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PROGRESSZIÓGÁTLÁS MEGALKUVÁS NÉLKÜL
MÁR A KEZDETEKTŐL1

Akár indító RSM kezelésként is 
magas betegségaktivitás és 
rossz prognosztikai faktorok esetén*

Több, mint 300 0002 betegen szerzett, 
10 éves biztonságossági adatok3

Indikációk:4

Az Ocrevus a Sclerosis Multiplex relapszáló formáiban (RSM) szenvedő felnőtt betegek kezelésére 
javallt, klinikailag vagy képalkotó vizsgálatokkal igazolt aktív betegség esetén. Az Ocrevus a betegség 
fennállásának időtartama, a funkcióromlás mértéke, valamint a képalkotó vizsgálati lelet gyulladásos 
aktivitás jellemzői szerint korai primer progresszív sclerosis multiplexben (PPSM) szenvedő felnőtt betegek 
kezelésére javallt. 

10 év kezelés után az eleve Ocrevus kezeléssel kezdők körében5,6

• a betegek 80%-a még mindig progressziómentes
• 92%-uk nem igényel semmilyen járási segédeszközt
• lassítja az agyi atrófiát a kezelési idő során, megközelítve az
   egészséges kontrollt

AZ ELSŐ ÉS EGYETLEN TERÁPIA, MELYET 

MIND RSM, MIND PPSM 
KEZELÉSÉRE REGISZTRÁLTAK

M-HU-00000792, Lezárás dátuma: 2024.01.11.

VÁLASSZAÉVENTE KÉTSZERAZ OCREVUST! 1

*NEAK-közlemény - a finanszírozási eljárásrendekről (hatály: 2024.01.04. 31. melléklet) - A sclerosis multiplex
diagnosztikájának és kezelésének finanszírozási eljárásrendje

Referenciák: 1. L Kappos et al. Presented at EAN 2022 (Repeated Confirmed Disability Progressions Analyses of the OPERA and ORATORIO Studies and Their Open-Label Extensions EPO 
395); 2. Roche Data on File M-GB-00012115 july 2023; 3. Hauser SL, et al . Presented at MSMilan ECTRIMS 2023 P304; 4. Ocrevus, Alkalmazási Előírás (utolsó módosítás 13/04/2023);              
5. Weber MS, et al. Presented at MSMilan 2023 (P302); 6. KolindS, et al. MultSclerJ 2023;29:741–7

*NEAK-közlemény - a finanszírozási eljárásrendekről (hatály: 2024.01.04. 31. melléklet) - A sclerosis multiplex diagnosztikájának és kezelésének finanszírozási eljárásrendje.
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ÖSSZEFOGLALÓ 
KÖZLEMÉNY

REVIEW ARTICLE

A sclerosis multiplex (SM) a központi 
idegrendszer autoimmun gyulladásos, 
demyelinisatióval és neurodegenerációval 
járó betegsége. A betegség kezdetét jellemző 
gyulladásos jellegű immunfolyamatok mellett 
– melyek relapszusokat okoznak –, a beteg-
ség kezdetétől krónikus gyulladás is jelen 
van. A krónikus gyulladás által előidézett 
katabolikus folyamatok felelősek a betegség 
progresszióját okozó axonpusztulásért. A 
betegség aktivitása jól definiálható, fontos 
prognosztikai faktor, a betegségmódosító te-
rápiák indikálásánál meghatározó szempont. 
A betegség diagnózisakor fontos megállapí-
tani és a beteg gondozása során folyamato-
san monitorozni kell a betegségaktivitást  
– ami lehet klinikai és radiológiai –, mert 
ennek alapján kell dönteni az aktuális keze-
lésről. A szakmai irányelv alapján észlelése 
esetén magasabb hatékonyságú terápia 
kezdése, vagy arra való váltás szükséges.

Kulcsszavak: sclerosis multiplex, betegség-
progresszió, betegségaktivitás, betegségmó-
dosító kezelés

Theoretical approach and prognostic 
significance of high disease activity  
in multiple sclerosis
Mátyás K, MD

Multiple sclerosis (MS) is an autoimmune 
inflammatory disease of the central 
nervous system with demyelination and 
neurodegeneration. In addition to the 
inflammatory immune processes that 
characterise the onset of the disease with 
relapses, chronic inflammation is also 
present from the onset of the disease. The 
catabolic processes induced by chronic 
inflammation are responsible for the axonal 
degeneration that causes the progression 
of the disease. The activity of the disease is 
well defined, an important prognostic factor, 
and a determining factor in the indication of 
disease-modifying therapies. It is important 
to establish disease activity at the time of 
diagnosis and to monitor it continuously 
during patient care, both clinically and 
radiologically, as it is the basis for deciding 
on the current treatment. If detected on 
the basis of the professional guideline, it 
is necessary to start or switch to a highly 
effective therapy. 
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A sclerosis multiplex a központi idegrendszer autoim-
mun gyulladásos, demyelinisatióval és neurodege-

nerációval járó betegsége. A betegség kezdetén jellemzően 
a gyulladásos jellegű immunfolyamatok dominálnak, me-
lyek relapszusokat okoznak. Mellettük a betegség kezde-
tétől krónikus gyulladás is jelen van1, ami a betegség prog-
ressziójáért felelős degeneratív változásokat eredményezi. 
A krónikus gyulladás által kiváltott metabolikus változások 
az ép myelinű axonokat is érintik2. Az oligodendrocyták 

károsodása, pusztulása miatt demyelinizált axonok anyag-
cseréje pedig már a velőshüvely pusztulása miatt is elégte-
len, mivel bennük az oligodendrocyták védőszerepe nem, 
vagy csak kevéssé érvényesül. Így belátható, hogy ezen 
axonok még sérülékenyebbek a krónikus gyulladás okozta 
katabolikus folyamatokkal szemben, bennük ezek a károsí-
tó hatások még erőteljesebbek. A betegség előrehaladtával 
az axonpusztulás mértéke nő, ami lokalizációtól függő de-
ficittüneteket okoz.
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Elméleti megközelítés
A neurodegeneráció és neuroinflammatio molekuláris 
szintjét vizsgálva találhatók olyan molekulák, melyek 
mindkét folyamatban szerepet játszanak3. A glikolízis és 
a lipidanyagcsere metabolitjai például befolyással lehet-
nek a citokintermelődés szabályozására. Számos fontos 
tényezőt lehetne még említeni – kinurenin-anyagcsere, 
redoxrendszerek, laktátszint, vashomeosztázis stb. –, 
mindezek ismertetése azonban meghaladja e közle-
mény kereteit, részletes kifejtése külföldi közlemények 
mellett4 magyar szerzők tollából is elérhető5. Az elmúlt 
években a betegség progressziójáért felelős folyama-
tok kerültek a tudományos érdeklődés középpontjába, 
különösen a microglia kettős szerepe6. Az anyagcsere 
fent említett változásai a microglia funkcióját is meg-
határozhatják. A microglia egyaránt részt vehet a gyul-
ladásos folyamatok kialakításában, de fordítva, ked-
vezően is befolyásolhatja ezeket, azaz elősegítheti a 
demyelinisatiót, a neurodegenerációt, de ugyanígy a 
reparatív remyelinisatiós folyamatokban is szerepe lehet, 
aktivációjának minőségétől függően.

Ugyanakkor sem időben, sem térben nem lehet szét-
választani a gyulladásos és degeneratív folyamatokat, 
melyek egymás mellett, egymással kölcsönhatásban, 
egymást felerősítve, az „eredményt” tekintve közösen, 
folyamatosan rontják a beteg állapotát.

Az elméleti ismeretek bővülésével a betegség kórlefo-
lyás alapján történő klasszifikációja is változik. A „klas�-
szikus” besorolás szerint primer progresszív (PPSM), re- 
lapszáló-remittáló (RRSM), progresszív-relapsing (PRSM) 
és szekunder progresszív (SPSM) formakört különítet-
tünk el. Később ez kiegészült a klinikailag izolált szind-
róma (CIS), sőt a radiológiailag izolált szindróma (RIS) 
csoporttal is. Az egyes formák definícióját többször re-
videálták7. 

2013-ban paradigmaváltás történt, amihez szükség 
volt a betegségaktivitás és -progresszió fogalmának be-
vezetésére. A betegségaktivitás lehet klinikai vagy radio-
lógiai. A klinikai aktivitást a relapszusok jelzik: gyako-
riságuk (ARR = Annualized Relapse Rate), a második 
relapszusig eltelt idő, a relapszus során kialakult klinikai 
tünetek súlyossága, időtartama, lokalizációja, valamint a 
regresszióra való hajlam alapján. A radiológiai aktivitást 
az MRI-n megjelenő új, illetve növekvő T2-, valamint 
gadolíniumhalmozó (Gd+) T1-gócok mutatják. Prog-
ressziót akkor állapítunk meg, ha az előző vizsgálat so-
rán észlelt neurológiai statushoz képest a beteg állapota 
romlott, anélkül, hogy közben relapszusa lett volna. A 
progresszió mérésében pontozóskálák segítenek: EDSS 
(Expanded Disability Status Scale), MFSC (Multiple 
Sclerosis Functional Composite), BICAMS (Brief In-
ternational Cognitive Assessment for MS). Ez utóbbi 
vizsgálat magyar validálását az SZE Neurológiai Klini-
kájának SM-munkacsoportja végezte8. Egyre hangosab-

ban kopogtatnak az okoseszközök is, melyek a betegek  
teljesítményét mindennapi tevékenységük során mérik. 
A klinikai gyakorlatban egyelőre nem használjuk őket. 
A jelenleg érvényes klasszifikáció9 szerint alapvetően 
két típust különítünk el: a relapszáló és a progresszív 
csoportot. A relapszálón – CIS és RR – belül lehet ak-
tív és nem aktív a betegség, a progresszív formakörben 
– PP és SP – pedig az aktivitás és progresszió megjele-
nésének variációs lehetőségei szerint aktív és nem prog-
resszív, aktív és progresszív, nem aktív és progresszív, 
nem aktív és nem progresszív formákat különítünk el.  

RÖVIDÍTÉSEK

ARR: éves relapszus ráta (Annual Relapse Rate)
BICAMS: (Brief International Cognitive 

Assessment for MS)
BVMT-R: Brief Visuospatial Memory Test–

Revised
CVLT: California Verbal Learning Test
CIS: klinikailag izolált szindróma (Clinically 

Isolated Syndrome)
DMT: betegségmódosító kezelés (Disease 

Modifying Therapy)
EDSS: kiterjesztett rokkantsági skála 

(Expanded Disability Status Scale)
FIS: fáradékonyság önbecslő skála (Fatigue 

Impact Scale)
25-FWT: 25 láb járás teszt (25-Foot Walking 

Test)
9-HPT: 9 lyuk teszt (9-Hole Peg Test)
IFN: interferon
MFSC: Multiple Sclerosis Functional 

Composite
MEDA: minimális betegségaktivitás-jel 

(Minimal Evidence of Disease Activity)
MRI: mágnesesrezonancia-vizsgálat (Magnetic 

Resonance Imaging)
NEDA: nincs betegségaktivitásra jel (No 

Evidence of Disease Activity)
NfL: neurofilamentum
OCT: optikaikoherencia-tomográf
PASAT: Paced Auditory Serial Addition Test
PP: primer progresszív
RR: relapszáló-remittáló
RIS: radiológiailag izolált szindróma 

(Radiologically Isolated Syndrome)
SDMT: Symbol Digit Modalities Test
SM: sclerosis multiplex
SP: szekunder progresszív
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A klinikai formák ezen felosztása a betegség prognózisá-
nak megítéléséhez és a terápiás stratégia kialakításához is 
segítséget nyújt (1. ábra).

A magas betegségaktivitás  
prognosztikai fontossága
2022-ben került közlésre egy nemzetközi szakértők ál-
tal összeállított gyakorlati útmutató10, ami az RRSM-
betegek prognózisának meghatározásában nyújt segítsé-
get. Összegzéseként egy ellenőrző listát állítottak össze, 

ami magyar nyelven is elérhető, a fordítást az SE Neuro-
lógiai Klinika SM-munkacsoportja végezte. Használata 
egyszerű, gyors, a mindennapi rutinba jól beilleszthető.  
A lista demográfiai tényezőket, a betegség klinikai megje-
lenését, MRI-jellemzőket, a biomarker-vizsgálatok ered-
ményét és OCT-leletet vesz figyelembe. A biomarker-
vizsgálatok hazánkban a napi klinikai gyakorlatban je-
lenleg nem állnak rendelkezésre. Használatukat azonban 
szükséges személetünkbe beilleszteni, hiszen a jövőben 
valószínűleg számuk szaporodni fog, és egyre elérhe-
tőbbé fognak válni. A biomarkerek a háttérben zajló cel-

1. ábra. A sclerosis multiplex betegségmódosító kezelése 
(NEAK-közlemény a finanszírozási eljárásrendekről. Hatály: 2024.01.04. – 3.4. A sclerosis multiplex progressziójának/aktivitásának csök-
kentését célzó gyógyszeres kezelés algoritmusa alapján)
iv.: intravénásan, im.: intramuscularisan, p. o.: per os, sc.: subcutan
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luláris és molekuláris változásokról adnak információt. 
A legáltalánosabban használt és legismertebb közülük 
a neurofilmentum (NfL) könnyű lánc, ami az axon ká-
rosodását jelzi. Ugyan nem SM-specifikus marker, de 
vizsgálatok szerint korai szintje SM-ben prognosztikai 
jelentőséggel bír a betegség későbbi klinikai és radio-
lógiai alakulását illetően. A jelen munkának nem tárgya 
részletes taglalásuk, erről a közelmúltban átfogó magyar 
nyelvű közlemények jelentek meg11, 12. 

Bár a betegség lefolyását a progresszió határozza meg, 
a prognózis meghatározása és a beteg állapotának köve-
tése a betegségaktivitás mértékének megállapításával 
történik. A betegség természetes lefolyásának vizsgálata 
során ugyanis azt találták, hogy a betegségaktivitás jel-
lemzői, vagyis a magasabb ARR és a második relapszusig 
eltelt rövidebb idő, valamint a relapszus során kialakult 
klinikai tünetek súlyossága, azok időtartama, lokalizá-
ciója és a regresszióra való hajlam összefüggenek a rok-
kantság korábbi kialakulásával13. Így a betegségaktivitás 
mértéke a fenti jellemzőkkel jól definiálható. A jelenleg 
használt betegség(lefolyást) módosító gyógyszerek beso-
rolása hatékonyságuk szerint történik. Ahhoz, hogy a be-
teg mindig megkapja a számára megfelelő hatékonyságú 
kezelést, folyamatosan monitoroznunk kell az állapotát 
és az aktuálisan alkalmazott terápia hatékonyságát. Cél, 
hogy megállapítsuk, milyen a betegségaktivitás a terápia 
indításakor, mert ez alapján döntünk, melyik gyógyszerre 
állítsuk be a beteget. A kontrollvizsgálatok során pedig 
követni kell mind a klinikai, mind a radiológiai aktivi-
tást. Ha magas aktivitást észlelünk, magas hatékonyságú 
szert kell alkalmaznunk. A fentiek szerint ez történhet 
a terápia indításakor vagy később, terápiaváltásként is. 
Az átlagos és magas betegségaktivitás definícióját a friss 
magyar SM-irányelvből14 idézzük: „Átlagos betegségak-
tivitás: ≤1 klinikai relapszus évente jó betegségprognó-
zissal rendelkező betegeknél, és nem állnak fenn a magas 
betegségaktivitás kritériumai. Magas betegségaktivitás: 
Kezelésben nem részesülő betegek esetében: a) klini-
kai relapszus a betegség kezdete óta eltelt (körülbelül) 
első évben és szubklinikai MRI-aktivitás (Gd+, T1- és 
növekvő vagy új T2-laesiók) rossz betegségprognózissal 
rendelkező betegnél; b) két vagy több klinikai relapszus 
a betegség kezdete óta eltelt (körülbelül) első évben, 
MRI-aktivitással vagy a nélkül. Immunmoduláns keze-
lésben részesülő betegek esetében, az utóbbi egy évben: 
a) klinikai relapszus és szubklinikai MRI-aktivitás, vagy 
b) legalább két klinikai relapszus MRI-aktivitás nélkül, 
vagy c) ≥1 gadolíniumhalmozó vagy ≥3 új vagy növekvő 
T2-laesio MRI-vizsgálattal.”

Nagy jelentőséggel bír, hogy a magas betegségaktivi-
tást időben felismerjük, hiszen rosszabb prognózist vetít 
előre. Jelen gyógyszereink lassítják, jó esetben stabili-
zálják a betegséget, és nem nehéz belátni, milyen fon-
tos, hogy a lehető legkorábbi időpontban kerüljön sor a 

megfelelő terápia bevezetésére, lehetőség szerint mielőtt 
deficittünetek alakulnának ki.

A betegség aktivitásának aktuális meghatározásához 
nagyon fontos a betegek klinikai állapotának gondos 
követése és annak adminisztrációja. A definícióból lát-
szik, mekkora a jelentősége, hogy a relapszusok idejét 
és jellemzőit pontosan dokumentáljuk. Itt említjük meg 
a rendszeresen felmerülő igényt az országosan egységes 
ambuláns lap használatára és a betegregiszter mielőbbi 
létrehozására. A betegkövetésben az anamnézis és a status 
rögzítésén túl szükséges a pontozóskálák használata is. 
Az EDSS (Expanded Disability Status Scale) elsősorban 
a beteg mozgásképességét mutatja, az MFSC-n (Multiple 
Sclerosis Functional Composite) belül a 9-HPT (9-Hole 
Peg Test) a felső végtagok mozgásteljesítményét, a 25-
FWT (25-Foot Walking Test) a járásképességet méri. Az 
MFSC kognitív tesztjét, a PASAT-ot (Paced Auditory 
Serial Addition Test) felváltotta a BICAMS (Brief In-
ternational Cognitive Assessment for MS) használata. 
A BICAMS három részfeladatból áll: 1. SDMT (Symbol 
Digit Modalities Test), ami a figyelem, a pszichomotoros 
sebesség, a vizuális feldolgozás és a munkamemória ele-
meit értékeli, 2. BVMT-R (Brief Visuospatial Memory 
Test–Revised), ami a visuospatialis memóriát méri, 3. 
CVLT (California Verbal Learning Test), ami a verbá-
lis memóriáról nyújt adatot. Ezeken túl használhatók 
még önbecslő kérdőívek, például a fatigue mértékének 
felmérésére a FIS (Fatigue Impact Scale), a hangulati 
állapot meghatározására Beck depressziós skála. Mint 
korábban említettük, egyre elterjedtebb az okoseszközök 
használata, melyek várhatóan a klinikai gyakorlatba is 
bekerülnek. A klinikai skálák használata segít a beteg ál-
lapotának objektív megítélésében, rögzítésük az aktuális 
állapot korábbival való összehasonlításában. A terápiás 
ajánlásokban is egyre gyakrabban fordulnak elő szám-
szerű kritériumok. A klinikai aktivitáson túl szükséges a 
radiológiai aktivitás nyomon követése is. Bár az MRI-
vizsgálatok elérhetősége az országban igen különböző, 
törekedni kell a betegek rendszeres radiológiai kontroll-
jára. A terápia hatékonyságának és a betegség aktivitá-
sának korrekt megítélése enélkül nem lehetséges. Meg 
kell említenünk a betegek edukációjának fontosságát 
is. Érdemes megtanítani őket, hogyan készüljenek fel a 
kontrollvizsgálatokra. Jegyezzék fel, milyen tüneteket 
észleltek, ezek meddig tartottak, illetve volt-e akkor va-
lamilyen befolyásoló körülmény. 

A kezelés során az ideális cél a NEDA (No Evidence 
of Disease Activity) lenne, aminek progresszív követel-
ményrendszere egyelőre csak közelíthető. (A NEDA-5 
egyelőre hazánkban nem használható, mivel tartalmaz-
za a neurofilamentum mérését, ami még nem elérhető.) 
Ezért a minimális betegségaktivitás – MEDA (Minimal 
Evidence of Disease Activity) – elérésére törekszünk. 
Ismét a szakmai irányelvet14 idézve ennek definíciója: 
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„MEDA: minimális betegségaktivitásra van bizonyíték. 
Nincs relapszus, a kezelés első évében kevesebb mint 
három új T2-elváltozás van, nincs gadolíniumhalmozás.”

A jelenlegi szakmai irányelv szerint átlagos betegség-
aktivitás esetén az úgynevezett platformszerekkel kezd-
jük a terápiát. A betegek rendszeres klinikai és radioló-
giai kontrolljával monitorozzuk a terápia hatékonyságát. 
Amennyiben szuboptimális választ észlelünk, aminek 
definíciója szintén megtalálható a szakmai ajánlás-
ban, szükséges magasabb hatékonyságú szerre váltani. 
Amennyiben a betegség indulásakor magas betegségak-
tivitás, rossz prognosztikai faktorok állapíthatók meg, 
indokolt a terápiát magas potenciálú szerrel indítani. 
Jelenleg abban a szerencsés helyzetben vagyunk, hogy 
a finanszírozási protokoll lehetőséget ad a szakmai irány-
elv követésére. A kezelés célja az aktivitás csökkentése 
és a progresszió megállítása, fékezése, azaz a beteg ál-
lapotának stabilizálása. A terápiás spektrum bővülésével 
lehetőségünk van egyre inkább személyre szóló kezelést 
indikálni, figyelembe véve az esetleges társbetegségeket 
és a beteg személyes preferenciáit is (például munkahely, 
lakóhely, életmód, családtervezés). Javasolt a döntésbe 
bevonni a beteget, a tapasztalatok szerint ez javítja az 

adherenciát, ami szintén közös érdek, és a magyar ered-
mények ebben a tekintetben nemzetközi összehasonlítás-
ban is kiemelkedően jók15.

Összefoglalás
A sclerosis multiplex patomechanizmusát egymással 
kölcsönhatásban levő, egymást erősítő gyulladásos és 
degeneratív folyamatok jellemzik. A betegség kimenete-
lét a betegség progressziója határozza meg, aminek fon-
tos prognosztikai faktora a betegség aktivitása. A magas 
betegségaktivitás – ami szerencsére nem minden bete-
get érint – rossz prognosztikai jel. A betegség lefolyását 
módosító terápiák hatékonyságuktól függően különböző 
mértékben tudják a betegség aktivitását csökkenteni, ez-
által progresszióját lassítani. Kiemelt fontosságú ezért a 
betegek állapotának folyamatos monitorozása a szakmai 
irányelv alapján. Amennyiben magas betegségaktivitást 
észlelünk, a szakmai és finanszírozási protokoll alapján 
egybehangzóan a beteg számára legelőnyösebb magas 
potenciálú betegségmódosító kezelést kell javasolni a 
terápia kezdetén, vagy szükség esetén később, terápia-
váltáskor.
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Depression, anxiety and psychotic disorders 
are common perinatal mental health disor-
ders in the postpartum period. Depressive 
symptoms that occur postpartum are also 
present in the prenatal period in 50% of 
patients. Risk factors for the development 
of postpartum depression include poor 
relationship with the partner, lack of social 
support, mother’s low socioeconomic status 
and multiparity. It has been determined that 
reproductive hormones change signifi-
cantly during peripartum. Progesterone is 
one of these hormones and acts on the 
central nervous system starting from the 
fetal period; neurogenesis, neuromodula-
tion, sedation are some of these effects. It 
has also been observed that progesterone 
has positive effects on learning, memory 
and mood. Progesterone exerts its effects 
on the central nervous system by convert-
ing into its metabolite allopregnanolone. 
Allopregnanolone is one of the neuroac-
tive steroids, and found in similar amounts 
in the circulation of pregnant women and 
fetuses. It acts on synaptic and extrasynaptic 
γ-aminobutyric acid type A (GABAA) receptors 
and is a positive allosteric modulator of the 
GABAA receptor. Allopregnanolone increases 
both the receptor’s opening frequency and 
its open duration and improves GABAer-
gic current. Low serum allopregnanolone 
levels in the second trimester are predictive 
of postpartum depression. Each 1 ng/mL 
increase in serum allopregnanolone level 
reduces the risk of development of postpar-
tum depression by 63%. Brexanolone and 
zuranolone are synthetic allopregnanolone 

A szülés utáni depresszió kezelésére 
engedélyezett és újonnan megjelenő 
gyógyszerek – aktuális helyzet 
Çulcu EA, MD; Demiryürek Ş, MD; Demiryürek 
AT, MD

A depresszió, a szorongás és a pszichotikus 
zavarok gyakori perinatalis mentális zavarok 
a szülés utáni időszakban. A szülés után 
jelentkező depressziós tünetek a betegek  
50%-ánál a szülés előtti időszakban is jelen 
vannak. A szülés utáni depresszió kialakulá-
sának kockázati tényezői közé tartozik a 
partnerrel való rossz kapcsolat, a szociális 
támogatás hiánya, az anya alacsony társadal-
mi-gazdasági státusza és a több gyermek. 
Megállapították, hogy a reproduktív hormo-
nok jelentősen megváltoznak a peripartum 
alatt. A progeszteron az egyik ilyen hormon, 
és a magzati időszaktól kezdve hat a köz- 
ponti idegrendszerre; a neurogenezis, a 
neuromoduláció, a szedáció néhány ilyen 
hatás. Azt is megfigyelték, hogy a progeszte-
ron pozitív hatással van a tanulásra, a memó-
riára és a hangulatra. A progeszteron a köz- 
ponti idegrendszerre gyakorolt hatását 
allopregnanolonná történő átalakulás után 
fejti ki. Az allopregnanolon a neuroaktív 
szteroidok közé tartozik, és hasonló mennyi-
ségben található meg a terhes nők és a 
magzatok keringésében. A szinaptikus és 
extraszinaptikus γ-aminovajsav A-típusú 
(GABAA) receptorokra hat, és a GABAA-
receptor pozitív alloszterikus modulátora. Az 
allopregnanolon növeli mind a receptor 
nyitási frekvenciáját, mind a nyitás időtarta-
mát, és növeli a GABAerg áramot. A második 
trimeszterben mért alacsony szérumallo
pregnanolon-szint előre jelzi a szülés utáni 
depressziót. A szérumallopregnanolon-szint 
minden egyes 1 ng/ml-es emelkedése 
63%-kal csökkenti a szülés utáni depresszió 
kialakulásának kockázatát. 
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Psychiatric symptoms in the postpartum period have 
attracted attention since prehistoric times. Hippo-

crates hypothesized that postpartum symptoms were 
caused by the suppression of puerperal discharge or the 
flow of milk from the breast to the brain or the flow of 
blood into the breast tissue/milk ducts1. 

General approach to psychiatric 
symptoms during and after birth
Perinatal mental diseases are conditions that are fre-
quently encountered during pregnancy and postpartum 
period and can have fatal consequences. These clinical 
conditions include depression, anxiety and psychosis2. In 
addition, it has been found that many mothers experience 
baby blues, although they do not belong to the group of 
clinical depressive disorders. The term motherhood blues 
was first defined by Moloney at 1952. According to the 
first definition, crying, difficulty in thinking and fatigue 
in the postpartum period are called third-day depression. 
However, baby blues is not a permanent condition and 
gets better on its own within a few weeks3. According 
to the literature, when cultural and geographical contexts 
are taken into account, an overall prevalence of 39% has 
been found for baby blues, ranging from 13.7% to 76%4.

Definition for postpartum depression

It is understood that postpartum depression does not 
differ etiologically from depressive disorders that devel-
oped in other ways. For the ICD11 classification, after 
the appropriate diagnosis is made there are three other 
diagnostic codes to indicate that the medical condition is 
related to pregnancy, labour or postpartum period. These 
are: 1) 6E20: Mental or behavioural disorders associat-
ed with pregnancy, childbirth or the puerperium, without 
psychotic symptoms; 2) 6E21: Mental or behavioural 
disorders associated with pregnancy, childbirth or the 
puerperium, with psychotic symptoms; 3) 6E2Z Men-
tal or behavioural disorders associated with pregnancy, 
childbirth or the puerperium, unspecified; respectively. 
Although it varies depending on the postpartum fol-
low-up period, it is estimated that 3-6% of women will 
experience a major depression episode during or in the 
weeks/months after pregnancy. Approximately 50% of 
major depressive episodes referred to as postpartum ac-
tually begin before birth. Therefore, these periods can be 
collectively referred to as “peripartum”. To use the peri-
partum indicator, mood symptoms are expected to appear 
during pregnancy (even if they do not meet all diagnostic 
criteria) or within four weeks after birth.5 Women with 

preparations approved by the FDA for use 
in female patients with postpartum depres-
sion. They act via positive allosteric modula-
tion on the GABAA receptor. Brexanolone 
is administered via intravenous infusion at 
varying infusion rates in a healthcare facility 
over 60 hours. Its effect starts immediately 
after treatment and continues until the 30th 
day of follow-up, and depressive mood does 
not recur. Zuranolone was developed for 
oral use, and administered as a single dose 
of 50 mg after a fatty meal. Their effective-
ness has been demonstrated in patients 
with treatment-resistant depression. The 
development of other novel agents that act 
on the GABAA receptor and other pathways 
for the treatment of postpartum depression 
is in progress.

Keywords: postpartum depression, GABAA 
receptor, allopregnanolone, brexanolone, 
zuranolone

A brexanolon és a zuranolon az FDA által 
befogadott szintetikus allopregnanolon-
készítmények, amelyeket szülés utáni de-
presszióban szenvedő nőknél alkalmaznak. A 
GABAA-receptor pozitív alloszterikus modu-
lációjával fejtik ki hatásukat. A brexanolont 
intravénás infúzióval, változó infúziós se
bességgel, 60 órán keresztül, egészségügyi 
intézményben adják be. Hatása közvetlenül 
a kezelés után kezdődik, és 30 napig tart, a 
depresszív hangulat nem ismétlődik. A zu
ranolont szájon át történő alkalmazásra fej-
lesztették ki, és egyszeri 50 mg-os dózisban, 
zsíros étkezés után kell bevenni. Hatékony-
ságukat bizonyították kezelésre rezisztens 
depresszióban szenvedő betegeknél. A 
GABAA-receptorra és más útvonalakra ható 
egyéb új szerek fejlesztése a szülés utáni 
depresszió kezelésére folyamatban van.

Kulcsszavak: szülés utáni depresszió,  
GABAA-receptor, allopregnanolon, brexano
lon, zuranolon
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periods of peripartum depression often experience severe 
anxiety or even panic attacks. According to prospective 
studies, women experiencing baby blues are more likely 
to experience major depression5.

Postpartum psychosis

Mood episodes that begin around the time of labour 
may have psychotic features. Psychotic symptoms may 
occur in the postpartum period even without these spe-
cific features. Postpartum mood episodes with psychotic 
features (major depression or mania) occur once in 500-
1000 births. The following features are present in the 
psychiatric histories of women who experience mood 
episodes accompanied by psychotic features: a) Previous 
postpartum depression, b) Major depressive and bipolar 
affective disorder, regardless of the peripartum period, 
and c) Women with a family history of bipolar disorder. 
For women who have experienced postpartum depres-
sion with psychotic features, there is a 31% chance of 
relapse with each subsequent birth6. 

Risk factors for postpartum 
depression
Major risk factors include rural settlement, neurotic per-
sonality, low self-esteem, experiencing postpartum baby 
blues, life events that cause stress, problematic/weak 
marital relationship, domestic violence (verbal, physi-
cal, sexual), poor social relationships and lack of social 
support, low socioeconomic class, single parenthood, 
unwanted pregnancy, multiparity, obstetric (congenital) 
problems, baby problems (colic baby, etc.), mother’s low 
educational level, and low family income7. It has been 
determined that women with postpartum-onset major 
depression are more sensitive to the mood effects of re-
productive hormones, whose levels decrease significant-
ly after birth8. No relationship was found between the 
mother’s age at birth and age at marriage and postpartum 
depression. It has been found that the rate of postpartum 
depression is lower in breastfeeding mothers8.

Treatment of postpartum 
depression
When left untreated, perinatal-onset depression reduc-
es the mother’s ability to care for herself and the baby 
and disrupts the baby’s cognitive, behavioral and emo-
tional development. In addition, depression can cause 
the mother to use substances and lead to problems such 
as preeclampsia, preterm birth or low birth weight in 
the newborn. Postpartum depression has been shown to 
negatively affect mother-child bonding. The severity and 
chronicity of the mother’s depressive episodes will put 
the child at risk of receiving inadequate care. Spouses of 

female patients with postpartum depression are also at a 
24-50% risk of experiencing paternal depression9. 

Treatment of postpartum depression is similar to other 
depressive disorders, as there is a consensus that its eti-
ology is not different. The first step is psychotherapy and 
antidepressant treatment. It has been observed that many 
mothers prefer psychotherapy before pharmacotherapy 
due to lactation10. In the pharmacological treatment of 
postpartum depression, selective serotonin reuptake in-
hibitors (SSRIs) are the first choice among antidepres-
sants. Among SSRIs, sertraline and paroxetine are pre-
ferred as the first line treatment due to their compliance 
with lactation11, 12. If SSRIs are insufficient, the effective 
dose is reached by augmentation with serotonin-nor-
adrenaline reuptake inhibitor (SNRI)13 or noradrenergic 
and specific serotonergic antidepressant (NaSSAs) mir-
tazapine11. In cases where there is no response to treat-
ment, clinicians often increase the drug dose (titration), 
use combination, augmentation or drug substitution 
methods. Once the effective dose is reached, treatment 
continues for 6-12 months.

Treatment is determined according to the patient’s 
complaints and other symptoms accompanying depres-
sion. In patients with psychotic signs and symptoms, 
second generation (atypical) antipsychotic agents are 
added to the treatment. If the patient has uncontrolled 
psychotic symptoms or severe anxiety and behavior that 
harms herself and her environment (especially the baby), 
treatment is provided with benzodiazepines10. Transcra-
nial magnetic stimulation (TMS) and electroconvulsive 
therapy (ECT) are nonpharmacological treatment options 
for treatment-resistant patients.

Current agents in the treatment of 
postpartum depression

Progesterone and the GABA receptor
Although the mechanism of postpartum depression is 
not fully known, dysregulation of stress response path-
ways (e.g. hypothalamic-pituitary-adrenal axis, HPA) 
and dysfunctional GABA signaling are among the possi-
ble mechanisms9, 14, 15. It has been found that the GABAA 
receptor density, which decreases during pregnancy, in 
patients with postpartum depression does not return to 
its previous level in the postpartum period16, 17. This is 
thought to be the cause in approximately 12% of patients 
with postpartum depression16. Mice genetically deficient 
in the GABAA receptor delta subunit exhibited postpar-
tum depression-like behavior14. Neuroactive steroids 
(progesterone metabolites, etc.) with positive allosteric 
modulatory activity on GABAergic signaling and the 
GABAA receptor may act on the paraventricular nucleus 
of the hypothalamus to regulate the HPA axis9. Neuro-
active steroids are synthesized from cholesterol and are 
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effective in the brain and other central nervous system 
tissues (Figure 1). 

In order to adequately suppress stress-induced HPA 
axis activation via GABAergic signaling, the K+/Cl- 
cotransporter (KCC2), a neuron-specific membrane pro-
tein, must function effectively15. Depressive symptoms 
were observed in the postpartum period in mice lacking 
the KCC2 gene as they were unable to suppress stress-in-
duced HPA axis activation properly15. Unlike classical 
agents, some progesterone-derived agents that act direct-
ly on the GABA receptor have been developed for the use 
of patients suffering from postpartum depression.

Progesterone is a hormone that has sedative, neuro-
protective, neuromodulatory and anxiolytic effects on the 
CNS (Figure 2)18. It also has positive effects on learning, 
memory and mood. 

The neural effects of progesterone are mediated by sig-
naling pathways in which different receptors are activat-
ed. These receptors include intracellular progesterone re-
ceptors (PR); membrane-associated progesterone recep-

tor membrane component 1 (PGRMC1); and membrane 
progesterone receptors (mPRs) and GABAA receptors19. 
Progesterone produces these effects by transforming into 
its metabolite, allopregnanolone, in the brain tissue. Al-
lopregnanolone is one of the neuroactive steroids, and 
present in both the peripheral circulation and the brain 
of the pregnant woman and the fetus. Allopregnanolone 
is effective in cell proliferation and overall brain growth. 
The level of allopregnanolone in the brain varies depend-
ing on the endocrine state20. In a mouse study in which al-
lopregnanolone synthesis was experimentally disrupted, 
cerebellar white matter abnormalities and autism-like be-
haviors have emerged21. Allopregnanolone acts through 
synaptic (containing the gamma subunit) and extrasyn-
aptic (containing the delta subunit) GABAA receptors 
(Figure 3).

Circulating levels of allopregnanolone rise dramati-
cally with the progression of pregnancy. It is at its high-
est level at birth and decreases rapidly within a few days 
after birth22–24. The main source of allopregnanolone 

Figure 1. In order to synthesize neuroactive steroid allopregnanolone, cholesterol is internalized to inner mitochon-
drial membrane by acute steroidogenic regulatory protein. As a next step after progesterone production, different 
enzymes are involved in the formation of pregnanolone and allopregnanolone by pregnanedione and allopregnan-
edione, respectively. Created with BioRender.com

Figure 2. Progesterone is a hormone that is effective in the neurodevelopment of the fetus during the perinatal 
period, starting from fertilization. First, it acts on neurogenesis and oligodendrogenesis. In later periods, myelination 
affects the gender-specific differentiation of the brain and the maturation of neural circuits. It continues to show 
myelination and neuroprotective properties in postnatal life. Created with BioRender.com
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during pregnancy is the placenta25. By birth, serum allo-
pregnanolone levels rise to approximately 50 ng/mL26, 27. 
Cord blood contains similar levels of allopregnanolone 
as maternal serum26, 27. Mood symptoms may occur as a 

direct effect of changing hormone levels, as 
an indirect effect due to changes in recep-
tor concentration or configuration, or as a 
result of mediating factors such as chang-
es in the immune system or HPA axis25. 
Allopregnanolone, detected at lower than 
average levels in the second trimester, is 
predictive of postpartum depression that 
is likely to develop in women with pre-ex-
isting mood disorders28. It was found that 
each additional 1 ng/mL increase of allo-
pregranolon above the mean resulted in a 
63% reduction in the risk of postpartum 
depression27.

It has been observed that allopregnano-
lone and progesterone levels decrease in 
major depressive disorder, but isopreg-
nanolone, the stereoisomer of allopreg-
nanolone (3β,5α-tetrahydroprogesterone; 
3β,5α-THP) levels increase28. Similarly, 
allopregnanolone levels in the cerebrospi-
nal fluid of premenopausal women with 
post-traumatic stress disorder were found 
to be low, and their frequency of depres-
sive symptoms increased29. Isopregnano-
lone has been shown to be an antagonist 
for 3a-reduced neuroactive steroids30. It is 
thought that selective serotonin reuptake 
inhibitors (SSRIs) and other antidepres-
sant drugs such as mirtazapine normalize 
the allopregnanolone-isopregnanolone ba
lance by acting on enzymes in the neuro-
steroidogenesis process and thus improve 
depressive symptoms30.

In terms of receptors, it has been ob-
served that the amount of synaptic GABA 
receptors decreases during pregnancy. The 
fact that the amount of receptors has not 
reached its previous level in the postpartum 
period is an important mechanism in the de-
velopment of postpartum depression.9 It has 
been determined that neuroactive steroids 
have a specific binding site on the GABA 
receptor, separate from the site for GABA, 
benzodiazepines, and barbiturates31. 

Only two agents, brexanolone and zu-
ranolone, have been approved by the US 
Food and Drug Administration (FDA) for 
the treatment of postpartum depression in 
women. Both are positive allosteric mod-
ulators of the GABAA receptor. Positive 

allosteric modulation (allosteric activation) shifts the 
balance between the active and inactive conformational 
form of the receptor to the active form (Figure 4)32. In 
this way, it not only activates GABAA receptors tradition-

Figure 3. Synaptic and extrasynaptic GABA-A receptors contain 5 sub
units which differ in the last one. For the synaptic receptor, the last 
one is a gamma subunit, and stimulation of synaptic GABA-A recep-
tor by GABA neurotransmitter or any other activating agent causes 
phasic inhibition. For the extrasynaptic receptor, the 5th subunit is 
a delta subunit, and when stimulated, extrasynaptic receptor causes 
tonic inhibition. Created with BioRender.com
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ally, but also increases the activity of GABA molecules in 
the medium through allosteric modulation32.

Brexanolone

Brexanolone is the first agent specifically approved by 
the FDA in 2019 for intravenous use in the treatment of 
postpartum depression in women33, 34. Allopregnanolone, 
a metabolite of 3α,5α-progesterone, acts as a potent al-
losteric modulator of the γ-aminobutyric acid type A 
(GABAA) receptor35.

In the Phase 2 study (NCT02614547), the effectiveness, 
safety and pharmacokinetic parameters of brexanolone 
were examined36. This multicenter, placebo-controlled, 
and double-blind study showed that brexanolone provides 
a significant improvement compared to the placebo group 
according to the The Hamilton Depression Rating Scale 
(HAM-D) score36. 

Phase 3 consists of 2 studies (NCT02942004 and 
NCT02942017). It was conducted in 30 clinical research 
centers and specialized psychiatric units in the United 
States. In the first study, patients with a HAM-D score 
of 26 and above were accepted. Brexanolone at doses of 
60 and 90 μg/kg/h and placebo were administered as an 
infusion for 60 hours. In the second study, those with a 
HAM-D score between 20 and 25 were included. In the 
second study, the results were compared with a brexano-
lone dose of 90 μg/kg/h and a placebo administered as a 
60-hour infusion. As a result of Phase 3 studies, it was 
observed that brexanolone provided rapid onset of treat-
ment and recovery without relapse. Symptoms of anx-
iety, somatization and insomnia significantly decreased 
from the 24th hour of infusion, and patients did not re-
lapse until the 30th day of follow-up37.

In a meta-analysis that indirectly compared brexano-
lone and the most commonly prescribed SSRIs in the 
treatment of postpartum depression, it was observed that 
the HAM-D score and the results stated by the patient 
and the clinician at the 3rd day, 28th day and end-of-treat-
ment evaluations changed in favor of brexanolone38.

Brexanolone poses a challenge for both patients and 
healthcare providers because it requires intravenous ad-
ministration and monitoring in the healthcare facility. As 
approved by the FDA, brexanolone is given as a contin-
uous intravenous infusion over 60 hours (2.5 days). The 
fact that the 60-hour practice period has to be spent in 
the health institution prevents the patient to do her daily 
work. Continuous intravenous infusion negatively affects 
the perception of and compliance with treatment of the pa-
tient, who is already depressed and pessimistic. Feelings of 
inadequacy may develop in postpartum women who feel 
that they cannot care for the baby during intravenous treat-
ment, and this may support depressive feelings39.

The most common side effects include sedation, dry 
mouth, loss of consciousness, and hot flushes34. Due to 
the risk of excessive sedation and sudden loss of con-
sciousness, brexanolone is applied in certain centers 
within the Risk Evaluation and Mitigation Strategy 
(REMS) program40. Adverse effects that occurred de-
pended on dosage and occurred regardless of time. In all 
patients, these symptoms disappeared completely within 
60 minutes after stopping the drug40. 

Apart from the treatment of postpartum depression, 
studies are continuing with brexanolone in terms of post-
partum psychosis, posttraumatic stress disorder (PTSD), 
psychosis, tinnitus, stress-triggered alcohol use, and per-
imenopausal depression. There is an average price of 
7854 dollars for a single vial (December 2023) 41.

Figure 5. The mechanism of postpartum depression development and results after allopregnanolone treatment. 
Unbalanced scales represent the depressive state of the patient: allopregnanolone level and proper GABAergic 
signaling decreases, in response to this, glutamergic activation, neuroimmune signaling and corticoliberin (corti-
cotropin-releasing factor, CRF) release are stimulated. After treatment with allopregnanolone, imbalanced signal 
mechanisms and hormone levels are recovered and clinical improvement observed. Created with BioRender.com
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Zuranolone

Zuranolone was approved in 2023 for use in the treat-
ment of postpartum depression in women. It is the first 
drug approved for oral use in the treatment of postpartum 
depression42. It acts through positive allosteric modula-
tion on synaptic (containing gamma subunit) and extra-
synaptic GABAA receptors4.3 It is selective to the GABAA 
receptor44. Its oral bioavailability is higher and its elimi-
nation half-life is longer compared to brexanolone (brex-
anolone: 9 hours, zuranolone: 16-23 hours). Zuranolone 
provides a significantly larger reduction than brexanolone 
in depressive symptoms and other somatic symptoms as-
sociated with depression after 14 days of oral use through 
increasing allopregnanolone levels, ameliorating GABA 
signaling, and decreasing glutamergic, neuroimmune and 
corticoliberin (CRF) signaling back to physiological le
vels (Figure 5)45, 46.

In  several studies, the zuranolone group showed a 
significantly larger change in the HAM-D score com-
pared to the placebo group43. Additionally, improve- 
ment in depressive symptoms was reported on days 3, 
28, and 4543. The most common side effects were som-
nolence, dizziness, and sedation46. There were no side 
effects such as loss of consciousness, withdrawal symp-
toms, or suicide46. 

Zuranolone can be administered as monotherapy or as 
an adjuvant to oral antidepressant therapy46. Zuranolone 
treatment showed also beneficial effects in patients with 
major depressive disorder,45 insomnia47, 48, tremor48, 49, 
and bipolar disorder48, 50. The price of the 14-day treat-
ment is calculated to be $15900.

HS-10353

HS-10353 is an isomeric modulator of the GABAA re-
ceptor. It aims to correct the imbalance between GA-
BA-NMDA receptors by improving GABAA receptor 
dysfunction. It is expected that oral, nightly treatment 
will produce positive results on depressive symptoms 
and general well-being after 14 days. A phase 2 study on 
patients with postpartum depression is ongoing51, 52.

Trazodone

Trazodone is a serotonin receptor antagonist and re-
uptake inhibitor53. While it simultaneously inhibits SERT, 

5-HT2A, and 5-HT2C receptors, it does not cause side ef-
fects such as sexual side effects, insomnia, and anxiety.  
A study comparing it to placebo for the treatment of post-
partum depression is ongoing54.
 
GH001

GH001 is the vaporized form of 5-methoxy-N,N-dimeth-
yltryptamine (5-MeO-DMT). Studies are ongoing for 
treatment-resistant depression (NCT05800860), bipolar 
II disorder (NCT05839509) and postpartum depression 
( NCT05804708)55–57.

BRII-296, BRII-297

Both agents are positive allosteric modulators of the GAB-
AA receptor. They are long-acting, injectable agents. Both 
agents are expected to have effects on postpartum depres-
sion and other depressive and anxiety disorders. A phase 
1 study on healthy volunteers is ongoing for BRII-29758.

Ganaxolone (SAGE-217)

Ganaxolone is another orally active allopregnanolone an-
alog which is undergoing evaluation in clinical trials of 
postpartum depression59, 60.

Conclusion
Mood episodes may have started during pregnancy or 
after birth. Positive social relationships buffer the stress 
experienced by psychiatrically vulnerable individuals 
against progression to depression or other affective dis-
orders. In patients who receive proper physical and so-
cial support, the progression of baby blues to postpartum 
depression can be prevented, and even if postpartum de-
pression develops, it can be milder.

Recent research on the proposed mechanism of ac-
tion of neuroactive steroids for postpartum depression 
underscores the potential role of GABAergic signaling 
in the pathophysiology of depression. Data indicate that 
positive allosteric modulation of GABAA receptor by 
brexanolone and zuranolone may potentially offer rap-
id and sustained antidepressant benefits for individuals 
with postpartum depression. Further research is required 
to better understand the role of allosteric activation of 
GABAA receptor in postpartum depression. 
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Background and purpose – To evalua-
te the long-term effects of the COVID-19 
pandemic on seizure frequency and levels of 
mental distress in individuals with epilepsy 
and identify potential risk factors associated 
with increased seizure frequency.
Methods – This is a cross-sectional study 
conducted in Türkiye in May 2021 by phone. 
Information on epilepsy syndromes, antisei-
zure medications, average seizure frequency, 
and drug resistance was obtained from 
medical records. A questionnaire was comp-
leted that included demographic and clinical 
characteristics and Kessler Psychological 
Distress Scale 10 (K-10). From people with 
epilepsy (PWE), seizure control in the month 
before the pandemic and perceived stress, 
sleep changes, changes in adaptation during 
this period, and whether there were changes 
in seizure control after the pandemic were 
questioned.
Results – A total of 227 patients were inclu-
ded, and the K-10 score of 81.9% (186/227) 
of PWE was found to be ≥30. An increase in 
seizure frequency was detected in 34 (15%) 
patients. The factors affecting the increase 
in seizure frequency were analyzed using 
logistic regression analysis. In the univariate 
model hesitate to go to the emergency room 
despite having seizures during the pande-
mic (OR= 8.325; 95% CI: [2.943 - 23.551], 
p=<0.001) was evaluated as the parameter 
with the highest risk of increased seizure 
frequency. In multivariate analyses (enter 
model) only polytherapy (OR= 2.945; 95% 
CI: [1.152 – 7.532], p=0.024) was detected 
as the parameter with increased seizure 
frequency. 
Conclusion – One year after the declara-
tion of the pandemic, we found that stress 
was still common, the frequency of seizures 

A COVID-19 hatása a rohamokra és  
a viselkedésre epilepsziás betegeknél
Akdağ G, MD; Uysal N, MD; Çetiner M, MD; 
Akkoyun Arikan F, MD; Canbaz Kabay S, MD

Háttér és cél – A COVID-19 világjárvány-
nak a rohamok gyakoriságára és a mentális 
distressz szintjére gyakorolt hosszú távú ha-
tásainak értékelése epilepsziás személyeknél, 
valamint a rohamgyakoriság növekedésével 
összefüggő lehetséges kockázati tényezők 
azonosítása.
Módszerek – Ez egy keresztmetszeti vizsgá-
lat, amit 2021 májusában, Törökországban 
végeztünk, telefonon. Az epilepsziás szind-
rómákra, a rohamellenes gyógyszerekre, az 
átlagos rohamgyakoriságra és a gyógyszer-
rezisztenciára vonatkozó információt az or-
vosi feljegyzésekből szereztük be. A betegek 
kérdőívet töltöttek ki, ami demográfiai és 
klinikai jellemzőket, valamint a 10 kérdéses 
Kessler Pszichológiai Distressz Skálát (K-10) 
tartalmazta. Az epilepsziás személyeknél rá-
kérdeztünk a rohamkontrollra a világjárványt 
megelőző hónapban és az észlelt stresszre, 
az alvás és az alkalmazkodás változásaira 
ebben az időszakban, valamint arra, hogy a 
világjárványt követően történt-e változás a 
rohamkontrollban.
Eredmények – Összesen 227 beteget  
vontunk be, akik 81,9%-ának (186/227)  
K-10-pontszáma ≥30 volt. A rohamgyakori-
ság növekedését 34 (15%) beteg észlelte.  
A rohamgyakoriság növekedését befolyásoló 
tényezőket logisztikus regresszióanalízissel 
elemeztük. Az egyváltozós modellben a 
hezitálás, hogy a világjárvány idején fellépő 
rohamok ellenére elmenjenek-e a sürgősségi 
osztályra (OR = 8,325; 95%-os CI: [2,943–
23,551], p < 0,001) volt a rohamgyakoriság 
növekedésének legnagyobb kockázatával 
járó paraméter. A többváltozós elemzések 
(enter modell) szerint csak a politerápia (OR 
= 2,945; 95%-os CI: [1,152–7,532], p = 0,024) 
volt a rohamok gyakoriságának növekedésé-
vel járó paraméter.
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In December 2019, a new coronavirus was reported in 
Wuhan, China1. The virus was named SARS-CoV2 

and the disease was designated as coronavirus 2019 
(COVID-19). Then, it was declared a global pandemic by 
the World Health Organization (WHO) on March 11th, 
20202. The pandemic has forced governments to put pres-
sure on people, including isolation measures, to contain 
the spread of infection. Quarantine measures were intro-
duced at various times around the world to prevent the 
spread of the virus. These measures created new social, 
economic, and health problems. The coronavirus crisis, 
quarantine, and isolation leading to feelings of loneli-
ness, boredom, anger, and fear have affected the mental 
health of the population3.

Epilepsy is a chronic neurological condition char-
acterized by a tendency to generate recurrent seizures, 
necessitating long-term and consistent medication treat-
ment4. Both physical and psychological factors have the 
potential to trigger seizures. These factors include miss-
ing antiseizure medication (ASM) (40.98%), emotional 
stress (31.35%), sleep deprivation (19.75%), fatigue 
(15.30%), missing meals (9.13%), smoking (6.41%), and 
fever (6.41%)4. Additionally, inflammation is an impor-
tant factor in the pathophysiology of seizure occurrence 
and epileptogenesis. It has been shown in an animal 
study that inflammatory mediators occurring due to sys-
temic reasons can trigger seizures5. Butler et al. reported 
that although inflammation at the seizure focus had been 
detectable during a seizure-free period, it had increased 
significantly after a seizure6. 

This study aimed to evaluate the long-term effects of 
the COVID-19 pandemic on seizure frequency and levels 
of mental distress in people with epilepsy (PWE). Also, 
to identify potential risk factors associated with increased 
seizure frequency and develop medical care strategies for 
PWE.

Methods
Subjects

This cross-sectional study included patients followed for 
at least 1 year in the epilepsy outpatient clinic of Kü-
tahya Health Sciences University. Patients aged 18 years 
and older who were diagnosed with definitive epilepsy 
according to the International League Against Epilepsy 
(ILAE) criteria7 were included in the study. The presence 
of non-epileptic psychogenic seizures, paroxysmal neu-
rological symptoms of unclear or non-epileptic nature, 
and patients with acute symptomatic seizures were ex-
cluded from the study. The included variables were as 
follows: demographic and basic clinical features such as 
age, sex, living situation, employment status, epilepsy 
type, epilepsy duration, treatment, the presence of addi-
tional disease, and psychiatric drug use. 

Between May 1st and May 31st, 2021, patients were 
contacted by telephone. All included patients gave ver-
bal consent to participate. Information on epilepsy syn-
dromes, antiseizure medications, average seizure fre-
quency, and drug resistance was obtained from medical 
records. A questionnaire was completed that included 
demographic and clinical characteristics and the Kes-
sler Psychological Distress Scale 10 (K-10). From PWE, 
seizure control in the month before the pandemic and 
perceived stress, sleep changes, changes in adaptation 
during this period, and whether there were changes in 
seizure control after the pandemic were questioned.

The study protocol was approved by the local eth-
ics committee (Kutahya Health Sciences University 
2021/04-25.1) and local institutional approvals were also 
obtained. The study was conducted in accordance with 
the Declaration of Helsinki and the International Council 
for Harmonisation Guidelines for Good Clinical Practice.

increased. In multivariate analyses, only poly-
therapy was detected as the parameter with 
increased seizure frequency. 

Keywords: COVID-19, epilepsy, Kessler-10 
scale, stress, pandemic

Következtetés – Egy évvel a világjárvány 
meghirdetése után azt találtuk, hogy a 
stressz még mindig gyakori, a rohamok gya-
korisága nőtt. A többváltozós elemzések csak 
a politerápiát mutatták ki mint a rohamok 
gyakoriságának növekedésével járó paramé-
tert. 

Kulcsszavak: COVID-19, epilepszia, 
Kessler-10 skála, stressz, világjárvány
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Questionnaires

K-10 is one of the few relatively brief screening instru-
ments with 10 questions. It was developed to assess 
psychological distress, including depressive disorders 
and anxiety, another common psychological disorder8. 
Response options are based on a five-point Likert scale 
ranging from 1 (never) to 5 (always). A minimum of 10 
points and a maximum of 50 points are assigned. The 
K-10 total was grouped into the following levels of psy-
chological distress: low (K-10 = 10-15), moderate (K-10 
= 16-21), high (K-10 = 22-30), and very high (K-10 = 31-
50)9. We used the validated Turkish-language version of 
the K-1010. The participants were dichotomized accord-
ing to whether they had very high levels of psychological 
distress.

Statistical analysis

The Statistical Package for the Social Sciences (IBM 
SPSS Statistics, New York, USA) 25.0 software was used 
for statistical evaluations. Descriptive statistics were 
evaluated using numbers, percentages, mean, standard 
deviation (SD), and median (minimum-maximum). In 
the comparison of two independent groups, the Mann-
Whitney U test was used for continuous variables that did 
not meet the parametric assumptions, and the Chi-square 
test (two or more groups) was used for categorical vari-
ables. We used a two-sided Mann-Whitney U test. As a 
result of the Chi-square test, the Bonferroni-corrected Z 
test was used for ratio comparisons. Statistically signifi-
cant variables were analyzed using a multivariate logis-
tic regression model to detect independently associated 
factors of increased seizure frequency. The multivariate 
model contained variables that were associated with p < 
0.05 in univariate analyses and p≤0.05 was accepted as 
the limit of significance.

Results
A total of 227 patients were included, 55.90% (n = 127) 
were female. The average age of the patients was 34.97 
± 14.22 (range, 18-80) years, and the average epilepsy 
duration was 15.43 ± 11.81 (range, 1-57) years. The 
K-10 score of 81.9% (186/227) of PWE was found as 
≥30. Demographic data and clinical features of epilep-
sy were compared between the groups with and with-
out high levels of psychological distress (Table 1). 95 
(41.9%) patients had additional diseases. The diseases 
and number of patients are shown in Figure 1. The high-
est rate was found to be thyroid disease with 69.5%. A 
statistically significant difference was found between the 
groups in terms of sex, education, and increase in seizure 
frequency (p=0.009, p=0.005, and p=0.002, respective-
ly) (Table 1). We observed no differences between the 

groups regarding age, marital status, living situation, liv-
ing place, working status, smoking, and resistant epilepsy 
(p=0.053, p=0.999, p=0.709, p=0.636, p=0.064, p=0.511, 
and p=0.261, respectively) (Table 1).

Table 2 shows the relationship between increasing 
seizure frequency and various demographic and clini-
cal characteristics. It was revealed that there had been 
an increase in the frequency of seizures during the pan-
demic in the patient group aged 41-60 years, in patients 
receiving polytherapy, and in patients with resistant epi-
lepsy (p=0.042, p=0.001, and p=0.005, respectively). In 
addition, we found that the change in sleep pattern had 
been another reason for the increase in seizure frequen-
cy (p=0.03). Increased stress during pandemic and the 
K-10 scale score was also significantly associated with 
an increase in seizure frequency (p=0.043 and p=0.002, 
respectively). It was found that the frequency of seizures 
had been associated with an increase in the frequency of 
seizures because the patients avoided presenting to the 
outpatient clinic (p=0.001) and the emergency depart-
ment (p<0.001) despite having seizures.

The factors affecting the increase in seizure frequency 
were analyzed using logistic regression analysis (Table 
3). In the univariate model hesitate to go to the emer-
gency room despite having seizures during the pandemic 
(OR= 8.325; 95% CI: [2.943 – 23.551], p=<0.001) was 
evaluated as the parameter with the highest risk of in-
creased seizure frequency. In multivariate analyses (enter 
model) only polytherapy (OR= 2.945; 95% CI: [1.152 
– 7.532], p=0.024) was detected as the parameter with 
increased seizure frequency. 

Discussion
This research was conducted 1 year after the WHO de-
clared COVID-19 a pandemic. Due to the pandemic, 
quarantine practices at different times and intervals were 
enforced while restrictions on work and public services 
(especially health care delivery) continued. Our find-
ing of 81.9% PWE with a K-10 score ≥30 in our study 
was the highest among those reported so far in previous 
PWE studies. We saw the self-reported increase in stress 
as 36.1%. Cross et al. reported severe psychological dis-
tress in 57.1% of PWE11, and in 13.1% of PWE in another 
study in which the evaluation was performed according 
to the K-6 scale12. Fonseca et al. reported anxiety rates 
of 26.7% and depression at 8.6%3. An increase in self-re-
ported stress was detected in a total of 59.4% of patients 
during this period, and no scale was used in the study2. In 
the study conducted by Abokalawa et al., 5 months after 
the declaration of the pandemic, depression was reported 
in 66.2%, anxiety in 72.2%, and increased stress in 75.5% 
of PWE13. These differences can be explained by the fact 
that the studies were conducted at different times and in 
different geographies after the onset of the pandemic. In 
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the literature, studies examining the relationship between 
COVID-19 and stress seizures noted that causality could 
be misinterpreted14. Our study had the longest interval 
among studies conducted after the declaration of the 

pandemic2, 3, 11–13. With this long interval, we concluded 
that we made an examination in a period when people 
were spiritually exhausted, and therefore we found a very 
high level of distress at a rate of 81.9%. Also, we found a 

Table 1. Demographic and clinical features among the groups according to K-10 scores

  Total K-10 score  < 30 
(n=41)

K-10 score ≥30 
(n=186)

test 
statistic 

p

n (%) Mean±SD Med (min-max) / 
Mean Rank

Med (min-max) / 
Mean Rank

Age (year) 35 ± 14.2 39 (19 – 69) / 
131.9

30 (18 – 80) / 
110.0

3078.0 0.053*

Sex
Female 127 (55.9) 31 (24.4)a 96 (75.6)b 0.009†
Male 100 (44.1) 10 (10.0)a 90 (90.0)b

Marital status 
Married 120 (52.9) 22 (18.3) 98 (81.7) 0.999†
Single 107 (47.1) 19 (17.8) 88 (82.2)
Living situation
With family 214 (94.3) 38 (17.8) 176 (82.2) 0.709†
Alone 13 (5.7) 3 (23.1) 10 (76.9)
Living place
City center 191 (84.1) 36 (18.8) 155 (81.2) 0.636†
Village 36 (15.9) 5 (13.9) 31 (86.1)
Education
Illiterate 11 (4.8) 1 (9.1) a 10 (90.9) a 0.005†
Middle school 93 (41.0) 27 (29.0) a 66 (71.0) b

High school 73 (32.2 7 (9.6)  a 66 (90.4) b

University and above 50 (22.0) 6 (12.0) a 44 (88.0) a

Working status
Working 59 (26.0) 5 (8.5) 54 (91.5) 0.064†
Not working 95 (41.9) 25(26.3) 70 (73.7)
Cannot work 19 (8.4) 3 (15.8) 16 (84.2) 

Retired 21 (9.3) 4 (19.0) 17 (81.0) 

Student 33 (14.5) 4 (12.1) 29 (87.9) 

Smoking
No 165 (72.7) 32 (19.4) 133 (80.6) 0.511†
Yes 62 (27.3) 9 (14.5) 53 (85.5)
Resistant epilepsy
No 188 (82.8) 31 (16.5) 157 (83.5) 0.261†
Yes 39 (17.2) 10(25.6) 29 (74.4)
Increase in seizure  
frequency
No 193 (85.0) 28 (14.5)a 165 (85.5)b 0.002†
Yes 34 (15.0) 13 (38.2)a 21 (61.8)b

*Mann-Whitney U test, †Chi-square test, a, b There is no statistically significant difference between groups with the same letters for 
each line,  SD: standard deviation, Med: median, min: minimum, max: maximum, BMI: body mass index, K-10 score: Kessler-10 score
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36.1% increase in self-reported stress by the patients dur-
ing the pandemic period. For this reason, we thought that 
using objective tests while evaluating the mental state 
also contributed to the result. We concluded that it would 
be more accurate to conduct objective tests with the cor-
rect aim of obtaining psychiatric support for patients.

We found a very high level of psychological distress 
in males. People with negative economic conditions are 
more vulnerable to mental health problems15. We thought 
that with the prolongation of the pandemic, the problem 
of finding a job and economic concerns might cause 

stress in men. Several studies have reported that educa-
tion is a factor associated with mental health status and 
problems during the COVID-19 pandemic15–17. Similarly, 
in our study, we detected a higher rate of stress in our 
patient group who were secondary school or high school 
graduates. Resistant epilepsy was not significant in our 
study, unlike in the literature12. 

An increase in seizure frequency was detected in 34 
(15%) patients. There are studies in the literature show-
ing that the frequency of seizures is between 8.56 and 
29.5%2, 3, 13, 18–20. In a meta-analysis including 24 studies, 

Figure 1. Diseases and number of patients
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Table 2. Demographic and clinical features among the groups according to the increase in seizure frequency

 
 

Total Increase in seizure frequency Likelihood 
ratio

p

No Yes 

 n (%)  n (%)  n (%)

Age (year) 

<21 33 (14.5) 28 (14.5)a 5 (14.7)a 7.633 0.042

21-40 125 (55.1) 112 (58)a 13 (38.2)b

41-60 57 (25.1) 42 (21.8)a 15 (44.1)b

>60 12 (5.3) 11 (5.7)a 1 (2.9)a

Sex

Female 127 (55.9) 108 (56) 19 (55.9) 0.000 0.999

Male 100 (44.1) 85 (44) 15 (44.1)

Marital status 

Married 120 (52.9) 97 (50.3) 23 (67.6) 3.588 0.092

Single 107 (47.1) 96 (49.7) 11 (32.4)

Living situation

With family 214 (94.3) 183 (94.8) 31 (91.2) 0.632 0.419

Alone 13 (5.7) 10 (5.2) 3 (8.8)

Living place

City center 191 (84.1) 159 (82.4) 32 (94.1) 3.638 0.141

Village 36 (15.9) 34 (17.6) 2 (5.9)
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Total Increase in seizure frequency Likelihood 
ratio

p
No Yes

 n (%)  n (%)  n (%)
Education

Illiterate 11 (4.8) 10 (5.2) 1 (2.9) 6.276 0.131
Middle school 93 (41) 74 (38.3) 19 (55.9)
High school 73 (32.2) 62 (32.1) 11 (32.4)
University and above 50 (22) 47 (24.4) 3 (8.8)

Working status
Working 59 (26) 52 (26.9) 7 (20.6) 9.420 0.083
Not working 95 (41.9) 74 (38.3) 21 (61.8)
Cannot work 19 (8.4) 17 (8.8) 2 (5.9)
Retired 21 (9.3) 18 (9.3) 3 (8.8)
Student 33 (14.5) 32 (16.6) 1 (2.9)

Smoking
No 165 (72.7) 140 (72.5) 25 (73.5) 0.014 0.999
Yes 62 (27.3) 53 (27.5) 9 (26.5)

Epilepsy duration
0-5 year 58 (25.6) 52 (26.9) 6 (17.6) 1.523 0.485
6-10 year 38 (16.7) 31 (16.1) 7 (20.6)
>11 year 131 (57.7) 110 (57.0) 21 (61.8)

Seizure type
Focal Onset 61 (26.9) 48 (24.9) 13 (38.2) 3.021 0.237
Generalized Onset 164 (72.2) 143 (74.1) 21 (61.8)
Unknown Onset 2 (0.9) 2 (1) 0 (0)

Epilepsy Etiology
Unknown 5 (2.2) 5 (2.6) 0 (0) 5.965 0.582
Structural 84 (37) 73 (37.8) 11 (32.4)
Genetic 128 (56.4) 105 (54.4) 23 (67.6)
Infectious 6 (2.6) 6 (3.1) 0 (0)
Metabolic 2 (0.9) 2 (1) 0 (0)
Immune 2 (0.9) 2 (1) 0 (0)

Treatment type
Monotherapy 142 (62.6) 130 (67.4)a 12 (35.3)b 12.268 0.001
Polytherapy 85 (37.4) 63 (32.6)a 22 (64.7)b

Resistant Epilepsy
No 188 (82.8) 166 (86)a 22 (64.7)b 7.875 0.005
Yes 39 (17.2) 27 (14)a 12 (35.3)b

Comorbid disease
No 132 (58.1) 113 (58.5) 19 (55.9) 0.084 0.919
Yes 95 (41.9) 80 (41.5) 15 (44.1)

Change in sleep pattern
No 165 (72.7) 146 (75.6)a 19 (55.9)b 5.267 0.030
Yes 62 (27.3) 47 (24.4)a 15 (44.1)b

Continuation of  Table 2.
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it was shown that the incidence of increased seizures dur-
ing the COVID-19 pandemic had been 18.5%21. Similar 
results were obtained in our study. Although there were 
differences in the design and timing of the studies, we 
found significant differences in seizure frequency and 
mental status. This indicates that it is important for 
physicians to focus on both seizure control and mental 
health. Alkhotani et al. demonstrated that an increase in 
seizure frequency was significantly associated with vari-
ous factors, including higher baseline seizure frequency, 
polytherapy, non-adherence to medication regimens, in-
creased stress, and changes in sleep patterns2. Huang et 
al. indicated differences between groups with and with-
out seizure increase, including factors such as age, living 
in Wuhan, exposure to COVID-19, concerns about the 
pandemic’s negative effects on seizures, pre-pandemic 
seizure frequency, uncontrolled epilepsy, and medication 

regimen changes18. Assenza et al. found that the increase 
in seizure frequency and severity during the pandemic 
was related to the number of anti-epileptic drugs used 
and sleep quality22. Risk factors for increased seizure 
frequency include tumor-related and drug-resistant epi-
lepsy, the presence of insomnia, and decreased economic 
income3. 

Limited social activities, lifestyle changes, lack of 
necessary medical intervention due to restricted access 
to medical facilities, multiple drug use, and poor seizure 
control are reported as risk factors for worsening sei-
zures21. In our study, differences were observed between 
groups with and without increased seizures in terms of 
age range (21-60 years), polytherapy, drug-resistant epi-
lepsy, changes in sleep patterns, increased stress during 
the pandemic, and higher K-10 scores, similar to the liter-
ature. Furthermore, avoidance of seeking medical care at 

Total Increase in seizure frequency Likelihood 
ratio

p
No Yes

 n (%)  n (%)  n (%)
Increased stress during the pandemic

No 145 (63.9) 129 (66.8) 16 (47.1) 4.726 0.043
Yes 82 (36.1) 64 (33.2) 18 (52.9)

Kessler 10 scale
K-10 score <30 41 (18.1) 28 (14.5)a 13 (38.2)b 9.370 0.002
K-10 score ≥30 186 (81.9) 165 (85.5)a 21 (61.8)b

Avoided follow-up during the pandemic
No 161 (70.9) 137 (71.0) 24 (70.6) 0.002 0.999
Yes 66 (29.1) 56 (29.0) 10 (29.4)

Avoided EEG during the pandemic
No 182 (80.2) 154 (79.8) 28 (82.4) 0.122 0.911
Yes 45 (19.8) 39 (20.2) 6 (17.6)

Avoided MRG during the pandemic
No 182 (80.2) 154 (79.8) 28 (82.4) 0.122 0.911
Yes 45 (19.8) 39 (20.2) 6 (17.6)

Did you hesitate to visit the outpatient clinic despite having seizures during the pandemic?
No 206 (90.7) 181 (93.8)a 25 (73.5)b 10.769 0.001
Yes 21 (9.3) 12 (6.2)a 9 (26.5)b

Did you hesitate to go to the emergency department despite having seizures during the pandemic?
No 210 (92.5) 185 (95.9)a 25 (73.5)b 14.919 <0.001
Yes 17 (7.5) 8 (4.1)a 9 (26.5)b

COVID-19 infection
No 182 (80.2) 159 (82.4) 23 (67.6) 3.569 0.079
Yes 45 (19.8) 34 (17.6) 11 (32.4)

Chi-square test, a, b There was no statistically significant difference between groups with the same letters for each line

Continuation of  Table 2.
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outpatient/emergency departments despite experiencing 
seizures also showed differences between groups with 
and without seizure increase. Factors known to affect sei-
zures, such as polytherapy, drug-resistant epilepsy, stress, 
and sleep changes, exhibited differences in our study.

Logistic regression analysis was used to examine the 
variables affecting the increase in seizure frequency. 
Among them, hesitate to go to the emergency room despite 
having seizures during the pandemic emerged as the pa-
rameter with the highest risk of increasing the frequency of 
seizures. Resistant epilepsy, polytherapy, change of anti-
seizure medication dose, change in sleep pattern, hesitate 
to visit the outpatient clinic despite having seizures during 
the pandemic and increase in stress due to the COVID-19 
pandemic were found to be significant in terms of an in-
crease in seizure frequency in the model. It is known that 
seizures and stress affect each other mutually. 

It was found that psychological stress among in-
dividuals had been common in the early stages of the 
COVID-19 pandemic and might be associated with sleep 
disturbance23. Changes in sleep-wake rhythm and sleep 
quality have been described in cross-sectional studies 
conducted during the quarantine period2, 3, 13, 24, 25. In our 
study, it was found that there had been a change in sleep 
pattern at a rate of 27.3%, similar to the literature (11.3-
71.2%)2, 3, 25.

The COVID-19 pandemic had significantly disrupted 
the healthcare services provided to PWE. Outpatient vis-
its had been delayed, and essential epilepsy-related tests 
like electroencephalogram (EEG) and magnetic reso-
nance imaging (MRI) studies had been canceled due to 
the overwhelming strain on the healthcare system and 
disruptions in medical supply chains3, 26. This had result-
ed in challenges in responding to emergencies promptly. 

Moreover, PWE are experiencing more isolation, anxi-
ety, and stress compared to the general population; these 
factors have been linked to an increase in the frequency 
of seizures26, 27. Our research indicates that the avoidance 
of presenting to the emergency/outpatient clinic despite 
having seizures was higher in the group with increased 
seizures. With the continuation of the pandemic, we con-
cluded that although administrators produced solutions 
for the purchase of drugs and the opening of isolated 
examination rooms, the service was not interrupted, but 
it was not enough for patients. The pandemic had led to 
a decline in the quality of life, a higher prevalence of de-
pression, and increased difficulties in accessing essential 
healthcare services. The pervasive sense of fear and un-
certainty during the pandemic had only exacerbated these 
challenges for PWE28.

Forty-six patients (20.3%) were admitted to the hos-
pital with suspicion of COVID-19. PCR was positive in 
41 (18.1%) patients. A total of 7 patients were treated 
in hospital, 1 patient in Intensive Care Unit. The sei-
zure frequency increased in 8 (17.4%) patients during 
infection. Of the 8 patients with increased seizure fre-
quency, 3 (37.5%) had mild, 1 (12.5%) had moderate, 
and 4 (50.0%) had severe mental distress symptoms. In 
addition, one patient, whose seizure frequency increased 
during the infection period, also reported an increase in 
seizure frequency during the pandemic period.

34 of our patients reported an increase in seizure fre-
quency. In the study by Elger et al., in which they showed 
that patients noticed less than 50% of their seizures29, 
the importance of different measurements such as video 
EEG, mobile EEG, and the history given by people liv-
ing together was mentioned. We think that only obtaining 
information from patients led to these results. 

Table 3. Variables of increased seizure frequency using logistic regression analysis

  Multivariate Univariate

  OR (%95 CI) p OR (%95 CI) p

Resistant epilepsy 1.671 (0.607 – 4.602) 0.320 3.354 (1.488 – 7.557) 0.004

Polytherapy 2.945 (1.152 – 7.532) 0.024 3.783 (1.76 – 8.13) 0.001

Change of anti-seizure medication dose 2.099 (0.883 – 4.986) 0.093 2.295 (1.06 – 4.971) 0.035

Increase stress during the pandemic 1.407 (0.585 – 3.387) 0.446 2.268 (1.085 – 4.739) 0.029

Change in sleep pattern 2.432 (0.99 – 5.975) 0.053 2.452 (1.155 – 5.205) 0.019

Hesitate to visit the outpatient clinic despite 
having seizures during the pandemic

1.757 (0.175 – 17.627) 0.632 5.43 (2.079 – 14.183) 0.001

Hesitate to go to the emergency room  
despite having seizures during the  
pandemic

2.786 (0.247 – 31.417) 0.407 8.325 (2.943 – 23.551) 0.000

Constant 0.039 (0 – 0) 0.000    

Cox & Snell R Square=0.135, Nagelkerke R Square=0.238, Accuracy=0.881. Bold indicates statistical significance
OR (%95 CI): odds ratio (95% confidence interval, CI)
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Our study has some limitations. We cannot rule out the 
possibility of sample bias because the participants were 
contacted by phone. We had to evaluate the changes in 
seizure frequency according to patient statements. We 
could not exclude psychiatric illness or medication use. 
In addition, because there was no control group and no 
evaluations were made before the pandemic, the findings 
cannot be completely attributed to the pandemic.

Conclusion
One year after the declaration of the pandemic, we found 
that stress was still common, and the frequency of sei-
zures increased. Resistant epilepsy, polytherapy, change 
of anti-seizure medication dose, change in sleep pattern, 
hesitate to visit the outpatient clinic despite having sei-

zures during the pandemic and increase in stress due to 
the COVID-19 pandemic were found to be significant in 
terms of an increase in seizure frequency in the univariate 
analyses. In multivariate analyses only polytherapy was 
detected as the parameter with increased seizure frequen-
cy. It is known that seizures and stress affect each other 
mutually. When there are important public health prob-
lems such as pandemics, we should be careful to evaluate 
the patients’ seizures, evaluate their mental state, and not 
ignore their medical needs. Knowing that there is a mul-
tifaceted interaction between epilepsy, stress, and sleep, 
we conclude that we should approach them holistically.
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Background and purpose – Posterior 
reversible encephalopathy syndrome (PRES) 
is characterized by vasogenic edema, usu-
ally reversible, with the prominent involve-
ment of the parietal and occipital lobes. The 
exact etiopathogenesis leading to PRES is 
unknown. Because signs of eclampsia and 
preeclampsia in neuroimaging often overlap 
and manifest as PRES, we aimed to evaluate 
whether demographic, clinical, and labora-
tory parameters predict PRES in patients 
with preeclampsia or eclampsia.
Methods – 213 pre-eclampsia or eclampsia 
patients with cranial imaging were retro-
spectively examined. We recorded the 
patients’ demographic information, systolic 
blood pressure (SBP), diastolic blood pres-
sure (DBP), mean arterial pressure (MAP), 
hemogram, biochemical indicators, clinical 
symptoms, and imaging features.
Results – Of all patients, 69% (n = 147) had 
preeclampsia while 31% (n = 66) had ec-
lampsia, and 24.4% (n = 53) were diagnosed 
with PRES. The mean age of patients who 
developed PRES was 25.81 ± 6.07 years and 
thus significantly less than that of patients 
who did not develop PRES (p = .000). Patients 
with PRES had significantly higher mean SBP 
(p = .015), DBP (p = .009), and MAP (p = .003) 
than patients without PRES, along with sig-
nificantly higher aspartate aminotransferase 
(ASAT; p = .001), alanine aminotransferase 
(ALAT; p = .001) blood urea nitrogen (BUN; 

A posterior reverzibilis encephalopathia 
szindróma kockázati tényezői 
praeeclampsiás vagy eclampsiás  
betegeknél: retrospektív áttekintés
Demir TG, MD; Cekic M, MD; Agircan D, MD; 
Ethemoglu O, MD; Sak S, MD

Háttér és cél – A posterior reverzibilis 
encephalopathia szindrómát (PRES) általá-
ban reverzibilis vasogen oedema jellemzi, 
ami leginkább a parietalis és occipitalis lebe-
nyeket érinti. A PRES kialakulásához vezető 
pontos etiopatogenezis ismeretlen. Mivel az 
eclampsia és a praeeclampsia jelei az idegi 
képalkotó vizsgálatokon gyakran átfedik egy-
mást, és PRES-ként manifesztálódnak, célunk 
annak értékelése volt, hogy a praeeclampsiás 
vagy eclampsiás betegeknél a demográfiai, 
klinikai és laboratóriumi paraméterek előre 
jelzik-e a PRES-t.
Módszerek – 213 olyan preeclampsiás vagy 
eclampsiás beteget vontunk be retrospek-
tív módon, akiknél koponyaűri képalkotó 
vizsgálatot végeztek. Feljegyeztük a betegek 
demográfiai adatait, szisztolés vérnyomását 
(SBP), diasztolés vérnyomását (DBP), átlagos 
artériás nyomását (MAP), hemogramját, bio-
kémiai mutatóit, klinikai tüneteit és képalkotó 
jellemzőit.
Eredmények – A betegek 69%-ánál (n = 147) 
praeeclampsiát, 31%-ánál (n = 66) eclampsiát, 
24,4%-ánál (n = 53) pedig PRES-t diagnoszti-
záltak. Azok a betegek, akiknél PRES alakult 
ki, szignifikánsan alacsonyabb átlagéletkorral 
(25,81 ± 6,07 év) bírtak, mint azok, akiknél 
nem alakult ki PRES (p = 0,000). A PRES-ben 
szenvedő betegeknél szignifikánsan maga-
sabb volt az átlagos SBP (p = 0,015), a DBP  
(p = 0,009) és a MAP (p = 0,003), mint a PRES 
nélküli betegeknél, valamint szignifikánsan 
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Posterior reversible encephalopathy syndrome (PRES), 
a finding in neuroimaging, is characterized by sub-

cortical vasogenic edema, usually reversible, with the 
prominent involvement of the parietal and occipital lobes 
and is diagnosed by magnetic resonance imaging (MRI)1, 

2. PRES is clinically characterized by headaches, visual 
disturbances, and sometimes seizures2. Although the 
exact etiopathogenesis leading to PRES is unknown, the 
hypotheses put forward include conditions such as en-
dothelial damage, disruption of the blood–brain barrier, 
and vasogenic, neuropeptide, cytotoxic, and immunoge­
nic conditions that eventually result in cerebral edema3–6. 
PRES can occur alongside hypertension, end-stage renal 
disease, active cancer, chemotherapy, allogeneic bone 
marrow transplantation, autoimmune disorders, sepsis, 
preeclampsia, or eclampsia1, 2. Although studies have 
shown PRES in a significant proportion (70%–98%) of 
women with eclampsia, their cohorts were small6–8. In a 
review, the prevalence of PRES in patients with eclamp-
sia was 66.7%, while its prevalence in patients with se-
vere preeclampsia was 24%9. In neuroimaging, signs of 
eclampsia and preeclampsia often overlap and manifest 
as PRES2, 10. Moreover, MRI scans to detect PRES can be 
difficult to obtain routinely. For those reasons, we aimed 
to evaluate whether standard demographic, clinical, and 
laboratory parameters predict PRES in patients with 
preeclampsia or eclampsia.

Methods
Our sample included patients who, between January 
2015 and June 2023, were diagnosed with preeclampsia 
or eclampsia by obstetricians and referred to the neu-
rology department for neurological evaluation; or who 
applied to the neurology outpatient clinic or emergency 
department and were diagnosed with PRES after expe-
riencing preeclampsia or eclampsia. In total, 213 pre-
eclampsia or eclampsia patients with cranial imaging 
were retrospectively examined. Preeclampsia was de-
fined as complications with hypertension, proteinuria, 
and edema between the 20th week of pregnancy and the 
6th week postpartum, whereas eclampsia was defined as 
seizures unrelated to other cerebral conditions in addi-
tion to preeclampsia11, 12.

We recorded patients’ demographic information, SBP, 
DBP, MAP (MAP; defined as 2/3 of DBP + 1/3 of SBP), 
biochemical indicators, clinical symptoms, and imag-
ing features. Biochemical indicators examined included 
serum albumin, creatinine, blood urea nitrogen (BUN), 
ASAT, ALAT, total bilirubin, C-reactive protein, and Hb 
levels, along with WBC, neutrophil, and platelet counts.

Patients who developed eclampsia or preeclampsia 
were classified according to whether or not they had 
PRES. Patients without clinical or radiological find-
ings of preeclampsia/eclampsia, patients with abnormal 

p = .001), white blood cell (WBC; p = .003), 
neutrophil (p = .001), and hemoglobin (Hb; p 
= .027) levels, but significantly lower albumin 
(p = .000) levels.
Conclusion – Age, high blood pressure, 
and BUN, neutrophil, and WBC levels were 
predictors of the development of PRES in 
patients with preeclampsia and eclamp-
sia. Early neuroimaging considering those 
predictors should be performed to diagnose 
PRES in patients with preeclampsia and 
eclampsia.

Keywords: posterior reversible encepha-
lopathy syndrome (PRES), preeclampsia, 
eclampsia, pregnancy, hypertension

magasabb volt a következők vérszintje: glu- 
tamát-oxálacetát-transzamináz (aszpartát-
aminotranszferáz/ASAT; p = 0,001), glutamát- 
piruvát-transzamináz (alanin-aminotransz-
feráz/ALAT; p = 0,001), karbamid-nitrogén 
(BUN; p = 0,001), fehérvérsejtszám (WBC;  
p = 0,003), neutrophilsejt-szám (p = 0,001) 
és hemoglobin (Hb; p = 0,027), míg szignifi-
kánsan alacsonyabb az albumin- (p = 0,000) 
szint.
Következtetés – Az életkor, a magas vér-
nyomás, valamint a BUN-, a neutrophilsejt- 
és a WBC-szintek a praeeclampsiás és 
eclampsiás betegeknél a PRES kialakulásának 
előrejelzői voltak. Ezeket a prediktív ténye-
zőket figyelembe véve a praeeclampsiás és 
eclampsiás betegeknél a PRES diagnoszti-
zálásának érdekében korán érdemes idegi 
képalkotó vizsgálatot végezni.

Kulcsszavak: posterior reverzibilis encepha-
lopathia szindróma (PRES), praeeclampsia, 
eclampsia, terhesség, hypertonia
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neuroimaging features unrelated to PRES, patients with 
epilepsy unrelated to preeclampsia or eclampsia, patients 
with neurological diseases such as brain tumors or con-
genital brain malformations, patients with pre-gestational 
hypertension, and patients diagnosed with hypertension 
before the 20th week of pregnancy were excluded from 
the sample.

The study was approved by the local ethics committee 
(HRÜ/23.21.10) and conducted in accordance with the 
Declaration of Helsinki.

Statistical analyses

Statistical analyses were performed using the Statistical 
Package for the Social Sciences for Windows version 
20.0. After the patients’ data were recorded, the distribu-
tion of the data was evaluated according to the Kolmog-
orov–Smirnov and Shapiro–Wilk normality tests. The 
Mann–Whitney U test was used for non-normally distri­
buted variables, while an independent sample t-test was 
used to compare normally distributed variables. ROC 
analysis was performed to determine the diagnostic value 

of the variables, and a frequency analysis of variables 
was performed by cross-tabulation and frequency tests. 
A value of p < .05 was considered to indicate statistical 
significance in all tests.

Results
The sample included 213 patients diagnosed with preec-
lampsia (n = 147, 69%) or eclampsia (n = 66, 31%). The 
mean age of the sample was 30.12 ± 6.96 years (range: 
17–54 years), while the average gestational age was 
30.20 ± 6.99 weeks (range: 20–42). Of all patients, 53 
were diagnosed with PRES: in 8.2% (n = 12) of patients 
with preeclampsia and 62.1% (n = 41) of patients with 
eclampsia. PRES was thus significantly more common 
in patients with eclampsia than ones with preeclamp-
sia (p = .000). The average age of patients who deve­
loped PRES was 25.81 ± 6.07 years and was significantly 
younger than that of patients without PRES (p = .000). 
The most common symptoms in patients were seizure 
(33.3%), headache (25.8%), confusion (13.6%), and vi­
sual symptoms (9.9%), as shown in Table 1.

Table 1. Baseline demographics, clinical parameters and imaging features

with PRES 
(n=53)

without PRES 
(n=160) p

Age (years) 25.81±6.07 31.54±6.67 0.743

MRI 86.8% (n=46) 90.6% (n=145)

CT 13.2% (n=7) 9.4% (n=15)

Week of Pregnancy
at delivery

32.77±4.15 34.61±3.96

Gravida 2.53±1.82 4.72±3.07

Diagnosis with MRI Yes 86.8% (n=46) 90% (n=144) 0.000

No 13.2% (n=7) 10% (n=16)

Seizure Yes 77.4% (n=41) 15.6% (n=25) 0.000

No 22.6% (n=12) 84.4% (n=135)

Confusion Yes 30.2% (n=16) 8.1% (n=13) 0.316

No 69.8% (n=37) 91.9% (n=147)

Headache Yes 64.2% (n=34) 13.1% (n=21) 0.742

No 35.8% (n=19) 86.9% (n=139)

Syncope Yes 5.7% (n=3) 1.2% (n=2) 0.068

No 94.3% (n=50) 98.8% (n=158)

Visual Disorders Yes 15.1% (n=8) 8.1% (n=13) 0.039

No 84.9% (n=45) 91.9% (n=147)

Neurological Examination Normal 1.9% (n=1) 64.4% (n=103) 0.072

Pathological 98.1% (n=52) 35.6% (n=57)

CT: computed tomography; MRI: magnetic resonance imaging; PRES: posterior reversible encephalopathy syndrome
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As Table 2 shows, the mean SBP, DBP, 
and MAP of patients with PRES were sig-
nificantly higher than those of patients with-
out PRES (p = .015, p = .009, and p = .003, 
respectively). Although the SBP of patients 
who developed PRES during eclampsia 
was higher than that of other patients with 
eclampsia, the difference was non-signifi-
cant (p = .078). However, the mean DBP 
and MAP were significantly higher of those 
patients than in patients with eclampsia 
who did not develop PRES (p = .041, p = 
.035, respectively), as shown in Table 3. In 
addition, SBP >142 mmHg and DBP >87.5 
mmHg were found to predict PRES, though 
DBP’s diagnostic accuracy was higher than 
SBP’s (Figure 1).

The average BUN, ASAT, and ALAT 
levels of patients diagnosed with PRES 
were significantly higher than those of pa-
tients without PRES (p = .001, p = .001, 
and p = .001, respectively), whereas their 
albumin levels were lower (p = .000). 
Mean WBC count, neutrophil count, and 
Hb level were significantly higher among 
patients diagnosed with PRES than other patients (p = 
.003, p = .001, and p = .027, respectively), as shown 
in Table 2. The laboratory parameters of patients who 
developed PRES during eclampsia or preeclampsia ap-
pear in Table 3.

Figure 2 illustrates the distribution of the areas of in-
volvement in the cranial MRIs of patients with PRES. 
As shown, the most common was the bilateral occipito-
parietal involvement (40%), followed by bilateral fronto-
parieto-occipital involvement (31.1%).

Table 2. Comparison of baseline characteristics of patients with pre-
eclampsia/eclampsia with and without PRES

with PRES
(n=53)

without PRES 
(n=160)

 p

SBP (mmHg) 160.82±19.50 152.01±23.74 0.015

DBP (mmHg) 102.00±19.26 93.55±15.18 0.009

MAP (mmHg) 121.78±18.29 112.21±18.98 0.003

Urea (mg/dl) 29.26±10.70 23.30±9.11 0.001

ASAT (U/L) 297.04±538.75 77.58±251.53 0.001

ALAT (U/L) 139.04±227.58 48.66±110.83 0.001

Albumin (g/Dl) 2.76±0.62 3.21±0.61 0.000

WBC (109/L) 16.04±5.02 13.40±4.74 0.003

Neutrophil (109/L) 13.45±4.94 10.51±4.94 0.001

Hb (mg/dl) 12.86±2.12 12.04±2.04 0.027

CRP (mg/dl) 2.73±2.26 2.01±2.87 0.196

Bilirubin (total) (mg/dL) 1.17±1.42 0.80±1.32 0.097

SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial 
pressure, ASAT: aspartate aminotransferase, ALAT: alanine aminotransferase, 
WBC: white blood cell, Hb: hemoglobin, CRP: C-reactive protein.

Table 3. The comparison of BP and laboratory parameters between preeclampsia (with PRES and without PRES) group and 
eclampsia (with PRES and without PRES) group

                    Eclampsia
                       (n=66)

       p Preeclampsia
(n=147)

p

with PRES
(n=41)

without PRES 
(n=25)

with PRES
(n=12)

without PRES 
(n=135)

SBP (mmHg) 164.49±19.56 151.67±28.43 0.078 148.00±13.37 152.07±22.59 0.404

DBP (mmHg) 105.71±18.68 94.48±19.61 0.041 89.00±15.95 93.38±14.31 0.421

MAP (mmHg) 125.53±17.80 112.20±24.13 0.035 108.63±13.84 112.02±18.63 0.485

Urea (mg/dl) 29.22±10.85 23.28±9.77 0.040 29.40±10.73 23.30±9.03 0.046

ASAT (U/L) 271.60±499.37 109.00±148.90 0.079 386.10±682.34 71.79±266.24 0.002

ALAT (U/L) 130.97±230.59 81.76±131.76 0.314 167.30±226.24 42.57±131.76 0.003

Albumin (g/Dl) 2.74±0.65 2.77±0.51 0.856 2.84±0.55 3.29±0.59 0.030

WBC (109/L) 16.28±5.28 17.30±6.30 0.539 16.28±5.28 12.68±4.46 0.086

Neutrophil (109/L) 13.66±5.19 14.25±4.94 0.669 12.75±4.08 9.82±4.39 0.044

Hb (mg/dl) 13.07±2.04 11.86±2.23 0.032 12.82±2.10 11.89±2.12 0.168

CRP (mg/dl) 2.49±2.18 1.61±1.80 0.086 3.57±2.43 2.09±3.03 0.078

Bilirubin (total) (mg/dL) 0.97±0.92 0.90±0.64 0.685 1.83±2.42 0.78±1.41 0.082

SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, ASAT: aspartate aminotransferase, ALAT: alanine 
aminotransferase, WBC: white blood cell, Hb: hemoglobin, CRP: C-reactive protein.
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Discussion
Advances in imaging methods have led to 
increased diagnoses of PRES. In our study, 
PRES was frequently observed in patients 
with eclampsia, as consistent with the find-
ings of a previous study13. Our results re-
vealed that PRES is also present in patients 
without eclampsia. Moreover, regarding 
our aim to determine the predictive factors 
of PRES, we found that age, high blood 
pressure, BUN level, and neutrophil and 
WBC counts were effective predictors of 
PRES in patients with preeclampsia and 
eclampsia. 

Despite arguments that PRES is an in­
tegral part of eclampsia13, Verma et al.6 
found PRES in only 71.4% of patients with 
eclampsia in their prospective observation-
al study. Furthermore, Fisher et al.14 de-
tected PRES in only 62.5% of patients with 
eclampsia and only in 10.5% of ones with 
preeclampsia. PRES had also been detected 
in the absence of eclampsia and thus not as 
one of its complications15. Consistent with the literature, 
in our study PRES was significantly more common in pa-
tients with eclampsia than in patients with preeclampsia.

Although many studies have failed to find an associa-
tion between PRES and age7, 16, patients in our study who 
developed PRES were significantly younger than the 

ones who did not. Some studies have similarly shown that 
PRES is associated with younger age14, while others have 
revealed that it may also be associated with low maternal 
age, primiparity, lack of education, and prenatal care17–19. 
Coupled with those findings, our results may reflect the 
socioeconomic profile of our patient population, most of 

Figure 1. A Cut-off value for SBP= 142 (AUC : 0.624, 95% CI: 0.537-0.711, sensitivity =73.3, specificity=62.7), B cut-
off value for DBP= 87.50  (AUC: 0.669, 95% CI: 0.579-0.758, sensitivity =81.7%, specificity =70.1%)

Figure 2. Distribution of brain regions involved in PRES

A B
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whom marry at a young age and have limited access to 
routine prenatal care. In a prospective study conducted 
to determine whether PRES occurs in hypertensive preg-
nant women without preeclampsia or features of eclamp-
sia, one of the parameters that best predicted PRES was 
high SBP20. Although other studies have shown evidence 
supporting that result13, 14, some have not indicated any 
relationship between blood pressure and PRES6, 7, 16. 
Matsuda et al. found that DBP was significantly higher 
among patients who developed PRES than among ones 
with normal cranial MRI results, but no significant differ-
ence in SBP emerged21. In our study, elevated mean SBP, 
DBP, and MAP among patients who developed PRES 
seemed to significantly contribute to the development 
of PRES. Among them, SBP in patients who developed 
PRES during eclampsia was higher than in other patients 
with eclampsia but not to a statistically significant ex-
tent, whereas DBP and MAP were significantly higher. 
We additionally observed that the SBP, DBP, and MAP of 
patients who developed PRES during preeclampsia were 
lower than in other patients with preeclampsia. Even so, 
SBP >142 mmHg and DBP >87.5 mmHg were found to 
predict PRES, though DBP’s diagnostic accuracy was 
greater than SBP’s. The differences in findings between 
studies may be due to differences in time when blood 
pressure was recorded owing to the retrospective nature 
of the studies.

Other research showing a high correlation between 
SBP or DBP and parameters of renal function (i.e., BUN, 
creatinine, and uric acid levels) has also revealed severe 
preeclampsia’s positive correlation with renal function22. 
Drakeley et al.23 and Sibai et al.24 have also reported 
that preeclampsia is a cause of acute renal failure dur-
ing pregnancy. In our study, the BUN levels of patients 
who developed PRES during eclampsia or preeclampsia 
were significantly higher than among ones who did not 
develop PRES. Those findings suggest that renal dysfunc-
tion in patients with eclampsia or preeclampsia predicts 
the development of PRES. Kidney and liver dysfunction 
are indeed common manifestations of end organ damage 
due to preeclampsia25. On that count, studies have shown 
increased ALAT level in patients with preeclampsia26, 27. A 
more recent study has also revealed a significant increase 
in ASAT and ALAT levels in pregnant women with preec-
lampsia compared with normotensive pregnant women28. 
In a similar study conducted by Ekun et al.29, transaminas-
es in patients with preeclampsia were increased as well. 
In research investigating the role of clinical and labora-
tory parameters in predicting PRES in hypertensive preg-
nant women, high liver markers (i.e., ASAT and ALAT 
levels) were found to predict PRES. In fact, ASAT level 
(>55 IU/L) was one of the parameters that best predicted 
PRES20. In our study, ASAT and ALAT levels were signif-
icantly higher in patients diagnosed with PRES. Although 
ASAT and ALT levels were higher in patients with preec-

lampsia and eclampsia who developed PRES than in pa-
tients who did not, the levels between the groups did not 
differ significantly. The increase in the former group may 
derive from a systemic inflammatory response following 
placental ischemia, which leads to endothelial dysfunc-
tion that can cause vasoconstriction and eventually liver 
and kidney dysfunction28.

The excessive production of reactive oxygen species 
(ROS) can cause hypoalbuminemia along with endothelial 
dysfunction. Most likely because albumin is a vital plasma 
antioxidant that cleans and detoxifies ROS30, serum albu-
min levels were found to be low in patients with PRES in a 
study investigating the laboratory and imaging character-
istics of such patients in intensive care. A possible correla-
tion between low albumin levels and PRES has also been 
discussed by Ishikura et al., who reported 7 pediatric pa-
tients with nephrotic syndrome and hypoalbuminemia who 
demonstrated significant clinical improvement following 
albumin replacement31. In our study, the mean albumin 
level of patients who developed PRES was significantly 
lower  than that of patients who did not develop PRES. 
In patients who developed PRES during preeclampsia, the 
serum albumin level was significantly lower than in other 
patients with preeclampsia. Although the serum albumin 
level was also low in patients who developed PRES during 
eclampsia, the difference was non-significant. In light of 
those findings, hypoalbuminemia may cause low colloid 
osmotic pressure, fluid extravasation, the development of 
vasogenic edema, and PRES. 

Studies have shown that leukocyte activation plays an 
important role in preeclampsia’s disease process. Women 
with preeclampsia have shown significantly increased 
leukocyte activation as well as superoxide production in 
monocytes and neutrophils32, 33. Moreover, neutrophil ac-
tivation is believed to be a major component of excessive 
inflammatory responses in the maternal vascular system 
during preeclampsia33. Canzoneri et al. have observed 
an increased number of leukocytes in patients with mild 
preeclampsia and a significantly increased number in 
patients with severe preeclampsia compared with nor-
mal pregnant controls. They also determined that the in-
creased number of neutrophils was responsible for the in-
crease in total leukocytes in patients with preeclampsia34. 
Authors including Lurie et al.35 and Liu et al.36 have also 
found an increased number of neutrophils in patients with 
severe preeclampsia. In our study, the mean WBC and 
neutrophil counts among patients who developed PRES 
were significantly higher than those among patients who 
did not develop PRES. Consistent with the literature, the 
mean neutrophil and WBC counts of patients who devel-
oped PRES due to preeclampsia were significantly higher 
than in other patients with preeclampsia. 

Last, Hb levels were also significantly higher in PRES 
patients than in other patients in our study. Even so, no 
significant difference in Hb values arose between patients 
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with eclampsia and ones with preeclampsia. On that 
point, the literature shows conflicting findings. Where-
as most studies did not reveal any relationship between 
PRES and Hb, in a study conducted to determine the 
serum levels of trace elements and macrominerals and 
their possible relationships with preeclampsia, patients 
with preeclampsia had lower Hb levels than normoten-
sive pregnant women37. In another study evaluating pre-
dictive factors of PRES, low Hb levels (i.e., <8.7 g/dl) 
indeed predicted PRES20. Contrarily, in our study, high 
Hb levels emerged as a predictor of the development of 
PRES. Mayama et al.3 have also found higher hematocrit 
levels in women with PRES. Increased blood viscosity 
with high hematocrit levels exacerbates endothelial dys-
function, which leads to dysfunction in the blood–brain 
barrier and results in vasogenic edema and vasoconstric-
tion despite normal systemic blood pressure38, 39.

Conclusion

We found that age, high blood pressure, BUN levels, 
and neutrophil and WBC counts were predictors of the 
development of PRES in patients with preeclampsia 
and eclampsia. Because the neurological disorder can 
be overcome with early diagnosis and appropriate treat-
ment, we propose that those predictors can be used to 
determine the risk of PRES in pregnant women and thus 
optimize the time of treatment and treatment outcomes. 
Along those lines, future studies should evaluate the role 
of biomarkers and their long-term neurological effects in 
pregnant women diagnosed with PRES. Our study was 
limited in being a single-center retrospective study and 
having a relatively small sample. Prospective multicenter 
studies are required for more comprehensive data collec-
tion and analysis.
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Background and purpose – To determine 
the risk of hemorrhagic transformation in 
patients with acute ischemic cerebrovascular 
disease, we investigated the relationship 
between Apparent Diffusion Coefficient Mag-
netic Resonance Imaging values measured 
within the infarct area and microbleeds ob-
served on Gradient Echo Sequence Magnetic 
Resonance Imaging.
Methods – A total of 172 patients who were 
hospitalized to the Neurology Clinic of the 
Istanbul Provincial Directorate of Health  
Erenkoy Mental and Nervous Diseases 
Training and Research Hospital between 
June 2019 and March 2020 were included in 
this cross-sectional study. The patients were 
classified according to their demographic 
and clinical characteristics, by age, gender, 
hypertension, diabetes mellitus, smoking, 
and alcohol use. In the Cranial Magnetic 
Resonance Imaging taken in the application 
for the diagnosis of acute ischemic cerebro-
vascular disease, the infarction area in Ap-
parent Diffusion Coefficient sequences with 
the Region of Interest value and the relation-
ship between microhemorrhage observed in 
Gradient Echo hemo-sequence was evalu-
ated in Magnetic Resonance Imaging applied 
between 3-7 days. While calculating spherical 
Region of Interest values, 5 Region of Inter-
est values were obtained for lesions larger 
than 1.5x1.5 cm, and their arithmetic mean 
was obtained, and single spherical Region 
of Interest value was taken for smaller ones. 
Apparent Diffusion Coefficient Magnetic 
Resonance Imaging Region of Interest 

A vérzéses transzformáció kockázatának  
meghatározása akut ischaemiás 
agyérbetegségben: Az ADC-értékek és 
a GRE hemoszekvencia-mikrovérzés 
összefüggése
Yakupoglu E, MD; Mayda Domac F, MD, Prof.

Háttér és cél – Az akut ischaemiás 
cerebrovascularis betegségben szenvedő 
betegeknél a vérzéses transzformáció kocká-
zatának meghatározása érdekében mágne-
sesrezonancia-képalkotással (MRI) vizsgáltuk 
az infarktus területén belül mért Apparent 
Diffusion Coefficient (ADC-) értékek és a 
grádiens echo szekvencián (MRI) megfigyelt 
mikrovérzések közötti kapcsolatot.
Módszerek – A keresztmetszeti vizsgálatba 
összesen 172 beteget vontunk be, akiket 
2019 júniusa és 2020 márciusa között az 
Isztambul Tartományi Egészségügyi Igazga-
tóság Erenkoy Mentális és Idegbetegségek 
Oktatási és Kutatási Kórház Neurológiai 
Klinikáján kezeltek. A betegeket demográfiai 
adatok és klinikum alapján csoportosítottuk, 
figyelembe véve az életkort, nemet, magas 
vérnyomást, cukorbetegséget, dohányzást 
és alkoholfogyasztást. Az akut ischaemiás 
cerebrovascularis betegség diagnosztizálásá-
ra alkalmazott, a 3. és 7. nap között elvégzett 
koponya-MRI-n értékeltük az ADC-térképen 
látott értékek és a grádiens echo szekvenci-
án megfigyelt mikrovérzések közötti kapcso-
latot. Az ADC-értékek alapján két csoportot 
határoztunk meg < 500 × 10–6 mm2/s és 
>500 × 10–6 mm2/s értékekkel.
Eredmények – Azon betegcsoport eseté-
ben, akiknél 500 × 10–6 mm2/s-nél alacso-
nyabb ADC-értéket mértünk, szignifikánsan 
nagyobb volt (p: 0,001) a mikrovérzések va-
lószínűsége, nemcsak az infarktus területén, 
hanem az agyállomány más területein is (p: 
0,001). A mikrovérzéssel rendelkező betegek-
nél az újabb mikrovérzések megjelenésének 
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The development of secondary bleeding in the infar-
ction area after ischemic cerebrovascular disease is 

called hemorrhagic transformation (HT). The incidence 
of HT has been found to be different in many studies. In 
a study conducted with 527 people diagnosed with isch-
emic cerebrovascular disease, this rate was found to be 
17.7%, while in another study conducted in Italy, this rate 
varied between 8.5% and 30%1, 2, and the incidence of 
HT in the Asian population was 43%3. HT is one of the 
natural consequences of ischemic stroke.

Hemorrhage can range from silent, gyriform petechial 
hemorrhage to parenchymal hematoma with mass effect. 
When combined with the methods we use in treatment, 
HT can both increase and lead to morbidity and morta-
lity4. Reducing the risk of HT is one of the goals of stroke 
treatments. HT is most common in the first 3-7 days after 
stroke5, 6.

Many factors cause the development of HT: clinical risk 
factors, stroke symptom severity, high blood glucose level, 
advanced age, time to start of treatment, low platelet level, 
hypertension, history of congestive heart disease, and car-

dioembolic etiology7. The gold standard imaging method 
in the diagnosis of ischemic stroke is Diffusion Weighted 
Imaging (DWI) magnetic resonance imaging (MRI). 
Acute ischemic cerebrovascular disease is associated with 
increased intensity on DWI as well as low Apparent Dif-
fusion Coefficient (ADC) intensity values, which are as-
sumed to be due to changes in energy expenditure, changes 
in microcirculation, tissue acidosis and cytotoxic edema8.

In recent studies, MRI findings including risk factors 
for HT are summarized as follows: a) DWI lesion is great-
er than 1/3 of the Middle Cerebral Artery (MCA) area, b) 
Perfusion Weighted Imaging (PWI) lesion is greater than 
100 cc and T max >8, c) Cerebral blood flow is less than 
0.18 in MR perfusion examination, d) Low ADC values 
(between 300x10-6 mm2/s and 500x10-6 mm2/s), e) Visible 
transcerebral veins on T2 examinations, f) Moderate or 
advanced deep white matter lesions, g) Early parenchy-
mal enhancement, h) Increased permeability in T1 scans 
with dynamic contrast9, 10.

Gradient Echo (GRE) imaging is a T2 imaging me
thod that is sensitive to signal loss due to heterogeneity in 

mean values were divided into 2 groups as 
<500x10–6 mm2 /s and >500x10–6 mm2/s. 
Results – Patients in the group with Appar-
ent Diffusion Coefficient Region of Interest 
mean values below 500x10-6 mm2/s, had 
a significantly higher probability for micro-
hemorrhage observes in Gradient Echo 
Sequence Magnetic Resonance Imaging (p: 
0.001) and also more likely to experience 
microhemorrhage in other areas, which was 
statistically significant (p: 0.001).The prob-
ability of another micro-bleeding observed 
in patients with microhemorrhage Gradient 
Echo Sequence Magnetic Resonance Imag-
ing was also statistically significant (p: 0,001). 
The risk of microbleeding in areas other than 
ischemia was also found to be significantly 
higher in patients with microbleeding in 
the ischemia area in Gradient Echo Se-
quence Magnetic Resonance Imaging.
Conclusion – In our study, a statistically sig-
nificant relationship was found between the 
microhemorrhage in the infarct area and 
the Apparent Diffusion Coefficient Region 
of Interest values. When the literature was 
reviewed, no such study was found to deter-
mine the risk of bleeding.

Keywords: apparent diffusion coefficient, 
gradient echo, hemorrhagic transformation, 
ischemic cerebrovascular disease, microhe-
morrhage

valószínűsége szignifikánsan magasabb volt 
(p: 0,001).
Következtetés – Vizsgálatunkban statisz-
tikailag szignifikáns összefüggést találtunk 
az infarktus területén lévő mikrovérzések 
és az ADC-térkép értékei között. A vérzés 
kockázatának becslésére irányuló hasonló 
tanulmányt az irodalomban ez idáig nem 
találtunk. 

Kulcsszavak: Apparent Diffusion Coefficient, 
grádiens echo szekvencia, haemorrhagiás 
transzformáció, ischaemiás agyérbetegség, 
mikrovérzés
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the magnetic field. GRE is also sensitive to bleeding and 
hemorrhagic areas that appear hypointense on GRE ima-
ging11. While GRE has the same sensitivity as Computed 
Tomography (CT) in hyperacute hemorrhages, it is more 
sensitive than CT in subacute or chronic hemorrhages12.

While previous studies have shown that GRE has high 
sensitivity in determining the risk of HT after ischemic 
cerebrovascular disease, new studies have shown that 
ADC examinations also have high sensitivity in terms of 
the risk of hemorrhagic transformation13.

The aim of this study is to evaluate ADC values and 
GRE imaging in acute ischemic stroke patients without 
symptomatic HT and also not receiving acute thrombol-
ytic therapy. We also investigated to find out whether 
any relationship between the observed microbleeding 
areas existed.

Patients and methods
This investigation was approved by the ethical committe 
of the Neurology Clinic of the Istanbul Provincial Direc-
torate of Health Erenkoy Mental and Nervous Diseases 
Training and Research Hospital (No. 30, 06.05.2019). 
Written informed consent was obtained from the patients.

Between June 2019 - March 2020, people aged 18 
years and over, who were interned with the diagnosis of 
acute ischemic cerebrovascular disease in The Neurology 
Clinic of the Istanbul Provincial Directorate of Health 
Erenkoy Mental and Nervous Diseases Training and 
Research Hospital and were not suitable for intravenous 
thrombolytic therapy and/or mechanical thrombectomy 
treatment were included in the study.

A total of 172 patients who had single hemisphere 
and single artery infarction and used the same single an-
tithrombotic therapy during follow-up were included in 
the study. Age, gender, arterial area (anterior or poste-
rior system infarction), localization (right or left side), 
and risk factors (hypertension, diabetes mellitus, smok-
ing, alcohol use) were recorded. Routine biochemical 
and hematological blood tests, carotid vertebral artery 
doppler ultrasonography, cranial and cervical CT angio
graphy, electrocardiography, echocardiography, holter 
electrocardiography tests were performed on all patients. 
Patients who underwent intravenous thrombolytic thera-
py and/or mechanical thrombectomy, who did not apply 
within the first 24 hours from the onset of the complaint, 
who could not undergo a control cranial MRI, who had 
cardioembolism in the etiology, and who had infarction 
in multiple artery areas were excluded from the study.

All MRI examinations were performed with an MRI 
1.5T MR scanner (Tim; Siemens, Erlangen, Germany) 
in accordance with the protocol for stroke. In DWI MRI 
taken at the time of initial diagnosis and 3-7 days after 
the event, axial DWI (maximum b factor, 0-1000 s/mm2) 
and ADC were present. On the other hand, the follow-

ing sequences were obtained in the cranial MRI taken on 
the following days: Axial and sagittal T1-weighted spin-
echo (TR/TE, 500/20 ms), axial and coronal T2, axial 
FLAIR (Fluid Attenuated Inversion Recovery) (TR/TE/ 
TI,8150/130/2200 ms) axial GRE (TR/TE:50, 50/40, FA: 
15), axial DWI (maximum b factor, 0-1000 s/mm2) and 
ADC at 2 mm slice thickness. All images other than GRE 
were 5 mm thick.

In the MRI ADC sequence taken at the time of diagno-
sis, an area that included the ischemic area but did not ex-
tend to the external healthy tissue (targeting the center of 
the infarction) was identified in patients diagnosed with 
acute ischemic cerebrovascular disease; beside, inclusion 
criteria and spherical ROI mean values were examined.

ROI mean values were calculated automatically in 
mm²/s and divided into 2 groups: <500x106 mm²/s and 
>500x10-6 mm²/s. While calculating the spherical ROI 
values, 5 spherical ROI mean values were obtained for 
lesions larger than 1.5x1.5 cm, and their arithmetic ave
rage was taken. For smaller ones, a single spherical ROI 
mean value (an area of 10 mm²) was taken.

The relationship between the presence and amount of 
microbleeding on GRE MRI taken 3 to 7 days after the 
stroke and ADC ROI mean values were examined. In ad-
dition, the relationship between ADC ROI mean values 
and microbleeds in areas outside the infarct area, and 
microbleeds observed in the infarct area in GRE were 
examined.

The relationship between age, gender, arterial area 
(anterior or posterior system infarction), localization 
(right or left side) and risk factors (hypertension, diabe-
tes mellitus, smoking, alcohol use) and ADC ROI mean 
values were investigated.

Statistical analysis

NCSS (NumberCruncher Statistical System) 2007 (Kays-
ville, Utah, USA) program was used for statistical analy-
sis. While evaluating the study data, the distribution of 
the data was evaluated with the Shapiro-Wilk Test as well 
as the descriptive statistical methods (Mean, Standard 
Deviation, Median, Frequency, Ratio, Minimum, Maxi-
mum). The Mann-Whitney U Test was used to compare 
the quantitative data between two independent groups 
that did not show normal distribution. Chi-Square test was 
used for the analysis of qualitative data. Significance was 
evaluated at p<0.01 and p<0.05 levels.

Results
The study was carried out between June 2019 and March 
2020 at The Neurology Clinic of the Istanbul Provincial 
Directorate of Health Erenkoy Mental and Nervous Dis-
eases Training and Research Hospital. The study was 
conducted with a total of 172 patients, aged between 34 
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and 92 with the diagnosis of acute ischemic cerebrovas-
cular disease. Patients who had an acute intracerebral 
infarction area in a single hemisphere and with a single 
artery, had no proven cardioembolic etiology, and recei-
ved the same single antithrombotic treatment were inc-
luded in the study. Patients who underwent intravenous 
thrombolytic therapy and/or mechanical thrombectomy, 
who did not apply within the first 24 hours from the onset 
of the complaint, who could not undergo a control cra-
nial MRI, who had cardioembolism in the etiology, and 
who had infarction in multiple artery areas were excluded 
from the study.

The mean age of the patients was 67.42± 12.40 years, 
50% (n=86) of them were female. Anterior system in
farction was present in 67.4% (n=116) of 
the patients, and posterior system infarction 
was present in 32.6% (n=56). While 58.7% 
(n=101) of these infarct areas were loca-
ted in the left hemisphere, 41.3% (n=71) 
were in the right hemisphere. Hyperten-
sion was present in 82.6% (n=142) of the 
patients and diabetes mellitus (DM) in 
40.7% (n=70), history of smoking in 20.9% 
(n=36) and history of alcohol use in 1.7% 
(n=3) (Table 1).

ADC ROI mean values were examined, 
and the values were divided into two groups: 
<500x10-6  mm²/s and >500x10-6  mm²/s. 
There was no significant difference bet
ween the two groups in terms of mean age, 
infarct site (anterior or posterior system), 
infarct localization (left or right), presence 
of hypertension, DM, smoking, alcohol use 
(P>0.05) (Table 2).

When demographic characteristics were 
analyzed according to ADC ROI mean va
lues, ADC ROI mean value was found to 
be significantly higher in patients with left 
infarct side (p=0,032; p<0,05). No signi-
ficant difference was found between the 
other demographic characteristics exami-
ned (Table 3).

A significant correlation was found bet
ween ADC ROI mean values and the pre
sence of GRE microbleeds, the number of 
GRE microbleeds, and the presence of other 
microbleeds (p=0,001; p<0,01) (Table 4).

The patients were followed up and the 
relationship between the ADC ROI mean 
values, the presence of GRE microbleeding 
and the presence of HT were examined. Sig-
nificantly more hemorrhagic transformation 
was observed in the group with <500x10-6 
mm²/s and the group with microbleeding 
(p=0.001; p<0.01) (Table 5 and 6).

Table 1. Clinical characteristics of the patients

Age (years) 67.42 ± 12.40
Sex (n) F:M 86:86
Anterior system infarction (n) 116
Posterior system infarction (n) 56
Left hemisphere (n) 101
Right hemisphere (n) 71
Hypertension (n) 142
Diabetes mellitus (n) 70
Smoking (n) 36
Alcohol use (n) 3

Table 2. Relation of ADC ROI mean values with general characteristics

ADC ROI

ADC < × 10–6 mm²/s >500 × 10–6 mm²/s 

Age⁰ N 43 129

Med ± S.d 67.56 ± 12.3 67.37 ± 12.49

Min-max 
(Median)

41–92 (67) 34–92 (70)

p⁰ 0.915

Gender Female 17 (39.5%) 69 (53.5%)

Male 26 (60.5%) 60 (46.5%)

p 0.113

Infarct area Anterior 
system

26 (60.5%) 90 (69.8%)

Posterior 
system

17 (39.5%) 39 (30.2%)

p 0.260

Infarct side Left 21 (48.8%) 80 (62%)

Right 22 (51.2%) 49 (38%)

p 0.128

Hyper- 
tension

– 7 (16.3%) 23 (17.8%)

+ 36 (83.7%) 106 (82.2%)

p 0.510

Diabetes 
mellitus

– 24 (55.8%) 78 (60.5%)

+ 19 (44.2%) 51 (39.5%)

p 0.591

Smoking – 31 (72.1%) 105 (81.4%)

+ 12 (27.9%) 24 (18.6%)

p 0.194

Alcohol use – 41 (95.3%) 128 (99.2%)

+ 2 (4.7%) 1 (0.8%)

p 0.155

⁰ Is analysed with Mann-Whitney U test, ⁰p<0.05, ⁰⁰p<0.001, rest is analyzed 
with Chi-Square test **p<0.01
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Discussion

Stroke is defined as sudden onset of neu-
rological dysfunction lasting 24 hours or 
longer. Ischemic cerebral infarcts constitute 
approximately 80% of all cerebrovascular 
events14. Secondary bleeding that deve
lops within the infarct area after ischemic 
cerebrovascular disease is called hemorrha
gic transformation (HT)15. In the study of 
Terruso et al., HT  was observed  at a rate 
of 12% in acute ischemic stroke patients 
who did not receive thrombolytic therapy16, 
Choi et al. found this rate to be 11.9% in pa-
tients who received thrombolytic therapy17. 
Celik et al. from Turkey observed HT  in 
40.7% of patients with acute MCA infarc-
tion18. Early recognition of HT is important 
for treatment and prognosis19.

In a meta-analysis conducted in Italy, 47 
different studies and a total of 8242 patients 
were examined. The clinical risk factors of 
these patients for HT were: high blood pres-
sure and blood glucose level, high platelet 
count and matrix metalloproteinase level, 
antiplatelet, anticoagulant or thrombolyt-
ic therapy20. In another study in France, 
the severity of the initial clinical deficit in 
terms of conditions predisposing to HT in-
creased the risk approximately 2.5 times, 
the presence of early ischemic findings in 
CT examination increased the risk approx-
imately 3.5 times, and intravenous throm-
bolytic therapy also given to people aged 
65 and over has been shown to increase 
approximately 3.6 times21. Choi et al. have 
showed that the most common etiological 
factor in HT patients was atherosclerosis 
(36.2%)17. Among the types of HT, arterial hypertension 
was found to be a risk factor, especially for parenchymal 
hematoma formation22, 23.

In a study conducted in 2017 Ge et al examined 199 
patients for the risk of developing HT before and after 
intravenous thrombolytic therapy, and it was observed 
that AF was a risk factor for HT with NIHSS 2 hours af-
ter thrombolytic therapy, and no significant relationship 
was found with the admission NIHSS24. Cardioembolism 
is the etiological condition frequently accused in deter-
mining the risk of HT, and cardioembolism is generally 
associated with large infarcts and serious clinical condi-
tions2. In our study, when the patients were classified ac-
cording to their demographic characteristics – age, gen-
der, infarct area, infarct side, hypertension, DM, smoking 
and alcohol use – no difference was found between the 
groups, and this increases the reliability of the study in 

terms of examining the risk of HT through the ADC val-
ues.

Radiological findings that may predispose to HT, such 
as cortical infarction, massive cerebral infarction, dela-
yed vascular recanalization, and significant cerebral mic-
robleeding, were reported as early CT findings21. Among 
the early CT findings, loss of density, especially in the 
lentiform nucleus and insular region, appears to be asso-
ciated with an increased risk of HT25. Since the appearan-
ce of hyperdense OSA image is thought to be frequently 
associated with high NIHSS at the time of admission, the 
risk of HT was found to be high in these patients26.

A study in the USA in 2002 showed that the ADC va
lues for HT observed after ischemic stroke are also useful 
in determining the risk13. In this experimental study with 
an embolic ischemic infarct mouse model, 45 mice were 
examined and the risk of HT after thrombolytic therapy 

Table 3. Relation of general characteristics with ADC ROI mean values

N Med ± 
S.d

Min-max  
(Median)

p

Gender Female 86 609.39 ± 
150.08

346.28–1067.48 
(594.92)

0.319

Male 86 587.34 ± 
170.04

258.67–1146.77 
(581.87)

Infarct 
area

Anterior 
system

116 608.78 ± 
165.24

286.14–1146.77 
(596.15)

0.199

Posterior 
system

56 576.79 ± 
148.61

258.67–1067.48 
(583.24)

Infarct 
side

Left 101 621.85 ± 
177.53

258.67–1146.77 
(610.86)

0.032*

Right 71 564.96 ± 
125.73

309.59–977.17 
(564.15)

Hyper- 
tension

– 30 600.81 ± 
175.1

258.67–1054.9 
(584.3)

0.960

+ 142 597.85 ± 
157.64

286.14–1146.77 
(589.38)

Diabetes 
mellitus

– 102 611.17 ± 
170.96

258.67–1114.39 
(596.15)

0.330

+ 70 579.71 ± 
142.45

286.14–1146.77 
(580.15)

Smoking – 136 606.23 ± 
168.37

258.67–1146.77 
(596.15)

0.235

+ 36 568.66 ± 
122.6

286.14–916.4 
(576.71)

Alcohol 
use

– 169 600.76 ± 
159.17

258.67–1146.77 
(589.5)

0.240

+ 3 463.5 ± 
201.51

286.14–682.62 
(421.74)

Mann-Whitney U test *p<0.05, **p<0.001
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was evaluated. There was no significant difference bet
ween the groups in terms of physiological characteristics. 
In the group with higher mean arterial pressure, HT was 
more frequently observed after thrombolytic therapy, 
cortical bleeding was observed in 12 animals, basal gan-

glia bleeding was observed in 3, and both 
areas were affected in 5 animals. This study 
showed that ADC values reach their lowest 
point in 8-32 hours and maintain this low 
level for 72 hours. HT, on the other hand, 
is at its maximum level, especially in the 
first 3-7 days of stroke. At the same time, it 
has been shown in this study that HT is ob-
served more frequently in patients with sig-
nificantly lower ADC values (limit value: 
550 mm²/s). ADC examination is thought 
to be a very important predictor for deter-
mining HT risk. The lower the ADC value, 
the greater the risk of bleeding. Within the 
infarct area, the area most responsible for 
the hemorrhagic transformation is the cen-
tral area and this area has the lowest ADC 
value; that is, the area most susceptible to 
tissue necrosis is the central area.

In another study by Chen et al. in 2018, 
58 ischemic stroke patients were exam-
ined and patients were evaluated with 
MRI within 2 weeks after admission27. 
There were 40 men and 18 women in the 
study, the age range was between 35 and 
89. When patients were divided into groups 
with and without HT in terms of age, gen-
der, hypertension, DM, smoking and alco-
hol use, no statistically significant difference 
was found between them. In patients with 
ischemic cerebrovascular disease, in the 
group with HT minimum ADC values were 
found to be between 250x10-6mm²/s and 
470x10-6 mm²/s, and ADC mean values be-
tween 350x10-6  mm²/s and 530x10-6mm²/s. 
In the group without HT, the minimum 
ADC values were found to be between 390x 
10-6  mm²/s and 740x10-6  mm²/s, and the 
ADC mean values between 460x10-6 mm²/s 
and 790x10-6  mm²/s. Minimum and mean 
ADC values were significantly lower in the 
HT group than in the other group (p<0.05). 
In this study, the cut-off value of 500x10-6 
mm²/s was shown to have high sensiti
vity and specificity for HT observed after 
ischemic cerebrovascular disease27.  In our 
study, when hypertension, DM, smoking 
and alcohol use were also examined, no sta-
tistically significant difference was found 
between the groups with and without HT.

In the study of Tong et al., 17 patients with ische
mic stroke were examined with ADC values in the 
first 8 hours28. Control imaging was performed within 
1 week. The mean age was 70 ± 10 years, and 9 of the 
patients were male and 8 were female. Patients received 

Table 4. Relationship between GRE microbleeding, GRE microbleeding 
counts, other microbleeds ans hemorrhagic transformation

ADC ROI mean

ADC < × 10–6 mm²/s >500 × 10–6 mm²/s

GRE  
microbleeding

– 11 (25.6%) 127 (98.4%)

+ 32 (74.4%) 2 (1.6%)

p 0.001**

GRE  
microbleeds 
count

0 11 (25.6%) 127 (98.4%)

0–5 6 (14.0%) 2 (1.54%)

5–10 20 (46.5%) 0 (0.0%)

Max 6 (14.0%) 0 (0.0%)

p 0.001**

Other  
microbleeds

– 35 (81.4%) 128 (99.2%)

+ 8 (18.6%) 1 (0.8%)

p 0.001**

Hemorrhagic 
Transformation

– 33 (19.2%) 128 (74.4%)

+ 10 (5.8%) 1 (0.6%)

p 0.001**

Chi-Square test **p<0.01

Table 5. Relationship between ADC ROI mean and hemorrhagic trans-
formation

Hemorrhagic  
transformation

p

ADC
ROI mean

– + 0.001**

<500 × 10–6 mm²/s 33 (19.2%) 10 (5.8%)

>500 × 10–6 mm²/s 128 (74.4%) 1 (0.6%)

Chi-Square test **p<0.01

Table 6. Relationship Between GRE microbleeding and hemorrhagic 
transformation

Hemorrhagic  
transformation

p

GRE  
micro- 
bleeding

– + 0.001**

Yok 138 (80.2%) 0 (0%)

Var 23 (13.4%) 11 (6.4%)

Chi-Square test **p<0.01
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intravenous thrombolytic therapy according to their suit-
ability. In total, 11 patients received thrombolytic therapy, 
6 of them in the HT group and 5 in the other group. ADC 
value was found to be significantly lower in patients with 
HT compared to the other group. ADC mean values were 
<550x10-6 mm²/s in the HT group, and it was found to be 
higher in the other group28. For the ADC mean value, we 
determined 500x10-6 mm²/s as the cut-off value; in our 
study, the minimum ADC in the group with microbleed-
ing in the GRE examination values were 102x106 mm²/s 
and 551x10-6 mm²/s, and ADC mean values were between 
258.67x10-6 mm²/s and 690.27x10-6 mm²/s. Microbleed-
ing on GRE in the non-observed group, the minimum 
ADC values were found to be between 244x10-6 mm²/s 
and 889x10-6 mm²/s, and the ADC mean values were bet
ween 371.43x10-6 mm²/s and 980.96x10-6 mm²/s. 

Our study is the first to examine the relationship be-
tween ADC value and GRE microbleeding in addition 
to examining whether HT developed in these patients. 
ADC mean value  was  between 314.41x10-6 mm²/s 
and 624x10-6 mm²/s in the developing HT group. Mic
robleeding observed in GRE hemosequence examina-

tion  was  found to be a risk factor for HT, and it was 
also shown that HT was more common in infarcts with 
a lower ADC value. The role of these two MRI methods 
in revealing the risk of HT has been perceived critical 
– the aim of this study was to examine the relationship 
between ADC MRI and GRE MRI in terms of the risk 
of developing HT.

Conclusion
When the literature is examined, our study is the first to 
evaluate microbleeding, which poses a risk for HT, to-
gether with ADC values. Calculation of the ADC values 
of the infarct area is easy with cranial MRI examination 
and does not require an additional examination. We think 
that it is an important marker in determining the risk of 
microbleeding or HT during stroke treatment and fol-
low-up, and is very important in terms of prognosis.
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Background and purpose – Face masks 
are crucial parts of personal protective 
equipment (PPE) to reduce the risk of respi-
ratory infections. The COVID-19 outbreak 
has increased healthcare workers’ use of 
face masks. This study aimed to evaluate 
changes in cerebrovascular response among 
healthcare workers using surgical and N95 
respirator masks. 
Methods – 90 healthcare workers: 30 
wearing surgical masks, 30 wearing N95 
respirators, and 30 without masks were in-
cluded. After two-hour of face mask use, the 
baseline mean flow velocity (MFV) and the 
mean breath-holding index (BHI) of the bi-
lateral middle cerebral arteries (MCAs) were 
evaluated with transcranial Doppler ultra-
sound. The presence of de-novo headache 
was recorded. BHI values ​​below 0.69 were 
evaluated as a sign of impaired cerebrovas-
cular reactivity (CVR). 
Results – The rate of de-novo headache 
was significantly higher in the N95 respirator 
mask group (p = 0.004). Compared to the 
control and surgical mask groups, the N95 
respirator mask group had significantly lower 
values of the baseline MFV of the right MCA 
(p = 0.003 and p = 0.021, respectively) and 
mean BHI (p = 0.003 and p = 0.012, respec-
tively). Still, only one N95 respirator mask 
user had a mean BHI value below 0.69.
Conclusion – Surgical masks did not signi
ficantly affect cerebral hemodynamics. 

A sebészeti maszk és az N95 respirátor 
maszk használatának hatása a cerebro­
vascularis reaktivitásra
Kula AY, MD; Meşe S, Research Assistant; 
Güzel V, MD; Tak AY, MD; Yiğit M, Research 
Assistant; Balsak S, MD; Asil T, PhD 

Háttér és cél – Az arcmaszkok a légzőszer-
vi fertőzések kockázatának csökkentésére 
alkalmazott személyes védőfelszerelés (PPE) 
elengedhetetlen részét képezik. A Covid-19-
járvány hatására fokozódott az egészségügyi 
dolgozók arcmaszkhasználata. Tanulmá-
nyunk célja az volt, hogy értékeljük a sebé-
szeti és az N95 respirátor maszkot viselő 
egészségügyi dolgozók körében bekövetkező 
cerebrovascularis válasz változásait.
Módszerek – Összesen 90 egészségügyi 
dolgozót vontunk be a tanulmányba: 30-an 
sebészeti maszkot és 30-an N95 respirátor 
maszkot viseltek, míg 30-an nem viseltek 
maszkot. Kétórás maszkhasználat után trans
cranialis Doppler-ultrahanggal értékeltük a 
bilaterális középagyi artériák (MCA) átlagos 
áramlási sebességét (MFV) és átlagos légzés-
tartási indexét (BHI). Rögzítettük a de novo 
fejfájás jelenlétét. A 0,69 alatti BHI-értékeket 
a károsodott cerebrovascularis reaktivitás 
(CVR) jelének tekintettük. 
Eredmények – A de novo fejfájás előfor
dulási aránya szignifikánsan magasabb volt 
az N95 légzőmaszkot viselő csoportban  
(p = 0,004). Az N95 légzőmaszkot viselő 
csoportban a jobb MCA átlagos áramlási 
sebességének kiindulási értéke (p = 0,003, 
illetve p = 0,021) és az átlagos BHI-értékek  
(p = 0,003 és p = 0,012) szignifikánsan ala-
csonyabbak voltak a kontroll- és a sebészeti 
maszkot viselő csoportok értékeihez képest. 
Mindazonáltal, csak egy N95 légzőmaszkot 
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The Coronavirus-19 (COVID-19) pandemic, in which 
the use of surgical masks were recommended as a 

protection strategy, had caused serious difficulties for 
the whole world as a global health problem1. The World 
Health Organization (WHO) recommended the use of 
surgical masks only for infected individuals and health-
care workers in April 20202, but in June 2020, this rec-
ommendation was revised to support mask use for all 
individuals in crowded places3. While the April 2020 rec-
ommendations2 pointed out a risk of self-contamination 
and potential breathing difficulties during mask use, the 
June 2020 recommendations3 also referred to additional 
possible side effects, such as headaches associated with 
mask use.

Wearing a surgical mask may cause discomfort due to 
various factors such as increased difficulty in breathing, 
heightened temperature, accumulation of carbon dioxide 
(CO2) inside the dead space of the mask, and pressure of 
the mask’s elastic ear loops. There are very few studies 
investigating the physiological effect of medical masks 
on humans, and the results are conflicting4.  

The sensitivity of cerebral blood vessels to changes in 
partial pressure of CO2 (PaCO2) is called cerebrovascular 
reactivity (CVR). Arterial hypercapnia results in vaso-
dilation and leads to an increase in cerebral blood flow 
(CBF). Transcranial Doppler ultrasound (TCD) is a tech-
nique used to assess the velocity of cerebral blood flow in 
intracranial vessels originating from the Willis polygon. 
Breath-holding index (BHI) testing is a real-time, repro-
ducible, and well-tolerated method to induce hypercap-
nia and examine CBF5.

This study aimed to assess the impact of surgical 
and N95 respirator masks on the cerebral hemodynamic 
changes of healthcare workers using the breath-holding 
test.

Materials and methods

The study was conducted at the Bezmialem Foundation 
University Hospital between May 2021 and February 
2022. A total of 90 healthcare workers were included in 
this study: 30 wore surgical masks for two hours, 30 wore 
N95 respirator masks for two hours, and 30 wore no face 
mask. All participants in the surgical mask group wore 
Evony® (Hayat Chemistry, Kocaeli, Turkey) three-layer 
surgical masks, and all in the N95 respirator mask group 
used Era® (Başaran Work Clothes Co. Ltd., Tuzla, Is-
tanbul) N95 respirator masks that filtered out 95% of 
particles larger than 0.3 μm in size. Healthcare workers 
with a history of ischemic or hemorrhagic stroke, carot-
id artery occlusion, respiratory disease, atrial fibrillation, 
space-occupying central nervous system lesions, an in-
appropriate temporal window, chronic alcohol consump-
tion, and beta-blocker use were excluded. The Clinical 
Research Ethics Committee of Bezmialem Foundation 
University (No: E-54022451-050.05.04-16606, date: 
April 29, 2021) approved the study. The principles stated 
in the Declaration of Helsinki were followed during the 
study. All participants were verbally informed and pro-
vided written informed consent. 

Demographic data, medical history, other comorbid-
ities, current medications, smoking, and alcohol con-
sumption habits, presence of newly onset headache after 
the use of the face mask, hemoglobin, hematocrit, mean 
corpuscular volume (MCV), platelet values, systolic and 
diastolic blood pressure levels were recorded. In addi-
tion, electrocardiography recordings were obtained. At 
the time of study enrolment, carotid arteries were as-
sessed with Doppler ultrasound (General Electric Log-
ic 9R4). Participants with significant carotid stenosis 
(>50%) in one or both arteries were excluded. Following 

Although N95 respirator mask use signifi-
cantly decreased BHI values, the CVR is still 
within normal limits, and the development of 
de-novo headache is not directly associated 
with low CVR. 

Keywords: breath-holding index, cerebro-
vascular reactivity, healthcare workers, n95 
respirator mask, surgical mask

viselő személy esetében volt az átlagos BHI-
érték 0,69 alatt.
Következtetés – A sebészeti maszk hasz
nálata nem befolyásolta szignifikánsan a 
cerebralis hemodinamikát. Habár az N95 lég
zőmaszk használata szignifikánsan csökken-
tette a BHI-értékeket, a CVR-értékek tovább-
ra is a normáltartományban voltak, és a de 
novo fejfájás kialakulása nem volt közvetlen 
összefüggésben az alacsony CVR-rel.

Kulcsszavak: légzéstartási index, cerebro
vascularis reaktivitás, egészségügyi dolgozók, 
N95 respirátor maszk, sebészeti maszk
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the ultrasound examination, the breath-holding test was 
performed using the SONORA TCD system (CareFu-
sion, San Diego, CA, USA).

At the beginning of the TCD protocol, the partici-
pants in all three groups were taken to a quiet room to 
rest for 10 minutes. Two pulsed-wave Doppler probes (2 
MHz) were attached to a headframe and placed on the 
right and left temporal windows to perform uninterrupted 
measurements. The mean arterial blood flow velocities 
of the right and left MCAs were defined as the baseline 
velocity (MFVbaseline) during the last three minutes of an 
initial 10-minute resting period6. CVR against CO2 stim-
ulation was evaluated using the breath-holding test. Fol-
lowing the stabilization of the cerebral blood flow veloc-
ity, the subjects were explained to hold their breath for 
up to 30 seconds after a normal inspiration with a face 
mask on. As a safety measure, the participants were in-
structed prior to the test to cease holding their breath in 
case they experienced discomfort. The MFV value of the 
last three seconds during breath-holding was recorded as 
MFVmax. If an individual was unable to hold their breath 
for 30 seconds, the maximum breath-hold time was tak-
en into consideration in the calculation of BHI7, 8. The 
breath-holding test was repeated three times during mask 
use at five-minute intervals, and data were collected. The 
breath-holding test was repeated 30 minutes after the 
masks were removed. We separately calculated the BHI 
of MCA on each side and then obtained the mean BHI of 
the MCAs (BHImeanMCA). We used the following formu-
la for the calculation of BHI: BHI = (MFVmax – MFVbase-

line) (cm/s)/breath-holding duration (s).
Data from healthy individuals in previous studies de-

termined a BHI cutoff value of 0.699, 10 to distinguish be-
tween impaired and normal CVR.

For the statistical analysis, the SPSS package pro-
gram for Windows version 20 (IBM Corporation, Ar-
monk, NY, USA) was utilized. Categorical variables 
were defined according to frequency and percentage 
values. Continuous values were expressed using mean 
and standard deviation (SD) for variables with a normal 
distribution. For the non-normal distribution, measure-
ments were expressed as median with minimum and 
maximum values. To assess the distribution of data, the 
Shapiro-Wilk test was performed to determine its nor-
mality. A Student’s t-test was used to compare quanti-
tative data for variables with a normal distribution.  A 
Mann-Whitney U test was conducted to compare vari-
ables that did not have a normal distribution. For three 
or more groups, comparisons were undertaken with the 
one-way analysis of variance test if data were normal-
ly distributed and the Kruskal-Wallis test otherwise. 
During multiple comparisons, the Bonferroni adjust-
ment was applied to the p-values to prevent type I er-
rors. To determine statistical significance, P-values less 
than 0.05 were taken into consideration.

Results
The study included a total of 90 healthcare workers: 30 
(20 females, ten males) wearing surgical masks, 30 (21 
females, nine males) wearing N95 respirator masks, and 
30 (18 females, 12 males) not wearing a mask (controls), 
with median ages of 27 (20-48), 24 (20-46), and 27 (19-
46) years, respectively.

The three groups had no significant differences in terms 
of age, gender, smoking history, hypertension, hemoglo-
bin, hematocrit, MCV, platelet, and systolic and diastolic 
blood pressure levels. Between the three groups, the rate of 
diabetes mellitus and hyperlipidemia significantly differed 
(p = 0.046, p = 0.046), they were significantly higher in the 
control group than in the surgical mask and N95 respirator 
mask groups (p = 0.032, p = 0.032). In the surgical mask 
group 6 (20%), in the N95 respirator mask group 17 (56%) 
individuals reported de-novo headache after donning face 
masks. The rate of de-novo headache was significantly 
higher in the N95 respirator mask group compared to the 
surgical mask group (p = 0.004) (Table 1). 

The N95 respirator mask group had significantly low-
er values for the MFVbaseline of the right MCA compared 
to the control group and surgical mask group (p = 0.003 
and p = 0.021, respectively). There were no significant 
differences in the MFVbaseline values of the right MCA be-
tween the control group and the surgical mask group (p > 
0.05). No significant differences were detected between 
the three groups in the MFVbaseline of the left MCA (p = 
0.051). Still, the N95 respirator mask group had lower 
values for the MFVbaseline of the left MCA (49.40 ± 6.27) 
compared to the control group (53.56 ± 7.12) and surgi-
cal mask group (51.55±6.03) (Table 2).

The N95 respirator mask group had significantly lower 
BHImeanMCA values (1.15 ± 0.30) compared to the con-
trol group (1.44 ± 0.32) and surgical mask group (1.40 ± 
0.35) (p = 0.003 and p = 0.012, respectively). There were 
no significant differences in the BHImeanMCA values of 
the control and surgical mask groups (p > 0.05) (Table 
3). After the masks were removed, no significant differ-
ences were observed in the BHImeanMCA, breath-holding 
time, and MFVbaseline of the right and left MCA between 
the control, N95 respirator mask, and surgical mask 
groups (p>0.05).

In the control group, the right and left BHI values 
and BHImeanMCA values were above 0.69 in all health-
care workers. In the surgical mask group, only one mask 
user had the right BHI value under 0.69. In the N95 
respirator mask group, six individuals (20%) had BHI 
values below 0.69 on the right side, two individuals 
(6.7%) had BHI values below 0.69 on the left side, and 
one individual (3.33%) had a BHImeanMCA value below 
0,69 (Table 4). 

In the N95 respirator mask group, two of six individ-
uals (11.7%) with right BHI values below 0.69 presented 
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a de-novo headache. Two individuals who had left BHI 
values below 0.69 didn’t develop de-novo headache 
during the study (Table 5).

When the whole sample was considered, the BHImean-
MCA measurements did not significantly differ according 
to gender, smoking status, or the presence of hyperten-

Table 1. Demographic data and laboratory test results of the mask groups

Control
(n = 30)

Surgical mask
(n = 30)

N95 respirator 
mask 
(n = 30)

p

Age 27 (20–48) 24 (20–46) 27 (19–46) 0.312a

Gender 0.711a

  Female 18 (60%) 20 (66.7%) 21 (70%)

  Male 12 (40%) 10 (33.3%) 9 (30%)

Smoking status 0.591a

  Smoker 7 (23.3%) 5 (16.7%) 4 (13.3%)

  Nonsmoker 23 (76.7%) 25 (83.3%) 26 (86.7%)

Hypertension 0.355a

  Present 2 (6.7%) – 2 (6.7%)

  Absent 28 (93.3%) 30 (100%) 28 (93.3%)

Diabetes mellitus 0.046a

  Present 3 (10%) – –

  Absent 27 (90%) 30 (100%) 30 (100%)

Hyperlipidemia 0.046a

  Present 3 (10%) – –

  Absent 27 (90%) 30 (100%) 30 (100%)

De-novo headache – 6 (20%) 17 (56%) 0.004b

Hemoglobin 13.59 ± 1.64 13.67 ± 1.79 13.72 ± 1.95 0.054c

Hematocrit 41.13 ± 4.09 40.99 ± 4.68 40.31 ± 5.52 0.087c

MCV 85.36 ± 5.30 85.69 ± 4.24 85.19 ± 4.83 0.924c

Platelet 255.67 ± 64.25 262.70 ± 68.08 278.27 ± 59.83 0.184a

Systolic BP 122.67 ± 13.11 116.67 ± 8.44 121 ± 11.55 0.130a

Diastolic BP 74.33 ± 7.73 72 ± 8.05 72.33 ± 10.06 0.571a

Percentage, median (minimum-maximum), and mean ± standard deviation values were used as descriptive statistics. 
aKruskal-Wallis test, bMann-Whitney U test, cStudent’s t-test; p < 0.05.
MCV: mean corpuscular volume; BP: blood pressure

Table 2. MFVbaseline values of right and left MCAs of the mask groups

Controla
(n = 30)

Surgical maskb

(n = 30)
N95 respirator  
maskc (n = 30)

p* Post-hoc  
comparisons

MFVbaseline, right 
MCA, cm/s

54.27 ± 7.32 52.96 ± 4.95 48.20 ± 7.42 0.002 a-b: 1
a-c: 0.003
b-c: 0.021

MFVbaseline, left MCA, 
cm/s

53.56 ± 7.12 51.55 ± 6.03 49.40 ± 6.27 0.051 –

Mean ± standard deviation values were used as descriptive statistics. 
*One-way analysis of variance test. Post-hoc significance values have been adjusted using the Bonferroni correction.
MFV: mean flow velocity; MCA: middle cerebral artery
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sion, diabetes mellitus, or hyperlipidemia 
(p > 0.05). There was also no correlation 
between the BHI measurements and age, 
hemoglobin, hematocrit, MCV, platelet, 
and blood pressure levels (p > 0.05).

Discussion
It is well known that alterations in arterial 
blood gas cause changes in the cerebral cir-
culation11. The increase in CO2 content in 
the interstitial compartments and endothelial 
cells and the reduction in pH secondary to 
this increase result in the relaxation of vas-
cular smooth muscle cells (SMCs) in the 
arteries and consequently lead to vasodila-
tion12. CO2  also indirectly affects potassium 
(Kþ) channels, causing SMCs to hyperpolar-
ize and decrease voltage-dependent calcium 
channel activation, leading to vasodilation. In addition, 
changes in CO2 and pH lead to the activation of nitric oxide 
(NO) synthase in the endothelium, and an increased NO 
concentration causes vasodilation13. Hypoxia also exhibits 
variable effects on cerebral circulation, and these effects 
alter depending on the depth of hypoxia11. Although the 
mechanisms causing vasodilation have not yet been clari-
fied, the direct effect of low partial pressure of oxygen or 
the indirect release of vasodilator metabolites is primarily 
considered involved12. Vasodilation via adenosine triphos-
phate-sensitive potassium channels13 and NO production14 
are among the proposed mechanisms. 

Studies have shown that the use of masks alters the 
concentrations of oxygen and CO2 in arterial blood. In a 
study including 128 dental healthcare workers using N95 
respirator masks, Manerkar et al.15 reported that oxygen 
saturation significantly decreased after one hour and in-
creased after the second hour. However, in another study 
completed by 76 healthcare professionals using different 
types of masks for 68-480 minutes, no significant chang-
es were observed in arterial oxygen saturation (SaO2)4. 
In many studies evaluating the effect of masks on exer-
cise capacity, no difference was observed between the 
post-exercise SaO2 of participants using different types of 

Table 3. Breath-holding times and BHI values of the groups
Controla
(n = 30)

Surgical maskb

(n = 30)
N95 respirator 
maskc (n = 30)

p* Post-hoc  
comparisons

Breath-holding time, 
right MCA, (second)

30.03 ± 1.49 29.30 ± 1.29 27.47 ± 1.47 <0.001 a-b: 0.148 
a-c: <0.001 
b-c: <0.001

Breath-holding time, 
left MCA, (second)

29.53 ± 1.16 29.40 ± 1.22 27.93 ± 1.36 <0.001 a-b: 1
a-c: <0.001
b-c: <0.001

BHI, right MCA 1.44 ± 0.40 1.41 ± 0.44 1.12 ± 0.43 0.009 a-b: 1, 
a-c: 0.017
b-c: 0.034

BHI, left MCA 1.44 ± 0.38 1.40 ± 0.39 1.18 ± 0.35 0.022 a-b: 1
a-c: 0.030
b-c: 0.008

BHImeanMCA 1.44 ± 0.32 1.40 ± 0.35 1.15 ± 0.30 0.002 a-b: 1 
a-c: 0.003
b-c: 0.012

Mean ± standard deviation values were used as descriptive statistics. 
*One-way analysis of variance test. Post-hoc significance values have been adjusted using the Bonferroni correction.
BHI: breath-holding index; MCA: middle cerebral artery

Table 4. BHI levels of mask groups according to the cutoff value

Controla
(n = 30)

Surgical maskb

(n = 30)
N95 respirator 
maskc (n = 30)

BHI, right MCA

≤ 0.69 0 (0%) 1 (3.33%) 6 (20%)

> 0.69 30 (100%) 29 (96.7%) 24 (80%)

BHI, left MCA

≤ 0.69 0 (0%) 0 (0%) 2 (6.7%)

> 0.69 30 (100%) 30 (100%) 28 (93.3%)

BHImeanMCA

≤ 0.69 0 (0%) 0 (0%) 1 (3.33%)

> 0.69 30 (100%) 30 (100%) 29 (96.7%)

Percentage values were used as descriptive statistics.
BHI: breath-holding index; MCA: middle cerebral artery
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masks16–18. In a study undertaken by Bhara-
tendu et al.19, there was an increase of 3.1 ± 
1.2 mmHg in the end-tidal CO2 (ET-CO2) 
levels of healthcare workers after the use 
of N95 respirator masks (p < 0.001). Oth-
er studies have also indicated a significant 
increase in post-exercise ET-CO2 values ​​
among participants using different types of 
masks20–22. Although the effect of face mask 
use on arterial oxygen saturation remains 
unclear, studies have shown that ET-CO2 
levels increase with mask use.

Increased arterial CO2 causes increased 
CBF through arteriolar dilation5. Al-
though increased ET-CO2 is supposed to be 
achieved with mask use, we did not notice 
increased flow velocity in the MCAs. As is well known, 
cerebral blood flow velocity is not equal to CBF23. It 
might reflect CBF only when the vessel diameter remains 
constant24. Willie et al.25 demonstrated that hypoxia or hy-
percapnia-induced high CBF values cannot be accurate-
ly predicted by blood flow velocities measured by TCD.  
In addition, studies have shown that the changes in CBF 
values after acetazolamide administration vary widely, 
ranging from 25% to 70%. This considerable range in 
CBF values depends on the different age and sex char-
acteristics of the different populations and is partly based 
on the measurement technique26. Inconsistent with our 
results, in a study that included 154 healthcare workers, 
Bharatendu et al.19 found that the use of  N95 respirator 
mask increased the mean MFV values of the MCA from 
56.7 ± 18.2 cm/s to 61.1 ± 17.0 cm/s (p < 0.001). The 
authors evaluated changes in cerebral hemodynamic pa-
rameters after just five minutes of wearing the masks and 
noted impaired cerebrovascular responses, but the long-
term effects are still unclear. In another study, no statisti-
cally significant difference was found in the baseline flow 
velocity values measured by TCD between 20 healthy 
participants and 14 patients with chronic hypercapnia 
that developed secondary to the common cold before and 
after the intravenous acetazolamide administration or re-
breathing test27. While sudden changes in PaCO2 resulted 
in a quick increase in CBF, the stable changes in PaCO2 
did not result in an increase in CBF. The authors reported 
that the CBF values were within normal limits, but the 
cerebral vascular responses were decreased in patients 
with chronic hypercapnia. Levasseur et al.28 showed that 
in an awake rabbit exposed to hypercapnia (7% CO2) 
or hypoxia (10% oxygen) for six days, the vasodilator 
response to 3-10% CO2 inhalation in the pial arterioles 
was reduced after prolonged hypercapnia, and this was 
due to a change in bicarbonate ion concentration. In our 
study, MFVbaseline values ​​were obtained after two-hour of 
N95 respirator mask use. In addition to the lack of rela-
tionship between MFV and CBF in different individuals, 

another explanation for the absence of the expected MFV 
increase with N95 respirator mask use may be related to 
the duration of mask use, and it could be the effect of 
long-lasting hypercapnia.

In a study by Mapelli et al.18, 12 healthy individuals 
performed the cardiopulmonary exercise test three times 
(unmasked, with a surgical mask, and with a filtering 
facepiece class 2 (FFP2 mask). There was a progressive 
decrease in the forced vital capacity (FVC) and forced 
expiratory volume in one second (FEV1) values from the 
control to the FFP2 group. Rest ventilation, oxygen up-
take, and CO2 production were progressively lower from 
the surgical mask to the FFP2 group. In another study, in 
which 12 healthy men were evaluated after exercise in 
three groups (unmasked, surgical mask, and FFP2/N95 
mask), the FEV1, peak expiratory flow and ventilation 
values were found to be lower in both mask groups, be-
ing more prominent in the FFP2/N95 group29. Lässing et 
al.30 evaluated the effect of wearing a surgical face mask 
during steady-state exercises. They found an increase in 
airway resistance and a decrease in FEV1, vital capacity, 
and peak expiratory flow. Zhang et al.22, evaluating 71 
healthy participants who exercised without a mask and 
while wearing a surgical mask, showed that the resting 
oxygen uptake and CO2 production values were lower 
when the mask was on compared to when it was off (p < 
0.01). All these studies show that mask use leads to patho-
physiological changes similar to those seen in patients 
with chronic obstructive pulmonary disease (COPD).

The central respiratory chemoreflex is a response in 
ventilation that occurs due to changes in PaCO2. It is a 
regulatory system that maintains a stable pH by con-
trolling the concentration of arterial CO2. Changes in 
PaCO2 levels can lead to either hyperventilation or hy-
poventilation. This can cause a decrease or increase in 
arterial CO2 concentration through the central respiratory 
chemoreflex31. In a study by Van de Ven et al.32, the asso-
ciation between ventilation and the response of cerebral 
blood volume (CBV) to changes in arterial blood PaCO2 

Table 5. De-novo headache rates according to BHI values of the N95 
respirator mask group

De-novo headache rates

Absent (n=13) Present (n=17) Total (n=30)

BHI, right MCA

≤0.69 4 (30.8%) 2 (11.7%) 6 (20%)

>0.69 9 (69.2%) 15 (88.2%) 24 (80%)

BHI, left MCA

≤0.69 2 (15.4%) 0 (0%) 2 (6.7%)

>0.69 11 (84,6%) 17 (100%) 28 (93.3%)

Percentage values were used as descriptive statistics.
BHI: breath-holding index; MCA: middle cerebral artery
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was assessed. The study involved 33 COPD patients (17 
chronically hypercapnic, 16 normocapnic) and 15 healthy 
volunteers of the same age. Hypercapnia was induced by 
supplying sufficient CO2 to the inhaled air. During nor-
mocapnia, the mean CBV values of COPD patients were 
significantly lower compared to healthy individuals. In a 
study comparing 90 patients with COPD and 30 age- and 
gender-matched healthy volunteers using TCD, Hlavati et 
al. 7  found lower MCA MFVbaseline values in patients with 
COPD ​​than in the controls. In addition, significantly low-
er BHImeanMCA values ​​were detected in the COPD group 
compared to the control group (p < 0.001). A significant 
positive correlation existed between FEV1 and BHIme-

anMCA (rho = 0.761, p < 0.001). The lower MFVbaseline 
of the right MCA and BHI values of the N95 respirator 
mask group we showed in our study are similar to those ​​
obtained in COPD patients. No statistically significant 
difference was detected in the MFVbaseline of the left MCA 
among the three groups. However, it was lower in the 
N95 respirator mask group than in the other groups, and 
the p-value was determined to be 0.051. In this context, 
in prolonged hypercapnia, the CVR–PaCO2 relationship 
is more complex. The potential hypercapnia-induced va-
sodilation during the N95 respirator mask use may cause 
the further vasodilation to be less pronounced during the 
breath-holding test, resulting in decreased BHI.

In our study, the two-hour use of an N95 respirator 
mask during the test protocol resulted in a significant de-
crease in breath-holding time. It had been reported that the 
use of an N95 respirator mask causes more breathing diffi-
culties and psychiatric symptoms such as panic attacks and 
anxiety compared to the use of a surgical mask33. Kim et 
al.34 suggest that breathing difficulties may be due to fac-
tors such as facial skin temperature, the microenvironment 
inside the mask, humidity, heat, or inhaled air temperature. 
Another study showed that the feeling of suffocation was 
59% with an N95 mask use and 6% with a surgical mask 
use35. Considering these findings, psychological and phys-
iological factors may explain this decrease in breath-hold-
ing time with the use of an N95 respirator mask. Many 
studies conducted during and after the COVID-19 pan-
demic, when mask use became widespread, have shown 
that the occurrence of headaches increased with the use of 
face masks among healthcare workers36–38. It has been sug-
gested that pain or discomfort is observed more frequently, 
especially after prolonged mask use38. In addition, studies 
have shown that cerebral hemodynamics are impaired in 
different headache types39–41. Bharatendu et al.19 suggested 
that the changes in cerebral hemodynamics caused by CO2 
retention and hypoxemia contribute to the development of 
headaches, especially in individuals who develop head-
aches shortly after donning N95 respirator masks. Simi-
lar to our findings, they observed a significant decrease in 
cerebrovascular reactivity after only five minutes of N95 
respirator mask use. Their research also indicates that 

combining a powered air-purifying respirator (PAPR) with 
an N95 respirator mask can normalize these alterations. 
They recommended using PAPR and N95 respirator masks 
together for healthcare workers. In our study, although the 
N95 respirator mask group had significantly lower CVR 
and significantly higher de-novo headache rates than the 
other groups, BHImeanMCA was below 0.69 in only one 
N95 respirator mask user. When right and left BHI values ​​
were evaluated separately, only two of six individuals with 
right BHI values below 0.69 experienced de-novo head-
ache during the protocol. The two individuals with left 
BHI values below 0.69 did not develop headache. Based 
on these data, higher de-novo headache development in 
the N95 respirator mask group cannot be explained by 
impaired CVR alone, and masks’ elastic band pressure or 
tractional forces of the straps should be considered as other 
possible mechanisms42.

This study had certain limitations. We did not simulta-
neously measure oxygen saturation and transcutaneous or 
ET-CO2 values​. And since the study population consisted 
of healthcare workers, this study reflects the results of a 
young and healthy group of people. Because the study 
focused primarily on blood flow changes, questionnaires 
about the discomfort caused by mask use or anxiety were 
not collected from the healthcare workers.

Conclusions
Prolonged use of surgical masks does not appear to alter 
cerebrovascular reactivity. Wearing N95 respirator masks 
for two hours results in changes similar to those observed 
in COPD and causes decreases in MFV and CVR. Al-
though significant decreases in BHI values are recorded 
with N95 respirator masks, the levels are still above the 
cutoff limit. These alterations in CVR may have a minor 
contribution to the development of de-novo headache. 
Despite minor imperfections, the two-hour use of N95 
respirator masks appears safe for healthcare workers. 
Further research is needed to investigate long-term N95 
respirator mask use, as results may change as hypercap-
nia persists. Considering CVR may deteriorate with age8 
and pulmonary7 or neurological diseases43, 44, studies are 
needed to evaluate an older population, based on the pre-
vious studies19, options such as using PPAR with N95 
may be considered for a more risky population.
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Background and purpose – Syringomyelia 
is a neurological condition in which a longi­
tudinal fluid-filled cavity is formed within the 
spinal cord. It usually occurs in the cervical 
region and is associated with Chiari mal­
formation, infections, trauma, and tumors 
of the spinal cord. However, syringomyelia 
associated with cervical disc disease (SCD) 
is very rare and only a few cases have been 
reported so far. This case report presents 
the clinical and radiological findings of 13 
cases of SCD to describe the properties of 
SCD and explore the nature of the relation­
ship between syringomyelia and cervical disc 
disease.
Methods – SCD was diagnosed in 13 using 
MRI findings, including coexistence of syrin­
gomyelia and cervical disc disease, presence 
of narrowed cervical subarachnoid space 
secondary to the cervical disc herniation 
or cervical local kyphosis associated with 
cervical disc degeneration or herniation, and 
the cervical disc herniation or segmental 
kyphosis and syrinx should be located within 
the same levels. The MRI findings were used 
to grade the syrinx and determine whether 
the cervical disc herniation or local kyphosis 
was located at the proximal or distal end of 
the syrinx.
Results – All patients had single-level disc 
herniation or kyphosis, the most common 
level being C5–6 (n = 6), followed by C6–7 
(n = 4) and C4–5 (n = 3). Eight patients had a 
distal type (disc disease located in the proxi­
mal end of the syrinx) SCD while five had the 
proximal variety (cervical disc disease located 
in the distal end of the syrinx). The average 

Nyaki porckorong-betegséghez társuló 
nyaki syringomyelia
Celal Iplikçioğlu A, MD; Latifaci I, MD; Karabağ 
H, MD

Háttér és cél – A syringomyelia olyan neu­
rológiai állapot, amelyben a gerincvelőben 
egy folyadékkal teli, hosszanti üreg keletke
zik. Általában a nyaki régióban fordul elő, 
és Chiari-malformációval, fertőzésekkel, 
traumával és a gerincvelő daganataival 
hozható összefüggésbe. Mindazonáltal, a 
nyaki porckorongbetegséggel társuló syrin
gomyelia (syringomyelia with cervical disc 
disease, SCD) nagyon ritka, és eddig csak né
hány esetről számoltak be. Ez az esetismer
tetés 13 SCD-s eset klinikai és radiológiai 
leleteit mutatja be, hogy leírja az SCD tulaj
donságait, és feltárja a syringomyelia és a 
nyaki porckorongbetegség közötti kapcsolat 
természetét.
Módszerek – Tizenhárom, MRI-leletek alap
ján SCD diagnózist kapott esetről számolunk 
be; az esetek között van olyan, amikor a sy
ringomyelia és a nyaki porckorongbetegség 
együttesen fordult elő, van olyan, amikor 
a nyaki porckorongsérvhez vagy a nyaki 
porckorong-degenerációhoz társuló nyaki 
kyphosis miatt másodlagosan alakult ki a 
cervicalis subarachnoidealis tér szűkülete, 
valamint olyan, amikor a nyaki porckorong­
sérv vagy a szegmentális kyphosis és a syrinx 
ugyanazon a szinten belül helyezkedik el. Az 
MRI-leletek alapján osztályoztuk a syrinxet, 
és meghatároztuk, hogy a nyaki porckorong­
sérv vagy a helyi kyphosis a syrinx proximális 
vagy distalis végén található.
Eredmények – Minden betegnél egyszin
tű porckorongsérv vagy kyphosis volt jelen. 
A leggyakoribb szint a C5–6 (n = 6), majd 
a C6–7 (n = 4) és a C4–5 (n = 3) volt. Nyolc 
betegnél az SCD distalis típusú volt (a syrinx 
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Syringomyelia is a condition in which a fluid-filled 
longitudinal cavity is formed within the spinal cord. 

It usually occurs in the cervical region and is associated 
with Chiari malformations1, with arachnoiditis secondary 
to infection or trauma and spinal tumors being other com-
mon causes1, 2. Notably, syringomyelia associated with 
cervical spondylosis is extremely rare3, 4. So far, only four 
cases of syringomyelia with cervical disc disease (SCD) 
have been reported in the literature5–8. In this case report, 
we describe 13 cases of SCD. 

Methods
Between 2008 and 2021, 13 patients (10 female, 3 male; 
mean age = 42.1 years, range = 21–59 years) were evalu-
ated and diagnosed with SCD by the primary investigator 
(ACI) at two different neurosurgical clinics. All patients 
were diagnosed based on the magnetic resonance imag-
ing (MRI) findings. The clinical and radiological data is 
summarized in Table 1. 

The study was reviewed and approved by the local 
ethics committee and written informed consent was ob-
tained from all patients. 

SCD cases were included using the following crite-
ria: 1. Radiological absence of the major causes of cer-
vical syringomyelia, such as Chiari malformation, tumor, 
trauma, and infection; 2. Presence of narrowed cervical 
subarachnoid space secondary to cervical disc herniation 
or cervical local kyphosis without the obliteration of the 
posterior subarachnoid space due to spondylotic chang-
es. Multilevel cervical disc disease was not an exclusion 
criterion; 3. Localization of the cervical syrinx and disc 
disease level should be in accordance, i.e., the disc pa-
thology was located either at the upper or lower end of 
the syrinx.

The syrinx was graded based on MRI appearance: 
Grade 1: visible only on T2-weighted MRI; Grade 2: vis-
ible on both T1-weighted and T2-weighted MRI without 
spinal cord expansion; Grade 3: with spinal cord expan-
sion; Grade 4: massive spinal cord expansion.

Results
All 13 patients had single-level disc herniation or local 
kyphosis, the most common level being C5–6 (n = 6), 
followed by C6–7 (n = 4) and C4–5 (n = 3). The most 

length of the syrinx was two vertebral seg­
ments. Surgery was performed in five cases 
and some degree of syrinx resolution was 
observed in all of them.
Discussion – The main cause of syringo­
myelia is obstruction of cerebrospinal fluid 
(CSF) pathways; total obstruction could 
cause distal syrinx, whereas partial obstruc­
tion could cause proximal or distal syrinxes. 
Restoration of CSF pathways may result in 
some degree of resolution of syringomyelia. 
A causal association may exist between cer­
vical disc disease and cervical syringomyelia 
but needs further exploration.
Conclusion – SCD is a mild form of syringo­
myelia with symptoms primarily arising due 
to disc herniation or local kyphosis. The sur­
gical treatment of the cervical disc disease 
is sufficient and results in a syringomyelia 
resolution of some degree.

Keywords: cervical, disc herniation, mri, 
syringomyelia

proximális végén elhelyezkedő porckorong
betegség), míg ötnél a proximális változat 
fordult elő (a syrinx distalis végén elhelyez­
kedő nyaki porckorongbetegség). A syrinx 
átlagos hossza két csigolyaszegmens volt. Öt 
esetben végeztek műtétet, és mindegyikük­
nél megfigyelhető volt a syrinx bizonyos fokú 
feloldódása.
Megbeszélés – A syringomyelia fő oka a ce- 
rebrospinalis folyadék (CSF) járatainak elzá
ródása; a teljes elzáródás distalis syrinx, míg  
a részleges elzáródás proximális vagy dis- 
talis syrinx kialakulását okozhatja. A liquor
közlekedés helyreállítása a syringomyelia 
bizonyos fokú megszűnését eredményezheti. 
A nyaki porckorongbetegség és a nyaki sy
ringomyelia között ok-okozati összefüggés 
állhat fenn, de ennek igazolása további 
vizsgálatokat igényel.
Következtetés – Az SCD a syringomyelia 
enyhe formája, aminek a tünetei elsősorban 
porckorongsérv vagy helyi kyphosis miatt 
jelentkeznek. A nyaki porckorongbetegség 
műtéti kezelése elegendő, és a syringomyelia 
bizonyos fokú megszűnését eredményezi.

Kulcsszavak: cervicalis, porckorongsérv, 
MRI, syringomyelia
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common symptoms were neck pain and paresthesia in the 
upper extremities. In terms of neurological status, five pa-
tients had motor weakness in the upper extremities, while 
three patients demonstrated diminished deep tendon re-
flexes. Pathological reflexes, Babinski and Hoffman, or 
muscle atrophy and dissociated sensory loss in the upper 
extremities were not observed in any of the patients.

MRI findings

The average syrinx length in the study patients was two 
vertebral segments. Grade 1 and 2 syrinxes were ob-
served in five patients each, while the remaining three 
patients had a Grade 3 syrinx. None of the patients had a 
massive cord expansion. 

Table 1. Clinical and radiological data of 13 patients with syringomyelia associated with cervical disc disease

Case Age Sex Symptoms Neurological 
findings

Herniated 
disc level 
or segmen-
tal kypho-
sis level

Grade 
of 
syrinx

Length 
of 
syrinx

Type 
of 
syrinx

Surgery Syrinx 
reso-
lution

1 56 F Neck and 
arm pain

Hypoesthesia 
pain

C6-7 1 2 seg­
ments

Proxi­
mal

Microdiscec­
tomy + fusion 
with cage

+

2 42 F Weakness in 
the left arm

Motor weak­
ness in the 
left arm

C5-6 2 1 seg­
ment

Distal –

3 33 F Neck pain Hypoesthesia C4-5 3 3 seg­
ments

Distal –

4 32 F Neck and 
arm pain

Motor weak­
ness in the 
left arm

C5-6 1 1 seg­
ment

Distal Microdiscec­
tomy + fusion 
with cage

+

5 59 M Neck pain Hypoesthesia C6-7 2 2 seg­
ment

Proxi­
mal

–

6 47 F Neck pain Hypoesthesia
pain

C4-5 3 2 seg­
ment

Distal –

7 32 F Neck pain Hypoesthesia C5-6 2 2 seg­
ment

Distal –

8 54 F Neck and 
arm pain

Motor weak­
ness in the 
right arm

C5-6 2 2 seg­
ment

Distal Microdiscec­
tomy + fusion 
with cage

+

9 50 M Pain in the 
left arm

Motor weak­
ness and 
decreased 
reflex in the 
left arm

C6-7 1 2 seg­
ment

Proxi­
mal

Microdiscec­
tomy + fusion 
with cage

+

10 38 F Arm pain 
and pares­
thesia

Motor weak­
ness and 
decreased 
reflex in the 
right arm

C4-5 3 3 seg­
ment

Distal Microdiscec­
tomy + fusion 
with plate

+

11 29 F Neck pain Hypoesthesia C5-6 2 4 seg­
ment

Proxi­
mal

–

12 21 M Pain in the 
right arm

Hypoesthesia
pain

C5-6 1 1 seg­
ment

Distal –

13 55 F Paresthesia 
in the left 
arm

Hypoesthesia C6-7 1 1 seg­
ment

Proxi­
mal

–
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Based on the location of the syrinx and cervical disc 
disease, SCD was classified into two types: proximal 
and distal. In the proximal variety, cervical disc disease 
was located in the distal end of the syrinx; this type of 
localization was observed in five patients. In the distal 
type, disc disease was located in the proximal end of 
the syrinx, and was observed in eight patients (Figures 
1–4). Seven patients had disc herniation, whereas the re-
maining six had cervical angulation (local or segmental 
kyphosis) associated with disc herniation or disc degen-
eration, which was observed in MRI and confirmed on 
standing cervical radiographs. Hyperextension and hy-
perflexion radiographs were also evaluated. The average 

segmental kyphosis was 6.5° (range: 3–14°). Cervical 
instability, defined as horizontal vertebral displacement 
of >3 mm and/or angular displacement of >11°, was not 
observed in any case.

Surgical intervention

The indications for surgery were motor weakness in the 
upper extremities and intractable radicular or axial neck 
pain. Four patients underwent an anterior microdiscecto-
my and fusion with an intervertebral cage; in one patient, 
fusion was done using a plate following microdiscecto-
my. Postoperative syrinx resolution was observed in all 
these patients (Figures 3, 4); the postoperative longitu-
dinal diameter of the syrinx decreased by an average of 
1 vertebral segment in all cases, while the MRI grade de-
creased by 1 grade in three cases. No procedure was done 
for the syringomyelia.

The primary reason for the small number of operated 
cases was the presence of relatively mild symptoms and 
findings in the non-operated cases. Among the non-op-
erated cases, only four patients were followed up for an 
average duration of 6 months; however, no changes in 
syrinx, kyphotic angulation, and disc herniation were ob-
served in the follow-up examinations.

Discussion
Cervical syringomyelia associated with cervical spondy-
losis is an uncommon occurrence3, 4 and SCD is a fur-
ther rare presentation5–8. Ball and Little reported a case 
of cervical syringomyelia along with Chiari malforma-
tion in which the syrinx resolution occurred following 
the cervical disc surgery6. Furthermore, the case reported 
by Athanasiou and Magras had multilevel cervical spon-
dylosis5. In this study, we prefer the term “cervical disc 
disease” instead of “disc herniation” because nearly half 
of the patients had segmental kyphosis associated with 
cervical disc degeneration or herniation. In these cases, 
the kyphotic angulation was more prominent than the 
disc herniation. Kyphotic angulation usually develops 
after a disc herniation and disc space collapse, followed 
by subsequent vertebral subluxation9–13. If the segmental 

Figure 1. Case 2 C5-C6 segmental kyphosis and small 
disc herniation Grade 1syrinx A T2W and B T1W MRI ap-
pearances. Kyphosis is 7o on standing X-Ray

Figure 2. Case 5 proximal type, Grade 2 syrinx and C6-C7 disc herniation. A Neutral B Flexion and C Extension 
sagittal MRI slices, and axial slices D Neutral and E Flexion. Obliteration of anterior subarachnoid space increases in 
both flexion and extension 

A C EB D

BA
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kyphosis is corrected (becomes straight or lordotic) on 
extension radiographs, it is considered a reversible ky-
phosis. Reversible kyphosis is usually related to disc de-
generation and herniation and is treated surgically in the 
same way as cervical disc herniation. 

In our case series, several clinical and radiological 
properties of SCD were observed. The clinical symptoms 

and findings were primarily due to disc her-
niation or segmental kyphosis. Neck pain 
and mild radicular pain were common, 
whereas muscle atrophy, dissociative sen-
sory loss, and pathological reflexes, which 
are typically attributed to syringomyelia, 
were not observed. Cervical disc herniation 
usually occurs in the midline and obliterates 
the anterior cervical subarachnoid space to-
tally or partially. In six of the cases, an in-
creased kyphotic angulation of the cervical 
spine was detected in the MRI and standing 
radiographs, suggesting greater subarach-
noid space obliteration in the standing and 
hyperflexed positions.

The most common location of disc dis-
ease was C5–6, followed by C6–7 and C4–5 
levels. These levels are also known to have 
the narrowest subarachnoid space due to 
cervical spinal cord enlargement. The aver-
age syrinx length was two segments, which 
was less than that reported for syrinxes as-
sociated with Chiari malformation. We also 
graded the syrinx according to its visibil-
ity on MRI and the spinal cord expansion 
independent of the syrinx length. In our 
study, most of the syrinxes were classified 
as Grades 1 or 2. Therefore, a syrinx asso-
ciated with disc herniation may manifest 
as a mild form of cervical syringomyelia; 
consequently, it may be easily overlooked 
or interpreted as idiopathic syringomyelia. 
Notably, the localization of the syrinx cor-
responded to the level of disc disease in our 
patients; in all cases, the level of disc dis-
ease was either on the upper or the lower 
end of the syrinx. Presumably, this situation 
is associated with the pathophysiology of 
syrinx development; the distal type syrinx-
es typically resemble syringomyelia associ-
ated with Chiari malformation, whereas the 
proximal type resembles syringobulbia or 
hydrocephaly associated with Chiari mal-
formation. 

The pathogenesis of syringomyelia is 
still unclear probably due to the multiple 
mechanisms responsible for syrinx de-
velopment14–16. Many theories have been 

proposed to explain the development of syringomyelia 
associated with Chiari malformation15, 16. Some authors 
also believe that syringomyelia associated with spinal 
pathology should be classified as primary spinal syringo-
myelia17, 18. Recent studies have shown that cerebrospinal 
fluid (CSF) flow impairment is responsible for the de-
velopment of primary spinal syringomyelia. The obliter-

Figure 3. Case 8 preoperative T2 weighted A and T1 weighted B MRI 
of distal type Grade 2 syrinx associated with C5-C6 disc herniation. 
Postoperative T2 weighted C and T1 weighted D MRI shows resolution 
of syrinx 

Figure 4. Case 10 T2 weighted A and B T2 weighted sagittal MRI of 
distal type Grade 2 syrinx and C4-C5 segmental kyphosis. T2 Weighted 
C MRI following C4-C5 microdiscectomy and anterior cervical plating 
shows resolution of syrinx 

A CB D

A CB
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ation of the spinal subarachnoid space reduces its compli-
ance and increases the subarachnoid pulse pressure prox-
imal to the obstruction during the cardiac systole16. The 
subarachnoid pressure waves occur as a result of brain 
expansion during cardiac systole and elevation of CSF 
pressure; this pulse pressure drives the CSF through the 
Virchow–Robin and the extracellular spaces, and eventu-
ally into the syrinx14, 16, 19. Furthermore, the observation 
of spinal cord edema and swelling in the pre-syrinx state 
confirms the transparenchymal passing of CSF20–22. This 
theory satisfactorily explains the development of syrin-
gomyelia associated with traumatic injury and inflamma-
tory conditions in which the CSF pathway is totally ob-
structed4. However, studies on CSF flow and CSF pulse 
wave revealed two properties of CSF flow dynamics. 
First, anterior and posterior spinal subarachnoid spaces 
have different flow patterns23–25. Mauer et al. showed that 
in cardiac-gated phase-contrast MRI of CSF flow, the 
flow signal was located ventrally in the cervical region 
and shifted dorsally at the craniocervical junction24. It 
was also clearly located dorsally in the midthoracic spine 
and shifted ventrally again at the level of the medullary 
cone. This finding correlates well with the assumption 
that the spinal cord traverses closer to the concave side 
of the spinal curvatures, just as in a bow and string, i.e., 
in the cervical region, the anterior subarachnoid space is 
more prominent than the posterior subarachnoid space. 
Second, partial obstruction of subarachnoid space is 
sufficient for the development of syringomyelia23. Par-
tial obstruction of CSF causes delays in the CSF wave-
form25; the change in the timing of the CSF waveform 
with respect to the cardiac cycle drives more fluid along 
the perivascular space and into the spinal cord. Indeed, 
partial obstruction of subarachnoid space was observed 
in most of the reported cases, as well as in our study. This 
obstruction could be increased by flexion, extension, and 
standing (Figure 2). Also, a segmental kyphosis of >7.5° 
could increase intramedullary spinal pressure18.

More recently, Goel proposed that Chiari malforma-
tion was a potential secondary manifestation of atlan-
toaxial instability and could be with only atlantoaxial 
fixation26. Later, his group reported nine cases of idio-
pathic cervical syringomyelia treated by atlantoaxial 
fixation27. It is well known that atlantoaxial instability 
may cause cervical syringomyelia. Segmental kyphosis 
aggravates the compression of the anterior subarachnoid 
space in flexion and standing positions. This is similar to 
the mechanisms described for instability observed with 
syringomyelia26, 27. We also observed decreased anterior 
subarachnoid space in both extension and flexion posi-
tions in dynamic MRI scans, although cervical instability 
was not detected in any patient.

There are reports describing a relationship between 
syrinx and obstruction level in arachnoiditis-related sy-
ringomyelia. Klekamp et al. reported that in all cases, 

arachnoiditis was at a level close to the syrinx28. Holly 
and Batzdorf also found that the cause of syrinx was lo-
cated in all cases but one29. Mauer et al. noted that in 30% 
of the cases, the CSF blockage level was at either the 
upper or lower end of the syrinx, while in 50% of the cas-
es, it was within the syrinx levels24. Most of our patients 
had syringomyelia distal to the obstruction, whereas five 
patients had syrinxes proximal to the herniated disc lev-
el. Josephson et al. conducted an experimental study in-
volving the dural sac construction model and observed 
that the syrinxes developed proximally and distally in the 
partial obstruction; in contrast, proximal cysts were de-
veloped in the total obstruction group30. Therefore, in the 
case of distal syringomyelia associated with cervical disc 
disease, CSF pressure should be higher in the region dis-
tal to the obstruction because it is presumed that cerebel-
lar tonsils prevent the CSF movement from the spinal to 
the cranial space during coughing, sneezing, or straining; 
consequently, the CSF pressure increases14–16. Similarly, 
cervical disc herniation obliterating the subarachnoid 
space partially may act as a one-way valve, increasing 
the CSF pressure distally and causing a distal type syrinx. 
We believe that SCD is a mild form of syringomyelia. 
However, different mechanisms may be responsible for 
the development of the different types of syrinx. 

In this report, only five patients underwent surgical 
treatment, and some degree of syrinx resolution was 
observed in the follow-up examinations of all operated 
cases. Furthermore, some non-operated cases were fol-
lowed up clinically and radiologically and no progression 
of syringomyelia was observed. If a patient presents with 
cervical disc disease and cervical syringomyelia, it is 
worth pondering whether this coexistence is coincidental 
or causal. Our inclusion criteria described above support-
ed the idea of a causative relationship between cervical 
disc disease and syringomyelia. First, the presence of 
subarachnoid obstruction due to disc herniation or ky-
photic angulation may cause syringomyelia. Second, the 
obstruction was located in the upper or lower end of the 
syrinx cavity, a situation that is often observed in spinal 
syringomyelia. Third, some resolution of syringomyelia 
occurred in all operated cases, as seen in previously re-
ported cases5-8. However, some aspects must be consid-
ered while interpreting our results. We did not perform 
CSF flow studies in our patients, and cervical disc dis-
ease could be a factor that secondarily contributed to the 
syringomyelia which was already present.

Conversely, in many cases, cervical disc herniation 
and segmental kyphosis may be associated with cervical 
cord compression and myelopathy but without syringo-
myelia. There are several explanations for this situation. 
First, in some cases, the syrinx is small or mild with an 
average length of two segments, so these cases are often 
not reported8. Second, in experimental studies using the 
extradural construction model, syrinx cavities take 8–11 
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weeks to develop23. If in human beings, syrinx cavities 
developed within a similar duration, patients who are 
treated within this period and whose CSF pathways are 
restored, would not suffer from syringomyelia. However, 
our suggestions about the causative relationship between 
cervical disc disease and syringomyelia are speculative, 
and more observations of similar or incidental syringo-
myelic cases are needed for confirmation.

Conclusion
SCD is a very rare presentation and syringomyelia in 
these cases is in a very mild form. In such cases, clinical 
findings are more associated with cervical disc disease. 
Cervical disc herniation usually occurs in the midline and 
herniation or kyphotic angulation cause an obliteration 
of the anterior subarachnoid space, which is presumably 
the cause of syrinx development. Based on the MRI find-

ings and the disc disease level, SCD has two main types 
(proximal and distal types), and probably different mech-
anisms are responsible for the development of the dif-
ferent types. SCD can be adequately managed surgically 
using the standard treatment for cervical disc herniation 
or segmental kyphosis and decompression of obliterated 
anterior cervical subarachnoid space, resulting in syrinx 
resolution; no additional treatment for the syringomye-
lia is necessary. However, a causal relationship between 
cervical disc disease and syringomyelia cannot be estab-
lished.
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FELHÍVÁS TANULMÁNYÍRÁSRA
Cél a jelentős preklinikai, experimentális 
munkák és a jó orvoslás gyakorlatának 
bemutatása

Lapunk, a több mint 75 éves múltra visszatekintő 
Ideggyógyászati Szemle várja neurológusok, ideg-

sebészek, pszichiáterek és klinikai pszichológusok, 
neuroradiológusok és klinikai neurofiziológusok tudomá-
nyos közleményeit magyar vagy angol nyelven. A tanul-
mányokat az adott tudományág szakértői bírálják el, és 
azok elfogadás esetén az első, impaktfaktorral rendelke-
ző magyar nyelvű orvostudományi folyóiratban, az Ideg-
gyógyászati Szemlében jelenhetnek meg (impaktfaktor 
2023-ban: 0,9).

A Szemle multidiszciplináris fórumot ad a klinikai 
és tudományos információk kicserélésére azok számá-
ra, akik az idegrendszer valamilyen vonatkozásában 
érdekeltek; mindenekelőtt a praktizáló neurológusok, 
idegsebészek, pszichiáterek és klinikai pszichológusok, 
neuroradiológusok és klinikai neurofiziológusok érdek-
lődésére tart igényt, de szívesen lát közléseket az alap-
tudományok és a határterületi tudományok képviselői 
részéről is. 

A lap célja a klinikai idegtudományok legszélesebb 
aspektusának megjelenítése, a legmagasabb szakmai 
szintű publikációs tér megteremtése. A különböző kórké-
pek új szemléletű bemutatásával vagy azok evidenciákon 
alapuló terápiájának ismertetésével a jó orvoslás gyakor-
latát (good clinical practice) kívánja szolgálni. Teret ad 
jelentős (cutting-edge findings) preklinikai, experimentá-
lis munkák bemutatására, elsődleges közlésére is.

A kéthavonta, minden páratlan hónapban megjelenő 
folyóirat összefoglaló tanulmányokat és rövid közlemé-
nyeket is publikál; esettanulmányok csak akkor fogad-
hatók el, ha kiemelkedő jelentőségűek. Szerzőinktől azt 
kérjük, hogy a beküldött kéziratok az átlagos olvasó szá-
mára is biztosítsák a dolgozat lényegének megértését.

A dolgozat beküldésével kinyilvánított közlési szán-
dék magába foglalja többek között a következőket: a 
munkát a közölt formában még nem publikálták (ki-
véve: absztrakt, előadás, összefoglaló tanulmány vagy 
doktori értekezés részlete); a szerzők nem tervezik má-
sutt a közlést; a közlés valamennyi társszerző, valamint 
a felügyeleti szervek (intézményi vezetés, etikai bizott-
ság, szabadalmi hivatal) szükséges hozzájárulásával 
történik. 

A kéziratokat kérjük a Uniform requirement for ma
nuscripts submitted to biomedical journals ajánlásai 
figyelembevételével elkészíteni (International Com
mittee of Medical Journal Editors. N Engl J Med 1991; 
324:424-8.), és a felelős szerkesztőnek, dr. Kovács Tibor-
nak benyújtani e-mailben, elektronikus formában (docx 
vagy pdf) a következő címre: e-mail: kovacs.tibor@
semmelweis.hu. Az elbírálás átlagos ideje 6-8 hét.

Részletesebb szerzői útmutató olvasható a Szemlét 
megjelentető Literatura Medica Kiadó honlapján, az 
eLitMed.hu oldalon, az alábbi linken:

                            https://elitmed.hu/szerzoinknek

Az Ideggyógyászati Szemle a Magyar Neurológiai 
Társaság, a Magyar Idegsebészeti Társaság, a Magyar  
Klinikai Neurofiziológiai Társaság, a Magyar Gyermek
neurológiai Társaság, a Magyar Neuradiológiai Társaság, 
a Magyar Epilepszia Liga, a Horányi Béla Klinikai Ideg
tudományi Társaság, a Magyar Stroke Társaság és a Ma
gyar Idegtudományi Társaság hivatalos lapja.

Pályázati felhívás 35 év alatti szerzők számára

Az Ideggyógyászati Szemle (ISZ) szerkesztősége és kiadója 2024-ben pályázatot hirdet a legjobb fiatal szerzők által írt 
magyar nyelvű közleményekre; a díja(ka)t az ISZ szerkesztősége ítéli oda. A pályázaton 2024. január és december 
között az ISZ-ben megjelent közlemények abban az esetben vesznek részt, ha az első szerző a kézirat benyújtása-
kor nyilatkozik arról, hogy életkora 35 év alatti.  
A pályázati díj keretösszege: 150 000 Ft.
A díj(ak) átadására 2025-ben az Ideggyógyászati Szemle tulajdonostársaságai által rendezett konferenciák egyikén ke-
rül sor. 
A díjazott(ak)at e-mailben értesítjük. 



	 Ideggyogy Sz 2024;77(7–8):283–287.	283

ESETISMERTETÉS

CASE REPORT

Ha súlyos nyaki gerincvelő-sérülést vagy 
súlyos nyaki csigolyatörést, subluxatiót vagy 
luxatiót igazolunk, akkor 20–40%-ban arteria 
vertebralis dissectio vagy okklúzió áll fenn. 
Ez lehet tünetmentes, de okozhat a nyaki 
myelon- és nyaki ideggyöktünetek mellett to-
vábbi neurológiai károsodásokat is. Az arteria 
vertebralis dissectio kialakulhat direkt sérülés 
által, szúrásos vagy lőtt sérülések esetén. 
Indirekt arteria vertebralis dissectio jöhet 
létre nyaki csigolya-subluxatióval, luxatióval 
vagy komplex csigolyatöréssel egy időben. CT-
angiográfia az elsőként választandó vizsgálóel-
járás. Számos esetben digitális szubsztrakciós 
angiográfia vizsgálatnak, illetve szükség 
esetén neurointervenciós beavatkozásnak 
kell megelőznie a nyílt idegsebészeti műtétet. 
Közleményünkben első betegünknél a C.VI. 
csigolya teljes luxálódása okozta az egyoldali 
arteria vertebralis kétszegmensnyi dissectiós 
elzáródását, míg második betegünknél 
szúrásos sérülés okozott direkt arteria 
vertebralis kompressziót és dissectiót. Az 
arteria vertebralis elzáródása egyik esetben 
sem okozott neurológiai tüneteket. Mindkét 
esetünkben az arteria vertebralis sérülésének 
magasságában szülőérelzárást végeztünk az 
idegsebészeti műtét előtt.

Kulcsszavak: traumás nyaki sérülés, 
arteria vertebralis traumás sérülése, arteria 
vertebralis dissectio, szülőérelzárás, digitális 
szubsztrakciós angiográfia

Vertebral artery dissection during 
traumatic injury of the cervical spine, 
two case reports 
Oláh CsZs, PhD; Nagy D, MD; Sas A, MD; Oláh 
B, MD; Czabajszki M, MD; Tamáska P, MD; 
Demeter B, MD

If severe cervical spinal cord injury or severe 
cervical vertebral fracture, subluxation or 
luxation is confirmed, 20-40% of the cases 
have vertebral artery dissection or occlusion. 
These can be asymptomatic, but can cause 
additional neurological damage in addition 
to cervical myelon and cervical nerve root 
symptoms. Vertebral artery dissection can 
be caused by direct injuries, stab wounds or 
gunshot wounds. Indirect vertebral artery 
dissection can occur at the same time as 
subluxation, luxation, or complex fractures 
of the cervical vertebra. CTA is the examina-
tion procedure of choice. In many cases, dig-
ital subtaction angiography examination and, 
if necessary, neurointerventional treatment 
must precede open neurosurgery. In our re-
port, in the first patient, complete luxation of 
the C.VI vertebra caused unilateral vertebral 
artery 2-segment dissection-occlusion, while 
in our second patient, a stab injury caused 
direct vertebral artery compression and 
dissection. The occlusion of the vertebral 
artery did not cause neurological symptoms 
in any of the cases. In both of our cases, 
parent vessel occlusion was performed at 
the level of the vertebral artery injury before 
the neurosurgical operation.

Keywords: traumatic cervical injury, 
traumatic vertebral artery injury, vertebral 
artery dissection, parent vessel occlusion, 
digital subtaction angiography

Nyaki gerinc traumás sérülése során jelentkező 
arteria vertebralis dissectio, két esetbemutatás
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Az arteria vertebralis (AV) extracranialis szakaszá-
nak dissectiója lehet tünetmentes, de okozhat agylágyu-
lást, akár súlyos neurológiai tüneteket is. Incidenciáját 
2,5/100 000-nek tartják, de valószínűleg ez az érték maga-
sabb lehet, mert sok esetben nem okoz tüneteket és pana-
szokat1–3. Felnőttkorban a lágyulásos stroke 1-2%-ának 
az oka a nyaki erek dissectiója, míg gyermekkorban ez az 
arány 10–25%-ra tehető1, 2. Bizonyos esetekben kétol-
dali vagy többszörös szimultán dissectio is előfordulhat. 
A betegek átlagos életkora 44 év, 70 év felett előfordulása 
irodalmi ritkaság. Az AV-dissectio fiatal lányoknál gya-
koribb1, 2. Az extracranialis AV-dissectio gyakoribb, mint 
ezen erek intracranialis dissectiója. A legegyszerűbb be-
sorolás alapján traumás vagy spontán eredetűnek tartják. 
Azon betegeknél, akiknél sérülés nélkül jelentkezik, ér-
fal-morfológiai zavar, arteriopathia vagy infekció állhat 
fenn. Érdekes megfigyelés, hogy a hypercholesterinaemia 
és az obesitas, valamint a nyaki dissectio előfordulása 
között fordított arányosság áll fenn1, 2.

Esetismertetések
Két betegünket 3 héten belül láttuk el 2022 őszén. Első 
betegünk, 52 éves férfi beteg személygépkocsi veze-
tőjeként autópályáról sodródott le nagy sebességgel, 
és a kocsi orral fúródott az árokba, valószínűleg több 
pörgést követően. A vezető biztonsági öve be volt köt-
ve, a légzsákok nem nyíltak ki, és a beteget tűzoltók 
vágták ki a kocsiból; a mentőtiszt első vizsgálatkor 
tetraplegiát észlelt. Urgens nyaki gerinc-CT-vizsgálat a 
C.VI. csigolyaluxatióval járó darabos törését igazolta, a 
C.VII. csigolya szintén többszörösen tört (1. ábra). Nya-
ki gerincműtéte előtt 12 kg-os húzást alkalmaztunk DSA 
képerősítő alatt, aminek hatására a nyaki gerinc íve és a 
luxálódott C.VI. csigolya eredeti, luxatio előtti helyére 
tért vissza. Mivel a sérülés az AV-k V2-es szakaszán kö-
vetkezett be, így feltételeztük, hogy azok nagy eséllyel 
sérültek, disszekálódtak. Komoly esélyét láttuk, hogy 
ha ez így van, akkor potenciálisan uralhatatlan vérzés 
jelentkezhet a ventrolateralis feltárás és ventrofixatio so-
rán. Műtét alatti manipulációk arteria basilaris irányába 
bekövetkező embolisatiót is okozhatnak. A csigolyatestet 
meghaladó C.VI. csigolyaluxatio a Denveri V-ös stádiu-
mú vertebralis sérülés mellett szólt. Angiográfia során az 
igazolódott, hogy mindkét carotis cervicalis érszakasz és 
a jobb AV intakt maradt. A bal AV az eredését követően 
dissectiós jelet mutatva elzáródott. A Denveri elvek alap-
ján, hogy az intraoperatív vérzés valószínűségét nullára 
csökkentsük, a dissectiós okklúzió magasságába a bal 
AV-t 15 cm-es leválasztható coillal definitíven elzártuk 
(2. ábra). Rögtön ezt követően a beteget megoperáltuk, 
jobb ventrolateralis feltárásból C.VI. corpectomiát és 
C.V–VII. ventrofixatiót végeztünk. Műtétet követően a 
beteg spontán légzése kielégítő maradt, az alsó végtagok 

1. ábra. Első beteg, CT-vizsgálat: a C.VI. csigolya 
luxatióval járó darabos törése

2. ábra. Első beteg, DSA: a bal vertebralis szülőér el-
zárása coillal



	 Ideggyogy Sz 2024;77(7–8):283–287.	285

plegiások maradtak, de mindkét oldali váll-
öv és felkar mozgásai megindultak, sőt 
a posztoperatív 4. naptól mindét csukló 
pronációja és szupinációja is kivitelezhe-
tővé vált.

A második esetben 67 éves férfi betegün-
ket otthonában szóváltást követően saját fia 
hátulról hosszú csavarhúzóval nyakon szúr-
ta (3.A ábra). A CT-vizsgálat a csavarhúzót 
a C.IV–V. hátsó ívei között a bal vertebralis 
csatornán áthaladva a bal arteria carotis 
interna és vena jugularis medialis falához 
is szorosan hozzáfeküdve ábrázolta (3.B, 
C ábra). A betegnek neurológiai tünete 
nem volt. Tekintettel a csavarhúzó lokali-
zációjára, éber állapotban DSA-vizsgálatot 
végeztünk atípusos fektetést alkalmazva. 
A bal oldali AV a csavarhúzó röntgen-
árnyékának megfelelően okkludálódott. 
Ennek mechanizmusa kérdéses volt. Fel-
vetődött a csavarhúzó általi kompresszió, a 
dissectiós eredet, és ezek kombinációja is. 
A műtéti alatti – az idegen test eltávolítá-
sát követő – vérzés elkerülése céljából a bal 
AV-t az okklúzió szintjétől proximálisan 14 
cm hosszú, leválasztható fémspirállal defi-
nitíven elzártuk (3.D ábra). Ezt követően 
idegsebészeti műtőben a behatolási kapun 
át a szúrt csatornát feltárva az idegen testet 
eltávolítottuk, debridementet végeztünk. 
A posztoperatív 4. napon a beteg tünet- és 
panaszmentesen otthonába távozott.

Megbeszélés
Sportsérülés, manuálterápiás beavatkozás, aktív nya-
ki nyújtás, hirtelen ostorcsapásszerű fejmozgás, fojtás, 
fogorvosi beavatkozás során vagy ezeket követően rö-
vid időn belül nyakiér-dissectio alakulhat ki1, 2. Dissectio 
alakul ki, ha megszakad az intima, vagy amikor a vasa 
vasorum vérzése intramuralis haematomát vagy állument 
képez1, 2, 4. A dissectio során haematoma kerül az érfal ré-
tegei közé, ami állument képezve az adott ér elzáródásá-
hoz, szűkületéhez vezethet. Ha az érfali vérömleny átsza-
kítja a tunica adventitiát, akkor pseudoaneurysma alakul 
ki. A dissectio során keletkező thrombusból embolusok 
szakadhatnak le agylágyulást okozva, vagy a szűkület 
súlyos mértéket elérve áramlási deficitet okoz az adott 
érszakaszban1, 2, 4. A CADISP adatbázis szerint agyi in-
farktus gyakrabban jelentkezett AV-dissectio során, mint 
a carotis interna dissectiója esetén1, 2, 5. Az extracranialis 
erek dissectiója során jelentkező neurológiai tünetek attól 
függnek, hogy mely érszakasz érintett, és agyon belül hol 
és milyen mértékű thromboembolisatio alakult ki. A nya-

ki nagy erek dissectiója lehet tünetmentes, okozhat eny-
he neurológiai eltéréseket, de akár hirtelen komatózus 
állapotot vagy halált is. A betegek 80%-a fejfájást vagy 
nyaki fájdalmat panaszol2, 5. A CADISP adatbázis alap-
ján a nyaki fájdalom kétszer gyakoribb volt vertebralis 
dissectio esetén, mint carotisdissectiónál, míg a fejfájás 
gyakrabban jelentkezett, ha a dissectio a carotis érszaka-
szon jelentkezett. A vertebralis dissectio nyaki és tarkótá-
ji fájdalmat okoz, és gyakran kettős látás, vertigo, ataxia, 
dysarthria és látótérkiesés jelentkezik1, 2, 5. Az MR/MRA 
előnye, hogy jól ábrázolja az érfali haematomát, míg az 
éregyenetlenség kevésbé megítélhető. A CT-angiográfia 
(CTA) jól mutatja az érlumen-egyenetlenséget és az ér-
fal megvastagodását. A CTA jobban ábrázolja a szűkület 
súlyosságát, de kevésbé precízen ítélhető meg, ha me-
szesedés is fennáll. AV-dissectio esetén a CTA vagy az 
MRA a preferált vizsgálóeljárás4–6. A kezelés fő célja az 
agyi keringési zavar, az agylágyulás megakadályozása. 
Ezen célból a legtöbb esetben konzervatív terápiát kell 

3.A ábra. Második beteg, csavarhúzó markolatig beszúrva
3.B ábra. Második beteg, CT-vizsgálat: a csavarhúzó a C.VI csigolya 
vertebralis csatornáján halad át
3.C ábra. Második beteg, rekonstrukciós 3D felvétel
3.D ábra. Második beteg, DSA: a bal vertebralis szülőér elzárása 
coillal
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alkalmazni. A CADISS vizsgálat azt igazolta, hogy az 
antikoaguláns és thrombocytagátló kezelés egyformán 
hatékony a stroke megelőzése céljából6. A Denveri Ská-
la alapján Grade I–IV. dissectiós érsérüléseknél tünet-
mentes esetekben konzervatív, míg tünetes esetekben 
endovascularis kezelést javasolnak. Grade V-ös érsérülés 
esetén szülőér-okklúzió az elsőként választott kezelés4, 7. 
Ha az AV dissectiós elzáródása novum neurológiai tü-
neteket okoz, akkor rekonstrukciós neurointervenciós 
beavatkozás, rekanalizáció és thrombectomia kísérelhe-
tő meg. Rekanalizáció abban az esetben jön szóba, ha 
intracranialis nagyérelzáródás vagy speciális anatómia 
miatt (például egyedüli disszekált AV inkomplett Willis-
kör mellett) hemodinamikai zavar igazolódik a hátsó ská-
la területén a CTA-vizsgálat során. A dissectio nem stati-
kus állapot, hanem dinamikus folyamat, emiatt a klinikai 
és diagnosztikai kép változhat az idő előrehaladtával2, 4, 7.

Ha súlyos nyaki gerincvelő-sérülést vagy súlyos nyaki 
csigolyatörést, subluxatiót vagy luxatiót igazolunk, ak-
kor az esetek 20–40%-ában AV-dissectio vagy -okklúzió 
áll fenn8–12. Ezek lehetnek tünetmentesek, de okozhatnak 
a nyaki myelon- és nyaki ideggyöktünetek mellett továb-
bi neurológiai károsodásokat is8–12. A legtöbb esetben az 
AV a 3. szegmens területén disszekálódik, közvetlenül 
a koponyába való belépésének megfelelően. A második 
leggyakoribb terület a 2. szegmensnél figyelhető meg, 
ahol a C.IV–C.II. csigolyáknak megfelelően csontos 
csatornájában fut5, 8, 9, 10, 13. Az AV-dissectio kialakul-
hat direkt sérülés által, szúrásos vagy lőtt sérülések ese-
tén7, 8, 10, 11. Ilyen esetekben az érelzárásban a dissectio 
mellett a kompresszió is szerepet játszhat, és sokszor 
változhat a dissectio képe az idegen test eltávolítását kö-
vetően. Indirekt AV-dissectio jöhet létre nyaki csigolya-
subluxatióval, luxatióval vagy komplex csigolyatöréssel 
egy időben4, 8–15. A CTA az elsőként választandó vizsgá-
lóeljárás, ha ez által intervenciós kezelés lehetősége is 
felvetődik, akkor DSA-vizsgálatnak, illetve szükség ese-
tén neurointervenciós beavatkozásnak kell megelőznie a 
nyílt idegsebészeti műtétet5, 8, 9, 14, 15. A neurointervenciós 
beavatkozások két csoportra oszthatók: a szülőér elzá-
rásával járó dekonstruktív technikák és a szülőér meg-
tartásával járó rekonstruktív technikák. A rekonstruk- 
tív endovascularis kezelés során sztenteket használ-
hatunk8, 14, 15. Mivel a dissectio sokszor dinamikus fo-
lyamat, a radiológiai és klinikai kép változhat az idő 
előrehaladtával1, 5. Ha az AV dissectiós eredetű elzá-
ródása nem okoz neurológiai kiesést, és nem biztosan 
komplettálódott, akkor az elzáródás magasságában 
coilokkal az elzáródást véglegessé kell tenni. Erre jó pél-
da az első betegünk. Ha a nyaki ér okklúziójában komp-
ressziós eredet is felvetődik, és az idegen test eltávolítá-
sa után a dissectiós érszakaszon pseudoaneurysma vagy 
ruptura is bekövetkezhet, akkor szintén az elzáródás ma-
gasságában coilokkal az elzáródást véglegessé kell tenni. 

Második betegünk jó példa erre. A legmodernebb hibrid 
műtői körülmények (intraoperatív CT, DSA és navigá-
ció) ezen komplex nyaki sérülések ellátását könnyebbé 
és biztosabbá teszik.

Két súlyos és látványos nyaki sérült betegünk esete 
felhívja a figyelmet, hogy súlyos nyaki direkt és indirekt 
sérülések esetén mindig gondolnunk kell nyaki nagyér-
sérülésre. A CTA az elsőként választandó vizsgálóeljárás, 
amit DSA-vizsgálatnak kell követnie, ha intervenciós 
beavatkozás jön szóba. A C.VI. nyakcsigolya luxálódása 
egyértelműen az AV vongálódásos sérülésének lehetősé-
gét veti fel. Trakcióban történő repozíciónak érdemes meg-
előznie a DSA-vizsgálatot, hogy a myelonkompressziót 
minél gyorsabban oldjuk, illetve mert a repozíciónál is 
sérülhet az AV. A dissectiós okklúsiót érdemes coilokkal 
komplettálni, hogy az intaoperatív és perioperatív idő-
szakban az AV eredetű vérzést biztosan kizárjuk. Másik 
fontos oka ennek a beavatkozásnak, hogy rekanalizáció 
kapcsán distalis embolisatio következhet be, és ezt így 
meg tudjuk akadályozni. A vertebralis csatornát érintő 
lövéses és szúrásos sérüléseknél kompresszió is okozhat 
érelzáródást, ekkor az idegen test eltávolítását követően 
nagyon nehezen uralható vérzés jelentkezhet, így ebben 
az esetben is érdemes szülőérelzárást végezni közvetle-
nül az dissectiós-kompressziós okklúziótól proximálisan. 
Ezt követően az idegen test nyílt feltárás során biztonsá-
gosabban távolítható el. A vertebralis erek mellett mindig 
vizsgálni kell mindkét carotis ágrendszert, a teljes nyaki 
vénás rendszert, valamint az agyi artériás és vénás háló-
zatot.

Következtetés
Ha súlyos nyaki gerincvelő-sérülést vagy súlyos nyaki 
csigolyatörést, subluxatiót vagy luxatiót igazolunk, ak-
kor az esetek 20–40%-ában AV-dissectio vagy -okklúzió 
áll fenn. Ezek lehetnek tünetmentesek, de okozhatnak a 
nyaki myelon- és nyaki ideggyöktünetek mellett további 
neurológiai károsodásokat is. Az AV-dissectio kialakulhat 
direkt sérülés által, szúrásos vagy lőtt sérülés esetén. In-
direkt AV-dissectio jöhet létre nyaki csigolya-subluxatio, 
-luxatio vagy komplex csigolyatörés esetén. A CTA az 
elsőként választandó vizsgálóeljárás, ha ez által inter-
venciós kezelés lehetősége is felvetődik, akkor DSA-
vizsgálatnak, illetve szükség esetén neurointervenciós 
beavatkozásnak kell megelőznie a nyílt idegsebészeti 
műtétet. Ha az AV dissectiós eredetű elzáródása nem okoz 
neurológiai kiesést, és nem biztosan komplettálódott, ak-
kor az elzáródás magasságában coilokkal az elzáródást 
véglegessé kell tenni. Ha a nyaki ér okklúziójában komp-
ressziós eredet is felvetődik, és az idegen test eltávolítá-
sa után a dissectiós érszakaszon pseudoaneurysma vagy 
ruptura is bekövetkezhet, szintén véglegessé kell tenni az 
elzáródást coilokkal az elzáródás magasságában.
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Az online ingyenesen olvasható, legújabb, jelentősen javított kiadás 488 oldalon 
részletezi a cortex, a fehérállomány, a törzsdúcok, a  thalamus, a limbicus rendszer, 
a kisagy, az agytörzs és az érrendszer funkcióit, 526 ábrával. A hazai és a határon 
túli fiatal, magyar nyelvű orvosoknak egyaránt segítséget jelentő kiadvány webcíme: 
real.mtak.hu/138768

Jenő Julow DSc collected and soon publishes the book of “Functional Anatomy of the 
Central Nervous System for Neurosurgeons (and for others)” with 488 pages, 526 
figures. In its former version it can be accessed electronically in the REAL repository 
of the Library and Information Center of the Hungarian Academy of Sciences at the 
following address: http://real.mtak.hu/138768.

The work details the location and function of the cerebral lobes of the cortex, 
cerebellum, brainstem, cranial nerves, spine and the vessels of the central nervous 
system with illustrations. The vast majority of the human population, more than 85 
percent, relies mostly on visual sensing; therefore, the illustrations will enable faster 
comprehension.

The book has been compiled to educate the younger generations of neurosur-
geons, neurologists, and remind the senior experienced colleagues to human fragil-
ity while you operate in this sensitive domain.

Julow Jenő Viktor DSc: A központi  
idegrendszer funkcionális anatómiája 
idegsebészeknek (és másoknak)
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