negatively associated with PD in males
and females, whereas hypertension was negatively
associated with PD only in females.

The association between diabetes mellitus and
PD has been described in several studies> '*-18, The

Ideggyogy Sz 2018;71(1-2):57-62.
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Table 3. Multivariate logistic regression models of vascular factors associated with Parkinson’s disease in the case-control

study
Parameters Multivariate
Males Females Total

OR (95% Cl) p value OR (95% Cl) p value OR (95% Cl) p value
Diabetes mellitus <0.001 <0.001 <0.001
Yes 2.72 (1.90-3.89) 3.24 (2.16-4.84) 2.86 (2.19-3.73)
No 1.00 1.00
Dyslipidemia <0.001 0.050 <0.001
Yes 0.48 (0.33-0.69) 0.70 (0.50-1.00) 0.58 (0.46-0.75)
No 1.00 1.00
Hypertension 0.773 0.039 0.101
Yes 0.95 (0.69-1.32) 0.68 (0.48-0.98) 0.82 (0.64-1.04)
No 1.00 1.00 1.00

*Adjusted for age.
OR: odds ratio, Cl: confidence interval
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diagnosis or the ongoing treatment of diabetes has
significantly been associated with an increased risk
of PD in a Danish population-based case-control
study’. Diabetes has been positively correlated with
the severity of the disease as well (OR=1.5) in a
Greek cross-sectional study'¢. Another case-control
study in the USA has also found a significant rela-
tionship between PD and diabetes mellitus; the
results of the study show a difference between the
two genders: men with diabetes mellitus had a sig-
nificantly lower risk of PD (OR=0.52) than men
without diabetes, whereas the association in women
was not significant'’. Nonetheless, a large meta-
analysis has found negative association with future
PD (OR=0.75) and diabetes mellitus'®. Our findings
are in accordance with the Danish, Greek and USA
studies showing a considerable relationship bet-
ween diabetes mellitus and PD.

The relationship between PD and cause of dia-
betes mellitus has been studied many times. One
explanation is the inborn error of the insulin recep-
tor expression in substantia nigra'®, but oxidative
stress and mitochondrial disorders were linked to
the disease process as well.

Similarly, studies about the complex problem of
elevated lipid levels and PD relationship have been
published, as well. A large prospective study has
described that high dietary intake of cholesterol
increased the risk of PD?, while high levels of cho-
lesterol, triglycerides, total lipids and mean systolic
and diastolic blood pressures have been less fre-
quent in PD patients than in controls in a case-con-
trol study in Italy?’. The Honolulu—-Asia Aging
Study has also revealed an inverse association
between LDL cholesterol and PD risk?. In another

prospective study, PD has not been significantly
associated with hypertension, high cholesterol
level, or diabetes, but it modestly declined with the
increasing blood cholesterol level®. The associa-
tion between blood pressure and the risk of PD has
also been analyzed in other studies. High blood
pressure is associated with PD only in females in
the National FINRISK Study; the results indicate
the importance of optimal blood pressure control to
reduce the risk of PD'. The protective effect of
antihypertensive medications, such as centrally act-
ing L-type calcium channel blockers of the dihy-
dropyridine class in PD have been described by Ritz
et al.'.

Numerous animal experiments and human
observational studies supported that a higher intake
of cholesterol can reduce the risk of developing PD.
The reason for this may be the increased cholesterol
turnover in the brain, which promotes central nerv-
ous system repair processes thus reducing the risk
of developing PD*.

Many studies — including our study — have found
inverse causal relationship of cholesterol level and
risk of PD, which cannot be explained by lifestyle
and dietary habits of the population, thus this may
be an element of the process of PD. The possible
causal relationship explored in some studies sug-
gests that certain chronic neurodegenerative disor-
ders — such as PD — are associated with impaired
cholesterol homeostasis®.

In case of males, our results correlated with the
previous findings related to the protective effect of
abnormal lipid levels: we found negative associa-
tion between dyslipidemia as a comorbidity and a
risk of PD. The effect of hypertension was contro-
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versial, and it was also different by gender similar-
ly to the findings of National FINRISK Study'’;
according to the multivariate analyses, hyperten-
sion in females is associated with a lower risk of
PD, while in males no association has been found.

The strength of the present study is that prior to
this study, little research had been conducted about
the association between PD and some vascular risk
factors in Hungary.

Our study also has at least three limitations.
First, the onset of PD and vascular risk factors/
comorbidity is not clear because of the retrospec-
tive type of the study. Second, all diagnoses (PD,
diabetes, hypertension, and dyslipidemia) were
determined by the ICD codes gained from the
MedSolution program of the hospital. Third, we
lacked information regarding medications taken
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, A KREATIVITAS ARCULATAI
A BIPOLARIS HANGULATZAVAR TUKREBEN

SZAKACS Réka

Szegedi Tudoményegyetem, Altaldnos Orvostudomanyi Kar, Pszichigtriai Klinika, Szeged

A kreativitds, mint az emberi teljesitmény legmagasabb
szint§ megnyilvanulési forméja, és a bipoléris hangu-
latzavarok kézétti kapesolat a tudomdnyos vizsgélatok és
kutatasok fékuszdba kerilt. Az irodalom, zene- és
képz8mivészet kimagasléd alkotéi kdzétt ugyanis lényegesen
nagyobb ardnyban fordulnak el8 affektiv betegségek,
kilénssen a bipoléris hangulatzavarok, mint az
atlagnépességben, mdsfelél a bipoléris 1. kérisméjd
betegekben (hypomania és depresszid), illetve a bipolarités
legenyhébb forméjat mutatd személyekben (cyclothymia)
magasabb az alkotékészség. Felmeril tehdt, hogy a
bipoléris hangulatzavarok egyes formdi és hangulati
dllapotai, kilénss tekintettel a hypomanidra, kognitiv, érzel-
mi-hangulati, motivaciés elénnyel jarndnak a kreativitést
illet&en.

A jelen esetismertetés célja egy kiemelkedd alkotokészségU,
egyben bipoldris Il. kedélyzavar kérismével kezelt beteg
kreativ megnyilvanuldsi formdinak (irodalmi, vizudlis
mUivészeti, tudomdnyos), illetve a kreativ teljesitménynek
(irodalmi és tudoményos publikacidk, mialkotdsok, kiallité-
sok szdma, elismerések, dijazdsok) a bemutatésa a
klinikailag diagnosztizalt hangulati llapotok tikrében. Az
affektiv dllapotok elemzése sordn azt taldltuk, hogy a hypo-
manids epizédok szoros kapcsolatban dllnak a vizudlis
mUvészeti (képz8- és fotdomivészeti) alkotdkészséggel és
elismert teljesitménnyel, valamint a tudomdnyos produktivi-
tdssal, mig az enyhe-kézépsuilyos depressziv éllapotokban
az irodalmi kreativitds a meghatdrozé. Stlyos depresszié és
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THE FACETS OF CREATIVITY IN THE LIGHT
OF BIPOLAR MOOD ALTERATIONS
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The link between creativity, as the highest expression form
of human achievement, and bipolar disorder came into
focus of scientific investigations and research. Accomplished
writers, composers and visual artists show a substantially
higher rate of affective disorders, prodominantly bipolar
mood disorders, comparing to the general population. Then
again, patients afflicted with bipolar Il subtype (hypomania
and depression), as well as persons presenting the mildest
form of bipolar mood swings (cyclothymia) possess higher
creative skills. It evokes therefore that certain forms and
mood states of bipolar disorder, notably hypomania might
convey cognitive, emotional/affective, and motivational ben-
efits to creativity. The aim of this paper is to display expres-
sion forms of creativity (writing, visual art, scientific work) as
well as productivity (literary and scientific work output, num-
ber of artworks and exhibitions, awards) in the light of clini-
cally diagnosed mood states at an eminent creative individ-
ual, treated for bipolar Il disorder. Analysing the affective
states, we found a striking relation between hypomanic
episodes and visual artistic creativity and achievement, as
well as scientific performance, whereas mild-moderate
depressed mood promoted literary work. Severe depression
and mixed states were not associated with creative activities,
and intriguingly, long-term stabilised euthymic mood,
exempted from marked affective lability, is disadvantageous
regarding creativity. It seems, thereby, that mood functions
as a sluice of creativity. Nevertheless, it is likely that there is
a complex inferaction between bipolar mood disorder spec-
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a kevert dllapotok nem jarnak kreativ tevékenységgel, és
meglepd médon a jelentds hangulatingadozdéstél mentes,
tartésan euthym hangulat is elénytelen az alkotéerd szem-
pontjabdl. Ugy tinik tehdt, hogy a hangulati fekvés az
alkotékészség zsilipjeként mikédik. Mindazondlial
valészinG, hogy a bipoldris hangulatzavar spektrum és az
alkotékészséget meghatdrozd pszichés tényez8k bonyolult

interakciéjdrél van sz, ahol a hangulati dllapot mellett a
betegség egyéni variabilitésai, dgymint a gydgyszerelés,
komorbid dllapotok, betegséglefolyds is befolydsoljék a
kreativitast.

Kulcsszavak: kreativitds, bipoléris hangulatzavar, hypoma-
nia, depresszié, vizudlis mivészet,
tudomdnyos teljesitmény, irodalom

z alkotékészség mibenléte, azon Iélektani

tényezSk egyiittallasa, ami az alkotds folyama-
tat feltételezi, illetve végsd soron a mialkotast, a
miremeket 1étrehozza, a mindenkori ember érdek-
16désének, utébb pedig a tudoményos igényl meg-
figyeléseknek és szisztematikus vizsgalatoknak a
targyéat képezi. A kreativitds ismérvei kozé tartoz-
nak jol koriilirhaté kognitiv stilusjegyek és folya-
matok, motivacios elemek, hangulati tényezdk, vél-
hetéen bizonyos személyiségvondsok, és ennek
megfeleléen az alkotokészség pszichometriai tesz-
telésére kiilonféle, nemzetkozileg validalt mérdesz-
kozok, kreativitdsskaldk dllnak rendelkezésre!=. A
kreativitastesztek mérhetik az alkotokészség egyes
kognitiv 6sszetev@it (komplexitdspreferencidkat,
divergens gondolkodast, asszociativ képességeket),
az alkotokészség motivacids és hangulati aspektu-
sait, valamint a személyiségjellemzdket. A kreativ
személyiségre jellemzd sajatossagok kozott fellel-
hetd az tjdonsagok irdnti nyitottsdg, a rugalmassag,
gondolkodasbeli ©6nall6sdg, nonkonformitds, a
kétértelmiséggel szembeni tolerancia, feladat iran-
ti elkotelezettség és kitartds, onérvényesités, domi-
nancidra torekvés, fliggetlenség, jatékossag, humor-
kedvelés®”. Mindazondltal e személyiségvonasok-
bdl nem 4ll el6 egy olyan mintdzat, mely a kreativ
embereket, mint csoportot irnd le, elkiilonitendd a
kevésbé kreativaktol, a kreativ egyénekre jellemz6
egységes személyiségprofil tehdt nem rajzolhat6
meg®. Azaz, mds megvilagitasbol nézve, a kreativ
személyis€ég mint olyan, kaleidoszképszeriien
komplex és paradox, egyszerre érzékeny, rugalmas,
tolerdns, ugyanakkor feladataiban kitarté és mere-
ven kovetkezetes, szocidbilis, de egyidejiileg fiig-
getlenségre torekvs, empatikus, ugyanakkor non-
konform és er6sen Onérvényesitd, mivel 1ényege
éppen az ellentétes polusu kvalitdsok integral6dasa-

trum and psychological factors promoting creativity, influ-
enced also by individual variability due to medication,
comorbid conditions, and course of disorder.

Keywords: creativity, bipolar mood disorder,
hypomania, depression, visual art,
scientific performance, writing

ban rejlik®. A kreativitds megragaddsara toreksziink
tehat a kognitiv, motivacids, hangulati 6sszetevé-
ket, illetve személyiségjellemzdket mérd kreativi-
tasskaldk révén. A kreativitdst azonban mi sem ra-
gadja meg és méri jobban, mint maga a mialkotas.

Az alkotdkészséget befolydsold tényezdk koziil
a hangulat szerepe — a tapasztalati tényeken és
megfigyeléseken tilmenden — az utdbbi évtizedek-
ben a tudomanyos vizsgalatok és kutatdsok foku-
szaba keriilt'?. A hangulat emelkedése egy bizonyos
szintig ugyanis serkenti az alkotderét, az extrém
fokd hangulatemelkedés azonban mar rontja a krea-
tivitast, vagyis az alkotéerd és a hangulat kapcsola-
ta forditott U alaku filiggvényhez hasonlithato.
Lényegében ezt a forditott U alakd hipotézist alli-
tottdk fel a kreativitds és a hangulat vonatkozdsaban
azon vizsgéalat alapjan, ahol a bipoldris hangulatza-
var kiilonboz6 sulyossdgd formdit mutaté szemé-
lyek kreativ teljesitményét vizsgaltak'!. A bipolaris
hangulatzavar enyhe, szubklinikus formdiban, azaz
a cyclothymidt mutaté személyekben (hypomania-
enyhe depresszid), valamint a bipolaris személyek
egészséges elsd foku rokonai esetében magasabb az
alkotékészség, mint a bipoléris kockdzatot nem
hordozé normdlkontroll populdciéban, illetve a
kedélyzavar stilyosabb formait mutaté manias-dep-
ressziés betegekben. Az I. tipusd bipoléris hangu-
latzavar (ménia és depresszid) tehdat mar nem
elényos a kreativitds szempontjabol. A bipoldris II.
kedélyzavart (hypomania és major depresszid)
mutaté személyek mivészi alkotokészsége megha-
ladja az I. tipusu bipoldris hangulatzavar kérismé;jt
betegek alkotokészségét egy masik vizsgélat szerint
is!2. Olyba4 tiinik tehat, hogy kétpdlusi hangulatza-
var enyhébb formdi elényt jelentenek az alkoto-
készséget illetden mind a normalnépességhez, mind
a betegség erdteljesen manifesztdlédé forméaihoz
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viszonyitva. Adddik is a sarldsejtes vérszegénység
analdgidja'', noha a bipolaritds genetikai héttere
vélhet&en jéval komplexebb, mind sarldsejtes anae-
midhoz vezetd6 pontmuticié. Sarldsejtes vérsze-
génységben a mutdciéra homozigéta egyének a
hemoglobinaggregacid sulyos, gyakran korai halalt
okoz6 kovetkezményeitdl szenvednek, mig a hibds
gént egy példanyban hordozd, jorészt tiinetmentes
heterozigétak ellendllobbak a malaridt okozé plas-
modiumfert6zéssel szemben. Ezen analdgia értel-
mében mind a sarldsejtes anaemia, mind a bipolari-
tds kevésbé manifesztdlodott formdi kompenzato-
ros elényt jelentenek az egyén szamdra'': az elGbbi
a fert6zéssel szembeni védettség révén az életkila-
tasokat, az utébbi az alkotdkészség révén az embe-
egyén, de a populdcid, az emberi tarsadalom szem-
pontjabdl is elényos.

A bipolaris hangulati spektrum egyes formai
(cyclothymia, bipoldris II. kedélyzavar) magasabb
kreativitdssal jarnak tehat a silyosabb kérformahoz
(bipolaris I.)'" 2, illetve a normdlnépességhez vi-
szonyitva!l, a bipolaris betegek jelentGs része
ugyanakkor nem rendelkezik kiemelkedd képzeld-
és alkotderdvel. Masfeldl az eminens alkotdk zome
nem szenved visszatérd hangulatingadozasoktdl,
beleértve a bipoldris zavart'’, noha a bipolaritds
kiilonboz6 sdlyossdgi formdi lényegesen (egyes
adatok szerint akar 10-20-szor) gyakoribbak irék és
képzémiivészek korében, mint az atlagnépesség-
ben!® 1315, Az alkotokészség €s a kiilonb6zE silyos-
sdgi hangulatzavarok kapcsolata, egyiitt jardsa,
egymasra hatdsa nem keriili el a klinikusok és kuta-
tok figyelmét. Az emelkedett, pozitiv hangulat al-
kotokészséget fokozd hatdsa mindemellett hangu-
latzavaroktol fiiggetleniil, egészségesekben is ki-
mutathat6'®. A pozitiv hangulat ugyanis kiszélesiti
a figyelem mezejét, a kiilvilig ingereinek tobb
aspektusat engedi befogadni, illetve kombindlni,
lehet6vé téve a latszolag eltérd, egymastdl tavol esd
percepciok és képzetek 6sszekapcsoldsat. Az asszo-
ciativitast segiti a pozitiv hangulat hatdsdra az
emlékezetben tarolt informacidok mennyiségének és
skaldjanak fokozott hozzaférhetdsége, mely végsd
soron érzeteket, képzeteket, gondolatokat szokat-
lan, djszerti médon hozhat kozos kontextusba (vesd
0ssze metaforaképzés), ami az alkotokészség 1énye-
gi kognitiv Osszetevdjének tekinthets. Mésfeldl
figyelemre és emlitésre méltd, hogy a hypomanids
epizéd DSM-IV és DSM-5 (Diagnostic and Sta-
tistical Manual of Mental Disorders, 2000 és 2014)
szerinti diagnosztikus kritériumai kozott szerepel a
disztraktibilitds, azaz a figyelem lényegtelen vagy
irrelevans kiils6 ingerek altal konnyen felkelthet
és terelhetd volta, valamint a gondolatrohands, gon-

dolattorl6dés szubjektiv élménye. Mindez a benyo-
masok €és idedk bdsége révén az idioszinkrazias,
szokatlan tarsitdsok nagyobb valdészintiségét, az uj,
eredeti teremtésének lehetdségét hordozza, amint
az a hypomanids betegeknél a klinikai gyakorlatban
gyakorta észlelhetd: rimek, hangzési asszociaciok,
alliteraciok, ujszerd szotarsitasok, szellemes szouj-
donképzések. Hypomanids betegek egyébként
mintegy hdaromszor gyakrabban hasznélnak idio-
szinkrazias kifejezéseket, valamint jéval gyorsab-
ban sorolnak szinonimakat, avagy képeznek szo-
asszociacidkat, mint a normalisnak tekintett 4tlag's.
Ugy tiinik, hogy hypomanidban a gondolkodas
gyorsuldsa egyben a gondolkodds mindségi valto-
zéasaval is egyiitt jar, ami az eredeti asszocidciok, Uj
otletbetorések révén a kreativitas alapja. Megjegy-
zendd, hogy nem pontosan ismert, hogy mi vezet a
kognitiv folyamatok e min&ségi valtozasdhoz hypo-
manidban.

Az emelkedett hangulat — akér egészségesekben,
akdr a bipolaritds kontextusdban — kedvezd tehit a
kreativitdsra nézve. A bipolaritds, az emelkedett
hangulat, valamint az alkotokészség interakcidjaval
kapcsolatos érdekes vizsgdlat sordn, melyben egye-
temi hallgatok korében pszichometriai skéldval
mérték a manids hajlamot, valamint a tavoli tarsita-
sok tesztje révén a kreativitast, azt taldltdk, hogy a
magas bipolaritds atlagos (kontroll)helyzetben nem
eredményez magasabb kreativ teljesitményt, han-
gulatemeld élmény és hangulatemelkedés azonban
igen. A bipoldris hajlam 6nmagéban tehit nem ele-
gendd az alkotékészség kibontakozdsahoz, ehhez a
hangulat emelkedése is sziikséges'”.

Masrészrdl a depressziv hangulati eltolédds nem
vezet sziikségszeriien az alkotokészség megsziliné-
séhez. A depresszidval egyiitt jaré befelé fordulés,
Hamvas Béla szavaval ,,a 1élek sotét éjszakdjan”'s,
az emberi tudat és tudds peremvidékein a 1ét és
nemlét végsd kérdéseivel valo kdzvetlen szembesii-
1és megrendité élménye ugyanis kifejezési forméat
keres és taldl. Hasonl6 kovetkeztetésre jutottak
Schildkraut és munkatarsai'®, akik a 20. szdzadi
New York-i Iskola absztrakt-expresszionista kép-
z6mivészeinek korében vizsgaltdk a hangulatzava-
rok el6forduldsat. A szabad asszocidcion alapuld
pszichés automatizmus technikdjat alkalmazd
képzémiivészek a tudattalan tartalmak kifejezésére
torekedtek a teremtés, sziiletés, élet és a haldl spiri-
tualitdsdnak megragadasdval. E képzémiivészek
mintegy felénél taldltak depressziét vagy bipolaris
depressziot, gyakran alkohol abtizussal tarsultan, az
ongyilkossdg pedig sokszorosa (13-szorosa) volt
koriikben az amerikai 4tlagénak. A szerzék véleke-
dése szerint a depresszié elkeriilhetetleniil a befelé
fordulashoz vezet, melyben a 1ét értelmével és a
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halal lehetdségével valdé fajdalmas szembenézés,
végsd soron a létezés és a haldl nagy kérdései révén
a miivész azzal a megmagyardzhatatlan misztéri-
ummal taldlkozik, mely az absztrakt-expresszio-
nizmus ,,tragikus €s id6tlen” mivészetének lénye-
ge!. Ugyszintén a haldl tragikus misztériumaval
valé maganyos és megrendité szembesiilés élmé-
nyébdl sziilettek Rembrandt 1642-es, dnarcképnek
tekinthetd rézkarcai: Szent Jeromos egy sotét szobd-
ban (Saint Jerome in a Dark Chamber) és Asztalndl
iilo tudos gyertyafényben (A Scholar at a Table by
Candlelight). Schildkraut és munkatarsainak vizs-
gdlatai szerint®® a vélhetSen bipoldris hangulati
spektrumba sorolhaté miivész felesége 1642-ben
bekovetkezett haldlat kovetSen klinikai depresszié-
ban szenvedett. Mindazonadltal a depressziv allapot
is kifejezési formét taldl Rembrandtnél, ahol a han-
gulati fekvést tiikrozi a sotét tonus, az dbrazolt én
testtartdsa, s6t a szeretett és gyaszolt l1ény, az
elhunyt feleség képe is fellelhet6 lenne a rézkarcok
egyikén?.

A depressziv hangulat tehit nem vezet feltétle-
niil az alkotokészség kihunydsdhoz, a hangulati
fekvés inkdbb a kreativitds sz{ir6jének tlinik. Erre
utalhat az a vizsgdlat is, melyben a szerz6k a ,,han-
gulat mint input” modellt alkalmazva értelmeztek
olyan helyzeteket és 1élektani dllapotokat, ahol a
negativ hangulat elsegiti, mig az emelkedett han-
gulat gdtolja az alkotéi teljesitményt?!. Olyan mun-
kakorben, ahol elvaras az eredeti design létrehoza-
sa és kivitelezése, azaz a munka a kreativitas koz-
vetlen kiaknazdsan alapul, a negativ hangulat akkor
jar kreativ teljesitménnyel, amikor e teljesitményt
elismerés és jutalmazds kiséri, valamint jelen van
az érzések nagyfoku tisztasdga is (hangulati meta-
folyamat). A szerz6k szerint a pozitiv hangulat
alkotoi teljesitményt csokkentd hatdsa ugyanezen
tényez8k fennalldsdval magyarazhat6?!.

Szamos vizsgdlat irdnyul tehat a kreativitds és a
kedélyéllapot polaritdsainak Osszefiiggéseire, hi-
szen az irodalom, zene- és képzomiivészet kima-
gaslé alkotéi kozott Iényegesen gyakoribbak a
bipoléris affektiv betegségek, mint az atlagnépes-
ségben'*15, mdsrészt a bipolaritds bizonyos formai
magasabb alkotokészséggel tarsulnak!'. E vizsgéla-
tok és tanulmanyok jelentds része az eminens alko-
tok életrajzainak retrospektiv feldolgozdsan ala-
pul?> 2, a pszichopatoldégiat és korlefolydst a ren-
delkezésre all6 dokumentumok, forrdsanyagok,
olykor anekdotikus informaciok'* ' alapjan igyek-
szik rekonstrudlni, valamint a bipolaris kedélyzavar
valdszinii kérisméjét feldllitani**. Az egyes alkotok
esetében ily modon rekonstrudlt mentalis allapot-
hoz hozzéarendelhetd alkotdsok mennyisége lehet6-
vé teszi a hangulati fekvés és a kreativitds Osszefiig-

géseinek elemzését, mint példaul Robert Schu-
mann'® vagy Giacomo Rossini** esetében. Az él16
alkotomiivészek strukturdlt interjun és rendszere-
zett pszichidtriai diagnosztikdn alapul6 vizsgélata a
bipolaris affektiv zavar spektrum kérisme egzakt
felallitasat teszi lehet6vé, illetve e kedélybetegség
normdlpopuldciéhoz viszonyitott gyakorisdgat
vizsgélja eminens alkotok korében'* 1324 azaz az
epidemioldgia irdnyabol kozeliti meg a hangulatza-
var és az alkotokészség Gsszefiiggéseit. A vizsgala-
tok madsik vonulata a diagnosztizalt bipolaris af-
fektiv zavar koérisméji betegek alkotokészségét
vizsgélja kiilonboz6 kreativitdst mérd skalak segit-
ségévelll,

Jelen tanulmdany ismereteink szerint egyediilall6
abban a vonatkozasban, hogy egy kiemelkedd, sok-
oldaliian kreativ, ugyanakkor bipoldris II. kedélyza-
var kérismével szisztematikusan kezelt beteg krea-
tiv megnyilvanuldsi formadit (verbdlis-irodalmi,
vizudlis miivészeti, tudomdnyos) és alkotdi teljesit-
ményét a klinikailag diagnosztizalt hangulati alla-
potok tiikrében mutatja be és kiséreli meg elemez-
ni.

Médszer

A Szegedi Tudoményegyetem, Altaldnos Orvostu-
domanyi Kar, Pszichidtriai Klinika ambulancidjan
2006. januar 25-t6l rendszeresen kezelt, illetve
akutfekvébeteg-osztdlyan hdrom alkalommal hos-
pitalizalt beteg orvosi dokumenticiéit (ambuldns
kezel6lapok és zardjelentések) vettiik alapul, kiilo-
nos tekintettel a 2006. janudr és 2009. 4prilis kozot-
ti id6szakra, melyet a hangulatingadozdsok és a
kreativitds kapcsolatdnak vonatkozasban a leginfor-
mativabbnak véliink.

Az els6 pszichidtriai vizsgdalat, illetve klinikdn-
kon tortént gondozdsbavétel idGpontjdban a bio-
16gus végzettségli beteg 25 éves, kutatdlaboratori-
umban dolgozik, PhD-jének megszerzéséhez kuta-
tasait az idegtudomdnyok teriiletén végzi. Hajadon,
szomatikus koérel6zményében 1ényeges megbetege-
dés nem szerepel. Pszichidtriai anamnézise egy
négy évvel kordbbi konzulticiéra korlatozédik, a
Neuropszichiatriai és Alvéasdiagnosztikai Szak-
rendelésen két alkalommal észlelték, alvaszavar €s
szorongés tlinetei miatt néhdny napig zolpidemet
javasoltak, majd rovid ideig (néhany hétig, valtozo
rendszerességgel) clonazepamot szedett. Az ezt
kovet6 id6szakban gydgyszermentes, ismételt orvo-
si vizsgalatra nem Kkeriilt sor intézetiinkben tortént
észleléséig.

Klinikdnkon a beteg els6 pszichiatriai szakvizs-
gélatét, illetve a tovabbiakban a rendszeres kont-
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rollvizsgdlatokat, beleértve a gydgykezelést és az
orvosi dokumentécié vezetését — mind a jarobeteg-
ellatas keretein beliil, mind fekv6betegosztalyon — a
2006. janudr €s 2009. marcius kozotti idészakban
ugyanaz a pszichidter szakorvos végezte. Ebbdl az
1dGszakbdl a rendelkezésiinkre all6 részletes, szisz-
tematikus és diagnosztikus klinikai vizsgélati lele-
tek alapjdn megrajzoltuk a bipoldris II. hangulatza-
var kérismével kezelt beteg hangulati gorbéjét. A
II. tipust bipoldris zavar diagnézis feldllitdsa a
hosszmetszeti kép alapjan a DSM-IV kritériumai-
nak figyelembevételével tortént. A klinikai vizsgé-
latok sordn az aktudlis keresztmetszeti képnek meg-
felel korismét a klinikai gyakorlatnak megfelel6en
a diagnosztikus exploraldsra alapozva, a részletes
pszichopatolégia dokumentalasaval, a DSM-IV-
nek az affektiv zavarokra vonatkozé diagnosztikus
irdnyelveit kovetve, a BNO-10 szerint allitottuk fel.
Egy adott kérismén beliil (példaul bipolaris affektiv
zavar, sulyos depresszié pszichotikus tiinetek nél-
kiil), a hangulati fekvés mértékének viszonylag
pontosabb megbecsiilésére a részletes pszichopato-
l6giai leirdsokat vettiik alapul (pszichomotilitds,
figyelem, gondolkodds, akarati élet, vegetativum,
alvasszabdlyozds, szocidlis funkcidk érintettségé-
nek fokozatait a megtartott miikodést6l az enyhe
zavaron at a silyos miikodészavarig vagy kiesésig
(vesd ossze hypo- vagy abulia). Igy péld4ul a meg-
lassult pszichomotorium a figyelmi funkcidk és
akarati élet jelentds zavardval, a gondolkodas kife-
jezett meglassuldsaval, silyosan deprimélt hangulat
ongyilkossagi gondolatok dlland6 megléte mellett a
major depressziv allapoton beliil sulyosabb, mint
megtartott figyelmi funkcidk és akarat mellett fenn-
all6é ugyanezen tiinetek visszatér$ suicid fantaziak-
kal tarsultan. Fentiek alapjan a hangulati allapotok-
hoz — mind pozitiv, mind negativ irdnyban — hozz4-
rendelhet6 egy tizes becsldskdlan beliili érték. Az
euthym dallapotot, mely természetesen megenged
normélisnak tekintheté hangulatingadozasokat,
mindkét irdnyba, a vizszintes tengelyre vetitettiik.
Az id6tengelyen ily mddon dbrazolt hangulati
allapotgorbe pozitiv, illetve negativ irdnyu kilengé-
seihez hozzarendeltiik ezen id6szak jellemzd krea-
tivitasi formait (verbalis-irodalmi, vizualis miivé-
szeti, tudomdnyos), illetve alkotdi teljesitményét
(megjelent irodalmi és elsé szerzés tudomdnyos
publikécidk, dijazott alkotdsok, kidllitds, elismeré-
sek). Megjegyzendd, hogy a tudomanyos publikaci-
ok esetében nem a megjelenés idejét, hanem a kéz-
irat benyujtasdnak id6északat tekintettiik relevans-
nak a kreativ teljesitmény vonatkozasiaban. Hasonld
megfontoldsbél a mivészeti dijak, elismerések
esetében a miivek megalkotdsanak idejét vettiik ala-
pul, nem a dij elnyerésének datumat. A kiallitasok

esetében azokat a kordbbi periddusokat is szamitas-
ba vettiik, amikor a kiallitott munkék létrejottek.

Az adott id6szakokban alkalmazott gydgyszeres
kezeléseket is feltiintettiik a hangulat-kreativitas
abran, noha a gyégyszeres terdpia és a kreativitas
kozvetlen kapcsolata nem tekinthetd vizsgalatunk
targyanak.

A 2009. éprilist kovetd idészakban a hangulati
allapot és az alkotokészség fentiek szerinti abrazo-
lasa nem informativ, tekintettel arra, hogy ezen id6-
szaktdl szamitva a kisebb hangulatingadozasokt6l
eltekintve a hangulat stabilitdsa jellemzd, [ényegé-
ben euthymma vélik, a hangulati gorbe elsimula-
sdval egyidejlileg pedig megsztinik a kreativitas
korabbi sokarctisaga és a kiemelkedd kreativ telje-
sitmény. Megjegyzendd ugyanakkor, hogy az al-
kotder$ kordantsem sztinik meg teljesen, bar intenzi-
tasa és teljesitménye kétségteleniil jelentGsen elma-
rad a kordbbitdl.

Eredmények

Az 1. abran szerepelnek a pozitiv és negativ han-
gulati eltérésekhez tarsul6 jellemzd kreativitési for-
mak. A kiilonboz6 silyossdgi hangulati dllapotok
és az alkotderd Osszefiiggéseinek elemzése sordn
azt taldltuk, hogy a hypomanids epizédok szoros
kapcsolatban éllnak a vizudlis mivészeti alkoto-
készséggel és kreativ teljesitménnyel, valamint el6-
segitik a tudomanyos produktivitdst, mig az enyhe-
kozépsilyos depressziv allapotokban az irodalmi
kreativitds a meghatdrozd. A felhangoltsag enyhébb
formdja, a hyperthymia, a hypomanidhoz hasonl6an
a vizudlis alkotokészségnek és a tudomanyos tevé-
kenységnek kedvez, azonban a teljesitmény ez eset-
ben elmaradt a hypoman epizédok kreativ teljesit-
ményétSl. Sulyos depresszid és a kevert affektiv
allapotok nem jarnak alkotdtevékenységgel, és
meglep6 modon a jelentés hangulatingadozéstél
mentes, tartésan euthym hangulat is elénytelen az
alkotéerd szempontjabol. A 2009. 4prilist kovetd
id6szakra jellemz6 tartés hangulati stabilitast, ahol
a hangulatingadozds — a gyogyszeres kezelés ré-
vén — a normaltartomanyon beliil marad, az id6-
tengely végén jelzésszertien tiintettiik fel, mivel
ezen id6északtdl kezdve, olykor éveken keresztiil,
nincs avagy ritka az alkot6i megnyilvanulas.

Az egyes, viszonylag jol behatarolt id6szakok-
nak megfeleld hangulati epizddok kreativ teljesit-
ménye tételesen is szerepel az 1. tablazatban, illet-
ve feltiintettiik az alkotokészség hidnyat bizonyos
affektiv allapotokban (silyos depresszid, kevert
affektiv epizdd, depresszids kevert allapot).

A hangulati allapot polaritdsai és a kreativitds
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3 Bk T, input” modell?!). Az emelkedett
L TUDOMANY? ‘ VIZUALIS MOVESZET” hangulat a vizudlis miivészi és
i ' m::l:omim‘ tudoményos alkotékészséget, a
sk LN—E negativ hangulati eltolédds (egy
ar VIZUALIS MOVESZET® bizonyos mértékig) az irodalmi
:'_ kreativitdst segiti, a hangulat tehat
e g - M\ \ mintegy mds mederbe tereli at az
penguiat O _ U alkotokészség pszichologiai Ossze-
28 Ll 2 ” % U tevéit. Ugy is értelmeznénk, hogy
£ i £ = . P .S
§5 3 3|5 a hangulati fekvés a kreativitds
; :: é g|3 zsilipje, azaz, amint a hajozsilip a
% L 5 1 vizi jarmiivek eltér6 magassagi
g_ 71 vizfeliiletek kozti felemelésre és
_'_% L _‘:: lesiillyesztésére szolgdl a kiilonbo-
a0k 76 csatorndkon, ugy zsilipeli 4t a
. 1 ot s 5 5., . 5555 5.5 59 B T L. hangulat a kreativitds sokkom-

01, 02 03. 4. 05 06 O7. 08. 09. 10. 1. 12 01 02 OX O4. 05 06. O7. OB. 09 100 11 12 01 02 (3. O4. 05. 06 O7. 08. 09. 10. 11. %2 01. 02. 0O 04. 05. 08. O7. ponensﬁ ”hajéjét” més mederbe‘

2006 2007 2008 2009 AP ,, .
A hypomanidra jellemz6 kogni-

1. abra. Hangulatgirbe a jellemzd kreativitdsi formdkkal. Az adott id8szak kreativ
teljesitményét a szamindexnek megfeleléen az 1. tabldzatban részletezziik. Az idoten-
gely a vizsgdlt (2006. janudr és 2009. dprilis kozotti) iddszakra terjed ki, havi lépték-
ben. A 2009. dprilist kovetd iddszakot, ahol a hangulatingadozds a normdltartomd-
nyon beliil marad, az idbtengely végén jelzésszeriien, szaggatott vonallal tiintettiik fel.
A fiiggdleges tengely a hangulati becsléskdla, a pozitiv és negativ irdnyi hangulati
eltoloddsok mértékét jelzi. A hangulatgorbén a rapid fdzisvdltdasokkal tdrsult kevert
affektiv epizodok (2007. 02-03. és 2008. 11 — 2009. 01.) dbrdzoldsa az dttekinthetd-
ség megdrzése érdekében szimbolikus formdban (,,cyclothym” gorbeként) tortént

szembetlind kapcsolata, illetve a gydgyszeres keze-
1és révén elért hangulati stabilitds és a kreativitds
jelentés csokkenése miatt a gydgyszeres terdpia
feltiintetése is indokoltnak tidint, illusztralandd a
hangulati stabilitds elérése érdekében tortént terdpi-
as probalkozasokat (2. abra). Bar az egyes farma-
konok és/vagy kombinacioik, valamint a kreativitds
esetleges Osszefiiggéseinek elemzésére e vizsgélat
nem hivatott, az azonban megallapithatd, hogy a
terapids arzendlbol végiil ,,megtaldlt”, hatékony és
tolerdlt gyogyszeres kezelés altal elért tartés nor-
mothymia kedvez6tlen az alkotokészségre nézve.

Megbeszélés

Esetiink jol illusztrdlja azt, hogy a bipolaris II.
kedélyzavar az 4tlagosnil magasabb kreativitdssal
tarsul!', masfeld] illeszkedik az eminens alkotdk
korében gyakori bipolaritds paradigmdjaba'® 3-15,
Eminens alkotd, egyben bipoldris II. kedély-
zavar korisméjti betegiink kreativ megnyilvanulasi
formdinak és teljesitményének vizsgdlata ugyanak-
kor meger0siti azt a feltevést, hogy a hangulati fek-
vés a kreativ folyamatok egyfajta sziir6jeként mi-
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tiv és nem kognitiv folyamatok a
vizudlis miivészeti alkotokészség-
nek és a tudomdnyos produktivi-
tdsnak kedveznek. A hypomania
kognitiv  stilusjegyei, melyek
némelyike egyszersmind e hangu-
lati epizdd diagnosztikai kritériu-
mai kozott is szerepel, igy a figye-
lem ébersége, a gondolatok dram-
lasdnak, mennyiségének noveke-
dése, az emlékezetben tarolt infor-
maciok hozzaférhetésége, a fokozott asszociativi-
tas, a szokatlan, eredeti tarsitasok, Otletbetorések,
tehat a gondolkodas mindségi valtozasa, a vizudlis
miivészeti alkotokészség és tudomdnyos teljesit-
mény termékeny talaja és feltétele. Erdekes
momentum, hogy a fokozott asszociativitas konkrét
képi megnyilvanulasi formdja esetiinkben a foté-
montdzs és a vegyes technikdk alkalmazdsa a
hypomanids epizdédok vizudlis mivészeti alkotdi
periédusaiban (1. tablazat), azaz a tarsitdsok gon-
dolati és technikai szinten egyardnt megval6sulnak.
A hypomania nem kognitiv tényezdi, igymint az
energikussdg, a magatartdsi repertodr €s az érzel-
mek skéldjanak kiszélesedése, a technikai-mester-
ségbeli eszk6zok és ismeretek merész, szabad fel-
haszndldsa, nagyban elGsegitik az asszociativitast,
mely az 4j és ujszerl teremtésének eszkdze a mi-
vészetben.

A depressziv hangulati eltol6dds a figyelem me-
zejének és a kiilvildg ingereire adott érzelmi-
viselkedési repertodrnak a sziikiilésével jar, maga-
val vonva az egyén befelé forduldsat és az intro-
spekciot a kognitiv stilusjegyek és élménymod olyan
jellegzetességei mellett, mint a negativ preferenci-
ak. Mindez gyakorta tiikr6z6dik a témavalasztasban

Szakdcs: A kreativitds arculatai a bipoldris hangulatzavar tokrében
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szintigy megfosztjdk kreativitasa-
tél az alkotot, ebben a kozérzet
sulyos foku, ongyilkossdggal fe-
nyegetd romldsa a meghatirozo.
Mindemellett lehetetlenné valik a
célirdnyos, csatorndzott tevékeny-
ség, ami minden alkotétevékeny-
ség feltétele, hiszen a hangulat zsi-
lipje rendszerteleniil, kaotikusan
miikodik, dobdlva-rangatva a krea-
tivitas ,,hajojat”.

A hangulat széls6ségekt6l men-
tes polaritdsai elényosnek mutat-
koznak az alkotékészség szem-
pontjabdl, a hangulat szélsGséges
valtozdsai és extrém kilengései
azonban az egyén silyos szenve-
dését, az életmindség szamottevd
romldsat, gyakorta az egyén koz-

vetlen veszélyeztetettségét jelen-

2. abra. Hangulatgorbe az egyes iddszakokban alkalmazott gyogyszeres kezelések
feltiintetésével. A hangulati stabilitds elérése érdekében tortént terdpids probdlkozd-

sokat az

ESC: escitalopram, VAL: valproat, MIZ: mirtazapin, LAM: lamotrigin, OLA: olanzapin, ARI: aripiprazol

70

iddtengelyre vetitettiik

(példaul a 1ét és nemlét fajdalmas kérdései felé for-
dulas), valamint mas mederbe tereli az alkotokész-
séget. A verbalitds, az irodalom nytjt olyan eszkoz-
tarat, ami alkalmas a depressziv allapotra jellemzd
élménymod, a valésaghidny, a 1ét negativumainak
kifejezésére (vesd 0Ossze a depressziv kognitiv
struktira ontoldgiai sikjarél a konkrét allitdsok
fenomenoldgiai sikjdra tevédik at*). Sulyos dep-
ressziés allapotban az elviselhetetlen lelki szenve-
dés mar nem kifejezési formdat, hanem kiutat keres
akdr az ongyilkossdgban is, a gondolkodds és az
élménymod olyan mértékben besziikiil, ahol mar
megsziinik minden alkotokészség. A kevert affektiv
allapot és a gyors (akdr napszaki) fazisvaltasok
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