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EDITORIAL

TRANSLATIONAL

NEUROSCIENCE

Translational research

Recent decades saw a new trend evolving across all disci-
plines in biomedical science. It is the translational approach,
which was introduced to all aspects of the field, meaning trans-
lating the discoveries of basic research into clinical practice and
patient care with a more distant aim of impacting public health.
There is a big variety of terms currently used, including “trans-
lational research” (TR), “translational science”, “translational
medicine” with their branched development into narrow spe-
cialist fields (Fig. 1) [1]. One of the best and widely known exam-
ples of TR is the drug development process. It shows how a basic
research effort gets clinical trial opportunity and at the end the
approval for practical use, later directly and positively impacting
patient care. In neurology, the neurotherapeutic discovery and
development is increasing in numbers being funded by govern-
mental and private sources [2]. This model utilizes an approach
when the purpose of this translational process shapes the way it
is started and conducted. Finally, this approach creates a more
efficient bridge between researchers working in the basic areas
and those coming from the clinical practice and public health
environment with a clear understanding of what they would like
to have as the ultimate result of this time- and effort-taking
route. In simple, the clinical researchers get open window to
channel their ideas and needs to the fundamentalists.

It becomes a standard that any basic research project usu-
ally gets more attention if the investigators show clear vision of
the impact it may have on patients’ health. This highly stimu-
lates formation of various collaborations between the groups
on multiple levels. Moreover, TR promotes also transnational
collaborations. The latter create opportunities for specialists
from underdeveloped countries to be involved in cutting-edge
research consortia initiatives, while contributing to the proj-
ects by collecting biological samples or other research ma-
terials. Through this approach the consortia may benefit by
getting samples from underrepresented populations, further
enriching the scientific data they have and making it more rep-
resentative [3]. This kind of collaboration is also helpful for in-
creased researcher networking and mobility, with opportuni-
ties to visit sites utilizing new research methods, learning and
later implementing them in their own laboratories or research
centers. Moreover, the concept of TR reshapes the landscape
of the biomedical field. The clinical academic departments
change their staff structure and involve positions responsible
for conducting basic research in connection with clinicians.

The importance of TR is rising since the outcomes of in-
creasing volume of basic research need to be translated into
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clinical research and practice. However, for some reasons the
accumulating vast amount of basic research was not reaching
this level frequently being “under-translated”. Only in recent
decades have there been improvements in this gap. The shift
to positive balance had several explanations. Firstly, the re-
search methods became far improved and brought wider op-
portunities. Like in many other fields, neurology also includes
examples of such collaborations. Secondly, big data approach,
creation of large research consortia involving many research
groups under one umbrella with joint research efforts make
the obtained results more representative and translative [4,5].
It is helpful for creating virtual or sometimes physical platform
for basic (laboratory) and clinical researchers using modern
communication technologies to create scientifically promising
projects, get funding, perform the research in an honest and
conscientious way. Finally, in case of successful results these
get published with a more visible impact on the clinical prac-
tice outcomes, although often not immediate. More network-
ing between these groups of researchers brings more chances
to create meaningful projects in future.

Translational neuroscience

The term “translational neuroscience” (TN) is already a
highly regarded standard in the major clinical fields compris-
ing it — neurology and psychiatry [6,7]. There was and there
still is (in increasing numbers) a general trend that neurosci-
ence is one of the biggest contributors of Nobel prize winners
and overall growing numbers of highly impactful publications
[8,9]. This is a direct result of the abovementioned general
shift towards more translational approaches, which include
both research planning but also material redistribution and
accessibility and human resource logistics.

Translational neuroscience is a large area seeing numer-
ous fruitful collaborations. This is connected to the fact that
TN intersects with other rapidly growing basic TR fields like
genetics, molecular biology, biochemistry and immunology,
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Fig. 1. The concept of translational research pathway.

to mention a few [7]. Indeed, these developments highly stim-
ulated the neurological and psychiatric TR. There are many
regional and international TN collaborations further unifying
research efforts in particular fields, which could become truly
global and multi-component, e.g. ENIGMA Consortium, Glob-
al Parkinson Genetics Program (GP2), etc. [10,11]. These ex-
amples show major components of research work — scientific
initiative and opportunity — brought to worldwide level.

Across the general trends, neurology sees a more focused
work towards precision medicine. Especially when considering
specific debilitating diseases with scarce or absent opportuni-
ties for approved treatment. Added to previously mentioned
progress on Parkinson’s disease (PD), also Alzheimer’s disease
and cognitive health, amyotrophic lateral sclerosis, multiple
sclerosis, genetic neuromuscular diseases and many others
see increasing efforts pursuing treatment solutions through
improved understanding oh pathophysiology [12].

Alzheimer’s disease, as a major type of neurodegenerative
dementia, had decades of breakthroughs, including specific
biomarker identification, their presentation to clinical prac-
tice, improvement and increased utilization through changing
analysis procedure from cerebrospinal fluid to blood sampling
[13]. Development of amyloid clearance-related treatments

PATIENT CARE

revolutionized the disease image from a primarily palliative to
potentially treatable condition [14].

Going back to PD, there is an interesting situation when
researchers accumulated deep understanding of the disease
pathology and biomarkers but still have lack of identified
disease-modifying treatments. This is especially imperative
because one of the most powerful PD biomarkers is rapid
eye-movement sleep behavior disorder (RBD), which is known
to precede the development of PD motor clinical features for
many years as isolated RBD [15]. And to make it simple, once
the PD-modifying treatment is found, it could be started as
early as 20 years before disease onset. The latter may serve
as a fascinating example of TN research in progress with us
hopefully lucky to see its breakthrough in the coming years.
Researchers in this and other TN fields are eagerly waiting for
this sort of change to happen to act, very much like Formula
1 team members waiting for their racing cars at the pit stops —
ready and determined to repair the damage.

Overall, considering recent developments, TN is offering
continuously increasing impact on clinical practice and patient
outcomes, proving that shifting to this vector of development
was one of the most significant redirections of research orga-
nization in recent decades.
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INVITED EDITORIAL

GABRIEL KHACHATRYAN
A REMARKABLE ARMENIAN
BIOCHEMIST AND EDUCATOR

Armenia historically and in modern times had a lot
of prominent persons in the field of academic basic
and clinical research and medicine. Professor Gabri-
el Khachatryan is among those who was shaping the
field of biochemistry both in Soviet-time Armenia and
throughout the Soviet Union for decades. He had many
talents, including sharp vision of research and scientific
rigor, and a great aptitude for teaching being admired
by his students and fellow scholars (Fig. 1).

LIFE

Gabriel Khachatryan was born in 1924 in Brun vil-
lage (nowadays Akner community) in south Armenian
region of Syunik to a farmer family and exhibited a huge
learning capacity from childhood. Gabriel was so eager
to study at school that being just an adolescent was ap-
pointed a mathematics teacher at a regional school. He
would later become the school’s principal, perhaps the
youngest school principal Armenia has ever witnessed.
As the family was fond of him and did not want him to
lose motivation, they were supporting him in pursuing
his mission.

However, with the outbreak of World War I, follow-
ing in the footsteps of his brother Gurgen, he volun-
teered for the front, despite not being old enough for
regular mobilization. Gabriel participated in World War
Il 'and could have continued his career by enrolling in
a higher military academy, but his family asked him to

Regina T. Minasyants, Mihran K. Nazaretyan

return from military. He promised to his father Sam-
son to become a “Professor”. He fulfilled this promise,
and his father’s gravestone was engraved on with the
inscription “From Professor Gabriel Khachatryan”, ex-
pressing Professor’s love to his family and emphasizing
the dedication to his important mission. In recognition
of his fruitful career as an educator and scientist, in the
late 1990s, regional authorities named the school in his
native village of Akner after Professor Khachatryan fol-
lowing his death in 1997.

RESEARCH

Professor Gabriel Khachatryan was the student of
a prominent Soviet biochemist, Academician Hrachya
Buniatyan. Their research focused primarily on brain
biochemistry. His early studies in animal models were
on brain glucose metabolism [1]. Later works were most-
ly focused on brain nucleic acids metabolism, the role
of various peptides in their regulation [2]. His research
was also dedicated to the biochemistry of terminal
states and some experimental approaches in drug de-
velopment [3,4]. Some examples of his findings may be
the elucidation of the importance of cAMP and S-ade-
nosyl-L-methionine in the mechanisms regulating the
level of nucleic acids and activity of enzymes involved
in their metabolism [5]. Also, he was among those to
suggest a hypothesis about the “participation of the
neuropeptides in the regulation of various types of the
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Fig. 1. Prof. Gabriel Khachatryan in the 2025 TV documentary dedicated to his 100th anniversary. Directed by Artur Atayan (courtesy of Boon TV).

brain RNA biosynthesis, as a primary messenger (starting
signals) during the stimulation of the initiation of cyc-
loadenylate- and cycloguanylate-sensitive transcription,
via phosphorylation of diverse RNA-polymerases” [6].
He successfully defended his doctoral thesis, and this
research was comprehensively represented in his two
monographs: “Brain biochemistry in normal physiolog-
ical conditions. Brain’s hexose-monophosphate shunt”
(1967) and “The biochemistry of nucleic acids and high-
er brain functions” (1981). The latter represented the
culmination of the work done at the Brain Biosynthetic
Reactions Laboratory, which he established in 1967 at
the Yerevan State Medical Institute [6]. This was a nest-
place for many PhD and doctoral research works, which
received international recognition and were presented at
various international biochemical congresses.

TEACHING

Prof. Gabriel Khachatryan was a great teacher and edu-
cator as well. His lectures were revered by many students for
their clarity, academic presentation style and were attract-
ing students and educators from other universities. He also
evolved as an administrator, serving as Vice-Rector for Sci-
ence at the Yerevan State Medical Institute for several years
before his administrative career culminated into becoming
the Rector of the same institution in 1968. During the last

years of his life his whole focus went on creating an Arme-
nian-language textbook for his Alma mater’s students. He
continued working despite poor health, completing the
handwritten manuscript approximately 1.5 months before
his death. It was later finalized and prepared by Professor
Mikhail Aghajanov and published by Yerevan State Medical
University, helping many generations of medical students
learn and witness Prof. Khachatryan’s unique presentation
way of his beloved yet complex subject.

HERITAGE

Prof. Khachatryan had many friends and collabo-
rators in various countries and laboratories across the
world, and his connections spread abroad, with col-
leagues in the United States, the European Union and
Japan. He had several invitations to work in other lab-
oratories in Moscow, Leningrad (Saint-Petersburg) and
overseas. However, he was in love with his country and
birthplace very much and always sought to remain in
Armenia and advance biochemistry education and neu-
rochemistry research in his motherland. His dedication
was rewarded with numerous scientific publications and
educating of many outstanding Armenian researchers,
as well as scientists and clinicians living in the former
Soviet republics and abroad, who proudly acknowledge
Prof. Gabriel Khachatryan as their great teacher.
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BO3MOXHAY POJIb HEMPOIIENITUIOB B PErYJ/ISILINN
BUOCHUHTE3A HYKJIEMHOBBIX KHMCJIOT T'OJIOBHOI'O MO3T'A

I'. C. XAUATPAH

JlaGopaTtopusi GHOCHHTETHYECKHX peakuuii Mosra n kadejapa Guoxumun Epesanckoro
MEHIIIHCKOrO HHCTHTYTa

PacKpeITHE OCHOBHBIX MeXaHH3MOB reHeTHueckoif MH(OPMalHH, OXHOTO
M3 BeqHYalillHX JOCTHIXKeHHI ecTecTBO3HaHHs mocaeanux 20 ger [1—4],
MOCTaBHJIO HA MOBECTKY AHsl NPOOJeMbl H3YyUYeHHs MPHPOAL CHCTEM, GJOKH-
PYIOIIHX H BKJIIOYAIOUIHX TeHiyl0 aKTHBHOCTb [5—7], MeXaHH3MOB JmiireHe-
THYECKHX CHCTEM, BHYTPH- H BHEKJETOUHBLIX (DAaKTOPOB, OTBETCTBEHHLIX 32
anbbepeHnnanno TKaKell, MOJEKyJIIPHBIX MexaHu3MoB naMsth [8—16] u
Apyrux BelclHX QyHKIUKI rooBHoro Mosra [18—20].

Eue B mectnaecsiTbie roibl moJyulijia MoATBCPIK/ACHHE THIOTE32 OTHO-
CHTE/JbHO PENp2CCOPOB B KAay2CTBE €CJH HEe €IMHCTBEHHBIX, TO PeryJsTOPHBIX
(baxTOpOB, HENOCPeICTBCHHO Bo3JelicTBylomuX Ha reioM. OaHako B 1ajb-
jefileM BBICHMJIOCh, YTO J1eHCTBHTEJbHOC NOJOXKEIHE Tropasjio CJIOKHee,
yeM AyMaau o6 3ToM mnepsoorkpsiBatenn [21]. Beur BbigBACH Henbli psAA
¢baxropos, cneuH(HUCCKH YNpPaBJAIOULHX AEATEJbHOCTbIO pEnpeccopos, Ha-
3BaHHbIX 3¢ perTecpavn. OcuoBHOe CBOMCTBO  3P(HEKTOPOB — CHOCOOHOCTD
PC3KO MeHSITh CPOJCTBO pempeccopa Kk omepatopy. Koraa penpeccop cas-
3aH ¢ ONepaTopoM, OH CO3/aCT NMpensTcTBHe A1 ABn:KeHus PHK-noaumepa-
3bl OT MPOMOTODA K CTPYKTYPHBIM ICHAM M TpPaHCKpumuus topmosutest. Ot-
JejieHHe penpeccopa paspeliaer TPaHCKPHIILHIO.

B cuay c10xKHOMN apXHTEKTOHHKH H BLICOKOR AuddepeHunuaun KIeToK
Yy BBICIIHX JXHBOTHBIX NOSIBJISIETCS BeCbMa CYIECTBCHHOE OTJIHUHE B IEHeTH-
yeckoil HHQOPMaIHHK, B TOM YHCJIe H TPAHCKPHILHH. YCJIOXKHEeHHe mpoiec-
COB TPAHCKPHIIUMH H €€ PeryJslidi B KJICTKaX 3YKapHOTOB J0NYCKaT TaKKe
YCJAOKHEHHE MEXaHH3MOB penpeccHn n Aepenpecchu. Ecaum xomyerurn, uto
pempeccopHbIil ¥eXaHH3M B 3BOJIONHOHHOM OTHOIIEHHH B OCHOBHOM COXpa-
Hsietes, To 3QMEKTOPaMH MOTYT CJAYXKHTh HE TOJbKO INpsIMbIe MCTaGONHTLI,
HO H PEryJsiTOPHble HH3KOMOJEKYJSPHBIC COQJHHCHHSI THINA TOPMONCE.
TPAaHCMHTTEPOB, BHYTPHK/JIECTOYHBIX MCIHATOPOS, a TakKkKe BBICOKOMOJILKY-
JSipHBIE COCAHHEH:HSI, B TOM uiicae 6enKH H HYKJICHHOBBIR KHCJIOTHI.

dusuonornueckie cocrosinusg IHC Gasupyiorcs na peUeNTOPHBIX mepe-
cTpofikax, TPaHNCMHTTEPHOH MOOMAM3AUHH M BHYTPHKJICTOYHOH MeaHallil
CHrHAJI0B NTHGOPMALlH, B KOTOPLIX YYaCTBYIOT MHOMHEe GHOJOMHUCCKH aKTib-
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Hble BCLECTBA, B TOM YHCJIE FOPMOHBI, IHKJIHUECKHEe HYKJIEOTHABl H APyrué
(1311010 1YCCKIT AKTHBHBIE BELUECTBA.

Hawn noncki B n3yyeHun BAHAHHSA 3(D(EKTOPOB Ha reHeTHYeCKHi an-
mapar Mbl llayad ¢ UHKJIHYECKIX HYKJICOTHAOB, HCXOAA H3 HX BaiKHOM (H-
3HOJIOTMYECKOH POJIM B Ipolleccax KOHTPOJsl pocTta, nponaudepamnuis 1 mera-
Gonusma [5, 7, 22], a TakxkKe B CTHUMYJALKH aKTHBHOCTH sigepHoit PHK-no-
JHMepPassl MOCPeACTBOM HX (OcHOPHINPOBAHHSA IHKJIHUYECKHMH HYKJICOTHA-
3aBHCHMBIMH NpoTentKknHa3zaMu [23—26]. Hawn skcnepuMeHTHI, a TaKXKe He-
KOTOpble JIHTePaTypPHbIe JaHHble JaJH OCHOBaHHE BBIABHHYTb rumotedy [5],
corsacHo Koropoit 3,5-AM® u 3',5'-I'MP moryr peifictBoBaTth XakK Merabo-
JHYECKHE CHIHAJMBl AJsl HHAYKUHH FeHHOH aKTHBHOCTH Ha OHOCHHTE3 ajep-
neix PHK (B cayuae 3',5-AM®P-6uocunres si-PHK 'Ll tana, a B caydae
3,5"-rM®—06uocunres s-PHK AY tuna) u ux Tpaucnopra B LHTOMIA3MY.

B MexaHu3Me MHAYKIHH TPAHCKPHIUHH NHKJIHYECKHMH HYKJIEOTAZaMH
e MCKJIOYaJach TakiKe BO3MOMKHOCTb Y4YacTHSl M B3aHMOJEHCTBUS JAPVIHX
(axTOpOB TPAHCKPUILHH, B TOM YHCJIE aUeTHIHMPOBAHHBIX I'MCTOHOB, TOJI-

&MHHOB H AKTHBHBIX NCNTH0B, TOUKH TPHIOMKEHHsT KOTOPHIX 0 CHX MOp He
BLISICHEHBI. '

Usyuas Ouonoruueckuii spdexr nonnamunos Ha MmeraGonmusm PHK u
ricTonos, Mopyuuu ap. [27] BbICKa3aau npeanoJioKenue, YTo MoANPHKaLHs
PHCTOHHOH CTPYKTYPBl H alEeTHJHPOBaHHe  creuudHuyeckoill JH3HHOBOM
& -aMHHOrPYIIIEl MOIYT SIBHTBCSI ME€XaHH3MOM, 0GecneyuBalOHM B3aHMO-
Aefictue rucronoB H JHK. W xeiicTBuTesIbHO, 9TOT 3 (eKT 0Ka3aacs YCKo-
peHHBIM H npeaumectsoBas 6uocuHtedy PHK. Tlpu 3TOM H3MEHEHHH B XpO-
MaTHHOBBIX HErHCTOHOBBIX Gesikax He HaGmiopanoch. Ceunep u ap. [28],
H3YyYast COOTHOLUEHIE MOJHAMHHOB H KOHUEHTPAIHH HYKJEHHOBBIX KHC/IOT B
pactymeMm opranuaMe pbiObl, Ha0JI01a]H NPAMYIO 3aBHCHMOCTb MEXKIV Be-
COM MoO3ra, nyTpecuuHoM, cnepMuauiom, PHK u 6elkoMm, TOrjaa Kax B OT-
HOIUeHHH Beca Mosra, JHK u cnepMuna Obljia BbIsiBJIeHa HempsiMasi 3aBH-
CHMOCTb.

Ha ocHoBaHmHM 3THX JaHHBIX aBTOPBI MPHIUJIH K BBIBOJY O BO3MOXKHOM
CYLLECTBOBAHHH (YHKIHOHAJbHBIX MJIH CTPYKTYPHBIX B3aHMOOTHOWIEHHI
mexay cnepmuiom u JHK u cnepmuaunom u PHK. Crusenc [29] cuuraer,
YTO MOJHAMHHBI MOTYT B3aHMOJCHCTBOBATh C HYKJIEHHOBBIMH KHCJIOTAMH
i crabunusainun Monexkyn JHK u ceaswiBanus p-PHK. C apyro# cropo-
HbI, KaK CIHePMHH, TaK ¥ CNePMHAHH CNOCOGHBI CTHMYJIHPOBATL AaKTHBHOCTD
HEKOTOPBIX (PePMEHTOB, BOBJCUEHHBIX B CHHTE3 HYKJECHHOBBIX KHCJIOT, B TCM
yncae PHK-nonnmepassl. .

B crere 3THX MaKHBIX, a TaKXKe APYrHX paGoT BO3HHKAA HAES OTHOCH-
TeJAbHO POJIH aKTHBHBLIX NENTHI0B, B 0COOCHHOCTH HEHpOMENTHAOB M APYTHX
rOPMOHOB MENTILAHON NPHPOALI, B KOHTPOJIE KJICTOYHOIO POCTa M mposudepa-
ILHH. :

OrnpaBneivu 1anHbiMu s HeeaeoBanns 3p@GeKkTa BBEICHHbBIX B Opra-
HH3M (BHYTPHOPIOIHHNO U BHYTPHIHCTEPHAJBLHO) HEAPONMENTH/A0B H HX aHa-
JIOTOB Hia 00MeH HYKJEeHHOBBIX KHCJIOT TOCAYKHAH Tpu rpynnsl pador. 1o
paborsl Tocmoaaposuit [30], NMOKa3aBlINe HHAYUHPYIOLIRE BJHSHHE MOJH-
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NenTiia, BbIICJIEHHOrO i3 M0o3ra, Ha pocT Gpubpo6aacToB H MHOTHX APYrHX
KJ1eTOK 3 KyJbType. TOT 3P(PeKT 3HAUHTEIbHO YCHJINBAJICA B NPHCYTCTBHHU
ruipokoptu3ona. Bropoii rpynnoii pabor 13 31oif 06;aacTH ABJAAMNCH KCCIe-
Jl0BaHHsl OTHOCHTE/IbHO YCHJ/EHHS aKTuBHpyloulero BausgHuA TP na ajgenu-
JAaTIHKIa3y MOCPeJACTBOM NpOCTarJaHalHHOB, THPOHACTHMYJHPYIOLIEro rop-
MOHa, IJI0Karoma, H30MpOTEPeHoNa, OKCHTOUNHA U ajpeHatuHa [31—34].
ITo mHenuio THX HCCae10BaTesell, BAUSIHIE TOPMOHOB NENTHAHOH NPHPO.L
Ha POCT KJIETOK 3aKJ/JI0YaeTcsl B TOM, UTO OHM MOBbIWIAIOT ypoBeub 3, 5'-I'MP
B Kaetkax. OHu TakXKe nosulmwalor coiepxanne 3, 5-AMP, Ho cpasuuTeL-
HO MEHbIUE TNOCPeICTBOM BO3PACTAHISI AKTHBHOCTH TI'YaHHJATIUIKIA3HOH 1
ajcHisartunkaasnoi peakuuii. Tperbeit rpynnoit paGor u3 oG.aacTH u3yue-
Hilsl POJIH HEPOMENTH,10B B CHOXHMHUSCKOIl XapaKTepHCTHKE JeATCJbHOCTI
MO3ra sBJasoTesl Heeaeosais Baabrepa i corp. 13 Hukaro [35], B Koropbix
OblJIO MOKa3sano, uTo Ju3uH-pazonpeccun (JIBIT) u ero maTh aHalOroB —
AIJIBII, Tpul JIMJIBII, aeawuno-JIBII, Jlew'-JIBIT w ACH'S, JIBIT oxa-
3bIBAIOT BO31eHCTBHE HA Mpoleccsl namsTi. Bee 3T anasorn 3aMeTHo YyBCT-
BHTEIbHO CHHMAIOT MJH yMEHbLAIOT MyPOMILIIHIHYUIPOBAHHYIO aMUe3HIo
(moTepio maMsTil, BbI3BAHHYIO NYPOMHILHHOM, BBEJEHHBIM BHYTPHURPED-
paJbHOIl IIHBeKIell; NenTHAbl BBOAHJNCL IOJAKOMXKHO uepe3 24 yaca mocJje
HHBEKIUT IYPOMHUILHHA) . ,

K s1oit rpynne otuocsrcs Takxke paborst A. A. Tamosna [36] otnoci-
TeJbHO Kap1HOTPONHOro ICiHCTBHSI HEHPOINENTH1a, BBIICJICHHOrO M3 THIOTA-
JaMyca H oXapaKTepH30BaHHOro JIM Kak rexcanentil. ABTOp CHHTC3HPOBRA.I
N-auerun-rekcanenTui H nokasaJs, 4to 3To Beutectso B 10 pas akTusHee,
YeM HealUeTHJIHPCBAHHBI TeKCanenTiLl.

HuKe npuBOIMTCS CTPOEHHE NPHMeHsieMbIX HaMH alaJjioroB Basonpec-
CHHA MJIEKOMHTAIONUUIX H IeKCanenTHI0B.

| I
UIL(J — Tup — Pen — I'an — Ac — LHue — Mpo— Jlusa —T'au— NH,
1 2 3 4 5 6 7 Ape 9

S

Baszonpeccinpl (BI1) MIeKonuTaomux

I
Huc— Tup — Pen — I'nw — Acn— Luc — [po — JIus — I'au— NH,
8

8-JIusun Basonpeccun (JIBIT)

|
Huc — Tup — Pen — T'an — Acn — Huc — Ipo — JIuz — au

He3-9-Taunnnavuy JBIT (ATVIBIT)
l -
Hue — Tup — ®den — T'an — Acw — LHue — I[Mpo — Jduz — Tauw — Fau—
8 9

TFauw — NH,
Tpu-—TauJiBIT
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. ‘ |
Huc—Tup — Pen — I'an — Acw — Luc — ITpo — JTuz — F'au — NH,

Jeamnuo
Heamuuo — JIBIT

(I-B-MepxanTtonponnoun-8-J1H3HH Ba30mnpeccHuir)

Huec— Tup — Pen — Jledi — Acn — Huc — IIpo — Jus — I'au — NH,

4
Jled* — JIBIT
Acn —Tup — Pen — I'aw — Acn — Aew — [Mpo — JTuz — F'aw — NH*
| §
Acut® — JIBIT

Basonpeccunst [35]
Tup — T'au — Jled — Ape — Hpo — Fau — NH,

Tup — I'nu — Jleid — Ape — IIpo — IF'nu — NH,
|

aneru
[excanentian [36]

HaMu u3yyajsacp KoJHYecTBeHHAsi XapaKTePHCTHKA pasJHYHbIX KJjac-
coB PHK B roioBHOM MOSTy NOJ BJINSIHHEM ISITH aHAJIOTOB JIH3HH-BA3OTpeC-
ciHa, Jio6e3Ho npejcraBieHHEX npodeccopoM MunHHOACKOro yHHBEpCHTETA
(CIIA) Bambrepom [35], M 2 KapAHOTPONHBEIX TreKcamenTuaa (alueTHJIH-
POBAHHBLIA H HeAaLETHIHPOBaHNLI), npeicraBiennbx [anosHoM. ITosbsysich
cJyyaeM, BhIpaxKaio UM CBOIO IIPH3HATEIbHOCTD.

Hceneropannst npoBoAM/ECh Ha GeblX KpbicaX. AHaJIOTH JH3HH-Ba30-
IpecCHHa BBOJAHMJICH BHYTPHIHCTEPHAJIbHO H BHYTPHOPIOLIMHHO B KOAIEH-
tpauun 501 100 mexwia 150 2 Beca KuBoTHOro. I'eKCanenTHy BBOLHJHN TEM 3KE
aytem B Konuenrpaunu 0,11 1 mxe/150 e Beca. Uepes 30 u 60 mun nocse Be-
JACHHA yKa3aHHBIX HellpoNnenTHAOB (aHaJOroB JH3HH-BAa30NpecCHHAa M rexca-
HCITHI0B) MOJOMBITHBIX XKHBOTHBIX 3aMOPAXKHBAJIH B XKHIKOM a30Te H B yc-
JIOBHAX XOJOJHOH KOMHATBEI HCC/I€J0BAJNH MO3I Ha COJePKaHHe PasJiuHHBIX
ikiaccos PHK. EaunoBpeMeHHOe Bbileselne, OYHCTKA H KOJAHUECTBEHHOE
onpereseHHe pasauulbX KaaccoB PHK (a-PHK I'Ll u AY tunos, p-PHK,
r-PHK mposouan xoMGunupoBanusiM MetozoM [11] denoabnoli sxerpax-
Wik, AudQepennanbuoil  yabTpanentpudyrauuu u redpGUALTPALHY ¢ MO-
CAe1yloueil yabTpaduoeToBoil CIeKTPOCKONUel, paspaboTaHHBIM 1 Hallel
-1aboparopun (puc. 1) na ocnosanmn pabor Kup6u [37], Cubartanu [38],
[ II. Teopruesa u ap. [39], Ilneiinepa [40], Xore6yma [41], Heabsera
[42] w np.
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Puc. 1. Cxema BoiAeaenuss ¥ KOJNHYECTBEHHOTO ONpefenenius pazanunux dopm PHK
B MO3ry KOMOHHMDOBaHHLIM MeToAOM (QeHoaAbHOIl 3xcTpakmun, KupdepeHUHaNbHOI
VALTPAUEHTPHPYrauu H redb(uiabTpalun,

Kak noxasbiBaloT npuBexeHnsie jpanusie (raba. 1), AIJIBIT 50 mke/
150 2 Beca amaunrtenbHO (MOYTH BABOE) mMOBHILAeT coaepxanne p-PHK.
YaBoeHHasl KOHUEHTPaUus IIeNTHAA BBHISLIBAET TMOBBIUEHHE COAEPKaHHs
He ToabKo p-PHK (Gosee wem B aBa pasa), Ho u T-PHK. Jpyroit aua-
aor JIBII-Tpul JTHJIBII Bmi3pan mnosbimuénne cojpepxanus kak p-PHK,
Tak # 9-PHK AY-tuna. CpaBuuTe/bHas XapakTepuCTHKA JefCTBHS 3THX
AByx ananoros JIBIT nmokasmBaer, uro JI'JIBII oxasmBaer G60Jjiee CHJlb-
HbIH 9(QeKT Ha KoJHYeCTBeHHBIC CHABHTH B cojepxkauuu p-PHK, uewm
Tpul THJIBII. Vcnuitanue gefictust aeaMuno-JIBIT (1-B-MepKanTonpomnuo-
HHJ-JTH3HHBA30TIPECCHH) BBIIBHIO JPYrofl, OTJIHYHBIL OT mepBBIX JBYX
nefiponentunos (AIJIBIT w Tpul JIHJIBIT) 5 (hekT 38HAUMTENBHOrO yBEJIH-
yeHHs conepxannusg 2-PHK AY-tuna (moutn B pBa pasa). Ilpu 3stoM Ko-
auyectBo p-PHK ocoGuiM H3MeHeHHAM He mojaBepraiock. Jledt-JIBIT rax-
’Ke BBI3bIBAeT 3HAUHTeJbHOC (NMOYTH B ABa pasa) [OBLIIEHHE COIepKaHuA
p-PHK. Menee s¢ppextusubiM okazanucst Acu'S — JIBII. Tlpu peiictBuu mo-
cJeJHero HefipomentHia cogepxanue uceaeayemsix PHK ocoObim H3MeHe-
HHSIM He IojBepraercs.

Ilpn uenbiTaHHK Pa3JHUYHBIX KOHUEHTPaUHi npeanoxeHHoro IamosiHowm
rexcanentuga or 0,1 xo 4 uxe/150 e HanGoapmuii 3ddexT Ha moBbILIEHNE
CofepiKaHns PasIHYHBIX KjaccoB PHK Gbl BHISIBJIEH NPH J1eACTBHH MEHb-
WHX J03. DBoJspline KOHUEHTPAaUMH TeKCalenTHjia oOKasbiBaJdu HHrHOH-
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pyiouiee BausAHHe Ha GHocuHTes P/ K mo3sra, B wactHocTH 1—4 mke[150 2.
[TostoMy Hawmu HCcle0BaHHS MBI NPOBONMIH C FeKCANCNTHAOM B KOHLEH-
rpaunn 0,1 mxe/150 e. IlpuBexenubie Aanuble (Taba. 2) NOKaswBaloOT, YTO
KapAHOTPONHbIN rexcanentii] B KoHuentpaunu 0,1 mxe/150 2 seca Bh3bIBaeT
AOCTOBEPHOE moBbllleHHe cofepxkanus 2-PHK AY-runa, p-PHK u 1-PHK, B
TO BpeMsl Kak xoauuectso 2-PHK I'll-tuna ymenbwaercs. Boabmme 103ni
rexcanentuna (1 mxe/150 2), noswimas cogepxanue p-PHK na 60 mun, o-
3blBaJ/IH MOHHIKEHHE COlepXKaHus Apyrux ¢popm PHK.

i Tabauuma 2

Conepxanne pasiauunbix kaaccop PHK (s MK2[2) B MO3TY NIPH BHYTPHUMCTEPHAToHOM

BBEJEHHH TeKcanentHipa H ero AleTHJANPOH3BOAHOTO !

) Fexcanenrnyg Auf{g’;’;‘;&“ca'
30 . Ha 60 na 30 na 60
Knace PHK Kourpoas e e e MUH MUH MUK
Konuentpaunu rekcanentunos B axz/150 2
Beca

0,1 1,0 0,1 0.1 | o1

s-PHK I'l[-tuna 71,024+2,79 39,0 31,04 17,0 11,0+ 19,0+
2,10 1,75 0,62 0,67 0,86

2-PHK AY-tuna 272,243,97 | 316,04| 240,0x| 232,0+| 405,0+ 310,0+
6,14 4,44 7,35 7,73 13,14

p-PHK 1214,2618,87 | 1425,0-+|-1560,0+| 1536,0+| 1560,0+| 1630,0 +
13,92 14,58 11,97 12,84 2,64

m-PHK 287,0+8,12 | 303,0+; 172,0+| 336,0+| 480,0+| 334,0+
8,68 | 5,96 8,21 9,11 6,81
Ot6mas PHK 1844,87 2083,0 | 2003,0 | 2121,0 | 2456,0 | 2293

Yucno onbitos*® 8 8 8 8 8 8

* B Kax/10M ONLITE HCNOJBL3OBANO 5 SKCNEPUMENTANBHLX KHBOTHBIX

IIpn conocrasienny THX JAaHHBIX C JAHHBIMH SKCIIEPHMEHTOB C npume-
HeHHeM aHasioros JIBIT Mbl MOXeM KOHCTaTHPOBATb, YTO OHH, 10 BCEil Be-
POSITHOCTH, OKa3bIBAIOT BO3JEHCTBHE HA HYKJEHHOBHIH OOMEH Mo3ra Kak
CXOJAHBIMH, TaK M OTJIHYHBIMH TYTSMH' M IIPH COBEPIIEHHO HECpPaBHHMBIX
KoHLeHTpauusx. I'excamentujy cBoe BJAHSIHHE OKasbiBaer npu B 500 u 1000
pa3 MeHblIe#l KOHUEHTPaNHH 10 CPaBHEHHIO C AeficTBuAMH aHasoros JIBIT.
Bo-BTOPBIX, KOJIMUeCTBEHHbIE CABHIH B COAEPKAHHH PA3NHYHBIX KJIACCOB
PHK wo3ra npu jefictsun psina anajoros JIBIT okassiBalotesi Godee OLILY-
THMBIMH, Y€M NPH JefCTBHH rekcamentuaa. BecbMa HHTepecHO, 4TO neiicTBHE
AleTHIHPOBAHHOrO reKcanenTH1a, B OTIHYHE OT rekcanelnTHaa, BbI3bIBaeT
COBepIIeHHO Apyroii 3¢ deKr, 3HauuTeNbHO HHAYUHPYS Ouocuutes 2-PHK
AY-tuna. Kak noxkasbiBaioT jaHible TaGJHLb, alleTHIHPOBAHHBIN reKcamneil-
TH], HAPAAY C NOBLILUEHHEM CcojepxKahus p-PHK moytH 10 ypOBHS, Bbl-
3Balloro cBOGOAHBIM reKcanenTHioM, Ha 30 MuH 3HAYHTEABLIO (routH B 1Ba

212



I.C. XayaTpaH HeiponenTuapl v HYKNEVHOBbIE KICIOTbI TONOBHOMO MO3ra

pasa) nospimacr cojepxanue 2-PIHK AY-tuna u r-PHK, B To BpeMa  Kax
KoanuectBo 2-PHK I'Il-tuna oxa3piBaetcsi pe3ko noHmKeHHnM (6ojee yem
B 7 pa3). XapakrepHblii 3(dekr amernjarexcanentHia Ha HYKJCHHOBBI
o0MeH GblL1 OTMEUYeH Takxe Ha 60-if Mun, 0JHAKO MO CPABHEHHIO C JAaHHBLIMH
30 smun uccnenoBaHHA OH 0OKA3aJICs MEHee BhIPaXKeHHBIM. TakuMm o0pasoM,
aleTHJIPOH3BOHOE TeKcaNenThia B peryasuun o6mena PHK Mosra oxasa-
Jock 6osee 3(pGheKTHBHLIM, yeM CBOGOHBIH MEITHI.

Ha ocHoBanuu aHa/in3a Pe3yJbTaTOB, MOJYUEHHBLIX HAMH NPH H3YYEHHH
BJIUAHHS HEHPOMENTHA0B HAa 00MEeH HYKJEHHOBBIX KHCJOT MO3Ta, H3yYeHHble
HeiiponenTHAbl N0 3G PeKTy HX AeficTBHS MOKHO MOJPA3AENHTh HA 3 IPYIMLL:
HefIPONeNTHABI, KOTOPBIE CTHMYJIHPYIOT OHocuHTE3 TONbKo p-PHK, 6bITh MO-
xer . 1-PHK (AIJIBII, Jlei*-JIBII, xapAHOTPONHBIA rexcanmenTui); Hefi-
pONeNnTHIB, CTHMYJMHpYIOWHE GHocunTed Kak p-PHK, tax u u-PHK (ne3sa-
smuo-JIBII, Tpu-I'auJIBII, kKapAnOTPONHBIH aueTHIreKcanenTun) H Helpo-
NENTHbl, KOTOPHIC HE OKa3blBAIOT CHEUH(HUCCKOro BJIHSHHS Ha PEryJafLHIo
6uocuntesa PHK mosra (Acu'® —JIBIT).

OcHoBHOJI BONpoc, KOTOPBI BCTAET Mepej CHelHaJHCTaMH [ICHXOMOJIe-
KyJAspHOH 1 MOJeKyJasipHoii GHOJIOTHH, a TAaKyKe HeHPOXHMHH MPH paccMoT-
peliud MeXaHH3MOB Pery/siing GHOCHHTe3a HYKJIEHHOBBIX KHCJIOT B MO3rY,—
3TO BOMPOC MeXaHH3Ma NMPHJIOMKEHHS HelpONenTHAOB H JPYTHX HHAYKTOPOB
NpH TPAHCKPHNUKH. 3aKJiouaercs JH HX POJb B OCYLIECTBJACHHH (YHKUHH
IICPBHYHOrO MeccaHkepa B HHAYKuHH 3’, 5'-IHK/IHUeCKHI-HYKIGOTH CHHTe-
3UPYIOUIHX H NMPOTEHHKHHA3HBIX peakKnuH, HampaBJeHHBIX Ha aKTHBALHIO
PHK-nonmnmepas, Han e OHA CBOAHTCS K HEMOCPCICTBEHHOMY Y4YacTHIO B
NPOMOTOPHOM y4yacTKe reHOMbl B KauecTse a(dexropa ass HaMeHeHHS CPON-
CTBa pempeccopa K ONepaTopy AJAs CHATHA NPCHATCTBHS INPH JBHMKEHHH
PHK-noanmMepassl OT IIPOMOTOpPa K CTPYKTypHeIM renam? Hawm npexcras-
JsieTcs, YTO HeHpPOMeNnTH sl MOI'YT peajH30BaTh CBoe JeHCTBHE Kax B poJid
MepBHYHOTO MeccaHmepa, Tak H B poaH 3(¢exropa, Yy4acTBYIOILEro Heo-
cpeacTBeHHO B reHernyeckoM anmapate. OO 3TOM roBOpsIT TaKiKe HEMHOro-
UHCJIEHHBIE JAHHBIE JIUTEPATYPHl OTHOCHTEILHO ALeTHJIHPOBAHHBIX THCTOHOB
Il TIOJTHAMHHOB B KaueCTBE HEMOCPeACTBEHHBIX 3(PPeKTOPOB HHAYKIUHH HHH-
uHanuu TpaHckpunuii. O6 3TOM e roBOPSAT JaHHBIE JIHTEPATYpPhl O POJH
rOPMOHOB, H B OCOOEHHOCTH MHOTHX HefiporopMOHOB, B KayeCTBe NepBHY-
HOTO MeccaH:Kepa B peakIHsX JOKaJbHOro mporeconu3a u (ocdopuanposa-
1nst GesKoB-(pepMEeHTOB B MeXaHH3Me HX aKTHBAIHUI, B TOM YHCAEe H aKTH-
Baunn PHK-nonumepassl. Ecau npuHaTb 3Ty TPAaKTOBKY B Kauecrse pabo-
yeil CXeMBI A/ HHTEPNpPEeTalHH MOJYYEHHBIX HAMH JaHHBIX, TO BO3HHKaer
JIpyroil BOMpPOC, ueM O0GBSICHHTL HEOAMHAKOBOE JeHCTBHE Pas3/IMYHBIX HEHDPO-
NENTHAOB Ha MHIYKUHIO OGHOCHHTE3a pasinuHbXx KiaaccoB PHK wmosra? Ilo-
yeMy OHH HefpPONeNTH/b BBI3BIBAIOT HHAYKIHIO OnocuuTeda p-PHK, a npy-
rne —kak p-PHK, tax u 7-PHK? JIns oTBetra Ha NMOCTABJIEHHLIE BOMPOCH
Mbl 06paTHMCA K HOBEHLIMM NAHHBIM JIHTEPATYPHI 0 KJIacCHPHKALHH H HO-
MEHKJIATyPe M HEKOTOPBIM KHHeTHueckKMM xapakrepucrnkam PHK-nomuwme-
pa3 y 3yKapHoTOB, B 0COGEHHOCTH y BBICIIHX XKHBOTHbIX (Tabua. 3). B macro-
sillee BpeMsl MOXKHO CUHTATh JOKa3aHHBIM, YTO B KJIETKaX BBICUIHX XKHMBOT-
HBIX CYIIECTBYeT MHOXKeCTBO (OPM MOJIHMEepa3. ¥CTaHOBJIEHAa BHYTPHKIETOY-
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Has JOKaAu3auus H cyObeIHHHYHBLIH cocTaB HeKotopuix PHK-noaimepas
(ra6a. 4) H HaYHHAIOT TOBOPHTb O POJiH Kaxao#l dopme PHK-noanvepa-
3bl, T €. 06 OTI1C/JbHBIX MEXaHH3MaX PeryJasllHH aKTHBHOCTH PasiuHBIX
PHK-noauvepa3s B kaetke. B xusoTHbIX Kierkax PHK-nonnmepasst Al, All

Tab6nuua 3

HomenkaaTypa ¥ Jokanusauia xusotHex JHK-sasucumeix PHK-nomivepas [43]

. lpyrasa Tep-
Knacc ¢epyenros Pepuentn S ONOTRE Jlokanusauus
A
He YYBCTBHTEJEH K aMaHHTHHY Al (a+8) 1 SlapuimikoBas
Alf IB flnpuimxosas
B
UYBCTBHTENCOH K aManuTiHy B BO 1o HykaeonaaaMaruieckas
konuenrpauuu 1079 1078 A1 | B/ 174
BII /1B
Cc
UYBCTBHTENEH K BBICOKHM KOH- Cl I Hykneonaaamariueckas
IEHTPAUHAM aMaHHTHHA cIl 1B Llutonaasmarnyeckan
1075—-107¢ M Cllla
Cllls

Ta6auuna 4

Cy6vemunnynpii coctas PHK nosnmepasst Al i B u3 mumyca teaenka [43]

dbopma Al Popma Ala dopma Bf Popma Bl nan Blls
E ._,'ﬁd ’é( :'..‘“’ = 2 é{ =‘-1
P A = — g =
= =3 =] S o = = S = o
S | 258 |52) =258 o 2z & ez
SA, | 197(1)® | SA, | 197(1)" | SB, 214(1)" = —
SA, |126(1) |sA, | 126(1) — - SBoa man | 180(1)°
SB,
SA; | 511 - e SB, 140(1) 5B, 140(2)
SA, | 44(1) | SA, 44(1) SB, 31(1-2) | SB, 34(1-2)
SAs | 25(2) | SAs 25(2) SBs 25(2) SBs 25(2)
SBs 20(1)
SA, |16,52) | SAg | 16,52) | SBs(a+b) | 16,5(3—-4) | SBg(a+b) | 16,5(3—4)

a. Moaexkyaapuslit Bec: ZaabTonbi)10~3
b. Monsphoe cooTnoumenue cyGbeAUHHIL

v BO, BI u BII coorsercTBeHHO GbliM 0GHAPYKeHb! BO (PpakUHAX AApbINIEK
M HyK/JeomjiasMaTHyeckoii ¢Qpakuuu, B To BpeMs Kak PHK-noaumepasa
ki1acca C HaliieHa B HYK/JeON/na3MaTHUYeCKON H LHTON1a3MaTHYeCKo# ¢pax-
uuax. OaHako B MOCAELHEM cjyuyae BO3MOMKHOCTb AAEPHOH yTeUKH He HC-
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kmoyaercs [44]. ITpenmyiuecTsennas AApPLIMKOBAA J10KAAH3ALNS aMaHH-
THHPEe3HCTeHTHOI P/IK-noanvepassl knacca A 10mycKaeT BO3MOKHOCTb TO-
ro, 4TO OHa OTBETCTBeNHA 3a CiHTe3 p-PHK, B To BpeMsa Kax HyKJ/eonJas-
MaTiyecKas JoKaau3auns 3H3UMOB KJaacca B NPHBOJUT K MBICJAH O TOM, YTO
OHH, BO3MOKHO, BKJIIOUCHBI B CHHTE3 APYrux BuAoB PH K. DTH rHIOTE3Hl Gbl-
JIH NIPOBEPEHBbI ‘HCCJIC10BannaMl PdeKTa BBEICHHS aMaHMTHHA Ha CHHTE3
pasanunbix xaaccos PHK in vivo u in vilro 3kcnepuMeHTax ¢ H30JIHPOBAaH-
HLIMH siipavMu. 710 nocjennec 10CTHKeHHe GblI0 BeCbMa YCHelIHBIM H je-
MOHCTPHPOBAJIO NPABHILHOCTL HIEH O TOM, 4TO KaKAbll H3 SH3UMHBIX KJac-
COB I10JHMEPa3 HMeeT CHCUH(HYECKYIO POJIb B TPAHCKPHNLHH TeHETHYECKOI]
HH(pOPMaLHH.,

Bxmouenne PHK-noaumepas kaacca B B CHHTe3 reTCPOreHHOM s1epHOII
PHK, yacTb KOTOPOil NPEHMYyLICCTBEHNO SIBJSETCS MpeUIeCTBEHHHKOM
u-PHK, 61110 nokasano WHKyGalueil H30JHDOBAHHBIX s1ep B NPHCYTCTBHU
Pa3/IMYHLIX KOHUEHTPAlUil aMaHHTHHA, KOTOPBI ICJHOCTHIO HHLHOMpYery
OUHLIeHHbIe SH3HMbI Kiaacca B [45]. B nacrosimiee BpeMsi HHYCTO He H3BeECT-
HO O JPYrHX (PYHKUHMSAX PasJiuHBIX S9H3UMOB Kaacca B. XoTs 1 He 6bl10 IO-
KasaHo npsamoro Bkouenns PHK-nonnvepas kiacca B B cunres crnenndi-
4ecKoil KaeTouHoit Marpuisl (u-PIHK), HeCKoJAbKO HOBBIX COOGILEHHI MOKa-
3biBaloT, uto PHK-noanvepasbl K1acca B BKJIIOUAIOTCS B CHHTE3 BHPYCHOI
u-PHK xax B paunme, TaK 1f B MO3UNIC CPOKH H B TEUCHHE 3aPaKCHHS HKH-
Bothbix JHK-supycamn [46, 47]. Boaee toro, PHK-noanmMepass kiacca B,
NO-BHAHMOMY, OTBEYAIOT 3a TpaucKpunuuio BupycHoit JHK B usonuposan-
IbIX 511pax, NpenapHpoBaHUbIX U3 KJICTOK 3apaxennsix PHK onyxoJieBbix
BHpYycoB [48, 49].

IIpeanonaraeres, yTo B H3OMHPOBAHHBIX A1Pax HYKJICOMIa3MaTHYECKAs
PHK-nonuMepasa, nposiBasiiomas HCKOTOpHIC CBOIICTBA 3H3MMa Kaacca C
(111), Mmoxer KaTanusupoBaTh cuiTe3 5S wau npeamecrsennuxa 4S PHK
(untonnasmaruyeckas 1-PHK) [47, 45]. Tak Kak KJIeTKH COJepiKar He-
CKOJIbKO SH3UMOB Kjacca C 1 BCE OHH HMEIOT Ty K€ MO;1€/1b HUTHOHPOBaHHsI
AMaHHTHTOM, NIOKA He YJaercs yKasaTh Ha CrellM(HUECKYI0 POJb PasIHUHBIX
PHK-nonumepas Kaacca C B TpaHckpuniim 58 mim  npeimectsennnka 48
PHK. PHK-nonuvepasza kJacca C TaKKe BKJIIOUAETCS B TPAHCKPUMILIIO
5, 58 PHK, cBf3annyio ¢ BIPYCOM B NPOJYKTHBHOM 3apamennn KB xiaerox
ajeHoBHpycoM-2 [50].

ITonyuennsle HECKOJNIBKO /MK IIOC/JE BBENEHHS aMaHHTHHA in vivo nol-
TBEPXKJAIOT, YTO PA3/JHYHLIC TEeHbl WJIH TPYNNbl TeHOB TPAHCKPHOHPYIOTCs
PasNHYHBIMH 3H3UMaMH. Bo-nepBbiX, GHOXHMHYECKHE, ayTopaauorpaduuec-
KHe H 3JIeKTPOHHO-MHKDOCKONHYecKHe HccaeroBaHus [51, 52] mokassiBaior,
YTO CHHTE3 THFaHTCKHX TreTeporeHHblX siepHuix PHK unruGupyercs npH
BBEJICHHH in Uivo aMaHUTHHA IJH NPH HHKYGAIliH C MOJHTEHOBBIMH XPOMO-
comaMu. Bo-BTOphIX, MOATBEpPKACHO BO3MOXKHOE BK.Ioyenne PHK-monaume-
pa3 xmacca B (unu II) B cuHTe3 ruralTCKHX TeTEPOreHHbIX siaepHuix PHK
BBIIe/ICHHEM KJIETOYHBIX MYTaHTOB, KOTOPHIe cojepiKaT uaMmenennoie PHK-no-
JIHMepassl Knacca B, Pe3HCTCHTHBIE K aMaHHTHHY H pacTyllie HOPMaJLHO B
NPHCYTCTBHH aMaHHTHHA. DTH HCCAENOBAHHS YKA3bIBAIOT HA TO, YTO Perys-
uus akrupHocT PHK-nonuMepashl Kaacca B He3aBHCHMA OT PEryJALHH aK-
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THBHOCTH Kaacca A (/) u 4TO MOMKET HMeTb MECTO ayTOTeHHOe PeryJaHpoBa-
HHEe aKTHBHOCTH ()epMeHTa, KaK 3TO BCTPEYAeTCs B XOJOIH3UMAaX GakTepuil
[53].

CymecrBoBanne pasauuibix PHK-mosumepas co cnemuduueckuMu
GYHKUHAMHE H ¢ HEOAHHAKOBON CyGKIETOUHOMN JIOKaau3auuell MOATBEPIKIAET,
YTO FeHHasi IKCTIPECCHsI B SYKAPHOTHYECKHX KJIETKaX MOXKeT OHTh peryJupo-
BaHa, 1Mo KpalHeH Mepe WacTHYHO, 4epe3 (pPas3JWuHble IH3HMBI, KOTOpHIC
AOJIXKHBI crienH(HYecKH TPaHCKPHOHPOBATh PA3jHYHBIE TEHBl HJH KJacChl
reHoB. MexaHH3M TPaHCKDHILHH, BO3MOXKHO, IIPeAyCMAaTPHBAET CHEUH(H-
YEeCKYyI0 PEKOTHOCLHPOBKY NOCJENOBATEeJLHOCTH Pa3JHYHBIMH IOJHMEpasa-
MH, KOTOpas JOJKHA ObITh XapaKTepHOil JJis KJaacca reHoB, XOTS H HET oue-
BHAHOCTH TOrO, 4YTO 3YKapHOTHYECKHE TeHOMBI COAEPIKAT PeryJasiTOpHELIE
YYacTKkH, MNoA06HBE NPOKAPHOTHYECKHM NPOMOTOPHBIM H T€PMHHATOPHBIM
vuactkaM [54]. Tem He MeHee cxoACTBO MexkAy o6uIel MONEKYIAPHOH CTPYK-
TYPO# NPOKAPHOTHYECKHX H 3yKapHoTHYeckKHX PHK-monumepas npHBOAHT K
MBICJIH O TOM, YTO HEKOTOPHIE PeryJasTOpPHBIE MEXaHH3MBI, JeHCTBYIOLLHE B
NPOKAaPHOTHYECKHX KJIETKaX, MOTyT HMeThb CBOH aHaJIOTH H B dyKapHOTHYEC-
KHX KJI€TKax M 4TO Pas/IHYHble 9yKaPHOTHYECKHE IH3HMBI MOITOMY MOTYT
HIPATh TOJIOKHTENBHYIO POJb B PEryJsUHH NPOSABJICHHS TEeHETHYECKOH HH-
cdbopmanny.

C nomouiblo akpHJIaMHA-Tenb-3aeKTpodopesa ounmennoir PHK-nonu-
mepassl [ Xupm 1 Mapreno [55] BeisiBuaH mectb CyGbeAHHHL (epMeHTa
(SA,, SAy, SA;, SA4, SAs u SAg). Or SA; no SAs oT™Meyaercs yMeHbIIEHHE
MOJIEKYJIIPHOTO Beca M yBeJHYeHHe 3JeKTPOPOpPEeTHUEeCKOH MOABHKHOCTH,
4TO noATBepKA2erca AaHHbiMH Kexaunrep u ap. [43, 56]. Bsuio mokasano,
uro AHOyTHPHA-3', §'-AMP crumynupyer o6muit PHK-cuHTes M akTHBHpY-
et PHK-nonumepasy 1. IIpn 3TOM LHKIHYCCKHE HYKJICOTHAB HE CTHMYJHDY-
10T akruBuposanus PHK-nonumepassr /1. TlonuakpuiaMua-renb-31eKrpodo-
pe3 ¢ochopunupopannoit PHK-noaumepass I 8 npucyrersun 0,1% Na-no-
neumuscyabhaTa nokKasaj IepBHYHYIO ayTopaiaHorpapuueckylo JOKaaH3aIHIO
2P B cybvepunnuax SA,, SA, n SA,—A, BbicokoBOJBTHBI 3JeKTpPodOpes
Ha Gymare W 4aCTHUHBIH KHCJOTHBIT ruaponus dochopuaupopannofr PHK-
nosumepassl I yeranosuan ¢ocdarubie cBA3M Ha YPOBHE CEPHHA H TPEOHH-
Ha B MOJIEKYJIaX COOTBETCTBYIOIIHX CyGbeuHUIL, hepMenTa.

Ecau nomycTuTh BO3MOXKHOCT CyLIECTBOBAHHS PAa3JHYHBIX MEXaHH3MOB
HHAYKUHH akTuBHOCTH PHK-monmmepas, TO CTaHOBHTCS NPaBOMEPHBIM TO
MOATBEPXKAEHHE, YTO ¢ YCIOXKHEHHEM MEXaHH3MOB PENPECCHH H JAepemnpec-
CHH YHCJIO 5 CKTOPOB B KJAETKAX 3SYKAPHOTCB H, B OCOGEHHOCTH Y BBICIIHX
MHBOTHBIX, MOXeT Hapacrath. OAnH HelfipOMeNTHAB B HALIeM 3KClepH-
menre, nanpumep AI'VIBII, Jlei*-JIBII w KapAuHOTPONHBI TeKCANeNTHI,
MoryT HHAyuuposath PHK-nmonumepasst knacca A wian I, KOTOpHE HMeEIOT
HYKJICOJISIPHYIO JIOKAJH3AlHI0 M OTBETCTBEHHBI B OCHOBHOM 3a GHOCHHTE3
p-PHK n 1-PHK (coorsercrenno u s-PHK I'll-tuna), B To BpeMa Kax Apy-
rHe HeipomenTHAs (B HaweM sKcmepuMmenre neamuno-J1BII, Tpul JIHJIBII,
KapAHOTPONHBIA alleTHIreKcanenTua) Moryr uuayunposats PHK-noaumepa-
3bl K/1accoB B u C, HMEIOIIHX HYK/IEON/1a3MaTHIECKOE TIPOHCXOXKACHHE H OT-
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BSTCTBCHHLIX B oclloBHOM 3a Guocuute3 s-PHK AY-tuna, npeauecTseHHAKA
u-PHK ,MoneKy1a KOTOPOii OKOHYATebHO AH(DDEPEHIHPYeTCs H3 BHICOKOMO-
JeKyJasipHoil reteporenHoit 2-PHK B pesyabrate Mogudukamuu. He uckiio-
YcHa BO3MOXKHOCTb, YTO OAHH H T€ JKe HefPOMeNTHIB MOTYT HHIYLHPOBAThH
AKTHBHOCTb H TeX, 1 Apyrux ¢popm PHK-noaumepas. MoxkHO XONMYyCTHTH, YTO,
MO-BHAHMOMY, DPeryJsiTOPHbI 6eJOK OJAHHM LEHTPOM MOKET COCAHHSATLCS C
olepaTopoM sl y3HaBaHus TmocaenoBaTeabHocTH ocHoBanni JHK, a apy-
ruM-—B3anvoiciictsoBath ¢ addexropom (B cayuae tpanckpunuuu p-PHK ¢
ArJIBI, Jlei*-JIBII, rekcanentuaoMm, a B cayyae u-PHK ¢ peamuno-JIBII,
ALETHJIrCKCANeNnTHAOM) H 3TOT KOMIIEKC MOXKET JaTh CHIHaJ K HHHIMAUHH
TPAHCKPHIIIHH.

JpyruM BO3MOXKHbLIM, GBITb MOJKET OCHOBHBLIM, MEXaHH3MOM MPHJONKe-
it HeAPONENTHI0B B KauecTBe NePBHYHLIX MeCCaHKepoB, y4acTBYIOLUX B
peryJasiiii YPOBHS UHKJIHYECKHX HyKaeotH1oB (3, 5-AMP u 3, 5'-T'MP)
1 OCYIIECTB.ISIOIAX Yepe3 HHX PeryJsiliuio GHOCHHTE3a Pas/HUHBIX KJIACCOR
PHK B xJneTkax BbICHIHX MKHBOTHBIX, SIBJSIETCS MEXaHH3M LMKJI0AJeHHJAT-
H UHKJIOTYaHHJIATUYBCTBITeIbHOR TpaHcKpunuuu [5] (puc. 2).

Fombabepr u corp. [6] BBABHrAIOT THIOTE3y, COIVIACHO KOTOPOIt
3, 5-AM® u 3, 5'-'M® jeficTBYIOT COBMECTHO [0 NPHHUUNY yin-yang

Bos6ymdenve pasiusnoi npupuow
)

i
5 g Fndonpunies cucmena

Jeix0d Suoaxmuanotx

Ooesspemusanue copronos

Srujecms (wopadpenanun,

Tyemunxorun, GOParun, fopmona

-Epomonun, FAMK « dp. Hedpozophone, noruneamuds v dp

mpancrummepsi) |

l[\ﬂepauqnuu' meccanmep \\
Abenunam llpocmazranduns yseruvuaarom v YIENvwaom lyanunam
Yurxpasza CUNITIES YuRAUYFCKRUX ny«ﬂromudoa »mcpedcmaon Yuxraiza
Yunnas u @Pocgpoduscmepas

Yukn 3'5" A11P Yunn 35 M
(8mopuine recconsep) (ermopusracw rreccanmep;
5’-ﬂr;¢.o/ \ Strme
Y AMP - 3uducuran 4 M@ ~iacucurtae
|
|

Apoineynsurd Ja Apumesnrurnasu
Peprienmm,
‘ AT - nponvyeenocma, feperieuenue ATP
1| AAP e (mpancnopm) u Gp. QPOPI1Ol i ALP
| Puiuonosuveckod pabownor
AHK - scgucvranr LK - susucurag,
i PHK - nonuriepaia FPHK - nonurépara
(nAucca AuC) Hyemun eucinoner (Knucca 8)
i < noavarronst ? —— l
i PHK - I/(J/l.u repaia-Pog UK mugnole wenmudor ? ) FPHK -uonuriepo sa Fig
‘ M a5 = (8.7
TR : }
e QOO QOO 4«
E‘ p-PHK 1- PHK . H-PHK

Puc. 2. CxemaTHueckoe BOCMpPOH3BEIEHHE MecCaHXKepHOiHl H wikauyeckoit—3’'.5"—
MOHOGOCHATHYKACOTHA3ABHCHMOl TPAHCKPHHALHH.
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(oxuH cMeHsIeT APYroro Kak BpeMsi rojfa) M PeryJaupyloT poCT KJETOK H HX
ynkuuo. Jlannoe npeanogokenue YaCTHUHO OCHOBAHO Ha TOM (aKTe, uyTo
B (ubpobaacTtax, B KOTOPBIX IPOHCXOANT HHHUMANHs cuHTe3a JHK, conep-
xaune 3', 5'-I'M®P suauutesabHo yBesanyeno, a Koauyectso 3, 5 -AM®P nouu-
KEeHO, B TO BpeMs Kak BHe (a3bl PocTa COOTHOUIEHHE YKA3aHHBIX IIHKJIHYEC-
KHX HYKJEOTHJ0B B KJeTKe IHAMRTPAJbHO NMPOTHBOIOJNOXKNO. BBLIBHHYTas
HaMH KOHLENIHS O HaJHYHH W B3aHMOJENCTBHI IHKJOAAEHHAAT- H IHKJIO-
TYaHHIJIATYyBCTEHTEIbHOH TPAHCKPHNIHH, OCHOBaHHAsi Ha COOCTBEHHBIX H
HEKOTOPBIX JHTEPATYPHLIX JaHHBIX, IPEYyCMATPHBAET yyacTHe WHKJIHYECKHX
HYK/JICOTHJAOB B KaueCTBE BTOPHYHBIX MECCAHXKEPOB B NMPOTEHHKHHA3HLIX pe-
aKUMAX B MyTH aKTuBauuu pasanunblx PHK-nonumepas. ®ochopunnposan-
Has Mojidukanus pasanunbix opv PHK-noauMepas B NPHCYTCTBHA ApY-
rux (akTopoB TPAHCKPHIILIN MOXKET creyupuuecknM 06pasoM BecTH GHO-
cHHTe3 pasiHyHLIX Kaaccos PHK. Ha ocHoBanuu COGCTBEHHBIX H JHTEPATYp-
HBIX 1aHHBIX Mbl IPHXOAUM K 3aKkmouenuio, uro 3’, 5'-3aBHcHMbBIE NPOTEHH-
KHHa3HpIe peakunn ocymecrsasior ¢ochopuanposanne JHK-3aBuciaMbix
PHK-noanvepas xi1acca A nan I, 10Kaau30BaHNBIX B SAPHIIKAX H OTBETCT-
BeHHBIX 3a Tpauckpumiio p-PHK u t-PHK, B To Bpems kak 3/, 5'-'M® 3a-
BHCHMBIC npoTentKiHasnple peakuui Gochopuaupyvior 4HK-3apucumple 1no-
JUMepasel Ka1acca B, nokanH3oBaHHBIC B HYKJICOMIA3ME 1I OTBETCTBCHHBIC B
OCHOBHOM 3a Onocunite3 2-PHK AY-runa, xotopulit nociie onpeenenHolt Mo-
Andurauin nepexoant B u-PHK. 10T BO3MOKHBI MEXaHH3M yyacTHS aK-
THBHBIX NENTIAOB B PEryJasiliii YPOBHA WHKIHUECKHX HYKJICOTHL0B — Uepes
aJeHHIaT- W IyaHWIaTUHKAa3Hele i pocdoauscTepasnubie peakiHi— MOKET
PELHTPOKHO BKIIOYATL H BBIKJIIOYAThL YKa3aHHbIE PCaKUHH H Peasii3oBaTh
UWHKTOQICHIIAT- B WHKJIOTY aHHJIATUYBCTBHTEIbHDIC TPAHCKPHITIHI.

POSSIBLE ROLE OF NEUROPEPTIDES IN THE REGULATION
OF BRAIN NUCLEIC ACID BIOSYNTHESIS

G. S. KHACHATRIAN

Laboratory of the brain biosynthetic reactions and the Department of
biochemistry of the Yerevan Medical Institute.

Abstract

It has been studied the role of intracysternal administration of
neuropeptides—five analogous of 8-lysinvasopressin (LVP) [Des-9-Gly-
cine-amide-LVP (DGLVP), Tri-Gly-LVP, deamino-LVP (1—B-mercap-
topropionic acid-LVP), Leu*-LVP, Asn'®-LVP] and two cardiotrop
hexapeptides (acetylated and non) separated from the hypothalamus in
the regulation of various types of RNA (GC and AU types n-RNA,
r-RNA, t-RNA) biosynthesis in the brain.

Using the combined method of phenol extraction, differential
ultracentrifugation, gel-filtration and ultraviolet spectroscory of various
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types of RNA has been shown the increase in the content of r-RNA
and #-RNA under the influence of DGLVP, Leu*-LVP and cardiotrop
hexapeptide. Deamino-L VP, Tri-Gly-LVP and acetylated hexapeptide
stimulate the rise in the content of r-RNA and AU type n-RNA
(precursor of m-RNA). Asn'S-LVP shows a nonspecific influence on
the biosynthesis of the brain RNA.

It has been suggested a hypothesis about a participation of the
neuropeptides in the regulation of various types of the brain RNA
blosynthesis, as a primary messanger (starting signals) during the stimu-
lation of the initiation of cycloadenylate- and cycloguanylate-sensitive
transcription, via phosphorylation of diverse RNA-polymerases, It was
given a scheme of interaction between the messanger conception of
neuropeptides and cyclic-3/, 5’-monophosphate nucleotide-dependent
transcription by which the cycloadenylate-dependent transcription
appears to play a great role in the r-RNA and {-RNA biosynthesis and
the cycloguanylate-dependent transcription —in the biosynthesis of
m-RNA.
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ABSTRACT

Sleep is a fundamental biological function. A mul-
tidimensional concept of sleep health includes several
components: sleep regularity, satisfaction, alertness/
sleepiness, timing, efficiency, duration, sleep disorders,
and sleep architecture. The latter is underestimated in
routine practice due to the existing challenges with its
objective assessment using polysomnography. Nev-
ertheless, novel technologies and machine learning
approaches provide opportunities for a wider clinical
implementation of sleep macrostructure assessment.

However, reliable and well-performing non-EEG-based
algorithms for sleep staging for patients with cardiovas-
cular and cardiometabolic disorders are lacking. Further
research is needed to develop non-EEG-based algorithm
for sleep stage classification in patients with cardiovas-
cular and cardiometabolic diseases and for long-term
routine sleep monitoring.

Keywords: sleep architecture, polysomnography,
automated sleep stage classification, sleep staging,
hypnogram, sleep health, cardiovascular health, brain
health

Sleep is a fundamental biological function. It is now
recognized as one of the essential components of general
well-being, as well as of health components, in particu-
lar, cardiometabolic and brain health. In 2021, American
Heart Association included sleep duration as an essential
component of cardiovascular health in the concept of
Life’s essential 8 [1]. Nevertheless, sleep health is much
beyond just sleep duration, it is a multidimensional
concept which comprises several dimensions, consi-
ders adaptation to individual, social, and environmental
demands that promotes physical and mental well-being
[2]. This concept, initially suggested by D.J. Buysse [2],
was largely developed in the last decade, and has recently
been summarized by A. Voster et al. (2024) with the new 8
dimensions of sleep health: reqularity, satisfaction, alert-
ness/sleepiness, timing, efficiency, duration, breathing,
and disordered sleep [3]. The impact of these dimensions
on health can be independent or interrelated, enhan-
cing or modifying health risks and outcomes (Table) [3].
However, this approach does not consider some other
sleep metrics which impact health. In particular, sleep
architecture, sleep microstructure, sleep fragmentation,
sleep stability, etc. although related to some of these 8
dimensions, are not integrated in the concept of multidi-
mensional sleep pattern. This gap is partly filled in by the
scientific statement on implications of sleep health on
cardiometabolic health published by the American Heart

Association on 14 April 2025 which included sleep archi-
tecture as one of sleep dimensions (Table) [4].

Although the evidence is rather limited, the alter-
ations in sleep architecture were found in acute car-
diocerebrovascular events and were shown to be as-
sociated with outcomes. A number of studies report
significant changes in sleep architecture in post-stroke
patients compared to control subjects [5]. According to
a meta-analysis, these include a greater S1 percentage,
a lower S2 percentage, and a reduced slow wave sleep
(SWS) percentage and duration [6]. Some authors also
report decreased rapid eye movement (REM) sleep per-
centage [7-9]. The impairment in sleep architecture is
associated with the worse outcomes in stroke patients
[10]. In particular, poor short-term outcomes were asso-
ciated with reduced non-REM (NREM) stage 2 [11] and in-
creased NREM stage 1 sleep [10], reduction of REM sleep
together with a prolonged REM sleep latency was also
linked with poor outcome (assessed by modified Rankin
Scale) [7], and lower REM percentage was associated
with the higher National Institutes of Health Stroke Scale
(NIHSS) at discharge [12] and poorer functional outcomes
at 3 months (Barthel Index, modified Rankin Scale) [13].
It should be highlighted that there is a substantial indi-
vidual variability in the follow-up changes in sleep archi-
tecture in post-stroke patients [11], which has also been
reported from the longitudinal cohort studies [14].
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Table. The multidimensional concept of sleep health (2014-2025) (adapted from [2-4]).

Buysse Vorster et

Parameter Description

AHA Statement,

Assessment Health risks

The subjective

(2014) al. (2024) St-Onge et al. (2025)

and outcomes

Satisfaction/ perception of the quality . . Subjective (questionnaires, Mortality, MS, GMI,
ualit ood” or “poor”) o e.g. , sleep diar s , depression
Quality “good” or “poor”) of g. PSQI, sleep diary HTN, CHD, dep
sleep
The ability to sustain Sgbjective (ESS, KSS, sleep Mortality,
Alertness / optimal vigilance diary) cardiovascular
Sleepiness / P 9 ; + + + Objective (MSLT, MWT, )
) throughout waking ) mortality, CHD, altered
Napping h PVT, actigraphy — for o
ours napping) cognitive performance
The placement of sleep Subjective (questionnaire, oz ), €I,
- s B MS, GMI, altered
Timing within the 24-hour + + + sleep diary)
eriod Objective (actigraphy) psychomotor
p ) grapny performance
Mortality, MS, GMI,
HTN, CHD, depression,
Efficiency The ease of falling Subjective (questionnaire,  emotional distress,
(or sleep asleep and returning to + + + sleep diary) neurodegenerative
continuity) sleep Objective (actigraphy, PSG) diseases, altered
psychomotor
performance
The total amount of Subjective (questionnaire, oraliag, 6oty
. ; . MS, GMI, HTN, CHD,
Duration sleep obtained per 24 + + + sleep diary)
o ) altered psychomotor
hours Objective (actigraphy, PSG)
performance
Night-by-night
Regularity/ reg(]jularlty of-bedtlmes S|Ubjefjt‘lve (questionnaire, Mortality, MS, GMI,
rhythmicity and get-up times, - + + sleep diary) depression
stability of sleep-wake Objective (actigraphy)
patterns over time
Breathing Sleep-disordered _ Included in “sleep Subjective (questionnaires) SgDr;i;:/Zrtaei:‘%r?rLger:ig
(snoring) breathing disorders” Objective (PSG, polygraphy) MSg P ’
) The presence and Subjective (questionnaires) CVD, MS,
dDilst(:J rrdbegjdsfee severity of sleep - + + Objective (PSG, neurodegenerative
P disturbances polygraphy, actigraphy) diseases
Sleep staging (amount
Sleep and temporal N
architecture organization of sleep - - - Oljeivs (0 ?
stages)

CHD - coronary heart disease, CVD — cardiovascular disease, ESS — Epworth sleepiness scale, GMI — glucose metabolism impairment, HTN — hypertension, KSS —
Karolinska sleepiness scale, MS — metabolic syndrome, MSLT — multiple sleep latency test, MWT — maintenance of wakefulness test, PSQI - Pittsburgh Sleep Quality

Index, PSG - polysomnography, PVT — psychomotor vigilance test.

Less evidence is available regarding sleep structure
in acute cardiovascular events. Based on a systematic
review by M.T. Madsen et al. (2019), SWS, and REM
sleep are reduced immediately following acute coronary
syndrome (ACS) and significantly increase at 6-month
follow-up [15]. These changes are associated with the
increase in NREM stage 1and 2. Patients with myocardial
infarction (MI) also demonstrate higher sleep fragmen-
tation. Patients with refractory angina have significantly
reduced SWS compared to patients with stable angina.
However, data regarding the association of sleep archi-
tecture changes and prognosis is lacking and limited to
a brief report by the Japanese scientists (Nakashima et
al., 2013) who showed that the decreased NREM stage 2
was an independent predictor of the recurrence of ACS
and major adverse cardiovascular events (MACE) (hazard

ratios: ACS, 2.17, p = 0.034; MACE, 1.87, p = 0.037) [16].
A Brazilian study demonstrated that maintenance of
SWS is associated with longevity. On the other hand, in-
adequate sleep (measured by both subjective sleep quality
and objective sleep fragmentation) is associated with the
accelerated age-related brain aging [17]. M. Scullin and
C. Gao (2018) hypothesize that a dynamic interaction
between SWS and REM sleep throughout life and aging
plays role in cognitive health and cognitive longevity [14].
The need for objective evaluation by polysomnogra-
phy results in rather scarce longitudinal evidence of the
association of sleep structure changes and long-term
outcomes [14,18]. It also explains the lack of these pa-
rameters in the early versions of Sleep Health concept.
The initial concept of sleep health developed by
D.J. Buysse (2014), implied self-reported (subjective)

33




34

AJHMS | 1/V/2025

www.ahms.am

A. Patient 3., 52 years

-

LWL

k=0.79

IR 107

i

[ LT M I

B. Patient K., 62 years
we [
L1 —\J'

| L

I U I

k=D.56

L
L LT

— =

o8 A

Ll —

Fredicted

LI

—r —r
L2 ] Bon

P e

Figure. Hypnograms (scheme of sleep architecture) of patients with acute stroke based on manual scoring of polysomnogram and predicted by al-
gorithm from sleep staging from cardiorespiratory parameters (unpublished data). A. Male patient with lacunar left middle cerebral artery ischemic
stroke. NIHSS: at admission 7, at discharge 3; modified Rankin scale: at admission 2, at discharge 2. B. Male patient with left middle cerebral artery
ischemic stroke of undetermined etiology. NIHSS: at admission 7, at discharge 2; modified Rankin scale: at admission 3, at discharge 3. Four-stage
classification of sleep: W — wakefulness, R — REM-sleep, L - light sleep, D — deep sleep; NIHSS — National Institutes of Health Stroke Scale; PSG -
polysomnography; predicted — sleep stages predicted by the developed algorithms based on cardiorespiratory data.

evaluation of its components, namely SATED (Satisfac-
tion, Alertness, Timing, Efficiency, Duration) [2]. The
later modifications consider both subjective and ob-
jective measurements [3,4|. Thus, some of the compo-
nents of sleep health are estimated based on subjective
assessments (e.g. satisfaction), some can be evaluated
both subjectively and objectively (e.g. duration, efficien-
cy, sleepiness, breathing), while others require objective
confirmation (e.g. sleep structure) (Table).
Polysomnography (PSG) is the gold standard for
objective sleep assessment, and implies recording of
electroencephalogram (EEG), electro-oculogram, elec-
tromyogram from masseter muscles and limb muscles,
respiration, thoracoabdominal movements, electrocar-
diogram (ECG) and other signals. It provides accurate
data on sleep macro- and micro-structure, awakenings,
sleep-related breathing disorders, limb movements and
other movement disorders, etc. However, it is not the
optimal strategy, as it provides a single night measure in
artificial conditions (sleep lab) that might lead to sleep
disturbance [19]. Moreover, it cannot define sleep tim-
ing, sleep rhythmicity and shows limited correlation with
subjective metrics [20,21]. There is a substantial interrater
variability in sleep scoring, and it depends on various

factors (patient characteristics [22], scorer training, etc.
[23]). In addition, PSG is costly, time- and effort-con-
suming, and not reimbursed in many countries [24-26].

Nevertheless, the novel technologies and the develop-
ment of machine-learning methods, and in particular,
deep learning techniques, are changing the field rapidly,
introducing alternative approaches to automatic sleep
stage classification based on other signals rather than
EEG [27]. Clear sleep-stage dependent fluctuations in
the activity of autonomic nervous system [28] include
an increase in parasympathetic tone during transition
from wake to sleep and from light to deep sleep, and an
increase in sympathetic activity with abrupt sympathetic
surges during REM-sleep [29]. These changes are asso-
ciated with the variations in heart rate variability (HRV),
respiration, circulation, skin resistance, etc. providing
opportunity to estimate sleep stages from ECG [30,31],
respiratory signals, photoplethysmography (PPG) [32-
34|, electrodermal activity [35], temperature, move-
ments [36], etc. or their combination [36-39]. The sig-
nals can be obtained from polygraphy/cardiorespiratory
monitoring, pulse oximetry, actigraphy [40], wearables
[32,41], and even non-contact monitoring systems [42-
44]. In the majority of studies, the derived signals rather
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than raw data are used (e.g. heart rate, HRV rather than
ECG, respiratory intervals rather than thoracoabdominal
movements, etc.). The approach usually includes several
steps: signal collection, extraction of derived time series
(derived signals), preprocessing, and neural network
classification [27,39].

Based on the data derived from the mentioned sig-
nals or their combination, different sleep-stage clas-
sifications can be developed: two-stage classification
differentiating sleep and wakefulness [45,46], three-
stage — NREM/REM/wakefulness, four-stage — light
sleep/deep sleep/REM/wakefulness [30], and five-stage
- N1/N2/N3/REM/wakefulness [34], with three- and
four-stage classification being the most common and
well-performed [27].

Sleep staging based on routine physiological signs is
highly demanded in patients with cardiovascular diseas-
es and acute events when the performance of full PSG
is limited due to the patient severe condition, potential
cognitive impairment, immobilization, conditions in the
intensive care units (ICU), and other factors. However,
the currently published algorithms were mainly devel-
oped and tested in healthy cohorts [32,33,37,38,47] or
patients with sleep-disordered breathing [48] with the
exclusion of patients with known cardiovascular and
neurologic diseases. The latter ones, as well as patients
with metabolic diseases, are often characterized by auto-
nomic dysfunction and impaired HRV, which might limit
the application of automated sleep stage classification.
Moreover, a number of medications commonly used in
cardiometabolic pathology affect autonomic nervous
system. The results of L. Hermans et al. (2024) who as-
sessed the performance of cardiorespiratory-based algo-
rithm for sleep staging in patients using beta-blockers
are promising [49]. They showed substantial agreement
for four-class sleep staging (for heart rate and respira-
tory effort: kappa 0.635 (0.558; 0.700), accuracy 78.1
(74.5; 81.2) % versus kappa 0.660 (0.598; 0.736), accu-
racy 78.8 (74.8; 83.7) % for patients using beta-blockers
and controls, respectively, p = 0.127; for ECG/heart rate
only: kappa 0.535 (0.430; 0.632), accuracy 73.4 (65.4;
77.9) % versus kappa 0.535 (0.433; 0.629), accuracy 71.2
(66.8; 78.7) % for patients using beta-blockers and con-
trols, respectively, p=0.127), and confirmed that despite
potential impact of beta-blockers on HRV, it does not
interfere with a reliable performance of the algorithm. At
the same time, the studies evaluating reliability of algo-
rithms in patients using other drugs affecting autonomic
system are lacking [50,51]. The few studies that evaluated
performance of automated sleep staging in patients with
neurologic diseases [52] and different sleep disorders
[53], demonstrated poorer classification performance
[54] (in particular, for patients with REM parasomnia).

P.-W. Chen et al. (2022) evaluated the performance
of automated sleep staging in 10 patients with stroke

within inpatient rehabilitation unit. They used several
signals obtained from wearable sensors, enabling re-
cording of ECG, heart rate, respiratory rate, proximal
skin temperature, and PPG for SpO,, peripheral arterial
tonometry, and distal skin temperature [55]. They ap-
plied different 2 types of models (population and per-
sonal) and 4 algorithms (Balanced Bagging, Balanced
Random Forest, Gradient Boosting, and XGBoost).
According to their analysis, the performance of the
population models was rather poor (the highest Cohen’s
kappa 0.27 by Gradient Boosting for 2stage sleep clas-
sification). Personalized models performed better (the
highest Cohen’s kappa 0.66 for 2-stage classification,
0.60 for 3-stage, and 0.531 for 4-stage sleep classifi-
cation for XGBoost algorithm). The low performance
of the population models is likely to be related to the
between-patient heterogeneity in physiological signals.
Although personal model showed to be more accurate
in stroke patients, it requires a PSG-reference for each
patient [55].

In our preliminary study (unpublished data), in a small
sample of stroke patients (n = 9) the performance of
cardiorespiratory-based algorithm appeared to be high-
ly variable with Cohen’s kappa achieving 0.79 (Figure).
These data outperform published algorithms; however, a
larger cohort is needed to verify these preliminary data.

Another gap in the field is the lack of algorithms for
long-term sleep monitoring and sleep staging using
non-EEG data which is partly explained by the substan-
tial between- and within-subject variability of the as-
sessed signals and the effects of confounding factors
(age, gender, body mass index, time of the night, etc.)
[56]. W. Ganglberger et al. (2023) assessed the validity of
algorithms for sleep staging with long-term monitoring
of HRV and respiratory signals in ICU patients [57]. The
models showed lower agreement for ICU versus sleep
laboratory data (60% versus 81%). However, they exclud-
ed patients with pre-existing cardiovascular and neuro-
logic diseases and cognitive impairment.

To conclude, assessment of the components of sleep
health in routine clinical practice is important. Sleep ar-
chitecture, being one of the dimensions of sleep health,
requires objective measurement by PSG that till now-
adays has limited implementation. However, the rapid
development of machine learning techniques opens the
door to wider measurement of sleep parameters. Reli-
able and well-performing algorithms for sleep stage
classification based on various physiologic parameters
have been developed, although they are lacking for pa-
tients with cardiovascular diseases. Our preliminary data
confirm that non-EEG-based sleep staging is feasible in
stroke patients and good agreement can be achieved
(kappa over 0.70). However, more studies are needed in
this field. There exist some challenges decreasing agree-
ment with the sleep scoring software preventing its im-
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mediate clinical implementation, including comorbid
pathology, high between- and within-subject variability,
confounders affecting physiologic measures (autonomic
activity), etc. T. Penzel, an international expert in the
field, suggests that novel methods are needed, for ex-
ample, using the approach based on probabilities for
sleep stages rather than single gold reference, and the
development of a reference database for the validation
of computer-based automated sleep scoring [58].
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BA’KHOCTb PYTUHHOM OLLEHKN MAKPOCTPYKTYPbI
CHA 191 MO JEP>KAHUS 3[10POBbA
CEP[JEYHO-COCYJUCTON CUCTEMbI U MO3TA:
BbI30BbI U MEPCMEKTUBDI

Jroamuna C. KopoctosLesa, Anekcanap b. Tatapanase
HaunoHanbHbI MEAVLIMHCKWUIA  MCCNEAOBATENBCKUIA LIEHTP UMEHU
B.Anma3osa M3 P&, CankT-Metepbypr, Poccus

ABCTPAKT

CoH — 3TO OfiHa W3 BaMHENLINX GYHKLUMI OpraHn3ma
yenoseka. MOHATUE «3[40POBbA CHa» BKMIOYAET B CEOA He-
CKONMbKO KOMMOHEHTOB, B T.4. PEryaapHOCTb CHa, YAOB-
NETBOPEHHOCTb CHOM, 6OAPOCTb, COrNacoOBaHHOCTb CHa BO
BpeMEHMN, IPPEKTUBHOCTb CHa, MPOAOMKUTENBHOCTL CHa,
HapyLWeHWA CHa W CTPyKTypa CHa. [ocnegHuini KOMMOHEHT
HEAOOLIEHNBAETCA B PYTUHHOW NMpPaKTUKE BBUIY CNOKHOCTEWN
NpOBEAEHUA WHCTPYMEHTANbHbLIX METOAOB 06CNefoBaHUA —
noancomHorpaduun. bbiICTpo pa3BMBatOLLMECA TEXHONOMMU W
METOAbI MALLMHHOIO 06Y4EHUA OTKPbIBAOT NEPCNEKTUBLI ANA
60n€ee LUMPOKOro BHEAPEHMA OLIEHKW CTPYKTYpbl CHa B Mo-
BCEAHEBHYHO KNMHUYECKYO NpakTuky. Of4HaKo B HacToAllee
BPEMA OTCYTCTBYHOT HAAEKHbIE anropuTMbl AnA Knaccudm-
KaLuW CTafuii CHa, OCHOBaHHbIE HE Ha MokasaTenax I3 (u
He TpebyroLume NpoBefeHua nonncomHorpadum), paspabo-
TaHHblE ANA WL, C CEPAEYHO-COCYAUCTBIMU 3a60neBaHNAMU
1 METaBONNYECKMMU HapyLIEHUAMU. HeobxoanMbI fanbHeli-
LIWNE UCCNENOBaHMA NO pa3paboTKe MOAOGHbLIX anrOpUTMOB,
a TaKkkKe A OANTENbHOrO MOHWTOPUHIA CHa Y AuL, C cep-
A€YHO-COCYANCTbIMM 3a60NEBAHNAMU 1 METAbONNYECKUMU
HapyLWeHNAMU.

Knrouesble cnosa: cmpykmypa CHQ, NOAUCOMHO2Papus,
a8MOMAMU3UPOBAHHLIL  anzopumm 0na  Kaaccupukayuu
cmaodull cHa, knaccugukayua cmadull cHa, 2UNHO2PAMMA,
300po8bili COH, 300po8be cepdeyHo-cocyoucmol cucmembl,
300po8be Mo3ea
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ABSTRACT

Disorders of arousal (DoA) are non-rapid eye move-
ment (NREM) sleep parasomnias, including sleepwalk-
ing, confusional arousals, and sleep terrors. Although
more common in childhood, they may persist or re-
emerge in adolescence and adulthood, sometimes with
complex or aggressive behaviors that raise safety and di-
agnostic concerns. This mini-review presents a clinical
case of a 17-year-old boy with longstanding nocturnal
episodes, initially mild but later increasing in frequency

and intensity. Video-polysomnography confirmed mul-
tiple behavioral events arising from his deep sleep stage,
with features consistent with confusional arousal and
somnambulistic types of NREM parasomnia. The diag-
nostic criteria, subtypes of DoA, risk factors, differential
diagnosis and management of NREM parasomnias are
briefly reviewed.

Keywords: parasomnia;, NREM sleep; confusional
arousal; somnambulism, sleepwalking, nocturnal ep-

ilepsy

INTRODUCTION

Disorders of arousal (DoA) are a group of non-rapid
eye movement (NREM) parasomnias that include sleep-
walking (somnambulism), confusional arousals and
sleep terrors. These conditions were first brought under
the same umbrella in the landmark article published in

Science by Broughton (1968), and are characterized by
partial arousals from deep sleep and often consist of
complex behaviors with reduced awareness and respon-
siveness [1]. Although traditionally viewed as benign and
self-limited in childhood/adolescence, DoA can persist
into adulthood and have a significant impact on daily
living. Below we briefly summarize the clinical spectrum,
diagnostic approaches, and management of DoA.

CASE VIGNETTE

A 17-year-old patient presented to a specialized
sleep disorders clinic with a primary complaint of
behaviors at night which he could not recall the
next day.

The symptoms first appeared 5 years ago, at the
age of 12. According to his parents and home vid-
eos, the patient would suddenly sit up in bed or
get up and walk around the room during the night,
appearing scared and agitated. These episodes typ-
ically lasted less than one minute. However, in one
particularly dangerous incident, when family mem-
bers attempted to intervene, the patient reacted
aggressively and tried to choke a relative. Over the
years, 4-5 episodes involving sleepwalking were ob-
served, usually occurring between 02:00 and 03:00

at night. Shorter episodes, characterized by abrupt
arousals without ambulation, occurred more fre-
quently and could repeat several times per night.
The patient recalled only fragmented memories of
sitting up in bed, but had no recollection of more
complex events.

He also reported daytime sleepiness, regular-
ly taking naps of 2-3 hours in the afternoon after
the lunch, occasional urges to move his legs before
sleep, accompanied by unpleasant sensations that
worsen at rest and improve with movement. Par-
ents noted that he slept with his mouth open. Fam-
ily history revealed that the patient’s paternal aunt
experienced episodes of walking in sleep during
childhood.
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Fig. 1. Hypnogram with arrows indicating behavioral events observed during the video-polysomnographic study.

Neurological and somnological examinations
were within normal limits (examination of the oro-
pharyngeal region showed no significant anatomi-
cal obstructions, the Mallampati score was I-Il, sug-
gesting a low risk of obstructive sleep apnea based
on upper airway anatomy). The patient scored 5 on
the Pittsburgh Sleep Quality Index (PSQI), indicating
borderline poor sleep quality. He scored O on Ep-
worth Sleepiness Scale (no excessive daytime sleep-
iness). Overnight polysomnography was recom-
mended; however, the patient was lost to follow-up.

Two years later, in 2025, the patient returned to
the clinic due to an increase of frequency and in-
tensity of his nocturnal episodes. The behaviors had
become more dramatic and aggressive, including
jumping out of bed, running around the room, and
screaming.

Given the unclear origin and potentially harmful
nature of the nocturnal behaviors, differential diag-
noses included sleep-related hypermotor epilepsy,
somnambulism (subtype of NREM parasomnia), and
dissociative episodes occurring during sleep. The lack
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Fig. 2. Behavioral event during polysomnography, emerging from NREM3 sleep stage (slow-wave sleep).
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of full recall, presence of complex motor activity, and
reported aggression raised concerns that required
objective documentation and further evaluation.

An overnight video-polysomnographic study
(VPSG) combined with a full 10-20 electroenceph-
alography (EEG) montage added by inferior tempo-
ral chain was performed. The recording lasted 480
minutes, with a total sleep time of 419.5 minutes
and a sleep efficiency of 88.3%, which was slight-
ly below the normal range. Sleep architecture was
mildly disrupted, with sleep fragmentation and
a prolonged wake after sleep-onset period (55.5
minutes). No clinically significant and sleep-relat-
ed movement or breathing disorder were observed
with Periodic Leg Movement Index at 0.0/h and Ap-
nea-Hypopnea Index at 4.6/h.

During overnight vPSG-EEG study, conducted
under condition of partial sleep deprivation, three
prominent episodes with mean duration of 30 sec
were documented, each arising from deep sleep
(N3), and were characterized by complex motor and
verbal behaviors (arrows, Fig. 1).

At 23:31, the patient opened his eyes, lifted his
head and upper body, looked around with a con-
fused expression, turned to the left, lightly touched
the EEG electrodes, then laid back down, closed his
eyes, and resumed sleep. At 00:06, he again opened
his eyes and raised his head, saying, “What is this,
people... people”. When the technician entered the
room, the patient became fully alert and described
seeing “something” in the room. At 00:48 (Fig. 2),
the patient suddenly sat up in bed, appeared agitat-

CLASSIFICATION AND
CLINICAL SPECTRUM

Non-rapid eye movement parasomnias are defined
by the Diagnostic and Statistical Manual of Mental Dis-
orders, 5" edition and the International Classification of
Sleep Disorders (Table 1), where DoA are classified into
3 main subtypes:

» Sleep terrors
» Confusional arousals
» Sleepwalking (somnambulism)

All these phenomena arise usually from N3 sleep and
share common features such as impaired responsive-
ness, different degree of autonomic or motor activation,
partial or complete amnesia of the episode [2,3]. DoA
typically emerge during arousals from N3 sleep, most
often in the first half of the night. When the sleep mac-
rostructure is preserved and complete sleep cycles are

ed and confused, spoke rapidly but unclearly, and
removed his EEG setup. He exclaimed, “Oh, what
was that?” stood up, and attempted to leave the bed
area. Staff intervened, after which he regained full
wakefulness and returned to sleep. Additionally, 5
less complex behavioral episodes (10-25 sec each)
were observed, during which the patient opened his
eyes and scanned the environment, but displayed no
significant motor activity. Throughout all recorded
episodes, EEG revealed background delta activi-
ty consistent with stage N3 sleep with eyes open.
In some episodes, hypersynchronous high-voltage
slow-wave activity was observed on EEG, lasting 3 to
10 seconds prior to the onset of muscle activation.
No epileptiform discharges or other pathological
changes were identified.

Based on the history and polysomnograph-
ic findings, the patient was diagnosed with NREM
parasomnia. The recorded major events were clas-
sified as sleepwalking and confusional arousals, ac-
companied by several minor parasomnic episodes.

The initial management focused on non-phar-
macological interventions, such as optimization of
sleep hygiene and implementation of scheduled
awakenings during the first third of the night to
prevent episode occurrence. As a result, a positive
trend has been observed, with a noticeable reduc-
tion in the frequency of behavioral episodes.

This case depicts the importance of sleep-related
history-taking, home videos and recording of the
event during vPSG, which helped with confirming
the diagnosis of NREM parasomnia.

present, episodes usually occur approximately 1 to 1.5
hours after sleep onset.

Sleep terrors

Sleep terrors are characterized by abrupt episodes
of intense fear, accompanied by vocalization (scream-
ing), crying, fight or flight response — prominent fear
with autonomic activation (tachycardia, tachypnoea,
sweating, blushing, mydriasis) with gradual transition
to wakefulness [4]. Usually, these occur before age 5-6
years, while the episodes last from 1 to 10 minutes. The
child is typically difficult to awaken and may respond
to attempts at physical contact with active resistance,
including pushing away the caregiver.

Confusional Arousals
During confusional arousals (CA) (Elpenor syndrome)
patients usually exhibit confused behavior without leav-
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Table 1. General diagnostic criteria for disorders of arousal (DoA) and specific criteria for the DoA subtypes from the International

Classification of Sleep Disorders, Edition 3, Text-Revised [2].

GENERAL DIAGNOSTIC CRITERIA FOR DISORDERS OF AROUSAL
Criteria A—E must be met
A. Recurrent episodes of incomplete awakening from sleep

B. Inappropriate or absent responsiveness to efforts of others to intervene or redirect the person during the episode
C. Limited (e.g., a single visual scene) or no associated cognition or dream imagery

D. Partial or complete amnesia for the episode

E. The disturbance is not better explained by another current sleep disorder, medical condition, mental disorder, or medication/substance use

Notes

1. The events usually occur during the first third of the major sleep episode

2. The individual may continue to appear confused and disoriented for several minutes or longer following the episode
3. For some adults there can be recurrent, complex dream-enacting behaviors during the episodes, as reported in well-documented cases

CONFUSIONAL AROUSALS
Criteria A-C must be met
A. The disorder meets general criteria for NREM disorders of arousal

B. The episodes are characterized by mental confusion or confused behavior that occurs while the patient is in bed

C. There is an absence of terror or ambulation outside of the bed

NOTE

There is typically a lack of autonomic arousal such as mydriasis, tachycardia, tachypnea, and diaphoresis during an episode

SLEEPWALKING
Criteria A and B must be met
A. The disorder meets general criteria for NREM disorders of arousal

B. The arousals are associated with ambulation and other complex behaviors out of bed

SLEEP TERRORS
Criteria A-C must be met
A. The disorder meets general criteria for NREM disorders of arousal

B. The arousals are characterized by episodes of abrupt terror, typically beginning with an alarming vocalization such as a frightening scream
C. The episodes show signs of autonomic arousal, including mydriasis, tachycardia, tachypnea, and diaphoresis during an episode

ing bed. They may open their eyes, raise their head and
trunk, and scan the room with a facial expression of
surprise or fear [2]. They might touch nearby objects
and even speak — sometimes using semantically correct
phrases, though these often lack context [5].

The alternative name “Elpenor syndrome” is derived
from a story in Homer’s Odyssey, where Elpenor, a
youngest comrade of Odysseus, became drunk and was
suddenly woken up by noise and in confusional state,
accidentally fell and broke his neck. This mythological
reference illustrates the typical features of CA.

Confusional arousals are frequent among patients
with NREM parasomnias. They can repeat during the
same night, however, stay unnoticed. As demonstrated
in our case, CAs may serve as a useful biomarker of DoA,
as it is easier to register during polysomnography.

Sleepwalking

Somnambulism (from Latin somnus — sleep and am-
bulare — to walk around) was described as early as by
Hippocrates, who noted “people groaning and shout-
ing in their sleep, some who choke; others who jump
from their beds and run outside, and remain out of their
mind until they awaken, when they are as healthy and
sane as they were before”.

Sleepwalking episodes usually begin with CA, fol-
lowed by the patient getting out of bed and walking
around with their eyes open (sometimes wide open and
staring). Patient can perform some complex motor be-
haviors: dressing/undressing, opening doors and win-
dows, moving to another room or even going outside,
rearranging furniture, or searching for objects. Occa-
sionally, episodes may lead to more dangerous behavior.
In 1995, Schenck and Mahowald reported a case of a
43-year-old man who had driven an automobile a long
distance during a presumed somnambulistic state [6].
Unlike pediatric population, adults with somnambulism
can often recall some fragments of sleepwalking epi-
sodes [7].

Special types of NREM parasomnias

Beyond the typical presentations of NREM para-
somnias, certain subtypes involve more specific behav-
iors. These “specialized” parasomnias include condi-
tions such as sleep-related eating disorder (SRED) and
sleep-related abnormal sexual behavior (sexsomnia).

Sleep-related eating disorder is considered as a sub-
type of NREM parasomnia with independent diagnos-
tic criteria (Table 2) and characterized by episodes of
eating during arousals from sleep, associated with re-
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Table 2. Diagnostic criteria for sleep-related eating disorder from the International Classification of Sleep Disorders, Edition 3, Text-Revised [2].

CRITERIA A-D MUST BE MET

A. Recurrent episodes of dysfunctional eating that occur after an arousal during the main sleep period
B. The presence of at least one of the following is associated with the recurrent episodes of involuntary eating:
1. Consumption of peculiar forms or combinations of food or inedible or toxic substances
2. Sleep-related injurious or potentially injurious behaviors performed while in pursuit of food or while cooking food

3. Adverse health consequences from recurrent nocturnal eating

C. There is partial or complete loss of conscious awareness during the eating episode, with subsequent impaired recall
D. The disturbance is not better explained by another current sleep disorder, medical disorder, mental disorder, or

medication/substance use

duced levels of consciousness and partial recollection of
event [2]. The SRED episodes may involve eating unusual
or inappropriate items or combinations of foods (e.g.,
toothpaste, soap with bread), secondary insomnia due
to repeated sleep-disrupting episodes, daytime fatigue,
morning anorexia, or weight gain. Some patients report
being unable to return to sleep unless they eat.

Sleep-related abnormal sexual behavior or sexsomnia
are recognized as a subtype of DoA, more often emerg-
ing during CA or sleepwalking. This parasomnia subtype
has been identified relatively recently. Patients may initi-
ate sexual intercourse, masturbation, often in more vio-
lent manner with amnesia in the morning [8]. Due to the
involuntary and unconscious nature of these actions,
sexsomnia carries significant forensic implications, par-
ticularly when behaviors escalate to non-consensual acts
such as sexual molestation or assault [9].

EPIDEMIOLOGY OF DISORDERS

OF AROUSAL

Disorders of arousal are the most common of the
parasomnias seen in children. One of the most compre-
hensive longitudinal studies on childhood parasomnias
was conducted by Laberge (2000) and Petit et al. (2007,
2015), who followed 2675 participants from the Qué-
bec Longitudinal Study of Child Development [10-12].
Parents completed annual yearly questionnaires assess-
ing the presence of NREM parasomnias in their children
between the ages of 1.5 and 13 years. The overall preva-
lence of sleepwalking across the cohort was 13.8%, while
CAs and sleep terrors were reported in 39.8% of cases.
The yearly prevalence of sleepwalking ranged from 2.5%
to 7.8%, peaking at age 6. In contrast, CAs and night
terrors were more common earlier in childhood, with
the highest rates observed at 2.5 and 3.5 years of age
(19.9% and 20.8%, respectively), followed by a steady
decline over time. By age 13, the prevalence had de-
creased to 3.3% for sleepwalking and 1.2% for CAs and
sleep terrors, highlighting the natural remission of these
behaviors with age.

The data on DoA prevalence in adults is scarce, espe-
cially in regards of continuous data. They can persist into
adulthood or appear de novo in adults [13]. Interestingly,
adult DoA differs from childhood DoA, being more often

associated with excessive daily sleepiness and violent be-
haviors, which are rare in childhood DoA [14-16]. Major
studies have reported the prevalence adult DoA to be be-
tween 1.6 to 2.4% [17]. Particularly in cases of sleepwalk-
ing, 40 to 60% of parasomnic episodes after late adoles-
cence occur in individuals who had them in childhood,
sometimes recurring after several years of absence [18].

RISK FACTORS

NREM parasomnias do not have a clearly identified
primary cause, however the proposed “3P” model for
NREM parasomnias helps explain contributing factors.
It is analogous to the well-known “3P” model proposed
by Spielman for chronic insomnia, but uses slightly dif-
ferent wording, including: Predisposing factors (such as
genetics, young age), Priming factors (like sleep depri-
vation or situational stress that increase deep sleep), and
Precipitating factors (such as noises or other stimuli that
fragment slow-wave sleep) [19].

Family history is one of the strongest risk factors for
NREM parasomnias. In 1930, Clerici reported a series of
sleepwalking cases within a single consanguineous fam-
ily consisting of 6 members (a husband, a wife who was
also his cousin and their 4 children). All six were found
gathered around a table in the servants’ quarters at 3
AM, apparently during a shared episode of sleepwalking
[20]. A positive family history of somnambulism is seen
in up to 60% of patients [21]. Moreover, first-degree rel-
atives have 10-fold higher risk of having sleepwalking
compared to general population [22]. Furthermore, not
only sleepwalking but also history of sleep terrors in rel-
atives increases the risk of sleepwalking [23]. There is
an interesting association with HLA DQB1*05:01 allele,
which is more seen in patients with somnambulism than
in general population. This association was further con-
firmed for other types of NREM parasomnias [24,25].

Overall, genetic studies in NREM parasomnias are
still scarce and not convincing, including genome-wide
association and candidate gene studies [26].

Sleep deprivation is a well-known trigger for DoAs,
particularly in individuals with a predisposition, as it
increases sleep pressure and the amount of slow-wave
sleep (N3), during which DoA episodes are more likely
to occur [27].
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Children with chronic parasomnias may often also
present sleep-disordered breathing (SDB). Furthermore,
the disappearance of the parasomnias after the treat-
ment of the SDB suggests that the latter may trigger the
former. According to Guilleminault et al. (2008), para-
somnias may also co-occur with restless legs syndrome
(RLS) and can be precipitated by periodic leg movements
in sleep (PLMS) [28]. These repetitive movements result
in a brief arousal and this arousal is thought to be the
proximal trigger for sleepwalking episodes [19].

PATHOMECHANISMS OF

NREM PARASOMNIA

In 2000, Bassetti et al. conducted a single-photon
emission computed tomography study using Techne-
tium-99m Ethyl Cysteinate Dimer during stage N3 sleep
— one night before and one night during a sleepwalk-
ing episode [29]. During the episode, they observed in-
creased blood flow in the cerebellar vermis and posterior
cingulate cortex, along with reduced thalamic perfusion
compared to normal wakefulness. The findings suggest
a state of partial unconsciousness, indicated by de-
creased frontoparietal activity, alongside ongoing motor
system activation, supported by preserved thalamocin-
gulate pathways.

Intracerebral EEG recordings have provided crucial
insights into the phenomenon of local sleep-wake disso-
ciation during NREM parasomnia episodes. Stereo-EEG
studies in patients with DoAs have revealed the coexis-
tence of sleep-like activity, such as delta waves and spin-
dles, in frontoparietal association cortical regions and

the hippocampus, and at the time wake-like fast activity
over the motor cortex and limbic structures [30-32]. This
dissociation helps explain parasomnia features, as motor
and emotional systems remain active while higher-order
areas stay asleep, resulting in complex behaviors without
awareness or memory.

The cyclic alternating pattern (CAP) is a physiolog-
ical component of normal NREM sleep and represents
a periodic activity consisting of two alternating NREM
sleep EEG patterns, A (phasic events) and B (background
rhythm), which are related to arousal-level fluctuations
[33,34]. Cyclic alternating pattern sequences character-
ize both maintenance and fragmentation of NREM sleep.
Children and adults with NREM parasomnias show in-
crease in CAP rate, shorter B phases, and an increased
percentage of A compared to healthy control, which re-
flects greater slow-wave instability, highlighting its po-
tential role in the pathophysiology of DoA [35].

DIAGNOSTIC WORKUP AND

ITS CHALLENGES

Video-polysomnography is considered the gold stan-
dard for diagnosing DoA. It allows for simultaneous re-
cording of brain activity, muscle tone, respiration and
behavior during sleep, helping to differentiate DoA from
other conditions with overlapping clinical features.

Diagnosing NREM parasomnias using vPSG can be
challenging, as episodes, particularly sleepwalking, are
rarely observed in a single night in a sleep lab. Two
common strategies are used to increase the likelihood of
recording a parasomnia event: forced arousals with au-

Table 3. Differential diagnostic features of non-rapid eye movement parasomnias, epilepsy, and rapid-eye movement sleep behavior disorder.

Data summarized from the references 2, 38, 39, 42.

Features

NREM parasomnia

Epilepsy REM-sleep behavioral disorder

In NREM2 stage, anytime at night,

Part of night when
event(s) occur(s)

In NREM3 slow wave sleep, 1-2
hours after sleep onset

more grouped very early after sleep
onset (first 30 mins) or just before  night

More probable in the second half of the

awakening

Number of events per
night

1-2, no clustering.
Different kinds may combine.

No recall.
Sometimes a “foggy” memory of

seellled e s an event, usually not detailed, and

3 and more.
SHE events are usually grouped,
and different types may combine.

From complete amnesia to some
recall in the form of unclear feel-
ings of shortness of breath, muscle

1-2, mostly during longest REM periods.
May be motor only, with vocalizations
Very rare.

Dream recall (similar with the episode
content) but only immediately after
episode

from the last part of the episode.  tension
. . variable, frgm brief to very long From brief to moderate (several min-
Duration of the epi- (over 20 mins). ' .
Brief, short, less than a minute utes).
sodes May worsen and prolong upon : . )
; g Variable in the same patient.

trying externally to stop it.

Childhood: 5-10 years old. Usually after 50 years old.

Late-onset DoA points to another  Any age. May occur in childhood or young adult-

(ERETCIE sleep disrupting factor (OSA,

PLMS?).

Mean age: around 14 years old.

hood in the context of narcolepsy.
ASD-associated dream enactment!

Acronyms: ASD - acute stress disorder; DoA — disorders of arousal; NREM - non-rapid eye movement; OSA — obstructive sleep apnea; PLMS —
periodic leg movements in sleep; REM — rapid-eye-movement; SHE - sleep-related hypermotor epilepsy.
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ditory stimuli during slow-wave sleep and sleep depriva-
tion [27,36,37]. However, these protocols remain mostly
utilized in parasomnia proficient sleep centers and need
wider standardized application.

The differential diagnosis of DoA includes sleep-re-
lated hypermotor epilepsy (formerly “nocturnal frontal
lobe epilepsy”), sleep-related dissociative disorders,
and rapid-eye movement (REM)-sleep behavior disorder
(Table 3).

Sleep-related hypermotor epilepsy (SHE) is char-
acterized by brief, often stereotyped motor events during
sleep, sometimes with vocalizations. Unlike DoA, these
episodes are usually more frequent, occur throughout
the night (not just in stage N3), and often have abrupt
onset and offset [38,39]. EEG may help, but interictal
discharges can be absent, making video-EEG monitor-
ing essential for diagnosis.

Sleep-related dissociative disorders (DD) are a
variant of psychiatric DD that most often occur in people
who have been abused. Dissociation refers to a psycho-
logical mechanism involving the separation of mental
processes from normal consciousness, leading to dis-
turbances in awareness, memory, identity, or percep-
tion. Patients with DD often experience similar daytime
episodes characterized by abnormal behavior and amne-
sia. Nocturnal behaviors in patients with DD may include
yelling, walking, running or more complex behaviors
[15]. Sleep-related DD can emerge at any point of sleep,
more often occurring during transitions from wakeful-
ness to sleep or within minutes of awakening [40].

Lastly, REM-sleep behavior disorder (RBD) involves
dream-enacting behaviors that arise from REM sleep, of-
ten later in the night. Patients may shout, punch, or
leap from bed in response to vivid dreams [2]. Unlike
DoA, RBD is more common in older adults and often
associated with neurodegenerative disorders, especial-
ly synucleinopathies like Parkinson’s disease [41]. Rap-
id-eye movement sleep without atonia is the hallmark
polysomnographic finding that confirms RBD.

TREATMENT

Parasomnia episodes are often benign and normally
require no treatment. Treatment of DoA usually starts
from non-pharmacological approaches, particularly,
emphasis is placed on promoting good sleep hygiene,
which has an impact on sleep quality and consolidation
[42,43]. Another important point is treatment of under-
lying parasomnia-provoking sleep disorders (SDB, RLS/
PLMS) [44]. Cognitive and behavioral interventions like
scheduled awakenings approximately 15-30 min prior

to usual time of somnambulistic episode, have been
reported to be effective in reducing parasomnia epi-
sodes in children. This technique is usually continued
for about a month to achieve more lasting effects [45].
Ensuring a safe sleeping environment is also a key part
of management, including closing doors and windows,
removing sharp objects from the reach [42]. Pharma-
cological treatment is rarely needed and reserved for
adults, severe cases, particularly when there is a risk of
injury and non-pharmacological approaches have failed.
The preference is given to benzodiazepines or tricyclic
antidepressants leading to sleep consolidation. Clonaze-
pam is the main benzodiazepine of choice, also effective
for treating medication-induced NREM parasomnias and
cases with sleep violence [46,47]. Since most patients
are children or adolescents, careful consideration of po-
tential side effects and long-term risks is crucial when
using medications.

UNRESOLVED ISSUES

Overall, DoAs represent an interesting part of sleep
medicine when a frequent occurrence conflicts with lack
of research on some important aspects. Despite well-
known family tracing of somnambulism, the knowledge
of its genetics still needs improvement. Due to more
frequent occurrence in children and adolescents, drug
trials are scarce and are limited mostly to benzodiaze-
pine group. Moreover, even with non-pharmacological
treatment modalities, the field still lacks well-conduct-
ed studies with convincing results. Active inquiry about
the presence of DoAs during somnological interviews is
advised especially for adult cases, as patients frequently
avoid this topic due to a certain degree of shame and
stigma in various societies. More attention is needed to
this important part of the “great six” categories of sleep
disorders, both clinically and research-wise.

CONCLUSION

Disorders of arousal are common NREM parasom-
nias, which may persist into adulthood and lead to po-
tentially harmful or disruptive behaviors. Management
starts with education, sleep hygiene, personalized sleep
routines, environmental safety, and behavioral strat-
egies, reserving medication for the most severe cases.
Accurate diagnosis relies on detailed history, home vid-
eos, and video-polysomnography, while future research
needs to be directed toward pathophysiologically based
classification, biomarkers, and rigorous trials to enable
the optimization of treatment and long-term outcomes.
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PACCTPOUCTBA MNPOBYXK [ EHUA - NAPACOMHUA
ME[JJTEHHOIO (NREM) CHA: MVHN-OB30P C
OMUCAHNEM KJTMHNYECKOT O CI1Y4YA4

Onb3a A. banan"?, Jluant I. Atabekan?, HapuHe M. Hagpan'?,

Aiikyn A. Oaknmar"? CamcoH I. Xauatpan'2

! Kadenpa HeBponornm 1 Hepoxupyprin, HauvoHanbHbIA MHCTUTYT
3ApaBoOXpaHeHNa UM. Asaan6ekara, EpesaH, Apmerua

2LIeHTp CHa, 3NWUAENCUM U BUraTeNbHbIX HapYLLIEHUHN,
HeBposiornyeckan KnnHuka « ComHyc», EpesaH, Apmerua

ABCTPAKT

PaccTpoiicTBa NpobyaeHWA MU NapaCOMHUN MEAIEHHO-
ro (NREM) cHa Bknto4atoT COMHaMOYAM3M, CryTaHHblE Mpo-
OYMOEHMA W HOYHblE CTpaxu. XOTA OHW Yalle BCTPEYatoTcA
B IETCKOM BO3pPacTe, 3T COCTOAHUA MOTYT COXPaHATbCA MW
BHOBb BO3HMKaTb B MOAPOCTKOBOM W B3POCNOM BO3pacTe,

MHOrga ComnpoBOXAAACb CIIOHbIM MU arpeCCMBHBIM NOBE-
AEHVEM, YTO BbI3bIBAET OMACEHVA B MAaHE 6€30MacHOCTU W
ANarHOCTUKK. B gaHHOM KpaTKoM 0630pe MpeACTaBneH Knu-
HWYeCcKnit cnydait 17-neTHero toHowWM C AAUTENbHBIMU HOY-
HbIMW 3MN304aMW, KOTOPbIE M3HAYaNbHO ObIMU NETKUMU, HO
CO BPEMEHEM YHaCTUAUCh U CTann Bonee MHTEHCUBHbIMK. Bu-
A€0-MONNCOMHOrpadua 3aperncTpupoBana MHOMECTBEHHbIE
NnoBEAEHYECKNE 3MN30Jbl, BO3HUKaBLLNE N3 CTagnn Fﬂy6OKOFO
CHa, C npu3HakaMn, COOTBETCTBYHOLLUMMU CIMyTaHHbIM MpO-
6YyXKOEHUAM 1 cOMHambynmyeckomy Ty NREM-napacomnun.
B cratbe TakMKe KpaTKO pacCMaTpuBAOTCA [MArHOCTUYECKUE
KpUTEpWM, TWUMbl PacCTPONCTB MPOBYMAEHWA, GaKTopbl pu-
cKa, anddepeHLmanbHas AMarHOCTUKA U NMOAXOAb! K N€YEHMIO
NREM-napacoMHuiA.

Kntouesblie ca1068a: napacomMHus, MeoneHHbil COH, cny-
MaHHble NPO6YOeHUA, COMHAaMBYNU3M, HOYHAA Snunencus

UreLUSUULL bULSUANRULER HULTUN
L1h MuruUnUTLhULLErR. ULUPPES UNLUNY
ULhLhYULUL HeNLh LhUUL YN

Elqu U. Pupywu'?, Lhihp & Upwpblyw?, Lwphub U Lwnpjuiu®?,
Lwyynthph U nduihyhdjuiu®?, Uwdunu @, bowswinpjuu®?
Ujwpnwpwuntpjwu b ubjpnd hpwpnidnipjwu wdphn,
Udnwptlwuh wujwu Uqqujht wnnnowwwhnigjwu
huuwnhwnun, Gplwl, Lwjwuwnwu

2 Luh, bwhwuhwih b owpdnnuwl fuwugupnudutiph
yuwnpnu, Unduntu bywpnwpwuwywu Y huhlw, pbwu,
{wjwunwu

uueneus-hr

UppUwgdwu fuwugqwpnwdubpp Jud nwunwn (NREM)
puh wwpwunduhwubipp ubpwnnid Gu unduwdpni hqdp,
othnpwd wppuwgniubpp W pup Jwfubpp: Quujwsé
wwpwunduhwubpu  wybh hwbwhu hwunhwynd  Gu
dwulywlwu nwphpnud, npwup fwpnn Gu wywhwwuybi
Ywd Jbpuyudbip nbnwhwunigjwu Yud swihwhwuntpjwu
2ngwiunud, tipptidu: npubinpdtiing pwpn. fud wqpbuhy

Jwppwaény, npu wnwowgunid L wuywnwugnigjul W
whuinnpnodwu  htin Juwdws ndydwnpnigyniuutip: Uyu
hwyhpt wluwpynd ubpluywgynd £ 17-wdjw ninwyh
ihuhhwhwu ntiwp™ Gphwpwnle ghoipwht npdwg-
utipny, npnup ulygpnd bl thu  wpunwhwjndws,
uwlhwiu hbunwquind nuwpdwu wybih hwbwfuwyh no
huwnbuuhy: SGuw-wnihundungpw$hwjh vhongny gpuwug-
dtight  pwqdwphy  Jwppwyhu  npwqutp,  npnup
wnwowgtil bhu wwghtunh nwunwn puph thnih funp
puh bupwiniyhg hwdwywwnwufuwubing  2thnpqwsd
wppuwgdwu b unduwdpnihqih whwh nwunwn puh
wwpwunduhwih hwwlwuhoubiphu: <wdwnnun ubipluw-
Jwgynud Bu wppuwgdwu fuwugqwnpnidubiph wfuwnnpnohs
swthwuhoubipp, Gupwwhwbipp, nhubh gnpdnuubipp, Lwn-
pbpwyhs  wfunnpnandp U nwunwn puh  wwpwund-
Uhwubiph Jwnpnudp:

Lhduwpwnbp.  wwpwunduhw, nwunwn  pni,
2thnpywd wpplwgnidutn, unduwdpnyhqd, ghztpuyhu
bwhibuyupw
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ABSTRACT

Epilepsy is one of the most frequently encountered
neurological disorders with devastating impact on health
and lives of the patients and their families. With many
gaps in the diagnosis and treatment, this field needs
solutions for improvement of the patients’ health-relat-
ed quality of life. On the other hand, artificial intelli-
gence is rapidly expanding in different fields of medi-
cine, offering effective solutions and creating grounds

for a completely new type of improvement. In this review
we address this general trend in relation to epilepsy, its
diagnostic modalities. As both fields develop their unity,
it creates more chances to have better understanding of
the cause and more efficient use of advanced treatment
techniques for refractory epilepsy.

Keywords: epilepsy, artificial intelligence, machine
learning, deep learning, seizure prediction, wearable
devices

INTRODUCTION

Epilepsy is one of the most prevalent neurological
disorders. Despite decades of research and development
of epileptology as an independent area of practice and
research, many aspects remain unclear and understud-
ied, and a lot of issues remain unsolved [1]. With the
introduction of artificial intelligence (Al) in daily life
and its increasing use for various technologies used in
medicine, Al gives hope as a probable game-changer.
Areas where Al is entering include epilepsy diagnostics,
including electroencephalography (EEG), wearable de-
vices, magnetic resonance imaging (MRI), more sophis-
ticated solutions and therapeutic modalities (predictive
stimulation, stereo-EEG-guided ablation, etc.) [2-4]. In
this review, we aimed to present the current trends in
the field by summarizing the advances available.

OVERVIEW OF Al AND MACHINE LEARNING

Artificial intelligence is the science and engineering
of building intelligent machines and computers that

use a set of algorithms and rules mimicking human
functions such as reasoning, learning, and problem
solving [5].

Alan Turing played a pivotal role in laying the foun-
dations of computer technology and Al, being one of
the pioneers in these fields. In the 1940s, he created the
“bombe”, which was able to break the Enigma code,
the cipher previously considered unbreakable. He later
published a paper, “Computing Machinery and Intelli-
gence”, where he asked the question: “Can machines
think?” [6]. The term “intelligent” for machines was
defined by observing the machine’s response. If its re-
sponse was indistinguishable from that of a human,
the machine was considered intelligent. Nowadays, Al
in healthcare has the capacity to assist with diagnoses,
support decision making and automate processes.

It is important to mention that Al has different sub-
fields (Fig. 1). Machine learning (ML) is a subfield that
uses algorithms trained on data to automatically make
predictions and decisions without being explicitly pro-
grammed [7]. Deep learning (DL) is a subfield of ML
which uses multi-layered neural networks like the hu-
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man brain neuron and synapses, to automatically learn
the patterns from data [8].

By using algorithms, ML studies and finds the pat-
terns from large datasets, and based on that the model
can make good predictions or extract useful informa-
tion. Those models can be trained using the supervised
learning where the model learns from input-output pairs
(labeled data); unsupervised learning, which identifies
patterns without predefined labels (unlabeled data); hy-
brid model that combines multiple algorithms, which
could be various combinations of labeled and unlabeled
data (semi-supervised learning); and reinforcement
learning, which is agent-based learning that chooses an
action based on previous encounter (exploitation) and
fresh options (exploration), which is basically reward- or
penalty-based, and can improve over time with addi-
tional data and feedback [9].

ELECTROENCEPHALOGRAPHY

AND ARTIFICIAL INTELLIGENCE

Traditional methods of diagnosis

The primary goal of diagnostic evaluation of a pa-
tient with suspected epilepsy is to determine wheth-
er the episodes were provoked or not and to find the
underlying causes. A detailed patient history is cru-
cial alongside clinical findings, laboratory tests, and
EEG in placing the diagnosis. Obtaining a thorough
description of the patient’s state before, during, and
after the seizure is also critical. Eyewitness accounts
can also be very helpful [10]. EEG is the most utilized
tool for evaluating patients with a history of seizures.
In the right hands, it provides the necessary informa-
tion for the diagnosis and even classification of epilep-
sies. Even though epilepsy is one of the most common
and serious neurological findings, EEG is not widely
available even in countries with relatively advanced
healthcare systems. Additionally, most of the EEGs are
read by physicians who have not undergone additional
training and fellowship in EEG interpretation. Wrong-
ly interpreted EEGs (including both overdiagnosis and
underdiagnosis) are the number one cause of misdi-
agnosis or late diagnosis of epilepsy [11]. In addition to
EEG, neuroimaging is helpful in diagnosis and classifi-
cation. Both tools have seen improvement and Al inte-
gration in recent years.

Use of Al in EEG

The fields of telemedicine and Al are poised to rev-
olutionize epilepsy diagnosis and management. Tele-
medicine has demonstrated its effectiveness during the
COVID-19 pandemic, bridging the gap between patients
in resource-limited regions and specialized neurological
care. In one study, this approach successfully reduced
the epilepsy treatment gap from 43% to 9% [12].

Artificial Intelligence

Machine Learning

Fig. 1. The hierarchy relationship between artificial intelligence,
machine learning and deep learning.

Artificial intelligence is also showing significant
promise in transforming epilepsy care, particularly by
enhancing the accuracy of EEG interpretation and sei-
zure prediction. For example, a convolutional neural
network (CNN) model classified abnormal EEG record-
ings with 88.3% accuracy and 90% specificity, while
other models designed for seizure prediction achieved
96.8% sensitivity and 95.5% specificity [13,14]. Beyond
EEG data, Al algorithms are increasingly being applied to
neuroimaging, electronic health records, medical device
outputs, and even seizure videos [14,15].

Machine learning models have also shown potential
in identifying interictal biomarkers and localizing sei-
zure onset zones, thereby aiding treatment decisions
and outcome prediction. One model localized the sei-
zure onset zone with 73% accuracy and predicted sur-
gical outcomes with 79% accuracy, outperforming clini-
cians who achieved only 43% accuracy [15,16].

Artificial intelligence is also gaining traction in acute
and emergency settings, where EEG is invaluable but
often constrained by the limited availability of expert
neurophysiologists. In one prospective study, a limit-
ed-functionality EEG system supported by Al was test-
ed in emergency departments to detect nonconvulsive
seizures in patients with unexplained mental status
changes. The system achieved a specificity of 97.0% and
a sensitivity of 66.7%, accurately detecting most seizure
cases but occasionally overestimating seizure burden by
flagging some normal patterns or some abnormal EEG
patterns as seizures [17].

Despite the rapid development of Al tools, only a few
have been successfully translated into routine clinical
practice. Early efforts were dominated by ML, but DL
approaches are now increasingly prevalent [14,15]. Barri-
ers to broader implementation include data bias, limited
dataset availability, heterogeneity, and challenges with
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integration into clinical workflows and interpretability of
Al decisions [15,18].

Clinicians are likely to develop more trust towards
ML algorithms thanks to the interpretability and trans-
parency ML provides, in contrast with DL models that
lack interpretability [19,20]. Meanwhile, the manual seg-
mentation and feature extraction required by ML add
another bias and potential heterogeneity [21]. DL excels
over ML in real-time seizure monitoring and provides
better automated image and signal interpretability [22].

Realizing the full potential of Al in epilepsy care will
require collaboration between researchers and clini-
cians, as well as robust clinical trials and ethical frame-
works to ensure both efficacy and patient safety [15].

NEUROIMAGING AND ARTIFICIAL

INTELLIGENCE

Neuroimaging plays an important role in the diagnos-
tics, differential diagnosis, and management of patients
with epilepsy. From the patient’s first seizure, at least one
neuroimaging study is recommended at an early stage,
to detect potential causes of the seizure and lesions. The
International League Against Epilepsy (ILAE) prefers the
use of standardized MRI over computed tomography (CT)
within the first few days after a seizure [23].

The integration of Al into neuroimaging is driven by
the need to analyze increasingly complex and high-dimen-
sional MRI data [24]. In epilepsy diagnostics, Al helps with
accurately localizing subtle epileptogenic lesions and assist
in presurgical planning, demonstrating sensitivity of up to
90% in some studies [25]. Another study used a DL model
to identify the correct hemisphere of seizure onset in tem-
poral lobe epilepsy, a crucial step in surgical evaluation
[26]. More specific and trained Al models are being used to
classify paediatric refractory epilepsy from healthy controls
using resting state functional MRI (rfMRI) data [27]. Despite
this potential, there are some significant disadvantages and
challenges. One of the primary challenges is the “black
box” issue in some DL models, where the system gets to a
conclusion without proper explanation of how it got there
[28]. Furthermore, many of the Al diagnostic tools lack sig-
nificant and standardized datasets and are usually trained
on select cases. This data scarcity limits both the abilities of
Al and its implication in clinical use [26-28].

WEARABLE DEVICES

Continuous epilepsy monitoring is crucial, as sei-
zures are frequently underreported and self-reported
seizure diaries have proven to be unreliable [29].

The unpredictability of seizures reduces quality of life
and leads to social isolation. Wearable devices should be
designed to integrate seamlessly and not cause more isola-
tion from the society, hereby affecting the patient’s quality

of life in the usage process. That is why manufacturers try
to make wearable devices with only one electrode, since
having more electrodes could be conspicuous and attract
unnecessary attention to the patient.

The ILAE-IFCN (International Federation of Clinical
Neurophysiology) gquidelines conclude that clinically
validated wearable devices can accurately detect gener-
alized tonic-clonic seizures (GTCS) and focal-to-bilat-
eral tonic-clonic seizures (FBTCS). However, such rec-
ommendations cannot be made for patients with other
types of epilepsy due to insufficient data [30].

Sudden unexpected death in epilepsy (SUDEP) is of-
ten associated with GTCS, so wearable devices may pro-
vide valuable data on the causes of SUDEP [31].

Overall, wearable devices offer potential new oppor-
tunities for more personalized treatment, but further re-
search is essential to fully realize their potential.

EPILEPSY PREDICTION

What is Epilepsy prediction?

While epileptic seizures often seem unpredictable,
research shows that they do not occur randomly. Nu-
merous studies have demonstrated that seizure onset is
measurable and has identifiable neural patterns, open-
ing an expanding research field of seizure prediction
and forecasting [32-34].

Epilepsy prediction aims to develop algorithms capa-
ble of extracting these neural patterns from EEG data [33].
Studies show that the pre-ictal period can range from a few
minutes to an hour before a seizure, containing dynamic
EEG changes that can serve as reliable predictors [35-37].

The main idea of seizure prediction is to extract and clas-
sify patterns of electrical activity to forecast seizure onset and
provide timely notifications. Such alerts, delivered during the
Seizure Occurrence Period (SOP) and within a predefined
Seizure Prediction Horizon (SPH), can help ensure patient
safety and enable early medical intervention [37].

Deep learning models changed the prediction pro-
cess by learning directly from raw EEG input data. In the
case of traditional ML models, the input data need a pre-
processing stage where raw EEG signals are transformed
into engineered features. These models then perform
classification based on manually extracted features in
DL approaches, CNN automatically extracts features and
classifies between seizure and non-seizure states.

Traditional ML models for seizure prediction rely
heavily on a preprocessing stage, where raw EEG sig-
nals are transformed into handcrafted features such as
statistical or spectral descriptors. These engineered fea-
tures are then used for classification by models like sup-
port vector machines (SVMs) or random forests, both of
which are ML algorithms [38,39]. In contrast, DL models,
particularly CNNs, bypass this manual feature engineer-
ing by directly learning hierarchical representations from
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raw EEG inputs. This enables more flexible and potential-
ly more accurate seizure classification in real time [40].

Prediction has a significant challenge in epilepsy care
due to its accuracy. The main metrics of understand-
ing whether the prediction model works (how good the
model detects and predicts), is its sensitivity and False
Prediction Rate (FPR). Another type of challenge is the
EEG artifacts [41]. One proposed way to reduce classi-
fication errors is applying a post-processing step [42].

One study achieved a prediction success rate of
77.30%, a sensitivity of 95.94%, an FPR of 0.041h~', and
an average prediction time of 33.23 minutes. The SPH val-
ue was determined to be 5 minutes, as for all patients
correct alarms were generated at least five minutes prior
to the seizure [43].

The integration of prediction models into the wear-
able devices has a potential to better the quality of life of
patients by mitigating the fear of uncertainty surround-
ing the seizures, and reducing the rates of preventable
injuries and deaths.

FUTURE DIRECTIONS

Why does humanity need thinking machines? To
understand where they will lead, we must first re-
member why they were created. They are merely tools
designed and trained by humans, therefore they will
mirror what the latter are. The integration of Al in ep-
ilepsy management can surely have negative effects if
implemented incorrectly. However, with the right ap-
proach, it can facilitate more efficient training of the
new generation of epileptologists, become a tool that
can help reduce manual work time and human error,
and decrease the disease burden for patients and fam-
ilies, which Al-integrated gadgets could help achieve.
However, the “black box” issue still remains, and there
is a need to develop more interpretable Al models to
increase transparency and trust, resulting in easier
clinical adoption [44]. It is only a matter of time before
collaboration between medicine and Al helps break the
enigma of epilepsy.
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Unyu hnndwéh hhduwlwu uywwnwlu & tpnwédt|
ubjpnunbifuuninghwutipp npwbiu Ywpquwwhwlwu hy-
fuwunupjwu gnpshpubip’ pugwhwjnbin npwug nb-
np untpblyinp dlwydnpdwu b unghwjwlywu Ywpgu-
ynpdwu gnpdépupwgutipnid: Unwownlydwsd dh 2wpp
wnbuntgyniuutin huwpwynpnieintu Bu nwhu wwun-
Ybpwgubiiny, pbE huswbu Gu ubjpnunbfuuninghwub-
np YbGpwéynid ny dhwju Yupguwwhbgdwu, wj uwl
Jwufuwwnbudwu, nipnnpndwu, dwuhwnijwghwh W
nunbuwlwu pwhwpydwlu  gnpshpubiph® punjwjub-
(nY ybpwhuynnnipjwl tnpwdwpwuntgyntul punhniy
wuwwaqw gwuynpntuutiph, puwnpnipniuutph W Jwp-
pwash wfuwgond: Uuwhuny, hnnwdp Uwwinwy

niuh jupquwwwhwlwu W huynnulwu hofuwunipjwu
nbuwlwu hGnwulwnputiphg pulnigjwu wnub| ubjpn-
wnbfuuninghwubinh wqnbgnipyntup untpiunp dlw-
dnpdwu, unghwjwlywu upqwynpdwu b hupunipjwu
Ywnnigdwl gnpdpupwgubph Jpw'  Jhwdwdwuwly
pungstiiny npwug bphlwlwu, hwuwpwwlwu b pw-
nwpwwu htwnlwupubipp:

Lhduwpwnbp. ubnninbhiuninghwubin,  puplw-
Gwnpquwynpnid, Uhoty Sniyn, dhy Fayng, Cnpwliw
2nipnd, Jupquwwlwhwu pppuwunysiniu, huljnnni-
pnLu, Ubynnunipybln, unpdwjwgnid, YELuwpwnwpu-
wuntpniu, Lehlwlwu hbnlwupubn, nhughwihuwn
hwywgp, Ubynnkihwnw, Ubipnhupunieniu, dwlwsnnw-
Jwl wuywnwugnieniu, hulnnuwlwu Guwpwnwhqd,
Ybnwhulynnwlywl hwuwnpwlnysniu:

LErUuonNheE-83NkL

21-pn. nwph ghwnwwbfuuninghwwu qupgqugnd-
utiph wwjdwuubtipnud ubjpnintifuun nghwubipp Yuplnp
wnkin Gu qpwnbgunid npwbiu pupdpwnnyniuwybin gnp-
Shputin, npnup huwpwynpnipjniu Gu Lwhu wywwnyb-
nb|, dlwthnfubip W npno nbwpbipnud ybpwhult dwpnnt
ninbnwjhu gnpontutinie)niup: Uju nbfuuninghwutbipu
wpnbu huly huintigpytip Gu dh pwpp ninpunubip, wn
pUnd” wnnnowwwhnipniu, Yppenipniu, ghujwd ni-
dbp nt wpnwnpwlwu gnpdpupwgubp’ Uwwuwnbny
huswbu pniddwu dbpnnubiph uunwpbjwgnpddwun,
wjuwbiu £ twuwsnnwlwu niuwynigniuubiph pwnt-
(wydwup: Uwlwju ubjpnintfuuninghwutinh nbpu wyu
opswuwyny sh uwhdwuwthwyyned: LEpyuwjnidu wyb-
th nt wybh b wénud ubpnuinbfuuninghwutbipp whnw-
Ywu U puunpunnighnuw] Ybpwhuydwl hwdwlwp-
gbp ubpwnbine dhundp® hpple wuhwwubph Jupph
JGpwhuydwu, unghwjwywu Yuwpgh wwhwywudwu W
hupuntgjwu  Ywnnigdwu gnpdhputip: Skuuninghw-
Ywu dhowdwnnipntuutipp, npnup h uyqpwub nunnywsd
Ehu JGpwlwugqunnulwu fuwd odwunwl bywwnwlut-
phu, wjuop wybh nt wybh hwowu Gu ubippwihwu-
gnud wuhwwnh hupuwghwwlygnipjwl, hupuwywngu-
ynpdwu U hupuwpuuwdwu funppwjpu 2tpintnp:

54

Uyu hpnnntpyntup ubijpnntfuuninghwubiph unghw-
pwnwpwlwl puunigniuu £ wybih hpwwnwwy b nwna-
und” hpfuwlnipjwu - wbunpjwu hwdwwnbipunnid:
Spwuuhwgh wwwndwpwl, thhithunthw, pwnwpuwghin
W unghning Uhotip Sniynjh (1926-1984pp.) Ynndhg
wnwownlywso Jupquuwhwlwu (nhughuhuwn) W
YEuuwpwnwpwlwu  hofuwuntpjwu  Ybipnwdnigyniu-
Ubpp bGpwdynd Gu Ywplnp nbuwlwu gnpdhpw-
Ywquh' hwulwuwnt, ph huswbiu U dwdwuwlwyhg
wbfuuninghwwu  dhowdwnnigniuutipp  gnpdnud  ny
ph pwgwhwjn pnunigywu, wj unpdwnhy Ywpgw-
ynpdwu, hupuwnhwnwpydwu b ukipphu ybGpwhulydwu
dbfuwuhqdutiph dhongny [1,2]: Uyu wbuwulyjniuhg
ubjpnuntifuuninghwubipp uptbih b nhunwpltp npwbu
wnpnhwlwuwgyws Ywpgqwwwhnipjwu  gnpshpubin,
npnup Jhwdwdwuwly wwywhnynud Gu nintnh 2wpni-
Uwlwywu dounwnhwnwpynid, Jwppwgsh unpdwjw-
gnud b untpjblyinh hupuwybpwhuydwu fupwuntd:

Ldwu  hnfuwybpwnidubiph wpryniupnd £ glw-
ynpynud wju, hus Yupbih Bopunipugnptp npubu
«utjpnuniptiyny’ dh wuhwwn, npp Ybpwhuynid £ ub-
thwlwu ubpntwlwsnnwlwu gnhpdépupwgutipp, &g-
nnd | owyuinhdw| gnpéntuwynigjwu W ubipphuwguntd
b unghwiwubiu pbiwnpqws unpdtipp nputiu hp hup-
Untpjwl wupwdwu dwu:



£ Uwhwljwu

Lbjpnunbfuuninghwubipp Uhotip Sneynjh hwdwwntipunned

{nnwsh hhduwlwu uwywwnwyu & gbpinwst; ub)-
pnunbfuuninghwubipp npwbiu Yupgquuwwhwlwu hy-
fuwunipjwu gnpshpubin” puwgwhwjnbiny npwug nbpp
untpjlyinh slwydnpdwu b unghwjwwu Yupguynp-
dwu gnpépupwgubtipnud: Uwlwju wnbfuuninghwywu
dhowyuwynp, nph dtig Yhpwnynid Gu wju gnpshputinp,
Fwwbu thnfuyb £ Lepwhuynnnigywu dwdwuwlwyhg
dbfuwuhqdutipp gbpwquugnud Bu wywunwlwu huu-
nhwinighnuw| uwhdwuubpp® duwynpybiny nydjujw-
htu funwywpdwu b wignphpdw)hu juufuwwnbudwu
nbdhdubtipnid: Nunh wju hpnnniejntup wwhwugnid &
nbuwnwwnh punujunid bwle dnynjh inbunte)niuhg
nnipu’ hwuubne huhnnuwu hofuwunipywu ybpni-
ontpjwup: Uyn bywunwyny hnnjwdnid wunpunwna
E wwwpynud bwle dhp Hhygngh «ybpwhuynnuywu
hwuwpwynigywuy [3] bW Cnpwuw Enipndh «hulynnni-
RjwU Ywwhwwihqdh» [4] nbunipniuubiphu: Lpwug
bpnonipniuubipp huwpwynpnigyntu - Gu wwihu
wwwinybpwgubiiny, b huswbu Gu ubpnunbiuuningh-
wubpp Ybpwoynd ny dhwju Yupguwwhbgdwu, wy|
Uwl Ywufuwwnbudwu, ninnnpndwu, dwuphwnijwgh-
wjh b wnunbuwlwu swhwplydwu gnpshpubph’ pun-
(wjubind  ybpwhuynnnipjwl  tnpwdwpwuntpyntuu
punhniy wwwaqw guwulnigyntuutiph, puwnpnieyniuub-
nh L Jwppwagsh bwfuwgdniy:

Uyuwhuny, hnnjwoép bywunwy niuph Gplwyh Jbip-
(niwlwu hwjwgpny' pb Yupquwwhwlwu, pb hu-
Ynnuwlwu hofluwunigjwu nbuwlwu htnwulwputiphg,
pulnigjwl wnubi| ubjpnuntfuuninghwutiph wqnbigni-
pjntup untpjinh dlwynpdwu, unghwwwu Yuwpguw-
ynpdwu L hupunigjuwu Yuwnnigdwlu gnpdpupwgutiph
Ynpw' dhwdwdwuwy pungsting npwug tphlwlw,
hwuwpwlwlwu b pwnwpwwu htnmlwupubipp:

Lhjpnunbfuuninghwubpp ghwnbihph,
unpdwpwgdwu b yEpwhuynnnipjuu
fuwsdbpniyned

Ltjpnunbifuuninghwutipp, huswhuhp Gu utjpnyhgn-
twihqughwih gnpshputinp (ophuwy’ gnpdwrnipwhu
dwqUhuwnbgnuwuuwihu ptpwnwgpnegniu [fMRI] L
Eltyunpwnintinwgpniencu [EEG]), ubjpndnnnijwghwih
dbpnnubipp (ophuwy” wunpqwugquihu Jwguhuwywu
fupwunid [TMS] W gifunintinh funpwuhuwn fupwuncd
[DBS]), ntntin-hwdwlwnghs dhetintuutipp (BCI), wjuon
wunhbwUwpwp nnipu BU quihu ubn Yhuhluywu
Uhpwnnipjwu ppswlwlutiphg” wbnwihnfuybing un-
ghwjwywu, Yppwlwu b wofuwwnwupwihu ninpuutin:
Uyu wugndu wpdwuwgpned £ ubjpnintifuninghwut-
nh yGpwihnfuntdp ny dhwju npwbiu YEuuwpdrluwlwu,
wjllk npwbu  unghw-pwnwpwlwu dhowdwnntpjwu
gnhpshpubiph, npnup wjuop wpntu hwuwubih Gu ny
dhwju pdholutipht Ywd ghnuwlwuutippu, wjl ni-
untghsubiphu, gnpswwnniubiphu, Juwunuwlwnabin dow-
Ynnubiphu b wying” sbwynpbiiny Wwpnwhbu Yupqw-
ynpdwu Unp dbjuwuhqdubin:

Lbpluwjhu ywjdwuubpnid ubjpnintifuuninghwubinu
oqnwanpsynid Gu ns dhwju ninbinwjhu gnpdpupwg-
Utipp wwuwnytipbne wd swhbing wyll wndjw) ghwnb-
thpp Uunpdwwhy Bnwuwynd Yhpwnbint «unpdw)»,

«wnnno» Ywd «pwpbjwydwl Bupwlw» nintinuwjhu
wywhynigjwu  uwhdwunwiubip nwnt bywwnwyny:
“pwup gnponwd Bu npwbiu ghwnthp-hofuwuntp)niu
hwdwlwnpgh dh dwu, npp dhwdwdwuwy huswbu
uwpwagpnd, wjuwbu b suwdnpnd £ oqrfuninbinp’
pun bwfuwwbu uwhdwudwsé swihwuhgubph: Uuwh-
uny, ubgpnunbfuun nghwubpp Jhwdwdwuwly U twuw-
snnulwu Bu, U upgqwdnpnn. npwup wpnwnpnid Gu
dh ghwbtihp, npp ns pE Wwpquwuwbiu wpdwuwgpned b
nintnwyhu yptwyubipp, wyl uwhdwunid £ unpdbpp,
npnug whwnp £ Gupwplybu wn Jhbwlubpp:

Snynjh Yupquuwwhwlwu hofuwunigjwu ybpnt-
onjwl 2powuwynid ubpnunbfuuninghwubpp npu-
unpynid Gu npwbiu gnpdhputin, npnup dhwynpnid Gu
huynnnipjwlu (surveillance), Unpdwjwgdwu (normal-
ization) L pulnipjwu (examination) dbfuwuhquutipp’
Uwwuwnbin Yuwpquwwh nu wpryntuwybin unipybly-
nh duwynpdwup [1]: Uyu gnpdpupwgp ubipwnnd b ni-
nbnwjhu wndjwutiph hwywpnud, hwdbdwunnd uwh-
dwudws unpdtiph htin W huwpwynp dhowdwnnipniu’
npwug ninndwu Yud oywunhdwjwgdwu Uwywwnwyny:

Wn ghwnbithpp sh upbith nhnwpltp npwbiu stgnp.
wju ubpgpwyyws £ hofuwuniejwl  gnpownnypub-
nh dbo L ninnwyhnpbu dwuuwlygnid £ unipjbilyinub-
nh Jwpph nt hupbwpulwjdwu duwynpdwup: Puswbiu
Sniynu £ Upnid, «sw h2fuwuwlwu hwpwpbipnigniu
wnwlg npwl nintilgnn ghutithph nwawnhy [1]:

Lhynjwu MNnniqp, qupqugutiiny YEuuwpwnwpw-
Jwuntejwlu pdpnunidp, pungdnid £, np dwdwuwwyhg
hofuwunteyntup gnpéned £ ns pb puugwhwjn Gupdwdp,
wy untptiynh ubipund hupuwlwnwywpdwu b hup-
uwnhunwpydwu togpndwu dhongny: Lpw wundwdp’
«dwdwuwlwyhg wuhwwp Yuwnwlwpbih § nwununwd
hp dwuhu ghutithph dhongny» [5]: Uju ghwntithpp, npu
wnwybjwwbu hhdujwsé £ Wywpnwpwuwlwu gnighs-
utiph ypw, wuhwunhu ybpwsonid £ ubjpnpunwpwywu
untpaywnp, npp dhwdwdwuwy U Gunwdwpnn k, U
Ywnwywpynn: Mnniqu wju hwdwlwpgp punipug-
nnud b npwbu «wnwownbd |hpbpw| Yunwwpwlw-
untpjntuy (Yunwywpdwu dinwsdnnnipjniu, ns pb wwn-
quuwbu Jwpswpwpnieintu) (advanced liberal govern-
mentality), nph wwjdwuubipnud wuhwwubipu hpbup Gu
nwnund Jbpwhuldwlu opiln ne unipbln’ wwnwu-
fuwuwwnnt hpbug Swuwsnnwywu wpryntuwybwunni-
pjwu U ubjpnuwjhu «gupquuwhnigjwu» hwdwp:

Uyu bpluyh nbpwluwunwpdwdp® ubpnuniptiynu
puluiynd £ ppplt pwpbjwddwu ywwnwuuwuwwnne
«gnpdhs», npu nluh pwnuwpwghwwu wywpunwynpnt-
Nt hbwnbb] ubthwlwu dwuwsnnuwywu gnpdniub-
nipjwup W atnuwpyb npw owunhdwjwgdwu pwjtipp
[5]: Ldwu ybpwhuynnuwu tnpuwdwpwuntgjul ww)-
dwuubipnud ubpnntifuuninghwutipp Jhwdwdwuwly U
swihdwu, U Yupquynpdwlu dbfuwuhqdubp BU° nw-
pwoybing unipilynh ubpwotuwphh Ypw' hwuubng
punhnty dtnwonnnipiniu, hniqujwu wpdwgwupubin,
Jwpph ywnwywpdwu dwlwpnwy:

Uu hGnwulwpu wnwyb] pungddwsd L Ywwnphu
Uwjwpnth ubjpnghunnipjwu puuwnwunwlwu ybpne-
onipjwu Ube: Cuwn upw’ ninbinp Ybpwsynid & uwh-
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dwuwjhu opyyunh. wju shwdwdwuwl U nuntduwup-
PRyl Bupwlw YEuuwpwuwlwlu unie &, U Jwpnnt
untpyuinhynipjwu nt puuinnulwu Ywpnnneentu-
utiph npnodwu wwydwu [6]: Uyu hwdwwnbpuwnnid ub)-
pnunbifuuninghwubipp ny Jhwju pwgwhwjinnid Gu, pb
huswhuhu £ ninbinp, wjl uwhdwund BU* huswhupu
wititp £ wyu (huh:

Uyuwhuny, utjpnuntpjtlyuinp, npp donwwbiu hbwn-
unid £ php dwnpbiphu, qqugdnituputiphu b Juwppwadhu,
wwwwufuwuwwnnt £ hp nintinh «6hoiny gnhpédniub-
nigjwu wuywhnydwu hwdwp W gnpénud £ inbfuunin-
ghwlwu yYbpwhuynnnigjwu U pupuwnhunwpydwu
dhowyuwypnid: LpwU punpn? Jwppwadwihu nt Yng-
uhunhy nhuwdhwu wwjdwuwdnpws £ ns ph wn-
nwphU wwpunwnpwupny, wy| utipRugdwo Yunpgu-
wwhntgjwdp, husp hwdwwwwnwufuwund £ Sniynjh
ubpluwjwgpws «huwquun untpElnh» nhuwdhyuwhu’
wjdd wpntu Jbpwpunwnpgws ubjpnunbifuuninghw-
Ywu dhowywjnnid:

Pofuwuwlwu tnpwdwpwuntgjwu udwu thnfuwybin-
wnwdu wnwybip wbuwubih b nwnunwd ffndwu LEdLGH
daluwpwuntpyniuutipnid: Ybipghuu thwuwnnud £, np
dwdwuwlwlhg hofuwuntpniup gnpswnpynd | ns ph
ninnuwyh tupdwdp, wy] wuhwwnh hupuwybipnentpjwu
U pwpbwydwu fudph hbn hwdwagnpswlygnipjwdp
[7]: Puy ybpohuu wnwuduwwbiu nbuwubh £ wju nbw-
ptipnud, Gpp wuhwwnp dgunid § hp ubpunud hwuwnwn-
Jws ubypnunpdbph hwdwwwwnwufuwunipjwup' hup-
Uwlwd ybpwhuybiing ubthwywu dwnpbipp, hnygbipp
U Jwppp: Uyu Gpunyep wnbuwubih 5 uwl Swpnu Up-
nwhwdjwuh nhunwpynwsubpnd, ny fununwd £ ubpn-
wnbfuuninghwubiph Jwuphu npwtu dh hwdwlwpg, npp
ghpswnpnud b «dwuwsnnuwu wuyunwugnipjuuy b
«ubypnybuuwpwnuwpwlwu Jupgqwynpdwuy nwquiw-
Jupnigjniuubp® dhindwsd  dunwsnnnigjw ninnnpn-
dwup, Jwufuwwnbudwup b Ywpgwptpdwup npwbiu
utjpnpwnuwpwlwu nhuybiph Ywnwywnpdwu dbpnn [8]:

LGnlbwwbu, ubpnunbfuuninghwutipp, qnpotiny
ghwthph, Uunpdwjwgdwu W yGpwhulynnnipjwu fuws-
dpniyndd, 4Gpwéynd Bu dwdwuwlwyhg Ywpgu-
wwhwlwu hofuwunipjwl  wnwugpwjhu gnpdhpubi-
nh: “tpwup ns dhwju yGpwhuynid Gu ninbinp npwbiu
nyjwiubph wnpnip, wyle ypwsdlkinid Gu unpdwunphy
wwwhbpwgndubpp® Yuwdws «unpdwp», «wpryni-
Uwybiny b «pwnwpwuwuwwbiu punncubih» ubjpntw-
Uwsnnwlwu gnpéniutinipjwu htiwn:

Lbjpnunbkjuuninghwubpp npwbu

Jupquuwwhwlwu h2luwuntpjwu

gnpéhp. wwuowwnhlnuu

wpnhwlwu ppubinpnudubpnud

Lbjpnuntfuuninghwubpu wpdwunwwbu Jbpwhn-
funid Bu ybpwhuynnnigywu W hupuwlwnwywpdwu
nwowbpp' hwnjuwwbu wouwwnwywpbpnid, Yppuw-
Ywu hwdwlwpgnd W wennowwwhwlwu dhowy wj-
ptipnud: wbwfu wju wbfuuninghwubip wupunhwun
L pwgwhwjn  Jbpwhulnnnigntu  hpwwuwgubint
wuhpwdtignniginiu s6u niubund: $nfuwptbup npwup
ghponud Bu dh hwdwlwpgh wnpwdwpwungjwdp,
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npp dnynu punipugpnud £ «wywlowwnhlynuy tgpny-
rh dhongny: Mwuowwmhynup dwpunwpwwbnwywu
W hwuwpwlwywu Jpwhulynnniggwu dnnbp £, npp
Uwfuwgoylby £ Rbpbtdh FEupwdh Ynndhg 18-pn nw-
pnd” hppl pwUnh unnigwspwihu bwfuwahs, nph
ntwpnid dh YEunpnuwywu wounwpwlhg huwpwynp
bihutip ytpwhuyti pninp fugbipp, dhugnbin wn fugti-
pnud guugnnubipp bppbp skhu hdwuw® ndjw] ywhpu
wprynp hptiug nhwnd tu, pE ng: dnynjh dEluwpw-
Unipjudp’ uw dh hwdwlwpg b, npnbn depwhuynnni-
pjwl nhuwdhjuwu hhdugws b Bupwnpjuy, wj| ny pb
thwuwtnwgh ubpyuwynigywu Yypw. «Mwuowinhynul wnp-
ryntuwybinn £ hEug wju ywwntwnny, np sh ywhwugntd
nbuwubh huynnnipniu. wju gnpénid £ oguwignp-
stiiny whuwubihnigjwu dh npwdwpwuntgniu, nphu
untpjiyunp Gupwnyynid £, pliYynig W ns np Upwu sh nh-
nnwdy» [1]: Uu wywydwuutipnid unwpytlyunu ulunid | hup-
Uwlwpquynpl] ubthwlwu Juppp' hywnwydbng
donwnhunwplydwu  huwpwynpnigjwu  wunwgdhu:
dwdwuwlwyhg ubpnuintfuuninghwubipp yGpwpunwn-
pnud BU Unyu inpwdwpwuniniup’ sbwynpbiiny dounw-
nhunwnpydwu wywwinpwup, npu ntuh wuwnbuwubh, pwg
donwuwbtiu huwpwynp ubplunigjwu wgnbgnip)niu:
Uw ny dhwju duwydnpnud b Juppwjhu hupuwlwpgu-
wwhnipyniu, wjl wgnnud £ wybiih funpp’ wliwgnnw-
ywu W hniquywu dwwpnwyutipnud: Udd nhunwny-
duwu opjtiyinp dhwju untpjiyinh gnpdnnnieniuutipu nu
Junpp s6U, wy| bwl upw dinpbpu negqugnidubipp: Uy
Ubpw wuws nhnwplynnp dhwju «hus Gu wunwd»-p
sh, wy” «hus bu dnwsonid Yud qgnidy:

Uyuwhuny, yGpwhuynnnigjwu npwyp  thnfuynid
' Jbpwsybind ubjpnywuowunhynuwhu Yunnygh,
npp hwdwnpndd B dwpnwpwwbunwlywu yGpwhuyn-
nniRjwu ulygpnuputipp dwdwuwlywyhg ubpnuntifu-
uninghwlwu gnpshpwlwqdh hbwn: Uy Yepwy wuws
yGpwhuynnnipniup nwnund £ ubipgnponiu, wuwmnt-
uwublh U pwqdwotpn® Jhwdwdwuwly Yupquyn-
by huswbu wpnwphu Junpp, wiuwbu b ubipphu
Wwupp: huswbiu ugnud £ Snynu, hupunigyniup duw-
dnpdnud £ npwbiu unipunwgdwu wypwlnhlw, Gpp
wuhwwu hupu & wofuwwnnd hp dpw' Yepwihnfubing
hptu hofluwuntejwu Ynndhg vwiuwurqws aubipny [9]:

Ujunbdpwlwu pwg. ywuownhynuu

nt ubjpninbuuninghwubpp

Lwdbdwwnwpwp  untn Bu - wpfuwwnnie)niuubipp,
npnup ninnwyhnpbu nwnwfuwuphpnd Bu wwuow-
wnhynuh L ubpninbfuuninghwubtiph thnfuhwpwptipni-
pyntup: Uwlwju npno htinhuwlubip pwpdpwdwjut) Gu
Jbpwhulynnnigjwu wyu unp aubiph dwuhu: Ophuwy’
Luwptu 8nugp «gbiphpwhwugnud» (hypernudge' hw-
dwlywpgquihu, swpniuwlwpwnp hwpdwpynn b wu-
hwwhu ninnywsé pywjhu dhowdwnnientl, npu og-
nwgnhpontd | dbd inyjwiutip [big data], wphGuwnwlwu
pwuwlwunteyniu (hunbywn) nt wignphpdubp® dwp-
nntu npna2wlh Juwpp niubuwniu dnbnt ud npnonwd-
ubip Jujwgubiint gnpépupwgnid ninnnpnbnt hwdwn)
hwuljwgnipjwdp Ujwpwgpnud § wignphpdwlwu dh-
swdwnnipyniuutipp, npnup Wwppbipwpwp ninpnnpnnd



£ Uwhwljwu

Lbjpnunbfuuninghwubipp Uhotip Sneynjh hwdwwntipunned

U wuhwwh punpnigniuubpp’ wnwug Upw huwnwly
ghunwygnipjwu  [10]:  Lbjpndwppbphugnid  Yhpwn-
ynn wnbuuninghwutipp, dwuuwynpwwbiu wsptiph ht-
nwgddwl (eye-tracking) hwdwlwngbipp, npnup pny|
Gu wwihu wwpgb] uywnnnh nwnpniejwu W hni-
qulwu wpdwqwupubph Wwpnwpwluwlwu Vwfuwu-
qwuutinp, tpp dbipghuu uwjnid £ nplb gnduwgnughu
pnwunwynigniu: <hdudbing wyn wjwiubph Jpw’
wghphpdutipp htwnwqwjnid wuhwwnhu gnigwnpned
EU hwwnniy auny punpdwd gnwqnutbip, wwwybpubn,
unyuhuly” gnyubip ne dwjubp, npnup wnwyb| «wgnnw
Gu wndjw| uywnnnh ninbnwjhu wpdwqwuputiph hw-
dwuwnbipuinnud: Uhw wjuinbin § gnpénid hypernudge-p.
hwdwlwpgp Ypluwlh onwyny wgnned £ punpnipjwu
Jpw' Uwfupwl wuap Yauwdnph wyn punpnigniul
hp ghwnwygnipjwu dwlhwpnwynd: Lw Jupdnd L,
pE wjn puwnpnipniuu hpbuu Lk, dhusntin hpwywuntd
wju Yunnigws L Upw Yypw ubipgnpsws Ljwpnuwpw-
Uwlwu wgnbgnigniuutiph W wignphpdwhu  Juwu-
fuwwnbunwfutiph dhongny: «Quujws ns $npdw b puw-
pniu [hubnt hwuqudwuphu' wyn dhowdwniggniuubpp
Ywpnn BU niubuw] funppwjhu wgnbgnigntu dwpnnt
hupuwdwpnipjwu ypw' suwdnpbing punpnipniuutp
ntin dhusl npwug ghwnwygnedp» [10]:

(GGl 8nuqu ninhn sh funund ubjpnuntfuuningh-
wubph Jdwupu, upw Jbpnwengniup  Jbpwpbnptih
E nintnh® npwbu punpniguu b bwfuwnpwdwnp-
Jwontpjwu  opiyn nhunwpydwu  hwdwwnbipunpu:
Ldwu nhwnwpynd wund £ uwle Snpwuw nipndu
hp «huynnnigjwu Juwhwwihqdh» Jdbe" punastiny,
np dwdwuwlwyhg Ybpwhuynnnigjwl dbjuwuhqd-
utipp hwdwlwpquwjhu, 2wpniuwwpwn hwpdwnpynn
U wuhwwhU ninnywé pywjhu dhowdwnnipniuutip tu,
npnup oquwgnpsonid Gu dGs indjwiubp, wphbunw-
Ywu pwlwlwunipniu (hunbtywn) bW wignphpdubp’
duwynptiint wjuwhuh dhowduwyp, npu b gptwyh £
JwUfuwwnbiub] nt bwhuwwbu ywjdwuwynptp Jwpnnt
Juppp' Ywutubng ns buyywnwwihu hwdwpynn guit-
Yntpyniuutiph wpunwhwynnwdp nbin Jhusle npnpdwu
Jwd gnpdnnnipjwu Yuwjwgnidp [4]:

Lbjpnunbfuuninghwutinu wju wnbuwytitnhg hwjnu-
ynwd U Vwpuwhiuwd JGpwhuynnnigju nuwownned,
Gpp nyjwiubpp s6U wpdwlwagnpnid wugjwp, wj| Guw-
dnpnud BU wwwagw Juppwahs:

bupuwlwnrwywpnn ninkn’

Jupquuwwh dwpdup thnfjuwpbu

Snynjh - wwuowwnhynund dwpdhup Ybpwihnfu-
ynwd Ep Yupgqwwwh dwpduh, unp hwpwgnygnid ni-
nbnp nwnunwd £ upguwwhnipjwl unp «inwnwopy:
hupuwdbpwhulynnnigntup, npp  huwquunnipjwu
wnwugp bp nwuwlwu dnnbind, wjdd ybpwsdynid
E hupuwubpnjunwdwpdwl’ Swuwsnnulwl  wy-
fuwwnwuph, wpryntuwybinnigywu, Yeunpnuwgdwu,
npwdwnpwénigjuwu  dpnwnhwnwplydwu  Jhongny:
Mtnnigp gpnud £ «Unipyluinp Ynsgws £ Yunwywnb-
(Nt ubthwlwu Yeuuwpwuwlwu ubpnidp® wyn pynd’
ninbinwjhu nbunipuutipp, huswhuhp GU hhonnniejniup,
nwnpnieintup Yuwd hupuwlwpguynpnudpy [5]:

YEpwhulnnuwu holuwunipjwu

dubpp ubpninbuiun nghwlwu Rwonnid

(b dnynh Yuwpguuwwhwlwu  hofuwuntpjwu
Jbpnwonipntup owpniuwynad £ duw] Ywplinp nb-
uwlwu hhdp ubjpnunbfuuninghwubph’ npwbu pup-
Uwlwpgwuwwh untpjynubph  wpunwnpnn  dbfuw-
Uhquubtiph  putntpjwu  hwdwp, uwluwiu  ubpluwjhu
wbfuuninghwlwu hpnnnugniuubpp’ hwnwwbu ub)-
npnhuynnnigjwu b njuwjwhbu unwwpdwu wbp,
wwhwugnd Gu hofuwunipjwu YGpwhdwunwynpnid
Uwl hbndnynulwu nbuwuyniuhg: Uyu Uwwnw-
ynd, HEyngh «yGpwhuhynnulywu hwuwpwynigjwum»
(sociéte de controle) L &nipndh «huynnnigjwl Yuwh-
wnwihqdh» (surveillance capitalism) wbuntpniuutipp
huwpwynpnigyntu BU wwhu pwgwhwjnbint ubjpn-
wbfuuninghwubiph  h2fuwuwwu  Yhpwnnipyniuubiph
unp wpwdwpwunipniup” nwpwdwlwu Jupguuww-
hnigintuhg  wugnud  Ywwwptbind nbwh dwdwuw-
Ywjhu Juwufuwwnbund U wignphpdwywu dhypnhu-
ynnnigyniu: Upnh wnbfuuninghwywu nt pwjuwgywsd
dhowdwypnid ybGpwhuynnnigjuu dubipp npwlywlwu
thnthnfuntgjwu Gu Gupwnpyynid: hofuwuntpniuu wjlu
uwhdwuwthwlwé sk huunhwnnighnUw| tnwnpwopubi-
nny Juwd $hahluwlwu Yupguwwhnipjwu uwhdwuub-
nny: huswbiu gnyg £ vwhu Hhngp, dwdwuwlwyhg
hwuwpwynieniuutipp  Yuwpgquwwhtignudhg  wugnud
Gu Ywuwwpb] JbGpwhuynnuwu hwuwpwynegjwuy,
npuntin Yuwpgqwynpndp wnbinh § niubunud hnupwhu,
dnnnywihu b ndjwiwhtu defuwuhqdutiph dhongny
[3]: Cun Yngh’ huynnnipgyniup gnpond £ ng ph
thwly nmwpwépubipnd, wy| pwg hwdwwngbiph, swo-
Ywantph, dnunph nu Giph pnywnynigyniuutiph swo-
Jwgpwjhu whpnypnid: Uju nbwpnid hofuwuntegniuu
wjllu sh wwhwugnid inbuwubihnigyntu Ywd nidh Yh-
pwnniejntu. wju thnfuwphuynid £ wupunhwn donw-
nhunwpydwdp, nphu wuhwwp Gupwpyynad £ hppl
wnyjwubph dounwlwu dwnwlupwn: LEpnunbuun-
(nghwubpu wju hwdwlwpgnd oguwgnpdynid BU°
hwywptint, ybpnstine b dywybnt dwpnnt nintinh
wywnhyntgywu indjuiutipp: Uyu ininblwwnyniejwu hh-
Jwu ypw huwpwynp £ ny dhwju hwulwuwy, b hus b
wnnbU wnbinh niubgh|, wy bwl Ywuluwwmbub), G huy
Yuunwsh Jud huswybu Yywpdh dwpnu wuwwgquned:
Uyu npwdwpwunigniuu wnwyb| wbuwubih £ &ni-
pndh hulynnwwu Juwuwhwwihqdh wbunigjuwu dbe:
Cunn nipndh’ dwdwuwlwlhg wbfuuninghwubpp
hwwpwagpnid Gu «wybgntlwjhu Juwppwjhu nydjwi-
ubipy” wuhwwubiph Jwuhu wju wbnblwwynieniup,
npp nnipu £ hptiug ghwnwlhg Ytpwhuynnnipjniupg:
Uyu inyjwiutipp hitnwgquynd oginwgnpoyned Gu Jwn-
pwash Uwfuwagsdwu U ninnnpndwu bywwnwlubpny’
Swnwjtiny ns dhwju pwnuwpwlwu Yunwywndwl, wy|
uwl’ oniyuywlwu owhwgnpsdwu  hwdwlwpgbphu
[4]: Uyu nmbuwlwu dnnbjubpu hpwlwu Yhpwnnigjniu
EU unwund hwwnwwbu Ypenigjwu b wofuwnwu-
ph ninpwubipnud, npuntin ubjpnntfuuninghwubipp yb&-
pwdoynid Gu unghwwywu yGpwhuydwu gnpshputiph:
Ldwuwwhy huynnuywu dbfuwuhqdubp® ubjpnnh-
wmwpydwu uwppbip, wjuop puwuwnwunud, VU L-nd
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L hupwind Jdph 2wpp puybpnipyniuutip oguwgnp-
onwd GBU wofuwwnnnubiph nibinwihu wyunhynegynuu
hpwlwu dwdwuwynid hbnlbnt hwdwp: EEG inyhs-
utiph dhongny huwpwynp £ wpdwuwgpt Yeunpn-
Uwgdwl wuwnhtwup, hnguwdnigywu Upwuubpp Yuwd
hniqulwu hwlwgnnudubipnp, npnup Ybpwoynd Gu
gnpswwinth hwdwp wndjuiubph’ npnpndubp fujwg-
ubiint bywwnwyny: Wuwbu, woluwwnwlhgu wjlu pu-
Juynud £ ng pb npwtiu hupuwdwp Jwuuwghunwywu
untpjtiyn, wy” mdjuiubph wnpnp® owywnhdw| Yunw-
Juwpdwu Bupwlw optiln: Lbpnnbfuuninghwubiph
JGpwhuynnwlwu Yhpwnenipintup tnwpwoyned b uwle
qhuws nidtiph npnpuinud: Oppuwy” LWL wwpnww-
Unipjwl Uwfuwpwpnigjwl Nwounuwuntgjuwu wnw-
ownbid hGnwgnunwlwu uwpuwagsdtph gnpswlwnt-
pjwl’ DARPA-h Uh dpwahp dowynid § yjwpnuwhwpbyhs
hwdwlwpgbip, npnup wpdwaqwupntd GU ghudwnwjnn-
ubiph nintnwhu wynhynigywup® Upwug nunigdwl
ghpdpupwgu wuhwwmwlwuwgubint W npnanwfutiph
Juwjwgdwu wpwgnientuu nt wpryntuwybunnggniup
pwnépwgubiint hwdwn: Uyunbin ubjpnnhunwpynudu
ninyws b ng dhuyu ubipluyhu wpph Yupquynpduw-
up, wy bwb wywgw npnandubph juufuwnbudwup®
dhug npwup Yuywgytu ghunwlguluwu dwlwpnuw-
Yned: Uyu hwdwwntipunnid hitnwppppuwwu Gu uwl
2phuwuwnwuh npn2 nwpngutipnud ubipnpyws ubjpnhu-
Ynn uwppbpp’ hwwnnly vwhiwgsyws wowlbpunub-
nh nunbinwihu wywnhynipgjwu d2unwnhnwpydwu hw-
dwp: Uyu EEG gnunhubtipp nwuph dwdwuwy hGunlnd
U wowltipwnh npwnpnigiwu  dwlhwpnwyphu' hw-
Juwptbiny nintnh wndjuiutp hpwlywu dwdwuwynid:
Fpwup bpnoynud Gu wignphpdutinny, duwynpyncd
Gu Juwplwuhowjhu wnjnuwlutip b owpwpwlwu qb-
Ynygubipp ubiplwjwgynid Gu nunwghsubiphu nu dunn-
utiphu, npn2 nGwptpnud” twb wenwlwu Yuenygub-
nhu’ nypngulwu «wpryntuwybnnigywu» punhwunip
quuwhwwndwu hwdwp: Uyu gnpdtjwlbpwtiph hwdwn-
pnudp JYwynd &, np ubjpnuinbfuuninghwutipu hpwyw-
unwd gnpsh Gu npynd wnwppbp hwuwpwwywu Gu-
pwhwdwluwpgbpnd®  wpfuwwnwuphg,  Yppeniegjniuhg
dhusl pwuwly’ dhbungu’ ndjuiwhbu  huynnnipjwl
npwdwpwunipjwdp: Uyu wdbup hwunwwnd B Jup-
quwwhwlwu W huynnwlwu hofuwunteniuubpp sGu
gnhpénid npwbu hpwp thnfuwphunn hwdwlwnpgbp, wy
dhwhjnwugnud GU” unbinsting unp Yupgqwynpdwu nb-
dhdutip, npntn untpyuinph Jwppp, punpnigjniuutbipp
U hniquywu yhtwyubipp ybpwsdynid Gu dhypnhuyn-
nnujwl opjyunubiph” hwiwfu wnwug wyn unwpjtlyn-
utiph (hnyphu ghunwlygdwu Yuwd hwdwdwjuntgjwu:
Grt Jwpgquwuwwhwlwu huynnnigjwu npwdwpwunt-
pjwdp fupwuynd b hwdwwwwnwufuwu untpjtiyunub-
nh Juwpqwuwwhnigyniup, nwnpnigjwu wywhuwwunidu
nL hupuwwnwywpnudp, www huynnuywl npwdw-
pwunipjwdp’ upwug ninbnp Jepwsdnid £ ndjujwhu
nbuntpuh, npp dowyynd £ wnwug Upwug ghunwlyg-
dwu' dwnwlwpwpdbing wdjw) Bupwhwdwlwpgp
wwuwynpnnutphu b wbunwywu hwdwlwpgbippu:
Ujuintin  wuhwwu wjjlu dhwju nwuwunn, ghudw-
nuwinn Jwd wofuwwnnn sk uw nunund b oinbinbyni-
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N ndjwiubp Ypnn, quwhwwnygnn b dnnbjwynp-
ynn untpiyn: Uyu gnpsdtjwlbipyu wdpnnontpjwdp
wpiwgniyws £ YMyngh  «y4nnwihu  huynnnigjwiuy
dbio, npwntin wuhwwubipp ny S Ywnwywpynd Gu
nbuwubh hofuwunipywdp, w)” wunbuwubih wign-
nhpuutph dhongny [3]: huly nipndh nbuwuyniuhg'
nyjwubiph Udwu hwywpnidp hwuwnwunnad L, np hu-
Ynnnipjwu Ubpywjhu aubipp ns G Ywpquwbiu wpéw-
Uwagpnud Bu wugyuip, wyl nipnpnnd Bu wwywgqu’
dhus untpiup npls ghwnwlgws gnpdnnnieniu
Yywunwnh [4]

Uyuwhuny, ybGpwhuynnulwu hofuwuntgjuu ww)j-
dwuubipnud ubjpnuinbifuuninghwubipu wylu s6u gnp-
onud wwpquuwbu npwbiu nhunwpydwu Yud Yupgu-
wwhntpgjwu dhongubin: Nuntfuwuhpnigjwu uwtlnph
Udwuwwnhw punjwjunwip pny| & wwhu hwuywuwy,
pb huswbu & duwynpynd dwdwuwlwyhg untpjbiy-
np” wypbny dhwdwdwuwl hupuwlwpguynpdwu
wwhwugubiph, wignphpdwjhu ninnnpnywd gwuynt-
pjnLuutiph, wqwuwnipjwu qqugdwu b wuwnbuwubih
JEpwhuldwu dupndutiph wwjdwuubpned:

Lhkjpninbjuuninghwubpph Ephlulwu

htinbwupubpp b nhdwnpnipjwu

huwpwynp aubkpp

Lbjpnntifuuninghwubiph Yhpwndwu ninpuutpnid
ujuws wnnnowwwhnipntuhg dhusl Ypenigyniu b wy-
fuwwnwupwihu hwpwpbpnieyniuutip, h hwjwn Gu quihu
Uwl dh 2wpp Ephlwywu hwpgwnpniudutin, npnup gb-
puwquugnud Gu yGpwhuynnnigjwu Yud wuhwnwlwu
wqwwunnijwu uwhdwuubpp: $nynu qgnipwgunid bp,
np hofuwunteiniup gnponwd £ ny dhwju npubnpywd
gnpénnniggnilubphu dhowdwbnd, wjl’ unwpjtlyunh
ghunwygnipyw, Jupph b qqugnnnipjniuutinh dhon-
gny [M]: Ldwu wnpwdwpwuntejwdp, Ubjpnuntiuunin-
ghwtipp Yupnn Gu Jtipwotip wiuwhuh gnpshputiph,
npnup eny| GU nwhu h2fuwuncgjwup gnpdtip nintinh
wdbuwunipp U vwhuyhund wugkinudfubith nnpunub-
pnud: huswbiu ugnud Bu Mnniqu ni Uph-Mtwptinp, ubjpn-
ghwnipiniup «swithwquugunid £ dwpnne |hubiniejwu
dwuhu dbp  wwwlbpwgnubpp®  ubplujwgubing
UpwU npuwbiu ubpnpwuwywl gnj, dhwdwdwuwl ww-
nwufuwbwwnnt b hupuwowuinhdwwgynn» [12]:

Luwlu, wuhwwnh hupunipjwu duwynpdwu gnpdpu-
pugnd ubjpnunbifuuninghwutiph utipgpwyywoéntpe)ni-
Up hwpg £ pwpdpwguntd” wprynp dwpnu hupu b pw-
pniuwynud duwdnpbip ubithwwu uncpjGlnhynieyniup,
b wju dLwydnpynd b hwdwwpqwjhu nwghnuwnt-
ntuutipny: Uyu inbuwuyniuhg” inbfuuninghwlwu dh-
swdwnnipyntup Ywpnn b fuwpwnt) wudh hupuwydwnni-
pjwl qunuwthwpp’ hwnuwbu wu ywdwuubpned,
Gpp Ubjpnutfuuninghwubpp Yhpwnynd Gu wnwug
dwpnnt [hwpdtip W hpwgby hwdwdwjunigywu [13]:

Gnpypnpn, wuhwwh dnph W hnygbph «wpunwp-
Uwjuwgndp, pwgnidpy, ybGpwsting nhunwplydwu, ni-
untduwuppnipjwu Gupwlw nwawnh, h hwjwn & pbpned
dinph wugdbinudfubiihnigjwu fuwfundwu Junwug: Un-
ph wqwuwntginiup, np dhus opu punniuws £ npubiu
Jwpnnt wupwlwnbih hpwyntup, ubjpnunbiuuninghw-



£ Uwhwljwu

Lbjpnuntfuuninghwutipp Uhotip Sneynjh hwdwwntipunnd

utiph dhongny Ywpnn L wunhtwuwpwp ybpwoyb
swihbh, ybpinwtih b unwywpynn wtnwpph: Uw ni-
nhn uywnuwhp b Jwpnnt wpdwuwwwunynipjwup W
wquwnnipjwup, huswbu sbwybpyyws b Uwpnnt hpw-
yntuputiph hwdpunhwuntp hnswlwagpnid (hnnws 18):

Gppnpn, wuhwdwswh  Jbpwhulynnnigjwu  nhu-
Up, npu h hwynn £ qwihu wju  wbfuuninghwub-
nh - Yhpwndwdp, Jupnn £ thnfubip - hafuwtnipjwu
nwuwynpjwontpiniup:  huswbu upnd £ Mtnnwgp,
«ubypndbipwhuynnnipjwu  dbfuwuhqdutipp  Jbpwp-
wnuwnpnid G ns pb Wwpquuwbiu hofuwuniEjwu ntinw-
pwpfunidp, wy upw Eniggniup” ybpwsting ninkinp pw-
nwpwywu nwowhy» [5]:

2nppnpn, ubjpnintfuuninghwubtiph dJhongny uwnwg-
Jws wnjwiubph swpwowhdwu huwpwynpnigniup’
hwwnwuwbu wnlwnpwihu 2whtph 2powuwynid, Yuw-
pnn £ hwugbigutip dwpnnt dwuhU wuuwfuwnbw ubin
wuduwihu (huwnhd) wnbnGlwundniejwl Yninwldwu
U pwhwpldwu: SYjwjubiph wwonwwunipjwu hpw-
Juwlwu hwdwlwpgbpp ntinlu s&U hwugund hwdw-
hnius wpdwquwupt| wju thnithnfunieyniuutiphu: Fwgh
wju wdbup’ hwuwpwlwlwu wanbgnigjuu nbuwu-
Yntuhg, Gpp ubjpnunbuuninghwubipp utippwihwugned
Gu Yppwywu hwdwlwpg, npwup Ywpnn Gu alwyn-
nbl Jnipwnhy unpuwydnpdwu defuwhgdubp® puwn
ubjpnbwuwsnnwwu  gnigwuhoutiph:  Upryntupntd,
Ywpnn £ wnwowluw| unp unghwjwlwu nwpwuow-
wnnwd, npp hhdudwsé sk unghwj-nunbuwlwu Jud
dwynipwihu nwpptipnuegniuutinh, wy” utjpn$hqh-
ninghwlwu nyjwiutph ypw [14]: Uw funpwgunid £
«ubypnbhnwihy ud «ubjpngbupinply dbpuwuwyh»

h hwjn quint Junwugp® wbuuninghwlwu pugwnh-
Yniywu wwjdwuubpned:

Ybpowwbiu, Ywpunp £ wunpwnwnuw] uwl nh-
dwnpnipjwu  huwpwynp dubiphu: Fhdwnpnigniup
Yupnn £ (hubp ng dhuju pwnwpuwlwu wiwnhyhg-
dp Ywd hpwywywu Yuwpguwynpndubiph dwlywpnw-
4nd, wjile wuhwwh Ynndhg hp ubjpnpupuniejuu gh-
nwlgdwl, hupuwybpnonigjwu b nhdwnpnnulwu
nwqdwywpnipjntuutiph dowydwu dhongny: Uyuwntin
Ywuplnp nbip 5 unwugdunud ghunwygnigjwu nwunhw-
pwynudp: dnynu pungdned bp, np hofluwuntejwl guu-
Yugwsé &b, unyuhuy wdbuwwunbuwutbihu, Gupwn-
pnud £ nhdwnpnigyniu’ npwbu ubipphu punuwnphs [1]:

Uyu hwdwwnbipunnud Junbh £ wnwuduwgub hw-
Ywanbgntpjwu tptip hhduwlwu ninh’
> pwnuwpuwghwwu Ybpwhuynnnigniu b pwithwu-

ghynipjwu wwhwus.

» hpwywlwu hwdwlwpabph wpnhwlwuwgnid® dwp-
nnL ubjpnhpwyniuputinp wwownwwubiine hwdwn.

> Lppnipniu’ hwupwihu hpwabywénipjwu pwna-
pwgdwu Uwwwnwyny, npp Juywuwnh wuduwlwu
hupuwghwnwlgnigjwu b wbfuuninghwwu wqnb-
gnipjniuutph puywdwu Yupnnnipniuubiph duw-
dnpdwup:

Uyu wdbup yywynud £, np ubjpnntifuuninghwutbipp
wnwpwénudp puwgwhwjnnud  dwdwuwwyhg Yauuw-
pwnwpwlwuntpjwu Unp Eop, npnbin hofuwuntp)niup
ghpénud £ nintinh W ghwnwygnigjwu dwwpnwyntd,
huy nhdwnpniegniup uudnd § wju wywhpu, tpp wu-
hwuwp ghwnwlgnud £ ubthwywu ubjpnuncptyun (hubine
thwuwnp:

NEUROTECHNOLOGY AS AN INSTRUMENT
OF DISCIPLINARY POWER AND A MEANS OF
PERSONALITY FORMATION WITHIN THE CONTEXT
OF MICHEL FOUCAULT

Hayarpi G. Sahakyan
Yerevan State Medical University named after M.Heratsi,
Yerevan, Armenia

ABSTRACT

In the context of 21st-century scientific and technological
achievements, neurotechnologies have emerged not only as
tools for clinical intervention and cognitive enhancement, but
also as mechanisms of social regulation and subject formation.
This article explores neurotechnologies through the theoret-
ical lenses of Michel Foucault’s “disciplinary and biopolitical
power”, Gilles Deleuze’s “societies of control,” and Shoshana
Zuboff’s “surveillance capitalism.” Neurotechnological inter-
ventions, initially developed for therapeutic or assistive pur-
poses, are increasingly penetrating cognitive, emotional, and
behavioral domains, shaping individuals as “neurosubjects”
who internalize socially constructed norms, monitor their
own cognitive states, and strive for optimized brain function.

These processes operate through a fusion of normalization,
internalized surveillance, and predictive control, giving rise to
a new regime of neurodisciplinary governance. Drawing on
Foucault’s concept of the panopticon, the article argues that
neurotechnologies establish a contemporary “neuro-panopti-
con,” where both thought and affect become objects of con-
tinuous monitoring and modulation. Furthermore, the paper
examines how neurotechnologies are employed in education-
al, military, and labor systems to collect and algorithmical-
ly process brain data, transforming the individual into a da-
ta-producing and governable entity. Ethical implications, such
as autonomy, mental privacy, and the emergence of a poten-
tial “neuro-elite” are critically discussed. The article concludes
by identifying potential avenues for resistance through public
awareness, legal reform, and the cultivation of neurocritical
self-consciousness.

Keywords: neurotechnologies, self-requlation, Michel
Foucault, Gilles Deleuze, Shoshana Zuboff, disciplinary pow-
er, surveillance, neurosubject, normalization, biopolitics,
ethical implications, disciplinary gaze, neuro-elite, neu-
ro-identity, cognitive security, surveillance capitalism, soci-
eties of control.
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HEWPOTEXHOJ10M'MWN KAK UHCTPYMEHT
.ﬂ.VICLI,I/II'IJ'II/IHAPHOVI BJIACTU U CPE[1ICTBO
$OPMUPOBAHUA TINYHOCTU B KOHTEKCTE

MULLESNA ®YKO

Anapnu . CaakaH
EpeBaHCKNiA rocyaapCTBEHHbIA MEAVLIMHCKUA YHUBEPCUTET
umeHn M. F'epaum, EpesaH, ApmeHua

ABCTPAKT

B ycnoBuAx Hay4HO-TEXHOMOTUYECKUX MpPeobpa3oBaHuit
XXI BEKa HEMPOTEXHOMOTUMN BBLICTYMAOT HE TONMLKO KaK WH-
CTPYMEHTbI KNMHUYECKOTO BMELLATENbCTBA U KOTHUTUBHOIO
YAYHLLEHWUA, HO U KaK MEXaHW3Mbl COLMANLHON PErynaumMm u
dopmMmnpoBaHmna cydbeKTa. B faHHOI CTaTbe HEMPOTEXHONOM UM
AHANN3NPYIOTCA B TEOPETUYECKUX paMKax AUCLMUMANHAPHON
1 brononnTuyeckol Bnactu Muwena Pyko, «Ob6LLECTB KOH-
Tpona» Muna [enésa v KOHUENUUWM «KanuTaauama Habnto-
aeHuay LWowanbl 3ybodd. lNMepBoHayanbHo paspaboTaHHble
C peabunUTaLMOHHBIMU UAKM BCMOMOraTeNbHbIMU  LIENAMMK,
HEMPOTEXHONOrNYECKME BMELLIATENBCTBA BCE Yalle MPOHUKa-
FOT B KOTHWUTWBHbIE, SMOLIMOHANbHbBIE U NMOBEAEHYECKNE YPOB-
HU YenoBeka, GOpMUPYA TaK Ha3bIBAEMOrO «HENpocybbekTa»
— WHOMBUA, KOTOPbI BHYTPEHHE HOPMAM3YET COLMANbHBIE
CTaHAapTbl, KOHTPOAMPYET COBCTBEHHbIE MEHTANbHbIE MpOLLec—

Cbl U CTPEMUTCA K ONTUMANbHOW MO3TrOBOV aKTUBHOCTU. ITU
NMPOLIECChI PEANNIYIOTCA YEPE3 COBMELLEHME HOpManmsauuu,
MHTEPUOPU3OBAHHOIO Haasopa W MNPEANKTUBHOIO ynpasne-
HWA, NOpOXKaan PEXNM HENPOANCLIMNNMHAPHOTO YNPaBAEHNA.
OCHOBbIBaACh Ha KOHLEMUMM NaHONTUKOHA PyKo, B CTaTbe
YTBEPXKAAETCA, HYTO HEWPOTEXHOMOrMMN CO3[AOT COBPEMEH-
HbIA «HEMPOMAaHONTUKOHY, B paMKax KOTOPOro nojBepratoTca
KOHTPOMO 1 MOAYNALMN HE TONbKO AENCTBUA, HO U MbICIW,
n aMoummn cybbekTa. Kpome Toro, uccnemyerca npumMeHeHue
HeMpoTexHoNornin B 06pa3oBaHnM, BOEHHON chepe n Tpyno-
BbIX OTHOLLUEHWAX A1A c6opa W anropuTMMYecKon obpaboTku
MO3rOBbIX JaHHbIX, B pE3yNbTaTe YEro MHANBUAYYM CTaHOBUTCA
MPOU3BOAUTENEM OAHHbIX U OOBEKTOM ynpaBneHua. B craTbe
06CyXaatoTCA ITUHECKME NOCNEACTBYA, BKKOYAA aBTOHOMMUIO,
MEHTaNbHYtO HEMPUKOCHOBEHHOCTb ¥ GOPMUPOBAHME BO3-
MOMSHOM «HENPO3NUTbI». B 3aBepLUEHNE BbIAENAIOTCA MOTEH-
LManbHbIE MyTWU COMPOTUBAEHNA: MOBbILLEHWNE OBLLECTBEHHOIO
0CO3HaHWA, NpaBoBble pedOPMbl U Pa3BUTUE HENPOKPUTUYE-
CKOr0 CaMOCO3HaHMA.

Knrouesbie cnoea: HelpomexHoIouU, Camopeynayus,
Muwene ®yko, Xune [lenés, LLlowaHa 3y6og¢, oucyunauHap-
HaA 81aCcMeb, HA030p, Hellpocybbekm, HopmMaau3ayus, 6uono-
UMUKQA, 3muyecKue nocnedcmeus, OUCUUNAUHApPHLIL 832140,
Heliposnuma, HelpoudeHMUYHOCMb, KoeHUMUBHasa 6e3onac-
HOCMb, Kanumanusm Habto0eHUsA, obWecmea KoHMponA
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Uoluwinwupnd ubpyujwgyws Bu wpnh hngb-
pnidnigjwu ninpinnh quipqugnudubpu nu hbnwulwp-
ubipp® npn2 gniquhbinubp wwubingd punhwunip pdo-
Ynipjwu htin: Ywplnpyb| Gu qupgqugnn pdoynipjwu
dnnbjutiph ubipnpnuip hnigbipnidnigywu dby, huswbiu
Uwl uwhdwuwthwynn gnpénuutipp: <Gnwulwpwjhu

ninpwnutbp Bu hwdwpybip hwupwihu hngbljwu wnnn-
ontpjntup, wphunwwu pwuwwunigjwu hwdwn-
npnudp Unpwgnyu hbnmwgnunwlwu wnbfuuninghwutbiph
htiin U huntigpwnpy dnntigdwu Yhpwnnidp:

Lhduwpwnbp. hngbpnidnygni, Gquwdwd, hb-
nwllwpubin, puinbgpuwunpy dninbignid, hwupuwyhu hn-
qblywl wnnnonipntl, wphbuwnwlwu pwuwlywlunyyniu

{ngbipnidnigyniup, hp  nnuwhunwlwu  punyph
wwwbwnny, ns 2whbwunpbu wwpptindb] £ pun-
hwuntp pdolntpjntuhg, pwuh np sntuh pd2lwghunnt-
pjwup punpny wdpnnowlwunigntup W hwupwhu
Juwnwhnipntup: Uu hpwyhbwlyp, huswbiu uwl hngb-
pnidnipjwu niuntfuwuhpnigjwu wnwpluwih «wnbind-
qwowjhu» punypp, pwqdwpehy wnwuwbiutph W
Yupopwinhutiph intinhp Bu wyb:

Uyn wnwuwbjubiphg 2wunbipp ghunwlwu nuntduw-
uhpnigjwu b hhduwynpdwu Ywd htppdwu Yuphp ni-
ubiu, npngutipu b wwpquuwtiu wunne b shdwnbh Gu:
Upwug gniqwhbin jwu vwl uwpuwthwgnnt, Jwhubig-
unn wnwuwbjutp, npnug wuhbiptipnipntUu NL wun-
oniEnUL wqnnwd Bu dwpnywug hwjwgputiph b ybipw-
pbpdniuph alwynpdwu Ypw' unbinsting pwqdwphy
fuunhputip dwulwghunwlwu ogunipjwu Ywphp niub-
gnn wudwug hwdwp: Uu upspwinhwbiph nt wnwu-
wbubph Supdwu wwwnbwnny, unyuhuly dwdwuwyw-
Uhg hngbintinwpnidnigyuwu wwydwuubpnd, hngblwu
fuwuqupnud niutignn pwqdwehy wudhup 2wpniuw-
ynud BU Juw) hupuwdtynuwgwsd” hpwdwnpybiny hngb-
pnydh nhdbinig b wuhpwdtion oqunieyniu unwuwintg:

{ngbpnidnigywu wpnh yhtwyp pwgwhwjnnwd
Uwl ungninghwlwu hwjbigwlywpgh wulwwnwnpne-
pintup (ntinlu Uptiwtithuh Ynndhg  ubipluyugyuws
fuunhn), hngbipnidnipjwu wnwudhu ninpwnutiph quip-
qugdwu wuhwdwswihnigntuubipp W gnyg § wwhu
wfuinnnpn2dwu b pniddwu pwqdwphy dnuinbignidub-
nh gnpSuwwu wuwnpnntuwybwnnieniup, wntinuwhn-
funud £ pbzinwnpnudutinp Y huhlulwuhg ntiyh ungh-
wiwywu, hngbpwuwywu L YEuuwpwuwlwuwgunn
wnbuwulyniuutin: Upwu gniquihtin, Jwpnnt dwuhu gh-

nnLgyniuubiph qupgqugnidp, nintinh b hngbwuh ni-
untduwuppdwl unp wbfuuninghwywu huwpwynpni-
pjntuutipp, huswbtiu bwl hngbipnidnipjwu quipgqugnLdp
(Wwpwnhgdutin, dbpnnwpwuntpniu,  wfuinnpnhs
gnpshputip, pnidwlwu dnintignidutip bW huwpwynpne-
pjnLuubin) hwugbgnt| Gu unp fuunhpubiph, npnug |nL-
onudp whinp £ hpwwuwguh htug hngbpnidnieniup:

Uyu hwlwuwlwu b wuhwufuwwnbubih dhnnwdub-
nh [1-3] [nonudp dbup wnbuund Gup hngbpnidnigjwu
dbio dwpnnt dwuhU wy| ghwngyniuutiph ujwénwdubiph
hwdwnpdtip Yhpwndwl b npw hhdwu Yypw unp wuw-
pwnhgdh dowydwu dbe, husu 5| Jywjnid k, np hnghb-
pnidniginiup sh wwpnwd «hupu hp dbo» W dbyntuwg-
qwo sk pdoynigyntuhg W hwuwpwynieyniuhg: ®npétin
U wpynud unbinstnt unp hwjbgwwpabp (ophuwy’
UUL-h Ugqujhu hngbijwu wnnnontpjwl huunhunnt-
nh «Fndbuubph  hbnwgnunwlwu  swhwuhyubph»'
RDoC uwfuwghén [4]):

Ugtuwphnid innbinh niubignn unghwjwlwu, wnuwnt-
uwlwu, pwnwpwlwu b ghnwlwu gnpdpupwgubinu
wju Ywd wju Ybpw wgnnud Gu hngbipnidnigjwu Ypw,
pwuh np huswbiu wyn gnpdpupwgutpu wupwdwub-
Lh BU dwpnnig, wjuwbu £ hupp’ dwpnp upw Judpp,
gwulnigyntuutipp, dwptipp, qqugdniupubinp, wupw-
dwubih Gu hwuwpwlwlwu gnhpdpupwgutiphg: Uy-
uhupl’ hngbipnidnigyniup ns dhwju pdrlulwu, wyl
unghwwywu ghwnneniu b Fpw JYuwynipyniuu £ uwl
hngbpnidnipjwu Unp ninnnipjntuutiphg hwupwihu hn-
gbjwu wnnnontpywu duwynpnudp (nbiu unnply):

dwdwuwwyhg wpryniuwpbpwlwu  hwuwpw-
Ynipjwu dbo wyu gnpépupwgubtinp punipwgpynid Gu
dwupnnwpwjuniyjwdp,  thnthnfunigniuutiph wpwg



U. Untphwujwu W wyp

dEpwihnfuynn hngbipnidnipintu

wbdwtipnd, hugp sh Uywnybip Uwfunpn nupwznowl-
utipnud: Fpwup wgnnud Bu hngbipniudnigjwu dtio intinp
ntutignn pwqdwquu gnpopupwgutiph Yypw, ubipwnjuw
nhulh wwpptip gnponuutinp, dwpnywug Juppugh-
op, pnudndu nu wowlgnipyntup, hhjwunnieyniuutiph
Y huhjulwu npulinpndutipp b wyju: Lngbipnidnipjwu
fuunhputpu h uyqpwub Ubpwnws Bu npw nunuw-
uhpnipjwu wnwpluwyh' hngblwuh punypnid” ufuws
«hngbljwu»  hwulwgnipjwu  uwhdwudwu fuunphg
dhusle nintinh L hngbwuh gnpdniubinigywu $hghn-
(nghwlwu, dnjtynywipu, YEuuwphdhwlwu dbuw-
Uhquutipp:

{ngbipndnigjwu U nintinh nt hngbljwuh nwunwfuw-
uhpdwup uhpdwsd wy| ghnnigyniuutiph quipguignedn,
pwgwhuwjwnbiny hngbwu gnponiubinggjwu W, htunlw-
pwp, hngbljwu wlunwpwunigjwu hdwgniejwu unp
qotin, wnwg b ptipnud wybith nuwdtih pupn hupgbp,
husp uinbinond £ whwnbtdhwlywu hngbipnidnigywu dbe
hhduwpwnp dquwdwdh funpwgdwu nwwynpnipntu
[5]: Upnhwlwu GU nununtd wjuwhuh hwpgtn, huswh-
uhp bU. «wprynp hngbpnidnigniup unghwjwlwu gh-
wnniejntu £ (huswbu, ophuwly, hngbpwuniginiup Ywd
dwpnwpwuniggniup)y, «wprynp wiu whbnp b hwulu-
uwl npwbu hnudwuhwnwp ghunngeniuubph Jwu (hus-
wbu thhihunthwynipntup, ywwndnigniup W gpuuiunt-
pIntup), pt hngtipnidnigyniup Junud £ pdoynigywiu §ynin,
npp hhdugws £ YEuuwpwuwwu, $hghninghwlwu,
gbutinmhlwlwu b wy| ophuwswihnigniuutiph ypw»:

Ujntu Ynnuhg, ghinnipgjwu nnwpptp 6jnintph uwh-
dwuubipp 2wpniuwlwpwn thnthnfuynid Gu. hwjnuyb)
L «Wwpnwghwnigniuutiny  punhwupwgunn Ggpny-
pp: Mnuuwuwnwugh dwdwuwlwyhg thhihunthw Ywu-
ybu (2009) dwdwuwlwyhg Wwpnwghwntgniuutiph
nwpwonpowuh  wnwuduwhwunynigyntup  hwdwpned
o dhoghunwlhwpquyunipjwu (dhonhughyhuwnpni-
W) wép' npwbu ophuwlubp Upbiny Uywpnwhn-
ghipnidnieginiup, Wwpnwhngbipwunieiniup, Ujwpnw-
YEUuwpwuntenLup, Uywpnwhngbybipnwdniencup,
unghwwywu Uwpnwghwnieintup,  dhowuduwjhu
Ujwpnwybuuwpwunigniup W wyju [6]: huswbiu upnd |
Spwuubiup (2013). «hngbipnidnipjwu dby, pdolyntpjwu
djnwu puwqwywnutph hwdtdww, wugnuip hhduw-
nwp ghwnnieiniuhg nbiwh Yhuhhulwu wpwluhlw
wufunuwthb hnptb wybh nddwn k£, pwuh np dwp-
nnt nintinp whtiqtippnid hwjnuh wdbuwpwnpn pwuu b
U hp gunwuhpubinp pwgwhwjnnid £ nwunwnnptu W
thnpp swithwpwdhuutipny» [7]:

b hwybnwdu hp gnun pdojwlwu fuunhputiph,
npnup uwnbinénud Bu wuhwdwswihnigyniuubin hngb-
pnidnipgjwu quinqugdwl dbe, wnlw U uwl dh owpp
ns pdr2ywlwu fuunhpubin: ®nfuytip Bu dwdwuwlwyhg
Ywuph unghw|-nunbuwlwl, pwnwpwlwu, qunuw-
thwpwlwu, pwpnwlwu b hngbpwuwlwu hhdpbpp,
wndbpwihu  Ynndunpnanidubinp, hush  wprynctupned
thnthnfunipyniuutip Gu wnbinh niubigh| Ywuph wwpptip
puwqwywnubtipnud. dhowuduwjhu b hwuwpwlywlwu
hwpwpbipnigniuutp,  dwuuwghunwlwu gnpédniub-
nipjnLu, wnwowgb| b wbénn wnbnGlwwynigjwu jni-
pwgdwu b npw nwppbipwydwu wuhpwdbonniencu,

dtdwgb| £ wuhwwnwwu wywunwufuwuwwnynipniup
thown punpnigjwu hwdwp, unyuhul dnunwlw qup-
gugnwfutipp nwpdb| Gu ndjwp Ywufuwwnbutih, wak|
E wnunbuwwu  wudunwhnipniup,  w2fuwwnwupn
Ynpgubipnt, wujwpyniuwyniejwu Jwfup, putnwublwu
Ywuwbipp nwpdt| Gu wulwyniu: Uyu pninp gnpdpupwg-
ubipu ninnuyp b wudhswlwu wqgnbignipyniu Gu pnn-
untd hngbipnidnigjuwu W hngbijwu wnnnontpjwu Ypw:
Unnh hwuwpwynigniuntd hngbipnydubipp unp hpw-
Jwuntpjwu wyphqdwjny ybpwuwynid Gu Jwpnnt guw-
hwwnwlwuutipp, wwpnwdubpu nt Juwppwaghdp: Mwh-
wwunnuwlwunigjwup, wjwunnypubphu W hhduwpwp
wpdtpubiphu ulub| GU hwlwnpyb] wuhwwnwwunte-
pjntup, pwqdwdwynipwjunigniup, pwqdwyblnn-
pnijntup b pwqdwpbbinniginiup [8):

Stinh niutignn gnpopupwgutiph wpryntupnid hn-
gbipnidnigyniuhg «nnipu £ dnydbip» «Gu»-p, nph nbinp
qpwnbgpt £ «Ubtup»-p, wuhbwnwgb] £ «wuhwwnpy,
nphu thnfuwphub) b «pugqdniggniupy, wy) Yopwy wuwd'
funtdpp, wnwnijwghwl, wdpnnontpniup (Whutnw-
Uhoubinh, wudwug, hhywunnieginiuutiph, Yuwuwug Yud
wnnwdwpnluwug, qunpjwiutiph, puhlutiph, «npwy-
dwwhlutiph», «ubpnunhlyubph» W wjuh): Udpnne
nwuwlwu hngbipnidnieyniup duwgb] £ nwuwqgppb-
pnd (wydbhu® ng unpbipnud): Shunwlwu hbnwgnunni-
pjntuutipp ybpwoybi| Bu ypbwwgpuwlwu dhwwinbuwy
hwoybwynipniuutiph, «hwgbp» Gu hwdwqgbuwn, ht-
nhuwlutinp qpldtip Gu nbidphg nu hupuwwnhunipjni-
Uhg: Uhus hngbpnidnigntup thnpénd £ wybijh Yud
wwlwu hwennnipjuidp (st hp fuunhputinp, pdayni-
RjNLUL Nt wnnnowwwhnipyntup juwuquwsd Bu unp gh-
wmwwnbfuuninghwywu pnhsph otdhu, npp hhdujws L
hgnp wbfuuninghwubiph ypw, W [nwonid Bu gnjnipjniu
ntutignn W unp unbindynn «wwwaguwih pdoyntejwu»
thnfugnpowlgnipjwu fuunhputipp:

JbpohU nwulwdjwlubpnud pdoynigywu b Yeuuw-
pwunijwl qupqugdwu ybpnwonigjwu hhdwu Jpw
wnwewnpybp £ 5P pdoynipjw (5PM) hwjtigwlwpgp
[9]: Uju wnwigwigli| £ wptighghnu (62gnhw) pdalntpjui
Uwfuwgsh hwjnuybiinig htinn (wuhwwnwwuwgyws
pdoynipntu, npp hhdujwd | hhjwunniejwu gbutivnh-
Ywywu, Eyninghwywu b YEuuwpwuwlwu gnpdnuub-
nh Jpw), npu pungpynd £ wnnnowwwhnigjwu unp
ghwnwuwnbfuuninghwwu Yunnigwsoph wnwppbip wu-
wblwubpp, qtundwhu b hwnnpnwygwlwu hbnw-
thnfunipiniuutiph ujwénwdubipp, poswjhu pdoynigynt-
Uup, odhpuwjhu ywwlbpwgnwiubpp (YELuwpwuwywu
Yuqdwybpwydwu nwppbp Jwlwpnuwyubpnud Yeuuw-
dwpybputiph wjunnpnohs Jwhwuwlubiph untinontd),
huswtiu bwl hwuwpwynigjwu dbe wbnh niubignn
Yuwqdwybpyuwywu L unghwjwlwu  nbnwowndt-
np (thhihunthwjwywu,  Ephlwlwu,  wnunbuwlwl):
Uwuuwynpwwbu,  wwuwbpuwhunwlwu  pdoynt-
RIWU nupwznowuhu thnfuwphunud b hhwunh W pdo-
Uh thnfugnpéwygnipjui pdainipiniup (dwulilguyhu
pdoynteyniu): Uw, wulwulws, hnglipnidnigjwl dtio ni-
uh hp upptpwugqutipp, bW hwéwfu ndwn neynn:

huswbiu upnd Gu hwyp W npnth Cstppnutinp (2019),
«5P pdoynipjntuy hwulwgnipjwu ubipdnwdnidp inpw-
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dwpwunptu pfundd £ pdoyuwlbuuwpwuwlwu ghinnt-
RjwU quinqwgniihg, wunghwghwubiph [hwabundwpu
upphUhugh wuglugdwu htin Juwws tquwdwdtiph
nwubtiphg b swpnwpwgywd hnyubtiphg («wuhbitnwgnn
dwnwuqulwunigjwuy fuunhpp): Ywqdwybpywlywu
L Yppwywu hwtigwytnbph wnbuwuyniuhg hbnp-
uwlutipp hwpg Gu wwhu. «bwwgwih pdaynieniup
4P pdoynigyniul £ (Ywufuwwnbunn = hhjwunnipjwu
Jwlufuwwnbund gbundh hhdwu Jpw, Ywufuwngbinn,
dwuuwlgwjpu = hhwunh b pdoyh wlynpy dwubwy-
gnipjniup pniddwu gnpdpupwghl, wuhwwnwlwuwg-
qwsd = hhdujws wuhwwnwlwu wnwudUwhwwnynt-
piniuutiph Jpw), pti 5P pdoynipiniup, npp dhwynpnid
£ 4P-u nL wyptghghnu (62gphwn) pdoynientupy» [10]: 5PM
hwuljwgnipjwu ubipnpnudp huwpwynpnigyniu £ nw-
thu wydbih hunwly uwhdwut| pd2yniejwu hhug upywd
ninnnLyntlutiph Uwwwwlubipu nu fuunhpubipp, husp
Ywplinp £, dwuuwynpwwbiu, pdhoyubiph nungdwu W
dwuuwghwnwgdwu hwdwn:

Unnnowuwwhnigjwu unp  nnnejniubtiph hbwn
ubipinnptiu Yuwwyws £ jwpnpwwnnp pdoyntpjwu quip-
quignuip, Lnpdws fuunhputinhg Yufudws” wiu Yupnn
E gnpot| Yhuuwpwuwlwu Juqdwybpwydwu tnwppbip
dJwywpnwyubpnd YEuuwdwpybpubph wiwppbp nt-
uwlubipny nt pwlywqdbpny [11-13]:

Upwup pdoynipjwu qupgugdwlu dhunnwdubip Gu,
npnup hngbipnudnipjwlu hwywuwlwu ninnnipjnLu-
ubiphg Gu:

Lhnwulwpwihu £ uwl hwupwihu hngbwu wnnn-
onuntup, npp puwlsnijwu dwlwpnuwyny  hngbliuwu
pwnblbgnigywu fupwudwl, hngblwu fuwugupnwiutiph
Yuwufuwpgbdwu b pniddwu swuptiph hwdwlwnpg &, npp
Ubipwnnud £ Ywufuwpgbinn dhongwnnwdutin, Jwn dh-
swdwnntpintu, hwuwpwynipjwu hngblwu wnrnnontejwu
hpwabyywoéniegniu, hwuwubijh Swnwjnigyniuutin [14]:

Lwupwjhu  hngbwu wnnnontpjwu  hhduwlwu
wnwouwhbipenipniuutnpu Gu.

» Uwnhqdwjh nbd wuwjpwnpp: Ophuwl, ntupGuhwjny
nwnwwnnutiph 60%-p stu nhdnwd dwubwgbinub-
nh" wdnph Jud funpwlwunipjwu wiuh ywntuw-
nny [15]:

» Cwnuwjnipjniuubiph  Jwwstihnigjwl  fuunhpubipp:
Oppuwly, WUL-nid wdhpn- L jwwnhun-wdbphlyw-
ghutipp 2 wuqwd wybh phs hwywuwlwuntpntu
nLubu uinwuwnt hngbpnildwlwu oqunipyntu, pwu
uyhwmwlwdnpputinp [16]:

> Lwwp $hghlwlwu wnnnontpjwu htwn. nbwpb-
uhwU wybjwgundd £ upinwjhu hhjwunnegniuubiph
nhulyp 40%-ny [17]:

L2unpgquwgdwu hhduwlwu ninnnigyniuutinhg £ uwl
Unp wnbfuuninghwubiph ubpnpnwdp: Npwbu wdbbwwy-
Uwnnt ophuwy Ywpbh b ubpyuwjwgut hbnwpdoyni-
pIntup” UNYLh 19 hwdwdwpwyh pupwgpnid wngwug
hngbpnidwlwu funphpnwunynipjniuutiph phyu wok) &
300%-ny [18], L uwfuyhuntd wunistih wwn fuunhputip
wjdd neynd Gu htug wyu dhongny:

Lhnwulwpwihu £ Uwl hunbgpwwnhy dnunbigni-
dp pniddwu Ybpwpbppwi, npp Ubpwnenud b pniddw,
hngbunghwlwu Ybpwlywuqudwu, unghwjwlywu hu-
nbgpdwu pwnwnphsubpp, npnug hwdwnpnigjniuu
£l eyl £ wwihu hwuub pniddwu b yEpwlwuqudwu
(wywagnyu nmwppbpwyhu® wwwhngbiing wush Ywuph
npwyp:

UphGunwlwu pwuwlwuntpjwu Yjhpwnnidu wdb-
Uwhbnwulwpwihuu £ L Upw hwdwnpnygntup Un-
pwagnyu  wbfuuninghwubpn  hpwlwuwgynn hb-
nuwgnunigintuutinh ybpnwniejwu htn Yuwwhnyh
prhspwdlt qupgwgnid, huswbiu nno pdolwghunnt-
Rjwl, wjuwbiu 5| hngbpnidnigjwu ninpunnid:

TRANSFORMING PSYCHIATRY:
PROBABLE DEVELOPMENTS

Samvel H. Sukiasyan'#, Lilit V. Baghdasaryan®3, Armen F. Soghoyan'?
! Psychosocial Regulation Center, Yerevan, Armenia

2 Heratsi Yerevan State Medical University, Yerevan, Armenia

3 Yerevan State University, Yerevan, Armenia

4 Abovyan Armenian State Pedagogical University, Yerevan, Armenia

ABSTRACT

The article presents the current developments and future
perspectives in the field of psychiatry, drawing certain paral-
lels with general medicine. The importance of implementing
emerging medical models in psychiatry, as well as the limiting
factors have been emphasized. The areas considered promis-
ing include public mental health, the integration of artificial
intelligence with cutting-edge research technologies, and the
application of an integrative approach.
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ABSTRACT

The aim of this study was to examine the general pat-
terns of symptom formation in patients with patholog-
ical bodily sensations of the sensopathic group. A total
of 105 patients with cenesthopathies from various noso-
logical groups were examined, and 241 statements were
directly analyzed. The results confirmed the heteroge-
neous nature of cenesthopathies, which can be incor-
porated into a wide variety of syndromes with differing
degrees of structural coherence and phenomenological
clarity. Cenesthopathies that were part of complex sen-
sopathic syndromes were more common (54.8%) than

those occurring as a monosymptom of altered corpore-
ality (45.2%). Cenesthopathies within depersonalization
disorders were significantly more frequent than those
within sensory automatisms or visceral hallucinations.
The inclusion of cenesthopathies in the structure of
complex sensopathic syndromes was a distinguishing
feature of schizophrenia, while the inclusion of cenest-
hopathies in clinically incomplete sensopathic phenom-
ena was characteristic of both schizophrenia and affec-
tive disorders.

Keywords: cenesthopathies, sensory automatism, so-
matopsychic depersonalization, visceral hallucinations.

INTRODUCTION

The problem of psychopathological qualification of
rudimentary, clinically immature symptoms in the clin-
ical picture of mental illnesses has existed for a long
time; however, it has rarely been the focus of psychi-
atric research. As a rule, in recent years rudimentary
phenomena have been studied within the framework
of works on psychopathological diathesis [1], within
the framework of identifying the “attenuated psycho-
sis syndrome” as a condition of high clinical risk of
disease development [2]. However, psychopathological
phenomena of varying degrees of maturity are found
in the clinical picture after the onset of the disease, in
the advanced stages of the disease. On the one hand,
it is believed that the proportion of poorly differenti-
ated, syndromically unformed symptoms is a possible
consequence of the pathomorphosis of mental disor-
ders, apparently of a pharmacogenic nature [3], on the
other hand, it seems obvious that clinically immature
symptoms are a stage in the evolution of the psycho-
pathological syndrome, demonstrating possible paths
for further development of the disease. Particular dif-
ficulties arise when attempting to qualify rudimentary
pathological phenomena of bodily sensitivity, since even
for mature symptoms of the senesthetic-coenestopath-

ic (sensopathic) group, as a rule, there are no precise
definitions [4]. The problem is further aggravated by the
constant change in headings and terms in the psychi-
atric section of modern international classifications [5].
Despite the fact that the concept of cenesthopathies was
initially developed in the French and German classical
psychiatric schools, at present this concept is practically
excluded from the dictionary of international classifi-
cations. In English-language publications, the majority
of such cases, depending on their characteristics, are
attributed either to hyperesthesia or to hallucinations
[6]. In addition, the clinical picture of cenesthopathies
largely overlaps with the modern understanding of neu-
ropathic pain, which belongs to the area of neurology
[6]. However, the exclusion of the term cenesthopathies
from the dictionary of international classifications does
not eliminate the problem of cenesthopathies itself,
which seems to be still poorly studied and relevant. Pa-
tients with pathological bodily sensations of the cenest-
hopathic circle regularly see psychiatrists. Accordingly,
the doctor needs to understand the features of diag-
nostics of symptoms of the sensopathic group and the
patterns of their further dynamics to provide adequate
assistance to the patient.

The aim of this study is to investigate the general
patterns of symptom formation in patients with patho-
logical bodily sensations of the sensopathic group.
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MATERIAL AND METHODS

The main group included patients with pathological
bodily sensations (cenesthopathies) who met the follow-
ing criteria:

1. sensations arise without any real physical basis — the
description, localization and other characteristics
of sensations do not fit into the clinical picture of
known somatic diseases; medical examinations do
not reveal physical damage in the patient that corre-
sponds to the severity of their condition;

2. sensations are accompanied by a specific accentua-
tion of self-awareness on the processes of the somatic
sphere, which is clinically manifested by a persistent
dominance in consciousness of unusual, strange,
alien, painful, difficult to describe sensations of un-
usual localization and high sensory saturation.

A total of 105 patients were examined (47 males and
58 females; average age 43.1+1.36 years, average du-
ration of the disease 10.1£0.9 years), who were divided
into three subgroups: 1) schizophrenia spectrum disor-
ders (58 people); 2) organic mental disorders (32 peo-
ple); 3) affective disorders (15 people).

The direct subject of the analysis was the patients’
statements, i.e. 241 descriptions of cenesthopathies.
We did not limit the patients in describing pathological
bodily sensations either by time or by a unidirectional
interest exclusively in cenesthopathies. We recorded on
a dictaphone all bodily sensations that went beyond the
normal sensitivity and were not associated with a so-
matic disease. The statements were then analyzed using
a complex clinical-semantic approach, and the results
of the analysis were subjected to statistical processing
(more details on the methods and material) [7,8].

RESULTS

When analyzing the statements, it became clear that
cenesthopathies themselves are not homogeneous. In
some patients (109 statements), cenesthopathies were
the only manifestation of altered bodily self-perception.
In the remaining cases (132 statements), cenesthopathies
were either accompanied by other pathological phenom-
ena characterizing changes in the somatopsychic “I”, or
were themselves a component of more complex patho-
logical formations (for example, sensory automatisms).
This meant that cenesthopathies in the structure of other
syndromes or cenesthopathies accompanied by patho-
logical bodily phenomena different from them were more
common (54.8%) than cenesthopathies as a monosymp-
tom of altered corporeality (45.2%; x*= 4.4; p < 0.05).

In addition, among the statements there were many
sensations, a clear psychopathological qualification of
which did not seem possible at all, and the features of
their verbal representation revealed only similarities with

somatopsychic depersonalization, visceral hallucinations
or sensory automatisms.

CLINICAL ILLUSTRATIONS OF COMPLEX

SENSOPATHIC SYNDROMES

Somatopsychic depersonalization

Most often, pathological bodily sensations were ac-
companied by somatopsychic depersonalization of vary-
ing degrees of severity — from a weak and undifferenti-
ated feeling of change in one’s own bodily sensations to
a fully formed depersonalization syndrome.

In mild somatopsychic depersonalization, we en-
countered an undifferentiated feeling of change in
one’s own bodily sensations, which, unlike cenesthopa-
thies, was not the leading disorder of the somatopsychic
“Self”. These disorders could be detected by conducting
a special additional questioning. In the descriptions of
mild depersonalization disorders, differentiated defini-
tions were almost completely absent. For example, sen-
sations were described as follows: “it’s like a transition”,
“like nausea”, “like it doesn’t work right, like it’s not
mine - in the sense that it’s mine, but somehow | don’t
feel it right”. As a rule, there was no specific localization
of sensations (usually the experience concerned the en-
tire body).

Examples of statements with mild depersonalization:
“Nausea throughout the body... everything somehow
doesn’t work right”; “I feel inside myself... physical
discomfort.”

An example of a complete syndrome of somatopsy-
chic depersonalization: “I am frightened by the strange-
ness of the sensation, | can’t explain it to you... | don’t
feel my body, | don’t feel anything... | press my lips
together - and | don’t feel anything... when someone
touches me - | can feel it, but the sensation is somehow
different than before... In general, | have the feeling
that this body is not mine. In general, | don’t feel my
whole body... | even tried walking barefoot on gravel, |
didn’t feel it... | wring out a rag, it even breaks in half
from wringing — that is, | have strength, but | don’t
feel this rag... for me it is very painful... this shouldn’t
happen.”

Visceral hallucinations

In intermediate forms of pathological sensations
(between cenesthopathies and visceral hallucinations),
metaphorical comparisons denoting the source of bodily
suffering appeared in the patients’ statements. Compar-
isons were made with physical objects of reality, which,
in the patient’s opinion, could cause similar sensations.
Then the objects were designated (usually by nouns)
and described in the same way as surrounding objects
are usually described. Duality appeared in the patients’
speech: on the one hand, sensations were described as
produced by an object actually existing in the body, on
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the other hand, the patients did not have the conviction
of the real existence of a foreign body inside themselves,
which is necessary for the hallucinatory disorders that
had formed (when asked directly, the patients categori-
cally denied this).

When the syndrome was formed, pathological sen-
sations were an integral part of visceral hallucinations.

Examples of intermediate forms of sensopathies (be-
tween cenesthopathies and visceral hallucinations): “As
if between the skull and the skin there are some kind
of spots of something that has some dimensions and
crawls... something very flattened, flat... a reptile, some
kind of amoeba... Not amoebas, | understand that this
is all nonsense...”; “It’s as if there’s someone sitting
in the area of the liver... something hard... leaning on
me, sometimes moving, burning... as if something iron
is standing there, like a support.”

Examples of formed visceral hallucinations: “The
thread from the head... goes from the mouth into the
head and comes out from the top... it has no color, it
is stretched”; “Under the skin | feel... some scrolls... |
feel that they have risen upwards... a sensation un-
der the skin and in the muscles, between the muscles
maybe even... | feel a foreign body in the body... in the
heart, in the intestines - no, but only in the muscles.
The body has pushed everything into the muscles, un-
der the skin.”

Sensory (cenesthopathic) automatisms

In phenomena intermediate between cenesthopa-
thies and sensory automatisms, in the descriptions of
sensations in the form of a metaphorical comparison,
signs of an external influence appeared. Unlike the for-
mal syndrome of sensory automatism, patients did not
have a delusional conviction of an external influence.

Examples of intermediate forms of sensopathies
(between cenesthopathies and sensory automatisms):
“Strong pressure from the street on the brain... Some-
times it flows onto the eye, just some kind of pain-
ful sensations in the eye, very unpleasant, very strong
pain. It’s as if it’s being twisted, as if someone stuck

100%|

80%

60%
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Cenestopathies in the strucutre
of sensory automatisms

[l Formed syndromes

Cenestopathies in the strucutre
of visceral hallucinations

their hand in and twisted it”; “A feeling of something
going through my head, as if someone was checking
my insides with a beam.”

Examples of a formed cenestopathic automatism:
“The neighbors are burning me inside with acid, alka-
li... they shock me with electricity. They used a comput-
er console: they were burning my head, my skin was all
red, my hair was falling out... Then they increased the
power of the impact, they started burning with a gun,
they were burning my face (with a dot), my insides, my
heart, my throat, they were squeezing my hand with
force, they were squeezing my head, my stomach, they
were burning one of my teeth”;“l had the feeling that
they were tearing me apart... it was as if they were
pouring some cold liquid into my thymus gland... They
were squeezing my thyroid gland with their hand... they
were driving a stake into my thymus.”

Some of the above examples demonstrate not only
the different degrees of maturity of a particular syn-
drome, but also the practical blurring of the boundaries
between different syndromes — automatisms, hallucina-
tions and delusions. It is important to emphasize once
again that in all the described cases, cenesthopathies
were present in the clinical picture of the disease.

Comparative analysis of results

Among all cenesthopathies, pathological sensations
in the structure of rudimentary sensopathic syndromes
were encountered in 38.6% of cases, while cenesthopa-
thies in the structure of formed sensopathic syndromes
were registered only in 16.2% of descriptions (x*= 30.4;
p < 0.001). For the convenience of presenting the ma-
terial, we will further call cenesthopathies with accom-
panying bodily phenomena (depersonalization disorders
of varying severity, rudimentary sensopathic syndromes
and cenesthopathies within formed syndromes) — inter-
mediate forms of cenesthopathies.

Depersonalization disorders
Cenesthopathies in the structure of depersonaliza-
tion disorders of a minor degree of severity were en-

17%

Cenestopathies in the strucutre
of depersonalization

M Rudimentary syndromes

Chart 1. The ratio of cenestopathies in the structure of complete and rudimentary syndromes.
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countered approximately five times more often (29.9%
of intermediate forms of cenesthopathies) than cenest-
hopathies in the structure of formal depersonalization
syndrome (6.2%; x*= 45.6; p < 0.001).

Visceral hallucinations

Cenesthopathies in the structure of rudimentary
forms of visceral hallucinations and cenesthopathies in
the structure of the formed syndrome were encountered
with approximately the same frequency (7.5% and 4.6%
of intermediate forms of cenesthopathies).

Sensory automatisms

Cenesthopathies in the structure of the formed syn-
drome of sensory automatism were encountered three
times more often (5.8% of intermediate forms of cenest-
hopathies) than in the structure of rudimentary forms of
automatisms (1.7%; x?=5.8; p <0.05).

Chart 1 illustrates the relationship between cenest-
hopathies in the structure of formed sensopathic syn-
dromes and cenesthopathies in the structure of rudi-
mentary sensopathic syndromes.

COMPARATIVE ANALYSIS OF INTERMEDIATE

CENESTHOPATHIES (BOTH CLINICALLY

MANIFESTED AND RUDIMENTARY

SENSOPATHIC SYNDROMES)

Automatisms-hallucinations

Cenesthopathies in the structure of sensory autom-
atisms were encountered in our study in 13.6% of inter-
mediate forms of cenesthopathies; cenesthopathies in
the structure of visceral hallucinations - in 21.9% (the
difference is insignificant).

Automatisms-depersonalization

Cenesthopathies in the structure of depersonaliza-
tion disorders were encountered significantly more of-
ten (65.9%) than in the structure of sensory automa-
tisms (13.6%; x*=75.3; p <0.001).

Hallucinations-depersonalization

Cenesthopathies in the structure of visceral hallucina-
tions were encountered significantly less frequently than
cenesthopathies accompanied by depersonalization dis-
orders (21.9% and 65.9%, respectively; x*=51.7; p <0.001).

COMPARATIVE ANALYSIS OF

RUDIMENTARY PHENOMENA

Automatisms-hallucinations

Cenesthopathies in the structure of forms transi-
tional to visceral hallucinations were encountered more
often (19.3% of rudimentary phenomena) than cenest-
hopathies in the structure of incomplete sensory autom-
atisms (4.3%; x*=10.1; p <0.002).

Automatisms-depersonalization

Cenesthopathies accompanied by mild depersonal-
ization disorders were encountered many times more
often (77.4%) than cenesthopathies as part of rudimen-
tary sensory automatisms (4.3%; x*=102.9; p <0.001).

Hallucinations-depersonalization

Cenesthopathies as part of rudimentary visceral
hallucinations were encountered significantly less fre-
quently (19.3%) than cenesthopathies in the structure
of mild depersonalization disorders (77.4%; x*= 62.8; p
<0.001).

COMPARATIVE ANALYSIS OF CLINICALLY

MANIFESTED SENSOPATHY SYNDROMES

Cenesthopathies in the structure of formed syn-
dromes were encountered with approximately the same
frequency: cenesthopathies in the structure of sensory
automatisms were noted in 35.9% of intermediate forms
of cenesthopathies, cenesthopathies in case of visceral
hallucinations - in 28.2%, cenesthopathies with deper-
sonalization syndrome - in 38.5% of cases (without a
reliable difference in the frequency of occurrence).

COMPARATIVE ANALYSIS OF INTERMEDIATE

FORMS OF CENESTHOPATHIES IN PATIENTS

OF DIFFERENT NOSOLOGICAL GROUPS

Subgroup of schizophrenia

In schizophrenia, intermediate forms of cenesthopa-
thy were encountered twice more often than cenesthop-
athies as a monosymptom of altered bodily perception
(69% and 31% of statements, respectively; x*= 41.1; p <
0.001), and rudimentary sensopathy syndromes were
encountered 2.5 times more often than formed ones
(49.3% and 19.7%, respectively; x*=27.5; p < 0.001).

Subgroup of organic disorders

Unlike the subgroup of schizophrenia, in this sub-
group cenesthopathy as a monosymptom of altered
bodily perception was encountered more often than in-
termediate forms of cenesthopathy — 62.7% and 37.3%
of statements, respectively (x> = 8.6; p < 0.01). More-
over, unfinished bodily phenomena and formed sen-
sopathy syndromes were encountered with the same
frequency.

Subgroup of affective disorders

In affective disorders, isolated cenesthopathies were
encountered 2.5 times more often than intermediate
forms of cenesthopathies — 71.9% and 28.1% of state-
ments, respectively (x*=12.2; p < 0.01), and rudimentary
sensopathic syndromes were encountered eight times
more often than clinically formalized ones — 25% and
3.1%, respectively (x*= 4.6; p < 0.05).
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DISCUSSION

The results of the conducted study confirmed the
data of numerous publications on the fundamental het-
erogeneity and systematization complexity of cenesthop-
athies in the structure of psychopathological disorders
of various nosological groups. In addition to the lack
of distinct nosology-specificity of cenesthopathies, they
can be included in a wide variety of syndrome variants
with different degrees of structuring and phenomeno-
logical certainty, which complicates their clear clinical
qualification.

In our approach to assessing the clinical material,
we acted in agreement with a number of authors who
consider psychopathological bodily phenomena as stag-
es in the gradual formation of increasingly profound
disturbances of the somatopsychic “Self”, as a unified
spectrum of gradual transition from weakly differenti-
ated alienation of bodily sensations to formal psycho-
pathological syndromes, up to the formation of visceral
hallucinations and sensory automatisms [9-12]. Using
the term “cenesthopathies” to designate transitional
forms of pathological bodily sensations, we wanted to
emphasize the kinship of all pathological bodily phe-
nomena, the actual blurring of the boundaries between
cenesthopathies, somatopsychic depersonalization, vis-
ceral hallucinations and sensory automatisms.

Clinical analysis of mental disorders in the studied
groups of patients showed that cenesthopathies includ-
ed in the structure of complex sensopathic syndromes
were more common (54.8% of cases) than cenesthop-
athies as a monosymptom of altered corporality (45.2%
of cases). The prevalence of intermediate forms of ce-
nesthopathies, as it turned out, were entirely due to
their high frequency in the subgroup of patients with
schizophrenia, in whose clinical picture cenesthopathies
coexisted with other sensopathic syndromes in 82.8%
of cases.

The second important result of our study was that
cenesthopathies in the structure of depersonalization
disorders were encountered significantly more often
than cenesthopathies in the structure of sensory au-
tomatisms or visceral hallucinations (in 36% of all cases
and in 66% of cases of intermediate forms of cenest-
hopathies). Finally, the inclusion of cenesthopathies in
complex sensopathic syndromes depended both on the
clinical forms of the latter and on the degree of their
clinical completion: cenesthopathies that accompanied

mild forms of depersonalization were encountered sig-
nificantly more often than cenesthopathies accompa-
nied by severe depersonalization syndrome. In sensory
automatisms, the overwhelming majority of cenesthop-
athies were included in the structure of a clinically com-
pleted syndrome, and in visceral hallucinations, cenest-
hopathies were noted in the structure of completed and
immature clinical variants with the same frequency.

The matching of the description of cenesthopathies
with the three main subgroups of the main group, con-
sidering the specificities of their clinical picture, showed
the following. Schizophrenia: intermediate forms of
cenesthopathies were encountered significantly more
often than isolated cenesthopathies; unformed bodily
phenomena were encountered more often than formed
ones. Organic mental disorders: isolated cenesthopa-
thies were encountered more often than intermediate
forms; formed and immature phenomena were detected
with approximately equal frequency. Affective disorders:
isolated cenesthopathies were encountered more often
than intermediate forms; incomplete phenomena were
encountered more often than formed ones.

Summarizing the above, we can come to the conclu-
sion that the inclusion of cenesthopathies in the struc-
ture of complex sensopathic syndromes is a distinctive
quality of cenesthopathies in schizophrenia, and the in-
clusion of cenesthopathies in clinically incomplete sen-
sopathic phenomena is a distinctive quality of schizo-
phrenia and affective disorders.

According to A.A. Mehrabyan, “the principles of
mental alienation function at the basis of all endog-
enous psychopathology” [10]. The idea that disorders
of the somatopsyche, from the most insignificant, clin-
ically poorly expressed undifferentiated changes to total
alienation of the somatopsychic “Self” in case of sensory
automatism, represent a unified spectrum of gradual
formation of increasingly deeper disorders of the so-
matopsychic “Self”, has been previously expressed by
many authors [9-12]. The obtained results also allow us
to suggest that cenesthopathies represent an interme-
diate link in the development of psychoses from mild
forms of somatopsychic depersonalization in the direc-
tion of the formation of increasingly deeper disorders
of the somatopsychic “Self”, manifested in the clinical
picture by a series of gradual transitions to one of three
clinical forms of sensopathy: an expanded depersonal-
ization syndrome, sensory automatisms, or visceral hal-
lucinations.
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CTPYKTYPA NEPEXOJHbIX CAMITTOMOB
CEHCOINATUYECKOTIO KPYrA
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SMKpPTUAH MeHTan Kaa KnnHuk, EpesaH, ApmeHwa

ABCTPAKT

Llenb HacTOALLEro MCCNENOBaHMA 3aKaroyanacb B W3y-
YEHUN O6LLMX 3aKOHOMEPHOCTEN CMMMTOMOOOPA3OBaHUA Y
6ONbHBIX C NATONOTMYECKUMU TENECHBIMW OLLLYLLEHUAMW CeH-
conaTtuyeckoro kpyra. Becero 6bino obcneposaHo 105 6onbHbIx
C CEHECTOMATUAMU Pa3HbIX HO30A0TUYECKMX TPy, HENocpes-
CTBEHHO aHanusnposanocb 241 BbicKasblBaHWe. PesynbTaTbl
MCCNenoBaHWA NOATBEPAMAN AaHHbIE O NPUHLWMNUANBHOW He-
OLHOPOAHOCTUN CEHECTOMATHI, KOTOPbIE CMOCOOHBI BKAIOYATb-
CA B CaMble pa3HOO6pPa3HblE BapyaHTbl CUHAPOMOB, UMEOLLIUX
pa3Hylo CTEMEHb CTPYKTYPUPOBAHHOCTU U GEHOMEHONOTNYe-
CKoVi onpeaeneHHocTn. CeHectonaTnm, BXOAALLME B CTPYKTYPY
CNOMHbBIX CEHCOMAaTUYECKMX CUHAPOMOB BCTPEYaNUCh Hallle
(54,8% cnyyaes), 4em ceHecTonaTn kak MOHOCHMITOM U3Me-
HEHHo TenecHocTu (45,2% cnydaes). CeHecTonaTn B CTPyK-
Type AENEPCOHaNN3aLIMOHHbIX PaCCTPOMCTB BCTPEYANNCh 3Ha-
YMTENbHO Yallle, YeM CEHECTOMaTUU B CTPYKTYPE CEHCOPHbIX
aBTOMATM3MOB MW BUCLiEpanbHbIX raaitoLMHaLnA. Bratoue-
HUE CEHECTOMaTU B CTPYKTYPY CNOMKHbBIX CEHCOMATUYECKNX
CMHAPOMOB ABNANOCH OTIIMUYUTENbHBIM KauyeCcTBOM LIM30odpe-
HUW, @ BKNFOYEHNE CEHECTONATUI B KIMHUYECKN He3aBepLUeH-
Hble ceHconaTuyeckue QGpeHOMEHbl — OTIUYUTENbHBIM Kaye-
CTBOM LUM30PPEHNN 1 adEKTUBHDIX PACCTPONCTB.

Knrouesble cnosa. ceHecmonamud, CeHCOpHble agmoma-
mu3smel, comamoncuxuyeckas OenepCOHaﬂuwuu;q, sucuye-

pasnbHbele eannroyuHayuu.
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ABSTRACT

Attention Deficit/Hyperactivity Disorder (ADHD) re-
mains underrecognized and frequently misdiagnosed in
adult populations. In this study, we examined 83 pa-
tients who had previously been evaluated by other psy-
chiatrists but were not diagnosed with ADHD or were
given alternative diagnoses. Our findings indicate that
misdiagnosis is often rooted in the heterogeneity of
symptoms, overlap with other psychiatric conditions,
and the presence of comorbid disorders. In addition to
psychopathological challenges, several systemic issues

were identified, including low awareness and knowledge
of adult ADHD, lack of accessible and adapted diagnos-
tic guidelines and tools, diagnostic biases influenced by
the structure and treatment goals of psychiatric services,
and the absence of continuity between child/adolescent
and adult mental health systems. Addressing these bar-
riers requires a comprehensive approach involving im-
proved clinician training, development of diagnostic
resources tailored for adults, and stronger integration
across mental health services.

Keywords: attention  deficit/hyperactivity ~disorder,
ADHD, diagnostics

INTRODUCTION

Attention Deficit/Hyperactivity Disorder (ADHD) is
one of the most common neurodevelopmental disor-
ders affecting individuals throughout their lives. Despite
increased awareness and a growing number of diag-
nosed clinical cases, ADHD diagnosis remains a subject
of controversy. Recent studies have emphasized the key
challenges in accurately diagnosing and differentiating
ADHD, especially given the symptom overlap with psy-
chiatric, neurological, and developmental conditions.

One of the primary concerns is the heterogeneity
of symptoms and the lack of clear diagnostic tools and
standardized procedures. ADHD is characterized by core
symptoms of inattention, hyperactivity, and impulsivi-
ty. However, these symptoms often present differently
across individuals and at various developmental stag-
es. This variability complicates diagnosis, particularly
in populations such as women, adults, and individuals
with anxiety, mood disorders, or autism spectrum disor-
ders. A 2023 meta-analytic study involving over 21 mil-
lion adults estimated the average prevalence of ADHD
at around 3.1%, with the inattentive subtype being the
most common. This is a significant finding, as the in-
attentive subtype may go unnoticed for years, leading
to unstable careers, personal difficulties, and the devel-
opment of secondary mental health conditions such as
depression or anxiety [1].

The overlap of diagnostic criteria between ADHD and
other conditions — such as thyroid dysfunction, absence
seizures, or sleep deprivation — can also lead to misdiag-
nosis. The comorbidity of psychiatric conditions remains
another major challenge. ADHD is often accompanied
by other psychiatric disorders such as depression, bipo-
lar disorder, substance use disorders (SUD), and autism
spectrum disorders. In adults especially, ADHD may go
undiagnosed due to symptom masking or misattribu-
tion to mood disorders or SUD [2]. Furthermore, the
presence of comorbidities frequently results in delayed
diagnosis and poorer treatment outcomes, reinforcing
the need for structured diagnostic assessments that
account for functional impairments and longitudinal
symptom trajectories.

Women often present with internalized symptoms -
such as internal tension, distractibility, and hypersen-
sitivity, which frequently lead to other diagnoses, such
as depression or anxiety disorders [3]. As a result, many
women begin to suspect they have ADHD only later in
life, once challenges in managing everyday responsibili-
ties become overwhelming.

A comprehensive systematic literature review [4] in-
dicates that current diagnostic tools — both question-
naires and clinical interviews — have limited reliability
and clarity when applied to adult ADHD. Many of these
tools were developed for children and lack adequate ad-
aptation to the adult life context.
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Another key issue is the absence of functional im-
pairment assessment. ADHD is not merely a cluster of
symptoms; it significantly disrupts social, professional,
and personal functioning. However, this aspect is often
neglected in the diagnostic process. There is a need to
develop new tools that specifically measure functional
difficulties [5].

Quialitative research also highlights that many adults
report confusion, frustration, and feelings of being un-
dervalued during the diagnostic process. This reflects
both structural issues in healthcare systems and gaps in
specialist training [6].

At the same time, the field is facing concerns about
overdiagnosis and widespread prescription of medica-
tion. The broadening of diagnostic criteria and increased
public awareness of ADHD have raised fears that typical
variations in attention and behavior may be patholo-
gized. Some researchers argue that ADHD is partly a so-
cially constructed condition, shaped by contextual fac-
tors such as school environments, cultural expectations,
and healthcare access, which influence who and when
gets diagnosed [7].

Finally, ADHD diagnosis in adults remains under-
developed. Many adults retrospectively “identify” with
ADHD symptoms but face barriers to receiving an of-
ficial diagnosis due to the lack of childhood medical
records or because symptoms are overlooked during
clinical evaluation. Only 20-25% of adults with ADHD
are correctly diagnosed globally. Among individuals
previously evaluated for other psychiatric disorders,
over 60% had symptoms consistent with undiagnosed
ADHD [4, §].

Over time, the manifestation of symptoms may shift
— for example, hyperactivity may decrease, while exec-
utive dysfunction or internal restlessness persist — re-
quiring diagnostic models that consider developmental
trajectories [9].

In summary, diagnosing ADHD in the modern era
involves a complex interplay of clinical, social, and
systemic factors. Latest studies underscore the urgent
need to improve diagnostic accuracy through better
tools, broader conceptual frameworks, and integrated
approaches that take into account comorbidities, func-
tional impact, and lived experience across diverse social
environments. Addressing these challenges is essential
not only to reduce misdiagnosis but also to ensure time-
ly and effective interventions for those affected.

METHODOLOGY

This study included a total of 83 patients (49 male,
34 female) with a confirmed diagnosis of ADHD. The
average age of participants was 36.7 years. All individu-
als had previously sought psychiatric care and had un-
dergone at least one psychiatric evaluation by another

psychiatrist or psychiatric service prior to their inclusion
in this study.

Each participant underwent a comprehensive diag-
nostic reassessment conducted by our team, which con-
firmed the presence of ADHD in all cases based on ICD-10
criteria. In addition to confirming the ADHD diagnosis,
we conducted a clinical evaluation to identify and docu-
ment any comorbid psychiatric or somatic conditions (if
needed). Diagnostic conclusions were based on clinical
interviews, patient history, and the review of previous
medical records and psychiatric assessments.

No statistical analyses were performed, as the aim of
the study was descriptive and exploratory. We performed a
qualitative analysis of the patterns and content of prior di-
agnoses, with particular attention to frequent misdiagnos-
es and missed ADHD cases. The analysis focused on iden-
tifying potential contributing factors, including limited
awareness or training of clinicians regarding adult ADHD,
challenges in differential diagnosis, overlapping symptom
presentations, and the structural or organizational format
of psychiatric services previously accessed by patients.

RESULTS AND DUSCUSSION

As we can see in Table 1, absolute majority of people,
diagnosed with ADHD during the current study, were
not assessed as those during the previous psychiatric
examinations. Instead, most of them were diagnosed
or described with other psychiatric disorders, some of
which were later confirmed and others refuted.

Anxiety and stress-related disorders

Generalized Anxiety Disorder (GAD) is a commonly
overlapping condition with ADHD due to shared symp-
toms like restlessness, poor concentration, and sleep
disturbances. Up to 47% of adults with ADHD meet
criteria for an anxiety disorder [2]. GAD is particularly
misdiagnosed instead of ADHD in ~30% of women with
internalized symptoms [3]. The relatively high number
of comorbidities in our study (11) supports that GAD was
often a correct observation, though perhaps ADHD was
missed or misattributed to anxiety alone in some cases.
In 2 of these 10 cases diagnosis of GAD was not con-
firmed. We also have 11 cases described previously as
“unspecified anxiety”. This is revealing that many previ-
ous clinicians noted “anxiety” informally, without suffi-
cient diagnostic clarity or follow-up to confirm it. Only
3 of these people later got confirmed diagnosis of GAD.

Panic disorder is less frequently diagnosed officially,
yet the high number of confirmed comorbidities sug-
gests clinicians may have recognized anxiety symptoms
(such as hyperarousal, palpitations) but did not formally
code them. ADHD patients with high emotional reactiv-
ity may often present with panic symptoms, leading to
misdiagnosis or underrecognition of both conditions.
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Table 1. Previous diagnoses and clinical evaluations of people later diagnosed with ADHD.

Clinical Diagnosis ICD10

Officially

Non-officiall
bV Confirmed in this study

diagnosed previously

Personality disorder due to known physiological

condition o7
Alcohol-related disorders F10
Cannabis-related disorders F12
Schizotypal disorder F21
Bipolar disorder F31
Depressive episode F32
Major recurrent depressive disorder F33
Depression unspecified F39
Panic disorder F41.0
Generalized anxiety disorder F41.1
Anxiety unspecified FH.9
Obsessive-compulsive disorder (OCD) F42
Post-traumatic stress disorder (PTSD) F43.1
Complex post-traumatic stress disorder (C-PTSD) n/a
Adjustment disorder F43.2
Somatoform disorder F45
Eating disorders F50
Schizoid personality disorder F60.1
Borderline personality disorder F60.3
Obsessive-compulsive personality disorder F60.5
Avoidant personality disorder F60.6
Narcissistic personality disorder F60.81
Gambling disorder F63
Autistic disorder F84.0
Autistic spectrum disorder n/a
Attention deficit and hyperactivity disorder (ADHD) F90
Conduct disorder Fo1
Tic disorder F95
Irritable bowel syndrome K58
Type 2 diabetes mellitus E11
Considered healthy after examination Z00

Somatic symptoms (e.g., headaches, pain, fatigue,
gastro-intestine complaints) are frequently observed in
individuals with ADHD, often stress-related. The relative-
ly low rate of official diagnosis but moderate comorbid-
ity suggests somatic complaints may have been present
but interpreted through a psychosomatic lens rather
than as part of a neurodevelopmental picture. We ob-
served particularly high comorbidity with Irritable bowel
syndrome (IBS), which aligns with emerging evidence
linking ADHD with functional gastrointestinal disorders.
IBS may reflect stress reactivity, autonomic dysregula-
tion, or impulsive eating habits. It’s notable that over 1
in 6 of your ADHD patients had confirmed IBS, empha-
sizing the need for integrated somatic-psychiatric care.

PTSD was relatively frequently diagnosed or sus-
pected, which is plausible given the symptom over-

diagnosed previously
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3 1 2
0 1
7 14
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0 19 0

lap (hypervigilance, distractibility, irritability) and
nationwide post-war consequences within the last 5
years. The high number of confirmed comorbidities
(7) also implies that trauma is not uncommon among
ADHD patients and may contribute to diagnostic
overshadowing.

Although only 2 prior psychiatrists mentioned Com-
plex PTSD (as no official ICD-10 code exists), our team
confirmed it in 24 patients. This may reflect significant
histories of chronic trauma, emotional neglect, or rela-
tional instability, which are highly prevalent and often
missed in ADHD evaluations. It suggests a major gap in
previous assessments regarding trauma-informed diag-
nosis, as many of those patients arrived with different
other psychiatric diagnoses, and opens a wide space for
further investigation.
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In group of patients with OCD we had both over
diagnosed and under diagnosed cases. 2 of 7 patients
came with OCD diagnoses, were not confirmed as OCD.
Misinterpretation of overfocused attention or hyperfix-
ation (common in ADHD) may have contributed to in-
correct OCD labeling, as it is known that OCD is mis-
diagnosed in up to 11-17% of ADHD patients, especially
with hyperfocus [10]. True comorbidity rates are much
lower: 1-3%. [11]. Symptoms of ADHD such as intrusive
thoughts, restlessness, or perfectionistic tendencies can
be mistaken for OCD, especially when patients describe
mental rigidity or rituals. However, unlike in OCD, the
intrusions in ADHD are often impulsive, unstructured,
and not ego-dystonic. On the other hand, we confirmed
OCD in another 5 patients, with 3 cases of contrast OCD,
including two of those with homo-OCD subtype.

Affective disorders

Current findings show that up to 50% of adults with
ADHD are initially diagnosed with depression instead [1],
while lifetime prevalence of major depressive disorder in
adults with ADHD was 18.6% compared to 7.8% (SE 0.4)
in non-ADHD respondents [9]. Depressive symptoms like
low motivation, concentration problems, fatigue, or irri-
tability often mimic ADHD. Clinicians may have focused
on these secondary symptoms and missed the primary
diagnosis, particularly because ADHD symptoms were
being interpreted as emotional distress rather than at-
tentional or executive dysfunction if the history of life-
long inattention or hyperactivity wasn’t explored.

It may seem that vague label of unspecified depres-
sion suggests clinical uncertainty, but objectively in
most cases it was determined by unnecessity to confirm
official diagnosis and reflects a tendency to code affec-
tive disturbance without a full diagnostic formulation in
cases where there is no need to do it by legal or statis-
tical reasons.

In two patients, we observed misdiagnosis of Bipo-
lar disorder. Impulsivity, mood swings, emotional out-
bursts, and variable energy - core ADHD features - can
mimic hypomania or cycling moods, especially in ad-
olescents or young adults. 20%+ of ADHD patients are
misdiagnosed with bipolar disorder, especially in ad-
olescence [4]. Up to 21.2% of individuals with bipolar
disorder also meet ADHD criteria [12]. This often leads
to false bipolar diagnoses, especially in the absence of
clear manic episode. Clinicians may have interpreted
dysregulated affect through a mood disorder framework
instead of a neurodevelopmental one.

Addiction disorders

Cannabis-related disorders were expectedly one of
two most common addiction disorders observed in pa-
tients with ADHD in our study. Overall, 25-34% of adults
with ADHD have a lifetime substance use disorder [2]. In

particular, Cannabis use disorder is 2-5 times more likely
among those with ADHD [13]. This diagnosis may reflect
self-medication behavior in ADHD patients attempting
to manage restlessness, insomnia, or emotional dysreg-
ulation. Clinicians may have focused on the substance
use without identifying the underlying ADHD. Misdiag-
nosis can occur when the behavioral consequences of
ADHD are treated as primary addictive pathology, rather
than symptoms of a broader regulatory disorder.

As with cannabis, alcohol use may represent a mal-
adaptive coping strategy rather than an independent
disorder. Emotional impulsivity, frustration intolerance,
and poor self-regulation can increase the likelihood of
alcohol misuse. These cases suggest that substance-re-
lated presentations may have obscured the core neu-
rodevelopmental condition in previous assessments. As
many people with mild to moderate alcohol addiction
doesn’t report this condition as problematic, only 2 of
6 lately confirmed people were previously evaluated as
addicted.

Gambling behavior in ADHD patients may arise from
novelty-seeking, risk-taking, or reward sensitivity. With-
out recognizing these as manifestations of dopamine
dysregulation common in ADHD, clinicians may have
diagnosed pathological gambling as a standalone im-
pulse-control issue. The high number of prior informal
mentions suggests that such behaviors were frequently
seen, yet misinterpreted outside of the ADHD framework.

Personality Disorders

Borderline Personality Disorder. Comorbidity of ADHD
and BPD ranges from 18-34% [14]. Emotional instabili-
ty, impulsive relationships, and intense affect are shared
traits between ADHD and borderline personality disor-
der. Without close attention to developmental history,
clinicians may interpret the emotional dysregulation of
ADHD as a personality pathology. The strong presence
of this label highlights a common diagnostic confu-
sion, particularly in women with undiagnosed ADHD [3].
However, most recent studies show not only comorbidi-
ty, but interconnection of these two diagnoses [15].

Schizoid Personality Disorder. Social withdrawal or
inattentiveness in ADHD - especially in inattentive-type
presentations - can resemble the flattened interpersonal
engagement seen in schizoid traits. This rare misdiag-
nosis suggests a misunderstanding of socially avoidant
behavior that is more likely due to overstimulation, fa-
tigue, or executive overload rather than true emotional
detachment.

Obsessive-Compulsive Personality Disorder. ADHD
individuals who rely on rigid routines or overcontrol to
compensate for executive dysfunction may appear per-
fectionistic or controlling. Such coping styles, especially
when compensating for chronic disorganization, can
mimic OCPD. This misinterpretation emphasizes the
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need to differentiate between compensatory behavior
and enduring personality structure.

Avoidant Personality Disorder. Avoidance behaviors
in ADHD may stem from chronic failure experiences, low
self-esteem, or sensory overwhelm. When this is mis-
read as a pervasive personality trait rather than a con-
sequence of untreated symptoms, avoidant personality
disorder may be incorrectly assigned. This highlights the
psychosocial consequences of undiagnosed ADHD.

Narcissistic ~ Personality  Disorder.  Impulsivity,
self-centered talk, or exaggerated emotions in ADHD
can sometimes be misread as narcissistic traits, espe-
cially in emotionally labile presentations. However, these
are typically not rooted in a grandiose or exploitative
personality style. Previous clinicians may have overem-
phasized surface behavior without assessing the deeper
motivational and cognitive structure.

Neurodevelopmental disorders

According to Antshel et al., 15-20 % of people with
ADHD demonstrate ASD symptoms [16]. Only few cas-
es in our selection were previously labeled as classic
autism, likely due to social difficulties, rigid interests,
or sensory sensitivities — traits which can overlap with
ADHD. However, ADHD social traits tend to result from
impulsivity and inattention, rather than fundamental
deficits in reciprocity or communication. Misdiagnosis
may have stemmed from an overemphasis on external
behaviors without deeper developmental profiling.

Another group of patients (4 people) were suspected
to have ASD without receiving formal diagnosis. Many of
these were likely exhibiting ADHD-associated traits like
sensory defensiveness, hyperfocus, or difficulty with so-
cial nuance. ADHD and ASD comorbidity is reported in
20-50% of cases, especially in childhood [17]. Without
comprehensive differential diagnosis, such traits can
easily be misattributed to autism, especially under the
broadened “spectrum” conceptualization. However, we
observed different amount of autistic spectrum traits in
significantly bigger number of patients, though in most
cases they need further more detailed examination for
diagnostic clarification.

The most worrying part of investigation was that only
in 15 total cases ADHD was previously seen by psychia-
trists. This indicates a huge systemic underdiagnosis or
diagnostic hesitation — possibly due to a focus on sur-
face-level symptoms like anxiety or mood disturbances,
low level of awareness, or inappropriate developmental
history collection. Below we discuss the possible reasons
of this severe gap.

Other mental disorders

Schizotypal disorder. It’s notable to mention the case
of misdiagnosis with Schizotypal disorder, which is rela-
tively common in people with ADHD struggling to adopt

in society, because of misinterpretation of social awk-
wardness, tangential thinking, or sensory sensitivities. In
our case, selective social isolation leading to suspicious-
ness, intense internal thought processes, impulsivity and
eccentric behavior have been pathologized as psychotic
traits, while the developmental context was overlooked.

Personality Disorder Due to Known Physiological
Condition. This diagnosis suggests prior psychiatrists
perceived organic or post-traumatic brain dysfunction
behind behavioral symptoms. In ADHD, executive dys-
function may mimic frontal syndrome traits such as
impulsivity, irritability, or social disinhibition. The mis-
attribution to “organic personality change” rather than
a lifelong attentional disorder indicates a tendency to
over-pathologize the behavioral expression without de-
velopmental anchoring. There is also often reported and
consistent tendency to refer to “organic brain damage”
many conditions expressed by unclear or ambiguous
symptoms in case of past head injuries in anamnesis,
regardless of how much the effects of the injury have
been confirmed by relevant studies.

Eating Disorders. ADHD often coexists with disordered
eating due to impulsivity, emotional eating, or sensory
processing differences. However, when clinicians see
these symptoms in isolation - particularly binge eating
or chaotic food behavior — they may diagnose an eat-
ing disorder without linking it to attentional regulation
or emotional instability. Up to 27% of individuals with
binge eating disorder meet ADHD criteria [18], but there
is also data that Bulimia nervosa often misdiagnosed in
impulsive-type ADHD presentations [19]. This reinforces
the need for integrated assessment of appetite control,
emotion regulation, and attention. In our sample, 3 of
8 patients reported previously as ones with eating dis-
order, were unofficially diagnosed with bulimia nervosa,
and 5 - as binge eaters. After our evaluation, all of them,
as well as 5 other patients without previously recognized
eating behavior troubles, were evaluated as binge eating
disorder.

Type 2 Diabetes Mellitus. The notable presence of
type 2 diabetes suggests the long-term health impact of
ADHD-associated lifestyle factors: poor planning, irregular
eating, low physical activity, and impulsive consumption
patterns. This somatic comorbidity reflects not a diagnos-
tic error, but the need for multidisciplinary awareness of
ADHD’s influence on physical health outcomes.

Trends of ADHD diagnosis

in psychiatric services

In addition, we conducted survey among 20 psychia-
trists, working in 3 main psychiatric service types: inpa-
tient unit in state clinics, outpatient unit in state clinics
and private outpatient clinics.

Since in many cases it is extremely difficult for spe-
cialists to provide precise numbers regarding diagnosed
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Table 2. ADHD diagnostics trends in different types of psychiatric service.

Annual number Primary ADHD

Service type

of patients

diagnosis, n

Inpatient in state service over 200 0
Inpatient in state service 100-200 0
Inpatient in state service over 200 0
Inpatient in state service 100-200 0
Inpatient in state service over 200 0
Inpatient in state service over 200 1-5
Inpatient in state service over 200 0
Inpatient in state service over 200 0
Outpatient in state service over 200 0
Outpatient in state service over 200 0
Outpatient in state service over 200 1-5
Outpatient in state service over 200 0
Outpatient in state service over 200 0
Outpatient in state service over 200 =20
Outpatient in state service 100-200 0
Outpatient in state service 50-100 5-10
Outpatient in state service over 200 1-5
Outpatient in state service 100-200 5-10
Outpatient in state service over 200 220
Outpatient in state service 50-100 0

cases, we have included approximate figures intended to
reflect general trends. Diagnosed cases are considered
those in which the ICD-10 criteria were applied accu-
rately and the diagnosis was documented in the medical
history or consultation report as a primary or secondary
diagnosis. We have also separately included information
on cases where the ADHD diagnosis was made with a
significant delay — identified only after the person had
been working for at least three months.

The data shows that ADHD diagnoses are unpropor-
tionally rare in state psychiatric services, especially in
inpatient settings. Most entries for primary ADHD diag-
nosis in these services report zero cases, with only two
psychiatrists performed with between 1 to 5 diagnoses.
Secondary ADHD diagnoses are slightly more frequent
but still limited, and late ADHD diagnoses are uncom-
mon. The use of standardized ADHD questionnaires in
state services is almost nonexistent, appearing only once
as “sometimes”. This pattern suggests that state services
generally lack training, resources, or focus on ADHD,
and do not prioritize its identification, particularly as a
primary diagnosis.

In contrast, specialists in private outpatient services
report significantly higher numbers of ADHD diagnoses.
Several such specialists indicate over 20 cases of both
primary and secondary ADHD diagnoses annually, with
some also noting 5 to 10 late diagnoses. ADHD ques-
tionnaires are used more frequently here, with some

Secondary ADHD Cases of late Usage of questionnaires
diagnosis, n ADHD diagnosis for ADHD
1-5 1-5 sometimes
0 no no
1-5 no no
0 no no
1-5 1-5 no
0 no no
0 no no
1-5 no no
0 no no
0 no no
5-10 1-5 no
0 no no
1-5 no no
=20 1-5 always
0 no no
5-10 1-5 always
0 no no
5-10 1-5 sometimes
220 5-10 sometimes
1-5 no no

marking their usage as “always” or “sometimes.” This
indicates that private services are more proactive in rec-
ognizing and diagnosing ADHD, likely due to better cli-
nician awareness, access to diagnostic tools, and a cli-
ent population that expects or demands comprehensive
assessments.

The data also shows a clear disparity between state
and private services. ADHD diagnosis appears to be de-
pendent on the type of service accessed, with public
sector patients being at risk of underdiagnosis. This may
stem from the public sector’s focus on more severe psy-
chiatric conditions, resource limitations, or insufficient
clinician training regarding ADHD. Outpatient services,
particularly private ones, are also more likely to recog-
nize ADHD as a secondary diagnosis or identify it later in
the patient’s clinical course, which implies better longi-
tudinal follow-up and greater attention to developmen-
tal or behavioral signs.

A consistent pattern emerges linking the use of
ADHD questionnaires with higher diagnosis rates. Every
service that uses questionnaires frequently reports sig-
nificantly more diagnoses. In contrast, services that do
not use them almost universally report zero or minimal
diagnosis rates. This strongly suggests that the availabil-
ity and use of standardized diagnostic tools are critical
for identifying ADHD.

Overall, the table reflects major systemic gaps in
ADHD diagnosis, with private outpatient services leading
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in recognition and state services lagging significantly.
The findings highlight the need for increased aware-
ness, professional training, and the standardized use of
diagnostic tools in all psychiatric settings, particularly
within the public sector.

CONCLUSION

The findings of our study highlight the significant
psychopathological complexities involved in the accu-
rate diagnosis of ADHD in adults. ADHD often presents
with a broad spectrum of symptoms, ranging from inat-
tention and emotional dysregulation to impulsivity and
restlessness that overlap with various psychiatric condi-
tions such as anxiety disorders, depression, bipolar dis-
order, personality disorders, autism spectrum disorders
etc. This symptom overlap, along with developmental
variability, frequently leads to diagnostic confusion. In-
ternalized symptoms, executive dysfunction, or coping
strategies that mask core ADHD features further com-
plicate the clinical picture, causing the disorder to be
misdiagnosed or entirely overlooked in many individu-
als. Additionally, comorbid conditions may overshadow
or mimic ADHD symptoms, contributing to significant
delays in recognition and appropriate intervention.

Beyond the psychopathological challenges, it is nec-
essary to mention systemic and structural factors con-
tributing to the frequent misdiagnosis or underdiagno-
sis of adult ADHD in Armenia. One of the core issues is
the low level of awareness and training among mental
health professionals, as ADHD remains largely outside
the focus of mainstream psychiatric education and pub-
lic discourse until the last few years. This lack of focus
is compounded by the absence of Armenian language

diagnostic guidelines, protocols, and standardized tools
adapted to adult populations, leaving clinicians without
reliable frameworks for assessment. Furthermore, the
type and structure of psychiatric services significantly
influence diagnostic priorities. In crisis-oriented and
medication-focused services, the diagnostic process
may be shaped by immediate treatment goals rather
than longitudinal or developmental understanding. This
often results in an overemphasis on mood or behavior-
al symptoms at the expense of identifying ADHD as the
underlying condition. Along with this, private outpatient
services with more advanced approaches and resources
usually are not available for most of population.

Another critical issue is the disconnect between
child/adolescent and adult mental health services,
which prevents smooth diagnostic continuity across
the lifespan. Many individuals lose contact with services
during adolescence and are never reassessed for ADHD
in adulthood, even when symptoms persist or evolve.
Additionally, fragmentation between general and spe-
cialized services, lack of interdisciplinary collaboration,
and limited mental health resources outside urban cen-
ters further hinder timely diagnosis.

Addressing these challenges requires a multidimen-
sional strategy: raising professional and public aware-
ness, integrating ADHD into clinical training curricula,
developing national guidelines and diagnostic tools
tailored for adult populations, and ensuring service
continuity across age groups. Moreover, incorporating
functional assessments and lived experience perspec-
tives into diagnostic procedures could lead to more
accurate identification and earlier intervention, ulti-
mately improving long-term outcomes for individuals
with ADHD.
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MPOBJIEMA IUATHOCTUKW CL1BI ¥ B3POCJ1bIX B
MCUXUATPUYECKOMN CJTYXKBE APMEHUM

Apam A. OcensH', Codu A. Tapakan"?, Mapus 3. OscensH’
' Cnyx6a ncmxmnyeckoro 300posba «MHS», EpeBaH, ApmeHus
* LleHTp ncmxmnyeckoro 300poBbaA «ABaH», EpeBaH, ApmeHus

ABCTPAKT

CuHgpom geduuMTa BHUMAHMA U TUNEPAKTUBHOCTU
(COBI) octaétca cnabo pacnosHaBaeMbIM W 4aCTO HEBEPHO
AVMarHOCTMPYEMbIM PacCTPOMCTBOM Y B3POC/bIX. B HacToALeM
MCCNefoBaHNN Hamu Bbinn ob6cnenoBaHbl 83 nauuneHTa, paHee
NMPOXOAMBLLNE NCUXMATPUYECKYHO OLEHKY Y APYrux cneuvianm-
CTOB, MO pe3ynbTaTamM KOTOPOW B 6ONbLUMHCTBE ClyvaeB Aua-
rHo3 CIBI nn6o He ycTaHasnuBanca, 60 CTaBUCA Kak BTO-
pVYHbBIA AnMarHo3. OCHOBHbIMU NPUYMHAMMW ANATHOCTUYECKNX

OWUOOK ABNAIOTCA: TETEPOrEHHOCTb CUMMTOMATUKK, Mepece-
YEHME C APYrMMU MCUXMYECKMMI PacCTPOMCTBaMU, Hanmyme
KOMOPOUAHbIX COCTOAHMIA. [TOMUMO MCUXONATONOTUHECKUX
TPyAHOCTEl, 6biNN BbIABAEHbI CUCTEMHbIE MPOGAEMbI: HU3KUIA
YPOBEHb OCBEAOMNEHHOCTU MCUXMATPOB, OTCYTCTBME adanTu-
POBaHHbIX AMArHOCTUYECKNX MHCTPYMEHTOB U PYKOBOACTB 1A
B3POCNbIX, BAMAHUE CTPYKTYPbl 1 33afa4 KOHKPETHOW CNyObl
Ha MpOLECC AMArHOCTUKM, a TaKKe pa3pbiB MEKAY NETCKUMU
1 B3POCMbIMU MCUXMATPUYECKUMU CAYKOaMU. PelueHne 3Tux
npobnem TpebyeT KOMMAEKCHOrO MOAXOAa: MOBbILEHWA KBa-
nuduKaLumMm CneumannucTos, pa3paboTku AOCTYMHbIX AMarHO-
CTUYECKMX MPOTOKONOB U YKPEMNEHUA MEMCUCTEMHON NpeeM-
CTBEHHOCTW.

Kntouegble cnoga: cuHOpom dedpuyuma 8HUMAHUA U 2U-
nepakmugHocmu, CABI, duazHocmuka
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ABSTRACT

Timely detection of seizure occurrence in epileptic
patients and alerting caregivers for prompt intervention
would drastically improve the quality of life of epileptic
patients and reduce mortality. Despite remarkable de-
velopments in this field, there are no, to our knowl-
edge, algorithms that could reliably and promptly detect
the seizure occurrences by real-time electroencephalo-
graphic (EEG) analysis.

We propose a novel method for real-time electro-
graphic seizure detection. The key part of the method
is decomposition of the EEG signal into elementary
components (fragmentary decomposition, FD), using
original technique of short-term Fourier transform. FD
creates accurate explicit model of the signal and pro-
vides opportunity for computer reconstructions of dif-
ferent sets of defined signal components. This approach
provides a more elaborate way for waveform analysis
which identifies specific shape of each peak in the time
course of non-stationary signal. The components of the

model signal are then processed by an original temporal
pattern recognition algorithm, which may be tuned for
recognition of any specific combination of model com-
ponents.

The method was successfully tested on human intra-
cranial and scalp EEG. In most cases the seizures were
detected well before they gain the full strength — mostly
before the spike phase initiates, and always before the
spikes” amplitudes reach large values. In some patients
unique precursor events preceded seizure onset for sev-
eral seconds. In these cases, the detection of the precur-
sor events in fact turns into accurate seizure prediction.

The proposed method may be used for real-time fast
and reliable detection of electrographic seizures in the
EEG. Its ability to detect short epileptiform events and
other specific patterns (which may be small in amplitude)
makes the method useful in research directed to seizure
prediction and in seizure detection device applications.

Keywords: seizure detection, real-time EEG analysis,
epilepsy, fragmentary decomposition

INTRODUCTION

Timely detection of occurrence of seizures in epilep-
tic patients and alarming caregivers for prompt inter-
vention is extremely important in epilepsy care. It would
drastically improve the quality of life of epileptic patients
and reduce mortality.

Attempts to design methods for reliable seizure de-
tection based on analysis of electroencephalogram (EEG)
have started several decades ago. One of the earliest sei-
zure event detectors (SED) was developed by Jean Got-
man in 1982 [1]. Since then various methods have been
developed in order to increase the power of SED in rec-
ognition of complex forms of epileptic EEGs [2-6]. The
major difficulty all these methods are facing is the in-
herent high non-stationarity of the EEG signal: the anal-

ysis of such signals is not supported by general theo-
retical and computational frameworks. Accordingly, the
non-stationary character of EEG data is usually ignored.

This kind of oversimplification naturally necessitates
the averaging: the higher the irreqularities of the EEG
signal, the longer the EEG segment required for obtain-
ing consistent spectral and statistical estimates. Existing
methods in general require quite long EEG fragments,
or epochs, to be processed — sometimes tens of seconds.
This makes these methods hardly acceptable when the
detection of seizure must be as quick as possible, like in
seizure alarm systems.

We designed a digital signal processing method,
Fragmentary decomposition (FD), supported by a novel
chaos-based modelling (CBM) approach [7], which is ca-
pable to construct a precise model of EEG and perform
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modelbased analysis in order to find and classify epilep-
togenic elements of the EEG.

The methodology of CBM regards the EEG as a glob-
al scale non-stationary process which originates from
multiple cellular sources acting at the microscopic scale.
Due to the interference of deterministic and random
factors the source activity from the microscopic scale
is converted at the global scale to statistical measures
which reflect probabilistic regularities rather than a
physical nature of the elementary sources. Thus, a glob-
al scale physiological component develops as a cumula-
tive statistical aggregate of multiple elementary sources.
The interplay of deterministic and stochastic factors ex-
hibits characteristic features of deterministic chaos.

A crucial aspect of the CBM is the introduction of
original time-dependent distribution termed a qua-
si-Gaussian kernel (QGK). The QGK has a characteristic
form of a causal transient produced by non-stationary
physically realizable system. Numerous tests with EEGs
recorded from different subjects under various condi-
tions indicate remarkable accuracy of QGK as a universal
model of a monolithic waveform.

FD creates remarkably accurate explicit model of
EEG, which is at the same time very economical since
QGK is defined by just three parameters. This opens a
possibility for designing effective tools for real-time rec-
ognition of specific activity patterns in the time course
of ongoing EEG, including epileptogenic activity.

There is a considerable diversity of shapes and pat-
terns of electrographic seizures not only between differ-
ent types of epilepsy, but also between different patients
with similar types of epilepsy, and also between the
same patient’s different EEG channels (locations where
the EEG signal is recorded from).

We have developed a universal pattern recognition
technique that may work with various template patterns.
The particular pattern to be searched in the EEG for par-
ticular patient/channel and its limits of variability must
be either provided by user, or determined automatically
or interactively with the user from the sample EEG re-
cordings of that patient/channel.

METHODS

The proposed seizure detection methodology con-
sists of two major parts: 1) creating a model of the input
EEG by applying the real-time fragmentary decomposi-
tion algorithm; 2) model-based real-time detection of
specific epileptogenic activity patterns (Fig. 1).

Real-time fragmentary decomposition

Digital processing of input EEG uses adaptive seg-
mentation with a window the length of which is tuned
up to the characteristic points of the signal. Typical win-
dow contains just one segment, or half-wave.

C il D

Short-length processing
windhow

Real-Time Fragmentary Decomposition

Sequence of maodel companents, each
represented by a sat of 3 paramaters:
amplitude, shape and onset time

C D

Adding a new compoanent
triggers Event recognition
procedurs

Event Recognition

Seizure De-
tected

Seizure Not
Detected

Fig. 1. The main steps and modules of the algorithm.

As soon as the window containing at least one EEG
half-wave is acquired, the FD algorithm [7] starts its pro-
cessing (Fig. 2). First, the signal is de-trended by sub-
tracting the baseline trend (which is calculated using
moving average). Then the segmentation points (ze-
ro-crossings and local minima [for positive half-waves]
or maxima [for negative half-waves]) of the smoothed
de-trended signal (the guide function) are found that
define the boundaries of EEG segments. Each segment
then is transformed into frequency domain using orig-
inal technique of time-frequency analysis — the Similar
basis functions algorithm [8]. Identification of the cor-
responding QGK’s parameters is performed by the fre-
quency domain template matching procedure.

The output of the FD is a sequence of QGKs fitted to
the segments of the de-trended EEG - the components
of the model EEG. The sum of these components is the
model EEG.

Each time a new model component is added to the
output sequence, the Event recognition algorithm is
launched to check whether a seizure pattern may be
recognized in the output component sequence or not.
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Fig. 2. The Fragmentary decomposition.

Real-time Event recognition

The Event detector utilizes an original temporal pat-
tern recognition algorithm that checks the EEG model
for presence of specific epileptogenic activity patterns.
These patterns are also defined by means of QGK.

The temporal pattern recognition algorithm works
like an artificial neural network with short-term memory
that has been already trained for recognition of specific
temporal sequence. The short-term memory is realized
by introducing specific delays in the connections between
the network elements, or the elements of the recognizer.

The Event detector works in ‘real time’, in the course
of model signal arrival to the input of the detector. As
the model signal consists of discrete units — the qua-
si-Gaussian components — each step of detection pro-
cess is triggered by the arrival of a new model signal’s
component. When the new model component arrives,
the Event Detector checks whether it is a part of the
pattern we are looking for, and if so, whether the pat-
tern is complete (i.e., detected). As soon as the pattern
recognition is complete, a flag (‘Event Detected’ flag) is
set to ‘true’ to notify the system that the event has been
detected. If for certain amount of time (‘cessation time’)
after the last detected pattern there are no patterns de-
tected, the ‘Event Detected’ flag is set to ‘false’ to notify
the system that the event has been ceased.

Preparatory phase: Defining the template

pattern for seizure detection for particular

patient (or animal)

The preparation of template pattern for particular
subject/channel may be done in several ways.
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Manual definition of the template pattern

Having in front the fragmentary decomposition of
patient’s ictal EEG, the user may manually select those
components that must form the template pattern, and
provide parameter ranges or weights to each template
component.

Automated definition of the template pattern

using similarity analysis

Automatic determination of seizure pattern for par-
ticular patient/channel is a very complicated task. Sig-
nificant variability in the seizures that exists even with-
in particular patient/channel requires large amounts of
EEG records containing seizures from the patient. Such
opportunity is rarely available. Thus, we have developed
a method that automatically estimates significant param-
eters of repetitive patterns from just one or two recorded
seizures. Based on experience and knowledge, the user
(possibly, a doctor) will adjust those estimates so that the
resulting template pattern (the parameter limits) will take
into account possible variability in patient’s seizures.

We developed an algorithm that finds periodically re-
peating components in the fragmentary decomposition
of an ictal EEG, estimates their parameters and builds a
template pattern from these components. The algorithm
constructs a similarity matrix for all model EEG compo-
nents, then selects and groups those components that
consistently reappear with frequency close to the main
frequency of the ictal EEG. The automatically defined
template pattern can then be edited manually: some
components may be removed, the parameter mean val-
ues and ranges may be modified, and different weights
may be assigned to components.
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RESULTS

The verification of the algorithm was performed on
EEG dataset consisting of scalp and intracranial EEG re-
cordings from patients with epilepsy. These recordings
were downloaded from two free databases available on
the Internet: the IEEG database for intracranial record-
ings (15 patients, records duration from 11 h to 5 days)
and CHB-MIT (Children’s Hospital Boston) database for
scalp recordings (16 patients, records duration from 20
h to 3 days). Unfortunately, the epilepsy type diagnosed
was not specified in these databases.

The template patterns for each patient were con-
structed using automated definition of the template pat-
tern based on similarity analysis, using only first few (3
or more, but less than one third of the total number of
seizures) electrographic seizure episodes of that patient.
Then this template was used in the Event Recognition
algorithm during the real-time operation (Fig. 3).

The EEG recordings were ‘fed’ to the detection algo-
rithm with the same sampling rate as that used during
acquisition to simulate the real-time processing.

The seizure detection time — the time between the on-
set of the seizure and the moment when the algorithm
recognizes the occurrence of the event — basically depend-
ed on the length of the template event, ceteris paribus.

One case from scalp dataset was identified by us as
generalized absence epilepsy; in this case the algorithm
showed excellent performance, detecting all seizures in
less than 1 s after their onset (average detection time
0.46 s) without any false positive (Fig. 3).

In most of the other cases, both scalp and intracra-
nial, the seizures manifest complicated dynamics, with
large amplitude spikes arising tens of seconds after the
seizure onset. However, it was possible to reveal very
specific patterns just following the seizure onset that
unequivocally characterized the seizures. These patterns
significantly varied across patients and channels, both
for scalp and intracranial recordings (Fig. 4). Mean-
while, the seizures of the same patient are pretty much
alike, and, particularly, the initial parts of the seizures
have distinctive common features (Fig. 5).

This fact allowed us to define for each patient a tem-
plate characteristic pattern that was used by the “Event
recognizer” module of the algorithm to detect the sei-
zure onsets in that patient.

Fig. 6 shows the same seizure examples as in Fig.
4, with the detection results. It may be noticed that the
detection times vary significantly for different patients
- from fractions of a second to several seconds. But it
is clear also that this time is mostly stipulated by the
specific duration of the unique seizure onset pattern in
a given patient.

Moreover, there were cases where it was possible to
reveal unique precursor events that preceded the sei-
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Fig. 3. Example of seizure detection. Upper (black) trace is a
fragment of human EEG containing initial part of an electro-
graphic seizure (spike-wave discharge, SWD). Middle (blue)
trace is the same EEG fragment with baseline trend removed.
Bottom (red) trace is the reconstructed model EEG. The
particular template event pattern constructed for this case

at Preparatory phase is shown at bottom left (orange). The
rectangular window at bottom trace shows the fragment of
the model EEG that was recognized as the first event in the
seizure. Vertical dashed lines indicate the visually estimated
start time of the electrographic seizure and the time when the
first event is detected by the algorithm.

zure onset for several seconds. We were able to detect
these events and thus detect the seizure before it actu-
ally starts (Fig. 7).

An important factor is, in our opinion, that in the
majority of processed cases the detection occurred a few
seconds before the significant increase of spike ampli-
tudes, as may be seen in the examples shown in Fig. 6.
This might mean, that at the moment of detection and,
correspondingly, producing an alarm signal, the patient
may still be able, for few seconds, to properly react and
perform necessary action to avoid potential danger (e.g.,
sit or lay down, stop the car, etc.).

In one intracranial case the seizures were becoming
apparent in one particular channel much earlier (about
50s) than in other channels (focal epilepsy with second-
ary generalization, Fig. 8A). This particular channel was
used for the detection. The detection time from the sei-
zure onset in that channel was approximately 2 — 2.5 s,
which is about 48 s prior to seizure generalization.

Another important feature of our algorithm is that it
may pick up events that are small in amplitude and/or




AJHMS | 1/V/2025

www.ahms.am

Scalp
Patient “08”, seizure #2

| e .'::.}ﬂ#"w Vit 5
f Hl ....... 10s. .
s fqu,»:ﬁﬁl'MJ\ﬂﬁﬁv@w; E

Patient “07", seizure #1

Intracranial

Patient ~P002", seizure #1 |
MMWWMMM

3 min

J

y L LR it LA TP
”.\*rlll ot st |t Y Mty oy I’.-i.;',ﬁ'f:i'rn“w"' X

Patient “P001”, seizure #1

wmw WAL A

1 mln

n————
T

—

Fig. 4. Examples of seizure onset patterns in different
patients. Note different time scales..

Scalp
Patient 09

Seizure #1

v L . 1.5 min
’.". L i
:"M'I"ll. AN _,.Ir'g‘}‘l | |I / v -.l".l 8 "Ilu"'n'. i ""JHI I:\";_Fr",l Jd
. II.-J | 1] Y L) .\\I
5s
Seizure #2 o
Mhvfoa®y, I"rl'I r' \/ *1 """ " *‘ 'I!ﬁ "
Seizure #3 .
et oy ,',1' ||I I ) l “I'\ILJ 1-' ”l' hll“|¢\'~h At
5s
Seizure#4 | | .l,"fm o
M J_,_.»'-’-._L A'_'ﬁ"':f",‘ |F q-_. ,ri \" "l * njlf“] ¥y w.
J 5s
Intracranial

Patient P014
Seizure #1

L L

v

B = ,ﬂ\ (TRt T PR A W A )
- \f-\\ﬁl ’I Ll | h"..“'.'| Aol "l"""r:""""'L'IIIF'I'J'll1 lh'
I L}
\ 1s
Seizure #2 R
e P P e T PR I i
- ,-ﬁxl al P M '-M'"‘"-"-‘“"JP"’""ll""w‘l""f-"'n‘-""*-"_-'”
(¥} | I
uf If
¢ 1 S
Seizure #3 - i
BN x Ay Tl Miaie g P VY, .r"r-t "
o | |I
I,' 1s
|
Seizure #5 ,_ |
i {‘_’,\' e I""'"'F'.,_‘Ifﬂl' AR W .1r|| yl -'II. 1|II h ‘f 1 |'|'|l|I ‘.u fi
AN

\/ 1 s

Fig. 5. The initial parts of different seizures from one scalp
patient and one intracranial patient. It may be seen that the
initial parts of seizures from the same patient have distinctive
common features.
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Fig. 6. The same seizures as in Fig. 4 are shown, together with the model-based template patterns that were used for sei-
zure detection in each case. The orange vertical lines indicate the time when the algorithm detected the seizure. The times
between the seizure onset and the detection, as well as between the detection and occurrence of large amplitude spikes, are

also indicated.

short in duration, even if they are smaller in amplitude
than the background (interictal) EEG. In one patient
(9 years old female) the interictal EEG exhibited prac-
tically permanent spike-waves, with some brief inter-
ruptions, while the seizures were very short (~ 5.5-14 s)
and smaller in amplitude than the interictal activity (Fig.
8B). However, they had a distinctive feature — a relatively
high frequency oscillation. The detector tuned for such
brief oscillation effectively detected all the seizures (8)
without false positives.

DISCUSSION

We present a novel method and algorithm for early
seizure detection. The method is based on transforming
the original EEG into a sequence of model components
using fragmentary decomposition algorithm, with subse-
quent pattern matching performed on the model com-
ponents. All the processing is done in near real-time, in
parallel with ongoing EEG recording. To our knowledge,
no similar method has been described in the literature.
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from 2.5 s to 26.3 s in different seizures. A. A 120 s long fragment of EEG containing one of the seizures. The red vertical line
indicates the seizure onset. The orange vertical line indicates the detection following the precursor event shown in more detail
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events. This particular seizure was extremely long — about 12.5 min. The preceding events occur at approximately similar inter-
vals (~4.5 s).
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Despite significant diversity of seizure morphology
between different epilepsy types and between patients,
the seizures of the same patient often are quite similar
and contain distinctive common features, particularly
and importantly at the early stages of the seizure onset.
This allowed us to create a specific template pattern for
recognition of the seizure onset for each patient and de-
tect the seizures at the earliest stage. Since the template
patterns are determined individually for each patient,
the method can be attributed to precision, or person-
alized, medicine. The proposed usage of the method
implies recording several seizures from a patient (or us-
ing previously recorded seizures) which will be used for
template pattern definition. This template pattern will
then be provided to the detection algorithm, making it
personalized for the patient. If the algorithm misses a
seizure during the performance, this missed seizure may
be used to redefine the template pattern and improve
further seizure detections.

Our preliminary verification results presented
here show that this methodology may indeed provide
an effective means for very early and reliable seizure
detection.

The detection time is short (to our knowledge, the
shortest among seizure detection methods), so the
method is very appropriate for using both in seizure
alarm systems and systems designed for counter-stimu-
lation experiments.

In the majority of processed cases, the detection oc-
curred a few seconds (5-50) before the significant in-
crease of spike amplitudes or before the seizure general-
ization. This means that at the moment of detection the
patient may still be able to properly react and perform
necessary actions to avoid potential danger (e.g., sit or
lie down, stop the car, etc.).

The method is based on the EEG, which is the pre-
ferred source for seizure detection because EEG always,
in all types of epilepsy, exhibits the seizures and does so
the earliest compared to other measures.

Our method needs only a single channel EEG signal,
thus it may be used with a miniature, easily wearable
wireless single-channel EEG recording device. It should
be noted however that a single-channel EEG recorder
may miss focal abnormal activity coming from a site dis-
tant to it. Thus, such approach would require an initial
multi-channel EEG recording from a subject to deter-
mine the best placement of the single-channel recorder.

The flexibility of the algorithm allows effectively ad-
justing it for each individual patient to reach the optimal
and fastest performance for that patient.

The method is actually a universal tool for EEG anal-
ysis. It may be used not only for seizure detection, but
for recognition of any pattern in the EEG, including ep-
ileptiform events, event-related potentials, oscillations,
K-complexes, eyeblinks, etc.

Chan, RMG_02
- 48
-+ 50 *
Chan. RAT_S
| [ i)
: _ 130 5 (2 min 10s)
FPaent “14” (scalp), Chan. Fp2-F4 Seizure

Detection

Fig.8. A. An example of secondarily generalized seizure. The
same seizure in two different channels of the EEG is shown in
the same time scale. It may be seen that the seizure becomes
apparent in channel RMG_02 (upper trace) much earlier
(about 50 s) than in channel RAT 5 (lower trace) (and in
other channels as well, not shown). The detection was per-
formed in channel RMG_02. The detection time (thick orange
vertical line) from the conjectural seizure onset (thin red
vertical line) in channel RMG_02 is approximately 2.25 s. This
is about 48 s prior to seizure generalization (when it becomes
apparent in other channels).

B. An illustration that the algorithm may pick up events that
are smaller in amplitude than the background (interictal)
EEG. In this patient (9 years old female) the interictal EEG
exhibits practically permanent spike-waves, with some brief
interruptions. The seizures are short (~ 5.5 - 14 s) and are
smaller in amplitude than the interictal activity. Their main
distinctive feature is relatively high frequency oscillation. The
detector tuned for such brief but strong oscillation effectively
detected all the seizures (8) without false positives.

The ability to detect short epileptogenic events and
other specific patterns (which may be small in ampli-
tude) makes the method worthwhile for research direct-
ed to seizure prediction.

Fragmentary decomposition significantly reduces the
volume of numbers needed to accurately reproduce the
EEG signal: the signal is decomposed into separate com-
ponents, each of which is fully described by just three
parameters. Such data compression provides possibility
for much faster transmission of the EEG over the Inter-




AJHMS | 1/V/2025

www.ahms.am

net when required, allowing watching and processing
the signal at the receiver’s end practically in real time.
Accordingly, the proposed methodology may be effec-
tively utilized in the systems of tele-monitoring.

The main limitation of the presented method in its
current form is its sensitiveness to the signal amplitude.
Even though the template pattern can be defined with a
wide amplitude range for each component, such widen-
ing may lead to false detections as some non-epileptic EEG
fragments may occasionally fit the template pattern. Thus,
care should be taken for providing stable recording and
avoiding signal amplitude changes due to non-physiolog-
ical causes, such as, e.g., electrode impedance changes.

CONCLUSION

The proposed method may be used for real-time
fast and reliable detection of electrographic seizures in
the EEG. Its ability to detect short epileptogenic events
and other specific patterns (which may be small in am-
plitude) makes the method useful in research directed
to seizure prediction and in seizure detection device
applications.
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pwu npwup [hwwwnwp nidqunipginiu dbnp Ypbiptu, hhd-
Uwywund dhusk uywyytph thnh deluwpyp, W dhown
dhusle uwwyytiph jwjunypubipp dbaé wpdtipubiph hwuubu:
Npn2 hhywunubiph dnwnn Unwwubiph wnwowgdwup Uw-
funpnb| Gu dh pwuh Jujpuwu inbnn Gquyh bwfuwbwu-
utin: Uyu nbiwypbpnud bwjuwupwuubiph hwjnuwptbpndu
hpwlwund ybpwsynud  unwwubph t2gphin Ywufuw-
wbudwu:

Unwowpyynn dbpnnp Yupnn L ogqunwgnpoybip ENLG-
nwd hpwywu dwdwuwynd unwwubiph wpwg W hnwwih
ElEyunpwapwlywu hwjnuwpbpdwu hwdwn: bwpt bwh-
(Gywnwdle hpwnwnpéntentuubpp W wj hwwnty ophuw-
swihnigniuubn (npnup Ywnpnn Bu [hubp thnpp (wjuny-
renY) hwjinuwptiptint upnnniginiup dbennu ogunwlwn
E nwpdunwd Unwwubiph Ywufuwwnbudwuu ninnywé hb-
wnuwgnuntpjwu b unwwubph hwjnuwpGpdwu uwpptph
Yhpwndwu dbe:

Lhduwpwnbn.  unwwubph  hwywnuwpbnnd,  EN9-h
ybnnionipyni hpwlwu  dwdwuwyned,  bwypibuupuw,
hwwnywdéuwghu tnwppwnionid

HOBbIN METO/[], PAHHEIO OBHAPYXKEHUSA
SMUNENTUYECKUX NMPUMAKOB B 33I HA OCHOBE

SPATMEHTAPHOT O PA3J/TOKEHUA
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CBOEBPEMEHHOE  OOHapy»KeHMe BO3HWMKHOBEHMA  3Mu-
NENTUYECKMX MPUCTYMOB Y MALMEHTOB C SMUAENCUEN U OMO-
BELLEHME UL, OCYLLECTBAAIOLLMX YXO/, ANA CBOEBPEMEHHOIO

BMELLIATENbCTBA MOFNO 6bl 3HAYUTENBHO YNYHLWIUTL KAa4ECTBO
MU3HW 3TUX NALMEHTOB U CHU3UTb CMEPTHOCTb. HecmoTpAa Ha
3HaunTENbHbIE JOCTVPKEHUA B 3TOV 0OMACTW, Ha AAHHbIA MO-
MEHT, HAaCKOMIbKO HaM M3BECTHO, HE CYLLECTBYET anrOpUTMOB,
KOTOpble MOTAN 6bl HAAEKHO M 6bICTPO OOHApPYMMBaTb BO3-
HWKHOBEHME MPUCTYNOB C MOMOLLbIO aHanW3a 3NEKTPO3HLE-
danorpamm (33r) B peanbHOM BpEMEHH.

Mbl MpeanaraeM HoBbld MeTon A I3 obHapy»KeHus
MPUCTYNOB B peanbHOM BpemeHu. Knrouesasa 4acTb MeTofa
3aKIOYAETCA B Pa3NoeHnn curHana 33 Ha 31EMEHTapHbIE
KOMMOHEHTBI (pparmMeHTapHoe pasnoxerue, $P) c ncnonbso-
BaHWEM OPUTrMHANBHOM TEXHUKM KPaTKOCPOUHOrO Npeobpaso-
BaHVA Pypbe. PP co30a€T TOUYHYHO ABHYHO MOJENL CUIHana v
NpeaoCTaBAAET BO3MOMHOCTb KOMMbIOTEPHOR PEKOHCTPYKLIMM
pa3fAnyHbIX HabopOB OMPEAENeHHbIX KOMMOHEHTOB CWUrHana.



A. Sargsyan, D. Melkonian

EEG Fragmentary Decomposition for Seizure Detection

Takoit noaxod no3sonAeT 6onee AeTanbHO aHanu3KMpoBaTh
bopMy curHanos, uaeHTUGUUMPYA creumduyeckyto dbopmy
KaX4oro nuKa B BPEMEHHOM PAfly HECTALMOHAPHOIO CUMHa-
na. 3aTeM KOMMOHEHTbI MOAENM CWrHana obpabaTbiBatoTcA
OPUTNHANBHbBIM aNTOPUTMOM PACMO3HABAHUA BPEMEHHbIX NaT-
TEPHOB, KOTOPbIA MOMET 6bITb HACTPOEH AA pacrno3HaBaHMA
ntobolt cneunprnyeckon KOMOMHALUN KOMMOHEHTOB MOAENN.

MeToz 6bin YCNEWHO NPOTECTUPOBAH Ha BHYTPUYEPENHOW
1 ckanbnosoit O3l yenoseka. B 6ONbLIMHCTBE ClyyaeB npwi-
CTynbl BbIABIANINCD 3a40JITO A0 TOrO, KaK OHW AOCTUranu nos-
HOWM Cunbl — yalle Bcero fo Hayana ¢asbl Cnaiikos, v Bceraa
[0 TOrO, KaKk amMnanTyAbl CNaNKoB AOCTUTaNN 3HaYUTENbHbIX
3HAYEHWUIA. Y HEKOTOPbIX MAaLMEHTOB YHUKA/bHbIE MPELBECT-
HWKW NPUCTYNOB HabAtOAANUCh 32 HECKONBKO CEKYH/A [0 €ro

Havana. B Takmx cnydasx o6HapyeHWe NpeaBecTHNKOB dak-
TUYECKW NPEBPALLAETCA B TOYHOE MPEACKAa3aHNE MPUCTYMOB.

MpeanoMeHHbIA METOA MOMET WUCMOAb30BaTbCcA ANA Obi-
CTPOro n Haa&kHoro 33 obHapy»KeHWA NPUCTYMNOB B peanb-
HOM BpeMeHW. Ero cnocobHOCTb O6Hapy*KuBaTb KOPOTKME
SMNUNENTOTEHHbIE COBLITUA W Apyrue cneunduyeckne nat-
TEPHbI (KOTOPbIE MOTYT ObITb CAAOLIMK MO aMNAWNTYAE) AENaeT
METO/, MOJE3HbIM Kak ANA UCCNEAOBAHWI, HanpaBNEHHbIX Ha
NpeACKa3aHWE MPUCTYNOB, Tak U ANA NPUMEHEHWA B YCTPOVi-
CTBax OOHAPYEHUA NPUCTYMNOB.

Kntouesble cnosa: 06Hapyx<eHue npunadkos, aHanu3z 391 e
peanbHOM 8peMeHU, ANUNencus, ppaemeHmapHoe pasnoxeHue
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ABCTPAKT

Llenbro paboTbl ABMAOCH UCCNEN0BaHUE MOKa3aTenel
LIMTOKMHOBOIO MpoduiA y 60MbHbIX C OMYyXONAMU MO3-
ra, Mo CPaBHEHWIO C Pa3fM4HbIMU TPaBMATUHECKMMU
NOBPEKAEHNAMN MO3ra. V3y4eHbl CbIBOPOTOYHbIE YPOB-
HW OCHOBHbIX MeauaTopos | u Il Tuna, obecneynBaroLLmx
Pa3BUTUE UMMYHHOTO OTBETA MO KNETOYHOMY MW TyMO-
panbHOMY NMyTH y 26 6OMbHbBIX C OMyXONAMU FONOBHOMO
mo3ra (OI'M), ny 39 601bHbIX C YEPEMHO-MO3rOBOW TpaB-
Mol (4YMT). VcxofnHble YpOBHM M3yYaembIx LIMTOKUHOB
npeBbILLan HOpMY Y 60bLLIMHCTBA NauneHToB (76%), 3a
HEMHOIUM UCKAtOYEHUEM. Y 60bHbIX 0BenX rpynn nocne
NEYEHUA YPOBHMW CbIBOPOTOUHBIX LIUTOKMHOB OCTaBanunCh
MPaKTUYECKN Ha NPEXXHEM YPOBHE, 33 UCKTFOUEHVEM [0-
CTOBEPHOIO CHVKEHWA MOKasaTene UHTEpnenKknHa-6
(UN-6) n aHTaroHucra peuenTopa UHTEPNenKnHa-1
(palf1-1), a Tawke TEHAEHLUMWN K CHUMEHWIO YPOBHEM
NN-8 B rpynne YMT. B rpynne OTM Hawnbonee 3Hauu-
MbIM MoKa3aTenem Aenanca nHteppepor-ramma (MeH-y):
YPOBEHb €0 CHVKaNCA Mocie fledeHna noyty B 2 pasa
(p<0.05), He pocTturas, ofHaKo, HOpMbIL Y 3Tux 60Nb-
HbIX MOCNE fIeYEHNA OTMEeYaNnach TaKKe HELOCTOBEpHas

TEHAEHUMA K CHUMKEHMIO CbIBOPOTOYHOM KOHLIEHTpaLMK
palJ1-1. iTaK, HapyLLieHusa nokasaTenein OCHOBHbIX MEAN-
atopos | n Il Tuna — ¢axTopa Hekpo3a onyxonu-anbda
(PHO-a), NPH-a, NPH-y, UN-4, NN-6, NN-8 n palAfl-
1 — NpoABnAOTCA Kak B 3HAYNTENbHOM MOJABAEHUN, TaK
M B TUMNEPMNPOLYKLIMN HEKOTOPbIX M3 HUX. [TOBbILLEHHbIN
NCXOAHbIA YPOBEHb MPOBOCMANMTENBHbBIX LIMTOKMHOB U
BbIPAaXKEHHOE UX CHUMKEHWNE K KOHLY JIEYEHUA B CbIBOPOT-
Kax 601bHbIX C YMT, CBMAETENLCTBYHOT O MEPEKNFOHEHNM
HanpaBneHHOCTU MUMMYHHOTO OTBETa C LOMUHUPYOLLIE-
ro U3HavanbHO KneTo4Horo Th-1-Tuna Ha rymopanbHbIi,
4TO, YYMTbIBaA HE MEHbLUYIO BAaXHOCTb TYMOPASbHOMO
3BEHA MMMyHUTETA Ha QOHE PasBMBAIOLLENCA Y HUX CU-
CTEMHOW BOCMANUTENBHON PEAKLIMMN, BO3MOXKHO, Cleayet
pacLieHNBaTb Kak 61aronpuATHbIA NPOrHOCTUYECKWI Mo-
Kazatenb. OTCYTCTBUE 3HAYMMbIX M3MEHEHN KOHLIEHTPa-
LM BONBLUMHCTBA M3YYEHHbIX LIUTOKUHOB Y 60MbHbBIX C
OI'M BO3MOMHO, ABNAETCA NMPU3HAKOM Pa3BMBAOLLETOCA
NCTOLLEHWA PECYPCOB NMPOTUBOOMYXONEBOrO UMMYHUTETA,
W, KaK CNEACTBUE, aPEAKTVBHOCTU UMMYHHOW CUCTEMBI.

Knrouesble cnoea: yUmMOKUH®GI, UMMyHHbla om-
gem, onyxosu, mpasma, 20/108HOU MO3e.




3. Tep-Tlorocan n ap.

LInTOKMHOBBIN NpOGUAb NpY NaTONOTUK FONOBHOIO MO3ra

BBE[1JEHUE

B perynauvmn MexaHM3mMoB NpOTHBOOMYXONEBOTO UM-
MYHHOFO OTBETa HEMaNOBaXKHbIM ABMAETCA AUHAMMUYE-
cKoe paBHosecue Meamatopos | u Il Tna, npu 3Tom, oa-
HOBPEMEHHOE BKItoYeHNE UX QYHKUMIA UK aHOManbHan
BbIPAabOTKa MOMKET TOPMO3UTb Pa3BUTHE NH060R GOpMbI
MMMYHHOFO OTBETa, MPWBOAA K Pa3BUTUIO UMMYHHOIO
napanuya [1-4].

LInToKMHbI, Kak perynatopbl U 3GdeKkTopbl UMMYH-
HOM cucTembl, obnafas NArOPUNOTEHTHbIM AENCTBUEM,
MrparoT ONpeAenatoLLYO pofib B Mponudepaumnn u and-
bepeHLMpPOBKE KNETOK UMMYHHOR CUCTEMBI, B CBA3UN C
Y4EM HELOCTaTOYHOCTb €€ PasfINYHbIX 3BEHHEB MOMET
ObITb  06ycnoBAeHa, HapAaLy C ApyruMu  dpakTopamu,
HapyleHvem 6anaHca MpoayKLMU U CbIBOPOTOYHOTO
YPOBHA AENCTBYHOLLMX NUMQOKMHOB, B TOM 4uUCie WX
KOHLIEHTpaLmii 1 kombuHauwmia [2,5-7].

Kneto4yHoe 3BEHO MMMYHHOI CUCTEMbl KOHTPONMPY-
€TcA, B OCHOBHOM, Thl-cybnonynaumei, n3bnpatensHo
npoayumupytolen  nHtepneikun-2 (U1-2), nHtepde-
poH-ramma (M$H-y), UJT-6 n numdoToKCuH, Toraa Kak
anA Th2 Tuna KNeToK, OTBETCTBEHHbLIX 33 NyMOpanbHOE
3BEHO UMMYHUTETA, NpeBanupyeT cekpeumna U1-4, U1-
5, WN-10 [7,8]. HekoTopble 13 LMTOKUHOB, Takue, Kak
N1 nnn UIN-12, BoBnedeHbl B KOMMNEKCHyto andde-
peHunaumto u perynaumto Th1/Th2 [7,9,10]. daktop
Hekposa onyxonu-anbda (PHO-a) u NPH-a, AenAsack
MNEROTPOMHbIMI  LIMTOKMHAaMW, MPOJYLMPYIOTCA pa3-
AVYHBIMW TUNAMW KNETOK, MPWMHUMAA yvactue B Mpo-
BOCManuTENbHOM MMMYHHOM oTBeTe. YT0 Kacaetca WJ1-
8, €CTb [laHHbIE O €ro Ba)KHOW PONn MpU OMYyXONeBOM
POCTE, a TaKkMKe NPpU PasnnyHbIX MHOEKLMOHHBIX U TpaB-
MaTuyeckmnx npoueccax [4,11,12].

Taknm 06pa3oM, LIMTOKMHbLI ABAAFOTCA MOTEHLMANb-
HbIMW CbIBOPOTOYHBIMM MapKepamu, OCOBEHHO »ena-
TENbHLIMU A NATOAOTWIA C MNOXMM NMPOTrHO30M, TaKuX,
KaK 3M10Ka4YeCTBEHHbIE HOBOOOPa30BaHUA, KpUTUYECKNE
cocToaHuA, Taxeénble nHdekummn u 1.4. [12,13]. OaHako,
pasinymnA B LMTOKUHOBOW CEKPELMM MPU PasiNYHbIX
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NaToNoOrMAX, Kak, Hanpumep, MpW 3710KaYeCTBEHHbIX
OMyXONAX U TPaBMaTUYECKON 6ONe3HM, Noka eLlg Hego-
CTaTOYHO MCCNefoBaHbl. TpaBMaTUyeckan 60n1e3Hb Mo3-
ra B GOMbLUEA CTEMEHU aCCOLMMPYETCA C BbIpabOTKOM
MpPOBOCMANNTENbHbIX LMTOKMHOB — PHO-a, UJ1-1, UJ1-8,
N-10, naHHbIE O LMTOKMHOBOWM CEKPELMU MpW 3N0Ka-
YECTBEHHbIX OMYXONAX FONOBHOMO MO3ra ManoYMCAEHHbI
 LOCTaTOYHO Pa3HOPEYVBbI, BCNEACTBUE YErO MOHMUMa-
HWE MEXaHWU3MOB LIMTOKMHOBOIO CUHTE3a MOMET Npeao-
CTaBUTb HOBbIE BO3MOMHOCTU A U36MpaTENbHOW ero
Koppekuwuu [14,15].

YunTbIBaA BbILLEN3NOMKEHHOE, LIENbIO UCCIEA0BaHNA
ABMNOCb WCCNENOBaHWE MOKa3aTeNel LIMTOKMHOBOIO
npoduna y 60MbHbIX C OMyXOAAMM MO3ra, Mo CpaBHe-
HUIO C Pa3nMyHbIMM TPaBMAaTUYECKMMU MOBPEMAEHNA-
MW Mo3ra.

MATEPUANT U METO/1 bl

/13y4eHbl CbIBOPOTOUHbIE YPOBHWN OCHOBHbIX MEAMATO-
pos | 1 Il Tuna, obecneymsatoLLMx pa3BUTUE UMMYHHOIO
OTBETA MO KNETOYHOMY WM T'yMOpanbHOMY NyTh — VdH-y,
dHO-a, UJ1-4, NIT-6, -8, aHTaroHnCT pelenTtopa nH-
TepneriknHa 1 (palf1-1) u NdH-a, y 26 6onbHbIX € ony-
xonAMKU ronosHoro mosra (OFM) u y 39 nauueHToB C
yepenHo-mo3rosoi Tpaemoi (YMT). B wccnegosaHum
y4YacTsoBana rpynna 3aopoBbix o6posonbLes (n=13).

YpOBHMW LUMTOKMHOB B CbIBOPOTKaX KPOBU OLLEHMBANW
METOOM TBEPAODA3HOTO MMMYHOPEPMEHTHOIO aHa-
nm3a nocpeacTBoM Habopos «Diaclone» (PpaHuma) u
«BekTtop-bect» (Poccus).

PE3YJIbTATbl U OBCYK[1EHUE

CornacHoO MoNy4eHHbIM  pe3synbTaTaM, WCXOAHbIE
YPOBHU WM3YHAEMbIX LIMTOKMHOB MPEBbILANN HOPMY Y
OOMBLUMHCTBA NALMEHTOB (76%), 32 HEMHOIMM WCKO-
venuem (MbH-a n UI-4 npn YUMT, n dHO-a, WUJ1-6,
NN-8 npu OIM), nonyyeHHble AaHHbIE MpeacTasieHbl
Ha Puc. 1.

HOIM YMT
[ | [} [
DOHO-a Nnn-6 nn-8 pal1l

Puc. 1. |_|POLI,€HT 60/bHbIX 06ENX rpynn € n3Ha4dajibHO NOBbLILLEHHBIMU CbIBOPOTOYHbBIMU YPOBHAMN N3YHAEMbIX LUTOKNHOB.
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Ta6nuua 1. CbIBOPOTOYHbIE YPOBHU LIMTOKMHOB Y 60MbHbIX C OTM 11 YMT po u nocne neveHua(MEm).

OrM (n=18) YMT (n-29) 3p0poebie
LuTokuHbI (Nr/mn)
[lo neyeHus Mocne neveHuna [o neyeHus Mocne nevexmna A06poBonbubl (n=13)

NPH-y 87.2%13.6 50.9+11.2* 15.1¥4.3 19.247.2 22.816.5 <25
VdH-a 55.4+18.3 60.7£19.7 25.0+7.7 27.0£7.9 20.616.1 <10
nn-4 742214 67.6116.8 37.0:12.7 43.0+14.2 21.1£5.5 <20
V-6 6.141.2 5717 262.9t70.3 96.7+20.1* 43115 <12.4
nn-8 5.2%0.9 6.3+1.7 56.2417.6 48.5114.8 0.6%0.1 <30
PHO-a 3.910.5 21+0.4 17.55.8 19.2+6.7 0.7+0.2 <05
pal/1-1 146.8+33.7 119+28.1 22594234 15114181 96.2+30.7 <1000

*p<0.05, **p<0.01

WI: untepneikuH, VdH: nHtepdepor, OMM: onyxonn ronosHoro mosra, palAfll: aHTaroHucT peuentopa untepaeikuta 1, HO-a: paxktop
Hekpo3sa onyxonu, YMT: YepenHo-mo3rosasa TpaBMa, N: HOpMaNibHOE 3HaYeHUE.

N nHTepnelikun, VH: nHtepdepoH, OFM: ony-
X0NW ronosHoro mosra, palAfl1: aHTaroHWcT peuenTopa
nuTepneriknHa 1, PHO-a: pakTop Hekposa onyxonu,
HYMT: 4epenHo-mMo3rosas TpaBma.

CpaBHUTENbHBIN aHANN3 YPOBHEN W3YyHaEMbIX LU-
TOKVMHOB noka3an (Tabauua 1), 4TO ypoBeHb CbIBOPO-
To4YHOro HO-a 6bIN 3HAYUTENLHO BbILLE Y BOMBHbIX C
YMT No CpaBHEHMIO C OHKONOrMYECKUMU GONbHBIMU.
CbIBOPOTOYHbI ypoBeHb palfl-1 6bin noBbiweH y 72%
6onbHbIX ¢ YMT (2263+23.4nr/Mn), 1 K KOHLY NeYeHrs
Habarofanack TEHAEHLMA K CHUPKEHWIO 3TOrO MOKa3a-
Tena. Yto kacaerca nokasateneit NJ1-6 n UIT-8 y Tex »e
OOMbHbIX, KOHLIEHTpaLMA MEpPBOrO B CbIBOPOTKE KpO-
BM, M3HAYaNbHO MOBbILLEHHAA Yy 6ONEE YEM MONOBUHDI
WX, TAKKE HECKONbKO CHMMANach K KOHLY McCnefoBsa-
HuA (cooTseTcTBEHHO, 262,9%70.3, 96,7x20.1 nr/mn),
TOrfa Kak YCPeLHEHHbIR ypoBeHb WJ1-8 6bin HesHaum-
TeNbHO MosbllleH Npu | nccnegosanum B 82% cnyyaes
(56,2H17.6 nr/mn), n TakHe CHMMKANCA K KOHLY uccne-
LOBaHWA, NOYTK BOCTWras npeaenos Hopmbl (48,5414.8
nr/mn). B rpynne 6onbHbIx ¢ OFM HE OTMEYEHO MOBbl-
LUeHnA nokasatenen kak palJ1-1, Tak u U1-6 n NJ1-8, 3a
NCKNOYEHNEM 3-X Cy4vaes.

MALUEHTDbI C OI'M

a I
NdH-y (p<0.05)

— _J
a I
paln-1
— _J

MonyyeHHble AaHHble CBMAETENbCTBYIOT (CM. Ta-
6avua 1), 4to y 6oNbHbIX O6EMX FPyMMn YPOBHU CbIBO-
POTOYHbIX LIMTOKMHOB MOCAE JIEYEHUA OCTaBaNUCh
MPaKTUYECKN Ha MPEHHEM YPOBHE, 33 WCKIHOYEHMEM
AOCTOBEPHOIO CHUMEHMA B rpynne 6onbHbIX ¢ YMT no-
kazaTtenent WUJ1-6 n palfl-1, a Takke TEHAGHLUMN K CHU-
MeHWto ypoBHA UJ1-8.

Y10 KacaetcA nokasaTener B rpynne 6onbHbix ¢ ON'M,
Hanbonee 3Ha4MMbIM NoKazaTenem y Hux apnanca NdH-y
— YPOBEHb Er0O CHMMANCA MOCNE NEYEHNA NOYTH B 2 pasa
(p<0.05), He pocTturas, ogHako, HOPMbL. Y 3Tux 60Mb-
HbIX NMOCME NEYEHNA OTMEYANACh TaKMKE HEAOCTOBEPHAA
TEHAEHLMA K CHUMEHWIO CbIBOPOTOYHON KOHLIEHTPaLMY
palJ1-1 (Puc. 2).

OBCY>K[1EHME

NTaK, HapylweHWa nokasaTenen OCHOBHbIX Meana-
TopoB | n Il TNna — ®HO-a, NeH-a, NeH-y, N-4,
NN-6, NN-8 n pallJl-1 — NpoABRAOTCA Kak B 3Ha4W-
TENbHOM MOJABAEHUMN, TaK U B TMNEPNPOAYKLUNN He-
KOTOPbIX 13 HUX. [MOBbILWEHHbIA WMCXOAHbIA YPOBEHb
MNPOBOCNANUTENbHbIX LIUTOKMHOB W BbIPAXKEHHOE WX

MALUEHTDI C YMT

a I
NUN-6 (p<0.05)

= _/

a N
paln-1 (p<0.01)

= _/

Puc. 2. Hanbonee nHPOPMaTUBHbIE MOKa3aTENN LIUTOKMHOBOTO CTaTyca y 60/bHbIX C ONyXonAmMuM ronosHoro mosra (OfM ) n

4epenHo-Mo3rosbiMi Tpasmamu (UMT).




3. Tep-Tlorocan n ap.

LIMTOKMHOBBIM Npoduab NpU NaToNOrMn rofoBHOrO MO3ra

CHVXEHNE K KOHLY NIe4YEHUA B CbIBOPOTKaxX 6OMbHBbIX
¢ YMT, CBMAETENLCTBYIOT O MEPEKNIOYEHNN Harpas-
NEHHOCTU UMMYHHOTO OTBETA C AOMUHUPYIOLLETO W3-
HavanbHO kneto4Horo Th-1-Tuna Ha rymopanbHbIi,
4TO, YYUTLIBAA HE MEHbLLYIO BaXXHOCTb YMOPanbHOro
3BEHa MMMYyHWTETA Ha dOHEe pa3BMBAOLLENCA Y HUX
CUCTEMHOM BOCNaNUTENbHOW peakuun, BO3MOMHHO,
CNeAyeT pacLeHMBaTb Kak 61aronpuATHbIA MPOrHO-
CTUYecknin nokasartens [7,12].

Yto Kacaetcs 60nbHbiXx ¢ OFM, TO MOBbIWEHHbIN
CbIBOPOTOYHbIA ypoBeHb VPH-a, He cHuMKaromninea
K KOHLLY JIEYEHUA, MOMET ABNATLCA, MO aHANOTUK C
AHOMaNbHbIM CbIBOPOTOYHbIM WNPH-a, oTpuuatens-
HbIM MPOTHOCTUYECKMM MpusHakom [3,11]. Tlpn atom,
OTCYTCTBME 3HAYUMBbIX W3MEHEHUA KOHUEHTPALUN
OCTallbHbIX LLUTOKUHOB, BO3MOMHO, ABNAETCA NPU3Ha-
KOM Pa3BMBAIOLLErOCA WUCTOLLEHUA PECYPCOB MPOTU-
BOOMYXONIEBOTO MMMYHUTETA, W, KaKk CNeacTBue, ape-
AKTUBHOCTN UMMYHHOWN CUCTEMBI.

BbIBO/1bl

CbIBOPOTOYHbIE YPOBHU W3Y4AEMbIX LIMTOKUHOB A0
NEYEHMA NPEBbILLIAAY HOPMY Y 6ONBbLUMHCTBA NALMEHTOB
obeunx rpynn, 3a uckntoueHnem NeH-y npm YMT, a Tak-
e W-6 n UIT-8 npu OTM.

M3 BCEX M3YYEHHbIX LIMTOKMHOB Hambonee MHPop-
MaTMBHbIM Y OHKONOTUYECKMNX BOMbHbIX MPEACTaBAAETCA
YPOBEHb CbIBOPOTOYHOrO VdH-y, npu 3TOM, y 60MbHbIX
¢ YMT OH NpaKTUYeCcKn OCTaBanca B Npeaenax HopMbl Ha
MPOTAKEHUN BCErO UCCNEAoBaHWA.B rpynne 60nbHbIX C
YMT K KOHLY NEYEHNA OTMEYEHO LOCTOBEPHOE CHUME-
Hue nokasateneit WJ1-6 v palJl-1, 4To MOMET ABWTbCA
OAHUM 13 KpUTEPUEB ANA NabOPaTOPHOrO MOHUTOPUHTA.

Taknm 0b6pa3oMm, LIMTOKMHOBBIA GanaHC, oTpaxas Ha-
MPaBNEHHOCTb UMMYHHOrO OTBETA B MPOLECCE JIEYEHNA,
MOMET ABUTLCA [OMONHUTENBHBIM KPUTEPUEM AMHAMUNYE-
CKOrO 12bOPaTOPHOrO KOHTPONA, KaK ANA MMMYHOAMATHO-
CTUKM, TaK ¥ MOHUTOPWHIA MPOBOAMMOW MMMYHOTEPAMNUK.

CYTOKINE STATUS OF T-CELLULAR IMMUNE RESPONSE
DIRECTION IN ONCOLOGICAL AND NON-ONCOLOGICAL

PATHOLOGY OF THE BRAIN

Zarine R. Ter-Poghosyan', Mikael N. Sargsyan?, Levon R. Harutyunyan®,
Gagik A. Jilavyan®, Armen G. Charchyan?

'Nairi Medical Center, Yerevan, Armenia

2lzmirlian Medical Center, Yerevan, Armenia

3V.A. Fanarjyan National Oncology Center, Yerevan, Armenia

ABSTRACT

The aim of the study was to investigate the cytokine status
in patients with brain tumors, compared with traumatic brain
injuries. The serum levels of the main mediators of type | and
Il, providing the development of an immune response by a
cellular or humoral pathway, were studied in 26 patients with
brain tumors (BT) and in 39 patients with traumatic brain injury
(TBI). The initial levels of the studied cytokines exceeded the
norm in most patients (76%), with a few exceptions. In patients
of both groups after treatment, the levels of serum cytokines
concentrations remained almost at the same level, with the
exception of a significant decrease in interleukin-6 (IL-6) and
interleukin-1 receptor antagonist (ralL-1), as well as a tendency

to decrease in IL-8 levels in the TBI group. In the BT group,
the most significant indicator was interferon-gamma (IFN-y):
its level decreased after treatment by almost 2 times (p<0.05),
without, however, reaching the norm. In these patients, after
treatment, an insignificant tendency to a decrease in the
serum concentration of ralL-1 was also observed. Thus, the
disturbances of the parameters of the main mediators of types
I 'and Il - tumor necrosis factor-alpha (TNF-a), IFN-a, [FN-y,
IL-4, IL-6, IL-8 and ralL-1 — are manifested both in significant
suppression and in hyperproduction of some of them. The
increased initial level of proinflammatory cytokines and their
pronounced decrease by the end of treatment in TBI patients
indicate a switch in the direction of the immune response from
the initially dominant cellular Th-1 type to the humoral one,
which, given the no less importance of the humoral immunity
in the developing systemic inflammatory reaction in them,
should perhaps be regarded as a favorable prognostic indicator.
The absence of significant changes in the concentrations of
most of the studied cytokines in BT patients may be a sign
of the developing depletion of antitumor immunity resources,
and, as a consequence, the areactivity of the immune system.

Keywords: cytokines, immune response, tumors, injury,
brain.

T-~RRUBhUL hUNKL MUSUURULP
NhMALUTNRE-8UL 8hSNUPTLUSHL MPNSPLE
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uueneus-hr
LEnmwgnuinigjwu bywwwlu Ep hbnwgnunb] ghwnn-

Yhuwjhu puntpwghpp giunintinh nienigpny  hhyuwiun-

ubph dnun' hwibdwwnwsd nmwpwnbuwl quugninbinu-
Jjhu wpwydwwnhy Juwudwsdpubph hbwn: Sfunintnp
ninnigpny (3N 26 L quugnintnwihu  wnpwydwnhly
Juwuywopny (4S4) 39 hhjwunubiph dnwin nunwfuwuh-
nybip Gu hhduwywu | W I mhwh ghnnyhuubph 2htnyw-
Jhu dwwpnwyubpp, npnup wwywhnynud GBu hdnu ww-
wnwufuwuh qupgugndp poswjhu Ywd hnidnpw| ninny:
Nuncfuwuhpws  ghnnyhuubph dwywpnuwyubpp pni-
dnuthg wnwye gbpwquwugh] Gu unpdwu hhywunubiph
dadwdwuunigjwu dnun (76%), uwwdwphy pwguwnni-
pjniuutipny: Gpyne fudptiph hpywunubiph dnwn k| pnidni-
dhg htinnn 2htintyuhu ghininyhuubiph dwwpnwyp duw-
gt £ gpbet unyu dwlwpnwyh Ypw, pwgunnipjudp
huwntipiyhu-6-h (PL-6) L h|-1-h pulush Ubiphwlnpnh
(pubL-1) gnigwuhpubiph qqwih ujwqdwu, huswbu bwl
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hL-8-h dwlwpnwlutiph ujwqdwu dhnnwh &Sy-ny
hhwunutiph dnwin: &Nt fudpnud wdbuwupwuwlwih gni-
gwuhzp hunti$bipnu-quiddwu bp (h$U-y), nph dwlwpnw-
Up pnidnudhg htinn uwqb) b gpbipt 2 wuqwd (p<0.05),
uwlwju, wnwug unpdwjh hwuubne: Uu hhjwunutph
dnin pnidnidhg htnn uwl wpdwuwgpydb) b pubLl-1-h
ynugbunpwghwih ujwqdwu dhunnwd: Uuwhund, | W 1
wnhwh hhduwlwu ghwnnbhuubph (nienigph dbinnljug-
dwu gnpénu-wi$w [NLLS-a], hdL-a, hSUL-y, L4, hL6,
hL8 L pubhLt gnigwuhputipnh otinnudubpp npubinpynid Gu
npuwughg npngutiph qquith puladwdp Yud gbipwpuw-
npnigjwdp: Fnppnpwluwwuwn  ghinnyhuubiph pwpdpw-
gwd Vwfulwlwu Jwlwpnuyp bW npwug pungdywsd wu-
Ynuwdp pniddwu wjwpuhu ¢SY-ny hhywunubiph ghtnt-

ynud gnyg Gu wwhu hdntu Wwwnwufuwuh wugnd h
ulqpwubi gtiphzfunn poowjhu Th-1 whwhg ntiwh hnuin-
nwy, hugp, hwayh wnubiny hnwinpw pwnwnphsh ng
wwlwu Yuplnpniggniup, wbwnp b nhundh npwtiu npw-
Jwu Ywufunpnahs gnigwuhp: FNi-nd hhjwunutiph dnwn
nwuntfuwuhpws ghnnyhuubph dbs dwuh Ynugbuwn-
pwghwubiph  qquih  thnthnfunigniuutiph - puguiljuynt-
pjntup Jwpnn L upwu |hubp hwlwninnigpwihu hdntu
ntiuntpuutiph qupgqugnn uywndwu W, npwbu htunlbwup,
huntu hwdwwnpgh wnbwlyunhynipwu:

Lhduwpwnbn.  ghnnlypuubp,  pdniiuwgpl wwinwu-
fuw, ninnigputin, Juwuywopubin, qpunintin
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uueneus-hr

ULhkpwénieyniu. Nintinhy-4wdpowjhu wuljwu (Ne-
YU) ninnigpubiph yhpwhwwnwwu pniudnidp unpugn-
jwgnipjwu hbnwgnidu b tnwpptp Gnwuwyubpny: Cun
npnud ubipd hpwhwwnwlwu wdbtuwhwwhu hwunhwnn
pwpnnipntup nhdwhu Wywpnh uwunwdu £, npp ujuwy-
dwuwynpdws £ ywpnh hwdwwwunwufuwu inbinwg-
pnigjwdp: Lapwljwpnwynpdwu gnpépupwgp dhowin
sE, np wwwhnynud £ wuhpwdtignn wpryniup, husu b
udwu fuunhputipnd hhjwunubph dnwn hGnd hpwhw-
wmwlwu Juwpdwu owywhdwjwgdwu W pniddwu Unp
dbpnnubiph  thunpdwu pwpdwnhpp hwunhuwgwy’
nhdwjhu Wwpnh junpngtbu ubpnuwehwih pnwddwu
wpnyntuwybunnipjwl pwpdpwgdwu bwywnwyny:

Lwwwnwl. Unyu jwjunypwhu ypnuwblnhy hb-
tnuwgnuntpjwu bwywwnwlu £ ybipinwt) Nl unpwgn-
jugntpjntuutipny hhywunubiph dnun nhdwjhu uyjwpnh
utipdhpwhwunwlwu Juwuntdhg htinn Wwpnh yGpw-
Jwugqudwu gnpépupwgh W npw wpnyntuwybunniejwu
Ypw unghw|-dnnnypnwgpwlwu, tunngtiu U Epgngbiu
ghpénuutiph wgnbigniejniup:

Uynipbp b Jdbpnpubtp. Ywunwpdwd pnidnidhg
Yuiujws' punpgwd dwuuwlhgubipp pwdwuyb) Gu 3
fudph: Unwohu fudpnud (n=44) wju hhjwunutipu thu,
npnup Jbpwujwpnwynpnuihg hbwn Gupwpyytb) Gu
unwunwpwn htndhpwhwwnwlwu pnddwu, Gpypnp-
nnd (n=41) ubpwnywsé thu hhywunubip, npnug dnwn
yGpwujwnpnwynpnuihg htinn unwunwpun hGnyhpw-
hwwnwlwu pnidnudp gniquygyliy b nbnwyhu uwpnw-
ElGyunpwiupwudwu dhowdwnniejwlu htwn, huly Gppnpn
fudph (n=42) hhjwunutipp uwnwgb] tu hwdwygws

phpwwhw’ unwunwpw, Ywpnuw-LE4unpwiupwudwu
L nbnnpwjpwjpu dhowdwnnipgjwu Yhpwndwdp: Uwu-
Uwlhgutipp Yihupywywu fudptiph Bu pudwuyb) uw-
wnwhwlwunipjwu ulgqpniupny:

Upnyniupubip. Unghw-dnnnypnuwgpwlwlu punc-
pwanbinu niubigh| Gu npnpwyh wgnbigneyniu nhdwjhu
Wwpnh ghpdwnnipwihu wynhynipjwu ybpwlwugqu-
Jwu wpryniuwybunnigywu ypw dhwju 1-hu W 2-pn
fudptiph wwghtunutiph dnwn: 3-pn fudpnd Udwu
Juwwwlgwsénipntup, pwgwnnipjwdp qpuwnywont-
pjwU gnhpdnuh, pwgwlwnud tp: Pninp 3 fudpbipnud
wwghtiunutiph Yhuhlulwu punipwgntiphg I wnh-
wh 2wpwpuwjhu nhwpbinh, ghpniejwl, wetipnuyt-
nngh wnywnieyniup, huswybiu bwl, yuwunwdhg hbinn
JGpwlywpnwynpdwu dwdybnu niubighp Gu wpunw-
hwjinyws wunghwwnhy Yuw Ybpwujwpnwynpdwu
wnnyntpuh htiw: Gpypnpn fudph wwghbuwnubiph dnn
JbGpwlhwugudwu opowuh Yypw wpunwhwjnwsd wq-
nbgnteyntu & niubigh] bwl Unpwgnjugniejwu htinwg-
Jwu swywih gnpdnup, pun npnid, nhdwihu Wwpnh
JGpwlywpnwynpdwu npwywu nhuwdhlw £ gpwug-
Jbp 1-hu W 2-pn fudpbiph wwghtbuwutiph dnwn unpw-
ghjwgntgjwu wdpnnowlwl W untpinnnw hinwgdwu
nGwpnid: <hjwunubiph wnwehu fudph dnwn hGnygh-
pwhwwnwlwu pupwgph Ypw wqgnnn gnpénuubiph
pwuwyp &nb| £ wnwybjwagnyup. ybpp pywplws gni-
gwuhputinhg pwgh wqgnnn ghpénuubip tu tinbk| uwl
ninbilgnn hhjwunniegyniuutiph wnluwiniygjwu punhw-
untp gnigwuhop Wonnwgnn wnhpdhwu: Uhusntin 3-pn
fudph hhjwunutiph dnwin npwbiu wgnnn gnpdnuubin Gu
hwuntiu Gyt Jhwju webpnuytipngp, ghpnieniup, i
wnhwh 2wpwpwjhu nhwpbiunp bW Juwunwihg htunn b-
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nwujwpnuwynpdwu dwdlybinnp: depwujwpnuwynpdwu
npwywu wpryntuph b Juwunwdhg htinn 1-6 wdujw
pupwgpnd Juwunwpyws Ybpwujwpnwynpdwu dhole
wpwnwhwjingwsd Ynnbjjwghnu Yuiujwénipnu nhun-
&L £ pninp Yhuplulwu fudpbipnud:

Gqpwhwugnud. Unyu wofuwwnnipniul wnwohuu
E, np nwnwuwuhpnud b EiGyunpwupwudwu b nbinn-
nwpwht pipwwhwh hwdwygyws duennp’ nhdwhu
Uuwpnh jwwnpngbu Ubpnwywpehwih pniddwu wpryne-
uwybinnigwu ypw unghwi-dnnnypnuwgpuwlywu L
Yipuhlwlwu gnpénuutiph wgnbignieyniup ujwqtbig-
utiint bywuwnwyny: Uw unp hGnwulwpubp £ pwgnud

hwdwlygdws ptipwwhuwyh Yhuplulwu wpryniuwyb-
nngwl nunfuwuhpdwu hwdwp® gnpswnnipwhu

wywnhynigjwl  uwunnuwyubph L EGYunpnubpndh-
ngpwdhly wnyjwutiph dhongny nhdwhu Wwpnh yb-
pwlywuqunwip quwhwwbint  dhongny: Uwnwgywd
wnryntupubipp wuninnuwyhnptu hwuwnwwnnd Gu ht-
nhuwyh Ynndhg hpwhwuwgyws bihunpwiupwudwu
L nbnnpuypwihu pbipwwhwih hwdwygyws dbpnnh
wnnyntuwybunnigniup:

<hduwpwnbp. ninbnply-4udnowypi wulyw ni-
nnwgp, nhduyhu Wwpnh  JGpwtywpnwdnpnid,  np-
duwyhu Wwpnh ubgpnuywpehuw

LEMPUONRE-SNRL

Nnbnhy-Ywdposwihu wuyntup (NLLU) hnhu quiu-
guthnuh Gnwuyntu twpwdnieyniu £, npp uwhdwu-
qwé £ nininhyh swéyny, ninbinwpuny U pnitupnuypp
Jhdwjhu hwundwony: Uju wuwwnndhwlwu W Y pup-
Ywlwu wnndny Yuplnp ninbupy £, qpunbgywsé L
N4l ghuntinuny, npntin mbnwlywJwsd Gu Vv, Vi, Vil
U VIl qwugninbnuwjhu bywpnbipp” wnwowjhu unnphu
nintin hwjhu quipytipwyh htin [1,2]:

NuU ninnigpubipp htinhu quugquwihnuh wdbuw-
nwpwows Unpwgnjugnipniuubpu U Guqdbing
ubipqwuquwjhu nwnigpubiph 5-10%-p: “‘pwug Guonn
dtdwdwuunipyniup pwpnpwy Gu, npnughg wybith pwu
85%-n Ybuwmhpnijwp 2qwundwubpu U ([unnwywu
ulepndw), [hyndwubipp, wunpwihu dwi$npdwghwubi-
pp U htdwughndwubipp: Nt4U-h wdbuwhwéwfuwyh
hwunhwnn ns wynwunhly ninnigpubipu Gu deuphughn-
dwubipp, fwhnbpdnhnubipp (wnweuwjhu funGunbw-
nndwubipp) b nbdph Yud quugninbnuwjhu Wwpnbph
yntntiqujhu hwwnygwsh pdwundwubipp: Unwouwjhu
swpnpwl nienigputipp NLLU unpwagnjugnigyniuubph
ns wybilh pwu 2%-u Gu [3]:

NuU ninnigpubiph yhpwhwwwwu pnidnidp un-
pwanjugnipjwu htinwgnudu £ wnwppbip Gnuwuwyut-
pny: Cun npnud ubpyppwhwnwwu wdbuwhwbwfu
hwunhwnn pwpnntpntup nhdwjhu Wwpnh Juwunwdu
E, npp wwjdwuwynpyws £ Wwpnh hwdwwwunwu-
fuwu wbnwagpnjwdp: Vjwpnh Jupdws, npwbu
pwpnnieintu, hwunhwned £ N4U ninnigputiph yhpw-
hwwnwlwu htnwgdwu Gupwnyyws 10-40% hhywun-
ubph dnwn: Fhdwihu Wwpnh  hGndhpwhwunwlwu
Yuwpdwép ujwgnud Ywd phy wuhtnwundd £ nbiwpb-
nh daswdwuuntgniunud: Uwwju wju fuunhpp npnp
ntGwptpnid Yupnn L uwl hwugbgub| [nipe wuwpnt-
dwlwu fuunhputiph [4]: Cun npnud, npn2 hhywunub-
nh dnun huwpwynp b nhdwhu Ywpnh gnpdwnnyph
fuwugupnd Uywpnh unyuhuly wuwwnndhwlwu wwh-
wwudwu wywpwawjned:

“hdwjhu Wwpnh ubpghpwhwunwlwu Juuwudwu
Juwn whunnpnadwu uywwnwyny Yhpwnynid L EiG4Hwn-
pnutijnndhngpw$hy (ELUS) ubipdhpwhwnwlwu ub)-
pndnuhwnphug [5]:

Cunn hvwuh b hwdwhtin.” Gpwujwpnuynpdwu
ghpodpupwgu wwwhnynd £ nwpwpunyp wpryntup-

utin:  Cunhwunip  wndwdp, Jbpwuwpnuwynpnidhg
htitnn Lwnigh-Ppbipdwuh [{F] uwunnwyny nhdwjhu
Yuwpnh I wunphtwuh whunwhwpnudp hwunhwb|
L 86%, hul <R 1II-V wunhbwuh wiunwhwpnudp® 14%
nbwptipnud [6], husu b udwu fuunhputipny hhyuiun-
utiph dnun hunyhpwhwwwlwu Juwpdwu owwnhdw-
[wgdwu W pniddwl unp dbpnnutiph thunpdwu pwp-
dwnhpp hwunhuwgwy® nhdwihu Wwpnh jwwnpngbu
Ubjpnwwphwih pniddwu wpryntuwy binnigjwu puwps-
pwgdwu Uwywwnwyny:

Unyu (wjunypwihu wpnuwbtinhy hbunwgnunni-
pjntup uywuwwlu £ Jbpinst MU unpwagnjw-
gnipjniuutipny hpdwunutiph dnin nhdwjhu wwpnp
utipdppwhwwnwlwu Juwunidhg htivn ywpnh ybpw-
Ywuqudwu gnpépupwgh W npw wpnyntuwybunnipjwu
Ypw unghw|-dnnny pnwgpulu, funngbiu b Epgngbiu
ghpénuubiph wgnbigniejniup:

LBNhE-ErN 64 UtrEr-NTLEr

Unyu (wjunypwihu nhunnpnwywu ybpnswlwu
hGunwgnunnipjwu dbe utipgpwyybp Gu N unpw-
ghjwgntgjwu yhpwhwwnigjwu htimbwupny nhdwjhu
Wwpnh Juwund unwgwé 18-65 nwptijwu hpdwun-
utin, npnup pnidyb| Gu Nypwhuwih Nidgnpnn punw-
ph hwdwjuwpwuwywu Yhuhhuih (2018p. wwphihg
2020p. dwjhu) b Cwjwuwnwuh Splwu pwnwph Epb-
pniuh pdolwlwu YEunpnuh (2021e. wwphihg 2023p.
unjtidptin) Wwpnwyhpwpnidwlwu  pwdwudniupubi-
pnud: Fhdwihu Wwpnh ubpd hppwhwnwwu Juwunt-
dny’ 65 lmwnpblwuhg pwpdp wwghbunubp ybepnuojwy
Ghuhbwutip stu nhdti|, hugh wpnyniupnid wphpuyhu
nyjw| dhowlwjpp nnipu £ duwgtb] hGnwgnunnipjwu
punnwuphg:

Lhjwunubiph  punpnigjwu swhwuhoubpp  hbin-
Wwiu Ehu. wwphpp 18-65 wmwnpblwl, uwfuwyh-
nwhwwnwlwu 2powuntd ELUS  hGnmwquunnipjwdp
hwunwwnywd nhdwhu Wwpnh Juprywsdsh pugwlw-
Jnipgniu, ML ninnigph hinwgdwu uwwygnipgjwdp
nhdwhu Ywpnh htnyhpwhwwnwlwu ubpnwwehw,
wnwug ubpnuwphwih pniddwu Uwfunpn thnpdbiph:

Zhjuwunubiph pwgwndwu  swihwUhgubpp  hbn-
Wwu thu. pdpwdhongutinh oquwgnpdnid, wiynhnih
swpuwowhnd W hngbljwu hhywunnip)niuutip:

Lhnwgnunnigjwup dwubwlygbine hwdwp ybpnu-
2wl pwdwudntupubipnud pungpyywontpjwu swthw-
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Upoutiphu hwdwuwwwwufuwunn  «Fhdwjhu Wwpnp
htinyhpwhwwnwlwu ubjpnwwphw» wfunnpnadwdp
127 hhjwun Gupwnlyb) b ybpwlwugqunnuywu yh-
pwhwwnntpjwu;

bwwnwpws pnidnudhg Yuujws' punpduwd dwu-
Uwyhgubipp pwdwuyby Gu 3 fudph: Unwohu fudpnid
(n=44) wju hhjwunutpu Lhu, npnup ybpwujwpnw-
ynpnudhg htwnn Gupwpyybp GU unwunwpun hbun-
Jhpwhwwnwlwu pniddwu, Gpypnpn fudpnud (n=41)
Ubpwnjws Lhu hhywunutbip, npnug dnun Gpwujwn-
nwynpnuihg htwnn  unwunwpun  hbnyhpwhwwnw-
Jwu pnudnudp gniqulgybip £ wbinwihu ubpntGlyun-
pwiupwudwu dhowdwnigjuwu htwn, huly Gppnpn
fudph (n=42) hhjwunubipp uwnwgb] tu hwdwygws
ppwwhw’  unwunwpw, ubpnbEyunpwiupwudwu
L nGnnpwjpwihu dhowdwnnigjwu Yhpwndwdp: Uwu-
Uwlhgutipp Yhuplwlwu fudptiph Bu pudwuyb) ww-
wnwhwlwungjwu uygpntupny:

Unghwi-dnnndpnwgpulwu b Yihuhhulwu
wndjwiutipp unwgybip Gu pdr2lywlwl thwunwpenpb-
nhg U wudhgwwtiu hhjwunutinhg: Fhdwhu Ujwpnh
utipdphpwhwuwnwlwu Juwundp quwhwunyb) §ubipgh-
nwhwunwlwu ELUS ubjpndnuhininphugh nyjwiutiph
hhdwu Jpw:

Ninnigph hGnwgdwu |hwpdbpniginiup quwhwn-
4b| & htinwgywd hyntujwéph swihtiph W hwdwlwpg-
swihu obipnwgpnugjwu  swhnwdubiph - wpnyntupubipnh
wmwppbpnipjwdp, huswybu uwl hGundhpwhwwnwywu
yGppwjhu  dwybpbund  duwgnpnwjhu nwenigpwjhu
hjntuwoph wnjwynipjwdp:

G funintinh webpnuytpngh whunnpnanudp hhdu-
Jwo b tinti| hhdwunh wuwdubigh, opjijnhy, jwpnpuw-
nnp-gnpdhpwjhu hGunwgnunnigjwu Ypw [7]:

Lwnigh-Aptipdwup [8,9] W SBwuwghhwpwih [10]
uwunwyubpp nhdwhu Wwpnh gnpdéwnnyph quw-
hwwndwu [wjunpbu Yhpwnbih Gnwuwlutip Gu, npnup
Unyuwbu puwnpydbp Gu npwbu qqujniu bW hwywuwnp
ghpshputip: Fnddwu wpryniuputiph opjtyinpy gnp-
Shpwjhu quwhwwndwu bwywwnwyny hwoyh Gu wnu-
ybp ELUS (KlGyunpnubpndhngpuwbhw) gnigwuhoub-
np (Uwfupwu pnidnidp b pnidnudhg 3 W12 wdhu wug):
24 wdhu pnidnudhg htnn quwhwwndwu Jbpnugjw|
gnpdhputiph gpwugws intinwawndh (wjunyeh dhohu
pUwpwuwlwuh 15%-hg gwop wnpdbpubpp npwyyb)
GU npwbiu pniddwu «Juiny, 15%-30%" «dhohuhg (wy»,
huly wybh pwu 30%-p° «gbipwquug» wpryncuputip [11]:

Fniddwlu dkpnnubp

Fniddwu dbpnnutiph Ufwpwghpp Jwupwdwuun-
nbu ubpyujwgyws b gyninh htinhuwlwihu hpwyntu-
ph wpwnnuwagnph dbie [12]:

1-pu fjudph hhgwunutphu wnpyb| £ unwunwpun
pGpwwhw, npp Ubpwnb] b nbpuwdbnwgnup hwp'
20dq/opp nuntithu' 3 op, nphg htwnn jnipwpwugnip 3
opp JbYy opyw nbnwswihu opwlwu 4dg-ny hobigubi-
(nd, wughnyhwn dwguhnd 450dq (uuunwihu hwyb-
(ntd, npp wwpniuwyned £ dwqutighnudh nhghwinpwn,
B6, B9 L B12  htnwdhuubin) 2-wlwu wwpynid, opp 3-4
wuqwd nuntihu, opny, wnbinnniggniup” 30 op:

2-pn fudph hpjwunutiph dnwin h hwybntdu unwu-
nupun phpwwhwh Juwwpdtp £ nhdwhu Wwpnh
Eltyunpwiupwuntd htimw| Ybpw. wwghbuwnmh nbdph
wfunmwhwpywsd 2powup 10 pnwybih pupwgpnid wupun-
hww Gupwnyyb) £ LiEYwnpwhupwudwu 304g hwow-
fuwywunipjwdp wqnulubpny, hnuwuph nwdh' 2-6U.
nhulptun wéeny” Juwujws nhdwyhu Wywpnh htnwnhp
(yunjwal Gintuh hwnygws) b dbpdwnhp (6s Jhdw-
Wuwpnh U pdplwiwph’ Wwpnh gnaniuhg wugwwnduwu
hwwnwsé) hwindwsdutiph W pwpdhs Ytwnbiph 2powunid’
JntpwpwUsinip hwwnwéh Yypw 5-10 inbinnnipgjwdp:
Ugnwyh wnlinnnieniup btink| £ 10004y EjlGYunpwiupw-
undu hpwlwuwgyt b3 Ynipuny 10-wlwu wdtuopjw
ubiwuuny, Ynepubiph dholt Gnwdujw pundhonitdutipny:

3-pn fudph hhywunutiphu juwnwndbp b hwdwlyg-

Jwo plipwwhw, npp ubpwnb] b EGYunpwiupwund W

hwdwhp nbnnpwjpwjhu pnidnid hbnlyw| ufubdw)ny.

» “hpuwdbnwgnuh hwp' 20dg/opp nunbthu® 3 op,
nphg htwn jnipwpwugnip 3 opp vy opgw nbinw-
swithu opwlwu 4dg-ny heotigutiiny.

> Uniytin 8Ud-$npnt (ghunhnhuh dhwdnudpwn,
niphnhuh tndnubwn) upul’ 61dg/opp’ ulunhg
wulwfu' 6 op, nphg hbwn wwpynbh nbupny’
opwlwu 2 wuqwd, 9-10 op.

> Untibpwn (nhdtuhhnppuwwm 40dq, ghuwphghu
20dq)' 1 hwp, opwlwu 2-3 wuqwd' nunbijnig htiwnn,
20 op.

» Jdbunudhu (nhnudhu 450dq, htuwtiphnhu 50dq)" 1
hwp, opwlwu 2" wuqwd nunbijhu, 7 op, hushg ht-
nn opwlwu 2 hwp 1 wugqwd, punhwuntp tnunnnt-
pyntup’ 20 op:

Elayunpwiupwunidu  hpwlwuwgdb] b nbnnpwy-
pwjhu pniddwlu 11-pn opdwuhg uluwed™ 2-pn fudph
wwghbuwnutiph pniddwu ufutidwjh hwdwudwu: Fnid-
dwu 2-pn W 3-pn Ynipubiph pupwgpnid pnidnidhg
hwuyb| £ nbpuwdtnmwagnuh pwnwnnphsp:

Nuncfuwuhpnipjwl wpdwuwgpnigntup  hwdw-
wwuwnwufuwunwd £ 1975p.  LGuhublhh  hnswlwgph
Erhywlwu ninbtignygubiphu, npnup hwuwmwwnywsd Gu
Uwpnyuwjhu  Lbwmwgnunnigniuubiph - Lwuduwdnnn-
yh Ynnihg: Updwuwgpnieniup hwuwnwunyb) £ uwl
U.<bpwgnt wujwu bplwuh wbunwlywu pdolwlwu
hwdwuwpwuph  tphlwh  hwuduwdnnnyh Ynndhg:
Fninp dwubwyhgutipp vyt Bu gpwynp hpwqby hw-
dwawjunipnit’ hbnwgnunnigyuup  Jwuuwlgbiine W
Upwug nyjwiubiph” httnwgnunwlwu uywwnwyny Yh-
pwndwu Ybpwpbipjwi:

SYjwiubph dawynd b Jptwugpuwlwu

yLpnidnieyniu

Pnthnfuwlwuutbpp Uywpwagpyb) Bu hwunhwydwu
hwwhiwlwunjwu pwgwndwl dtdnigjuwdp W ninyn-
uwhu - wpunwhwjnngjwdp:  Unghw-dnnnypnuwgnw-
uwu, Yhuhlwywu wndjwiutph W hnghpwhwunwywu
Jwpdwu  wpryniuwybwnnyguwu hbn hnfuuwywont-
pintup swihybig b x>-ptiunh dhongny " unwgywsé iy jwjub-
nh uwuwnbgnphwutiphu hwdwwwwnwufuwu wpryntupubi-
nh hwdwdwuuwlwu (indjw| Bupwfudph wywghbuwnubph
pwuwyh hwdwdwuunyejwdp) pwfupwdnipniup hwdb-
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dwunydb) b dwpbdwwnhlulwu uywudwu hbwn: dhtw-
Jugpwlwu Lpwuwlwhnigjwu Jwlwnpnwy & pupnyb|
p=<0.05, 95% yuwnwhnigwu dhowlwpny: Syjwiutipp
ybininwsybip Bu Statistical Package for Social Sciences dpuwig-
nwownh 23.0 tnwppbipwyny (SPSS® Inc., USA):

ure-snhuLLEr

Nruncduwuppnipjwu dwuuwlyhgubph

unghwi-dnnnypnuqpuljwl punipwqgpbpp

Uwulwyhgubiph unghw|-dnnnypnwgpwlwu gni-
guiuhgutinu puin Yihuhfulwu fudptiph ubpluwwgyws
Gu Unjnuwly 1-nud:

Auntduwuppnijwu  punpwuph  dnnwynpuwwbu
53.5%-p 55 wmwptywuhg gwén bp: Ywuwp dh thnpp

wybih gbpwlpnt) U 50.3%: Udbuwwnwpwsdws Yn-
pwlwu dwlwpnwlp tint| b pwpdpwgnyu Yppnipgni-
Up (44.1%): Uwuuwyhgutiph db6s dwup bnb| £ pwunw-
pwplwly (62.2%), dnwn Yhup bnb| § wdnwuwgws uwd
wuwnti £ qnygny (48.0%), huy Ytuhg dh thnpp wyb-
Lhu ntubigh| b wnudwqu dby quywy (51.2%): Lwpgdwu
wwhhu qpwnywéntpjwl dwhwpnuwyp tnb| £ 66.1%:
Unnnontgjwu wwwhnwgpnigjwu pwhwnne & Gk
hwnpgywsutinh 39.4%-p: Uwuuwlyhgubiph hhduwlwu
dwup (47.2%) htnwgnunigjwu hpwlwuwgdwu ww-
hhu ntutigh| £ 120,000-320,000 {£ npwd Glwdntn:

Thdwjhu wwpnh bGpwlwugqudwu gnpdpupwgh
ypw unghw|-dnnnypnwagpwlwu gnpdnuubiph wqnt-
gnipjwl Ybpwpbpjw| nyjwiubpp ubpyujwgws Gu
Unjnuwy 2-nud:

Unynruwly 1. Lnwgnunnigjwu dwutwlhgubph unghw|-dnnny pnwgpwwu gnigwuhpubnp:

Sniguiihz, n (%) funwip 1 (n=44)

Swphpwjhl funwdp

18-35 wn. 9 (20.5)
36-50 . 14 (31.8)
51-65 . 21(47.7)
Utin

Upwlwu 21(47.7)
hqulwu 23 (52.3
Upenipntu

Zhduwwu 6 (13.6)
Uhohu Jwuuwghwnwywu 11(25.0)
Pwpapwgnyu 18 (40.9)
SGhunwlwu wunhbwu 9 (20.4)
Fuwywywyp

Luwnwp 27 (61.4)
Aynin 17 (38.6)
Udnwuuwlwu Yupguy hbwy

Udnwuwguws Yud wwpnid £ gnygny. 21(47.7)
Quidnwuwgwd 12 (27.3)
Pwdwujws fuwd wwypnid U wnwudhu 6 (13.6)
Uyph/wdniph 5 (11.4)
GnGuw(utin)

Niup 26 (59.1)
2ntuh 18 (40.9)
2pwnywontpntu

Nuph 27 (61.4)
2ntuh 17 (38.6)
Uwwhnjwgpntpjntu

Nup 17 (38.6)
2niuh 27 (61.4)
Glhwdntn, L npwd

<120,000 4(9.1)
121,000-320,000 20 (45.4)
321,000-600,000 16 (36.4)

>600,000 4(9.)

Y Epwujwpnwynpdwu wpnyniup

Cunwdbup (n=127)

funwdp 2 (n=41) funtdp 3 (n=42)
8 (19.5) 12 (28.6) 29 (22.8)
13 (31.7) 12 (28.6) 39 (30.7)
20 (48.8) 18 (42.9) 59 (46.5)
21(51.2) 21 (50.0) 63 (49.6)
20 (48.8) 21(50.0 64 (50.3)
5(12.2) 5(11.9) 16 (12.6)
10 (24.4) 11(26.2) 32(25.2)
19 (46.3) 19 (45.2) 56 (44.1)
7 (17.1) 7 (16.7) 23 (18.1)
25 (61.0) 27 (64.3) 79 (62.2)
16 (39.0) 15(35.7) 48 (37.8)
19 (46.3) 21(50.0) 61(48.0)
13 (31.7) 11(26.2) 36 (28.3)
5(12.2) 5(11.9) 16 (12.6)
4(9.8) 5 (11.9) 14 (11.0)
25 (61.0) 24 (57.1) 65 (51.2)
16 (39.0) 8 (42.9) 62 (48.8)
29 (70.7) 28 (66.7) 84 (66.1)
12 (29.3 14 (33.3) 43 (33.9)
17 (41.5) 16 (38.1) 50 (39.4)
24 (58.5) 26 (61.9) 77 (60.6)
3(7.3) 3(74) 10 (7.9)
20 (48.8) 20 (47.6) 60 (47.2)
15 (36.6) 16 (38.1) 47 (37.0)
3(7.3) 3(74) 10 (7.9)
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Unynruwly 2. dbpwujwpnwynpdwu wpryniuph Yuwugwsnigyniup unghw-dnnnypnwgpwlwu nyjwubiphg:

8nLgwuh, n (%)

Swphp, df=6
18-35

36-50

51-65

Utinp, df=2
Upwlwu
hqulwu

Unpnip)nLu, df=6
Zhduwjwu

Uhsohu dwuuwgh-
nwlwu

Fwnpapwagnyu

SGhunwlwu wuwnh-
twl

Fuwlywywyp, df=2
Luwnuwp
Gnin

Udnuuuwlwu Yuwp-
quyhtwy, df=6

Udnuuwgws ud
wwpnd b qnygny
QuidnLuuwgwsd

Pwdwuyws Jud
wwnnud BU wnwu-
&hu

Uynh/wdntph
Gnbfuw(utip), df=2
Niup

2ntuh

Lpwnywoéntpintu,
df=4

Niuph
2nLuph

Uwwhnwgpnt-
pjnLu, df=2

Nuph
2nluh

Glhwdnin, L
npwd, df=6

<120,000
121,000-320,000
321,000-600,000
600,000

Cunwdtup

2

2
23

27
17

12

27
17

27
17

17
27

20

4

funudp 1 (n=44)
= 25 g9
S 2 < 2<
— N =
§ d
x?=13.760, p=0.008
1(11.1) 5(55.6) 3(33.3)
1(71) 8(57.1) 5(357)
12 (57.1) 8 (38.1) 1(4.8)
x?=0.015, p=0.993
7(33.3) 10(47.6) 4(19.)
7(30.4) 11(47.8) 5(217)
x?=41.325, p=0.00001
4(66.7) 1(16.7) 1(16.7)
7(63.6) 4(36.4) 1(9.1)
1(5.6) 12 (66.7) 5(27.8)
1(11.1) 4(44.4) 4 (44.4)
x?=21.057, p=0.000027
4(14.8) 16(59.3) 7(25.9)
10 (58.8) 5(29.4) 2(11.8)
x>=0.392, p=0.999
6(28.6) 10(47.6) 5(23.8)
4(33.3) 6(50.0) 2(16.7)
2(33.3) 3(50.0) 1(16.7)
2(40.0) 2(40.0) 1(20.0
x>=15.249, p=0.001
4(14.8) 16 (59.3) 7(25.9)
10 (58.8) 5(29.4) 2(11.8)
x>=13.265, p=0.001
5(185) 14(51.9) 8(29.6)
9 (52.9) 7 (41.2) 1(5.9)
x>=0.249, p=0.883
5(29.4) 8(47.1) 4(23.5)
9(33.3) 13(482) 5(18.5)
x>=25.692, p=0.000254
2 (50.0) 1(25.0) 1(25.0)
10 (50.0) 9 (45.0) 1(5.0)
1(6.3) 10 (62.5) 5(31.3)
1(25.0) 1(25.0) 2(50.0)

LEpwujwpnuwynpdwlu wphyniup

Cunwdtup

13
20

21
20

10

19

25
16

20

13

25
16

28
13

24

3
20
14

4

funudp 2 (n=41)

EN-
=5 2§ 8@
& £ 2 34
2 F
5
\2=12.493, p=0.014
1(125)  1(125)  6(75.0)
1(77)  7(53.8) 5(38.4)
5(25.0) 13(65.0) 2 (10.0)
§2=0.0145, p=0.993
5(238) 8(381) 8(381)
2(10.0) 13(65.0) 5 (25.0)
¥2=12.912, p=0.045
2(40.0) 1(20.0) 2 (40.0)
2(200) 5(5.00) 3(30.0)
2(105) 12(632) 5(26.3)
1(143)  3(42.9) 3(42.9)
\2=7.984, p=0.018
2(80) 16(64.0) 7(28.0)
5(313) 5(31.3) 6(37.5)
=168, p=0.978
3(15.0) 11(55.0) 6(30.0)
2(15.4)  6(462) 5(38.5)
1(250) 2(50.0) 1(25.0)
1(25.0) 2(50.0) 1(25.0)
\2=6.287, p=0.043
3(120) 13(52.0) 9(36.0)
4(25.0) 8(50.0) 4 (25.0)
\*=18.868, p=0.00008
3(107) 19(67.9) 6(21.4)
4(30.8) 2(154) 7(53.9)
42=0.021, p=0.990
3(17.7)  9(529) 5(29.4)
4(167) 12(50.0) 8(333)
\2=0.586, p=0.997
1(333) 1(333) 1(33.3)
3(15.0) 11(55.0) 6(30.0)
2(143) 7(50.0) 5(357)
1(25.0) 2(50.0) 1(25.0)

Cunwdbup

2
21

funudp 3 (n=42)

-
3 =
o pm@ 2%
ce 2¢  Z2¢
= F
¥=0.481, p=0.975
2(167)  5(417) 5(47)
1(83) 5(417) 6(50.0)
2(11) 8 (445) 8 (44.5)
x?=0.054, p=0.973
3(143) 8(381) 10 (47.6)
2(95) 10(47.6) 9(42.9)
x>=1.587, p=0.953
1(250) 1(250) 2(50.0)
1(99)  4(36.4) 6(54.6)
2(10.0) 10(50.0) 8(40.0)
1(143)  3(429) 3(429)
¥%=0.207, p=0.902
3(M1)  11(407) 13(48.2)
2(133)  7(467) 6(40.0)
¥2=0.244, p=0.999
2(10.0) 8(40.0) 10(50.0)
1(99) 5(455) 5(455)
1(200) 2(40.0) 2 (40.0)
1(16.7)  3(500) 2(33.3)
¥2=0.042, p=0.979
3(125) 11(45.8) 10 (417)
2(1M1)  7(389) 9(50.0)
¥2=17.703, p=0.0001
2(71)  9(321)  17(60.7)
3(214) 9(643) 2(143)
x?=0.727, p=0.695
2(125)  6(375) 8(50.0)
3(15) 12(462) 11(42.3)
y2=0.707, p=0.994
1(333) 1(333) 1(33.3)
2(95) 10(47.6) 9(42.9)
1(67) 6(40.0) 8(533)
1(333) 1(333) 1(333)
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1-pu funudp

Uwuuwlhgubiph unghwi-dnnnypnuwgpwlwu punt-
puwagptiph tugnn Jdbswdwuunigywu W JbGpwljwpnuw-
ynpdwu wpryniuph hwdbdwwnnieniup pwpdn hw-
Jwuwlwunigjudp  Jdbpdbg  qpmuwu Juplusp
wnyjwiubph  Yuwbignphwubiphu hwdwwwunwufuwu
pninp  wpryniuputiph hwdwuwp  pwfudwu  hdwu-
nny: <wdbdwunwlwu ybpinwdnipntup gnyg wnybg
Ywludwontpjwu  wanbighly  wwwgnygubin - tnwnhph
(df=6, y*=13.76, p=0.008), Yppwwu dwlwnnwlyh (df=6,
x>=41.325, p<0.00001) wnyjwjutiph Ywwnbignphwubp b
JGpwujwpnwynpdwu wpryntuph dhole: UG wyp hu-
wnwl hnfuywwwlgywontginiu b hwjnuwptpybip y&-
pwljwnpnwynpdwl wpnyntuph wndjwiubiph Yuwwntbign-
phwubipnud puwlwyuwyph (df=2, ¥?=21.057, p<0.0001),
wnujwqu 1 quuwyh wnluwjnipjuu (df=2, x*=<15.249,
p=0.001), qpwnywénipjwl YJwupgquyhtwyh (df=2,
x>=13.265, p=0.001) U GLUwdwh dwlwupnwyh (df=6,
x>=25.692, p=0.0003) gnigwuhpubtiph dhols:

Unwgyws inyjwiutipp bwl pny| GU twhu Ggpw-
Ywgut|, np nndpuwuwn Yuwywontpiniu b sbwdnpyb|
JGpwujwpnwynpdwu gbpwquwug wpnyniupubiph nu
wuwghbuwmutiph unghw-dnnnypnwgpwywu hbunlyw|
puntpwantiph dhol'™ tnwphph 18-35 (3 punnbd uwwu-
ynn 1-h), pwnuwlwplwy (hutine (16 punnbd wyulu-
ynn 12-h), huswbiu bwl pwpdpwgnyu Yppenigjuwu (12
punntd uwywuynn 8-h):

Aunwfuwuppniginiup - wwpgbig, np ] fud-
ph wwghbuwmutiph dnn wdnwuwlwu Yuwpgwyh-
dwyh (df=6, *=0.392, p=0.999), utinh (df=6, ¥*=0.015,
p=0.993), wwwhnywqgpws [hubint (df=2, ¥2=0.249,
p=0.883) L Ypwujwpnuwynpdwu wpryntuph dholt np-
Ut Juuwwygwénipniu sh hwynuwpbipgby:

2-pn funudp

Uyu  fudpnud  dwuuwyhgubph  unghw|-dnnnyn-
nwgpwlwu punipuwgptiph hwdbdwuinnigniup b yb-
pwUjwnpnwynpdwu wpryniupp dbpdt) Gu qpnjuwu
Juwplwdp npn2 uunbgnphwubiph wnnwing: Swph-
pp (df=6, x2=12.49, p=0.014), Yppwdwwpnwyp (df=6,
x>=12.912, p=0.044), quywyh wnlwjnipniup (df=2,
x>=6.287, p=0.043), qpwnywdntpjniup (df=2, x*<18.868,
p=0.00008) L puwlwywpp (df=2, x*=7.984, p=0.018)
wpdwuwagpyb] Gu npwbiu ybpwuywpnuwynpdwu wp-
nyntuph Ypw wqnnn uplnp gnigwuhputip:

Cun  hbnwgnunigjwu  ndjwiubph’ wyu  fudph
wwghbUwnubiph dnun punwublwu npnigyniup (df=6,
x>=1.168, p=0.978), huswbu twl wwwhnwgpywsd |h-
ubiint thwuwnp (df=2, ¥*=0.021, p=0.990) U GLlwdwnh dw-
Yupnwyh (df=6, x>=0.586, p=0.997) ns Uh Ytipw sbU wq-
b ytpwywpnwynpdwu wpryniuph Jpuw:

Tndhuwun Yuiudwoénpniu b ogpwugyb) ybpw-
Uywpnwynpdwu jwy wpryntuph b pwnuwpwpuwy (hub-
(Nt (16" wluywiynn 12-h thnfuwpbu) b qpundwsdniejwu
(19" whulywiynn 14-h thnfuwptu) gnigwuhpubiph dholi:

3-pn funuip
Uyu fudph dwutwyhgutiph unghwi-dnnny pnuwgpuw-
Jwu punipwgptipp, pwgwnnipjwdp qpunyuontpjwu

gnigwuhoh, s6U pwgwhwjunb| pwdwpwp wunghwghw
qnpnjulywu Juplwsép dapdtint hwdwn: <wdbdwnw-
ywu ybpnwnieiniup gnyg inygbg qpunyjwontpjwu
Yuwpguwyhtwyh (df=2, y?<17.703, p=0.0001) L ybpw-
Uywpnuwynpdwu wpnyniuph dholt Yuwfuwonipjwu Ju-
wnwhbih wwwgnygutip. wpdwuwgpybig hunwy Yuy
qpwnywontpjwu b ybpwujwpnuynpdwu gbipwquug
wpryncuph dhole (17° whulywiynn 11-h thnfuwpbu):

Swphph (df=6, ¥*=0.481, p=0.975), ubtinh (df=2,
x>=0.054, p=0.973), quywyh wnlwjnigjwu thwuwnh
(df=2, ¥?=0.042, p=0.997), winwwuwlywu Yupquyhtw-
Uh (df=6, x?=0.244, p=0.999), Ynpwdwwpnwyh (df=6,
x>=1.587, p=0.953) L wwwhnjwgpywd [hubint (df=2,
x>=0.727, p=0.695) gnigwuhputiph W ybpwujwpnwynn-
dwu wpryntuph dhole ndjwy fudph wwghbunutiph
dnun Juwwlgywsdnipintu sh gpwugybi:

Y hupjuwlwu punipwgpbph L

YEpwuywpnwynpdwu wpnyniuph dhol

thnfuluiyulgywsnipyniup

Lhnwgnnjws hhjwunubiph Yhuhlwlwu pune-
pwagntiph U Jtipwujwpnwynpdwl wprynituph dhol
Ywhujwénipiniup ubpyuwjwgyws k Unjnuwly 3-nud:

1-pu funudp

JYpwujwpnwynpdwu wpryntuph bW dwuuwlhg-
ubph Ypuplwlwu ndjuiutph hwdbdwwnnieniup
pwgwhwjwnbtig wnyjwiutph dh pwuh Jwuwbgnphw-
Utiph  hpwynpbtwnhy wuhwdwwywunwufuwunientup
ybpwuwpnwynpdwu wpnyntuph gnigwuhohu: Lw-
didwwnwywu Jbpnoniggniut wpdwuwgptig Unpw-
gnjugnipjwu hbnwgdwu swlwih (df=4, x*=22.981,
p=0.00012), nintignn hhyjwunnigyniuutiph wnjwjnt-
RJWU punhwuntp gnigwuhoh (df=2, x2=7.096, p=0.029),
onnuwgnn wnhpuhwih (df=2, ¥=6.970, p=0.031), Il nh-
wh 2wpwpwjhu nhwpbinh (ISCY) (df=2, ¥2=20.469,
p=0.0001), ghpnipjwu (df=2, x*=8.948, p=0.011), uwfu-
Ypuntd wnwpwsd qfuninbinh wpjwu 2powuwnniejwu
untp fuwugupdwu (df=2, ¥2=6.714, p=0.035) wnyjw|-
utph  Yuwwbgnppwubph L JGpwujwpnwynpdwu
wpryntuph dholt Guiujwonipjw wqntighly wujw-
gnygutip: Upunwhwjunyws Ywiudwsnipyntu b hwjn-
Uwpbpyb JGpwujwpnwdnpdwu wpnyntuph b web-
nnulipngh welwnigjwu (df=2, ¥2=8.823, p=0.01),
huswbiu bwl Juwunwdhg htinn ybGpwujwpnwynpdwu
dwdltinh (df=4, ¥*<14.290, p=0.006) gnigwuhputiph
dpholi: Unwohu fudph hhjwunubiph dnin wnwyb| wp-
nwhwjwnywsd fuuwwlygywontpgntu £ wpdwuwagn-
Jb| unpwagnjugnipjwu htnwgdwu swlwih (10" whu-
Yuiynn 4-h thnfuwptbu) b 1ISCHh (10" wlulwdnn
6-h thnfuwptbu) ybpwuywpnwynpdwu wupwdwpuwn
wpryntuph dhl:

Unwehu fudpnid sh gpwugytip hwdwuwnh Yuw 4b-
pwujwpnwynpdwu inbuwyh (df=2, x=0.078, p=0.962),
unpwagnjugnipjwu’ nhdwihu Uwpnh ujuwndwdp ni-
ubigws nbnwnpnigjwu (df=4, x>=0.657, p=0.957), un-
nwanjugnijwu hjnujuwswpwuwwu Juqdh (df=4,
x2=0.263, p=0.992),  hpwhwinwlwu dntinph inbuwyh
(df=4, ¥?=0.179, p=0.996), Uwfulyhunid twpwséd quu-



U. Gnniujwl “Fhdwjhu ywpnh ubpyhpwhwwnwlwu ubpnuywehw

Unynruwly 3. Lepwuywpnuwynpdwu wpnyniuph Juiujwénipiniup hitnwgnunynn hhjwunutiph
Ythuhwhwiu punipwigntinhg:

YLEpwujwpnuwynpdwlu wpnyniup

funwdp 1 (n=44)

funwdip 2 (n=41)

funwdip 3 (n=42)

5 3 = 5 3 = 5 3 =
8niguilihz, n (%) s . 2_ 3 e 2 3 &8 _ S 3
3 >3 25 oo 3 S o5 ) 3 S 2% S
£ &L gl 3¢ 52 &L @ T B &L gt 3R
o N i) o N = o oV s
=) s =) ¢ =) =
Yhpwhwwnwlwu dnunp, df=4 x=0.179, p=0.996 x’=0.129, p=0.998 x>=0.533, p=0.970
Ntinpnuhgunhn 24 8(33.3) 11(45.8) 5(20.8) 21 4(19.1) 10(47.6) 7(33.3) 23 2(87) 11(47.8) 10(43.5)
Uwlwuwal 12 3(25.00 7(583) 2(16.7) 10 2(20.0) 5(50.0) 3(30.0) 10 1(10.0) 4(40.0) 5(50.0)
Uunpwphphupwihu 8 3(375) 3(375) 2(250) 10 1(10.0) 6(60.0) 3(30.0) 9 2(222) 3(33.3) 4(44.4)
Lnpwgnjugntywl hbinwgdwl swlwy, df=4 x*=22.981, p=0.00012 x*=17.662, p=0.001 x*=1.179, p=0.882
Snunw| (wdpnnowlwu) 6 1(167) 1(167) 1(167) 6 1(167) 1(16.7) 4(66.7) 8 1(12.5) 3(37.5) 4(50.0)
Untpuinnunw (hyntudwéph duwgnnn <5%) 14 3(214) 9(643) 2(143) 13 1(77) 8(615 4(30.8 12 2(16.7) 6(50.0) 4(33.3)
Uwuuwyh (hjntudwsph duwgnpn >5%) 24 10 (41.7) 11(45.8) 3(125) 22 5(227) 12(54.6) 5(22.7) 22 2(91) 9(409) 11(50.0)
Unpwgnjugntpjwu hjntudwdwpwuwlywu x>=0.263, p=0.992 x>=0.707, p=0.950 x’=1.487, p=0.829
Ywqd, df=4
Luphundw 31 (31203) 15(483) 6(19.4) 30 5(16.7) 16(53.3) 9(30.0) 34 3(89) 15(44.1) 16(46.4)
Ewhntipdndw 4 1(25.00 2(50.0) 1(25.00 3 1(333) 1(333) 1(333) 3 1(333) 1(333) 1(33.3)
Utkuhughndw 9 3(333) 4(444) 2(222) 8 1(125) 4(50.0) 3(375) 5 1(20.0) 2(40.0) 2(40.0)
Nintilgnn hhywunnipyniuutin, df<2 x’=7.096, p=0.029 x’=5.2153, p=0.074 x>=0.1885, p=0.910
Niuh 37 13(35.1) 18(487) 6(162) 35 6(171) 19(54.3) 10(28.6) 36 4(11.1) 16(44.4) 16 (44.4)
2niuph 7 1(143) 3(429) 3429 6 1(167) 2(333) 3(50.00 6 1(16.7) 2(33.3) 3(50.0)
Cnnwgnn wnhpdhw, df=2 x>=6.970, p=0.031 x>=0.012, p=0.994 x>=0.0733, p=0.964
Niup 6 4(667) 1(16.7) 1(167) 8 1(125) 4(50.0) 3(375) 5 1(20.0) 2(40.0) 2(40.0)
2niuph 38 (21603) 20(52.6) 8(21.1) 33 6(182) 17(51.5) 10(30.3) 37 4(10.8) 16(43.2) 17 (46.0)
Yhpwujwpnwynpdwu nbuwy, df=2 x’=0.078, p=0.962 x*=0.050, p=0.975 x>=0.170, p=0.919
Lwybiyw| Wwpnh dhongny 13 4(30.8) 6(46.2) 3(231) 10 2(20.0) 5(50.0) 3(30.0) 10 1(10.0) 4(40.0) 5(50.0)
Bupw|tiquihu Wwnpnh dhongny 31 (31203) 15(48.4) 6(19.4) 31 5(161) 16(51.6) 10(32.3) 32 4(125) 14(43.8) 14(43.8)
Il nhwh gwpwpwjhu nhwpbin, df=2 x>=20.469, p=0.001 x>=8.128, p=0.017 x>=7.026, p=0.029
Niup 21 (41706) 10 (47.6) 1(4.8) 25 6(24.0) 12(48.0) 7(28.0) 22 4(182) 9(40.9) 9(40.9)
2niuh 23 4(17.4) 11(47.8) 8(34.8) 16 1(63) 9(563) 6(375 20 1(5.0) 9(45.0) 11(55.0)
Shpnigyniu, df=2 x>=8.948, p=0.011399 x>=16.045, p=0.000328 x>=6.182, p=0.045
Niuh 25 11(44.0) 10(40.0) 4(16.0) 21 6(28.6) 1(52.4) 4(19.1) 23 4(17.4) 10(435) 9(39.1)
2niup 19 3(15.8) 11(57.9) 5(263) 20 1(5.0) 10(50.0) 9(45.0) 19 1(53) 8(421) 10(52.6)
Unbunwdnpuwihu hwdwlwngh pnppn- g g . g 2 g
puyhU punyph hhduinnupni, df-2 x=0.180, p=0.914 x>=5.794, p=0.055 x=2.842, p=0.242
Niup 13 430.8) 6(46.2) 3(231) 14 4(28.6) 7(50.0) 3(21.4) 20 3(15.0) 7(35.0) 10(50.0)
2niuph 31 (31203) 15(483) 6(19.4) 27 3(111) 14(51.9) 10(37.0) 22 2(9.1) 11(50.0) 9(40.9)
Uuwdutignid gfuntntinh wpjwu 2powliw-
nnpjwl untp fuwliqupnid (wugnnhly Yud x=6.714, p=0.034 x’=3.042, p=0.218 x*=0.021, p=0.990
Yuyniu) , df=2
Niuh 27 11(40.7) 12(44.4) 4(14.8) 20 4(20.0) 9(45.0) 7(350) 26 3115 11(42.3) 12(46.2)
2niuph 17 3(177) 10(58.8) 5(29.4) 21 3(143) 12(571) 6(28.6) 16 2(125) 7(43.8) 7(43.8)
Upbipnuytinng, df=2 x>=8.823, p=0.012 x>=8.608, p=0.0135 x>=13.833, p=0.0009
Niup 27 11(40.7) 10(37.0) 6(222) 24 6(25.0) 11(45.8) 7(29.2) 22 4(182) 12(54.6) 6(27.3)
2nLuh 17 3(177) 1(647) 3(17.7) 17 1(59) 10(58.8) 6(353) 20 1(5.0) 6(30.0) 13(65.0)
Yuwunudhg htinn ybpwujwpnuwynpdwu L _ L _ L _
S, o, x’=14.289, p=0.006 x’=13.044, p=0.011 x’=17.951, p=0.001
1-6 17 2(1.8) 10(58.8) 5(29.4) 15 1(6.7) 7(467) 7(46.7) 16 1(63) 7(43.8) 8(50.0)
6-12 17 6(353) 8(471) 3(177) 18 3(167) 7(389) 5(27.8) 17 1(59) 8(47.1) 8(471)
>12 10 6(60.00 3(30.0) 1(10.0) 8 3(375) 4(50.0)0 1(125 9 3(333) 3(33.3) 3(33.3)
Luwhuyhund tnwpwd quilgninbinuhu L g L _ L g
o i, 62 x=0.542, p=0.762 x>=0.092, p=0.954 x>=0.112, p=0.946
Niuh 16 6(37.5) 7(43.75) 3(18.75) 15 2(133) 8(53.3) 5(333) 15 2(13.3) 6(40.0) 7(46.7)
2niup 28 8(28.6) 14(50.0) 6(21.4) 26 5(19.2) 13(50.0) 8(30.8) 27 3(1.1) 12(44.4) 12 (44.4)
pnPUILGNLRIAL ubipuwénud uwinhth =8.349, p-0.079 =7.043, p=0.134 =3.982, p-0.408
Udpnnowlwu 21 9(429) 9(429) 3(143) 21 6(28.6) 10(47.6) 5(23.8) 20 3(15.0) 9(45.0) 8(40.0)
Uwuuwyh 12 4(333) 6(50.00 2(16.7) 10 1(10.0) 5(50.0) 4(40.00 12 1(83) 6(50.0) 5(417)
Unwug ubpunwbdwu 11 1(91) 6(546) 4(364) 10 1(10.0) 6(60.0) 3(30.00 10 1(10.0) 6(60.0) 3(30.0)
Unpwghjwgntpjwu inbnwnpnigjniu nh- 2 . 2 N 2 .
Sy Uwpnh Ulwandwdp, df-4 x?=0.657, p=0.957 x=1.780, p=0.776 x=0.489, p=0.974
Unwowjhu dwytiptu 22 7(31.8) 10(455) 5(227) 20 4(20.00 10(50.0) 6(30.0) 21 2(9.5) 9(429) 10 (47.6)
Lbnhu dwytiptiu 1 4(364) 5(455) 2(182) 11 1(30.0) 6(54.6) 4(36.4) 10 1(10.0) 4(40.0) 5(50.0)
Unnuduwihu dwlbipbiu 1 3(273) 6(546) 2(182) 10 2(20.00 5(50.0) 3(30.0) 11 2(182) 5(45.5) 4(36.4)
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gninbinwhu Juwudwoéph (df=2, x2=0.542, p=0.762),
wnbunwdnpuwjhu hhywunnipjntuutipp (df=2,
x>=0.180, p=0.914) U nhdwjhu Wywnpnh gnpdwnnipwjhu
wywhynipjwu Ybpwlwugqudwu wpnyntuputiph dholu:

2-pn. funudp

Uju fudph  dwuuwyhgubiph  Yhupywwu punt-
pwgntph L Jbpwujwpnwynpdwl - wpryniuputiph
hwdbtdwuwnnigntup hwjnuwptiptig ytipohuutiphu wp-
wnwhwjinjwsd  Jufudwontpntu unpwgnjugnipjwu
htnwgdwu swywh (df=4, y*=17.66, p=0.001), ISC}-h
(df=2, ¥>=8.128, p=0.017) L ghpnipjwl (df=2, x>=16.045,
p=0.000328) wnlwjnipjwu gnigwuhgutiphg: Uty wy
wpnwhwjinjwsd  Juwwoéngniu - wpdwuwgpybg
wpbpnuytpngh wnlwniejwu (df=2, x?<8.61, p=0.014),
Juwunwdhg hbwnn  JbGpwljwpnwynpdwu  dwdlbinh
(df=4, x*=13.044, p=0.011) L Ytpwujwpnwynpdwu wp-
nyntuph dhol:

Udbuwwpunwhwjndws Juuwp gpwugyb) b ybpw-
Yuwpnuwynpdwu wupwywpwp wpnyniuph W hGnbyw
gnigwuhaubiph dhol. ghpnuejwu (6-p” uwwuytithp 3-h
thnfuwptbl), UnpwgnjugntRjwu hbnwgdwu dwulwyh
swywih (5" whuywynn 3-h hnfuwptbu), Juwunudhg
htiinn JbGpwujwpnwynpdwl 1 tnwpnig wybp dwdybinh
(3-n" uywuybiihp 1-h thnfuwnbl) nbupnud:

Lbnwgnuninipiniup - wwpgbig, np  yGpwljwpnw-
ynpdwu wpryntupp npul uiujwonigntu sh ni-
utigb  Jhpwhwwwlwu dnunph  wnbuwlhg (df=4,
x>=0.129, p=0.998), ninbilignn hhywunnipniuutinhg
(df=2, x*=5.215, p=0.074), onnwgnn wnhpdhwhg (df=2,
x>=0.012, p=0.994 ), Ybpwljwpnwynpdwu wnbuwlyhg
(df=2, x>=0.05, p=0.975), wnbuwnwdnpuwjhu ninnt hh-
qwunnipniuubiph  (df=2, x2=5.794, p=0.055), uwfu-
Yhuntd twpws quugninbnwihu yuwudwdph (df=2,
¥=0.092, p=0.954) thwuwnhg, ninnigph” wwwnhth htwn
ubipnwodwu (df=4, ¥2=7.043, p=0.134), Uunpwgnjw-
gnipjwu hjnujwswpwuwlywu Yuqdh (df=4, x>=0.07,
p=0.950) L ntnnigph’ nhdwjhu Wywpnh Ujwundwdp ni-
ubigwd nhpph (df=4, x*=1.780, p=0.776) Y huhlwywu

punipuwagntinhg:

3-pn fundp 3

Lpwljwpnwynpdwu wpryntuph wpunwhwjnjwé
Juwhujwéntgniu wpdwuwgpybig htnw) Y phuhyuw-
Ywu punipwgpbiphg. ISC- (df=2, x*=7.026, p=0.029) L
ghpnieyniu (df=2, x2=6.182, p=0.045): Cwywuwnh Ep uwle
YEpwiywpnuwynpdwu wpryniph Yuwp webipnultipn-
qh wnlwjnipyniu thwuwnh (df=2, ¥*=13.83, p=0.0009)
L Juwuntdhg htwnn ybpwujwpnwynpdwu dwdlbinh
(df=4, x*=17.951, p=0.001) dholi:

JYbpwljwpnwynpdwu wpryntuph b yhpwhwwnw-
Ywu dnunph (df=4, x?=0.533, p=0.970), Unpwagnjugnt-
RjWU hbnwgdwu swywh (df=4, x*=1.179, p=0.882), ni-
ntlgnn hhdwunnigyniuutiph (df=2, x*<0.189, p=0.910),
onnwgnn wnhpdhwh (df=2, ¥>=0.0733, p=0.964 ), Jb-
pwljwpnuwynpdwu nbuwyh (df=2, x?=0.170, p=0.919),
wnbunwdnpuwihu ninnt hhjwunniejniuubiph (df=2,
x*=2.84, p=0.242), uwfuyhunid wnwpwséd quugninb-
nwjhu Juwuygwsph (df=2, x=0.11, p=0.946,) ninnigph’

wwwnhbth hbn ubipnwtdwu (df=4, x>=3.982, p=0.408),
ninnigph’ nhdwjhu bywpnh ufuwndwdp nitubgws nhp-
ph (df=4, x*=0.489, p=0.974), unpwgnjugntpjwlu hb-
nwgdwl swywh (df=4, x*=1.179 p=0.882) dhol. Ywfu-
Juwoéntpntu sh qpwugybi:

huswbu Gpunwd £ Jbpnugjw| wdjwiutiphg, ungh-
w-gnnnypnwgpuwlwu puntpwantinu niubigh| Gu npn-
2wl wanbignigniu nhdwjhu Wwpnh gnpownnipwhu
wywnhynigjwu ybpwlwugudwu wpryntuwy Gnngjuwu
Ypw dhwju 1-hu U 2-pn Yrhuhhwlwu fudpbiph wwgh-
Gunutiph dnwn: 3-pn fudpnd udwu Guwwlygqwont-
pjntup, pwgwnnipjudp qpwnywdnipjuwu  gnpdnuh,
pwgwlwjnid En:

Fninp tiptip Yihuhlwywu fudptipnud wwghbuwnub-
nh Ythuhlwlwl puntewqgnptinhg” 1SG+-h, ghpnipyu,
wpebpnuytpngh wnlywinieyntup, huswbiu vwl, Juw-
untdhg htwunn Jbpwujwpnwynpdwu dwdybnu niubgh|
EU wpunwhwjnwé wunghwwnhy Yuw Ybpwujwpnw-
ynpdwu wprynipuh hbtiwn: 2-pn fudph wwghbuwnub-
np dnin bpwlwuqudwu 2powuh ypw wpunwhwjn-
Jwé wgnbignigyniu £ niubigh] bwl unpwgnjugnipjwu
htnwgdwu Swywih gnpdnup, pun npnud, nhdwjhu
Yuwpnh  Jbpwujwpnuwynpdwu  hbunyhpwhwwnwlwu
npwlwu nhuwdhlyw b gpuiugdti 1-hu b 2-pn fudptiph
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ABSTRACT

Background: Surgical treatment of cerebellopontine an-
gle (CPA) tumors is the removal of the neoplasm by various
methods. The most frequent intraoperative complication is
damage to the facial nerve, which is due to the correspond-
ing topography of the nerve. The reinnervation process does
not always provide the necessary result, which motivated the
search for new methods of treatment and optimization of
postoperative management in patients with such problems in
order to increase the effectiveness of the treatment of iatro-
genic neuropathy of the facial nerve.

Aim: The aim of this cross-sectional prospective study is
to analyze the impact of sociodemographic, endogenous, and
exogenous factors on the process of facial nerve regeneration
and its effectiveness after intraoperative facial nerve injury in
patients with CPA neoplasms.

Materials and Methods: Depending on the treatment
performed, the selected participants were randomized into 3
groups. The first group (n=44) consisted of patients who un-
derwent standard postoperative treatment after reinnervation,
the second (n=41) included patients in whom standard postop-
erative treatment after reinnervation was combined with local
neurostimulation intervention, and the third group (n=42) pa-
tients received combined therapy using standard, neurostim-

ulation, and pharmacological intervention. Participants were
randomly assigned to clinical groups.

Results: Socio-demographic characteristics had a certain
effect on the efficacy of restoring the functional activity of the
facial nerve only in patients of groups 1and 2. In group 3, such
an assoication, except for the employment factor, was absent.
In all three groups, the presence of type 2 diabetes mellitus,
obesity, atherosclerosis, as well as the period of reinnervation
after injury had a pronounced associative relationship with the
result of reinnervation. In patients of group 2, the factor of
tumorectomy volume also had a pronounced impact on the
recovery period. Positive dynamics of facial nerve recovery was
recorded in patients of groups 1and 2 in case of complete and
subtotal removal of the tumor. In group 1, the number of fac-
tors influencing the postoperative course was the highest: in
addition to the above-mentioned indicators, the general index
of the presence of concomitant diseases and arrhythmia were
also influencing factors. Meanwhile, in patients of group 3,
only atherosclerosis, obesity, type 2 diabetes mellitus and the
period of reinnervation after injury acted as influencing fac-
tors. A pronounced correlative dependence between the posi-
tive result of reinnervation and reinnervation performed within
1-6 months after injury was observed in all clinical groups.

Conclusion: This study is the first to investigate the com-
bined electrostimulation and drug therapy in order to reduce
the influence of sociodemographic and clinical factors on the
efficacy of treatment of iatrogenic neuropathy of the facial
nerve. This opens new perspectives for studying the clinical ef-
fectiveness of the combined therapy by evaluating the recovery
of the facial nerve according to functional activity scales and
electroneuromyographic data. The results of the conducted
research are an indirect confirmation of the effectiveness of
the combined electrostimulation and drug treatment imple-
mented by the author.

Keywords: cerebellopontine angle tumor, facial nerve re-
innervation, facial nerve neuropathy
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AHAJTU3 BJIMAHUA COUUNANTIBHO-[1EMOTIPA®UYECKHUX,
QHJOTEHHbIX U 3K3OrEHHbIX PAKTOPOB HA
MPOLLECC BOCCTAHOBJIEHMSl HEMPOMATUM
JINLLEBOTIO HEPBA MOCJIE UHTPAOINEPALLUOHHOIO
MNOBPEXEHUA NMPU YJANEHNN OMYXOJIEM MOCTO-
MO3?KEYKOBOIO YIJ1A

Capruc M. EryHan

Kadenpa Herpoxmnpyprim, EpeBaHCKIin rocyiapCTBEHHbIN
MELMLIMHCKMI yHUBEPCUTET M. M. epaun, EpesaH, ApmeHus
OtaeneHne Helpoxupypruv, MeALMHCKUI LEHTP «DpebyHI,
EpesaH, Apmerua

ABCTPAKT

BeepeHune: Xupyprunyeckoe ie4eHme onyxonen MoCcToMo3-
#eukoBoro yrna (MMY) sakntoyaetca B yaaneHnmn HoBoobpaso-
BaHMA Pa3NnyHbIMK criocobamu. Mpu 3ToM Hambonee YacTbiM
VHTPaonepaLMOHHbIM OCNOMHEHUEM ABNAETCA MOBPEMKAEHUE
NULEBOrO HEPBA, YTO OOYCNOBNEHO COOTBETCTBYOLLEV TO-
norpaduelt Hepsa. lNpoLECcC peMHHepBaLMW He Bcerga obe-
CMEYVBAET HEOOXOAMMDIN PE3YNbTaT, YTO MOTUBUPYET MOWCK
HOBbIX METOAOB NIEYEHUA U ONTUMU3ALMM NOCNEONEPALIVIOH-
HOTO BEAEHMA MALMEHTOB C NOJZO6HON MATONOTUENR C LENbO
MOBbILLEHNA 3PHEKTUBHOCTN NEYEHNA ATPOrEHHON HEBpOMa-
TUW NNLEBOTO HEPBA.

Llenb: Llenbro JaHHOrO MpoLONIbHOTO MPOCMEKTUBHOIO
MCCNeNoBaHWA ABMAETCA aHaNW3 BAMAHUA COLMANbHO-AEMO-
rpaduyEcKnX, IHAOrEHHbIX U IK3OTEHHBIX HaKTOPOB Ha Mpo-
LleCC pereHepaLumn Hepea 1 ero 3GGeKTUBHOCTb NMOCNE UHTPa-
OMEPaLIMOHHOIO MOBPEMAEHNA NULEBOrO HEPBa Y NaLMEHTOB
C HoBOObpasoBaHMAMN MMY.

MaTepuan n metogbl. B 3aBMCMMOCTV OT NMPOBOAMMO-
ro NeyeHna oTOO6PaHHbIE YHaCTHUKK ObINU PaHAOMN3NPOBAHbI
B 3 KnuHuyeckne rpynnsl. Mepsaa rpynna (n=44) skntoyana
NaLMEHTOB, KOTOPbIM MPOBOAMAOCH CTaHAAPTHOE Mocneone-
PaLMOHHOE neyeHue nocne penHHepsauuu, BTopasa (n=4)
— MaLMEHTOB, Y KOTOPbIX CTaHAAPTHOE MOCNeonepaLnoHHoe
NevYeHne Nocne pemHHepPBaLMM COYETANOCh C IOKaNbHON Hel-
pocTumynaumen, a TpeTea rpynna (n=42) — nauneHToBs, KOTO-
PbIM NMPOBOAMIACE KOMOVHMPOBAHHAA Tepanus, BKIOYatoLLLaA
CTaHAAPTHOE NEYeHWE, HEMPOCTUMYNALMIO U MEANKAMEHTO3-
HOE NneveHue.

Pesynbtatbl: CoumanbHO-AeMOrpaduyeckne xapakrepyi-
CTVKM OKasanu OMpeeneHHoe BAUAHME Ha IGPEKTUBHOCTD
BOCCTaHOBNEHWA QYHKLIMOHANBHOM aKTUBHOCTW  NWLEBOTO
HepBa TONbKO Yy MaumeHToB 1-i 1 2-i rpynn. B 3-i rpynne Ta-
KaA CBA3b, 33 NCKNIOYEHNEM HaKTOpa 3aHATOCTU, OTCYTCTBOBA-
na. Bo Bcex Tpex rpynnax Hanuuune caxapHoro avabera Il Tvna,
OMNPEHUA, aTEPOCKNEPO3a, a TaKKE MEPUOJ, PEMHHEPBALN
nocne TpaBMbl UMENW BbIPAaXKEHHYHO aCCOLIMATUBHYIO CBA3b C
pe3ynbTaToOM pevHHepBaLun. Y NMauneHToB 2-i rpynnbl dak-
TOp o6bema yAaneHNA Oryxonn TakMe OKa3blBai BbIPaXEHHOE
BAWAHWE Ha TEYEHME BOCCTAHOBNEHWA, a MONOXKUTENbHAA AV-
HaMUKa PEVHHEPBALIMK NULEBOTO HEpBAa PErncTprpoBanach
y nauueHToB 1-i 1 2-i rpynn nNpu NoaHOM v Cy6TOTanbHOM
yaaneHvun onyxonu. Y nNaumeHToB 1-i rpynnbl KOAUYECTBO
$aKTopOB, BNUAOLLMX HA MOCAEOMNePaLMOHHOE TeUeHe, b0
Hanbonblwmm. MOMUMO BbILLENEPEHMCAEHHDBIX MOKa3aTenew,
BAMAIOLLMMI aKTOPaMU TakKe ABNANNCE OOLLMI MHAEKC Ha-
NNYMA COMYTCTBYIOLLMX 3a60NEBAHW 1 MepLaTenbHaa apuT-
MUA. Mex<ly Tem, y NaLMeHTOB 3-# rpynmbl B KA4YECTBE BNUAO-
WX GaKTOPOB BbICTyMaAN TONbKO aTEPOCKEPO3, OMKMPEHME,
caxapHblii AunabeT |l Tna n CpokM pemHHepBaLK nNocne Tpas-
Mbl. BO BCEX KNMHMYECKMX rpynnax Habntoganack BblpaxeHHas
KOPPENALWMOHHAA 3aBNCHMOCTb MEXAY MONOMUTENbHbBIM pe-
3yNbTaTOM PEVHHEPBALIMM W PEVHHEpBaLIMEN, NPOBEAEHHON B
TeueHune 1-6 MecaLes nocne TpaBMmbl.

3akntoveHue: Hacrosllan paboTa ABNAETCA MEPBLIM WC-
CNELOBAaHNEM, B KOTOPOM M3y4aeTCA KOMOUHMPOBAHHAA SNeK-
TPOCTUMYNALIMOHHAA N MEAMKAMEHTO3HaA Tepanua C LIeNbo
CHUXKEHWA BANAHMA COLMANBbHO-AEMOrPaPUUECKNX U KNUHU-
Yeckux akTopoB Ha 3PPEKTUBHOCTb NEYEHWA ATPOTrEHHOM
HEMponaTM ANLEBOrO HEPBA. ITO OTKPbIBAET HOBbIE MEPCEK-
TWBbI ANA U3YHEHUA KNUHUYECKON IPPEKTUBHOCTU KOMOUHM-
POBaHHOW Tepanuu MOCPEACTBOM OLIEHKM BOCCTAaHOBMEHUA
NMLIEBOrO HEPBA C UCMOMb30BAaHUEM LWKan GYHKLMOHANbHOM
aKTMBHOCTM U JAHHbIX 3NEKTpoHerpomumorpadum. MonyyeH-
Hble PEe3ynbTaTbl KOCBEHHO MOATBEPHKOAIOT 3PGEKTUBHOCTDL
MPOBOAVMOrO aBTOPOM KOMOUHWUPOBAHHOMO NEYEOHOrO METO-
Aa NEKTPOCTUMYNALUN U MELUKAMEHTO3HOM Tepanuu.

Knrouegble c108a: onyxonb MOCMOMO3MKEUKOB020 Y2id,
PeuHHep8ayus AULeso20 Heped, HellpoNamus AUUE8020 Hepsd
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ABSTRACT

Background: Chronic back pain (CBP) is a common
musculoskeletal disorder that significantly impairs dai-
ly functioning and quality of life. Understanding gen-
der-based differences in disability associated with CBP is
crucial for developing tailored management strategies.
Although previous studies have indicated variations in
pain perception and functional limitations between men
and women, data from the Armenian population are
scarce.

Objective: To investigate gender differences in dis-
ability levels among Armenian patients with CBP using
the Oswestry Disability Index (ODI).

Methods: A cross-sectional study was conducted
among 1,562 Armenian adults with CBP and no history
of spinal surgery (967 females, 595 males). All partici-
pants completed the Armenian version of the ODI. Inde-
pendent two-sample t-tests assuming unequal variances
were used to compare mean total and domain-specific
ODI scores between genders.

Results: Statistically significant gender-based differ-
ences were found in several ODI domains. Men reported
higher pain intensity (mean=40.1, SD=20.32) compared
to women (mean=36.4, SD=19.00; p<0.001). Conversely,
women demonstrated greater functional impairment in
specific areas of daily life, particularly in personal care
(p=0.0026) and lifting activities (p=0.0125). These re-
sults indicate that while men may experience and report
greater pain intensity, women are more affected by lim-
itations in self-care and manual handling tasks.

Conclusion: This study identifies significant gen-
der-based differences in the experience and impact of
CBP among Armenian patients. Men tend to report more
sever pain, whereas women experience greater function-
al disability in daily activities. Incorporating gender-sen-
sitive assessment and management approaches may en-
hance the effectiveness of CBP treatment and improve
patient-centered care outcomes.

Keywords: Chronic back pain; Disability;, Gender;
Oswestry Disability Index; Oswestry Low Back Pain Dis-
ability Questionnaire

INTRODUCTION

Chronic back pain (CBP) is a major cause of disability
worldwide, impacting individual well-being and pub-
lic health systems. The World Health Organization has
identified back pain as a leading cause of global dis-
ability [1]. Despite a wealth of research on CBP, limited
data exist concerning gender-specific patterns in pain
perception and functional limitations, particularly in the
Armenian context.

Pain experience is known to be influenced by both
biological sex and gender roles. Literature suggests that
women often report greater pain intensity and disability,

while men might delay care-seeking and underreport
functional limitations [2]. Understanding these differ-
ences is vital for designing effective, individualized treat-
ment strategies.

Gender-sensitive clinical practices aim to address
disparities in healthcare experience and outcomes.
However, current management protocols for CBP often
neglect these nuances. Local studies exploring this as-
pect of pain and disability are essential to formulating
effective care models.

Addressing this gap, the present study explores gen-
der-based variations in disability among Armenian pa-
tients with CBP, employing the Oswestry Low Back Pain
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Disability Questionnaire, also known as Oswestry Dis-
ability Index (ODI) — a validated and widely used tool for
assessing spine-related functional impairment [3].

METHODS

This cross-sectional study was conducted between
2022 and 2023 in three multidisciplinary medical cen-
ters in Armenia. Inclusion criteria were adults aged 18-
75 with CBP lasting more than 3 months and no prior
spinal surgery.

Participants completed the validated Armenian ver-
sion of ODI, which consists of 10 sections: Pain Intensity,
Personal Care, Lifting, Walking, Sitting, Standing, Sleep-
ing, Social Life, Traveling, and Employment/Homemak-
ing. Each section is scored from O to b, yielding a to-
tal score that is converted to a percentage representing
overall disability (minimal to immobilized).

To ensure data quality, all questionnaires were
checked for completeness by trained research staff. Par-
ticipants were informed about the purpose and volun-
tary nature of the study. Ethical approval was granted
by the institutional review board of each participating
center.

Statistical analysis was performed using SPSS v26.
Descriptive statistics (meanststandard deviations) were
calculated. Gender comparisons for ODI domains were
evaluated using independent two-sample t-tests assum-
ing unequal variance.

RESULTS

A total of 1562 participants were enrolled in this study
(967 females 61.9%, and 595 males) with a mean age
of 48.2+10.4 years. The study population represented a
broad range of employment types, socioeconomic back-
grounds, and education levels. Pain duration ranged
from 3 months to over 5 years. Most participants were
employed at the time of the study, though a substantial
proportion of women were homemakers or engaged in
part-time caregiving duties.

Men reported significantly higher pain intensity,
while women reported greater limitations in self-care
and lifting tasks (Table 1). These differences may re-
flect occupational roles, health-seeking behaviors, and
sociocultural expectations regarding expression of vul-
nerability and dependency. Additional domains, such
as walking, sitting, and sleeping, exhibited compara-
ble scores between genders, with minor nonsignificant
trends toward greater disruption among women.

DISCUSSION

The results of our survey showed there were nota-
ble gender differences in CBP-related disability among

Table 1. Oswestry Disability Index domain comparison

by gender.
. Females, Males,
Ll el meantSD meantSD
Pain Intensity 36.4+19.00 40.1+20.32 <0.001
Personal Care 32.8+19.53 36.5+21.15 0.0026
Lifting 34.2419.15 38.0£20.71 0.0125

ODI — Oswestry Disability Index; SD — standard deviation.

Armenian patients. Men reported higher pain intensity
scores, while women experienced more functional im-
pairment in activities. Although experience of pain may
be stronger in men, women’s daily functional limita-
tions are more significant [4,5].

Chronic back pain is a complex, multifactorial con-
dition with biopsychosocial underpinnings. Numerous
studies have explored the epidemiology, pathophysiol-
ogy, and treatment modalities of CBP, yet relatively few
have addressed gender-specific differences in pain ex-
perience and disability outcomes.

A growing body of evidence highlights distinct
gender differences in pain perception and reporting.
Women consistently report higher pain sensitivity and
greater pain-related disability across a variety of chronic
pain conditions, including CBP. These differences are
believed to stem from both physiological factors, such
as hormonal fluctuations and differences in endoge-
nous pain modulation, and sociocultural influences
that shape pain expression. Functional impairment due
to CBP also appears to vary by gender. A meta-analysis
by Alabas et al. (2012) reported that women with CBP
showed significantly higher scores on disability indi-
ces, particularly in domains related to personal care and
mobility [5]. This may be partly attributable to the dual
burden of paid labor and unpaid caregiving roles often
undertaken by women, amplifying the functional impact
of chronic pain [6].

Conversely, men may underreport disability due to
societal expectations that discourage vulnerability and
dependence. Studies such as those by Racine et al.
(2012) suggest that masculine norms can lead to delayed
healthcare-seeking behaviors, potentially exacerbating
long-term outcomes [7].

The ODI remains one of the most commonly used
tools for evaluating functional disability in individuals
with CBP. However, it is not inherently gender-sensitive,
and researchers have raised concerns about its ability
to capture gendered experiences of disability fully. De-
spite this, the ODI continues to provide a standardized
framework for comparative analysis, especially when
supplemented by large, representative samples. While
international literature has increasingly addressed sex
and gender differences in pain, data from low- and
middle-income countries, including Armenia, remain
sparse. In the Armenian context, no large-scale stud-
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ies to date have examined gender-based variation in
CBP-related disability using validated tools [8].

The integration of gender-sensitive practices in
chronic pain management is increasingly recommended
by global health authorities. The International Associa-
tion for the Study of Pain (IASP) has issued calls for gen-
der-inclusive research and treatment design. However, a
gap remains between policy advocacy and clinical imple-
mentation, particularly in resource-limited settings [9].

By analyzing gender differences in ODI domains
among Armenian CBP patients, the present study aimed
to inform a more inclusive and responsive model of pain
care, one that addresses the unique experiences and
needs of both men and women.

This study demonstrates distinct gender differences
in CBP-related disability within an Armenian population.
Contrary to some international findings, Armenian men re-
ported greater pain intensity. This could be due to cultural
acceptability of expressing pain when it affects work-relat-
ed or physically demanding tasks. Additionally, men in this
study may have been more likely to be engaged in manual
labor, further increasing perceived pain intensity.

Women showed greater disability in personal care and
lifting domains. These findings may be influenced by so-
cietal roles and expectations, with women often assuming
more caregiving and domestic duties, potentially exacer-
bating physical strain. Tasks like bathing, dressing, or car-
rying loads may disproportionately burden women with
chronic pain. These responsibilities may compound the
physical limitations imposed by back pain and contribute
to feelings of reduced independence or productivity.

The ODI is effective in capturing such differences
due to its coverage of both physical and psychosocial
aspects. Each domain reflects real-world functional im-
pairments, enabling clinicians to identify specific gen-
der-based challenges in CBP. Importantly, domains like
sleeping and social life, although not statistically sig-
nificant in this study, can still inform holistic treatment
plans. Incorporating patient-centered approaches that
consider lifestyle, caregiving burdens, and role identi-
ty may enhance the effectiveness of pain management
interventions.

Our findings align with prior research demonstrating
gender differences in pain-related disability. For exam-
ple, studies have shown women to be more susceptible
to central sensitization and emotional amplification of

pain symptoms. On the other hand, men may be more
likely to internalize pain due to stigma or societal con-
ditioning, which may delay treatment but increase the
severity at presentation. Additionally, men may seek help
only when pain interferes with work or physical activity,
potentially skewing results toward higher pain intensity.

The implications of this study are twofold. Clinicians
should incorporate gender-aware approaches in patient
evaluation and care planning. Tailored physical therapy
programs, psychosocial support, and patient education
can enhance engagement and outcomes across genders.
At the same time, health policy must ensure equitable
access to rehabilitation services that accommodate gen-
der-specific needs and responsibilities. For instance, ac-
cess to in-home care support or flexible work accommo-
dations may be especially beneficial for female patients.

Limitations include the cross-sectional design,
which restricts causal inference, and the reliance on
self-reported data, which may be influenced by recall
or reporting bias. Furthermore, the ODI, while compre-
hensive, may not fully capture gendered experiences or
the influence of psychological comorbidities. Future re-
search could benefit from a longitudinal approach and
inclusion of psychological variables such as pain cata-
strophizing, anxiety, or coping style. Qualitative studies
exploring lived experiences of pain and disability across
genders could also provide valuable context to support
quantitative findings.

CONCLUSION

Gender-specific patterns in CBP-related disability
are evident in the Armenian population. While men re-
port more pain, women show higher disability in func-
tional tasks like self-care and lifting. These differences
highlight the need for personalized, gender-aware pain
management and rehabilitation approaches.

Clinicians should utilize gender-sensitive tools, such
as the ODI, to guide assessment and tailor interventions.
Given the widespread prevalence and burden of CBP,
addressing gender disparities in disability is essential for
improving overall health outcomes and resource alloca-
tion in Armenia and similar settings. Ultimately, recog-
nizing gender-based functional limitations can lead to
more empathetic care delivery and better quality of life
for patients affected by chronic back pain.
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ABCTPAKT

BeepeHue: XpoHuueckas 6onb B cnure (XbC) — pacnpo-
CTpaHEHHOe 3aboneBaHne OMNOPHO-ABUraTeNbHOro annapara,
KOTOpOE 3HAYUTENBHO CHUPKAET KAaueCTBO MKM3HU U HapyLlaeT
NOBCEAHEBHYIO AEATENbHOCTb. TTOHWMaHWE TeHAEPHbIX pasfn-
4N B ypOBHE MHBanMam3aUum npu XbC HEOBXOAUMO /1A pas-
paboTKWN MHAMBWAYANN3NPOBAHHbIX CTPATErnin NedeHns. XoTa
npeabiayLLye NCCNefoBaHyA YKasbiBaAW Ha reHaepHble pasiv-
4MA B BOCTIPUATMM GOMN M GYHKLMOHANBHBIX OrpaHWUYeHusX,
AaHHble, cneunduyHble ANA HaceneHa ADMEHN, OrPaHNYEHbI.

Llenb: Mccnenosatb pasnuymna MeXKLy My*KUMHaMM W XKeHLLM-

Hamu B ypoBHe MHBanuan3aLwn npu X6C y apMAHCKMX NaLMEHTOB
C UCMONB30BaHMEM MHAEKCA UHBanuan3aLmm Ocsectpu (MMO).

MeTopbi: B NepekpeCTHOM MCCNEAOBAHUM MPUHANN y4a-
ctne 1562 B3pocnbix naumneHTa u3 ApmeHnmn ¢ XbC 6e3 aHam-
Hesa onepauuii Ha NMO3BOHOYHMKe. Bbibopka Bkitovana 967
MEHLWMH 1 595 MyKUMH. Bce y4aCTHVKM 3aNONHMAN apMAH-
ckyto Bepcnto MNO. [nAa CpaBHEHWA CPEAHWX 3HAYEHWR Mo
Mony UCMONb30BaNNCh ABYXBbIGOPOUHbIE t-TECTbI C HEPABHbIMY
ANCNEPCUAMM.

Pe3ynbTaTbl: Myx4uHbl coOGLWMAN O Bonee BbICOKOM
yposHe 60nm (cpearee=40.1£20.32) no cpaBHEHUIO C HEHLLIM-
Hamu (36.4%19.00), p<0.001. ¥ xeHLWwmnH Habntofanucs 3Hauv-
TenbHO bonbliee orpaHuyeHve GyHKUMI B Taknx chepax, Kak
nuuHan rurvera (p=0.0026) n noavém Taxecten (p=0.0125).

3akntoueHme: Cpean apMAHCKMX naumneHtos ¢ XbC nme-
FOTCA BbIPaXEHHbIE TE€HAEPHbIE Pa3NUYMA; MY)KUMHbBI Yallle
COoO06LIAt0T 0 60/1EE MHTEHCUBHOM 6ONN, TOTAA KaK MKEHLMHDbI
UCMbITbIBAtOT BONEE CEPbE3HBIE OrPaHNYEHUA B MOBCELHEBHOW
MU3HW. DTN [aHHble MOAYEPKMBAIOT HEOOXOAUMOCTb reHaep-
HO-4YBCTBMTENBHOIO MOAXOAA K OLIEHKE U NEYEHUIO XPOHUYe-
CKoVi bonu B cniviHe.

Knrouesvie caoea: xpoHuueckasa 6046 8 cnuHe, UHeA-
AUOU3AYUA, 2eHOepHble pasauyud, VHoekc uHeanuoulayuu
Ocsecmpu, onpocHuk Ocsecmpu no desabunumayuu npu
6071Ax 8 NoACHUUE
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ABSTRACT

Background: Obstructive sleep apnea (OSA) is a
known risk factor for atrial fibrillation (AF) and ischemic
stroke. Approximately 25% of patients with AF have doc-
umented OSA. The potential impact of OSA on AF-relat-
ed stroke outcomes remains under investigation.

Aim: To evaluate the association between OSA at
the time of admission, stroke severity and outcome in
AF-related acute stroke patients.

Methods: This prospective case-control study in-
cluded patients with acute ischemic stroke within 7 days
of onset, documented or newly diagnosed AF (parox-
ysmal or permanent), and CHA,DS,-VASc =2. Patients
with other stroke etiologies or Glasgow Coma Scale <13
were excluded. Participants were grouped based on ap-
nea-hypopnea index (AHI): <15/h and =15/h. The pri-
mary outcome was National Institutes of Health Stroke
Scale (NIHSS) at admission; secondary outcomes includ-
ed NIHSS at discharge, 3-month modified Rankin Scale
(mRS), and mortality. Statistical analysis was conducted
using SPSS 22.

Results: Of 745 patients screened, 118 met the cri-
teria; 101 were included in final analysis due to tech-
nical issues in polygraphy. NIHSS scores at admission
and discharge were similar across AHI groups (10.3%7.4
vs. 10.3%7.4; 4.0£4.1 vs. 3.9%4.2, respectively). No sig-
nificant difference was observed in functional inde-
pendence (mRS 0-2) at 3 months (66.7% vs. 73.3%) or
mortality. However, multivariate analysis showed a sig-
nificant inverse relationship between AHI and excellent
outcome (mRS 0-1) at 3 months (p=0.005), regardless
of stroke severity and recanalization. Each unit increase
in AHI was associated with a 4% decrease in the likeli-
hood of an excellent recovery.

Conclusion: OSA severity does not correlate with ini-
tial stroke severity or mortality in AF-related stroke but is
independently associated with reduced odds of excellent
functional recovery. Early detection of OSA may support
the implementation of timely interventions, such as
continuous positive airway pressure, to improve post-
stroke outcomes.

Keywords: ischemic stroke, obstructive sleep ap-
nea; atrial fibrillation, respiratory polygraphy.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a known risk factor
for both atrial fibrillation and stroke [1]. Atrial fibrilla-
tion (AF) is the most common cardiac arrhythmia in pa-
tients with ischemic stroke (IS), with 20% to 30% having
known AF [2,3]. It is associated with a 4- to 5-fold in-
crease in incidence of stroke risk [4,5]. Fifteen percent
(15%) of all strokes are caused by AF. Atrial fibrillation
is associated with longer hospital stays, greater disabil-
ity, higher recurrence rates, and mortality compared
with stroke without AF [6]. The estimated prevalence of
sleep-disordered breathing (SDB) in patients with AF has
consistently been found to be higher (21-74%) than in
control cohorts without AF (3-9%) [7-10].

Approximately 25% of patients with AF have document-
ed OSA. Multiple studies indicate a strong association be-
tween ischemic stroke and sleep apnea. Atrial fibrillation
was quite constantly reported in the studies of stroke and
OSA as an associated factor. Atrial fibrillation was related
to higher incidence in stroke and OSA vs stroke without
OSA, and it was associated with increased mortality [11].
Obstructive sleep apnea is the most common SDB. It is
characterized by collapse of the pharyngeal soft tissues
leading to repetitive interruptions of ventilation during
sleep [12]. Diagnosis of OSA is usually made when a pa-
tient has an apnea—hypopnea index = 5/h and excessive
daytime sleepiness. Apnea-hypopnea index (AHI) is the
average number of apnea and hypopnea events per hour
of sleep (measured with polysomnography) or per hour
of recording (measured with respiratory polygraphy). The
AHI, scored according to the American Academy of Sleep
Medicine (AASM) criteria, is used to classify the severity
of sleep apnea with the following empirical cutoff val-
ues: <5 events/h (no sleep apnea), 5-14 events/h (mild
sleep apnea), 15-29 events/events (moderate sleep ap-
nea), and =30 events/h (severe sleep apnea) [8]. It is likely
underdiagnosed, and the prevalence depends on strin-
gency of definition used. Estimated prevalence is about
1in 5 adults having at least mild OSA, and 1 in 15 having
moderate to severe OSA. A meta-analysis by Seiler et al.
(2019) covered the acute (<1 month, 54 studies both ran-
domized controlled trials and observational), subacute
(1-3 months, 23 studies), and chronic (>3 months, 12
studies) post-stroke phases and included 89 studies with
a total of 7096 patients with stroke (74% with ischemic
stroke) or transient ischemic attack. Sleep apnea (defined
as an AHI >5/h) was found in 71% of patients with stroke,
which is approximately 4 times more frequent than in
the general population [13]. Up to 30% had severe sleep
apnea (AHI >30/h), even at 3 months or later after stroke
[14]. Other data suggest that as many as 74% of patients
with AF may have SDB defined as AHI > 10/h [10].

Obstructive sleep apnea has been associated with hy-
pertension, heart failure, and AF. Other risk factors for

OSA include older age and upper airway soft tissue ab-
normalities. The prevalence of OSA progressively increas-
es as body mass index (BMI) increases. Obstructive sleep
apnea prevalence is increasing in developing countries
due to an increased prevalence of obesity. The increased
prevalence of OSA is linked with increased obesity rates
varying from 14% to 55% [15]. The prevalence of OSA has
been increasing worldwide over the past two decades. In
order to address the risk of OSA and therefore the risk
of stroke, the underlying issue of obesity must also be
addressed [16]. Untreated severe OSA is associated with
increased cardiovascular mortality of any cause. Obstruc-
tive sleep apnea has been shown to increase the risk of
stroke, independently of other traditional stroke risk fac-
tors, such as hypertension, diabetes, and AF. Moreover,
OSA is an independent risk factor for stroke, even when
controlling for other risk factors such as hypertension,
diabetes mellitus, hyperlipidemia, and AF [12,16]. Several
studies highlight the occurrence of more severe strokes
with delayed post-stroke neurological and functional re-
covery with attendant disability in patients with OSA. In
the context of increasing recognition of OSA as a poten-
tially modifiable risk factor for primary as well as second-
ary stroke prevention, observations from studies high-
light the importance of screening and intervention for
OSA not only for prevention of stroke recurrence but also
to potentially facilitate post-stroke recovery [17]. More-
over, SDB is associated with cognitive deficits, including
reduced attentional and executive functions, decreased
learning and memory abilities, and daytime sleepiness.
These factors may adversely affect performance during
rehabilitation training and, by extension, neural plasticity
[18]. Going back to the role of OSA in strokes associated
with AF, it is of particular interest how it may be associat-
ed with the outcomes of stroke in the presence of AF [19].
Data is lacking to support any differentiated role for OSA.

HYPOTHESIS/AIM

In the acute phase of stroke, OSA negatively impacts
outcomes in patients with AF-related cardioembolic
stroke. The primary aim of this study is to evaluate the
association between OSA at the time of admission, stroke
severity, and outcome in AF-related acute stroke patients.

METHODS

This was a case-control study with the prospective in-
clusion of patients. The recorded demographic variables
included age and gender. The recorded clinical and bi-
ological characteristics included National Institutes of
Health Stroke Scale (NIHSS) score at admission, NIHSS
score at discharge, recanalization treatment (endovascu-
lar treatment and/or IV thrombolysis), as well as stroke
etiology, and risk factors including AF type, coronary
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artery disease (CAD), dyslipidemia, diabetes mellitus,
congestive heart failure, obesity, arterial hypertension,
previous stroke or transient ischemic attack, previously
witnessed breathing stops in sleep, and history of smok-
ing. NIHSS was performed by the NIHSS-certified neu-
rologist, a member of the stroke team. Functional inde-
pendence evaluation by modified Rankin scale (mRS) was
performed premorbid (pre-stroke), at admission, at dis-
charge, and 3 months after stroke onset. Information on
proximal artery occlusion and stroke location were used
as radiologic characteristics of stroke. The left ventricle
ejection fraction (LVEF) and left atrium (LA) size were re-
corded as echocardiographic characteristics. The choice
of estimating the LA by size (parasternal long-axis trans-
versal diameter on transthoracic echocardiography, TTE)
was driven by the technical difficulties and performance
variability required to obtain a reliable measurement us-
ing the Simpson biplane method, which is generally pre-
ferred over LA assessment. The polygraphic characteris-
tics recorded were AHI, apnea types (central, obstructive,
etc.), and oxygen desaturation index (ODI). Obstructive
sleep apnea was diagnosed using a portable sleep apnea
monitor in the acute stroke phase (1-7 days after the on-
set). The device used the following three main channels:
1) flow — measured by cannula, 2) one-channel thoracic
respiratory effort using piezoelectric strain gauge belt,
and 3) pulse oximetry (level Il device according to AASM
standards) (Respironics Stardust® Il Portable Diagnostic
Device, Philips Respironics, USA) [20]. The devices were
used in the intensive care unit or inpatient settings. The
nursing staff was trained to follow the appropriate proce-
dures to avoid serious technical problems. The software
allowed for manual adjustment of automatically scored
respiratory events, which was performed by a trained
sleep specialist at a tertiary sleep center. The AASM Man-
ual for the Scoring of Sleep and Associated Events ver-
sion 2.6 was used for scoring of the recordings [21].

Inclusion criteria were acute ischemic stroke within
the first 7 days after the onset, previously documented
or newly detected AF (paroxysmal or permanent), and
CHA,DS,VASc score =2. Exclusion criteria were causes of
stroke other than AF (lacunar stroke, atherosclerosis-re-
lated stroke, =50% of competent artery stenosis, embol-
ic stroke of undetermined source), and Glasgow Coma
Scale (GCS) score <13.

Study endpoints

The primary endpoint was NIHSS at admission.
Secondary endpoints were NIHSS at discharge, mRS
at 3 months, in-hospital mortality, and mortality at 3
months.

Statistical methods
The statistical analysis was performed using SPSS
v.22 software. The qualitative data were analyzed using

the x? test; the quantitative data were compared using
the Student’s test, with the accepted significance level
below 5%. The qualitative data are presented in abso-
lute numbers with proportions (%), and the quantitative
data are presented in mean values with the standard
deviationzSD). A multivariate binary logistic regression
analysis was performed with functional independence
defined as mRS 0-2 and excellent outcome defined as
mRS 0-1 at 3 months. All parameters with a significance
level of <0.2 in the univariate analysis were included
in the multivariate model. The 95% confidence inter-
vals for the odds ratio (OR) of each included param-
eter were calculated by an exponential method using
the variance and B coefficient of the multivariate binary
regression model. Ordinal regression analysis was per-
formed to evaluate the shift in mRS depending on the
AHI group.

Ethical issues

Informed consent was obtained for all patients in-
cluded in the study. Patients or their relatives were in-
formed about the purpose of research, polygraphy pro-
cedure, and the use of the data for research purposes.
The study protocol was approved by the local hospital
ethical committee (24 Jan 2023, No ErN12-23).

The study was independently funded, without indus-
trial involvement. All financial costs were covered by the
hospital.

RESULTS

The study was conducted at the Comprehensive
Stroke Center of Erebouni Medical Center in Yerevan,
the capital of Armenia, from 01 February 2023 to 31
September 2023. Of the 745 stroke patients screened,
118 were selected for inclusion in the study. All includ-
ed patients had newly diagnosed acute ischemic stroke
and previously documented or newly diagnosed AF.
Patients were included prospectively according to the
above-mentioned inclusion and exclusion criteria (Fig-
ure 1). The study population was characterized by a rel-
atively high age (mean age 73.2£9.34 yeas, median age
74 years, interquartile range [IQR] 66; 81). Global stroke
severity was also significant, as the NIHSS at admission
was 9.916.6. A total of 17 patients were excluded from
the analysis due to lack of appropriate polygraphic data,
which was explained by technical issues during bedside
recording.

Two groups of patients were formed: the first
group was patients with AF-related stroke with AHI
<15/h and the second group was patients with AHI
=15/h. Table 1 presents the baseline patient character-
istics for the AHI <15/h and AHI =215/h groups and the
total values. There were no significant differences be-
tween the two groups in age, sex, and premorbid mRS
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745 IS patients

Inclusion criteria
IS within the first 7 days, previously

Exclusion criteria
Other causes of stroke that AF, GCS

\

A

documented or newly detected AF,
CHA,DS,Vas score 2 and above

118 patients

less than 13

~

17 patienys were excluded because of
technical problems during recording

101 patients

AHI<15/h | _
(n-15)

. | AHI>15/h
(n-86)

Fig. 1. Study inclusion flowchart. Schematic design of the study with number of patients on each stage of selection, inclusion and
exclusion criteria. Acronyms: AF — atrial fibrillation; AHI — apnea-hypopnea index; GCS - Glasgow Coma Scale; IS — ischemic stroke.

score. Cardiovascular risk factors and AF type were
also equally distributed between the two groups. The
exceptions were obesity (as a qualitative variable using
a BMI cutoff of 30 kg/m?) and high BMI (as a contin-
uous variable) in the AHI <15/h group compared with
the AHI =15/h group, but without reaching statistical
significance, p=0.08 and p=0.058 respectively. Stroke
radiological parameters, such as anterior vs poste-
rior circulation, occlusion site, and stroke location,
did not differ significantly between the two groups.
The proportion of patients diagnosed with computed
tomography (CT)/CT-angiography vs. magnetic res-
onance imaging (MRI) was not significantly different
between the two groups. The only difference between
the two groups at the baseline was that the LA size was
significantly larger in the AHI 215/h group, 4.500.4
vs. 4.17%0.5, p=0.036. There was a tendency towards a
decrease in LVEF in the AHI =15/h group, 43.6 £7.0%
vs. 39.5%9.3%, without reaching statistical signifi-
cance, p=0.06.

Primary endpoint analysis

The mean NIHSS score at admission was not statis-
tically different between the AHI <15/h and AHI =15/h
groups: 10.3%7.4 vs. 10.3%7 4, respectively, p=0.8. This
is consistent with equal distribution of occlusion site
and large vessel occlusion (LVO) stroke between the two
groups (see Table 1).

Secondary endpoint analysis

The mean NIHSS score at discharge did not differ
between the two groups: 4.0%4.1vs. 3.914.2, respective-
ly, p=0.9. However, the mean NIHSS score at discharge
was significantly lower than the mean NIHSS score at
admission: 3.94.2 vs. 3.916.6, respectively, p<0.0001.
The distribution of mRS was not significantly different
between the AHI <15/h and AHI =15/h groups (Table
2). Functional independence, defined as mRS 0-2 at
3 months, was 66.7% in the AHI <15/h group vs. 73.3%
in the AHI 215/h group, p=0.6. Excellent outcome, de-
fined as mRS 0-1, was higher in the AHI <15 group (66.7%
vs. 55.87%), but without statistical significance, p=0.4.
In-hospital mortality and the 3-month mortality also did
not differ between the AHI <15/h and AHI 215/h groups:
0% vs 0.3%, p=0.13, and 0% vs. 5.8%, p=0.4, respectively.

Polygraphic data showed a significantly higher oxygen
desaturation index (ODI) and global desaturation time in
patients with an AHI =15/h. The day of polygraphic as-
sessment after stroke was almost the same in two groups
and was performed on average on Day 4 (Table 3).

The data show that an important proportion of pa-
tients with AF-related stroke had very high AHI. The
mean AHI was 35.8/h*19.3, with a median value of 33.7
and IQR 22.8; 48.9. A quarter of AF-related stroke pa-
tients had a very high AHI, with the 75" percentile at
48.9/h. Therefore, more than 25% of patients had AHI
=48.9/h (Figs. 2 and 3).
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Table 1. Baseline characteristics of patients included in the study.

Patient characteristics AHI < 15/h (n=15) AHI = 15/h (n=86) Total (n=101)
Age, years 68.3+10.8* 74.0+8.8 73.2¥9.34 0.07
Females, n (%) 1 (73.3%)** 49 (57.0%) 60 (59.4%) 0.2
NIHSS score at admission 10.3£7.4 10.3%7.4 9.9%6.6 0.8
mRS score premorbid, n (%)
mRS 0 13 (86.7%) 78 (90.7%) 9N (78%) 0.8
mRS 1 2 (13.3%) 6 (7.0%) 8 (7.9%)
mRS 2 0 (0.0%) 1(1.2%) 1 (1.0%)
mRS 3 0 (0.0%) 1(1.2%) 1 (1.0%)
mRS 4-6 0 (0.0%) 0 (0.0%) 0 (0.0%)
Diabetes mellitus, n (%) 4 (26.7%) 24 (27.9%) 28 (27.7 %) 0.9
Obesity: BMI 230kg/m?, n (%) 2 (13.3%) 31 (36.0%) 33 (32.7%) 0.08
BMI, kg/m? 26.3t3.6 28.445.0 28.14.9 0.058
Smoking, n (%) 3 (20.0%) 13 (15.1%) 16 (15.8%) 0.6
TSH, pU/mL 2117 2.8+6.7 - 0.4
Arterial hypertension, n (%) 12 (80.0%) 74 (86.0%) 86 (85.1%) 0.5
CHF, n (%) 6 (40.0%) 46 (53.5%) 52 (51.5%) 0.3
CAD, n (%) 5 (33.3%) 34 (39.5%) 39(38.6%) 0.6
LDL, mmol/L 3.34+1.2 29412 - 03
SDB history, n (%) 4 (26.7%) 25 (29.1%) 29 (28.7%) 0.8
AF type, n (%)

Paroxysmal 6 (40.0%) 19 (22.1%) 25 (24.8%) 0.1
Permanent 9 (60.0%) 67 (77.9%) 76 (75.2%)
Previous stroke history, n (%) 5 (33.3%) 26 (30.2%) 31(30.7%) 0.8
Wake-up stroke, n (%) 3 (20.0%) 14 (16.3%) 17 (16.8%) 0.7
LVEF, % 43.6%7.0 39.519.3 40.1£9.1 0.06
LA size, cm 417+0.5 4.50+0.4 4.4+0.4 0.036

OAC previously, n (%)
Warfarin 0 (0.0%) 5 (5.8%) 5 (5.0%) 03
Rivaroxaban 2 (13.3%) 20 (23.3%) 22 (1.7 %)
Apixaban 1(6.7%) 1(1.2%) 2 (2.0%)
No OAC 12 (80.0%) 60 (69.8%) 72 (71.3%)
Anterior 12 (80.0%) 74 (86.0%) 86 (85.1%) 0.5
Posterior 3 (20.0%) 15 (14.9%) 15 (14.9%)

Neuroimaging type, n (%)

CT 6 (40.0%) 45 (52.4%) 51 (50.5%) 0.56
MRI 6 (40.0%) 31 (36.0%) 37 (36.6%)
Both CT and MRI 3 (20.0%) 10 (11.6%) 13 (12.9%)

Occlusion Site, n (%)
No visible occlusion 4 (26.7%) 17 (19.8%) 21 (20.8%) 0.46
Internal carotid artery 3 (20.0%) 8 (9.3%) 11 (10.9%)
Middle cerebral artery 5 (33.3%) 50 (58.1%) 55 (54.5%)
Anterior cerebral artery 0 (0.0%) 2 (2.3%) 2 (2.0%)
Posterior cerebral artery 2 (13.3%) 7(8.1%) 9 (8.9 %)
Vertebral artery 1(6.7%) 2 (2.3%) 3 (3%)

Stroke location, n (%)
Deep 6 (40.0%) 14 (16.7%) 20 (19.8%) 0.33
Cortical 6 (40.0%) 47 (56.0%) 53 (52.5%)
Brainstem 0 (0.0%) 2 (2.4%) 2 (2.0%)
Cerebellum 1(6.7%) 5 (6.0%) 6 (5.9%)
Deep cortical 1(6.7%) 16 (19.0%) 17 (17.8%)

*Quantitative data are presented in means * standard deviation. **Qualitative data are presented in numbers with proportions (%).

Acronyms: AF — atrial fibrillation; AHI — apnea-hypopnea index; BMI — body mass index; CAD — coronary artery disease; CHF — chronic heart failure; CT
- computed tomography; mRS — modified Rankin scale; LA — left atrium; LDL — low-density lipoproteins; LVEF — left ventricular ejection fraction; MRI
- magnetic resonance imaging; NIHSS — National Institutes of Health Stroke Scale; OAC — oral anticoagulant; SDB — sleep-disordered breathing; TSH —
thyroid-stimulating hormone.
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Table 2. Clinical endpoints of patients included in the study.

Patient characteristics AHI <15/h (n=15)  AHI = 15/h (n=86) Total (n=101)
Hospital stay, days 8.4%6.1* 9.1¥4.9 9.22+51 0.6
NIHSS score at discharge 4.0£41 3.9%4.2 3.9%4.2 0.9
In-hospital mortality, n (%) 0 (0.0%)** 3 (3.5%) 3 (3.5%) 0.13
mRS score at 3 months, n (%)
mRS 0 9 (60.0%) 28 (32.6%) 37 (36.6%) 0.079
mRS 1 1(6.7%) 20 (23.3%) 21(20.8%)
mRS 2 0(0.0%) 15(17.4%) 15 (14.9%)
mRS 3 1(6.7%) 10(11.6%) 11(10.9%)
mRS 4 2(13.3%) 4(4.7%) 6 (5.9%)
mRS 5 2 (13.3%) 4(4.7%) 6 (5.9%)
mRS 6 0 (0.0%) 5(5.8%) 5 (5.0%)
Functional Independence at 3 months, n (%)
mRS 0-2 at 3 months 10 (66.7%) 63 (73.3%) 73 (72.3%) 0.6
mRS 3-6 at 3 months 5 (33.3%) 23 (26.7%) 28 (27.7%)
Mortality at 3 months, n (%) 0 (0.0%) 5 (5.8%) 5 (5.0%) 0.4
OAC at discharge, n (%)
Warfarin 2 (13.3%) 21(24.4%) 23 (22.8%) 0.8
Apixaban 13 (86.7%) 61(70.9%) 74 (73.2%)
Rivaroxaban 0 (0.0%) 1(1.2%) 1(1.0 %)
No OAC 0 (0.0%) 3(3.5%) 3(3.0%)
Stroke circulation, n (%)
Anterior 12 (80.0%) 74 (86.0%) 86 (85.1%) 0.5
Posterior 3 (20.0%) 15 (14.9%) 15 (14.9%)
Thrombolytic treatment by IV-rtPA, n (%) 3 (20.0%) 14 (16.3%) 17 (16.8%) 0.7
Mechanical thrombectomy, n (%) 8 (53.3%) 32 (37.2%) 40 (39.6%) 0.24

*Quantitative data are presented in means * standard deviation. **Qualitative data are presented in numbers with proportions (%).
Acronyms: AHI — apnea-hypopnea index; [V-rtPA — intravenous recombinant tissue plasminogen activator; NIHSS — National Institutes of Health
Stroke Scale; OAC - oral anticoagulant.

Table 3. Polygraphic characteristics of patients included in the study.

Polygraphic parameters (means) AHI <15/h (n=15) AHI = 15/h (n=86) Total (n=101) p-value
Polygraphy day after stroke 41+3.2% 4123 413£2.5 0.9
AHI, n/h 9.0£4.8 40.0+16.9 35.8%19.3 <0.0001
ODI, n/h 6.2+4.3 37.8+18.8 33.1£20.7 <0.0001
0, average, % 94.6:2.9 92.4£31 92.8%3.2 <0.02
0, desaturation time, min 28.7156.8 92.04122.8 82.61117 .4 <0.003
Heart rate, bpm 73.3513.5 67.9114.6 68.75114.5 0.2
SA type, n (%)

OSA 12 (80.0%)** 56 (65.1%) 68 (67.3%) <0.0001
Central SA 0 (0.0%) 12 (14.0%) 12 (11.9%)
Mixed SA 0 (0.0%) 18 (20.9%) 18 (17.8%)
No significant SA 3(20.0%) 0 (0.0%) 3(3.0%)

SA severity, n (%)
AHI <5/h - - 5 (5.0%) N/A
AHI =5-14.9/h - - 16 (15.8%)
AHI15-29.9/h - - 25 (24.8%)
AHI =30 /h - - 55 (54.5%)

*Quantitative data are presented in means * standard deviation. **Qualitative data are presented in numbers with proportions (%).
Acronyms: AHI — apnea-hypopnea index; bpm — beats per minute; N/A — not applicable; ODI — oxygen desaturation index; OSA — obstructive
sleep apnea; SA —sleep apnea.
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Fig. 2. The distribution of apnea-hypopnea index (AHI) in the AHI <15/h and =15/h groups.

Fig. 3. Range of AHI values in the overall study population.
The red line represents the median value.

mRS ordinal shift analysis

The mRS shift analysis by ordinal regression model
is known to have a better sensitivity to detect the mRS
change, compared to the mRS 0-2 proportion evalua-
tion. Therefore, an ordinal shift analysis was performed,
which revealed no significant differences in mRS shift
between the AHI =15/h and AHI <15/h groups, as well
as between the AHI =30/h and AHI <30/h groups (Figs.
4 and 5).

Multivariate analysis

Multivariate binary logistic regression with the depen-
dent variable defined as mRS 0-2 showed a significant
inverse effect of the NIHSS score at admission and the
protective effect of applied recanalization treatment (en-
dovascular thrombectomy and/or intravenous thrombol-
ysis) on the OR of functional independence in patients.
The LVEF and the LA dilatation had a non-significant ef-
fect on mRS 0-2 OR (p<0.07). The AHI was not signifi-
cantly associated with functional independence (Table 4).

Table 4. Multivariate binary logistic regression performed
with dependent variable mRS 0-2 at 3 months.

Ind.ependent B coefficient OR 95% Cl p-value
variables

Gender 0.99 2.77 0.76-9.5 0.12
AF type -0.38 0.69 017-2.78 0.6
AHI, n/h -0.007 0.99  0.96-1.02 0.6
BMI, kg/m? 0.08 1.08  0.96-1.22 0.18
LA size, cm 1.59 421 0.88-27.40 0.069
LVEF, % 0.07 1.07 0.99-1.15 0.069

NIHSS score at
admission

Revascularization
(EVT and/or IVT)

-0.29 0.75 0.65-0.87 <0.0001
2.31 1.74 1.57-27.70 0.02

Acronyms: AF — atrial fibrillation; AHI — apnea-hypopnea index; BMI —
body mass index; Cl — confidence interval; EVT — endovascular throm-
bectomy; IVT — intravenous thrombolysis; mRS — modified Rankin
scale; LA — left atrium; LVEF — left ventricular ejection fraction; NIHSS
— National Institutes of Health Stroke Scale; OR — odds ratio.
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Fig. 4. The 3-month mRS shift analysis (ordinal logistic re-
gression) between the patients with AHI <15/h and AHI =215/h
showing mRS shift between the two groups. Common odds
ratio = 0.52 (95% confidence interval: 0.176-1.6), p=0.25.

In the binary logistic multivariate model, the inversed
relationship between AHI and mRS 0-1 proportion re-
mains independent from recanalization treatment and
even from the NIHSS score at admission. The multivar-
iate binary model has shown about a 4% excellent out-
come (mRS O-1) decrease for each point of AHI increase
(Table 5).

Table 5. Multivariate binary logistic regression with the
dependent variable mRS 0-1 at 3 months.

Independent

variables B coefficient OR 95% Cl p-value
Gender 0.92 251 074-848 8479
AF type 018 0.84 021-086 0.800
AHI, n/h 0.02 102 092115  0.668
BMI, kg/m2 0.04 096 093-099 0005
LA size, cm 201 750 1453871 02
LVEF, % 0.1 113 104122 04
N1 195 score at 029 075 065086 <0.0001
Reasellanzaiion 2.02 607 131-4450  0.03

(EVT and/or IVT)

Acronyms: AF — atrial fibrillation; AHI — apnea-hypopnea index; BMI —
body mass index; Cl — confidence interval; EVT — endovascular throm-
bectomy; IVT — intravenous thrombolysis; mRS — modified Rankin
scale; LA — left atrium; LVEF — left ventricular ejection fraction; NIHSS
— National Institutes of Health Stroke Scale; OR — odds ratio.

As in the good outcome model, excellent outcome
was significantly and inversely dependent on the NIHSS
score at admission and positively dependent on the re-
canalization treatment.

Fig. 5. The 3-month mRS shift analysis (ordinal logistic
regression) between the patients with AHI <30/h and AHI
230/h showing mRS shift between the two groups. Common
odds ratio = 0.74 (95% confidence interval: 0.74-1.5), p=0.41.

Finally, an inverse relation was found between AHI
and excellent outcome (mRS 0-1 at 3 months) with sta-
tistical significance at p=0.005. In a binary logistic mul-
tivariate model, the inverse relationship between AHI
and mRS 0-1 proportion remained independent of reca-
nalization treatment and even the NIHSS score at admis-
sion. The multivariate binary model showed a decrease
in excellent outcome (MRS 0-1) by approximately 4% for
each increase in AHI.

DISCUSSION

Our results revealed no relationship between the ad-
mission NIHSS score and AHI in the patients with AF-re-
lated strokes. This was shown primarily by the absence of
a significant difference in the mean NIHSS score between
the AHI <15/h and AHI =15/ groups: 10.3%7.4 vs.10.317 .4,
respectively, p=0.8. As the predefined primary endpoint,
the admission NIHSS score does not differ, the study is
negative. Nevertheless, the NIHSS score at admission is
dependent on multiple parameters, such as the occlu-
sion site, collateral flow, time since stroke onset, and
stroke risk factors; and our study’s insufficient power
prevented us from detecting such a relationship.

The mRS is certainly a more integrative endpoint for
stroke severity evaluation, but the problem lies in the
small number of patients that could be included in the
study due to technical and time constraints. We found
no relationship between the proportion of functional-
ly independent patients, defined by the mRS 0-2 at 3
months, between the AHI <15/h and AHI =15/h groups.
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Interestingly, we found a statistically significant re-
lationship between the AHI value and the excellent out-
come, defined as mRS 0-1 at 3 months, in a multivariate
binary logistic regression model that also included other
important variables, such as revascularization treatment
and echocardiographic parameters. In this model, the
inverse relationship between AHI and the mRS 0-1 re-
mains significant even after including BMI and revas-
cularization treatment parameters. For each AHI point,
the OR of excellent outcome decreases by 4%. Echocar-
diographic parameters such as the LVEF and the LA size
remained non-significant, likely due to the small num-
ber of patients. Perhaps the inverse relationship between
AHI and excellent post-stroke outcome is explained by
better neuroplasticity after stroke in patients with a low
AHI. There is some experimental and clinical evidence
suggesting that sleep plays a crucial role in promoting
“plasticity state” in the process of recovery following
ischemic stroke [18].

In our study, polygraphy was performed in the first
days after stroke in a stroke unit, and consequently the
mean delay was 4.13%2.5 days. Our study shows the fea-
sibility of performing polygraphy at the bedside in the
acute setting for stroke etiological work-up and acute
care. As expected, some technical issues arose: 14.4%
(17/118) of patients were excluded from the analysis due
to the inability to interpret the recording. These were
primarily issues related to patient collaboration, inter-
ventions while with the monitor, and significant artifacts
involving 2 channels. We also excluded severe stroke pa-
tients with consciousness alteration (GCS score <13).

Some authors argue that sleep apnea may have a
temporal relationship with the acute phase of stroke,
and later it may be improved after the rehabilitation pe-
riod. Nevertheless, the results of some studies are in fa-
vor of AHI remaining stable after stroke, and polygraphic
testing in the first days after stroke makes sense for ear-
ly diagnosis and initiation of continuous positive airway
pressure (CPAP) treatment, as well as perhaps for better
neuroplasticity. Lisabeth et al. (2023) included 414 pa-
tients with stroke via the portable sleep apnea testing at
baseline and 3, 6, and 12 months post-stroke. They did
not observe time effect on the respiratory event index
(p=0.35), and the AHI even increased over time. This
study showed that AHI severity was significant and stable
for most individuals in the year after stroke, supporting
the early assessment and treatment of sleep apnea [22].

Another issue is stroke-related central apnea. In
the group of patients with AHI 215/h, we found cen-
tral apnea in 12/86 (14.0%) and mixed apnea in 18/86
patients (20.9%). Early diagnosis of central sleep apnea
with a significant index may be important after stroke
for choosing an alternative to positive airway pressure
(PAP) — adaptive servo-ventilation — when left ventricular
function is good enough (LVEF >45%) [23].

Unfortunately, the PAP devices (CPAP or bilevel PAP
[BiPAP]) and their application in our country are still
subject to some administrative and financial problems,
and only a small number of patients included in our
study afforded OSA treatment.

Recent research has been focused on finding alter-
native ways of OSA severity measurement. In this con-
text, AHI is no longer universally accepted as the most
representative way of assessing OSA severity. This may
be one of the explanations for our partially negative re-
sults. Further research is needed to elucidate the asso-
ciations between the main comparative components of
this study: stroke, AF and OSA [24-26].

Our study supports the feasibility and benefits of
early detection of sleep apnea after stroke. Despite the
small number of patients, our results demonstrate the
relatively high prevalence of severe sleep apnea in AF-re-
lated stroke when recorded in the first week after stroke.
The mean AHI in our study was 35.8/h#19.3, with a
median value of 33.7 and IQR 22.8; 48.9. A quarter of
AF-related stroke patients had a very high AHI, with 75™
percentile at 48.9.

CONCLUSIONS

Our study did not find a statistically significant rela-
tionship between the AF-related stroke severity defined
by the NIHSS score at admission and the sleep apnea
severity.

Univariate analysis of secondary endpoints did not
reveal any significant relationship between sleep apnea
severity, in-hospital mortality, discharge NIHSS score,
and functional independence defined as mRS 0-2 at 3
months.

Nevertheless, using a multivariate binary logistic
regression model, we found a significant and inde-
pendent inverse association between AHI and excellent
post-stroke outcome, defined as mRS 0-1 at 3 months.
Perhaps this inverse relationship can be in favor of better
neuroplasticity in patients with less severe sleep apnea,
which is consistent with some published data.

Patients with AF-related stroke represent an import-
ant burden of sleep apnea. More than half of our pa-
tients had severe apnea with AHI 230/h, and more than
a quarter of our study population had an AHI 248.9/h.

The sleep apnea bedside detection at the very early
stage of stroke is quite feasible and demonstrates a very
high AHI in AF-related stroke patients, supporting the
idea of early introduction of CPAP treatment. The latter
should be evaluated in larger prospective studies assess-
ing functional outcomes in stroke patients with early de-
tection and early treatment of sleep apnea after stroke.

The present study could also help with efforts of im-
proving the situation with sleep medicine service acces-
sibility in stroke patients and in general in Armenia.
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Uwyhgubipp fudpwynpdbip Gu pun wwunb-hhwnuwunk

gnighsh (UL8)" <15/d L =15/d: Npwbtiu wnweuwhu Jbipe-
Uwybn quwhwwnyb] b punniubinigjwu dwdwuwl NIHSS
dhwdnpp: Bpypnpnwlwu ybpsuwlbinbpp ubipwnb] Gu
NIHSS-p nnipugpdwu wwhpu, Mfwulbhup dlwthnfuws
uwunnwyp (mRS) 3-pn wdunwd b Jwhwgntpyniup: Yh-
twlhwgpwlwu Jbpnwniginiuu hpwlwuwgyb) £ SPSS
22-h dhongny:

U.pmynitupubp. {Gunwgnundws 745 hhjwunutiphg 18-
p hwdwwwuwwufuwub] Gu swihwuphoubiphu: Lpwughg
dhwju 101-u & ubpwnyb; ybpsuwlwu Ybpnisnipjwu dbe'
wnihgpwphuh htinn huwyws nbifuuplulyw fuuinhplt-
nh wwwbwnny: NIHSS-h punniubinigjwu W nnipugpdwu
gnigwuhoubipnp wwpptin U48 fudptipnud udwu Gu tinty|
(10.3%7.4 punnbd 10.3%7.4; 4.0£4.1 punnbd 3.9+4.2): 3-pn
wduntd gnpownnipwiht wulwfuntpjwu (mRS 0-2) (66.7%
punnbd 73.3%) ud dwhwgntgjwu gnigwuhgutiph bwlwu
wnuwppbipniginu sh nhnyb: Wnnthwuntips, pwqdwagnp-
onu Jbipnwsnipyniup gnyg b wndbip qquith hbinwnwna Juw
Ud8-h U 3-pn wdunwd gbipwquwug Giph dhol (MRS 0-1)
(p=0.005)" Jwpywsh swupnigniuhg U nblwuwhqu-
ghwihg wuluwfu: UL8-h jntpwpwuginip dhwynph wép
Yuwwyws £ bnb gbpwquug ybpwwugudwu hwwuw-
Jwuntpjwu 4% ujwqdwu htiw:

Eqpwlwgnipyniu. LOU-h swupnipgntup  thnfulju-
wuwlgyws sk Jupdwsh uwiuuwlwu swupnipjwu Yud
Ld-h htin Juwws Jupdwsh dwhwgnipjwu htw, pwjg
wulwfu Yepwny Yuwwsd & ghipwquug gnpdwnnigwhu
Jbhpwlwugudwu hwjwuwlwunigjwu ujwqdwu  htwn:
LOU-h Jwn hwjnuwpbpnudp Yupnn £ uywuntb] wyw-
wnbhwdwd dhowdwnnipgniuutiph hpwlwuwgdwup, hus-
whuhp Gu CPAP phpwwhwu' hbunlwpywsdswhu wpn-
Jntuputipp pwpbjwybiine hwdwp:

Lhduwpwnbp. hptdply Gupywds, pup oputnpnilinpy
wuwunk, bwhiwunpwnbph $hpphywghw, puswnwlwl wn-
Lhanwiphu:

BJINMAHUE OBCTPYKTUBHOIO AIMHO3 CHA HA TAKECTb
n ncxonbl KAPJUO3IMBOJIMYECKOIO MHCYJIbTA Y
MNALLUEHTOB C ®UBPUNJIALLUEN NMPEOCEPIUN

JInHa KO. 3y6anosa’, Juant I'. MuHacan', MapuHe K. banacaHsH!,
MaHs A. MaprapsaH', OraHec M. E3oaH', Nycure T MaposH', Jasug
A. CaaksH', AnekcaH A. TMetpocan’, Nasua J1. Maprapsan', HyHe C.
ErvasapsH!, CamcoH I'. XauatpaH®®, Mansen H. AracapsaH®

! MeanUMHCKUI LeHTp «OpebyHu», EpeBaH, ApmeHus

2 Kadenpa HeBpONOrum 1 HeRpoxpypriuv, HaumoHanbHbIA MHCTUTYT
31paBooxpaHeHnsa UM. ApaanbexaHa, EpeBaH, ApmeHus

3 Hesponoruueckan knnHuka «ComHyc», EpeBaH, ApmeHus

4 BonbHWYHbINA LUeHTp Ctog PpaHcunmneH, Kopben-9ccoH, dpaHuma

ABCTPAKT

Beepgenue: O6CTpyKTMBHOE anHO3 cHa (OAC) ABnaeTca n3-
BECTHbIM aKTOpOM pucka ¢unbpunnaummn npeacepaunii () u
ULIeMUYeckoro nHcynbta. MpumepHo y 25% naumertos ¢ ¢I1
BbiAnAerca OAC. lNoTteHumnanbHoe BanAHne OAC Ha ucxodbl
MHCYAbTa, CBA3aHHOIO ¢ PI1, NPOLONMAET aKTUBHO U3y4aTbCA.

LLenb: OueHnTb cBasb mexay Hanuumem OAC Ha MOMEHT
roCnWTanM3aLmMm N TAXECTbIO UHCYAbTA, @ TakKe UCXofaMK Y
NaLMEHTOB C OCTPbIM MHCYNbTOM, CBA3aHHbIM C 1.

MeTtoppbl: B 3T0 NpocneKTMBHOE MCCAENOBAHME TUMA «Cy-
Yali—KOHTPONbY 6blMN BKMFOUEHbI NALMEHTbI C OCTPbIM MLIEMU-
YECKMM MHCYAbTOM B TeueHue 7 AHe OT Havana CUMMTOMOB,
C [IOKYMEHTVPOBAHHOW WAW BMEPBblE AMarHOCTUPOBaHHOM Pl
(napokcuamanbHow U NoctoaHHoit) n CHA DS, -VASc 22. Maun-
€HTbI C APy MW STUONOMMAMMW MHCYAbTA N YPOBHEM MO LLIKane
koMbl [11a3ro <13 6binr UCKtOUEHDI. YHACTHUKYM Gbinn pa3aeneHbl
Ha rpynmnbl B 3aBUCUMOCTY OT MHAEKCA anHO3-TMNonHo3 (MAT):

<15/4 v 215/4. MepBrYHOI KOHEYHOW TOUKOM 6blN MOKa3aTeNb
no wkane NIHSS npu nocrynneHun; BTOPUYHBLIMU KOHEYHbIMM
TouYKamMn — nokasatensb NIHSS npu Bbinvcke, MmoanduULMpoBaH-
HaA LWkana PaHKMHa (MRS) Yepes 3 mecAla 1 cmepTHOCTb. CTa-
TUCTUYECKUIH aHaNM3 NPOBOAMICA C UCMONb30BaHMeM SPSS 22.

PesynbTaTbl: 113 745 obcnenoBarHbix naumerTos 18 co-
OTBETCTBOBaNW Kputepuam BrntodeHns; nuwwb 101 6bin BKAto-
4EH B OKOHYATENbHbIA aHaNM3 U3-33 TEXHUYECKMX MPObIeEM
npu nposeaeHun nonurpadpuu. Mokazatenn NIHSS npu nocty-
MAEHWMU U BbIMUCKE GbIAM COMOCTaBUMbI Mexay rpynnamu MAT
(<15/4 n =15/4) (10.3%7.4 npotue 10.3%7.4; 4.0£4.1 npotus
3.9£4.2). CylLecTBeHHbIX pa3nnuunii B 4acToTe $yHKLMOHANb-
Hol HesaBucumocTn (MRS 0-2) yepes 3 mecaua (66.7% npo-
TWB 73.3%) NAn CMEPTHOCTM He BblABNEHO. OLHAKO MHOTOdaK-
TOPHbIV aHaNM3 MoKasan 3HauvMyt0 OBPaTHYHO 3aBUCUMOCTb
mexay VAT n oTnnuHbiM ncxogom (MRS O-1) vepes 3 mecaua
(p=0,005), He3aBMCMMO OT TAMECTW MHCYNbTA W pekaHanm3a-
umn. C KaxapiM yeennyennem VAT Ha 1 eanHuLy BEpOATHOCTb
OT/IMYHOTO BOCCTAHOBAEHWA CHIKanach Ha 4%.

3aknroyenue: TaxecTb OAC HE KOppENNpPYET C UCXOLHOM
TAPKECTBIO MHCYNbTA MV CMEPTHOCTBIO MPU NHCYNbTE, CBA3AH-
HOM C ®[1, HO HE3aBNCMMO CBA3aHa CO CHUMKEHNEM BEPOATHO-
CTV OTNUYHOTO YHKLIMOHANBHOIO BOCCTAHOBAEHWA. PaHHAA
avarHoctmka OAC MOXKeT crocobCcTBoBaTb CBOEBPEMEHHOMY
NMPUMEHEHMIO Taknx BMELLATENbCTB, kak CUTAT-Tepanua, ana
YAYHLWEHWA NCXOL0B MOCNE MHCYNbTa.

Knrouesble caoea: uwemuyeckull UHCy16m, 0b6CMpyK-
mugHoe anHo3 CHa, pubpunnayua npedcepouti, pecnupa-
MOPHAA Noaupagus.
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ABSTRACT

Background: The impact of gender on acute isch-
emic strokes (AIS) is increasingly getting recognized.

Aim: To analyze the gender-related differences in
etiology and outcome of AlS in a biggest comprehensive
stroke center in Armenia.

Methods: The study included all consecutive pa-
tients with AIS who suffered it between September 2023
and September 2024 from the prospective registry of the
Comprehensive Stroke Center of Erebouni Medical Cen-
ter in Yerevan, Armenia. The stroke severity was assessed
using National Institutes of Health Stroke Scale (NIHSS),
and etiological classification was done using TOAST (Tri-
al of ORG 10172 in Acute Stroke Treatment). The func-
tional outcome was evaluated by modified Rankin Score
(mMRS).

Results: A total of 1,034 patients were included, of
whom 519 (39.8%) were females. Women were statisti-
cally older than men, with a mean age of 73¥10.7 years
vs. 68%10.8 years in men (p=0.0001). Females had a

higher admission NIHSS compared to males (7.55%6.4
vs. 6.77+ 5.9, p=0.04). Furthermore, the incidence of
cardioembolic strokes was higher in females than in
males (198/519; 38.2% vs. 208/785; 26.5%, p=0.0001).
Atherosclerotic stroke was more common in men
(97/785; 12.4% vs. 43/519; 8.3%, p=0.02), whereas la-
cunar strokes were equally distributed (194/785; 24.7%
vs. 109/519; 21%, p=0.15). However, the rate of reperfu-
sion therapies, the proportion of functionally indepen-
dent patients (mRS 0-2) at discharge, and in-hospital
mortality did not differ significantly between women and
men: 51.1% vs. 57.1% (p=0.1), 25.0% vs. 21.3% (p=0.1),
and 13.1% vs. 11.7% (p=0.4), respectively.

Conclusion: Our data, obtained from at the largest
comprehensive stroke unit in Armenia, suggest some
gender differences in stroke etiology, but access to
reperfusion therapy and stroke outcomes were virtually
identical for both genders.

Keywords: ischemic stroke, gender; sex; stroke eti-
ology, Armenia

INTRODUCTION

Acute ischemic stroke (AIS) is one of the leading
causes of morbidity and mortality worldwide. Gender
has emerged as a significant factor influencing stroke
incidence, etiology, severity, and outcomes. Numerous
studies in different countries have examined the impact
of gender on the occurrence and outcomes of ischemic
strokes, with varying conclusions. In particular, differ-
ences in stroke etiology between men and women have
been noted, as well as variations in stroke severity, treat-
ment response, and functional recovery. In Armenia, the
Comprehensive Stroke Center at the Erebouni Medical
Center (ECSC) serves as a critical facility for managing
acute ischemic strokes in the frames of the National
Stroke Program [1].

Stroke is the second leading cause of death global-
ly and a major cause of long-term disability. The inci-
dence of stroke increases with age, and while both men
and women are affected, gender-related differences in
stroke outcomes are evident. It is well established that
ischemic stroke in women tends to occur at an older age
than in men, likely due to hormonal and aging-relat-
ed factors. Furthermore, the causes of ischemic stroke
can differ between genders, with women more likely
to experience cardioembolic strokes, while men often
present with atherosclerotic subtypes [2]. The National
Institutes of Health Stroke Scale (NIHSS) and the modi-
fied Rankin Scale (mRS) are standard measures used to
assess stroke severity and functional outcomes, respec-
tively [3,4]. Reperfusion therapies, including thrombol-
ysis and thrombectomy, have significantly improved
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Table 1. Subtypes of stroke by etiology according to the TOAST classification system [3].

Cause Mechanism description

Large artery atherosclerosis
plaque.

Cardioembolism o
conditions.

Small vessel disease (lacunar

strokes) infarcts.

Other determined causes ; i
dissection.

Undetermined cause

outcomes for ischemic stroke patients, although dispar-
ities in treatment access and outcomes between genders
have been observed [5].

The Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) classification is a widely used system to catego-
rize the etiology of ischemic stroke [3]. It divides strokes
into five subtypes. This classification allows for the iden-
tification of the underlying cause of stroke, which can
inform treatment strategies and prognosis. Despite the
growing recognition of the impact of gender on stroke
outcomes, studies specifically from Armenia are sparse.
The ECSC in Yerevan, being Armenia’s largest stroke
unit, offers an ideal setting to explore this issue due to
its extensive patient registry, advanced treatment capa-
bilities, and high volume of stroke cases. This study aims
to fill this gap by analyzing gender differences in the
clinical characteristics, etiology, treatment, and func-
tional outcomes of patients with acute ischemic stroke
in Armenia’s largest comprehensive stroke unit [6].

METHODS

This prospective observational study was conducted
at the ECSC, Yerevan, Armenia. The center serves as a
referral hospital for acute stroke cases from across the
country and is equipped with advanced diagnostic and
therapeutic facilities, including reperfusion therapies.
The study period was from September 2023 to Septem-
ber 2024, during which all consecutive patients diag-
nosed with AIS were included in the registry. Patients
included in the study were those who presented with AIS
and were admitted to the stroke unit during the study
period. Only patients with confirmed AlIS, based on clin-
ical assessment and neuroimaging (computed tomog-
raphy or magnetic resonance imaging), were included.
Patients with transient ischemic attacks (TIAs), hemor-
rhagic strokes, or non-acute ischemic events were ex-
cluded from the analysis. Demographic and clinical data
were collected from the hospital’s stroke registry, which
is maintained as part of routine clinical practice. Data
collected included age, gender, comorbidities (such as
hypertension, diabetes, and atrial fibrillation), stroke

Strokes caused by the narrowing or blockage of large arteries due to atherosclerotic
Strokes caused by emboli from the heart, often due to atrial fibrillation or other cardiac
Strokes caused by the occlusion of small arteries in the brain, leading to small, deep
Strokes with a clear cause other than the three major subtypes, such as vasculitis or

Strokes where no clear cause can be identified after extensive testing

subtype, and stroke severity at admission (measured by
NIHSS) [7]. The etiology of the stroke was classified ac-
cording to the TOAST criteria, and functional outcomes
at discharge were evaluated using the mRS, a tool used
to measure the degree of disability or dependence after
a stroke [7]. Stroke severity was assessed at the time of
admission using the NIHSS, a standardized scale that as-
sesses the severity of neurological impairment on a scale
from 0 to 42, with higher scores indicating more severe
deficits. The NIHSS score is widely used in both clinical
practice and research to quantify the severity of ischemic
stroke. The etiology of the stroke was classified using
the TOAST criteria (Table 1), which categorizes strokes
into 5 subtypes [3].

Reperfusion therapy, including intravenous throm-
bolysis and mechanical thrombectomy, was adminis-
tered according to established guidelines. The decision
to proceed with reperfusion therapy was made based
on the patient’s clinical condition, time from symptom
onset, and availability of treatment resources. The mRS
was used to assess functional outcomes at discharge.
The mRS ranges from O (no symptoms) to 6 (death). A
score of 0-2 indicates functional independence, while
scores of 3-6 indicate varying degrees of disability or de-
pendence. Descriptive statistics were used to summarize
demographic and clinical characteristics. Continuous
variables were compared using t-tests or Mann-Whitney
U tests, depending on the distribution of the data, while
categorical variables were compared using ¥* tests. A
p-value of <0.05 was considered statistically significant.

RESULTS

A total of 1,034 patients were included in the study,
of which 519 (39.8%) were female and 785 (60.2%) were
male. The mean age of female patients was significant-
ly higher than that of male patients, with a mean age
of 73110.7 years for women and 68+10.8 years for men
(p=0.0001). This difference in age is consistent with the
general trend that women tend to experience ischemic
strokes at an older age than men. The mean NIHSS
score on admission was statistically significantly higher
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for women (7.55%6.4) than for men (6.77%5.9), p=0.04.
This suggests that women, on average, presented with
more severe strokes at the time of admission compared
to men. The distribution of stroke subtypes according to
the TOAST criteria showed several gender-related differ-
ences. Cardioembolic strokes: women had a statistically
significantly higher prevalence of cardioembolic strokes
(38.2%, 198/519) compared to men (26.5%, 208/785),
p=0.0001. This is in line with previous studies that
suggest women are more likely to experience strokes
caused by emboli from the heart, such as those due
to atrial fibrillation. Atherosclerotic strokes: men had
a statistically significantly higher prevalence of athero-
sclerotic strokes (12.4%, 97/785) compared to women
(8.3%, 43/519), p=0.02. This finding supports the no-
tion that men may have a higher burden of traditional
vascular risk factors such as hypertension and smoking,
which predispose them to large artery atherosclerosis.
There was no significant gender difference in the prev-
alence of lacunar strokes, with 24.7% of men (194/785)
and 21% of women (109/519) experiencing this subtype
(p=0.15). The rates of reperfusion therapies, including
thrombolysis and thrombectomy, were similar between
genders. A total of 51.1% of women and 57.1% of men
received reperfusion therapies (p=0.1). This suggests
that both genders had similar access to advanced treat-
ments, despite differences in stroke severity and etiolo-
gy. The proportion of patients who achieved functional
independence (mRS 0-2) at discharge was similar be-
tween genders: 25.0% (130/519) of women and 21.3%
(167/785) of men (p=0.1). These results suggest that,
despite differences in stroke severity and etiology, both
genders experienced similar levels of recovery. In-hospi-
tal mortality was also similar between the genders, with
13.1% (68/519) of women and 11.7% (92/785) of men
dying during their hospital stay (p=0.4) [8].

DISCUSSION

This study reveals several gender-related differences
in the etiology of AIS. Women were more likely to experi-
ence cardioembolic strokes, while men were more likely
to have strokes due to atherosclerosis. These findings
are consistent with previous studies that suggest women

are at greater risk for cardioembolic events, potentially
due to a higher prevalence of atrial fibrillation and oth-
er cardiac conditions. Men, on the other hand, may be
more prone to large artery atherosclerosis, possibly due
to higher rates of smoking and hypertension [9]; in this
study, they presented with more severe strokes, as in-
dicated by their higher NIHSS scores at admission. This
finding aligns with other studies showing that women
tend to experience more severe strokes, possibly due
to older age and the presence of comorbidities such as
atrial fibrillation. Despite this, the outcomes in terms of
functional independence at discharge were similar be-
tween men and women. This suggests that the compre-
hensive care provided at the stroke center helped miti-
gate potential gender disparities in recovery. The similar
rates of reperfusion therapy between genders are nota-
ble. While women tend to have more severe strokes and
a different stroke etiology, they had similar access to
advanced therapies, including thrombolysis and throm-
bectomy. This finding highlights the importance of eq-
uitable healthcare practices in ensuring that all patients,
regardless of gender, receive optimal care. This study
has several limitations. First, it is observational, meaning
that causal relationships cannot be established. Second,
the study was conducted at a single center, which may
limit its generalizability to other populations or health-
care settings. Additionally, while gender differences in
stroke etiology and severity were examined, other fac-
tors such as socioeconomic status, access to healthcare,
and lifestyle factors were not considered.

CONCLUSION

This study from Armenia’s largest comprehensive
stroke center suggests that there are gender differ-
ences in the etiology of ischemic stroke, with wom-
en more likely to experience cardioembolic strokes
and men more likely to have atherosclerotic strokes.
Despite differences in stroke severity and etiology, ac-
cess to reperfusion therapies and functional outcomes
at discharge were similar between men and women.
These findings highlight the importance of equitable
healthcare interventions in improving stroke outcomes
for both genders.

FEHEPHbIE PA3JIN4UA B 3TUOJIOTUN U
NUCXOJAX OCTPOIo MLLEMUYECKOIO UHCY/1bTA:
WNCCNEOOBAHME B KPYMHEWIEM KOMIMIEKCHOM
NHCYJIbTHOM LUEHTPE APMEHWI

MaHs A. MaprapsH', MapvHe K. banacaHaH"?, JlycuHe I'. MagosH',
OraHec M. E3osH!, Jlunnut O. bapcersH!, HapuHe K. JanunensH!,

HyHe C. ErvnazapaHn'?

! OtneneHue HeBponorun, MeanUMHCKNiA LeHTp dpebyHu, EpesaH,
ApmeHua

2 Kadenpa HEBPONOTVN U HEMPOXMPYPriin, HaLMOHaNbHbIA MHCTUTYT
3[paBoOXpaHeHnsa uM. ApaanbexaHa, EpeBaH, ApmMeHus

ABCTPAKT

BeepeHme: Bnuarne nona Ha OCTpbIi UWEMUYECKUA UH-
cynbT (OVIN) BCE yvalle Npr3HAETCA BaXKHBIM HaKTOPOM.

LLenb wuccnepoBaHua: [poaHann3npoBaTb rEHAEPHbIE
pas3nuyua B aTmonoruu u ucxopax O B KpynHenem cneum-
aM3MPOBAHHOM UHCYNbTHOM LIEHTPE ADMEHNN.

MeTopbi: B nccnenoBaHue 66111 BKIOYEHbI BCE MALMEHTDI
¢ OUW, nepeHeclme ero B nepuop ¢ ceHTabpa 2023 ropa no
cenTA6pb 2024 roga v BXOAALLME B MPOCMEKTVUBHDIA PErucTp
KOMMNEKCHOro MHCYNbTHOTO LEHTPa MELMLMHCKONO LEHTPa
«2pebyHW» B EpeBaHe, ApMeHUA. TAXECTb MHCYNbTa OLLEHMBa-
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nacb Mo LUKane TAXKECTN UHCYAbTa HaLMOHaNbHbIX MHCTUTYTOB
3apaBooxpaHeHua (NIHSS), a aTnonorunyeckas knaccudmkaLma
- no kputepuam TOAST (Trial of ORG 10172 in Acute Stroke
Treatment). ®YHKLWOHANbHbIA UCXOA OLEHMBANCA MO MOAM-
$nuUMpoBaHHOI LKane PaHKKHa (MRS).

PesynbTatbl: Becero 6bino srntoyeHo 1034 naumenTa, m3
Hux 519 (39.8%) — meHWwmHbl. MAeHLLUMHbI Obinn CTaTUCTHYE-
CKM JOCTOBEPHO CTaplie MyXu4uH (cpeaHuii sospact 73+10.7
npotus 68+10.8 net, p=0.0001). ¥ eHLWMH TakKe Obinn BbilLe
6annbl NIHSS npu noctynnenun (7.55%6.4 npotus 6.77%5.9,
p=0.04). Kapanoambonnyeckne MHCyNbThbl Yalle BCTPEYannch
y #eHwuH (38.2% npotus 26.5%, p=0.0001), Toraa Kak aTe-
poTpomboTuyeckne — y My>kunH (12.4% npotus 8.3%, p=0.02).
NakyHapHble MHCYABTBI 6bIIM pacnpefeneHbl MPUMEPHO OAN-

HakoBo (24.7% npotus 21%, p=0.15). CywecTBeHHbIx reH-
AEPHbIX Pa3nnunil B 4acToTe MPOBEAEHUA penepdy3NoHHOM
Tepanun (51.1% npotus 57.1%, p=0.1), none naumeHTos c 6na-
rONpUATHBIM GYHKLMOHANBbHBIM MCXOAOM MpH BbiMMcKe (MRS
0-2: 25.0% npotus 21.3%, p=0.1) n BHYTPM6OABLHWMYHOMN ne-
TanbHocth (13.1% npotus 11.7%, p=0.4) He BbiABNEHO.

3akntoueHue: [JaHHble KPYMHEMLIEro WHCYAbTHOrO LieH-
Tpa ApMEHUM AEMOHCTPUPYIOT MOMOBbIE Pa3Nnyna B 3TUONO-
TMW M TAXKECTW ULLIEMWYECKOrO MHCYNbTa. Tem He MeHee, 10—
CTyn K penepdy3sMoHHON Tepanuu U KpaTKOCPOUHbIE UCXOZb
GbINY COMOCTABUMBIMU Y MYXKUUH W HKEHLLIVH.

Kntouesbie cnoea: uwiemuyeckuli UHCY16m, NOA, 2eH-
0ep, smuono2uA UHCynbma, ApMeHus
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ABSTRACT

Intraoperative neuromonitoring is a critical tool for
prevention and detection of neurological compromise
during spinal surgeries. We report a case of a 14-year-old
female who experienced an intraoperative loss of motor
evoked potentials (MEPs) on the left lower limb during
corrective scoliosis surgery. The MEPs recovered follow-

ing the administration of intravenous norepinephrine.
This case highlights the importance of prompt interven-
tion and vigilant neuromonitoring to optimize patient
outcomes.

Keywords: intraoperative neuromonitoring, motor
evoked potential loss, neurologic deficit; scoliosis cor-
rection.

INTRODUCTION

Scoliosis correction surgery carries a risk of neuro-
logical deficits, making use of the intraoperative neu-
romonitoring (IONM) necessary. Loss of motor evoked
potentials (MEPs) may indicate impending spinal cord
injury and requires immediate intervention [1]. We
present a case of transient MEP loss during scoliosis
correction that was successfully reversed upon mean
arterial pressure (MAP) increase through norepineph-
rine administration.

CASE DESCRIPTION

A 14-year-old female with idiopathic scoliosis was
undergoing posterior spinal fusion. Preoperative neu-
rological examination and laboratory testing were un-
remarkable. The patient was diagnosed with osteogen-
esis imperfecta, without genetic testing, due to clinical
manifestations and frequent fracture history starting
from the age of three. Adams’ test, in which a patient
is asked to bend forward for detection of asymmetry
in spine, revealed a right-side thoracic rib hump. Ac-
cording to the X-ray examination (Fig. 1), there was

a T4-L5 level S-curvature of the thoracic and lumbar
spine, bone density was reduced, and the intensity was
low. IONM included somatosensory evoked potentials
(SSEPs) and MEPs (Inomed ISIS Xpress IONM system
with NeuroExplorer 7 software) from corresponding
muscles.

During the derotation and compression maneuver
on the T9-10 level, a sudden and complete loss of MEPs
on the left lower limb was observed (Fig. 2), while SSEPs
remained unchanged. The surgical team was informed
immediately, a wake-up test was performed with some
MEP recovery, and the surgical team decided to extract
the screws on the same level, and screw placement was
carried on as usual. However, after some time MEPs on
the same side were lost once again; this time infusion
of norepinephrine was administered with gradual res-
toration of lost signals (Fig. 2). Final decision was made
not to place screws at the T9-10 levels, but to place
sublaminar wires instead.

The surgery proceeded without further complica-
tions. The patient was discharged on postoperative day
4 without any complication. At a 6-month follow-up,
no complaints, weakness or neurological deficit were
noted.
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Figure 1. X-ray of patient’s spine before (on the left) and after (on the right) spine correction procedure.
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Figure 2. Motor evoked potential (MEP) curves obtained using Inomed ISIS Xpress IONM system (parameters: pulse width 1 ms,
frequency 1.2 Hz) with NeuroExplorer 7 software. MAP — mean arterial pressure (mm Hg).
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DISCUSSION

Loss of MEP during scoliosis surgery may be due to
spinal cord ischemia, mechanical compression, or vas-
cular compromise [2]. Immediate cessation of surgical
maneuvers and elevation of MAP are first-line measures.
Successful recovery in the abovementioned case sug-
gests that transient hypoperfusion was the likely cause,
with norepinephrine administration aiding perfusion
restoration. Such cases emphasize the role of phar-
macological interventions when standard resuscitative
measures fail to restore MEPs [3].

A recent review by Angelliaume et al. [4] highlights
the advancements and clinical relevance of IONM over
the past decade, emphasizing its value in identifying
MEP loss and quiding intraoperative decision-making
to prevent permanent neurological deficits. Some ret-
rospective studies have suggested the existence of so-
called “falsepositive” transcranial MEP (TcMEP) alerts
during surgery, which is highly likely to be contribut-
able to anesthetic fade, where even with a stable level

of anesthetics in the blood, a gradual loss of MEP is
recorded [5]. However, considering all odds of IONM,
anesthetic effects, blood loss during surgery, body tem-
perature, predisposing conditions and comorbidities,
detecting TcMEP alert has high sensitivity and specificity
for predicting neurological deficit in patients after scoli-
osis corrective surgery [6].

CONCLUSION

The provided case emphasizes the importance of
intraoperative neuromonitoring in scoliosis surgery
and the effectiveness of timely intervention for re-
storing spinal cord perfusion. Surgeons and anesthe-
siologists should be prepared for neurophysiological
changes and respond promptly to prevent permanent
deficits. Coordinated and prompt interaction between
surgical, anesthesiological and neuromonitoring teams
plays a decisive role in the success of the surgery and
the timely prevention of intra- and postoperative com-
plications.
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BOCCTAHOBJIEHUE YTPAYEHHbIX MOTOPHbIX
BbI3BAHHbIX MOTEHLLUAJIOB C MOMOLLLbIO
HOP3MUHE®PUHA MPU [JETCKOW OMEPALLUM HA
MO3BOHOYHUKE:
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ABCTPAKT

VHTpaonepaunoHHbli HepoMOoRWUTOpUHT (MOHM) aBna-
€TCA BaXKHbIM WHCTPYMEHTOM [A/1A MPEAOTBPALLEHNA U BbIAB-
NIEHVA HEBPONOTNYECKUX HAPYLUEHUIA BO BpemA onepaLunii Ha
MO3BOHOYHUKE. B aHHON CTaTbe NpeacTasneH cnyyvaii 14-net-
HEV NauMEHTKN, Y KOTOPOV BO BPEMA Orepauun no Koppek-
LUMU CKOAMO3a Habntofanacb MOTEPA MOTOPHbIX BbI3BaHHbIX
noteHuuanos (MBIT) ¢ neBolt HWKHEN KoHedHocTw. [locne
BHYTPUBEHHOIO BBEAEHWA HopaapeHanvuHa MBI BocctaHOBUW-
NNCb. JAHHBIA KNUHNYECKUIA cnyvalt NOAYEPKMBAET BaXHOCTb
CBOEBPEMEHHOTO BMELLATENLCTBA M BHUMaTENbHOro MOHM ¢
LENbHO YIYYLWEHWA UCXOAa IEYEHUA NaLMEHTa.

Karoueswie cnoea: uHmpaonepayuoHHbIU HelpoMOHU-
MmopuHe, NOMepsa MOMOPHbIX 8bI38AHHbIX NOMeHUUA08, He-

8ponoauyeckull Oepuyum, KOPpeKyUsa CKOAUO3d.




A. Grigoryan et al.

Norepinephrine and MEP Recovery in Spine Surgery

References

Schwartz DM, Auerbach JD, Dormans JP et al. Neurophy-
siological detection of impending spinal cord injury during
scoliosis surgery. J Bone Joint Surg Am. 2007;89(11):2440-9.
. Lewis SJ, Wong IHY, Strantzas S et al. Responding to in-
traoperative neuromonitoring changes during pediatric
coronal spinal deformity surgery. Global Spine J. 2019;9(1
Suppl):155-21S.

. Segura MJ, Talarico ME, Miranda MA, Noel MA. Analysis
of intraoperative motor evoked potential changes and sur-
gical interventions in 513 pediatric spine surgeries. J Clin
Neurophysiol. 2024;41(2):161-8.

4. Angelliaume A, Alhada TL, Parent HF, Royer J, Harper L.

Intraoperative neurophysiological monitoring in scoliosis
surgery: literature review of the last 10 years. Eur Spine J.
2023;32(9):3072-6.

Ushirozako H, Yoshida G, Hasegawa T et al. Characteris-
tics of false-positive alerts on transcranial motor evoked
potential monitoring during pediatric scoliosis and adult
spinal deformity surgery: an “anesthetic fade” phenome-
non. J Neurosurg Spine. 2019;32(3):423-31.

. Miller SM, Donegan SW, Voigt N et al. Transcranial mo-

tor-evoked potentials for prediction of postoperative neu-
rologic and motor deficit following surgery for thoraco-
lumbar scoliosis. Orthop Rev (Pavia). 2019;11(1):7757.




AJHMS | 1/V/2025

www.ahms.am

A CASE OF NOCTURNAL BEHAVIORAL DISTURBANCE
IN A PATIENT WITH PARKINSONISM

Narine M. Nadryan®?*, Elza A. Balian'?, Lilit G. Atabekyan', Zaruhi D. Tavadyan'?,

Samson G. Khachatryan'

"Parkinson’s Disease and Movement Disorder
Center, Sleep Medicine and Epilepsy Center,
Somnus Neurology Clinic, Yerevan, Armenia

2Department of Neurology and Neurosurgery,
Avdalbekyan National Institute of Health,
Yerevan, Armenia

*Corresponding author: narinehnadryan@gmail.com
DOI: 10.54235/27382737-2025.v5.1-17

Lhipyujwgytig/Received 31.10.25: Gpwfunuytig/Reviewed 1.10.25:
Cunntuytig/Accepted 05.11.25:

ABSTRACT

We describe a case of a patient with Parkinsonian
syndrome and dementia who presented with complaints
of nocturnal behaviors and daytime sleepiness. The pa-
tient’s sleep problem was suspected as probable rapid
eye movement sleep behavioral disorder. However, poly-

somnography revealed obstructive sleep apnea, while
the observed behaviors were defined as nocturnal visual
hallucinations. The patient corresponded to the revised
clinical criteria for probable dementia with Lewy bodies.

Keywords: Parkinsonism, Lewy-body dementia;
hallucinations; REM sleep behavior disorder

CASE DESCRIPTION

A 57-year-old male presented with bilateral brady-
kinesia, resting tremor, more pronounced in his right
hand, and episodes of freezing upon initiating walking.
During the visit, the family reported the patient hav-
ing speaking, crying and moving his arms and legs at
night, as well as experiencing excessive daytime sleepi-
ness (EDS).

Symptoms appeared 4 years ago, initially with rigid-
ity, bradykinesia and gait disturbances, followed 2 years
later by sleep disturbances. The patient’s motor function
progressively deteriorated, and memory problems and
occasional visual hallucinations (VH) were also report-
ed. During the visit, we assessed the patient’s cognitive
status using the Montreal Cognitive Assessment (MoCA),
obtaining a score of 18 out of 30 (dementia) [1]. His
brain magnetic resonance imaging (3.0T MRI) revealed
cerebral atrophy with ex vacuo hydrocephalus and small
gliotic changes.

Upon initial presentation, the patient had Parkin-
sonism with resting tremor, axial and limb rigidity,
right side predominance, as well as gait disturbance
with start hesitation and freezing episodes, mainly on
turning. At that time, the diagnosis was unclear with
most likely ones being Parkinson’s disease dementia
(PDD) or dementia with Lewy bodies (DLB). Antipar-
kinsonian treatment started with an initial dose of

levodopa/carbidopa at 375 mg/day and donepezil at
5 mg/day.

Given the patient’s poor sleep quality due to night-
time behavioral disturbance, rapid eye movement (REM)
sleep behavior disorder (RBD) was suspected. He un-
derwent polysomnography (PSG), but surprisingly, REM
sleep without atonia (RSWA), a PSG marker of RBD, was
absent. All behavioral episodes occurred during wake-
fulness, with the patient experiencing disturbing VH ac-
companied by speech, crying, and movements. Mild ob-
structive sleep apnea (apnea-hypopnea index 8.3/h) was
also diagnosed. Polysomnography revealed no episodes
of REM without atonia or RBD, probably due to the low
proportion of REM sleep (5.7%) and prolonged periods
of wakefulness (Fig. 1).

During the follow-up visit, quetiapine 25mg at bed-
time was added to the treatment, which significantly im-
proved the patient’s sleep quality and partially increased
his daytime alertness.

The patient’s MoCA score decreased from 18 to 8 out
of 30 after one year after the initial examination. His Par-
kinsonism symptoms progressed, requiring an increase
in the levodopa dose.

The patient was diagnosed with probable DLB ac-
cording to the revised diagnostic criteria for DLB [2]:
dementia and core criteria including recurrent VH and
Parkinsonism in the absence of additional biomarkers
(Table 1).
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Fig. 1. The hypnogram illustrates a relatively preserved sleep architecture with normal cycling between non-rapid eye movement
and rapid eye movement (REM) stages. The increased number of arousals and awakenings indicates fragmented or poor-quality
sleep. This pattern was associated with sleep apnea in our patient.

DISCUSSION

Nocturnal behavioral activity can have many etiolo-
gies, such as RBD, other parasomnias, nighttime confu-
sion, and VH. Some of these can co-occur in the same
patient, especially in those with cognitive impairment.

Rapid eye movement sleep behavior disorder is a REM
sleep parasomnia in which the muscle atonia normal-

ly present during REM sleep is absent, resulting in the
patient “acting out their dreams,” exhibiting a variety of
verbal and motor activities [2]. Rapid eye movement sleep
behavior disorder affects less than 1% of the adult pop-
ulation but can be found in up to 25-50% of patients
with synucleinopathies such as Parkinson’s disease, DLB
and multiple system atrophy. It often precedes Parkin-
sonian motor signs by several years and is considered

Table 1. Revised criteria for the clinical diagnosis of probable and possible dementia with Lewy bodies [2].

Essential criteria: dementia, defined as a progressive cognitive decline that is severe enough to interfere with normal social or occupational
functions, or with usual daily activities. Prominent or persistent memory impairment may not necessarily occur in the early stages but is usually ev-
ident with progression. Deficits on tests of attention, executive function, and visuoperceptual ability may be especially prominent and occur early.

Core clinical features (The first 3 typically occur early and may persist throughout the course.)

Fluctuating cognition with pronounced variations in attention and alertness.

Recurring visual hallucinations, usually well-formed and detailed.

Rapid eye movement (REM) sleep behavior disorder, which may precede cognitive decline.

One or more spontaneous cardinal features of Parkinsonism: bradykinesia (defined as slowness of movement and decrement in amplitude
or speed), rest tremor, or rigidity.

\AAA4

Supportive clinical features

Severe sensitivity to antipsychotic agents; postural instability; repeated falls; syncope or other transient episodes of unresponsiveness; severe
autonomic dysfunction, e.g., constipation, orthostatic hypotension, urinary incontinence; hypersomnia; hyposmia; hallucinations in other mo-
dalities; systematized delusions; apathy, anxiety, and depression.

Indicative biomarkers

P Reduced dopamine transporter uptake in basal ganglia demonstrated by single-photon emission computed tomography (SPECT) or positron
emission tomography (PET).

P Abnormal (low uptake) "**iodine-metaiodobenzylguanidine (123 I-MIBG) myocardial scintigraphy.

P Polysomnographic confirmation of REM sleep without atonia.

Supportive biomarkers

P> Relative preservation of medial temporal lobe structures on computed tomography/magnetic resonance imaging.

P Generalized low uptake on SPECT/PET perfusion/metabolism scan with reduced occipital activity * the cingulate island sign on fluorode-
oxyglucose-PET imaging.

P Prominent posterior slow-wave activity on electroencephalogram with periodic fluctuations in the pre-a/6 range.

Probable dementia with Lewy bodies (DLB) can be diagnosed if:

a. Two or more core clinical features of DLB are present, with or without the presence of indicative biomarkers, or
b. Only one core clinical feature is present, but with one or more indicative biomarkers.

Probable DLB should not be diagnosed on the basis of biomarkers alone.

Possible DLB can be diagnosed if:
a. Only one core clinical feature of DLB is present, with no indicative biomarker evidence, or
b. One or more indicative biomarkers are present but there are no core clinical features.

Dementia with Lewy bodies is less likely:

a. In the presence of any other physical illness or brain disorder including cerebrovascular disease, sufficient to account in part or in total for
the clinical picture, although these do not exclude a DLB diagnosis and may serve to indicate mixed or multiple pathologies contributing to the
clinical presentation, or

b. If Parkinsonian features are the only core clinical feature and appear at a first time at a stage of severe dementia.

Dementia with Lewy bodies should be diagnosed when dementia occurs before or concurrently with Parkinsonism. The term Parkinson disease
dementia (PDD) should be used to describe dementia that occurs in the context of well-established Parkinson disease. In a practice setting the
term that is most appropriate to the clinical situation should be used and generic terms such as Lewy body disease are often helpful. In research
studies in which distinction needs to be made between DLB and PDD, the existing 1-year rule between the onset of dementia and Parkinsonism
continues to be recommended.
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as a prodromal biomarker of these disorders [3]. About
80% of patients diagnosed with DLB have RBD, and in
majority of them it appears before the onset of dementia
and Parkinsonism [4]. Polysomnographically confirmed
RBD has been included in the DLB diagnostic criteria as
an indicative biomarker [3]. Unlike most cases, we did
not find RBD or REM without atonia in our patient during
PSG as a supporting feature, possibly due to lack of REM
sleep and prolonged periods of wakefulness seen on the
hypnogram (Fig. 1). The latter could be attributed to the
so-called “first-night” effect, when the polysomnogram
is affected by the fact of sleeping in a new environment
with additional disturbing factors (wires, electrodes, etc.).

Visual hallucinations are most common in patients
with PDD and DLB, although hallucinations of other
modalities, such as acoustic, tactile, and olfactory can
also occur. Visual hallucinations can vary in their phe-
nomenology, quality, frequency, insight, time of day,
and emotional impact on the patient [5]. Patients with
PDD or DLB often see various objects, children, minia-
ture or normal-size people, etc., or experience a sensa-
tion of someone’s presence or passing by [5]. In some
cases, nighttime hallucinations can lead to a state of
confusion where patients interact with VH and may be-
come agitated [5,6]. Although in some cases this can be
attributed to RBD, in our patient it occurred in a waking
state, recorded during PSG.

We diagnosed the patient with DLB based on the
presence of dementia, cognitive fluctuations, VH, and
Parkinsonism. These symptoms met the revised clinical
diagnostic criteria for probable DLB [2].

A prerequisite for the diagnosis of DLB is dementia,
defined as a progressive cognitive decline of sufficient
magnitude to interfere with the performance of normal
social or occupational functions.

Our case report has some limitations. The patient had
short REM sleep during the recording night, which may
have prevent us from detecting RSWA and RBD-related
behaviors, which could have been further improved with
additional nights of recording.

Differentiation between DLB and PDD is debatable
because of many overlaps between these disorders and
the focus on the chronology dementia and Parkinson-
ism [7]. As demonstrated in this clinical case, it can
also be hard to diagnose RBD in these patients. While
PDD or DLB patients with better cognitive function can
provide necessary details of VH, this may not be true
for patients with significant dementia [8]. Being a gold
standard of sleep examination, PSG can help in identify-
ing nighttime disorder and improve treatment for these
complex patients. In our patient’s case, a low dose of
an atypical antipsychotic before bedtime resolved his
nocturnal behavioral activity, eventually improving his
daytime alertness.
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ABSTRACT

Narcolepsy is a chronic sleep disorder characterized
by excessive daytime sleepiness and abnormal man-
ifestations of rapid eye movement sleep on polysom-
nography with multiple sleep latency testing (MSLT). Its
co-occurrence with epilepsy is uncommon; both dis-
orders may share overlapping clinical features that can
lead to diagnostic confusion, particularly in pediatric
patients. Like previously reported cases of epilepsy co-
existing with narcolepsy type 1, our case demonstrates
that also narcolepsy type 2 may develop in individuals
with a history of epilepsy. We report on a 15-year-old
boy with a history of self-limited epilepsy before age 9
who presented with excessive daytime sleepiness and

sleep paralysis started at 12-year age. Polysomnography
with MSLT confirmed narcolepsy type 2. Treatment with
modafinil and sleep hygiene significantly improved his
symptoms. This clinical case and a few clinical cases
described in the literature about the co-occurrence of
narcolepsy and epilepsy may highlight the presence of
some overlapping neurophysiological mechanisms be-
tween narcolepsy and epilepsy, the importance of in-
strumental sleep studies, and the correct recognition of
similar clinical signs. To the best of our knowledge this
is the first case to report development of narcolepsy in a
patient with a history of self-limited epilepsy.

Keywords: narcolepsy type 2; epilepsy, nocturnal
seizures, excessive daytime sleepiness, sleep paralysis,
adolescents; MSLT

INTRODUCTION

Narcolepsy is a rare brain disorder that reflects a
selective loss or dysfunction of orexin (also known as
hypocretin) neurons of the lateral hypothalamus. Narco-
lepsy is a genetic autoimmune disease with usual onset
in childhood or adolescence [1]. Narcolepsy type 1 (NT1)
is characterized by excessive daytime sleepiness and cat-
aplexy, accompanied by sleep-wake symptoms, such as
hallucinations, sleep paralysis, and disturbed sleep [2].
Hypocretin level in the cerebrospinal fluid (CSF) less than
110pg/mL can confirm the diagnosis of NT1, while 20%
of these patients have no cataplexy [3]. The positive HLA
DQB1*06:02 allele is also frequently detected in NT1 pa-
tients, suggesting that the disease has a certain genetic
background. The symptoms of narcolepsy type 2 (NT2)
are similar to those of NT1, but without cataplexy, and the
level of hypocretin in the CSF is normal [4]. As a chronic
condition, narcolepsy can lead to decreased quality of
life, including psychological issues such as depression
and anxiety [5]. It is still not fully recognized by clini-
cians, and many patients are often misdiagnosed with
syncope, epilepsy, or mental disorders. The diagnosis re-

quires polysomnographic (PSG) recordings followed by a
multiple sleep latency test (MSLT). The latter is a special
daytime PSG protocol consisting of five 20-minute sleep
recordings performed after nocturnal PSG every 2 hours.
Average MSLT sleep latency <8 minutes, and two and
more episodes of sleep-onset rapid eye movement (REM)
sleep periods (SOREMPs) are required for the diagnosis of
narcolepsy [2]. The treatment of narcolepsy is still symp-
tomatic, targeting sleepiness, cataplexy, and disrupted
nocturnal sleep. Narcolepsy type 2 is a less well-defined
disorder, with a variable phenotype and evolution, and
few reliable biomarkers have been discovered so far.
Narcolepsy is frequently co-morbid with other psychiat-
ric, medical and neurological conditions (depression, bi-
polar disorder, restless leg syndrome, periodic leg move-
ments disorder, headache, and other conditions) [5]. In
particular, cases are reported about co-occurrence of
narcolepsy and epilepsy [6-8]. Also, it may be a cause of
diagnostic misinterpretation for epilepsy [9,10]. Diagnos-
tic confusion between narcolepsy and epilepsy may arise
because both conditions can present with sudden loss
of muscle tone, automatic behaviors, unresponsiveness,
sleep attacks, and other features.
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CASE PRESENTATION

We report a 15-year-old boy (BMI 20.3kg/m?) with
normal psychomotor development and no family history
of narcolepsy or epilepsy. At the age of 12, the patient
developed excessive daytime sleepiness (EDS), complain-
ing of falling asleep easily, sometimes experiencing ep-
isodes of temporary inability to move after awakening.
His mean total sleep time was 12 hours, and if his sleep
lasted less, he experienced sleepiness throughout the
day. The patient had episodes of sudden onset of sleep
and reported having sudden episodes of crying lasting
1-2 minutes. He did not report vivid dreams at the be-
ginning of sleep or right after awakening in the morn-
ing or any episodes of emotionally-triggered muscle

Nap 1

weakness (cataplexy). The patient usually woke up 2-3
times per night, feeling that the sleep quality was not
satisfactory. His physical and neurological examinations
were normal.

Past medical history: Epilepsy since age of 4 years
old with bilateral tonic-clonic seizures. The seizures oc-
curred only in sleep, closer to morning, with tonic and
clonic movements and head tilt. The seizures lasted 3-4
minutes, with a frequency of about 1 per month. At this
age, routine EEGs showed epileptiform discharges. The
patient was treated with phenobarbital, 100mg/day. At
age 12, phenobarbital was tapered off, while the last sei-
zure was reported at age 9.

Diagnostic Workup: The patient underwent PSG
combined with EEG monitoring (PSG-EEG) followed by
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Fig. 1. Multiple Sleep Latency Test (MSLT) hypnograms (naps), confirming the patient’s narcolepsy diagnosis, with 4 out of 5
naps accompanied by sleep-onset rapid eye-movement sleep periods (SOREMPS, in red) recorded (2 are enough). Acronyms: S1-
S3 refer to non-rapid eye movement (NREM) sleep stages 1-3. Courtesy of Somnus Neurology Clinic.
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MSLT. No sleep or epileptiform abnormalities were seen
on the PSG-EEG recording, with normal respiratory and
leg movement indexes; MSLT showed that the average
sleep latency was 7.8 minutes, and 4 SOREMPs were ob-
served out of 5 naps; sleep episodes were detected in
4 naps, and the average REM latency was 12.9 minutes
(Figure 1). The patient was negative for narcolepsy-asso-
ciated HLA DQB1*06:02 and HLA DRB1*15:01 alleles. The
CSF hypocretin testing was not available. The findings
were consistent with the diagnosis of NT2 accompanied
by sleep disruption and sleep paralysis.

Management and Outcome: Initial treatment includ-
ed non-pharmacological strategies: sleep hygiene and
scheduled daytime naps. Pharmacotherapy with modaf-
inil 100mg/day was initiated with positive effect on EDS.

DISCUSSION

In the presented case, a 15-year-old teenager was
complaining of daytime sleepiness, inability to move af-
ter awakening at night, and falling asleep easily during
the day. His medical history and records were remark-
able by epilepsy with the last seizure registered at age 9.

This case presents a diagnostically and clinically com-
plex medical history involving NT2 in a 15-year-old male
with a remote history of self-limited epilepsy and current
complaints of EDS, sleep paralysis, and poor nocturnal
sleep quality. Misdiagnosing NT1 as generalized epilepsy
is not rare in clinical practice, especially in children with
a recent onset of disease [9]. Unrecognized or misdiag-
nosed symptoms of narcolepsy contribute to increased
morbidity, disability, and socioeconomic liability in these
patients [11]. Despite distinct description of epileptic sei-
zures and appearance of clinical symptoms characteristic
of narcolepsy that developed some time after them, the
issue of distinguishing between such neurological dis-
eases in the pediatric population remains important. In
the current case, the onset of sleepiness and some other
symptoms of narcolepsy occurred at the same age when
the antiseizure medication (ASM) was stopped although
without direct connection. Of course, daytime sleepi-
ness could also have occurred earlier due to nocturnal
epileptic seizures, sleep fragmentation or ASM, but in
this case, we had associated episodes of daytime sleep-
iness and polysomnographically confirmed diagnosis of
NT2. As the cases of co-morbid epilepsy and narcolep-
sy reported in literature are scarce, it is important to

reveal such patients to understand further the nature
of this relationship [6-8,12]. Although the sequence of
epilepsy and narcolepsy in the current case-description
could be simply occasional, considering the existence
of the above-mentioned case reports of co-morbidity
between the two may shed light on a possible deep-
er connection. Moreover, there are other examples of
frequent co-morbidity of epilepsy and sleep disorders.
Close reciprocity between sleep-related hypermotor ep-
ilepsy (SHE, formerly known as nocturnal frontal lobe
epilepsy) and the disorders of arousal (NREM parasom-
nias) is shown in a familial aggregation study [13]. Many
narcolepsy symptoms, such as cataplexy, sleep attacks,
and automatic behavior, can resemble focal or general-
ized seizures. Conversely, nocturnal seizures and postic-
tal drowsiness can mimic narcoleptic sleepiness [9]. The
coexistence of narcolepsy and epilepsy has been doc-
umented in both focal and generalized epilepsy types
(e.g., temporal lobe, juvenile myoclonic epilepsy) [6,7].
Some authors propose that hypothalamic dysfunction,
orexin deficiency, or autoimmune mechanisms could
influence cortical excitability, creating a predisposition
for seizures or abnormal sleep regulation [8]. The study
by Fulong et al. (2021) aimed to investigate morpholog-
ical and age-related changes in the brains of patients
with narcolepsy, using neuroimaging techniques to
examine cortical thickness, gyrification, and structural
alterations [14]. The authors sought to determine how
narcolepsy affects brain development and long-term
brain structure, providing insight into potential neural
correlates of sleep-wake dysregulation and its overlap
with other neurological disorders, including epilepsy.
In adolescent patients with narcolepsy, the frontal lobes
showed altered brain morphology — notably a thinner
cortex and increased gyrification — and these changes
may persist from adolescence to young adulthood, indi-
cating long-term structural changes. Thus, there could
still be currently unclear mechanisms involved, creating
a common basis for both conditions. To the best of our
knowledge this is the first case to report development
of narcolepsy in a patient with a history of self-limit-
ed epilepsy. This case underscores the importance of
considering NT2 in adolescents presenting with chron-
ic excessive daytime sleepiness, despite the presence of
previous neurological disorders such as epilepsy. Timely
diagnosis and treatment can significantly enhance func-
tional outcomes and quality of life.
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MAPOKCU3MAJSTbHBIV KOHTUHYYM?
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ABCTPAKT

Hapronencma — 370 XpOHMYECKOE PacCTPOWCTBO CHa, Xa-
PaKTEPU3YHOLLIEECA BbIPaXKEHHON [HEBHOW COHNIMBOCTbIO
natonoruenn REMcHa npu nonMcomHorpaguu ¢ TeCToM MHO-
MECTBEHHOW naTeHTHocTM cHa (TMJIC). CoBmecTHoE nposAB-
NEHUE HAPKOMEMCKMU W 3NUNENCKUU BCTPEYAETCA peako; oba
paccTpoviCTBa MOTYT MMETb CXOMKMWE KANHUYECKMUE NPOABE-
HWA, 4TO 3aTPYAHAET MPaBWbHYHO AMArHOCTUKY, OCOGEHHO
y faetert. MofobHO paHee OMMCaHHbIM CAyYaaM COYETAHWA
anuaencun ¢ Hapkonencuen 1-ro Tvna, Haw KAMHWUYECKW

chyyalt [EMOHCTPUPYET, YTO Hapkonencua 2ro Tuna Takke
MOMET pa3BMBaATbCA Y MALMEHTOB C aHAMHE3OM SMUNENCUN.
MNpeacraBneH KavHWYeckuit ciaydvaii 15netHero nogpocTtka c
aHaMHE30M CaMONMMUTUPOBAHHOW 3NWUAENCUN A0 BO3pacTa
9 net, C anobamn Ha BbIPAKEHHYIO [HEBHYIO COHMBOCTb
M COHHbIA Mapanuy ¢ 12-netHero Bospacta. MonucomHorpa-
¢dwva ¢ TMJIC noaTeBEpANIN AMATHO3 HAPKONENcumn 2-ro Tuna.
JNeverne mogaduHUAOM U COBNIOAEHME TUTUEHbI CHA 3HAUU-
TENbHO YAYHLLINAN CUMMTOMbI. TOT U HECKONLKO APYruX Kaun-
HUYECKMX CNYHAEB, OMUCAHHbLIX B IMTEPATYPE O COBMECTHOM
BO3HWKHOBEHUW HAPKONEMNCUM W SMUNENCUMN, MOLHEPKUBALOT
HanM4yne BO3MOMKHbIX MNEPEKPECTHBIX HENPODUINONOTUHECKUX
MEXaHWU3MOB MEXKIY STUMM MaTONOTUAMU, a TaKMKe BarKHOCTb
NHCTPYMEHTANIbHbIX METOLOB UCCNENOBAHMA CHA U MPaBUIbHO-
ro pacrno3HaBaHUA CXOMUX KIMHUYECKMX NPU3HAKOB. Mo Ha-
UMM JAHHBIM — 3TO MEPBOE OMUCAHNE KINMHUYECKOTO CnyYas
pa3BUTUA HAPKONEMCKMW Y NaUMEHTa C aHAMHE3OM CaMONNMU-
TUPOBAHHON SMUAENCUN.

Knroueable caoea: Hapkonencus 2-20 muna, HOYHbie
npucmynel, 8bIpaXKeHHAA OHEe8HAA COHAUBOCMb, NAPANUY
cHa, nodpocmku, TMJIC
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ABSTRACT

About one-third of patients with epilepsy develop
drug resistance despite appropriate therapy. However,
in some cases, resistance reflects misdiagnosis rather
than true pharmacoresistance. Other conditions such
as psychogenic nonepileptic seizures, movement disor-
ders, and metabolic abnormalities, may mimic epilepsy.
We report a case of a 69-year-old woman with a 17-year

history of presumed drug-resistant epilepsy who was
eventually diagnosed with insulinoma with prolonged
paroxysms of transient loss of consciousness. This case
illustrates the importance of reconsidering the diagnosis
in refractory epilepsy, especially with atypical features or
late onset.

Keywords: Drug-resistant epilepsy; Pseudoresis-
tance; Seizure semiology, Hypoglycemia; Insulinoma,
Epilepsy mimics

INTRODUCTION

Epilepsy is a chronic neurological condition charac-
terized by recurrent unprovoked seizures. It is one of the
world’s most prevalent neurological diseases, affecting
nearly 50 million people worldwide [1]. The International
League Against Epilepsy has defined drug-resistant ep-
ilepsy as the failure of adequate trials of two tolerated
and appropriately chosen anti-seizure medications to
deliver sustained seizure freedom [2]. Despite the array
of anticonvulsants with different mechanisms of action,
nearly one-third of individuals with epilepsy remain
drug-resistant. This subset carries an even higher risk of
poor outcome with increased morbidity and mortality,
along with higher resource use [2].

It is essential to firmly rule out pseudo-drug resis-
tance before diagnosing drug-resistant epilepsy. This
domain includes situations where presumed treatment
resistance is not true pharmacological refractoriness,
but rather arises from misdiagnosis, inappropriate drug
selection or dosing, partial non-adherence to therapy,
and/or seizures masquerading as comorbidity disorders.
In tertiary epilepsy centers, up to 15% of referred patients
are pseudo-resistant [3]. A wide range of medical con-
ditions can mimic epilepsy, including syncope, move-
ment, sleep and metabolic disorders [4].

Among metabolic causes, hypoglycemia is partic-
ularly important due to its potential to provoke con-
vulsive or abnormal motor phenomena [5]. One clini-
cally significant entity that may present with recurrent
hypoglycemia is insulinoma, a neuroendocrine tumor
of the pancreas characterized by hyperinsulinemia.
Insulinomas are rare, with an estimated incidence of
1-4 cases per million per year. They are characterized
by the classic Whipple’s triad: signs or symptoms of
hypoglycemia, low plasma glucose level confirmed at
the time of symptoms, and resolution of symptoms
after a glucose injection [6]. Due to the predominance
of neurological symptoms, such patients are often
misdiagnosed as having epilepsy, mental illness, or
dementia.

We present the case of a patient who had been
treated for presumed drug-resistant epilepsy for
nearly two decades. Despite polytherapy and years of
follow-up, her persistent “seizures” challenged the
diagnosis. Careful reevaluation, including clinical
observation, home video recordings, and metabol-
ic workup, uncovered an entirely different underly-
ing cause. This case underscores the importance of
questioning diagnostic inertia and remaining vigilant
for potentially reversible conditions that may mimic

epilepsy.
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CASE PRESENTATION

A 69-year-old female patient was referred to the
outpatient neurology clinic with a history of epilepsy
refractory to anti-seizure medications. She had been
experiencing seizures for 17 years. At the time of presen-
tation, she was taking carbamazepine 600mg/day, val-
proic acid 1000mg/day, and levetiracetam 1000mg/day.
Despite polytherapy, her son reported almost daily sei-
zures, sometimes multiple times a day. The eyewitnesses
described the attacks as full-body stiffening and limb
shaking. During the visit, the patient had no other com-
plaints; she was alert and aware, answered questions,
and followed instructions fully and appropriately. Her
neurological examination was unremarkable. Her medi-
cal history included arterial hypertension, for which she
was taking perindopril/indapamide/amlodipine.

Back in 2004, her first-ever long-term electroen-
cephalography (EEG) revealed abnormalities in the form
of disorganized rhythm patterns with sharp waves in
the temporal leads. Further routine 20-60-minute EEG
studies performed later had never showed pathologi-
cal changes, and 3T brain magnetic resonance imag-
ing (MRI) utilizing HARNESS protocol was also unre-
markable. Nevertheless, the diagnosis of epilepsy was
retained, leading to progressive escalation of anticon-
vulsants. Therapeutic serum levels of carbamazepine
(7.42pug/mL, normal 4-12ug/mL) and valproic acid
(51.77pug/mL; normal 50-100pg/mL) were monitored.
The carbamazepine dose was gradually increased based
on the reported seizure frequency.

Due to diagnostic uncertainty, her family was in-
structed videotape subsequent seizures. A few days later,
her son brought a video recording of non-stereotypical,
irregular whole-body movements lasting longer than a
typical epileptic seizure. The attacks were not charac-
terized by the classic stereotypy or logical sequence as
observed in generalized tonic-clonic seizures, while her
consciousness was partially retained. The movements
were choreoballistic rather than clonic. These findings
seriously questioned the diagnosis of epilepsy. The pa-
tient and her family persisted in refusing hospitalization
and postponed the new long-term video-EEG monitor-
ing, despite recommendations. Further increases in the
carbamazepine dose yielded no benefit, and the seizure
frequency remained stable.

Weeks later, the patient was brought to the emer-
gency department with another seizure. At the time of
the episode, she was alert and able to answer questions
but did not consistently follow commands. She exhib-
ited irregular jerking movements involving all extrem-
ities, breath-holding spells, and frothy discharge from
the mouth. Immediate capillary glucose was checked,
revealing severe hypoglycemia (glucose 1.8mmol/L,
reference range: 3.3-5.5mmol/L). The episode was

promptly aborted with intravenous glucose. Subsequent
laboratory investigations found elevated insulin level
in the blood (83.5pU/mL, normal range: 0.7-25pU/
mL). Abdominal computed tomography scan revealed
a pancreatic mass compatible with an insulinoma. The
tumor was excised surgically. Histopathology confirmed
insulinoma. The patient remained seizure-free follow-
ing surgery. The anticonvulsant dosage was gradually
tapered and eventually discontinued. At her most recent
follow-up, she was seizure-free without taking anti-sei-
zure medications, with no recurrence of hypoglycemia.

DISCUSSION

This case demonstrates several hot topics in epilepsy
diagnosis and treatment, such as the consequences of
premature diagnostic closure and the need for revisiting
atypical cases.

Although epilepsy can appear at any age, idiopathic
or genetic epilepsy usually develops in childhood and
young adulthood. Patients with onset of a new seizure
disorder after age 50 require careful evaluation for sec-
ondary causes, including cerebrovascular disease, brain
tumors, infections, autoimmune and metabolic disor-
ders [7]. In this patient, early workup (EEG and MRI) was
non-contributory; however, the atypical age of onset
should have prompted a higher index of suspicion for
secondary etiologies.

The patient would seem to meet the definition of
drug-resistant epilepsy, given that she had failed mul-
tiple anti-seizure medications at therapeutic doses. But
her seizures were not epileptic. Misdiagnosis is one of
the major causes of pseudo-resistance and has been re-
corded in up to 15% of patients attending specialized
epilepsy centers [3]. These errors are associated with
serious consequences: months or years of ineffective
therapy, negative psychosocial burden to prolonged ex-
posure to unnecessary medications, drug side effects,
and delays in correct diagnosis.

A thorough assessment of seizure semiology is crit-
ical for making an accurate diagnosis. One should al-
ways try to observe a seizure personally or have at least
a video recording. Home video recordings on smart-
phones, which are readily available to almost everyone,
are very helpful for understanding seizure semiology,
especially in cases of rare seizures [8]. In this case, the
video recordings revealed atypical features: irregular,
non-stereotyped movements, prolonged duration, and
preserved consciousness — features inconsistent with
generalized tonic-clonic seizures.

Hypoglycemia is a recognized cause of reversible
neurological impairment. Severe episodes typically
cause confusion, coma, or epileptiform activities. These
are most often described as “bizarre” non-typical move-
ments or behaviors, but primary or secondary bilateral
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tonic-clonic activities have also been reported [9]. Of
note, hypoglycemia can even cause epileptiform EEG al-
terations, which may further obscure the diagnosis. The
large variety of EEG abnormalities in hypoglycemia and
lack of reliable data do not allow standardization of EEG
signs for this pathology. However, the most frequently
reported EEG changes are focal or diffuse slowing. As
demonstrated in a literature review by Dudley A et al.
(2022), ictal and interictal EEG changes in patients with
insulinoma-induced hypoglycemia can range from non-
specific diffuse slowing of background activity to focal
or diffuse d- and 6-rhythms, and paroxysmal activities
(spikes and sharp waves) [9]. Hypoglycemia may affect
all cortical regions without any significant interhemi-
spheric asymmetry. However, available data suggest that
the topography of EEG abnormalities may change de-
pending on serum glucose levels. Particularly, with mild
hypoglycemia, these changes are more prominent in the
anterior cerebral cortex (mostly the frontal cortex), in
contrast to severe hypoglycemia, which predominantly
affects the parietal-occipital and temporal regions [10].
In our patient, chronic low-level recurrent hypoglycemia
resulted in prolonged hyperkinetic movement mimick-
ing seizures, resulting in a correct diagnosis only 17 years
after onset. The first abnormal EEG report strengthened
the wrong diagnosis and led to prolonged unnecessary
treatment. This highlights the need to consider basic
metabolic measurement as a routine part of the work-
up of any patient with refractory or atypical cases, even
when there is a high suspicion of epilepsy with EEG con-
firmation.

Insulinoma is an uncommon but important cause
of recurrent hypoglycemia [11]. Neurological manifesta-
tions often prompt initial referral to a neurologist rather
than an endocrinologist. Insulinoma-induced seizures
are rare, but several cases have been reported in the

literature [5,12]. Although the median diagnostic delay
for insulinoma is not well reported, misdiagnosis and
treatment delays are not unusual. In our patient, the
17-year diagnostic hiatus underscores how easily insu-
linoma can masquerade as epilepsy. Most patients are
curatively treated with surgery, as illustrated here.

In the presented case, subsequent standard EEGs
were universally normal after the first abnormal study,
which may have had a low threshold level of electro-
graphic abnormality, or there might be no specific
EEG features other than some changes associated with
hypoglycemia. The lack of long-term video-EEG mon-
itoring was a significant drawback due to the patient’s
frequent denial of inpatient admission. In cases that
are uncertain or refractory to treatment, inpatient vid-
eo-EEG remains the gold standard for differentiating
epileptic and non-epileptic events [13]. Clinicians must
insist on these evaluations, even in the face of family
resistance.

CONCLUSION

The reported case emphasizes the risk of a misdiag-
nosis in epilepsy, with severe implications for the pa-
tient. A woman suffered 17 years of failed therapy with
several anti-seizure medications for suspected drug-re-
sistant epilepsy before being eventually diagnosed with
repeated hypoglycemia caused by an insulinoma. A
thorough re-evaluation, attention to semiology, and a
simple bedside glucose measurement ultimately uncov-
ered the correct diagnosis. Clinicians should be mind-
ful of diagnostic inertia, especially in atypical or treat-
ment-resistant seizures. This case highlights the utility
of home video recordings, the need to investigate met-
abolic causes, and the potential curability of insulinoma
with early surgical intervention.
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ABCTPAKT

MpyvMepHO y TpeTM MNAUMEHTOB C 3MUNENCHUEN,
HECMOTPA Ha afEKBaTHYIO TEParnuio, pa3BUBAETCA
NEKAPCTBEHHAA PE3NCTEHTHOCTb. OAHAKO B HEKOTOPbIX
CNyyasax Pe3NCTEHTHOCTb MPUCTYNOB OTPaXaeT He

WCTUHHYIO  hapMaKope3NCTEHTHOCTb, a  OLUMGOYHBIA
AvarHo3. [pyrve COCTOAHUA, TaKME KaK MCUXOTeH-
Hble  HEINUNENTUYECKME MPUCTYMbl, [ABUraTENbHbIE
pacCTpoNCTBa M METabONNYECKUE HAPYLUEHWA MOTYT
UMUTUPOBATL dnunencuto. MNpeacTaBneH KIMHNYECKUn
ciyyait 69-neTHen »KeHWmHbl ¢ 17-neTHUM aHaMHe30M
npeanonaraemoit  $hapMakope3NCTEHTHOW 3Munencun,
y KOTOpoW B panbHeilwem Obina AMarHOCTMPOBaHa
WUHCYINHOMa, MpOABAABLIAACA ANUTENbHLIMW  MapOK-
CM3MaMU MPEXOAALLMX HAPYLUEHWUI CO3HAHWA. JaHHbIN
cnyYar NoAYEPKMBAET BaXKHOCTb MEPECMOTPaA AMarHo3a
Npu PE3NCTEHTHON 3MUNENCUN C aTUMUYHBIMW MPOAB-
NEHVAMU NN NO3LHMM OEOIOTOM.

Knrouesble cnoea: peppakmepHasa anunencus,
ncegoope3ucmeHmMHOCMb,  CemMuonozua  NpuUNaokKos,
2UNO2AUKEeMUS, UHCYNUHOMA, MUMUKPUA 3nunencuu
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