KAPAOAOTHA &
KAPAMOXUPYPTHA

Tom 9, Bpoit 2, 2026

Poasra Ha MHEAOIIEPOKCHAA3aTa KATO paHEH
IIPEAUKTOP 32 Pa3BUTHUE HA KAPAHMOTOKCHUIHOCT

YHunopTasHa TOPaKOCKOICKa XUPYPIus —
METOABT Ha U300p [IPH ChBPEMEHHHTE

MHWHHMAAHO MHBAa3WBHU TCXHUKHU

MOACI/IAOMI/IH ¥ MO3BKbT: BAHSIHHE
BBPXY KOTHUTHBHUTE (l)yHKlII/II/I

Po6oT-acucTipaHu ABY- U TPUIIOAEBH Pe3eKIfHU
Ha XpaHOIIPOBOAA — PEBOAIOITMOHHUSAT IIOAXOA,
IIpY XUPYPrud Ha e3odareaseH KapIiMHOM

Kparkocpoura HacAapa ¢ AbATOCPOYHH
HIOCA@AUITY: HEBPOAOTHYHU IIPOSIBU
CAep yIIoTpeba Ha paricKi ra3

Bparapcku
Kapauoaormaen
WucruryT

CARDIOLOGY
CARDIAC SURGERY

Volume 9, Number 2, 2026

® The role of myeloperoxidase as an early
predictor of cardiotoxicity

® Uniportal thoracoscopic surgery —
the method of choice in modern
minimally-invasive techniques

® Molsidomine and the brain: impact
on cognitive functions

® Robotic-assisted two- and three-field
esophagectomy — a revolutionary approach
to surgery for esophageal cancer

® Short-term pleasure with long-term
consequences: neurological manifestations
following nitrous oxide use

Bulgarian
y Cardiac
Institute

www.cardiacinstitute.bg




KAPAVIOAOTHA &
KAPAOXUPYPTUS

Tom 9, Bpon 2 « 2026
PEAAKITHOHHA KOAETUSA

I'AaBen peaaxTop

A-p Aapxo CuMoHOB, AM

3aMeCTHHK-TAABEH PeAaAKTOp

A-p Ilersp Manes

Hayunu cexperapu
A-p bopucaasa Hunosa
A-p Anrora VBaHOBa

A-p Mapruna Camappsxuepa

YaeHose

ITpo¢. a-p ITaamen Boxunos (Bbarapus)
I[1po¢. A-p Huxoaait Paitos (Bparapus)
ITpo. a-p Ierp Bupnmcku (Yexus)
ITpod. o-p Kan-Tluep Bacan (Opanums)
I[Tpod. o-p Dpanuecko Beyonu (Uranms)
ITpod. A-p 36unex Crpaxa (Yexus)
ITpod. o-p Ayuaxu Maprunean (Mraaus)
[1po¢. A-p Aaaucaas Fpox (Yexws)

ITpod. A-p XKupu Buroser (Yexus)
ITpo¢. po-p Beceaun ITerpos (Bbarapus)
Ao A-p AuMuTsp XapuTOHOB (BbArappm)
Aou. o-p Muaena Enuesa (Bparapust)

Bvnrapcku
KapanonornyeH
WHeTtutyT

e Cardiac
Institute

CARDIOLOGY &
CARDIAC SURGERY

Volume 9, Number 2 <2026

EDITORIAL BOARD

Editor-in-Chief
Dr. Darko Simonov, PhD

Deputy editor
Dr. Petar Iliev

Scientific Secretaries
Dr. Borislava Ninova
Dr. Anyuta Ivanova

Dr. Martina Samardzhieva

Members

Prof. Dr. Plamen Bozhinov (Bulgaria)
Prof. Dr. Nikolay Raynov (Bulgaria)

Prof. Dr. Petr Widimsky (Czech Republic)
Prof. Dr. Jean-Pierre Bassand (France)
Prof. Dr. Francesco Bedogni (Italy)

Prof. Dr. Zbynék Straka (Czech Republic)
Prof. Dr. Luigi Martinelli (Italy)

Prof. Dr. Ladislav Groch (Czech Republic)
Prof. Dr. Jiti Vitovec (Czech Republic)
Prof. Dr. Veselin Petrov (Bulgaria)

Assoc. Prof. Dr. Dimitar Haritonov (Bulgaria)

Assoc. Prof. Dr. Milena Encheva (Bulgaria)

Bulgarian

www.cardiacinstitute.bg




CbADBPKAHUE

OPUTNHAAHU CTATUU
B. [lempywesa, 4. Cumosa, M. Camapoxrcuesa,
H. Yuauneuposa, H. Kumosa, T. Bekos. PosnsaTa Ha
MHeJIONEePOKCHAA3aTa KaTo paHeH NMpeJUKTOP
3a pa3BUTHeE Ha KapAHUOTOKCUYHOCT

H. HeaHos, H. [lpaeHes, []. Mumes, P. [lumosa,
/. Jlamb6oscku, F0. Xpucmoesa, A. Jlunkosa.
YHuUnopTaJHa TOPAKOCKOIICKA XUPYPTHS —
MeTOA'bT Ha U360p NMPHU ChbBPEMEHHUTE
MHWHHMaJJTHO UHBa3UBHU TEXHUKH

A. flumumpos, K. [leesa, A. Cumosa, H. MusaaHos,
T EedeHosa. MOJICUJIOMHH U MO3bKbBT: BJIUSIHUE
BBPXY KOTHUTUBHUTE QYHKIUN

KAMHUYHU CAYYAU

H. Heanos, H. []pazHes, /. Mumes, /]. /lam6o8ecku.
Po6oT-acucTupaHu ABy- ¥ TPUIOJIEBU Pe3eKIUHU
Ha XPaHOIMPOBO/IA — PEBOJIIOLIMOHHHUST MOAXO0Z,

IPU XUPYPrus Ha e3odpareaseH KapIUHOM .....cceeereeres

C. BecenuHos, H. /lumumpos. KpaTkocpouHa Haclaja
C 'bJITOCPOYHHU MOCIEJULIN: HEBPOJOTUYHHU

[POSIBU CJIeJ] YIIOTPE6A HA PARCKHU TA3B covvevernrersseeessseneees

19

26

CONTENTS

ORIGINAL ARTICLES

V. Petrusheva, I. Simova, M. Samardzhieva,
N. Chilingirova, N. Kitova, T. Vekov. The role
of myeloperoxidase as an early predictor
of cardiotoxicity

L Ivanov, N. Dragnev, D. Mitev, R. Dimova, D. Lambovski,

Y. Hristova, A. Linkova. Uniportal thoracoscopic
surgery - the method of choice in modern

minimally-invasive techniques
A. Dimitrov, K. Peeva, Y. Simova, I. Milanov, T. Evdenova.

Molsidomine and the brain: impact on cognitive

functions

CASE REPORTS

L Ivanov, N. Dragnev, D. Mitev, D. Lambovski.
Robotic-assisted two- and three-field
esophagectomy - a revolutionary approach
to surgery for esophageal cancer

S. Veselinov, 1. Dimitrov. Short-term pleasure
with long-term consequences: neurological

manifestations following nitrous oxide use........ccooueee.

ISSN 2738-702X

19

26

41
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POJIATA HA MUEJIOIIEPOKCHUJA3ATA KATO PAHEH IIPEJUKTOP 3A PA3BBUTHUE
HA KAPAUOTOKCHUYHOCT

B. Ilempyuwesa, A. Cumosa, M. Camapadicuesa, H. Yuaunzuposa, H. Kumoea, T. Bekog

Bbwazapcku kapduoaozuuen uncmumym, MBAJI ,Copye u mo3wsk" - [1n1eseH,
MeduyuHcku yHugepcumem - [1i1egeH

Pe3wme. Muesionepokcuzasara (MPO) ce pa3ryex/ia KaTo MOTEHIMaJeH OGMOMapKep 3a paH-
HO OTKpMBaHe Ha KapAHOTOKCUYHOCT NPY NALMEeHTH, NMoJIydaBallli NPOTUBOTYMOPHO JieyeHHue.
JlaHHUTe OTHOCHO HellHaTa MPOTHOCTUYHA CTOMHOCT OCTAaBaT OrPaHUYEHU U NPOTHBOPEUHBH.
Iles: [la ce oueHu poJsiata Ha MPO kaTo paHeH NpeJUKTOP 3a pa3sBUTHe HA KapAUOTOKCUYHOCT
U cMbpTHOCT. MeTogm: [lpocnesenu ca 477 nalueHTH, NOAJIOXKEHU Ha aHTUHEOIJIAaCTUYHA Te-
panusi, c usMmepBane Ha MPO, TpononuH, NT-proBNP u feTaliysiHa exokapauorpadcka oleHKa 13-
XOZIHO, Ha 3-TH U Ha 6-U Mecell. B cTaTusATa ca OLleHEH! U CPaBHEHH acoljMalusaTa Ha 6roMapKe-
pHUTE ChC cnazia BbB ¢pakiusaTa Ha ustaackBane (PU) ¢ > 10% xmo croiitHocTH < 55%, cnagbT B
rJ1I00aHUs JIOHTUTYyAuHaIeH cTpelH (GLS) ¢ > 15% oT u3XoAHUTE CTOWHOCTU M HACT'hIIBAHETO
Ha cMbpT. Pe3ynTaTu: MPO He noka3Ba 3HaYMMa acouuanus ¢ npomeHu BbB ®U (p-value 0.42)
niu GLS (p-value 0.578). Brrpeku ToBa mo-BUCOKUTE CTOWHOCTH Ha MPO ce cBBbp3BaT C MOBU-
IIeH PUCK OT paHHA CM'bPTHOCT, HE3AaBUCUMO OT OCTAHAJIUTE KIMHUYHU U 06pasHU IOKa3aTeau
(p-value 0.0287). 3akstoueHue: Te3u pe3yaTaTu noAYepTaBart noteHnyana Ha MPO ga fonbiBa
ChIeCTBYBALIMTE HHCTPYMEHTH 3a CTpaTUHUKaIUs HAa pUCKa U HACOYBAT KbM HEOGXOJUMOCTTA
OT JION'bJIHUTEJHU IPOyYBaHHs 3a U3sCHABaHe HA MEXaHU3MUTE U KJIMHUYHATA W 10JIE3HOCT.

K/II040BM AyMHU: MHEJIONEPOKCH/[a3a, KAPAUOTOKCUIHOCT, KAPAHO0OHKOJIOTHSI

THE ROLE OF MYELOPEROXIDASE AS AN EARLY PREDICTOR
OF CARDIOTOXICITY

V. Petrusheva, Y. Simova, M. Samardzhieva, N. Chilingirova, N. Kitova, T. Vekov

Bulgarian Cardiology Institute, MHAT “Heart and Brain” - Pleven
Medical University — Pleven

Abstract. Myeloperoxidase (MPO) is considered a potential biomarker for early detection of
cardiotoxicity in patients undergoing anticancer treatment. However, data regarding its prognostic
value remain limited and inconsistent. Aim: To assess the role of MPO as an early predictor for
the development of cardiotoxicity and mortality. Methods: A total of 477 patients receiving
antineoplastic therapy were followed, with measurements of MPO, troponin, NT-proBNP, and
comprehensive echocardiographic evaluation performed at baseline, 3 months, and 6 months.
We evaluated and compared the association between these biomarkers and the development of
a > 10% decline in left ventricular ejection fraction (EF) to values < 55%, a > 15% reduction in
global longitudinal strain (GLS) from baseline, and mortality. Results: MPO showed no significant
association with changes in LVEF (p-value = 0.42) or GLS (p-value = 0.578). However, higher MPO
levels were associated with an increased risk of early mortality, independent of other clinical and
imaging parameters (p-value = 0.0287). Conclusion: These findings highlight the potential of MPO
to complement existing risk-stratification tools and indicate the need for further studies to clarify
its mechanisms and clinical utility.

Key words: myeloperoxidase, cardiotoxicity, cardio-oncology
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B. MeTpywesa u ap.
KAPAUOAOTI A & Ponsita Ha Muenonepokcuaasara...

KAPAMIOXAPYPTHSL Tom 9, Bpoit 2 * 2026

BBBEJEHUE

KapAHOTOKCUYHOCTTa € 3HauuM KJHWHUYeH
npo6JieM, KOWUTO OrpaHUyYaBa NPUJIOKEHHETO Ha
epeKTUBHU NPOTUBOTYMOPHU Tepaluu U BJUsie
HeraTUBHO BBPXY IIPEXKUBAEMOCTTA U Ka4eCTBOTO
Ha ’KMBOT Ha NalMeHTUTe. Bblipekn pa3BUTHETO
Ha CbBpPEMEHHHU MeTO/JH 3a 0O6pasHa JMarHoCTH-
Ka 3a MOHUTOpPUpaHe Ha CbpJedyHaTa QyHKIUS,
MHOKapAHOTO yBpeX/JaHe 4eCTO ce YCTaHOBsIBA B
CPaBHUTEJIHO KbCEH eTall, KoraTo Beye e HaJulie
criag BbB ®U mim Hamasienue Ha GLS. ToBa moj-
yepTaBa HEOOXOMMOCTTA OT HAJEeX/HU U YYBCT-
BUTEJIHU 6MOMapKepH, KOMTO Jia TI03BOJISAT paHHA
JleTeKI1sl Ha CyOKJIMHUYHA KapAUOTOKCUYHOCT U
CBOEBPEMEHHO BbBeX/aHe Ha IPeBAaHTHBHU Mep-
KU. YTBBpJEHUTE [0 MOMeHTa 6MOMapKepy KaTo
BUCOKO4yBCTBUTesIeH TponoHUH (hsTroponin) u
NT-proBNP uMaT poka3zaHO NPOTHOCTUYHO 3Ha-
YyeHHe, HO U HSKOU ChIIECTBEHH OrpaHHUYEeHHUs.
TponoHUHBT OTpassiBa AUPEKTHOTO MHOKapAHO
yBpex/JaHe, KOeTo ce POosiBsIBa Ha II0-K'bCEH eTall.
OcBeH TOBa TPONOHUHBT Ce NOBHUIIABA He CaMoO
Py MUOKapJHO 3acsaraHe. OCHOBHU NPUYMHM 3a
MOBHIIEH TPOMOHUH Ca OCT'bP KOPOHAapeH CHH/-
poM (OKC), 6enoapobna Tpomboemboaus (BTE),
MHUOKapAUT, OCTbp NepukapAuT, Takony6o cUHJ-
poM, npecbpAHO MbxAeHe ([IM), kaMepHU apUT-
MUY, XUIIOTOHUSI, XUIIEPTOHUYHA KpPH3a, aHEMHUS],
O6bOpeyHa HeAOCTATBYHOCT, CENCHUC, MOBHUIIEHO
BbTpeUepenHo Hajsirade u ap. [1].

NT-proBNP e cBbp3aH c [IOBULIEHO HaJIATAHE,
06eMHO 0OpeMeHsBaHe, KOeTO MOXe Ja O0bJe Mo-
BJIMSIHO OT Bb3pacT, 6bopeuyHa PpyHKUUS U ApyTd
KOMOp6UAHOCTH. OCHOBHHTE NPHUYMHMU 3a IMOBU-
maBaHe Ha NT-proBNP ca: 1. CbpziedyHu - cbpZieuHa
HegoctarpyHOocT (CH), auacronHa fguchyHKIus,
KJIallHU 3a00J1s1BaHUsl, MUOKapJAHMT, JieBOKaMepHa
xuneptpodus (JIKX), ucxemuuyHa 60/1eCT Ha Cbhplie-
To (UBC), apuTMuY, MHUOKapAHa TPpaBMa, lTIepUKap-
JIUT, apTepuanHa xuneptonus (AX); 2. besogpo6b-
HU - NyJIMOHa/IHA xunepToHus, bTE, cbHHa anHed,
XOBB, 6enonpo6bnu nndexuuy; 3. HeBposiornuuu
- HUCXeMHUYEeH WJIM XeMOparuieH MO3b4eH UHCYIIT;
4. lpyru - ceIcuc, U3rapsiHe, B X0Ja Ha XMMHOTe-
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INTRODUCTION

Cardiotoxicity represents a significant clin-
ical problem that limits the use of effective anti-
cancer therapies and negatively impacts patients’
survival and quality of life. Despite advances in
modern imaging techniques used to monitor car-
diac function, myocardial injury is often detected
at a relatively late stage, when a decline in EF or
a reduction in GLS has already occurred. This un-
derscores the need for reliable and sensitive bio-
markers that allow early detection of subclinical
cardiotoxicity and timely initiation of preventive
measures.

The currently established biomarkers, such
as high-sensitivity troponin (hsTroponin) and
NT-proBNP, have proven prognostic value but
also certain important limitations. Troponin re-
flects direct myocardial injury, which manifests at
a later stage. Moreover, troponin elevation is not
specific to myocardial damage alone. Major caus-
es of elevated troponin include acute coronary
syndrome (ACS), pulmonary embolism (PE), myo-
carditis, acute pericarditis, Takotsubo syndrome,
atrial fibrillation (AF), ventricular arrhythmias,
hypotension, hypertensive crisis, anemia, renal
failure, sepsis, elevated intracranial pressure, and
others [1].

NT-proBNP is associated with increased
pressure and volume overload, and its concen-
tration may be influenced by age, renal function,
and other comorbidities. The main causes of el-
evated NT-proBNP include: 1. Cardiac - heart
failure (HF), diastolic dysfunction, valvular dis-
ease, myocarditis, left ventricular hypertrophy
(LVH), coronary artery disease (CAD), arrhyth-
mias, myocardial trauma, pericarditis, arterial
hypertension (AH); 2. Pulmonary - pulmonary
hypertension, PE, sleep apnea, COPD, pulmo-
nary infections. 3. Neurological - ischemic or
hemorrhagic stroke. 4. Other - sepsis, burns,



panus, yxanBaHe OT 3MHs, HalpeJHala Bb3pacT,
XUIIEPTUPEOU/IU3bM, aHEeMHUS, 1[UP03a, 6bOpedHa
HeI0CTaT'bYHOCT, XUIIePaIJOCTEPOHU3BM [2].

CnenoBaTtenHo hsTroponin u NT-proBNP He-
BUHAru Morar /ja yJIOBAAT paHHUTE KJIeTBYHU IPO-
MeHH, IpeJlIecTBallY CbPAEeYHOTO YBpeXJaHe.

MPO e k/11040B €H3UM, CBbpP3aH C OKCUAATUBEH
CTpec ¥ Bb3Naj/ieHHe, KOWTO ce pasryexJa KaTo
NOTeHLMa/lleH paHeH O6UOMapKep 3a NpeAuKLUs
Ha kapauoTokcudHocT [3]. [loBULIeHaTa aKTHB-
HocT Ha MPO npepiiecTBa yBpex/JaHeTo Ha Kap-
JUOMHOLMTHUTE U peMoJle/ITMpaHeTO Ha MUOKap/a,
KOeTO f NO3WLUOHMpA KaTO LieHeH HWHAUKATOP
3a CyGKJIMHHUYHA KapJHUOTOKCUYHOCT Olle Npeau
nposiBaTa Ha eXoKapAuorpadCcKu M3MeHeHHusl.

B TO3M KOHTEKCT HapacTBa HMHTEpPeChT KbM
MyJTUOMOMapKepHaTa CTpaTerusi, KOSITO KOM-
OUHMpA pa3/IMYHU NaTOreHeTUYHU MeXaHHW3MHU
- Bb3MaJIeHHe, OKCUJATUBEH CTpeC, XeMOJWHa-
MHUYHO HaTOBapBaHe, AUPEKTHO MHUOKapAHO YB-
pexzaHe. [lofo6eH MmoAxos ocUrypsiBa MO-BUCOKA
JIMarHOCTUYHA YYBCTBUTEIHOCT U CIENUPUIHOCT,
KOeTO [103B0JIsIBa N0-NPEeLU3HO0 cTpaThULMpaHe
Ha pUCKa U NlepCOHa/JM3MpaHe Ha Mpoc/eaBaHe-
TO W TepaleBTUYHUTE pellleHusl NpHU MalyeHTH,
IpOBEX/AILHY NIPOTUBOTYMOPHA Tepanusl.

HE

Jla ce oueHu NpeJUKTHBHATA CTOWHOCT Ha
MPO 3a paHHa feTeKUUs1 Ha KapgUOTOKCUYHOCT
Y /1a Ce CpaBHM C Ta3X Ha TponoHUH U NT-proBNP.

— [I'bpBUYHA KpalHa 1je:

[la ce onpenenn faiyd U3XOLHO MOBHUILEHUTE
HMBa Ha MPO npeaBwxaaT pa3BUTHE HA KapAUo-
TOKCHYHOCT B XOJa Ha NMPOTUBOTYMOpHATa Te-
panuda. KpaeH pe3synraT 3a KapZUOTOKCUYHOCT
BKJIIOYBA crag BbB ®U ¢ > 10% [0 CTOMHOCT MO/,
55% wunm cnaf c moBeve ot 15% crpsiMmo KU3x0/1-
HUTe cCTOMHOCTH Ha GLS.

— Bropuynu nesnu:

Jla ce cpaBHM JAMarHoCTU4YHaTa U NPOTHOC-
TU4YHaTa 4yBCcTBUTesHOCT Ha MPO chopsmo
hsTroponin u NT-proBNP 3a paHHO oTKpuBaHe Ha
KapAUOTOKCUYHOCT.

V. Petrusheva et al.

The role of myeloperoxidase... CARDIOLOGY

Volume 9, Number 2 « 2026
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during chemotherapy, snake bites, advanced
age, hyperthyroidism, anemia, cirrhosis, renal
failure, hyperaldosteronism [2].

Therefore, hsTroponin and NT-proBNP may
not always detect the early cellular changes that
precede myocardial injury.

MPO is a key enzyme associated with oxidative
stress and inflammation and is being considered
as a potential early biomarker for predicting car-
diotoxicity [3]. Increased MPO activity precedes
cardiomyocyte injury and myocardial remodeling,
positioning it as a valuable indicator of subclinical
cardiotoxicity even before echocardiographic ab-
normalities appear.

In this context, interest is growing in a
multimarker strategy that combines different
pathogenic mechanisms - inflammation, oxida-
tive stress, hemodynamic overload, and direct
myocardial injury. Such an approach provides
higher diagnostic sensitivity and specificity,
enabling more precise risk stratification and
personalization of monitoring and therapeutic
decision-making in patients undergoing anti-
cancer treatment.

OBJECTIVES

To evaluate the predictive value of MPO for the
early detection of cardiotoxicity and to compare it
with that of troponin and NT-proBNP.

— Primary Endpoint:

To determine whether elevated baseline MPO
levels predict the development of cardiotoxicity
during anticancer therapy. The cardiotoxicity out-
come includes a decline in EF > 10% to a value be-
low 55%, or a reduction in GLS by more than 15%
from baseline.

— Secondary Objectives:

To compare the diagnostic and prognostic sen-
sitivity of MPO with hsTroponin and NT-proBNP

for early detection of cardiotoxicity.
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Ja ce oueHu aconyanuaTa MeXAy HU3XOJLHO
NOBHUIEHU CTOUHOCTU HA MPO ¥ paHHa cMBbpPT Ha
TpeTH/11ecTH Mecell,

Ja ce oleHM JON'bJHHTENHATa CTONMHOCT
Ha MPO npu BkJ/IIOYBaHe B MyJITHUOMOMapKepHa
cTparervsi (B KOMOWHALUA C yTBbPAEHHUTE [0
MOMeHTa 6MOMapKepH).

MATEPUAJI U METOAU

[IpocnensiBaT ce NpOCHEKTUBHO NALUEHTH C
HOBOJIMAarHOCTUIIMPAaHO TYMOPHO 3aboJisiBaHe,
IIpYM KOUTO e NpejBUJeHa IPOTHBOTYMOpPHA Te-
panusi.

OneHaBaT ce M3XOAHO BB3PACT, [10J, BUJ, TY-
MOD, CTaZui, TYMOPHU MapKepH, BU/J, POTUBO-
TyYMOpHa Tepalus, Npupy>kaBaliy 3a00J1s1BaHAA
(AX, 1M, UBC, 3/1), GFR, AH, u3xogHu CTOMHOCTH
Ha ®U, GLS, o6eM u cTpellH Ha JISAIBO MpEACHP-
Jlie, CTpelH Ha CBOOOJHA CTeHa Ha JsICHAa KaMe-
pa, Tricuspid Annular Plane Systolic Excursion
(TAPSE), cuctonHo HajisraHe B 6esiofjpo6HaTa
aptepusa (CHBA), auactosiHa GyHKL M, HAJIUUUeE
Ha NepUKapZeH H3JIUB, U3XO4HHU CTOMHOCTH Ha
TponoHuH, NT-proBNP, MPO.

[IpocnensBat ce Ha 3-TH U 6-U Mecel] C OTJIe],
paHHa JeTeKlusl Ha KapJHUOTOKCUYHOCT.

TpaHcTOpaka/sHaTa exokapjuorpadust e us-
BbplLIBaHa N0 CTaHJAPTEH NPOTOKOJ CBIJIACHO
ESC/ASE. EF e usmepBaHa no moauduuupaHus
Simpson meTog, a GLS - upe3 2D speckle-tracking.
OnpefeneHu ca CblLO TapaMeTpy Ha JHACTOJIHA
U lecHOKaMepHa QyHKLUSL.

CepymHuTe HUMBa Ha TponoHuH, MPO u NT-
proBNP ca usmepeHu B akpejuTHUpaHa KJIMHUYHA
JIabopaTopusl C T'bProBCKM HAJIMUHU peareHTH,
IpuJlaraHy CbIVIAaCHO CTaHZAPTHUTE NpOoLeAypU
Y BbTPELIHNS KOHTPOJ Ha Ka4eCTBOTO.

CTaTUCTHYECKM aHA/IU3

HenpekbCcHaTUTe NPOMEHJIMBU INpeJCTaBsAMe
KaTO CpeJJHA CTOMHOCTH CbC CTAaHAAPTHO OTKJIO-
HeHue (SD). KateropuasHuTe NpoMeHJIMBU Npef-
ctaBsiMe KaTo 6poii (N) u npoueHnT (%). CpaBHsIBa-
Me 4yeCcTOoTaTa Ha KapAUOTOKCUYHOCT U CMbPTHOCT

>> 06

To assess the association between elevated
baseline MPO levels and early mortality at three
and six months.

To evaluate the added value of MPO when in-
tegrated into a multimarker strategy (in combina-

tion with currently established biomarkers).

MATERIALS AND METHODS

Patients with newly diagnosed malignant dis-
ease who were scheduled to receive anticancer
therapy were prospectively followed.

Baseline assessment included age, sex, can-
cer type, stage, tumor markers, type of anticancer
therapy, comorbidities (hypertension, AF CAD,
diabetes), GFR, blood pressure, baseline values
of EF, GLS, left atrial volume and strain, right ven-
tricular free wall strain, Tricuspid Annular Plane
Systolic Excursion (TAPSE), systolic pulmonary
artery pressure (sPAP), diastolic function, pres-
ence of pericardial effusion, and baseline levels of
troponin, NT-proBNP, and MPO.

Patients were followed at 3 and 6 months for
early detection of cardiotoxicity.

Transthoracic echocardiography was per-
formed according to standard ESC/ASE protocols.
LVEF was measured using the modified Simpson
method, and GLS was assessed using 2D speck-
le-tracking. Parameters of diastolic function and
right ventricular function were also evaluated.

Serum levels of troponin, MPO, and NT-proBNP
were measured in an accredited clinical laborato-
ry using commercially available assays, following
standard procedures and internal quality control.

Statistical Analysis

Continuous variables are presented as
means with standard deviation (SD). Categor-
ical variables are presented as counts (N) and
percentages (%). We compared the incidence
of cardiotoxicity and mortality between groups



MEXy TPYNUTE C U3XOAHO MOBUIIEHU U U3XOJHO
HOpMaJIHU cTOWHOCTH Ha MPO u oueHsiBame cTa-
THCTUYECKa 3HAYUMOCT upes p-value. MU3nosizaBame
Fisher’s Exact Test B Excel. 3a craTucTuyecku 3Ha-
YrMa pasJivKa ce mpuema p-value < 0.05.

ETU4YHU CbOGpakeHUs

[IpoyuBaHeTO € HabJ/O/JIaTeJHO, 6e3 UHTEep-
BEHIIMS, TOPAJIU KOETO He € U3UCKBAHO IO/IIHUC-
BaHe Ha WHGOPMHpAHO cbriacue. JJaHHUTE ca
00paboTBaHU B aHOHUMHU3UPAH BU/J U MPH Clas-
BaHe Ha KOHQUAEHIIHATHOCT.

PE3YJITATU

[Ipe3 nepuoga 31.10.2024 1. - 04.11.20251. B
H3cje[BaHETO ca BKJIYeHU 477 MaliueHTH C OH-
KOJIOTUYHO 3aboJ/iiBaHe. ba3oBuTe MM XapakTe-
PUCTHKMU ca Ipe/icTaBeHH B Tabsuua 1. Cpe Hail-
pa3npocTpaHeHUTe PUCKOBU GAKTOPHU B HallaTa
KoxopTa ca AX ¥ TIOTIOHOMNYyIIeHeTOo (Tabauua 2).

ba3oBu XapaKTEpPpHUCTHUKHU HA U3CJ/1eABa-
HaTa nomyJjiauus

TpuTe Hail-dyecTo CpellaHU TYMOPH B rpymna-
Ta ca 6eJI0J[pOGHUSAT KapIMHOM, KAPIIUHOM'BT Ha
r'bpZlaTa ¥ Ha Zie6es10To YepBo (Tabsuna 3).
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with elevated versus normal baseline MPO val-
ues and assessed statistical significance using
p-values. Fisher’s Exact Test (Excel) was used. A
p-value < 0.05 was considered statistically sig-
nificant.

Ethical Considerations

The study was observational and non-inter-
ventional; therefore, informed consent was not re-
quired. All data were processed in an anonymized
manner and handled in accordance with confiden-
tiality standards.

RESULTS

Between October 31, 2024, and 4 November
4, 2025, a total of 477 patients with oncologic
disease were included in the study. The baseline
characteristics of the patients are presented in Ta-
ble 1. Among the most prevalent risk factors in our
cohort were hypertension and smoking (Table 2).

Baseline characteristics of the study
population

The three most common cancers in the group
were lung cancer, breast cancer, and colorectal
cancer (Table 3).

Ta6auna 1. basoBu nokasaresiu // Table 1. Baseline parameters

Iloka3aren // Parameter N Mean Median SD Min Max IQR
Bwb3pact (rogunu) // Age 477 66.74 68 11.06 21 93 14.0
Cucrosnino AH (CAH), mmHg 477 125.19 120 16.38 70 195 20.0
Systolic blood pressure, mmHg
[Juactonno AH (1AH), mmHg 477 76.65 80 9.94 40 110 10.0
Diastolic blood pressure, mmHg
GFR (ml/min/1.73 m?) 477 78.08 83 22.26 14 134 33.25
Ta6auna 2. [lpuapyxaBaiu 3a6osisiBaHus U puckoBu paktopu // Table 2. Comorbidities and Risk Factors
Cocrosinue / pakrop // Risk factor Bpoii nanuentu // N %
Aprepuanna xuneptonus // Arterial hypertension 323 67.71%
[Ipeacwpano mbxaeHe // Atrial fibrillation 81 16.98%
HcxemudHa 6osiecT Ha cbpueTto // Coronary artery disease 56 11.74%
3axapeH fuabet // Diabetes mellitus 91 19.08%
[lywauu (HacTosium uiau 6uBiu) // Smoking history 271 56.81%
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Ta6una 3. Pasnpesenenue no Buj tymop // Table 3. Distribution by Cancer Type

Jmarsosa // Diagnosis Bpoii % OT BCUYKM NaLlMeHTH
Number % of All Patients

Besoapo6en kapuuHoM // Lung cancer 144 32.4%
Kapuunom Ha repaara // Breast cancer 93 21.0%
Kapnunom Ha e6esioto uepBo // Colorectal cancer 44 9.9%
Mesanom // Melanoma 24 5.4%
KapnuHoMm Ha MaTka/muiika Ha MaTkaTa // Uterine/cervical cancer 21 4.7%
KapuuHom Ha saityHuK // Ovarian cancer 18 4.1%
KapuuHoM Ha nankpeaca // Pancreatic cancer 14 3.2%
KapuuHoMm Ha npoctaTara // Prostate cancer 13 2.9%
CromaiueH kapuuHoM // Gastric cancer 13 2.9%
XJIJT (xponnuna tuMdornutHa neBkeMust) // CLL (Chronic lymphocytic leukemia) 8 1.8%
B-ksneTbueH mumoom // B-cell lymphoma 8 1.8%
Hexomxknunos uméom // Non-Hodgkin lymphoma 8 1.8%
Capkom // Sarcoma 7 1.6%
XomxkuHoB uMpom // Hodgkin lymphoma 6 1.4%
XMJI (xpoHnyHa MuesnouHa seBkemust) // CML (Chronic myeloid leukemia) 6 1.4%
Kom6uHanus ot Tymopu // Combination of cancers 6 1.4%
KapuunHom Ha 6b6pek // Renal cancer 5 1.1%
MyntunsieH muesioM // Multiple myeloma 4 0.9%
KapuuHom Ha nukoudeH mMexyp // Bladder cancer 4 0.9%
OMJI (ocTpa muesnouiHa JeBkemus) // AML (Acute myeloid leukemia) 3 0.7%
Kapnunom Ha nekym // Cecum cancer 3 0.7%
KapuunoMm Ha e3uka // Tongue cancer 3 0.7%
Xougpocapkom // Chondrosarcoma 2 0.45%
Tumycen kapuuaoM // Thymic cancer 2 0.45%
Bazonenynapen kapuunom // Basal cell carcinoma 2 0.45%
MesoTtenuoM // Mesothelioma 1 0.23%
CebareeH kapiuHoM // Sebaceous carcinoma 1 0.23%
Kapnunowm Ha Biarasnuie // Vaginal cancer 1 0.23%
KapuuHom Ha BeHern // Gingival cancer 1 0.23%
Kapuunom Ha Hazodapunkc // Nasopharyngeal carcinoma 1 0.23%
KapnuHom Ha omeHTyM // Omental carcinoma 1 0.23%
CnuHouesynapeH kapuuHoM // Squamous cell carcinoma 1 0.23%
XenartouesynapeH kapuuHom // Hepatocellular carcinoma 1 0.23%
ManTesHOK/IeTbUeH iuMoM // Mantle cell lymphoma 1 0.23%
T-kneTbueH suméom // T-cell lymphoma 1 0.23%
CrtenasneH auMmdom // Splenic lymphoma 1 0.23%
Jlpe6HOKIeTBUeH JuMboM // Small-cell lymphoma 1 0.23%
Cromamres uMmdowm // Gastric lymphoma 1 0.23%
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®ur. 1. Pasznpesenenue no Buj Tymop. [IpeacraBenu ca
JleceTTe Hall-4ecTH BUJ,0BE TYMOPH, a eIMHUYHUTE CJIydan
ca obejHeHH B yact "/Jlpyru”

OT 061K GPO¥ HA MAIIMEHTUTE B METACTATHU-
YeH cTaJui Ha 3ab6oJisiBaHeTo ca 245 (51.36%).

B HamaTa rpymna nainydeHTH Hal-4yecTo H3-
M0JI3BAHA € MJIaTHHa-6a3upaHaTa Tepamnus, cJae-
BaHa OT UMYHOTepalusATa U XUMUOTepanusTa C
TakcaHu. OT BCUYKU NalueHTH npu 141 e npose-
JeHa rpueTepanus (29.56%) (Tabauna 4).

M3xonHo ¢ moBuuieHn HUBa Ha MPO (Hax 94
ng/ml) ca 209 nauuenTu (44%). U3xoHO Cc nOBU-
meH TponoHuH (> 0.014 ng/ml) ca 151 manueHTH
(31.7%), a c moBumieHn NT-proBNP (> 325 pg/ml)
ca 201 manueHTH (42.2%). U3x0/1HO C MOBUILIEHU
U TpuTe 6uoMapkepa ca 53 nmaruentu (11.1%).

Ha TpeTu Mecern A0 MOMeHTa ca mpocieje-
HU 181 mamyeHTH, KaTo 54 OT TAX ca MOYUHAJIU
(29.83%). Camo npu 6 NaLUeHTHU Ce PerucTpu-
pa cnajg BbB ®U ¢ > 10% [0 CTOMHOCTHU MOJ,
55%. IIpu 15 nanueHTH I'bK Ce perucrpupa
cnaj B GLS ¢ > 15% cnpsaMo U3X0JHHUTE CTOM-
HOCTH. [Ipu 14 nanueHTH ce perucrpupa crnaj B
croviHocTuTe Ha JIII cTpelin. [Ipu 5 oT npociene-
HUTE MalMeHTH Ce perucTpupa Cnaj B CTOWHO-
ctute Ha RVFW ctpeiiH. C HOBONIOABWJI ce epHU-
KapAeH u3uB ca 11 manueHTH. 35 manueHTU
(30%) mokassat cnag Ha TAPSE Ha 3-Tu mecew.
[Ipu 15 manueHTH ce HabJ/0JaBa NOBUIIEHHE HA
CHBA = 10 mmHg Ha 3-Tu Meceq, cipsiMO U3XO0/-
HaTa CTOMHOCT.
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Lung cancer

Breast cancer

Colorectal cancer

Other

Melanoma

Uterine/Cervical cancer
Ovarian cancer
Pancreatic cancer

CLL
Prostate cancer
Gastric cancer

Fig. 1. Distribution by cancer type. The ten most common
cancer types are presented, while single-case diagnoses are
grouped under “Other”

Of the entire patient cohort, 245 individu-
als (51.36%) were in a metastatic stage of the
disease.

In our patient group, the most frequently used
treatment was platinum-based chemotherapy,
followed by immunotherapy and taxane-based
chemotherapy. A total of 141 patients (29.56%)
received radiotherapy (Table 4).

At baseline, elevated MPO levels (> 94 ng/ml)
were present in 209 patients (44%). Elevated tro-
ponin levels (> 0.014 ng/ml) were found in 151
patients (31.7%), and elevated NT-proBNP lev-
els (> 325 pg/ml) were observed in 201 patients
(42.2%). A total of 53 patients (11.1%) had all
three biomarkers elevated at baseline.

By the third month, 181 patients had been
followed up. Of these, 54 patients had died
(29.83%). A decline in LVEF > 10% to values
below 55% was registered in only 6 patients.
A reduction in GLS > 15% from baseline was
detected in 15 patients. A decline in left atrial
strain was observed in 14 patients, and a reduc-
tion in RV free wall strain was found in 5 pa-
tients. Newly developed pericardial effusion
occurred in 11 patients. A total of 35 patients
(30%) demonstrated a decrease in TAPSE at 3
months. In 15 patients, an increase in SPAP = 10
mmHg compared to baseline was observed.
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Ta6smna 4. PasnpeseneHue o Bu/ npoTuBoTyMopHa Tepanus // Table 4. Distribution by Type of Anticancer Therapy

Tepamua // Therapy Number of Patients %
o [lnaTuHa-6a3upaHa xumuoTepanus // Platinum-based chemotherapy 226 47.38%
% WmynoTtepanus // Immunotherapy 157 32.91%
E JIvueTepanus // Radiotherapy 141 29.56%
z Takcanu // Taxanes 138 28.93%
g AuTtpauukaunu // Anthracyclines 76 15.93%
= 5-FU 62 13.00%
; Pemetrexed 54 11.32%
=t Hurnopochamug / Udochamuy // Cyclophosphamide /Ifosfamide 53 11.11%
= VEGFi 37 7.76%
= HER?2 TapreTtHa Tepanus // HER2-targeted therapy 35 7.34%
% Ectporenu // Estrogens 31 6.50%
: Gemcitabine 22 4.61%
Etoposide 21 4.40%
Irinotecan 17 3.56%
CDK4/6 inhibitors 15 3.14%
Anpporenu // Androgens 12 2.52%
EGFRi 11 2.31%
Bunka ankasougu // Vinca alkaloids 11 2.31%
BRAFi 10 2.10%
BTKi 9 1.89%
MEKi 8 1.68%
BCR-ABL inhibitors 4 0.84%
Bendamustine 3 0.63%
TKI // TKI (Tyrosine kinase inhibitors) 3 0.63%
Wmynomoaynatopu // Immunomodulators 3 0.63%
ALKi 2 0.42%
Azacitidine 2 0.42%
[IpoTeaszoMHu UHXU6UTOPH // Proteasome inhibitors 1 0.21%
Lapatinib 1 0.21%
Topotecan 1 0.21%

VMyHOTepanus Immunotherapy

MnaTuHa-6asupaHa Platinum-based

Taxanes
Takcann

Estrogens

13.4% HER2-targeted

AHTpaUMKNNHK

Dpyru Other VEGFi

Pemetrexed
EcTporeHi Anthracyclines Cyclophosphamide/Ifosfamide
Pemetrexed

Uuknodpochamua/Mdochamua HER2 TapretHa

sFU VEGFi

Fig. 2. Distribution by type of chemotherapy. The most
common treatment groups are presented, while single-case
therapies are grouped under “Other”

dur. 2. PaznpesiesieHre ClIOpe/] BUJa HA XUMUOTepaNusTa.
[IpeacTaBeHH ca HAl-uyeCTUTE TPYINH, @ eJUHUYHUTE CJIydan
ca o6eiHeHU B paszen , Jpyru
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[Ipu To3u Opoil MalMeHTH, NPOCJIeJeHU 10
MOMEHTa, U3XOJHO IMOBHIIEHOTO HMBO Ha MPO
He TMOKa3Ba CTaTUCTUYECKW 3HauMMa Bpb3Ka
cbe cnaga BB OU ¢ > 10% g0 < 55% (p-value
0.42), kakTo ¥ cbc cnaza B GLS ¢ > 15% cnpsimo
MU3XO0AHUTE CTOMHOCTH (p-value 0.578). Pazbupa
ce, TpsibBa /la ce ©Ma MpeABU/J, HUCKATA YECTOTa
Ha C/Iy4yau Ha KapJUOTOKCUYHOCT Ha TPeTU Me-
cell B HalllaTa KOXOPTa, KOETO B U3BECTHA CTe-
NeH 3aTPyAHsBA UHTEPNpPeTAUATA HA JaHHUTE
(underpowered).

Ha 3-Ttu Mmecern usxogHo noBuiieHata MPO e
CTaTUCTU4YECKM 3HAYMMO acoLMMpaHa C Io-
BHCOKa paHHa CMBPTHOCT (p-value 0.0287).
[Ipu nanpentute c MPO > 94 ce oTuuTa ~2 I'bTU
M0-BUCOKA CMBbPTHOCT Ha 3-TUs Mecell.

3a KOMOMHUpPAHUA KpaeH MOoKa3aTes 3a Kap-
JUOTOKCUYHOCT (cMBbPT Miu ciaf Ha LVEF > 10%
0 < 55%, wau HamasisiBaHe Ha GLS > 15%) p-
crorHocTTa 6emre 0,212, koeTo MoKa3Ba JIMIICA Ha
CTaTUCTHUYECKHA 3HAYMMa Bpb3ka Mexay MPO >
94 U3X0/JHO U KOMIIO3UTHUSA Kpal Ha 3-THU MeceL.

Hsma craTucTH4ecKd 3Ha4YMMa pasJ/ivKa B Mpo-
MsIHATa Ha OTAEJHUTE eXOKapAruorpadCcKy mapame-
Tpu crnpsamo croiHoctuTe Ha MPO. [lapameTspbT
TAPSE o6aye mokasBa TE€HJAEHIMSA KbM IO-TO-
JIIMO HaMaJleH’e MPHU NaLueHTH ¢ BUCOKo MPO
(p-value = 0.17), koeTo MOXKe /1a Ce OKa¥Ke 3HAYUMO
IpU yBeJIM4aBaHe Ha 6pos MalWeHTH UK IpH Mo-
J'bJITOCPOYHO Npocie/isiBaHe. ToBa moJKpens uaes-
Ta, 4e JifiCHaTa KaMepa MoxKe /1a 6'b/ie 3acerHara 1no-
pPaHOo OT OKCUJATUBHUS CTPEC, T.€. IECHOKaMepHaTa
IUCHYHKIMS TpeIIecTBa JIeBOKaMepHaTa.

[Ipy nanueHTHUTE C U3XOAHO NoBUlieHa MPO
CbhIECTBYBA MO-BUCOKA BEPOSATHOCT /a PAa3BUAT
nepuKap/ieH U3JUB Ha 3-TH Mecell. Pa3inkaTa He
JIOCTUra CTaTUCTUYecKa 3Ha4yuMocT (p-value =
0.19). ToBa 03Ha4yaBa, 4e TEHAEHL U UM, HO HE
€ J0Ka3aHa C HaJIMYHUSA OpoU MmalnueHTH.

B HamaTa KoxopTa H3XOAHO IMOBUIIEHATa
MPO He ce aconurpa 3Ha4MMO C HOBOPETUCTPHU-
paHa apTepHaiHa XUIEPTOHUS HA TPETHUS Mecel]
(p-value = 0.167). MPO He MOXXe Jla ce acoLMHpa
¢ HoBopeructpupana UBC, Thit kKaTo HIMA HUTO
eivH ciayvyail Ha HoBa UBC npu npocaeaeHuTe na-
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With the current number of patients followed
up to date, elevated baseline MPO did not show a
statistically significant association with an LVEF
decline > 10% to < 55% (p-value = 0.42), nor
with a GLS reduction > 15% (p-value = 0.578). It
should be noted, however, that the low incidence
of cardiotoxicity at 3 months in our cohort limits
the power of these observations and complicates
interpretation (underpowered).

At the 3-month follow-up, elevated baseline
MPO was significantly associated with high-
er early mortality (p-value = 0.0287). Patients
with MPO >94 had approximately a twofold high-
er mortality rate at 3 months.

For the composite cardiotoxicity endpoint
(death or LVEF decline > 10% to < 55%, or GLS
reduction > 15%), the p-value was 0.212, indicat-
ing no statistically significant association between
baseline MPO > 94 and the composite outcome at
3 months.

There was no statistically significant differ-
ence in the changes of individual echocardio-
graphic parameters across MPO levels. However,
TAPSE showed a trend toward a greater re-
duction in patients with elevated MPO (p-val-
ue = 0.17), which may become significant with
a larger sample size or longer follow-up. This
supports the idea that the right ventricle may
be affected earlier by oxidative stress, i.e. right
ventricular dysfunction precedes left ventricular
dysfunction.

Patients with elevated baseline MPO also
showed a higher likelihood of developing peri-
cardial effusion at 3 months. The difference did
not reach statistical significance (p-value = 0.19).
This means that there is a trend, but it is not prov-
en with the available number of patients.

In our cohort, elevated baseline MPO was not
significantly associated with newly diagnosed ar-
terial hypertension at 3 months (p-value = 0.167).
MPO cannot be associated with newly registered
CAD, as there was not a single case of new CAD in
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[JMeHTHU KbM 3-TH Mecell. HAMa 3HauyuMocCT U 3a
HOBopeructpupaso [IM.

CpaBHeHHe MeXAy TpHUTe OGHUOMapKepa.
KirouoBu u3Bogu (3-Tu Mecen)

TpononuH > 0.014 - CusieH UHAUBUAYAIEH
NpeauKTOp 3a CMBPT Ha 3-Tu Mecern, (p-value =
0.0000023) u 3a KOMNO3UTHATA KpailHa TOYKa.
He npepacka3pa EF/GLS kap/JHOTOKCUYHOCT.

NT-proBNP > 325 - CusieH npegukTop 3a
cMBpT (p-value = 0.00000152). 3HayuM u 3a KOM-
no3uTHUSA Kpak (p-value = 0.00008). He npexa-
cka3Ba EF /GLS kapJUOTOKCUYHOCT.

MPO > 94 - EnuHCTBEH 3Ha4yUM pe3y/TaT:
aconManus CbC CMBPT Ha 3-TU Mecen, (p =
0.0287). He e 3nayum 3a EF, GLS 1 xoMno3uTHa
KpaiiHa TO4YKa Ha 3-TH Mecell.

CpaBHeHHETO MexJy GHOMapKepuTe U CTa-
THUCTHUYeCKaTa UM 3HAYUMOCT C KapJAUOTOKCHY-
HOCT Cca Ipe/icTaBeHH B TabsunuTe 5-9.

the patients followed up at month 3. It is also not
significant for newly registered AF.

Comparison of the three biomarkers: Key
findings (3-month follow-up)

Troponin > 0.014 ng/ml - Strong individ-
ual predictor of 3-month mortality (p-value =
0.0000023) and of the composite endpoint. Does
not predict EF/GLS cardiotoxicity.

NT-proBNP > 325 pg/ml - Strong predictor of
mortality (p-value =0.00000152). Also significant
for the composite endpoint (p-value = 0.00008).
Does not predict EF/GLS cardiotoxicity.

MPO > 94 ng/ml - The only significant find-
ing was the association with 3-month mortality
(p-value = 0.0287). Not significant for EF, GLS, or
the composite endpoint at 3 months.

The comparison of the biomarkers and their
statistical associations with cardiotoxicity is pre-
sented in Tables 5-9.

Ta6auna 5. EF ciag > 10% g0 nox 55% // Table 5. LVEF decline >10% to below 55%

MPO > 94 Troponin > 0.014 NT-proBNP > 325
Event 1/65 (1.5%) 3/72 (4.2%) 3/84 (3.6%)
No event 64/65 (98.5%) 69/72 (95.8%) 81/84 (96.4%)
p-value 0.422 0.683 1.000

Ta6smna 6. GLS cniaz ¢ >15% // Table 6. GLS decline > 15%
MPO > 94 Troponin > 0.014 | NT-proBNP > 325

Event 4/65 (6.2%) 3/72 (4.2%) 5/84 (6.0%)
No event 61/65 (93.8%) 69/72 (95.8%) 79/84 (94.0%)
p-value 0.578 0.030 0.419

Ta6auna 7. CMbpT Ha 3-Tu Mecely // Table 7. Third month mortality

MPO > 94 Troponin > 0.014 NT-proBNP > 325
[TounHanu 26/65 (40.0%) 27/85 (31.8%) 40/84 (47.6%)
Kusu 39/65 (60.0%) 58/85 (68.2%) 44/84 (52.4%)
p-value 0.0287 0.0000023 0.00000152

Ta6smmna 8. KomnosuTtHa kpaiiHa Touka (cnazg Ha U UJIU cnag Ha GLS, UJIU cMBpT)

Table 8. Composite Endpoint (LVEF decline OR GLS decline OR death)

MPO > 94 Troponin > 0.014 | NT-proBNP > 325
Event 31/65 (47.7%) 41/72 (56.9%) 48/84 (57.1%)
No event 34/65 (52.3%) 31/72 (43.1%) 36/84 (42.9%)
p-value 0.212 0.00070 0.00008
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Ta6auna 9. CpaBHeHUe Mex [y 6uoMapkepuTe. 060611eHH pe3yaTaTH

Table 9. Comparison of Biomarkers. Summary of Results

- R I
Biomarker T Predicts EF toxicity Predicts GLS toxicity | Predicts mortality endpoint

MPO > 94 X X v X

Troponin > 0.014 X X vv v
NT-proBNP > 325 X X vV v

[lanueHTHUTE C eJHOBPEMEHHO IOBUIIEHU
TponoHUHH, NT-proBNP u MPO u3xoaHo (22 na-
nueHTH - 12.2%, ot 181 nmpocyiefieHH Ha TpeTHU
Mecell) ca BHCOKOPUCKOBA I'pyIia, HO HE pa3BUBaAT
TUnu4YHaTa kKapguorokcuaHocT (EF/GLS cnan), a
yMHpAT pPaHO, KOETO JIOMUHUPA KOMIIO3UTHATA
KpaiiHa Touka. [lalueHTHUTe C TpU BUCOKH Map-
Kepa ca C 0K0JIO 5 ITbTH MO-BUCOK PUCK OT paHHA
cMBbpT. KOMOUHALMATA OT U3XOJHO MOBUIIEHHE
1 Ha TPUTe GHOMapKepa mpeJicCKa3Ba MpeJUMHO
CMBPTHOCT, @ He TUIIMYHATA KapJAHUOTOKCUYHOCT.
PesysnTaTuTe ca 060611eHU B Tabauna 10.

Patients with simultaneous baseline elevation
of troponin, NT-proBNP, and MPO (22 patients,
12.2% of the 181 followed up at month 3) rep-
resent a high-risk group, but they do not develop
typical cardiotoxicity (EF/GLS decline), but die
early, which dominates the composite endpoint.
Patients with all three elevated biomarkers have
approximately a fivefold higher risk of early death.
The combination of elevated baseline levels of all
three biomarkers primarily predicts mortality
rather than classic cardiotoxicity. The results are
summarized in Table 10.

Ta6sma 10. OCHOBHM W3BO/IM 3a NMAI[MEHTUTE C U3XOHO MIOBUILIEHU U TPUTE GHOMapKepa. Pe3ysiTaTy OT npocsieisiBaHe Ha
TPETH Mecel]

Table 10. Key findings for patients with baseline elevation of all three biomarkers. Three-month follow-up results

IlokasaTen / KpaiiHa Touka
Indicator / Endpoint

Pe3ysaraT
Result

CroliHoCcTH
Values

Bpoli nanpeHTH € TPUTE NOBULIEHU
MapKepa U3X0LHO

Number of patients with all three
biomarkers elevated at baseline

N (% ot npociieneHaTa koxopra — 181)
N (% of the followed cohort - 181)

22 nmanuenTtH (12.2%)
22 patients (12.2%)

Hama acoumanus

p=1.00

LVEF TokcuaHoCT Ha 3-TH Mecel]
LVEF toxicity at 3 months

No association

Bpoit mayuenTu ¢ EF cnap
Number of patients with LVEF decline

0 ot 22 npocnenenu // 0 out of 22 followed

GLS TokcH4HOCT Ha 3-THU Mecel]
GLS toxicity at 3 months

Hsama acoumanus
No association

p=0.70

Bpo#i naguenTtu ¢ GLS cnaz
Number of patients with GLS decline

1 mauueHT oT 22 npociesneHu // 1 out of 22
followed

CMBPTHOCT Ha 3-TU Mecel],
Mortality at 3 months

Cusna acoyuayus
Strong association

OR=5.21,p =0.000704

Number of deaths

14 noyunHanu ot 22 npocaefenu // 14 out
of 22 followed

Komno3suTHa kpaiiHa Touyka (EF cnag,
GLS cnag uiu cMBbpT)

Composite endpoint (LVEF decline,
GLS decline, or death)

3Hauuma acoyuayus
Significant association

OR=3.54,p=0.0100

KyivHu4YHa HHTepnpeTanus
Clinical interpretation

TpoliHONOBHIIEHUTE MapKePU NpeJCKa3BaT
paHHa CMBPT, @ He KApAHOTOKCUYHOCT

Triple biomarker elevation predicts early
mortality, not cardiotoxicity
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[IpocsieieHH Ha 1mecTH Mecel, 0 MOMEHTa ca
99 nanueHTH. 64 OT TAX ca MOYMHAJM Ha IIEeCTHU
Mecer (64.6%), 35 caxvBu. Camo npu 3-Ma nagu-
€HTHU ce HA6/II0JaBa CUurHuUKaHTEeH cnajJ, BbB
®U cnpsaAMoO U3X0AHATA, a IPU 5-UMa NaLUEHTH
uMa curHuukaHTeH cnajp B GLS. Pesyntatute
KbM MOMeHTa TpsibBa Jia 6'bJaT ThJKYBAaHU BHU-
MaTeJIHO TOpaiv MaJIKusl 6poi poc/ieileHH Nalu-
€HTH U rojieMus 6poll CMbpPTHHU CJIyyau B rpynara.

Cpes, pas/jMuHUTE TPynd NPOTHBOTYMOPHHU
MeJMKaMeHTH KapAHUOTOKCUYHOCT ce HabJofa-
Ba Hal-4yecTo npu nauueHtute Ha HER-2 Tap-
reTHa Tepanusl U TaKCaHU. AHTPALMKJIMHUTE ca
C U3KJIIDYUTEJHO HUCKA YecTOoTa Ha 6-MeceyHa
KapAMOTOKCUYHOCT B Ta3W KOXOPTa, JaJjed IOJ
ONMCAaHOTO B JiMTepaTypaTa. ToBa BEpOSTHO e
CB'bP3aHO C HUCKH [JI031 Ha PUJIOKEHHUE, KAKTO U
C aJleKBaTeH KapAu0JI0ThYeH MOHUTOPHHTI.

OBCBXIAAHE

Muenonepokcuia3aTa e eH3UM, KOUTO Ce CeK-
peTHpa OCHOBHO OT HeyTpoUIHUTe B pe3y/aTaT
Ha NpouH}pIaMaTOPHU TPUTEPH U MO/ Bb3/[€NCT-
BUETO Ha OKCU/JATHUBEH cTpec. iMa aHTHGaKTe-
puasiHa QYHKIMS, HO y4acTBa ChLI0 U B NaTo-
reHesaTa Ha CbpPAEYHOCHJOBUTE 3a00JIsIBAHUSA
(CC3). NoBuwenute HuBa Ha MPO ce cBBbp3BaT ¢
M3s1Ba Ha B'b3MaJIeHUE U OKCUAATUBEH cTpec [4].

CmsTa ce, ye MPO urpae cbiecTBeHa poJis B
natorene3arta Ha UBC, CH, AX. MPO ce ocBo60Xx1a-
Ba B r0JIIMO KOJIMYECTBO NIPY Bb3NajJieHUe, KOETO
MO2Ke J]Ja OTKJIFOYHM cJief, cebe cu KackazgaTta Ha OKC
- reHepupar ce CBOGOJHHU PaJMKaIH, OKUCJISBAT
ce JIMIIOMPOTEUHUTE C HUCKA IITBTHOCT, yCKOPsIBa
ce o6pa3yBaHeTO Ha aTEPOCKJIEPOTUYHM ILJIAKH U
BO/IY 10 HECTAOUJIHOCT Ha IIakuTe [5].

OcBo6oseHaTa OT HeyTpodUIUTE MUeEJONe-
pOKCHJla3a [AVMPEKTHO HapyllaBa MHUOKapAHUA
KOHTPAKTUJIUTET 4pe3 Bb3NajJleHUe, OKCUJATHU-
BEH CTpeC, alloNT03a HAa KapAUOMUOLUTH; AOIPHU-
Hacs ¥ peMo/ieJIMpaHeTo Ha KaMeparTa.

MPO uma Bpb3Ka C KapAUOTOKCUYHOCTTAQ,
acouMypaHa C NMPUJIOKEHUETO Ha aHTpPaLUKJIU-
HU, TbU KAaTO OKCUJATUBHUSAT CTPEC € eAUH OT

>> 14

99 patients have been followed up at month
6. Of these, 64 patients have died (64.6%), while
35 remain alive. Only 3 patients demonstrat-
ed a significant decline in LVEF compared to
baseline, and 5 patients showed a significant
reduction in GLS. These results should be inter-
preted with caution due to the small number of
patients followed up to six month and the high
mortality rate in this subgroup.

Among the different classes of anticancer
therapies, cardiotoxicity was observed most
frequently in patients receiving HER2-targeted
therapy and taxanes. Anthracyclines have an
extremely low incidence of 6-month cardiotox-
icity in this cohort, far below that reported in
the literature. This is likely related to low doses
of administration as well as adequate cardiac
monitoring.

DISCUSSION

MPO is an enzyme secreted primarily by neu-
trophils in response to pro-inflammatory trig-
gers and oxidative stress. It has antibacterial
functions but also plays a role in the pathogen-
esis of cardiovascular diseases (CVD). Elevated
MPO levels are associated with inflammation and
oxidative stress [4].

MPO is believed to play a key role in the
pathogenesis of CAD, HF, and arterial hyperten-
sion. Large quantities of MPO are released during
inflammation, which can initiate the cascade
leading to ACS - the generation of free radicals,
oxidation of low-density lipoproteins, acceler-
ated formation of atherosclerotic plaques, and
plaque instability [5].

Neutrophil-derived myeloperoxidase direct-
ly impairs myocardial contractility through in-
flammation, oxidative stress, and cardiomyocyte
apoptosis, and it also contributes to ventricular
remodeling.

There is evidence linking MPO to anthracy-
cline-induced cardiotoxicity, as oxidative stress is



OCHOBHUTE MeXaHU3MH Ha TO3HU BU/| KapJHUOTOK-
cu4HocT [6]. HaTpynBaT ce nanHu, ye MPO Moxke
Jla MMa NPOTHOCTUYHO 3HayeHHe He caMo IpH
aHTpayukarnHoBa U HER2-acouunpana kapzauo-
TOKCUYHOCT, HO ¥ NIPU APYTH Tepanuu, CBbp3aHU
C OKCUJATUBEH CTpeC, eHA0TeHa JUCPYHKLUA U
Bb3MaJUTEJTHU MeXaHU3MMU Ha yBpexzaHe. [lo-
KasaTeJ/ICTBaTa ca orpaHudYeHH. JIuncear rojieMu
npoy4yBaHus/Banuganuu 3a MPO npu Tepanuy,
pPa3/JIMYHU OT aHTPALUKJINHU U aHTU-HER2Z.

MeTaaHa/siu3 Ha HAKOJIKO KJIMHUYHHU NPOYY-
BaHHUS NOTB'bPXK/JAaBa PoOJIsATa M KaTO CEH3UTHUBEH
MapKep B NpeAMKLIUATA Ha KapJUOTOKCUYHOCT,
KaTO MMa JlaHHH, Ye TOU e MO-YyBCTBUTEJIEH U
ce yBesiM4aBa olle Npeju [a ce perucrpupa Io-
Bulienue B hsTroponin u NT-proBNP, kakto u
MHOTO0 IpeJiy Ja ce peructpupa cnaj, BbB ®U Ha
JsBaTa kamepa (JIK) [7].

Hanocnenvk HapacTBa uHTepechT KbM MPO,
KaTO MMa XUII0Te3a, 4e T MOXKe Jja ce U3I0JI13Ba
KaTO0 MapKep 3a CyOKJIMHHWYHA KapAUOTOKCUYHOCT.
MPO uma noTeHIMaaHa poJis 32 U eHTUUIMpa-
He Ha UHJUBUJUTE C [10-BUCOK PUCK OT pa3BUTHeE
Ha KapAMOTOKCUYHOCT, IPX KOUTO GW MMaJo Cb-
leCTBEHA I10J13a OT CBOEBPEMEHHO CTapTHpaHe
Ha KapAUONpPOTeKTUBHA Tepamnus [8].

M3nosi3BaHeTOo HAa KOMOGHHaNUsA OT GUoOMap-
kepu (multi-marker strategy) moxe fa ce okaxe
no-epeKTUBHO 3a NOA06psBaHe Ha paHHATa Je-
TeKILUs Ha CyOKJMHUYHA KapAHOTOKCUYHOCT [9].

B mpoyuBaHe ¢ 3658 naieHTH ce YyCTaHOBSIBa,
Yye Mpu Te3u ¢ nopuuieHa MPO pucksT OT cCMBPT-
HOCT e 10 IbTH N0-BUCOK CIIPSAMO Te€31 C HOPMaJIHU
croriHocTu. MPO e Mapkep 3a XpOHUYHO Bb3naJje-
HUe U ce cBbp3Ba cbe CC3. MPO Mmoxe fa ce n3noss-
Ba KaTo MapKep 3a UjleHTuHLMpaHe Ha NallueHTH
C BUCOK PUCK OT CM'BPT, KOUTO Jia O'bAaT JIeKyBaHU
no-arpecuBHo. Hamansianeto Ha MPO Boau u g0
HaMaJsiBaHe Ha pucka. Heo6xoquM e MeiMKaMeHT
3a HaMasisiBaHe Ha MPO [10]. MuxubunuaTra Ha
MPO 6u mMoria a mOHMXaBa CBOGOIHUTE paiiKa-
JIA Y 110 TO3W HA4YMH Jia e IPeBeHus Cpelly eH/I0-
TesHa AUcPyHKLUMS — HaMaJisiBa ce $ubpo3aTa, 1o-
Jl06psBa ce peslakcalusATa Ha KAPAUOMHUOLUTUTE U
NOTEeHLMA/IHO Ce NMoJo6psABaT cbpleyHaTa QYHK-
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one of the main mechanisms of this type of car-
diac injury [6]. Emerging data suggest that MPO
may have prognostic value not only in anthracy-
cline and HER2-associated cardiotoxicity but also
in other therapies linked to oxidative stress, en-
dothelial dysfunction, and inflammatory mecha-
nisms of damage. There is a lack of large studies/
validations for MPO in therapies other than anth-
racyclines and anti-HERZ2.

A meta-analysis of several clinical studies
confirms its role as a sensitive marker for pre-
dicting cardiotoxicity. MPO appears to be more
sensitive and rises earlier than hsTroponin and
NT-proBNP, and long before a decline in LVEF is
detected [7].

Recently, there has been growing interest in
MPO, with the hypothesis that it can be used as
a marker for subclinical cardiotoxicity. MPO has a
potential role in identifying individuals at higher
risk of developing cardiotoxicity who would ben-
efit significantly from timely initiation of cardio-
protective therapy [8].

The use of a multi-biomarker strategy may
prove more effective for improving early detection
of subclinical cardiotoxicity [9].

In a study of 3,658 patients, those with ele-
vated MPO had a tenfold higher mortality risk
than those with normal levels. MPO is a mark-
er of chronic inflammation and is associated
with CVD. It may be used to identify high-risk
patients who require more aggressive treat-
ment. Reducing MPO levels also reduces risk. A
medication capable of lowering MPO is needed
[10]. MPO inhibition has the potential to reduce
free radicals, prevent endothelial dysfunction,
reduce fibrosis, improve cardiomyocyte relax-
ation, and potentially improve cardiac function
and prognosis in HFpEF and HFmrEF. The drug
Mitiprestat has been investigated in two ma-
jor clinical trials, ENDEAVOR and SATELLITE,
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s ¥ nporHo3sata npyu CH3®U u CHM®PHU. ChiiecT-
ByBa MeJijuKaMeHT Mitiprestat, npoy4eH B 2 rojiemMu
kaMHA4YHY npoy4yBaHua — ENDEVOR u SATELLITE,
B KOMUTO Ce JI0Ka3Ba, Ye TOW HaMaJlsiBa 3HaYMMO HU-
BaTa Ha MPO [11, 12].

B HalaTa nomysianus pesy/ITaTUTe I0Ka3Bat, 4e
npeo6siajiaBalliaTa 4acT OT MalUeHTUTe ca XuIep-
TOHMIY U Nylayd. Hall-uecTusT Buj Tymop e Ge-
JIOLPOOHHUAT KapLIUHOM, C/IelBaH OT KapLiUHOMa Ha
I'bpJiaTa 1 Ha Zie6es1oTo 4epBo. 51.36% oT nanueH-
TUTE ca B MeTAaCTaTHUYeH CTaJMi Ha 3a00JISIBAHETO.
Haii-yecto npusiaranvTe BU10Be NPOTUBOTYMOPHA
Tepanus ca IJIaTUHA-0a3rMpaHaTa XMMHUOTepaIus,
MMYHOTepanusTa U XMMHOTepaNUATa C TaKCaHH.
[Ipu 29.56% ce npoBexaa u wpueTepanus. Huara
Ha MPO ce yBesinuaBaT Hail-Beue NpU NALUEHTUTE
Ha JieyeHue ¢ HER2-TtapreTHa Tepanus, TakcaHH,
AHTPALMKJIMHYA U UMYHOTepanusl.

CMBbpTHOCTTA Ha TpeTusi Mecel e 29.83%.
Hucka e decrorata Ha KapAMOTOKCHUYHOCT Ha
TpeTHs Mecel] (camMo NMpU 6-UMa NaLeHTHU ce pe-
ructpupa cnaj; BbB @1 ¢ > 10% a0 cToiiHOCTH MO/,
55%, a npu 15 mauueHTH ce pervcTpupa cnaj B
GLS ¢ > 15% cnpsiMo u3xoAHUTE CTOWUHOCTH). [lo-
4YecTO U3I0JI3BaHUTE Tepanuu - ¢ TakcaHy, 5-FU,
HER2-TapreTHu Tepanuu U nJaTUHa-6a3upaHUTe
PEeXHMH, ca CBbp3aHU C I0-BUCOKA YeCTOTa Ha pe-
TUCTPUpaHa KapAUOTOKCUYHOCT Ha 3-THUsl Mecel,
3a pas/iMKa OT aHTPALUKJIMHUTE, B YAATO rpyna
cJlydauTe Ha KapAMOTOKCUYHOCT ca MaJIKO.

Mmaliku npefiBy/j, HUCKaTa 4eCTOTa Ha Kapuo-
TOKCUYHOCT B HalllaTa KOXOPTa, ;0 MOMEHTa U3XO0/-
HO noBulleHHTe HUBa Ha MPO He noka3BaT cTaTuc-
TUYeCKH 3HauMMa acolMallysi 110 OTHOILIeHHe Ha
cag BbB U ¢ > 10% mo < 55%, KaKTo ¥ 110 OTHO-
meHve Ha criag B GLS ¢ > 15%. /loka3Ba ce o6aye cTa-
TUCTHYECKa 3HaYMMOCT MEX/Jy WU3XOJHO IOBMIle-
Hata MPO u paHHaTa CMbpPTHOCT Ha TPeTHUsl MecelLl,
HabusronaBa ce TeHZeHLMA Y 32 3HAYUMOCT MeXAY
u3xoAHo nouiieHata MPO v ciasa B cTOMHOCTUTE
Ha TAPSE kaTo u3siBa Ha JiecHOKaMepHa JUCPyHK-
uus. TeHZeHLMs ce HAb/II04aBa U 110 OTHOLLEeHYe Ha
13x0[HO nosuiieHa MPO v HOB nnepyKapzeH U3JIUB.

3ak/l04eHUATa NpU Npoc/efsBaHe Ha Ilec-
THA Mecell 0 MOMEeHTa ca OrpaHW4YeHH Nopaju
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where it was shown to significantly reduce MPO
levels [11, 12].

In our population, the results show that
most of patients were hypertensive and smok-
ers. The most common cancer type was lung
cancer, followed by breast cancer and colorec-
tal cancer. A total of 51.36% were in metastatic
stage. The most frequently administered an-
ticancer therapies were platinum-based che-
motherapy, immunotherapy, and taxane-based
chemotherapy. Radiotherapy was performed in
29.56% of patients. MPO levels increased most
notably in patients treated with HER2-targeted
therapy, taxanes, anthracyclines, and immuno-
therapy.

The 3-month mortality rate was 29.83%. The
incidence of cardiotoxicity at 3 months was low
(only 6 patients had an LVEF decline > 10% to <
55%, and 15 patients had a GLS decline >15%
from baseline). Among commonly used ther-
apies, taxanes, 5-FU, HER2-targeted therapy,
and platinum-based regimens were associated
with a higher rate of cardiotoxicity at 3 months,
whereas anthracyclines showed very few cases
in this cohort.

Considering the low incidence of cardiotoxic-
ity in our cohort, to date, elevated baseline MPO
levels did not show statistically significant asso-
ciation with an LVEF decline > 10% to < 55%, nor
with a GLS decline >15%. However, baseline MPO
was significantly associated with early mortality
at 3 months. A trend was also observed toward an
association between elevated MPO and reduced
TAPSE, indicating possible early right ventricular
dysfunction. Another trend was noted between el-
evated MPO and development of new pericardial
effusion.

Conclusions at the six-month follow-up re-
main limited due to the small number of patients
and the high mortality rate (64.6%).



MaJIKHsl 6pOM Mpoc/ieleHH MallMeEHTH U BUCOKATa
CMBPTHOCT (64.6%).

Jluncata Ha CTaTUCTUYECKa 3HAYUMOCT IpHU
YacT OT [TI0Ka3aTeJINTe BEPOSITHO Ce 'b/DKU Ha MaJl-
KU1 OpO MaLMEeHTH, TPocie/ieHu 10 MoMeHTa. Oc-
BEH TOBA OT 3HAYEHUE e U MAJIKUSAT 6poy crydyau Ha
Kap/IMOTOKCUYHOCT. ToBa 6M MOIVIO Zia 0O3HA4YaBa,
Ye MpH MalMeHTH, PU KOUTO Ce PETUCTPUPAT U3-
XOJHO IOBHUIIEHU CTOMHOCTH Ha GHOMapKEPUTE,
IPOCJIE/IIBAHETO € MO-CTPUKTHO M € CTapTHpaHa
Mo-arpecrBHa KapZMONPOTEKTHUBHA Tepanus. [Ipo-
C/leiIBaHETO Ha MALMEeHTUTE PO b/IKaBa.

3AKJ/IIOYEHHUE

Haieto npocreKTHBHO U3c/ieiBaHe IPeJOCTaBsI
1ieHHa HHGopManus 3a possita Ha MPO B KoHTeKcTa
Ha KapprooHkosiorusata. Makap MPO fa He noka3sa
CTaTUCTUYECKU 3HAaUMMa NIpeJUKTUBHA CTOMHOCT 3a
paHHU npoMeHU BB @Y ninu GLS, pesyntaTuTe noj-
YyepTaBaT He3aBMCHMMAaTa ¥ NPOrHOCTUYHA 3HAYHU-
MOCT 32 paHHa CMBPTHOCT IIpY NaLMEHTH, OAJIO0-
»KEHU Ha IPOTUBOTYMOPHO JIeYeHHe.

ToBa OTKpUTHe HacouBa KbM IOTeHLMa/JHATa
posis Ha MPO kaTo Mapkep 3a 00Ia CUCTEMHA
ySI3BUMOCT, Bb3lajieHWe U HeOJaronpusiTeH ou-
0JIOTHMY€eH MPOouII, KOUTO MOraT Ja BIUAAT BBPXY
KPaTKOCPOYHHUSA M3XOJ, [JOPU NPU OTCHCTBHE HaA
Y3sBeHa KapAUOTOKCUYHOCT. [lo To3u HaunH MPO
MOXe Ja JOI'bJIHM TPaJULMOHHUTE KapAHOJIOrUY-
HU [TapaMeTpH, KaTo NOANIOMOrHe PAHHOTO M/ EeH-
THPHIMpaHe Ha MALMEeHTH C MO-BHCOK PHCK,
KOHWTO 1e Ce HYkJAAT OT M0-UHTEH3MBHO IPOCIIe-
JisIBaHe U JIedeHHUe.

Hakpartko, makap MPO pna He npepcka3Ba cbp-
JledHa AMcOYHKL M B pAaHHUTE eTallH, TS Ce ouep-
TaBa KaToO lLieHeH MPOTHOCTUYEeH GMOMapKep 3a
NpeXXUBAEMOCT. PazmypsaBaHeTO Ha KOXOpTaTa U
yZ'bJ2KaBaHETO Ha NMpoc/ie/isiBAHeTO 6UXa M03BO-
JINJIM N0-33//bJI60YEHO OLleHsIBaHe Ha MOTeHLHU-
aJIHUTE MEXaHU3MHU U KJMHUYHOTO NPUJIOKEHNE
Ha MPO B exxeiHeBHaTa NpaKTHKa.
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The lack of statistical significance for some
parameters is likely due to the small number of
patients followed to date, as well as the low in-
cidence of cardiotoxicity. This may suggest that
patients with elevated baseline biomarkers were
monitored more closely and received earlier or
more aggressive cardioprotective therapy. Patient

follow-up continues.

CONCLUSION

Our prospective study provides valuable in-
sights into the role of MPO in the context of car-
dio-oncology. Although MPO did not demonstrate
statistically significant predictive value for early
changes in LVEF or GLS, the results highlight its
independent prognostic significance for ear-
ly mortality in patients undergoing anticancer
treatment.

This finding suggests a potential role for MPO
as a marker of overall systemic vulnerability,
inflammation, and an unfavorable risk profile
that may influence short-term outcomes even in
the absence of cardiotoxicity. In this way, MPO
may complement traditional cardiac parameters
by helping to identify higher-risk patients who
could benefit from more intensive monitoring
and treatment.

In summary, although MPO does not predict
early cardiac dysfunction, it emerges as a valuable
prognostic biomarker for survival. Expanding the
cohort and extending the follow-up period would
allow a more comprehensive evaluation of the
underlying mechanisms and the clinical utility of

MPO in everyday practice.
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YHUIIOPTAJ/IHA TOPAKOCKOIICKA XUPYPTHUA - METOA'BT HA U3BOP
NP1 CbBPEMEHHUTE MUHUMAJIHO UHBA3WUBHHU TEXHUKH

H. HeaHos, H. /lpazues, [I. Mumes, P, /lumoesa, /J. /lam6oecku, I0. Xpucmoesa, A. /luHkoga

OmdesneHue no epsdHa xupypeus, YMBAJI ,Cepye u mo3ok"“ - Bypeac

Pe3iome. BbBejeHue: YHUNIOpTa/TIHATA BUeoacucTupana Topakockonus (VATS) HaBJie3e ceH-
3allMOHHO B CBeTA Ha IP’bJHaTa XUPypPrus npes nNocjaeJHUTe HAKOJIKO TOAUHU U € eJUH OT Hal-
6'bp30 pa3NpoOCTpPaHsBAIIUTE Ce U AUCKYTUPAHU MeTOJAU B o6sacTTa. Upe3 HampeJbKa B XU-
PYPTUYHHTE TEXHUKH U TEXHOJIOTMUTE MEeTOABT M03BOJIIBA U3BbPIIBAHE HA CJAOXKHU IPbAHU
VHTEPBEHIUH, U3T10/I3BalKU eIUH Ma/I'bK pa3pes, KaTo [10 TO3U HaYKH ce U364rBaT HeJJoCTaTh-
LUTe Ha CTaHJapTHaTa oTBopeHa TopakoToMud. Lleua: /la ce uscsenBaTt npejuMcTBaTa Ha efjHa
CpPaBHUTEJIHO HOBA TEXHUKA U Jja Ce Npe/CTaBAT Bb3MOXKHUTE NPUJI0XKEHUA Ha MeToAa; Jla ce
aHa/IM3UparT MoJyYeHUTe pe3yaTaTH U Ja ce 06ChAAT NepcrneKTUBUTE Ha YHUIIOpTaIHATa TO-
pakockonus. MaTepuaa U METOAM: NIpe/icTaBeHU ca 213 nanydeHTH, NpOoCaeieHH 3a IEPUOJ] OT
32 mecena, onepupaHu ¢ yaunoprtasaHa VATS. PesyataTtuTe oT npoBeZieHaTa MHTePBEHIUA ca
aHa/IM3WPaHMU OT IVIeJHa TOYKa Ha TOCTONepaTUBHU yCI0XKHEHHUS, CKOPOCT Ha Bb3CTaHOBSIBaHE
Y Bb3MOXXHOCTH 3a pUJIaraHe Ha MeTo/a Py pas/uyHU 3a60/11BaHusA. 3aKk/a09eHue: [IpoBe-
JleHHTe oIepaluy JAeMOHCTPUPAT Bb3MOXHOCTTA 3a M3BbPIIBAaHe Ha efaHonopTanHu VATS c
BHCOKO HMBO Ha 6€30MacHOCT, eQUKACHOCT U YCKOPEHO Bb3CTAHOBsIBaHe Ha MalueHTUTe. [Ipu
MHO3MHCTBOTO OT C/JIy4YauTe Ha UHTPATOpaKa/JHU 3a60JisiBaHUS, KOUTO MOAJEXaT Ha olepa-
THBHA HaMeca, YHUIIOpTa/JHaTa TOPAKOCKONUSI € OCHOBHUST MeTO/, Ha U360p 3a XUPYPruyHO
JieyeHue.

Ki1io4oBM AyMu: yHUIIOpTaJHA TOPAKOCKOIMsI, MUHUMHBA3UBHA IP'bJHA XUPYPrus

UNIPORTAL THORACOSCOPIC SURGERY - THE METHOD OF CHOICE IN MODERN
MINIMALLY-INVASIVE TECHNIQUES

L Ivanov, N. Dragneyv, D. Mitev, R. Dimova, D. Lambovski, Y. Hristova, A. Linkova

Thoracic Surgery Department, Heart and Brain Hospital - Burgas

Abstract. Introduction: Uniportal video-assisted thoracoscopy (VATS) has made a sensational
entry into the field of thoracic surgery in recent years and is one of the fastest-spreading and
most discussed techniques in the discipline. With advancements in surgical techniques and
technology, this method allows for complex thoracic interventions through a single small incision,
thus avoiding the drawbacks of standard open thoracotomy. Aim: To explore the advantages of
this relatively new technique and present its potential applications. To analyze the outcomes
and discuss future perspectives of uniportal thoracoscopy. Materials and methods: This
report examines 213 patients over 32 months who underwent uniportal VATS, analyzing the
outcomes in terms of postoperative complications, recovery speed, and the applicability of the
method to various diseases. Conclusion: The performed surgeries demonstrate the feasibility
of uniportal VATS with high safety, efficiency, and accelerated patient recovery. For most cases
of intrathoracic diseases requiring surgical intervention, uniportal thoracoscopy is our primary
choice for surgical treatment.

Key words: uniportal thoracoscopy, minimally-invasive thoracic surgery
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BBBEJEHHUE

B cdepara Ha rpb/iHaTa XUpPyprus npes 6J113-
KOTO MHHAJI0 W HACTOALeTO Ce perucTpupa
eBOJIIOLMS Ha TEeXHUKUTe 3a BUJeoacucTHpaHa
rpbpAHa xupyprus. ToBa ce u3passBa B Ipoleca
Ha [Ipexo/;, OT OTBOPEHU Ollepallu C eJUH oM
paspe3 [0 MUHHMaJHO WHBa3WBHa ONepanus C
TpH, cJef TOBA C JBa U HakKpas C eJUH NOPT 3a
JOCTBII, KaKTO € INpPU YHUIIOpTaJHaTa BHUJEO-
acuCTHpaHa TOPaKOCKOICKa xupypruda [1]. Upes
pefulia WHOBAaLlMK Ipe3 MOC/AeJHOTO [leceTH-
JieTUe C TO3U MEeTOJ Beye € Bb3MOXXHO U3BbpILI-
BaHETO Ha rojieMM aHaTOMHUYHM pe3eKLHU upe3
elUH-eJJMHCTBEH pa3pes oT caMo 2,5 70 5 cM [2].
[Ipe3 2011 r. ucnancku xupypr - npod. Diego
Gonzales-Rivas, nok/a/iBa 3a mbpBaTa eJHOINOP-
TaJIHA JIOGEKTOMHUS IPU KapLIMHOM Ha 6511 Ip0o6 U
C TOBa N10CTaBs HA4yaJIOTO Ha HOBA eIoXa B I'Pb/J-
HaTa xupyprus [3]. C Ta3u TexHUKa ce MpejCcTa-
BAT NOTEHLWa/JHUTe NpeAUMCTBA — peAyLHpa-
Ha TpaBMa OT MACTOTO Ha ONepaTUBEH JOCTBHII,
no-MaJika IOCToNepaTHBHA 060JiKa, MOA0OpeH
Ko3MeTH4YeH eQeKT, MOo-HHUCKa 4YecToTa Ha yc-
JIOXKHEHHUS], T0-KPaThK OOJTHUYEH MPECTOU U MO-
6bp30 BB3CTAHOBSIBAHE, 6E3CIOPHO BOJELIU [0
006peHo0 KayeCcTBO Ha »KMBOT Ha MaleHTUTe
[4]. B muTepaTyparta ca AOKJIaZBaHU MHOXeCTBO
pPa3HOO6pa3HU OHKOJIOTMYHU U HEOHKOJIOTHUYHHU
olnepaTUBHU UHTEPBEHL U, U3BBPIUBAHU C €[JHO-
noprasiHa VATS, 1 MHAUKalMuTe 3a IpUJIaraHeTo
Ha MeTO/a CTaBaT Bce NO-UIMPOKoo6XxBaTHH. [Ipe-
JUMCTBaTa Ha MeToJa NpoJb/iKkaBaT Ja ObAaT
NOAPOGHO U3CJIeIBAHU U Pe3YJITATUTE MOAJIeXaT
Ha NpOABbJ/DKABallX aHa/JIU3U U OLEHKU CHPSMO
JApYyruTe KOHBeHLHMOHa/JHU MeToau Ha VATS, po-
60THU3MpaHWTE ONEpPALlMM U KOHBEHIIMOHAJIHATA
OTBOpeHa xupyprus [5].

Hesn: la ce u3caenBaT npeaydMcTBaTa Ha
e/lHa CPaBHUTEJIHO HOBAa TeXHUKA U Jia ce MpeJ-
CTaBAT B'b3MOXXHHUTE NMPUJIOKEHUS HA METO/a;
Jla ce aHa/nM3UpaT MoJydyeHUTe pe3y/aTaTHu U Aa
ce 06CHAAT NepCleKTUBUTE NPU YHUIIOPTAJIHA-
Ta TOPAKOCKOMNHUS.
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INTRODUCTION

The field of thoracic surgery has seen signif-
icant evolution in video-assisted surgical tech-
niques over the past decades. This progression
includes a transition from open surgeries with
large incisions to minimally invasive procedures
with three, then two, and finally a single-port ap-
proach, as seen in uniportal video-assisted thora-
coscopic surgery [1]. Over the last decade, inno-
vations have enabled large anatomical resections
to be performed through a single incision of just
2.5-5 cm [2].

In 2011, Spanish surgeon Prof. Diego Gonza-
lez-Rivas reported the first uniportal lobectomy
for lung cancer, marking the beginning of a new
era in thoracic surgery [3]. This technique offers
numerous potential advantages, including re-
duced trauma at the surgical access site, less post-
operative pain, improved cosmetic outcomes, low-
er complication rates, shorter hospital stays, and
faster recovery, all contributing to an improved
quality of life for patients [4].

A wide variety of oncological and non-onco-
logical interventions using uniportal VATS have
been reported in the literature, with the indi-
cations for the method expanding continually.
The advantages of this method are still being
thoroughly studied, with results undergoing on-
going analysis and comparison to conventional
VATS methods, robotic surgeries, and tradition-
al open surgery [5].

Aim: To explore the advantages of this rel-
atively new technique and present its potential
applications. To analyze the outcomes and dis-

cuss future perspectives of uniportal thoraco-

scopy.



MATEPUAJI U METOAU

B OtpeneHveTo mo rpbAHA XUPYpPrus Ha
MBAJI ,Cvpue u Mo3bK“ - Byprac, 3a mepuoaa
oT anpu 2022 fo nekemBpu 2024 r. e npoBejeH
peTPOCNeKTUBEH aHa/IU3 Ha 213 mayueHTH, NpHU
KOUTO Ca U3BbPIIEHU YHUNIOPTATHU BUJE0ACUC-
THPAHU TOPAKaIHU onepauud. OT U3caeIBaHUTE
nanueHTH 118 ca mbke, a 95 ca »kenu. CpeHaTa
UM BBb3pacT e 68 rogunu — mexay 21 u 88 r. Ila-
[UEHTHUTE ca C pa3HOO6pa3Ha MaTOJIOTHSA, BKJIIOY-
Balja 6eHUrHeHU 3a60JisiBaHUs (XaMapTOMH, TY-
OepKyJIOMH, TPaBMH, eMPHU3eMaTO3HH OYJIN U JIP.)
Y 3JI0KaYeCcTBeHU 3a60J/i1siBaHus (MbpBUYEH 6eso-
Jpo6eH KapIMHOM M MeTacCTaTUYHHU IJIEBPAJIHH,
MeJUaCTUHAJHU JIMMPOreHHU H G6esIoIpo6HHU
JiesuM OT pas3jindeH npousxoj). OmnepanusTta e
HM3BbplLIBaHa NIpe3 eUH JOCTDBII B 4-TO, O-PAJKO
B 5-0 Mexypebpue, ¢ pazamepu oT 20 1o 40 MM
B 3aBHCUMOCT OT 06eMa Ha UHTEePBEHIUATA U OT
Heo6X0AMMHs GpOY MpUJIaraH MHCTPYMeHTapH-
yM (¢wur. 1A, B).

. Ivanov et al.
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MATERIALS AND METHODS

A retrospective analysis was conducted at the
Department of Thoracic Surgery, Heart and Brain
Hospital - Burgas, from April 2022 to December
2024, involving 213 patients who underwent un-
iportal video-assisted thoracic surgeries. In the
group with the studied pationts, 118 were male
and 95 were female. The average age of the pa-
tients in the study group was 68 years, ranging
between 21 and 88 years.

The patients had various pathologies, includ-
ing benign conditions (hamartomas, tuberculo-
mas, trauma, emphysematous bullae, etc.) and
malignant diseases (primary lung carcinoma and
metastatic pleural, mediastinal, lymphatic, and
pulmonary lesions of various origins).

The surgeries were performed through a sin-
gle incision in the 4th, less commonly the 5th in-
tercostal space, with sizes ranging from 20 to 40
mm depending on the intervention’s complexity
and the required instruments (Figure 14, B).

B

dur. 1A-B. [logpei6a Ha UHCTPYMEHTHUTE NP3 IOPTOBUS OTBOP NPH YHUIIOPTAIHA TOPAKOCKONUS U KOHOUTypaLUst
Ha arapaTyparTa U eKuIa IIpy olepanus

Fig. 1A-B. Arrangement of instruments through the port opening in uniportal thoracoscopy and configuration
of the equipment and team during surgery
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Haii-yecTo H3MOJ3BaHUAT CET HWHCTPYMEH-
TH e: 30-rpaaycoB 10-MUIUMETPOB TYyOYyCEH €H-
JIOCKOIl C KaMepa M CBETJIOBOJ, acnupanus, yi-
TPa3BYKOB MHCTPYMEHT 3a JUCEKLUS U psA3aHe C
XeMOCTa3a, yHUINlopTajeH 6esiofpobeH rpacrnep.
PerncrpupaHu ca u ca aHaJIM3UpPaHU MOSABUJIUTE
ce YCJI0XKHEeHUSA NPU pa3JIMYHUTE BUJIOBE UHTEP-
BEHLUU Y Tpe3 IOCTONepaTUBHUA NPecTON Ha
nauueHTHUTe B 6osiHULATa. OT rpynaTa ca U3KJo-
YeHU NaljMeHTH C KOHBEpPCHUA WJIM C NOCTaBEHU
JOI'bJIHATEJIHY IOPTOBeE.

PE3YJITATU

O6eMbT Ha HampaBeHUTeE OlNlepaldyd Bapupa
B 3aBHCHMOCT OT 3a60JisIBAHETO Ha MNALUEHTa,
HaJIOXKWJIO0 MHTEPBEHLHMsATA, KaTO U3BbpLIEHUTE
olnepanuu ca ¢ HaZ, 12 pa3MyHU BU/Jja MHUKALUU
(tab6.s1. 1). Ensa npu 4 nanuenTtu (1,9%) ce Hasara
06e360J151BaHe C ONMUATH CJIe/[0NIePaTUBHO.

[Ipu 8 (3,7%) ot cnydauTe ca HabJ/OAaBaHU
YCI0KHEHUS1, KATO OCHOBHOTO € MPOTPaxUpaH air
leak (asiBeosionieBpasina ¢ucrysna) - mpu 5 ciy-
yas (2,3%), 2 ca ciy4auTe Ha IOCTONepaTUBEH Xe-
MoTtopakc (0,9%) u 1 e Ha nocTonepaTUBEH EMITU-

The most commonly used set of instruments
includes: a 30-degree 10 mm tubular endoscope
with a camera and light source, an aspirator, an
ultrasonic instrument for dissection and cutting
with hemostasis, and a uniportal lung grasper.
Complications arising from various types of
interventions and the postoperative hospital
stay of patients were recorded and analyzed.
Patients who underwent conversion or had ad-
ditional ports placed were excluded from the
study group.

RESULTS

The scope of operations performed varied de-
pending on the patient’s condition requiring inter-
vention, with surgeries carried out for more than
12 different indications (Table 1). Only 4 patients
(1.9%) required postoperative pain management
with opioids.

Complications were observed in 8 cases
(3.7%), with the main issue being prolonged air
leak (alveolo-pleural fistula) in 5 cases (2.3%), 2
cases of postoperative hemothorax (0.9%), and 1

Ta6smmna 1. Bugose onepauuy, UsBbplleHu ¢ yHunopraaHa VATS, u TeXHUAT 6poit

Table 1. Types of Surgeries Performed with Uniportal VATS and Their Frequency

OnepaTnBHa uHTepBeHuus // Surgical Procedure Bpoi %
1 Jlo6ekTomus // Lobectomy 2 0.9
2 IlieBpoaesa // Pleurodesis 86 40.5
3 KnnHoBuHa pe3eknus // Wedge resection 38 17.9
4 Excuusus Ha MeAuacTHHaJIeH Tymop // Mediastinal mass excision 18 8.6
5 IlysimoHekTOMHus // Pneumonectomy 2 0.9
6 CrtanxHunekromus // Splanchnicectomy 6 2.8
7 CumnaTtekTomus // Sympathectomy 2 0.9
8 MeauacTuHaiHa 1uMdaaeHekromus // Mediastinal lymphadenectomy 11 5.1
9 Jexoprukanus // Decortication 32 15.1
10 Iliukanusa Ha guapparma // Diaphragm plication 2 0.9
11 denecTtpanus Ha nepukapp, // Pericardial Window 6 2.8
12 XemocTasa npu KbpBeHe OoT TpaBMa // Trauma bleeding haemostasis 4 1.8
13 Apyru // Others 4 1.8

06u10 // Total 213 100

>> 22



eM (0,5%) c iokynnpaHa MHPEKTHpaHa KOJIEKITHSI.
He ca HaGJ/110/1aBaHU YCIOXKHEHUS C aTeJIEKTA3U U
NHEBMOHMH, KOUTO Ca €JHU OT Hali-ueCcTo cpella-
HUTE YCJ0XKHEHUsI B KOHBEHI[MOHAJ/IHATa IPbAHA
xupyprus. [lauueHTuTe ¢ npoTpaxupad air leak
ca TpeTHpaHU KOHCEPBATUBHO U Ce Bb3CTAHOBS-
BaT cpeHo A0 16 auu (14-23). Kato nedununus
3a mpoTpaxupaHd air leak ce npuemar cay4yaute c
TaK'bB, IpoAb/KaBaliu Haj 5 AHU. [lanueHTUTE
C MOCTONEPATUBEH XEMOTOPAKC Ca TPETUPAHU C
peornepanusa (CbhLO0 YHUIOPTAJHA) U €BaKyalUs
Ha KoaryJjyMma, cjiefi KOsITO ce Bb3CTaHOBSIBAT 6e3
nocJje/Ballll KOMIIMKALUU. YCJI0)KHEHUSAT C €M-
NMeM MalMeHT e C pelUuJMBUpAIlU [IJIEBPAJIHU U3-
JIUBH Y C TEpPMUHAJIHA XPOHUYHA 6'bOpeyHa He10C-
TAaT'bYHOCT. /Ie4eHUeTo My ChII[0 € C yHUIIOpTalHa
peTOpaKoCKONUs M caHauusl Ha MHQeKTHUpaHaTa
JIOKyJIMpaHa KOJIeKI[US.

[Ipu 91% (198) oT nayueHTUTE NJIEBPATHUAT
JIpeHaX e mpeMaxHaT Npeau 4-TU NoCToNepaTH-
BeH JieH. CpeIHUAT 60JTHUYEH MPECTON HA ONepHU-
paHUTe NalMeHTH OCTONEePATUBHO e 4 (1-23) nuu
B 3aBHCHMOCT OT B'b3HHMKBAHETO Ha YCJI0KHEHHUS
1 3a60J151BAaHETO, 32 KOETO e M3BbpllieHa olepa-
nusita. Yecrorara Ha peaamucuute e 1,4% (3-ma
NalMeHTH) B paMKUTe Ha 1 Mecel] OT onepanusTa.
HaMa peructprpanu ciy4yau Ha nepuonepaTUBHa
CM'bPTHOCT NIPU U3CJIeIBAHUTE MAl[UEHTH.

OBCBXJAAHE

Pa3BUTHETO Ha TEXHOJIOTHSITA Ce CBbpP3Ba
c nopobpsiBaHe Ha koMopTa U KauecTBOTO Ha
’KMBOT Ha MNalUeHTHUTe. MUHUMaJHO HWHBA3UB-
HHTe XUPYPrUYHU TeXHUKHU HaMaJlsiBaT 00JIKaTa,
XUpypruyHaTa MHQeKLUUs U ciefolepaTHBHATA
aucoyHkuusa. C NOCTUTaHETO Ha Te3U LieJM To-
pPaKOCKOIICKaTa XUPYprus NpUAo6H MO-IIHPOKO
pasnpocTpaHeHue. YCbBbPIIEHCTBAHETO HA BH-
Jle0eH/JOCKOIICKUTEe UHCTPYMEHTH U eHJI0XHUPYP-
FMYHUTE TEeXHUKHU pasliMpsiBa MOKa3aHUSATA 3a
enHomnopTasHa VATS ¥ BKJIIOYBa JIeHEHHUETO Ha
MHO€eCTBO JJ06pOKaueCcTBeHU 6e/1I0APOOHU U Me-
JMACTUHAJHU 3a00JIIBAaHUS, KAKTO M Ha pakK Ha
6esiusi Apo6, KOUTO MOXKe /1a 6'bJie TPeTUPaH upe3

|. Ivanov et al.

Uniportal thoracoscopic surgery... CARDIOLOGY

Volume 9, Number 2 « 2026
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case of postoperative empyema (0.5%) with a lo-
calized infected collection. No complications such
as atelectasis or pneumonia, which are among the
most common in conventional thoracic surgery,
were observed. Patients with prolonged air leaks
were treated conservatively and recovered within
an average of 16 days (14-23 days). Prolonged air
leaks were defined as those lasting more than 5
days.

Patients with postoperative hemothorax un-
derwent reoperation (also uniportal) for clot
evacuation and recovered without subsequent
complications. The patient with empyema had
recurrent pleural effusions and terminal chronic
renal failure. Treatment involved uniportal retho-
racoscopy and sanitation of the infected localized
collection.

91% (198) of patients had their pleural
drains removed by the 4th postoperative day.
The average postoperative hospital stay was 4
days (range: 1-23), depending on the complica-
tions and the condition for which the surgery
was performed. The readmission rate with-
in 1 month was 1.4% (3 patients). There were
no cases of perioperative mortality among the

studied patients.

DISCUSSION

The improvement in patient comfort and
quality of life has become increasingly evident
with technological advancements. Minimally in-
vasive surgical techniques reduce pain, surgical
infection, and postoperative dysfunction. Thora-
coscopic surgery has gained widespread adoption
due to achieving these goals. Advances in video
endoscopic instruments and surgical techniques
have expanded the indications for uniportal VATS
to include the treatment of various benign pul-

monary and mediastinal diseases, as well as lung
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yHunoptaiana VATS pesekuus [6]. Bce no-rossam
Opo¥l xuUpyp3u cera NpPUJOOHUBAT OMHUTA, HEOO-
XOZ MM 3a U3BbpIIBaHE HAa TeXHUYECKHU CJIOKHHU
e/IHONOpTaJ/IHY NPOLeiypy Ype3 MaT'bK paspes €
OTJINYHHU CJIefloNepaTUBHU Pe3yJITaTH.
YuunoptasnnaTta VATS e HaziexxJHO cpaBHUMa
¢ myatunoprtanHarta VATS no oTHomeHue Ha 6e3-
ONacHOCTTa U eQpUKACHOCTTA, HO FTeOMeTpUYHATA
KOHQUTypaLya Ha MHCTPYMEHTHUTe NPU MeToJa
e HarbJIHO pas/uyHa [7]. YHunoprtannaTta VATS
e reoMeTpPHUYHO I10-6J1aroNpUsATHA CIIPSIMO MHO-
rOonopTOBUTE TeXHUKH [8]. MeToabT ocurypsisa
JUpEKTHA BH3yasM3alUsl Ha LieJleBUTe T'bKaHH,
TBU KaTO TOPAKOCKOI'BT U XUPYPIrUYHUTE HH-
CTPYMEHTH BJIM3aT B IPBAHUA KOWI Ipe3 efuH
¥ cbly pa3pe3. Tbi KaTo yHunopranHarta VATS
IpeJl0CTaBs Ha XMpypra nepcrnekTuBara Aa pabo-
TH B €/lHAa U ChlIa NIPOEKIIMOHHA paBHUHA U 3a-
nasBa Z'bJi60YMHATa Ha 3pEHUETO, € M0-JIeCHO Ja
ce MpeLeHAT pa3CTOSHUATA U Jia ce T0A00PH TOY-
HOCTTAa Ha XUPYPru4uHUTe MaHeBpH [9]. Uma oba-
Yye U HAKOU TPYLHOCTH, CBbP3aHU C TEXHUKATA C
e/JuH pa3pe3. Bb3M0oXHO e pabOTHHUTE UHCTPY-
MEHTH [ia B'b3INpPeNsATCTBAT ABUXKEHUsITA Ha Jipy-
T'Ufl, 2 ACUCTEHTBT, KOWTO yNpaBJisiBa TOPAKOCKO-
1a, MOKe Jla € M0-3acTPalleH OT yMopa U TPelliKu
[10]. CbuiecTByBaT U Apyru GakToOpH, OrpaHu-
YyaBally NO-LIMPOKOTO IpYUeMaHe Ha YHUIIOPTaJl-
HaTa VATS. Te Bk/It0YBaT HEePrOHOMUYHOCTTA U
TPYAHOCTTA B KpUBaTa Ha 00y4yeHUe, OrpaHUYe-
HHETO Ha JByW3MepHaTa BHU3ya/lHA KapTHHa U
orpaHMYyeHaTa MaHEBPEHOCT Ha HHCTPYMEHTUTE
(Hali-Bede mopajud TBBPAUTE OCH, PUKCHPAHU
K'bM I'P'bJIHATA CTeHA OT BXOJHUS opT) [11].

NU3BOoau

YHuUmopTaJHaTa BHJI€0ACUCTHpaHa Topa-
KOCKOTIHSI € CDaBHUTEHO 6€30MaceH, HaJIeXieH 1
edeKTHBEH NOAXO B TPbHATA XUPYPTHsl, BOJEN]
JI0 YCKOPEHO IOCTONePaTUBHO Bb3CTAHOBSIBaHE Ha
nanueHTuTe. TeXHUKaTa NpejJara Bb3MOMXKHOCT
3a MPUJIOXKEHHE TPU MHOMKECTBO pa3HOOOpasHU
3abossiBanus. Cjen mpelieHKa U O06CHXKAAaHe HA

NOKa3aHUsATa 3a onepauus yHunopraaHara VATS
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cancer, which can be addressed through uniportal
VATS resection [6].

An increasing number of surgeons are now
gaining the expertise necessary to perform tech-
nically complex uniportal procedures through a
small incision, achieving excellent postoperative
outcomes. Uniportal VATS is reliably comparable
to multiportal VATS in terms of safety and efficien-
cy, but the geometric configuration of the instru-
ments differs significantly [7].

Uniportal VATS is geometrically more fa-
vorable compared to multiport techniques [8].
The method provides direct visualization of the
target tissues, as the thoracoscope and surgical
instruments enter the thoracic cavity through
the same incision. Since uniportal VATS allows
surgeons to work in the same projection plane
while maintaining depth perception, it is easier
to assess distances and improve the precision
of surgical maneuvers [9]. However, there are
challenges associated with the single-incision
technique. Surgical instruments are more likely
to interfere with one another, and the assistant
managing the thoracoscope may be more prone
to fatigue and errors [10]. Other factors limiting
the wider adoption of uniportal VATS include er-
gonomic difficulties, the steep learning curve, the
restriction of a two-dimensional visual field, and
limited instrument maneuverability (mainly due
to the rigid axes fixed to the chest wall at the en-
try port) [11].

CONCLUSIONS

Uniportal video-assisted thoracoscopy is a
relatively safe, reliable, and effective approach in
thoracic surgery, leading to accelerated postop-
erative recovery. The technique offers versatility
for application in various conditions. Following
careful assessment and discussion of surgical in-
dications, uniportal VATS is our primary method
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€ OCHOBHHUSAT MeTo/] Ha n360p npu eHgockoncku  of choice for performing endoscopic intrathoracic
MHTPATOPaKaJIHU OTlepalHH. operations.
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MOJICUAOMHH U MO3'BbK'bT: BIUAHUE BbPXY KOTHUTUBHUTE ®YHKIIUU
A. Jumumpoé’, K. Ileeea’, 4. Cumosa’*?, H. Musanoe**, T. Eedenosa**

!KauHnuka no kapduosozus, MBAJ ,,Copye u mo3ok" - [lnesen
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Pe3iome. BbBegeHue: Molsidomine e JiekapcTBEH MPOAYKT C LIMPOKa yIOoTpe6a B CHMITOMATHY-
HOTO Jle4eHHe Ha NallMeHTH C UCXeMUYHa 60Js1ecT Ha ChbPLETO, C A0Ka3aH!U 10134, @ B MHOTO OT-
HOLIEeHUs U NPeBb3X0XKAall, JpyTrd MeJUKaMeHTH C Nofo6eH ¢papMakoAMHaAMHU4YeH Mpodu, KaTo
HUTpoONpenapaTuTe. B JombHEHNE, CKOPOLIHU NPEAKJINHUYHU U3NMUTBAHUS BbPXY XKUBOTHHCKU
Mozesv ce GoKycupaT BbpXy NOTEHIIMAIHN eKCTpaKapAuaJHU epeKTH, C aKLiEHT BbPXY JelcTBue-
TO My BbpXYy HEPBHATA CUCTEMA U IJIaBHUsA Mo3bK. Llest: [lenTa Ha HacTosLaTa pa3paboTKa e po-
yuBaHe Ha epeKTHTe Ha molsidomine, npe/inycaH Ha NallMeHTH CbC CTEeHOKap/Hsl, BbPXy MO3'bYHa-
Ta JIeWHOCT, II0-CIIeLMaIHO BbPXY KOTHUTUBHUTE clloco6HOCTH. MaTepuaa U MeTogu: B rpyna ot
75 nauuenTtu ¢ UBC, xocnuTtanusupanu B KiiMHuKaTa o kapauosiorus B nepuoga ot 17.03.2025 1.
710 07.11.2025 r., craptupaxMe Tepanus ¢ molsidomine. [IpoBe/joxMe 4YeTHPHU 6A30BU CKPUHUHTOBU
Tectra (MMSE, Isaac’s Tect, Clock Drawing TecT, TecT Ha Jlypus) ¢ jes1 uAeHTUPUKALKS Ha AlUeHTH
C KOTHUTHBEH JleQUIUT. 3a/10K€HO e IPOBeXK/JaHe Ha TeCTOBeTe Ha I'bPBU U LIeCTHU Mecell OT 3a-
NOYBaHe Ha JIeYeHUeTo, KbM MOMEHTA Ha IecTH Mecel| ca TecTBaHU 11 nanueHTw. [IpescTon npo-
cJe/isiBaHe Ha octaHaauTe. Pesyararu: OT npocieieHUTe 10 MOMeHTa 11 nanyeHTH NpU ecTUMa
ce oT6ess3Ba nogo6peHue B pesyarara oT MMSE (55%), npu yeTupuma — ByiomaBaHe (36%), a mpu
e/IJMH MalUeHT HAMa npoMsHa B pesysTtaTa (9%). [Ipu npocsiessiBaHe Ha pe3ysaTaTuTe OT Isaac’s
TecT — 7 NALMEeHTH ca C M0-BUCOK pe3ynTaT (64%), npu yeTUpUMa ce OTYMTA BJomaBaHe (36%).
[Ipu koHTpOJIHOTO NpoBexAaHe Ha Clock Drawing TecT BCUUKM NALMEHTH Ca U3IT'bJIHUJIY 3a/ia4aTa,
KaTo OT TAX TpUMa (27%) He ca 51 3aBbPIINJIY IPU 'bPBOTO U3caeBaHe. [Ipy aHanu3upaHe Ha KpU-
BM Ha 3alIOMHSIHETO 4pe3 TecTa Ha Jlypus ycTaHOBUXMe, e 1ecTuMa 60JHU (55%), npescTaBUIM
Ce C HUCHK pe3y/ITaT IpU 'bPBOTO U3CJIe/BaHe, IOKa3BaT CTALlMOHUPaHe Ha chinus. [leTuma (45%)
ca ce IpeJiICTaBUJ/IM C HOpMaJ/iHa TaMeTOBa KprBa KaKTO Ha 'bPBUs, TaKa M Ha LIeCTUs Mecell. Bcuy-
KU pe3y/ITaTH 3aBUCAT OT Bb3pacTTa U 06pa3oBaTeHUSA LieH3 Ha alueHTUTe. 3aKkaodeHue: Tosa
COOCTBEHO, JIOKAJIHO IPOBEZIEHO NIPOyYBaHe, pa3KpHMBa HOBU MOTEHLMATHU N10JI31 OT IPUJIOKEeHHe-
TO Ha JJOHOpPUTE Ha a30TeH OKCUJ, B YacTHOCT molsidomine, U3BBbH TpaJUIlMOHHATA My yIIOTpe6a
KaTO aHTUMCXeMHWY€eH MeIMKaMeHT U II0CTaBs Hava/lHa I0COKa Ha MUCJIEHe B IpYT0 HallpaBJIeHHUe.
OnucaHuTe JaHHM KbM MOMEHTA He MOraT Jia yCTaHOBAT KaTeropu4yHO MO3UTHBEH ePeKT BBPXY
KOTHUIMATA, HO ChIEBPEMEHHO He Ce OTYMTA BJIOIIABaHe Ha chllaTa. HaburoiaBa ce TeHeHIHs
K'bM [10/I00peHMe TP YacCT OT U3CJIe/IBAaHUTE TapaMeTpH, 0CO6GEHO0 PH M0-MJIa/iy MAaleHTH.
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Kiilo4oBM AyMH: MOJICUJOMUH, KOTHUTUBHU QYHKLMHU, EKCTPaKapAUaIHU ePeKTH, HCXeMUYHA
60JIECT HA CBPLETO

MOLSIDOMINE AND THE BRAIN: IMPACT ON COGNITIVE FUNCTIONS
A. Dimitrov’, K. Peevd’, Y. Simova®??, I. Milanov*’, T. Evdenova*°®

ICardiology Clinic, Heart and Brain Hospital - Pleven
2Medical University - Pleven
’Bulgarian Cardiology Institute - Sofia
*Sv. Naum Hospital - Sofia
’Medical University - Sofia

Abstract. Introduction: Molsidomine is a widely used drug in the symptomatic treatment of
patients with ischemic heart disease with proven benefits, and in many respects superior to other
drugs with a similar pharmacodynamic profile such as nitroglycerin-containing drugs. In addition,
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recent preclinical studies in animal models have focused on potential extracardiac effects, with
emphasis on its action on the nervous system and the brain. Objective: The aim of the present
study is to investigate the effects of molsidomine, prescribed to patients with angina pectoris, on
brain activity, especially on cognition. Materials and methods: In a group of 75 patients with CAD,
hospitalized in the cardiology clinic in the period from 13th March 2025 to 07th November 2025,
we initiated molsidomine therapy. We conducted four basic screening tests (MMSE, Isaac’s test,
Clock Drawing test, Luria’s test) aiming at identyfing patients with cognitive deficits. We planned
to perform the tests on the first and sixth month of treatment. As for now 11 patients have been
tested on the sixth month, and a follow-up test for the rest of the group is to be scheduled. Results:
Among the patients that have been tested for a second time, six are showing improvement in their
results from the MMSE (55%), four are having worse results (36%), and one patient’s results have
not changed (9%) When analysing the results from the second Isaac’s test, we noted that 7 patients
scored a higher result (64%), while four of them presented with worsening (36%). On the second
Clock Drawing test conduction all the patients fulfilled their task, as three of them (27%) have not
managed to do it during their first try. While analysing the memory curves created on the basis
of Luria’s test, we found out that 6 patients (55%) who presented with a low score from the first
test, had the same result on the second one. Five of the patients (45%) showed a normal memory
curve on the first and second month. All the results depend on the age and educational status
of the patients. Conclusion: This own, locally conducted study reveals new potential benefits
of the application of nitric oxide donors, namely molsidomine, beyond its traditional use as an
anti-ischaemic drug and sets an initial direction of thinking in another direction. The described
data cannot currently establish a definite positive effect on cognition, but at the same time no
deterioration of the same is reported. A trend towards improvement is observed in some of the
parameters studied, especially in younger patients.

Opurunaasy crarin / Original articles

Key words: molsidomine, cognitive functions, extracardiac effects, ischemic heart disease

BBBEJIEHUE INTRODUCTION

AeduuyuThT Ha eHJOreHeH a30TeH OKCHJ Endogenous nitric oxide (NO) deficiency,
(NO), Bomew; go eHgoTesHa AUCOYHKIUA, €
BKJIIOUEH B IaTOreHe3aTa M €BOJIOIMATA Ha
peaulna CbpJledHOCHAOBU 3a6ossaBaHusa. Oc-
HOBHHUTE MeJIMKaMeHTH 3a JjocTaBka Ha NO, us-
MOJI3BaHU OT KJIWHUIMCTUTE B MpakTukara, ca  delivery drugs used by clinicians in practice
OpraHWYHUTEe HUTPATH. TAXHATa BUCOKA aHTH-  are organic nitrates. Their high antianginal
AHTMHO3HA U aHTUHMCXeMHYHa e(PEeKTHUBHOCT €
KJIDYOBa B NMOCTUTAaHETO Ha 3aJaJleHUTE LIEeJIH,
C sicHaTa ujes obaye, 4e NMPUJIOKEHUETO UM Ce
CB'bP3Ba C HAKOU YECTHU HEGJIArONPUATHU edek-
TH, HaMaJIABalM KOMIIJIai'bHCA Ha NalMeHTH- frequent adverse effects, reducing patient
Te. Bojgeny HepocTaThK NPU MPUIOKEHUETO UM compliance. A major drawback of their use
€ PasBMTHETO Ha TOJIepaHC. B I0NbJIHEHHE HA s the development of tolerance. In addition,
TOBQ, BBIIPEKH Ye Te JIeHCTBAT Ype3 0CBOOOXK1a-
BaHe Ha NO, KOMTO MMa NOTEHIMaJHU IT0JI3U 3a
Mo3buHaTa (YHKIMS, ChIECTBYBaT OMaCeHUs
OTHOCHO BB3MOKHHTE MM HeraTMBHM epektn concerns about their possible negative effects

BbPXY KOTHUTUBHUTE CIIOCOOHOCTHU: on cognitive abilities:

leading to endothelial dysfunction, is included
in the pathogenesis and evolution of a num-

ber of cardiovascular diseases. The main NO

and anti-ischaemic efficacy are key in achiev-
ing the set goals, with the clear idea, how-

ever, that their use is associated with some

although they act by releasing NO, which has
potential benefits for brain function, there are
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1. Memxemo2/106UHeMUS U XUNOKCUS HA MO-
3®Ka — BbB BUCOKH /1031 HUTPATUTE MOTaT Jia 0Be-
JlaT 10 METXeMOIVIOOMHEMHS] — CbCTOSTHUE, TP Koe-
TO XeMOIVIOOUH'BT He MOXKe epeKTUBHO JIa IPeHacs
kucaopos. ToBa Moxke /1a MPUUMHHN XHUIIOKCHSI B MO-
3bKa, KOETO NOTEHIMaIHO BOH /10 KOTHUTHBHH Ha-
pyl1LeHHs1, 0CO6eHO NPY YyBCTBUTEIHU UHAUBU/U.

2. O6pasysaHe HA HUMPO3AMUHU U HE8po-
MOKCUYHOCM - HUTpATUTe MoraT Ja ce Ipe-
BbpPHAT B HUTPUTH, KOUTO B KHcesa cpeja (KaTo
CTOMaxa) Morar /ia 06pas3yBaT HUTPO3aMHUHH — Cb-
eJJMHEeHHs C MOTeHLMa/Ha KaHLleporeHHa U HEB-
pPOTOKCHMYHa aKTUBHOCT. Te3u BelljecTBa Morar Ja
JIOTIpYHECAT 332 OKCUJJATUBEH CTPEC U Bb3NaJIeHHe
B MO3'bKa, KOETO € CBbP3aHO C KOTHUTHUBEH CHag,

3. Auc6aaauc 8 npouzgodcmeomo Ha NO -
Makap 4e NO e BaxkeH 3a HEBPOTPAHCMUCUSATA U
cbzoBaTa QYHKIMs, IPEKOMEPHOTO My ITPOU3BO/-
CTBO MOXe /ia IoBe/ie J10 06pa3yBaHe Ha peaKTHB-
HU a30THU BU/I0BE, KOUTO YBPEeXJaT HEBPOHUTE.
ToBa Moxe Ja HapylM CMHANTHYHATA MJACTHY-
HOCT U /]a BJIOLIM KOTHUTUBHUTE CIOCOGHOCTH [4].

W3x0xaliKy OT TOBA, BCe II0-4eCTO CPeIaHo e
M3IMKUCBAHETO HAa MeIMKaMeHTH C HUTPATON006-
HO JIeHiCTBUE, YMeTO U3M0JI3BaHe CBeX/A /10 MU-
HUMYM JuckoMdopTa 3a MalUeHTa, NoAo6psBa
pe3y/aITaTUTe OT JIeYeHHEeTO, a eJHOBPEMEHHO € U
NOTeHIMa/IeH U3TOYHUK Ha JOI'bJHUTENHHU M0JI-
3, M3JIM3allU U3BBH IPAaHULUTE HA CbpJEeYHO-
CbJl0BaTa cUcTeMa. B KoHTekcTa Ha ToBa TBbp/e-
HUe 3aJIsira u/iesiTa 3a IOTEHLMAJHO N0Z06peHre
Ha BUCLIMTe MO3bYHU PyHKUUHU. [IpencTaBuTeN
Ha TO3U THUN MeJUKaMeHTH e molsidomine - me-
JIMKaMeHT OT KJlaca Ha CUJHOHHUTe, JOHOP Ha a30-
TeH okuc (NO), koilTo JeiicTBa MOJ06HO Ha opra-
HAYHHUTE HUTPATH, HO C MHOTO MO-C1aba CTeneH
M 4ecTOoTa Ha pa3BUTHe Ha TOJIEPAHC, 3all0TO He
u34epnBa CcyaAPpXUJPUIHUTE TPYNH U JUPEKTHO
ocBoboxkaaBa NO.

Molsidomine uma BasoauJaTUpaU]O [EHCT-
BUe, HaMaJssgBa INpeJHATOBapBAaHETO U CJleJi-
HaTOBapBaHETO Ha CbPLETO, CUCTEMHOTO U
NyJIMOHAJIHOTO CBIIPOTHUBJIEHHE, peyLiUpa MHO-
Kap/lHaTa KHCJOpOAHA KOHcyMalus (mposiBsBa
AHTUHUCXEMUYHHU U aHTUAHTMHO3HU edeKTH). Oc-
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1. Methemoglobinemia and cerebral hy-
poxia - in high doses, nitrates can lead to met-
hemoglobinemia - a condition in which haemo-
globin cannot effectively carry oxygen. This can
cause hypoxia in the brain, potentially leading to
cognitive impairment, especially in susceptible
individuals.

2. Nitrosamine formation and neurotoxic-
ity - nitrates can be converted to nitrites, which
in acidic environment (such as the stomach) can
form nitrosamines, compounds with potential
carcinogenic and neurotoxic activity. These sub-
stances can contribute to oxidative stress and in-
flammation in the brain, which is associated with
cognitive decline.

3. Imbalance in NO production - although NO
is important for neurotransmission and vascular
function, excessive production can lead to the for-
mation of reactive nitrogen species that damage
neurons. This can disrupt synaptic plasticity and
impair cognitive abilities [4].

Based on this, it is increasingly common to
prescribe medications with nitrate-like effects,
the use of which minimizes discomfort for the
patient, improves treatment outcomes, and at
the same time is a potential source of additional
benefits that go beyond the cardiovascular sys-
tem. In the context of this statement, the idea of
potential improvement of higher brain functions
is implied. A representative of this type of medi-
cation is molsidomine - a drug from the sidnones
class, a nitric oxide (NO) donor, acting similarly
to organic nitrates, but with a much lower degree
and frequency of tolerance development, be-
cause it does not deplete sulfhydryl groups and
directly releases NO.

Molsidomine has a vasodilating effect,
reduces preload and afterload of the heart,
systemic and pulmonary resistance, reduces
myocardial oxygen consumption (it exhibits
anti-ischemic and anti-anginal effects). In ad-



BeH ToBa molsidomine nposiBsiBa U aHTHUArperaH-
TeH, aHTUOKCU/IAHTEH, IPOTUBOBb3NaJNUTENEeH U
aHTHATEPOCKIEePOTHYEH eEeKT.

Molsidomine e c goka3aHa epeKTHBHOCT B
peluIa KJIMHUYHY NPOYYBAHUS IPU NALUEHTH C
UBC, npu kouto e npoBegeHa PCl, HO cbllo U TpU
nayueHTH 6e3 CUTHUQUKAHTHHU eNUKapJHU KO-
pPOHapHHU JIe3UU — MUKPOBACKyJIapHa 60JIeCT.

HoBocT 1o oTHOIIEeHMe pa3lIupeHUTe HHNKA-
[[MY 33 HEroBaTa ynoTpeba ca NpoBe/leHUTe Mpe3
1ocJleJHUTe TOAUHY peAuLa peAKJINHUYHY N1Po-
y4BaHUS NMPU KUBOTUHCKH MO/JieJid, pasKpUBaLl1
noTeHuMasHUTe epeKTH Ha molsidomine BBpxy
MO3'bYHaTa QYHKLUSA, BKIIOUUTETHO KOTHUTUBHU
CIIOCOOHOCTH, TOBeJleHHe U HeBpo3awuTa. [Ipu
u3cje/BaHus ¢ mIbxoBe molsidomine (1 mg/kg)
no/io06psiBa KpaTKOCpPOYHATa NaMeT U MPOCTpPaH-
CTBeHaTa OpHUeHTalusl, U3MepeHu upe3 Y-1abu-
puHT TecT [1, 7]. Te3au edekTu ca cbIpPOBOJEHU
C MOBMILEHW HUBA Ha MO3bYeH HEeBPOTpodUYEH
dakTop (BDNF) 1 akTUBHOCT Ha aHTUOKCUAAHTHU
€H3MMHU KaTo CyNepOKCH/L IUCMYTa3a U [JIyTaTUOH
nepokcuzasa [5]. Mosicudomux npomueodeticm-
8d HA 863pPacmoso-c8sp3aHuU dedhuyumu Ha na-
Memma. V3cieBaHe N10Ka3Ba, 4e TOM NoJ00psiBa
3HAYMTEJHO KOTHUTHMBHATa (QYHKLHUS NPU Bb3-
pacTHU IJI'bX0OBe, KaTO NPOTUBO/IEMCTBA HA Aedu-
LIUTUTE, CBbP3aHU CbC cTapeeHeTo [1].

* AHKCUOIUMUYHU U AHMUOKCUOAHMHU
ceolicmea. MoJICUIOMUH TOKa3Ba aHKCHOJIM-
TUYHU ePeKTH, KaTO HaMaJisiBa TPEBOXKHOCTTA U
NIOBUILABA aHTUOKCHAAHTHATA 3alMTa B MO3'bKa,
KOETO e CB'bp3aHo C noBuiieHy HUBA Ha BDNF u
aKTUBHOCT HAa aHTHOKCUJAHTHU E€H3UMH, KaKTO
Y C HaMaJleHU HUBa Ha MajsioHauanaexus (MDA),
MapKep 3a JIMIIKM/HA epOKCUAALIUS.

* HegpozawjumHu edekmu npu Hespode-
2eHepamueHu modeau [2, 3] - 6os1ecm Ha Ilap-
KuHcoH. [Ipy Mope/y ¢ JI'bX0Be MOJICUOMUH B
koM6uHauus c L-DOPA monynupa mMetabosinsma
Ha MOHOAMHMHM, KaTO HaMaJ/iBa JUCKUHE3UUTe
U nojo6psiBa JAoNaMUHepruyHata (QyHKLHWS B
CTpHATyMa U CyOGCcTaHLus HUrpal6].

* Modeau Ha wu3ogpeHuss U KOZHUMUBHU
dedpuyumu [8]. MoncugomuH (2 u 4 mg/kg) Ha-
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dition, molsidomine also exhibits antiplatelet,
antioxidant, anti-inflammatory and antiath-
erosclerotic effects.

Molsidomine has proven efficacy in a number
of clinical studies in patients with coronary artery
disease who underwent PCI, but also in patients
without significant epicardial coronary lesions -
microvascular disease.

A novelty in terms of expanded indications for
its use is the number of preclinical studies con-
ducted in recent years in animal models, revealing
potential effects of molsidomine on brain function,
including cognitive abilities, behaviour and neu-
roprotection. In studies with rats, molsidomine (1
mg/kg) improves short-term memory and spatial
orientation, measured by the Y-maze test [1, 7].
These effects are accompanied by increased lev-
els of brain-derived neurotrophic factor (BDNF)
and the activity of antioxidant enzymes such as
superoxide dismutase and glutathione peroxidase
[5]. Molsidomine counteracts age-related mem-
ory deficits. A study has shown that Molsidomine
significantly improves cognitive function in aged
rats, counteracting the deficits associated with ag-
ing [1].

» Anxiolytic and antioxidant properties -
molsidomine exhibits anxiolytic effects by reduc-
ing anxiety and increasing antioxidant protection
in the brain, which is associated with increased
levels of BDNF and antioxidant enzyme activity, as
well as reduced levels of malondialdehyde (MDA),
a marker of lipid peroxidation.

* Neuroprotective effects in neurodegenera-
tive models [2, 3] - Parkinson’s disease - in rat
models, molsidomine in combination with L-DOPA
modulates monoamine metabolism, reducing dys-
kinesias and improving dopaminergic function in
the striatum and substantia nigra [6].

* Models of schizophrenia and cognitive
deficits [8] - molsidomine (2 and 4 mg/kg) reduc-
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MaJisiBa COLMA/JIHATA H30JIalUsi U KOTHUTHUBHUTE
nedunty, uHayurpaHd ot NMDA aHTaroHucra
KETaMHH, KaKTO U OT JONaMHUHEPIrUYHUS arOHUCT
anoMmopdurH. KoMbuHalysaTa Ha HUCKU J03U MOJI-
CUJIOMUH C KJIO3aIllUH WJIU PUCIIEPU/IOH IOKA3Ba CU-
HepruueH eQeKT MPU Bb3CTaHOBSIBaHE HAa MaMeTTa.

HE

llenTa e 1a ce OlleHW KOTHUTUBHUAT CTATYC
Ha MAlUEeHTUTe, MHJUKUPAHU 3a CTapTHUPaHe Ha
Tepanus ¢ molsidomine, Ha 6a3aTa Ha HaJU4He
Ha CTeHOKapJHa CMMITOMAaTHKa Ha MbPBUA U
IIeCTHs Mecel] OT 3all0YBaHe Ha JIeYEHUETO.

MATEPUAJI U METOAU

OcHoBHaATa WHJMKAlLlMS 3a Ha3HayaBaHe Ha
MoJicugoMuH e UBC, B KOHTeKCcTa Ha ONTHMAJI-
HaTa aHTUUCXEMUYHA Tepanus. [Ipu manueH-
THUTE B HalllaTa U3BaJIKa Ta3u Tepamnus o6u4arHo
BKJIIOYBA Ollle TpUeM Ha 6eTa-6JIoKep B ONTHU-
MaJiHa J[i03a, TUTPUpPAHA COPSMO CbhbpjedyHaTa
4YeCTOTa, KaJII[UeB aHTArOHUCT, TPUMETA3U/[UHOB
JUXUAPOXJOPU, N06aBsiHE Ha paHOJIa3UH MpH
HeJ0CTaTbyHA ePEKTHUBHOCT HAa CIOMeHaTaTa Te-
panusi B MaKCMMaJIHO TOJIEpUPAHU [I03HU.

Cnep 3armoyBaHe Ha TepanusTa C MOJICUIOMMUH,
npocJe/iiBaMe TallMeHTa 3a OIpeJiesieH MEPUO/
OT BpeMe, Mpe3 KONUTO TOW MmpreMa MeJUKaMeHTa.
Cnepn v3TuvaHe Ha 33J]a/leHUs TEPUO/] MALUEHT BT
ce sIBSIBAa Ha KOHTPOJIHA BU3UTA, C I'bJIEH KJIWHU-
YeH MperJie/i U ce MpoBeX/1a IOBTOPHA KOTHUTUBHA
OLleHKa 4ype3 TeCTOBeTe, U3JIOXKEHU Mo-AoJy. Me-
JUKaMeHTbT ce Ipe/UCBa B CTaHJapTHA Havya/IHa
Jo3a - 3 X 2 mg aHeBHO. K'bM HaCTOSAIIUA MOMEHT
He e IpocjeAsiBaH ePeKTHT OT MOBUILABAHE WU
HaMaJIsiBaHe Ha Jlo3aTa Ha MeJJUKaMeHTa.

TecToBeTEe OTYUTAT KOTHUTUBHUTE QYHKIUU
Ha MalMeHTHUTe, KOUTO BKJIIYBAT MPOIECUTEe HA
MUCJIeHEe, KOHI|eHTpalus, MaMeT, eK3eKyTUBHU
GYHKIIMM KaTo IJIaHUpaHe U IleJiIeHacoYeHOo Io-
BeJleHre. Tean GyHKIUU MOTaT Aa O'bAAT OleHs-
BaHU 4pe3 CTaHJapTU3UPAHU HEBPOIICUXOJIOTHY-
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es social isolation and cognitive deficits induced
by the NMDA antagonist ketamine, as well as by
the dopaminergic agonist apomorphine. The
combination of low doses of molsidomine with
clozapine or risperidone shows a synergistic
effect in memory recovery.

AIMS/OBJECTIVES

The aim of this study is to assess the cognitive
status of the patients, who are indicated for mol-
sidomine therapy based on the presence of angi-
na pectoris, on the first and sixth month of their
treatment.

MATERIALS AND METHODS

The main indication for molsidomine ther-
apy initiation is coronary artery disease, with
molsidomine becoming part of the optimal an-
ti-ischaemic therapy. In our group of patients
this therapy usually includes an optimal dose of
beta-blocker, titrated according to the heart rate,
calcium channel blocker, trimetazidine dihydro-
chloride, as well as ranolazine when the above-
mentioned therapy is not effective in maximally
tolerated doses.

After the treatment initiation the patient takes
molsidomine for a certain period of time after
which they are invited to the clinic for a follow-up
visit. During the visit a physical examination is
performed, as well as a second cognitive assess-
ment with the tests, listed below. The drug is pre-
scribed in a standard dose of 2 mg t.i.d. To this mo-
ment we have not studied the effect of changing
the dosage to a higher or lower one.

The tests evaluate the patients’ cognitive
functions, including thinking, concentration,
memory, executive functions, such as planning
and focused actions. These functions can be
evaluated by using standardized neuropsycho-



HU TecToBe. 3a LieJIMTe Ha HallaTa pa3paboTka
n3bpaxMe J1a NIPUJI0KUM 4 MeTO/ia HA TECTBAHe.

II'bpBUAT OT TAX e Mini Mental State
Examination (MMSE), u3BecTeH ollle KaTO TECT
Ha Folstein. Paspa6oTen npe3 1975 1. 3a onieHKa
Ha MEHTaJIHUSl CTaTyC NPU XOCHHUTAIU3UPaAHU
NalyeHTH, U JJHEC TeCT'bT 0CTaBa eJJUH OT Hau-
M3M0J3BaHUTE METOAW 3a CTaHAApTHA KOTHH-
THBHA OLleHKAa W/ U3cJje/BaHe 32 HaJIM4Me Ha
neMeHIud. [I'bpBaTa My 4acT CbAbpiKa BBIPO-
CH, CBbP3aHU C OpUEHTAlUs, TaMeT, BHUMaHHUE,
a BTOpaTa NpesCTaBJsgBa TeCT 3a Ha30BaBaHe,
YyeTeHe U MHCaHe, KAaKTO U 3pUTETHO-KOHCTPYK-
TUBeH mnpakcuc. Toi1 kato MMSE ce usnosissa
KaTo CKPUHUHTOB MeTOJ, NMpU HapylleHUd Ha
namMeTTa, He Ce ONMUCBAT AETalJIHO Pa3JIUYHHU-
Te My KOMIIOHeHTHU. UHTpenpeTanusTa My ZaBa
NpuObJIN3HUTEHA TPEACTAaBa 32 TEXKECTTA Ha KOT-
HUTUBHUTe HapyluleHus [9, 10]. CbcTou ce ot
22 BBIpOCA, IOBEYETO OT KOUTO MHOTOKOMIIO-
HEHTHHU, Ol[eHSIBaHU 10 TOYKOBA CKaJla — BCEKH,
NpaBUJIHO pellleH KOMIIOHEHT, HOCH o 1 Touka.
O6muaT 6poit Touku e 30. Cpemat ce Mmoaudu-
KalluM B TOYKOBATa CKaJsa, KaTo 3a LeJUTe Ha
M3C/e/IBAaHETO CMe NpUeNH CJIeJHOTO CTeleHy-
BaHe Ha pe3yJITaTUTe:

* 27-30 m. - HopMaJieH pe3yJiTaT;

¢ 26-21 m. - 1eK KOTHUTHUBEH JIe QUIUT;

* 20-10 m. - yMepeH KOTHUTHBEH e QUIUT;

* n00d 10 m. - TeXXbK KOTHUTUBEH JIeQUIUT.

Ba)xHU 3a MHTepHpeTalnusaTa ca Bb3pacTTa U
06pa30BaTEJHUSAT CTATYC Ha MallUeHTa.

BTopusaT TecT ce Hapuua Isaac’s test. Toi
M3UCKBA OT MAllMeHTUTE Jla Ha30BaBaT KOJIKOTO
MO>Ke ToBeve AYMH OT JlaZileHa KaTeropus 3a Oll-
peneneHo BpeMe (15 cek). KaTeropuure BKJIIOY-
BaT XUBOTHH, [|BETOBE, IJIOZI0BE, IPaJioBe, KaTo
MaKCUMaJIHUAT OPON TOUKU B'bB BCSKA OT TSX €
10 (Te ce gocTurat npu HazoBaBaHe Ha 10 gymu).
Criopen yc1oBUsITa NPOU3BOJHU JYMU HeE ca pas-
pelieHU. Pe3yaTaThT ce MHTepnpeTHpa CIPSIMO
HUBOTO Ha 006pa3oBaHUe Ha MallMeHTa, KOEeTO
MOKe Jla ce CbOTHACAd KbM e/jHa OT TPUTE rPynu
- 10 1 noBeye roAuHH, OT 6 10 9 roauHU U oT 0
no 5 rogunu. [Ipu pesysntaTt Had 27 m. ce mpuema,
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logical tests. For the aims of our study, we chose
to use 4 tests.

The first of them is the Mini Mental State
Examination (MMSE), known as the Folstein
test. Created in 1975 for mental status evalua-
tion in hospitalized patients, nowadays the test
still remains one of the most often used methods
for standard cognitive assessment or ascertain-
ing the presence of dementia. The first part of the
test contains questions related to orientation,
memory, attention, and the second represents
a test for naming, reading, writing, and visual-
ly constructional praxis. Because MMSE is used
as a screening method for cognitive deficits, the
different components of the memory are not de-
scribed in detail. The interpretation of the tests
helps us to relatively understand the severity of
the cognitive deficits [9, 10]. The test consists
of 22 questions, most of which include multiple
components, assessed via a scale where each
component is evaluated with 1 point. The total
number of points is 30. There are several mod-
ifications of the scale. For the purposes of our
study, we have accepted the following grading of
the results:

» 27-30 points - normal results

* 26-21 points - a mild cognitive deficit

* 20-10 points - a moderate cognitive deficit

* Lessthan 10 points - a severe cognitive deficit.

The age and educational status of the patient are
of paramount importance for the test’s interpretation.

The second test is called the Isaac’s test. It
requires the patient to name as many words as
possible in a given category for a certain period
of time (15 s) The categories include animals,
colours, fruits, cities, with the highest number of
points for each category being 10, which can be
achieved if 10 words are mentioned. According
to the rules, words derived from another word
are not taken into consideration when forming
the score. The result is interpreted depending on
the patient’s educational status, which, according
to the test is classified in three groups - 10 and
more years of education, 6-9 years and 0-5 years.
A result of more than 27 points is believed to be
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Yye NalUeHThT MMa HUCBK PUCK OT pa3BUTHE Ha
JneMeH1us1, mexcdy 20-26 m. — yMepeH pUCK, n0d
20 m. - BHCOK PHUCK.

Clock drawing test (CDT) npexcraBJ/isiBa
TPeTOTO H3CJeJBaHe, NIPU KOETO MalMeHTHUTe
ca NOMOJIEHHU Ja HapucyBaT uudepbaT Ha ya-
COBHHUK M Jla 0003Ha4YaT CbC CTPEJIKH OINpesesieH
yac (B ciyyass 11:10 4.) OueHsiBa ce ciocOGHOCT-
Ta UM Jia NoApeJsAT NMpaBUIHO LUPpUTe U Ja
nocoyat 4daca c¢bc cTpeskute. CDT e BbBesieH B
Ha4yasnoTo Ha 20-u BeK KaTo Cpe/iCTBO 3a OLleHKa
Ha Ha/IMYMEeTO Ha KOHCTPYKLUOHHA ampaKcus
(HEBB3MOXHOCT Jia Ce M3I'bJHAT 3aJayd WU
JBIDKeHUS BBIpPEeKU pa3bupaHeTo Ha 3ajadaTta
Y )KeJIaHUeTO T4 Ja O'bje U3N'bJHeHa). Briocsen-
CTBHeE TeCT'bT GUJ U3I0JI3BaH KaTO CKPUHUHT 3a
IIPOCTPAHCTBEHO-3PUTEJHNA HapylLleHUs, CBbP-
3aHU C napueTasHusa Jo6. KoHCTpyKLMOHHATa
anpakcus Bb3HMKBA KaTo Nocjaeuna OT UHCYIIT,
KaKTO M KaTo paHHa NposiBa Ha AeMeHLus. [Ipes
NoC/eJHUTE TOAMHHU TeCThT Ce CBbp3Ba C paH-
HUSI CKDUHUHT 3a 6oJsiecT Ha Annxaiimep [11]. 3a
LleJIMTe Ha HacTosllaTa pa3paboTKa pelnxMme
yCIEeLUIHOTO M3M'bJIHEHUE Ha LisjaTa 3afjada Ja
ce oLleHaBa € 1 T, a BApPMAHTHU HA YaCTUYHO W3-
I'bJIHeHHUe (IMcaHe Ha LUPPUTE HA IPABUTHUTE
MecCTa, HO rpellka Npu o603HayaBaHe Ha yaca)
ounensasame c 0,5 T.

[locnrenHuaT TecT e T.Hap. TecT Ha Jlypus
(TecTsT € 10-TE AYMHU), NpU KOWTO NALlUEHTUTE
yyBaT 10 gymu (Hue M3mnoJsi3BaMe cjeJHaTa I0-
peAuLia OT LYMU: YUCA0, XOP, KAMBK, 2600, KUHO,
uyadesp, Mope, huesaa, namna, komka). Te HAMAT
CMHCJIOBA WJIM ACOLMATHBHA BPb3Ka NMOMEXIY
cu. [lanueHTuTe Tpsi6bBa JAa NOBTOPAT AYMHU-
Te, KOUTO CH CIOMHSAT, KaTo TOBa Ce MOBTaps 5
nbTU. U3cnepBa ce pukcanus, penpoAyKLus U
peTeHLUs Ha NaMeTTa, KAKTO U U3TOLaeMoCT/
aKTMBHOCT Ha BHHMMaHMeTO. B opuruHajiHus
BapHaHT Ha TecTa Ce U3BbPIIBA U OBTOpPEHUE
cnen 30-60 MUH, HO TOpaAu OrpaHUYEHHE BBB
BpeMeTO 3a IpoBeX/JaHe Ha U3CJeBaHETO Tec-
TbT Gelle MOJUPUIMPAH — U3I'bJHSIBAHU Osixa
nbpBUTEe 5 onuTa. UHTepnperayusaTa ce oCh-
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representative of a low risk of dementia, between
20-26 points - moderate risk, less than 20 points
- high risk.

The Clock drawing test (CDT) is the third
test, in which the patients are asked to draw
a clock and mark a certain hour with arrows
(in our case - ten minutes past eleven). The
test evaluates the patients’ abilities to write
the numbers in a correct order and to indi-
cate the correct time. CDT was introduced in
the beginning of the 20" century as a means of
assessing constructional apraxia (the inability
to perform tasks or movements apart from un-
derstanding the task and wishing to perform
it). Afterwards the test was used as a screening
for visuo-spatial disturbances, related to the
parietal lobe. Constructional apraxia appears
as a consequence of ischaemic stroke, as well
as an early sign of dementia. During the last
years the test was associated with the early
screening for Alzheimer’s disease [11]. For the
purpose of our research, we decided to eval-
uate the successful fulfilment of the task with
1-point, partial fulfilment with 0,5 points (i.e.
writing the numbers on the right places but
making a mistake when showing the time with
the arrows).

The last test is the Luria’s test (the 10
words test), in which the patients listen to
10 words (we use the following ones: number,
stone, mushroom, cinema, umbrella, sea, bee,
lamp, cat). They are not connected to one an-
other in any way. The patients have to repeat
the words that they remember five times. We
evaluate fixation, reproduction and retention
of the memory, as well as active attention and
attentional fatigue. In the original test there is
a repetition of the words after 30-60 minutes,
however due to time limitations the test was
modified - we performed only the first 5 times.
The interpretation was made on the basis of the



IecTBSIBA Ha 6a3a Ha KOHCTPyUpaHe Ha Kpusu
HA 3aNOMHsSHEmMo, BKJOYBAIIU OGpOS OMUTH U
6pos lyMHu, Ka3aHHU MpHU BceKH onuT. OGUKHOBe-
HO Tasu KpUBa MMa CJeJHaTa XapaKTepHUCTHUKa
IpY 3/IpaBU Bb3pacTHU: 5-7-9, TOECT OT TpeTus
OnUT ce noBTapAT 9-10 gyMu U ToBa ce 3a4bp-
Ka MpU cJeJiBallluTe MOBTOpPeHUA. Bb3MOXKHO
e U Ha/in4ueTo Ha KoHabymanuu (ka3BaHe Ha
JlyMa, KOSTO He MPHUCBCTBA cpeJ; U3OpOeHHUTe
B yCJ0BHUETO0). NHAKTUBHOCT, U3TOIAEMOCT Ha
BHHMMaHHUETO ce HabJ/I0ZlaBa, KOTaTO H3CJe/Ba-
HOTO JIMLE Bb3NPOU3BENKJa OT BTOPU onuT 8-9
JLYMHU, HO cJIeJi TOBa BCe No-MaJko. [I[py HeycTo#-
YUBOCT Ha BHUMAaHHUETO € HaJIM4YHA KpUBa THUI
,3UTr-3ar‘. Bb3M0OXKHO € U B'b3MPOU3BEXK/JaHE HA
elHaK'bB OpPON JIyMU NMpPU BCEKU ONMUT - KPUBA
THI ,[IJIATO"

B HacTosimiaTa pa3paboTKa BKJIWYUXME pe-
3ysTaTy Ha 75 nauueHTH ¢ MBC, xocmutanusupa-
HU B K/IMHUKaTa Mo KapAxoJiorus npe3 rnepuoja
ot 17.03.2025 roauna g0 7.11.2025 r. [IpoBexa-
HETO Ha TeCTOBeTe NpoAb/kaBa. [lanueHTHTe ca
Ha Bb3pacT MexAay 47-88 r., cpegHa Bb3pacT 66
r, 60% ca Mmbxke. [Ipu Bceku naueHT 6s1Xa oTpa-
3eHU KoMopbuaHocTuTe (Pur. 1), cieTeHH KaTo
KJIIOUOBHU 3a GoOpMHUpaHe HA PUCKOBUS MY IPO-
dus1, a UMeHHO:

* Jucaunudemusi - npujpyxKasaiio 3ab6o-
JIIBaHe NMPU BCHUYKHM NAIlMEHTU BBB Bpb3Ka C
eTHOMaToreHe3aTa Ha MCXeMU4YHaATa 60JieCcT Ha
CbPLETO;

* ApmepuasHa xunepmoHus - npu 97,33%
OT U3CJIe/IBAHUTE;

* CopdeuHa HedocmamosyHocm — 52%;

* 3axapen dua6em mun 2 - 32%;

* IIpedcepdHo MoedtcdeHe — 14,67 %;

* OHKO0/102UYHO 3a60/198aHe — 5,33%;

* XpoHu4HO 666peuHo 3a60158aHe - 16%);

* XpoHuyHa apmepuaiHa Hedocmamey-
Hocm Ha KpatiHuyume - 10,67 %;

* Hcxemu4yeH mMo3e4eH uHcyam - 10,67 %.

PesyntatuTe Ha 11 nanjdeHTH ca npoc/jaeseHu
Ha HIeCTUs Mecel| OT NpHeEMa Ha MeJMKaMeHTa.
[IpescTou nmpocneasiBaHe HAa OCTAaHAJIUTE.
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so-called memory curves, including the number
of words said each time. Usually, the curve has
the following characteristic in healthy adults:
5-7-9, meaning at the third time they repeat
9-10 words and after that this number of words
is retained for the next endeavours. It is possi-
ble that there are confabulations (saying a word
which is not among the mentioned ones). Inac-
tivity of attention and cognitive fatigue are seen
when the person examined repeats 8-9 words
during the second time, and after that they re-
peat less and less words. When the person’s
attention is easily lost the curve has a zig-zag
form. There is a chance that the same number of
words is repeated every time, which is depicted
as ‘a flat curve’.

The study includes the results of 75 patients
with CAD, who were hospitalized in the cardiolo-
gy clinic in the period between 17th March 2025
to 07th November 2025. The conduction of the
tests continues. The patients are within the age
of 47 to 88 years old, the median age being 66
years, 60% being men. The comorbidities of each
patient, which were believed to be crucial for
forming their risk profile, where defined (Fig. 1),
as follows:

* Dyslipidemia - a concomitant disease in
all patients, related to the aetiopathogenesis of
CAD;

* Arterial hypertension - in 97,33% of the
examined patients;

* Heart failure - 52%);

» Type 2 Diabetes - 32%;

* Atrial fibrillation - 14,67 %;

* Malignancy - 5,33%j;

* Chronic kidney disease - 16%);

* Peripheral artery disease - 10,67 %;

* Ischaemic stroke - 10,67 %.

The results of 11 patients were followed on
the sixth month of taking the drug. A follow-up of
the others will be conducted.
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PasnpegeneHue Ha NnaumMeHTUTEe cnopen KOMopObuaHOCTH
Groups of patients according to comorbidities
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dur. 1. l'paduyHo npejcTaBsiHe HA paslpe/ieIeHUETO Ha MALMEHTUTE CIIOpe/; KOMOPOU/IHOCTUTE, IPeLleHEHH KaTo KJIKYo-
BU U BKJIIOYEHH B IIPOCJIE/IIBAHETO

Fig. 1. A graphic representation of the patients according to the comorbidities which have been chosen to be included

PE3YJITATU

[Ipy mbpBOHa4yasiHO TNpoBexJaHe Ha MMSE
32% oT U3ceBaHUTE JIMLIAa UMAT pe3y/ITaT B Ka-
TeropusaTa 27-30 T. PeayntaTsT Ha 53,3% monaza
B Kareropusara 26-21 T, 14,7% umar mexay 20-10
T. HUTO eH mauueHT HaAMa pe3yaTtaT nof 10 T.

[Ipu npocnensaBane Ha VI Mecel] MPOLEHTHO-
TO CbOTHOLLUEHUE HA Pe3yJTaTUTEe B OTJEJHUTE
kateropud e: 27-30 T. — 45,4 %, 26-21 1. - 27,3%,
20-10 T. - 27,3%. HuTo eAuH nmauueHT HAMaA pe-
gyatat nog 10 1. lllectuma oT u3cjieBaHUTE MOB-
TOPHO MalMeHTU MOKa3BaT MOJ0O6peHHe HA UH-
JUBUAyaNHUsA pe3yaTtart (dur. 2, 3).

Pe3ysTaThTe KOpesupaT c Bb3pacTTa Ha MNa-
[[MeHTa: MalMeHTU B HalpeJHasa Bb3pacT Io-
Ka3BaT MO-HUCKU pe3yJTaTU B CpaBHEHHeE C II0-
MJafuTe. Hall-HUCKUAT pe3ysTaT, NoJIyYeH Mpu
uscaegBaHe ¢ MMSE, e 11 T. 3a 77-roaulieH mna-
LMEeHT NpHU U3cje/BaHe Ha MbpPBUS Mecel], a Hal-
BUCOKUAT — 30 T. - npu 61-roguiieH NanUeHT.
[launeHTHTE A0 65-TOAMIIHA BB3PACT Ce MpeA-
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RESULTS

During the first conduction of the MMSE
32% of the people examined had a result in the
27-30 points category. The result of 53,3% of
the study group relates to the category includ-
ing 26-21 points, and 14,7% have scored from
20 to 10 points. None of the patients scored less
than 10 points.

On the sixth month follow-up the percentage
of results in the different categories are: 45,4%
of the patients have 27-30 points, 27,3% of the
patients achieved 26-21 points, and 27,3% had
a result of 20-10 points. No one had a result less
than 10 points. During the second visit six of the
patients showed a better score (Fig. 2, 3).

The results correspond with the age of the pa-
tient: elderly patients present with lower results
in comparison to younger ones. The lowest result
obtained during the study with MMSE is 11 points
for a 77-year-old patient, the highest being 30
points for a 61-year-old patient. The patients up
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MMSE VI MECEL, // MMSE VI
MONTH

W pesynrar 27-30 O pesynrat 21-26 M pesynrar 11-20
W 27-30 points 21-26 points W 11-20 points

dur. 2. 'paduuno npescraBsiHe Ha pesyatatute oT MMSE Ha [ u VI Mecery oT npociefissBaHeTO

Fig. 2. A graphic representation of the results of MMSE during the I and VI month of the follow-up

PesynTtaTtv Ha npocnegeHuTe Ha VI MeceL, nauneHTn cnpsmMo
pe3ynTatu Ha | Mecel,
Results of the patients during the 1st month in comparison
with the 6th month
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®ur. 3. 'paduyHO npeacTaBsHe HA UHAWBU/IYaJTHUTE pe3yaTaTU Ha npocieeHuTe upes MMSE tect Ha | u VI Mecery

Fig. 3. A graphic representation of the individual results of the patients examined with an MMSE test on the first and sixth month

CTaBAT NMPEJUMHO C Pe3yJITaTU B I'bpPBa U BTOpaA
KaTeropus OT TOYKOBATA CKaJia.

Onenkara Ha pesyataruTe ot Isaac’s TecT mo-
KasBaT CJAeJHOTO pasmpejesieHue: 65,3% oT naiu-
EeHTUTe JIOCTUraT >= 27 T, yMEPEHO PUCKOBaTa Ka-
Teropus 20-26 T. o6xBata 26,7%, a mo-Maiko ot 20
T. ca oT4yeTeHU Npu 8% OT usciaeABaHuTe Juia. Ha

to the age of 65 present with results mainly in the
first and second category.

The results from the Isaac’s test show the
following trends: 65,3 % of the tested patients
reach >=27 points, with 26,7% in the moderate
risk category of 20-26 points, and less than 20
points are marked in 8%. On the sixth month

35 <<

Opurunannu crarnu / Original articles




KAPAMIOAOTHIS &
KAPAVIOXWPYPTHISL

A. JumuTpos v ap.
Monc1aoMuH 1 MOZbKbT...

Tom 9, Bpoit 2 + 2026

©)
=}
=
=
=1
~
=
o
(S
é
~
(9}
=
0
b=
S|
=
=)
~
®)
=
=2
ag
.
=)
o
=
o
=
—
=8
(@)
I
(973
%]

VI mecer; cpen npocsiefieHUTe 60JIHU ce HabJII01aBa
CXOJTHA TEeHJIEHIUS B I'bPBUTE JIBe KaTeropuu, 6e3
HaJIMueH pe3y/ITaT, OTroBapsll Ha TpeTaTa (moAapo-
OeH pe3yJITaT, Ipe/cTaBeH Ha rpadrkaTa — Qur. 4, 5).

PesysiTaTuTe ca CUJIHO 3aBUCUMH OT 06paszo-
BaTeJIHUs ]eH3 Ha NAlMEeHTa, HO ChILO U OT JIPyTU
daKTopH - cTpec, MACTO HAa NPOBEXKAaHe Ha TeCTa
(ocurypeHa Jiv e ThXa U CIIOKOHWHA 06CTaHOBKA),
NpeBK/IaHe HA JIOCTAThYHO BpeMe 3a OTTOBa-
psiHe Ha BBIPOCUTE, IPUCHCTBHE HA IPYTH MalH-
€HTHU WUJIK MeIUIUHCKU MTepCOHAL.

ISAAC'S TEST -1 MECEL,
ISAAC'S TEST -1 MONTH

8%

W pe3yntat 27-40 pesyntaT 20-26 M peayntaTt <20
W 27-30 points [@21-26 points W 11-20 points

there is a similar trend in the first two categories,
with no results fitting into the third category (a
detailed result is presented on the diagrams be-
low - Fig. 4, 5).

The results are highly dependent on the pa-
tient’s education, as well as on other factors -
stress, place (are the circumstances appropriate
- quiet and calm environment), providing enough
time for answering the questions, the presence of
other patients, nurses or doctors.

ISAAC'S TEST - VI MECEL|
ISAAC'S TEST - VI MONTH

M pesyntat 27-40
W 27-40 points

pesyntat 20-26
20-26 points

dur. 4. 'paduyHO NpesicTaBsHE HA pe3yJTaTUTe OT TecTa Ha Isaac Ha [ u VI Mecery oT npocie/issBaHeTO

Fig. 4. A graphic representation of the results of the Isaac test on the first and sixth month of the follow-up

PesyntaTtn Ha npocneneHnTte Ha VI Mecel, yupe3s Isaac's TecT
nauneHTn cnpamo | Mecely
Isaac's test results of the patients on the 6th month
compared to the 1st month

40

35

30

25

20
|

\

——1 —0—2 ——3 —0—4 ——5 —0—5 —@=7 —9—5 —0—9 —8—10 —8—11

®ur. 5. 'paduyHo mpe/icTaBsiHe HA UHANBH/AYATHUTE Pe3y/ITaTH Ha TpociefieHuTe ype3 [saas’s TecT nauueHTH Ha | u VI mecery

Fig. 5. A graphic representation of the individual Isaac’s test results of the patients on the first and sixth month
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Cnepn mpoBexxgaHeto Ha Clock Drawing Tecta
yCTaHOBHUXMe, ye 74% OT naLjieHTUTe B rpymnara yc-
I51BaT /i U3IbJHAT 33/1a4aTa, 5.5% 5 U3IbJIHABAT
HanoJIoBHHa, a 20,5% He ycnsBaT Ja ce CpassT C
Hesl. Ha mectus Mecel, BCHYKH M3CJe/BaHU MalH-
€HTH Ca U3II'bJIHUJIM 33/la4aTa, KaTo OT TAX TPUMa
He ca 51 3aB'bPLIMJIN IIPU I'bPBOTO U3CJIe/IBAHE.

KbM HacToslMA aHa/aM3 npuiarame NpUMep,
WIIOCTPUpAL UHTepIpeTalusaTa Ha U3II'bJIHEHHe-
TO Ha TecTa Ha Jlypus (Tecra c 10-Te gymu), npu
nauveHT Ha 50 I OT MBXKKHU 10JI, Ipocie/ieH Ha
I'bpPBUS U LUIECTHUS Mecel, OT IpMeMa Ha TepanusiTa.

PesysnTaTuTe Ha m'bpBUSA Mecel] JeMOHCTPU-
paT HapylleHa cCIoCcO6HOCT 3a dUKcalus, peTeH-
IIMS U peNpoAyKIMsA Ha UHGOPMaLMATA, KAKTO U
HEYCTOMYMBOCT Ha BHUMaHUeTo. CieJy 6 Mecela
npocJie/isiBaHe ce OTYMTA N0L00peHue B pe3yJiTa-
Ta, KpUBAaTa Ha 3a[IOMHSIHETO I0Ka3Ba TeHAeHI1-
UTe Ha HOpMaJlHa NaMeToBa QYHKLUSL.

CnesnBaliaTa KpyUBa NpeJCTaBs pe3ysTaTa Ha
72-ropuiieH MBX, IPU KOTOTO NPU II'bPBO MpPO-
c/le/isiBaHe ce OTYMTA KpUBa THI ,IJ1aTO", 6€3 Ch-
1leCTBEHO N0l06peH e cilesi 6 Mecelia.

Cpen mpociefieHUTe NalUeHTH Oo6Lo Ilec-
TUMa ce NpeJCTaBAT C KpYUBa TUIN ,IJIaTO" U NPH
JIBETe MPOBEXAaHUsA Ha TecTa. [Ipu efuH oT ma-

A. Dimitrov et al.

Molsidomine and the brain... CARDIOLOGY
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After the conduction of the Clock Drawing
test, we found that 74% of patients in the group
manage to fulfil the task, 5,5% fulfil half of it and
20,5% do not manage to complete it. On the sixth
month all of the examined patients have fulfilled
the task and three of them have not done that
during their first examination.

In our analysis we present an example il-
lustrating the interpretation of the Luria’s test
(the 10 words test), in a 50-year-old male pa-
tient, followed during the first and sixth month
of therapy:

Results from the first month demonstrate
abnormal fixation, retention and reproduction
of the information, as well as weak attention.
After 6 months of following we can report an
improvement of the result, the memory curve
shows a trend towards to a normal memory
function.

The next curve represents the results of a
72-year-old, the first follow-up representing a
flat curve with no significant improvement after
6 months.

Among the followed patients on the 6™ month,
six of them present with ‘a flat curve’ after both
tests. One of the patients presented with ‘a flat

MALWMEHT // PATIENT 0017
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M v Vv

e=@==| MONTH e=@==\/| MONTH

dur. 6. KprBa Ha 3aI0MHSIHETO, pe3yJITaTH Ha I'bPBUA U LLIeCTUS Mecel]

Fig. 6. A memory curve, results on the first and sixth months
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MALIMEHT // PATIENT 0023
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«=@=—=| MONTH e=@==\/| MONTH

dur. 7. KpI/IBa Ha 3allOMHAHETO, pe3yJITATH Ha II'bPBUA U LIECTUA MeECel]

Fig. 7. A memory curve, results on the first and six months

LUEeHTUTE pe3y/aTaThbT IOKa3Ba IJIOCKAa KPUBA,
HO C NMOBTapsiHe Ha No-TroJisAM 6pol AyMHU (I'bpBU
npernen - 7-7-7-8-7, sBropu - 5-7-7-7-8), koeTo
CbOTBETCTBA Ha NMaMmeToBa QyHKI U, 6JU3KaA [0
HopMaTa. [Ipu ocTaHa/suTe MNallMEHTH KpUBaTa
[I0Ka3Ba HOpMaJslHa naMeToBa QyHKIus, 6e3 Cb-
lleCTBEHa pa3J/iMKa [IpH /iBeTe U3cje/iBaHUsl.

Bceku OT TecToBeTe MNOTBBbpXK/JaBa 3Haye-
HUEeTO Ha Bb3pacTTa 3a pe3ysTaTa, HO MOA00HA
3aKOHOMEpHOCT He ce OTYMTA 3a mnoJa. UHTep-
npeTalMsATa HAa 3aBUCUMOCTTA MeXK/1y KOHKPETHA
KOMOPOUAHOCT U AaJieH pe3yTaT lie 6bJe Ha-
IpaBeHa Ha cJie/iBalll eTall IpY Ha/IM4Yue Ha NoBe-
ye NMalMeHTH, IPOCJie/leHH Ha LecTUsl Mecell.

curve’ but with a larger number of repeated words
(first examination 7-7-7-8-7, second - 5-7-7-7-8),
which corresponds with close to normal memo-
ry characteristics. Within the rest of the patients
the curve depicts normal memory characteristics
without significant difference between the two
times the test was conducted.

Each of the tests confirms the significance of
age for the result, however a similar trend is not
observed regarding sex. The interpretation of the
relationship between the comorbidity and a giv-
en result will be made in the future when more
patients are followed on the sixth month of their
therapy.

Ta6smua 1. Bpoii 1 nporeHTHO pasnpe/e/ieHre Ha MallMeHTUTE C [10/[06peHue, BiolIaBaHe, 6e3 MpOMsiHa B pe3yJsiTaTa Ha
HIECTHS Mecel]

Table 1. The number and percentage of patients with improvement, worsening or with no change in results on the sixth

month
MMSE ISAAC'S TecT / test CDT Tect Ha Jlypus / Luria test
Patients with improvement | 6 55 6% | 32w 0
Pationts with worséning 4 (36%) 4 (36%) 0 ;
Patient? ;?:IheoHuq;I/Icggigepsoixisg results 1(9%) 0 8 (73%) 11 (100%)
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Ta6smmua 2. CpeZiHa Bb3pacT Ha MALMEHTHUTE C 10J06pEHUe, BJIOIIaBaHe, 6e3 NPOMsIHA B pe3yJITaTa Ha IIeCTUsl Mecel|

Table 2. Median age of the patients with improvement, worsening, or no change in the result after six months of follow-up

MMSE

ISAAC’S TecT / test

CDT Tecrt Ha Jlypusa / Luria test

CpezsHa Bb3pacT Ha MAllUEHTUTE C
nozobpeHue
Median age of the patients with improve-
ment

58,3

62,1 67,6

CpezsHa Bb3pacT HA MALUEHTUTE C
BJIOLIABaHE
Median age of the patients with worsening

66,5

62,2

Cpe/iHa Bb3pacT Ha MALUEHTUTE Oe3
NpOMsiHa B pe3yJiTaTa
Median age of the patients without changes
in the results

65

60,2 62,2

OBCBXXJAHE

EdekTbT Ha MOJICHJOMMHA BBPXy KOIHH-
TUBHUTE QYHKIUHU BCe ollle € 06eKT Ha Mpoyy-
BaHMA. Upe3 4 HeBPONCHUXOJOTUYHU TeCTa MOXe
Jla 6'b/le U3BJIeYeHA JOCTaTbuHO MHOpMaL U 3a
KOTHUTHUBHUTE CIIOCOOHOCTU NpeJy U cJief Mpu-
JIO)KEHUETO Ha MeJuKaMeHTa. TpyAHOCTH NpH
IPOBEX/IaHETO Ha TeCTOBETe Bb3HUKBAT NOpa-
/Il HeyBepeHOCT W NPUTEeCHEHHe OT CTpaHa Ha
nanyeHTa, HUCbK 00pa3oBaTeJieH LieH3 NMPU YacT
OT GOJIHUTE, KOeTO 3aTpPyAHsABA pa3bUpaHeTo Ha
BBIPOCHTE, HEOOXOJUMOCTTA BCEKH MAllMEeHT Jia
MMa JI0CTaT'bYHO BpeMe 3a OTTOBOP, KAaTO Cblile-
BpeMeHHO TpsibBa Jja ce U365rBa NpeKoOMepHOTO
3a0aBsHe Ha U3M'bJHeHHeTO My. [lpu mo-ross-
MaTa 4acT OT BKJIIOYEHHUTe MalMeHTH Tel'bpBa
NpesCTOU Npoc/esisiBaHe HA pPe3yJITAaTUTe CJe[
IIeCTMECEeYHO NPUJIOKEeHHUe Ha JIEKapCTBOTO.

3AKJ/IOYEHHUE

[IpescTaBeHHTe 10 MOMEHTa pe3yJTaTH BCe
olle He MoraT Jja IoC/IyaT 3a U3BeX/aHe Ha Ka-
TEeropu4yHO 3aKJ/I4YeHUe OTHOCHO e(eKTHUTe OT
ynorpebaTra Ha MOJICHOMUH BbpPXy KOTHULIUSI-
Ta. Heob6xo Mo e mpocje/iiBaHe B CpaBHUTe-
JIeH acleKT Ha 1o-rosisiM 6poi nmauueHTd. KbMm
MOMEHTa € ICHO, Ye He ce HabJIl0/jaBa BJIOIIaBaHe
Ha KOTHUTHUBHUTE crioco6HocTU. OTYUTa ce Io-
JloO6peHue 10 4acT OT U3C/Ie[BaHUTe NapaMeTpH,

DISCUSSION

The effect of molsidomine on cognitive func-
tions is still an object of research. Enough infor-
mation for the cognition can be obtained via 4
neuropsychological tests performed before and
after the drug administration. Difficulties in the
tests’ conduction appear regarding patients’ in-
securities and lack of confidence, low education-
al level in some of them, which makes it difficult
to understand the questions. In addition, we
must as well consider the necessity to provide
enough time to answer the questions while si-
multaneously managing to avoid wasting time
unnecessarily. In most of the patients included
in the group the six month follow-up visit is yet
to be performed.

CONCLUSION

The reported results up to this moment can-
not lead us to a definitive conclusion regarding
the effects of molsidomine administration on cog-
nitive functions. It is necessary to comparatively
follow-up a larger number of patients. For now, it
is clear that no worsening of cognition was not-
ed. There is an improvement regarding part of the
examined parameters, mainly seen in young pa-
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npeJUMHO NpU MO-MJaJUTe NalyeHTH, kKoeTo  tients, which is best represented by the MMSE re-
Hall-0TYET/IMBO Ce MPOC/esiBA IPU pe3yJITaTUTe
oT MMSE TecTa. UMaliku npeaBuU/ Beue HAJIUIHU-
Te NyOJIMKaIUU, IPUJI0KEHUETO HAa MOJICUJIOMHUH,
OCBEH OYaKBaHUA 33 3HAUYUTEJHU I0JI3U 3a KOT-
HUTUBHUTE CIIOCOOHOCTHU, BEPOSTHO UMa POJ U
B HEBPONPOTEKI[UATA U aHKCHUOJIN3AaTa, 0COOEHO
Ipy HeBpOJereHepaTUBHU 3a00JIsIBAaHUS W IIU-
30¢peHUss. Bb3MOKHUTE HOBU MPUJIOKEHUS HA
MOJICUZIOMUH ca 00€elaBaly U Ilie TPOAb/KaBaT

Aa 6'bﬂaT 006€eKT Ha aKTUBHO IIpoy4BaHe.

sults. Bearing in mind the available publications,
we can say that the application of molsidomine
apart from the perspective of improving cognitive
functioning, probably plays a role in neuroprotec-
tion and anxiolysis, especially in the case of neu-
rodegenerative disease and schizophrenia. The
possible new opportunities to use molsidomine
are promising and will continue to be an object of
active research.
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POBOT-ACUCTUPAHU ABY- U TPUIIOJIEBH PESEKIIMHX HA XPAHOIIPOBO/IA -
PEBO/JIOIUOHHUAT NNOAXOA ITPU XUPYPTUA HA E3OPATEAJIEH KAPHUHOM

H. HeaHoes, H. /IpazHes, /I. Mumes, /I. /lam608cKku

OmdeseHue no epsoHa xupypeus, YMBAJI ,Copye u mo3wsk” - Bypaac

Pe3wome. BbBegeHue: Po6oT-acucTiupaHaTa MUHUMa/IHO WHBa3WBHA e3odarekTomus (PAMUE)
Ce YTBBPXK/aBa KaTo BCe MO-YECTO NpHUJIaraH KJIMHUYHO U OHKOJIOTUYHO 6e30IaceH MeToJ Ha
XUPYPTUYHO JIeYeHHe IPY pak Ha XxpaHompoBoza. Les: [la ce u3cieBart npejuMcTBaTa Ha CpaB-
HUTEJIHO HOBAaTa TEXHUKA U JIa Ce MPEJCTAaBAT Bb3MOXKHUTE NPUJIOKEHHUS HA MeTo1a; [la ce aHa-
JIN3UPAT MOJYYEHNUTE Pe3Y/ITaTH U Jja Ce 06CHAAT MePCIeKTHBUTE 3 ONEPATUBHOTO JIeYeHHe Ha
e3o¢areasieH KapiuHOM. MaTepuaJsl U METOAM: B cTaThsTa ca onKcaHy cJIy4auTe Ha 8 MalMeHTH
3a Mepuof oT 6 Mecella, OlepUpaHy ¢ po60T-aCUCTHPaHa TEXHUKA, U €A U3CJIe[BAaHU Pe3yNTaTH-
Te OT IPOBeJeHaTa HHTEPBEHLUs OT [JIeZlHa TOYKA Ha [IOCTONEPATUBHU YCI0XKHEHHUs], CKOPOCT
Ha Bb3CTAHOBsIBAaHE U IPeJUMCTBA Ha METO/ia 110 OTHOLIEHHe HAa OHKOJIOTHYHATA PaJUKaTHOCT.
3aksoueHue: [IpoBeieHUTE ONEPALMU JEMOHCTPUPAT Bb3MOXKHOCTTA 33 U3BBPIIBAaHE HA PO-
60T-aCUCTUPAHU UHTEPBEHIIMY C BUCOKO HUBO Ha 6€30IacHOCT, epUKACHOCT ¥ YCKOPEHO Bb3CTa-
HOBSIBaHe Ha MalnyeHTHUTe. [[pM MHO3WHCTBOTO OT C/IyYyanTe Ha e30¢areaseH KaplyuHOM, KOUTO
IOZIJIeXKaT Ha OllepaTHBHA HaMeca, [iBY- WK TPUIoJeBaTa e30(pareKToOMUs € OCHOBHUSAT HU Me-
TOJ Ha U360p 3a XUPYPTUYHO JIeUeHHE.
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K/II040BM AyMHU: poGOT-aCUCTUPaHA XUPYPrus, e30dareKTomusi, e3odareaseH KapruHoOM

ROBOTIC-ASSISTED TWO- AND THREE-FIELD ESOPHAGECTOMY -
A REVOLUTIONARY APPROACH TO SURGERY FOR ESOPHAGEAL CANCER

L Ivanov, N. Dragnev, D. Mitev, D. Lambovski

Thoracic Surgery Department, Heart and Brain Hospital - Burgas

Abstract. Introduction: Robot-assisted minimally invasive esophagectomy (RAMIE) is
becoming increasingly common as a clinically and oncologically safe technique in the surgical
treatment of esophageal cancer. Aim: To study the advantages of a relatively new technique
and to present the possible indications of the method. To analyze the results obtained and to
discuss the future prospects of the surgical management of esophageal carcinoma. Material
and methods: In this report 8 patients were studied over a period of 6 months, operated on
with robotic-assisted technique and the results of the intervention were examined in terms
of postoperative complications, speed of recovery, and advantages of the method in terms of
oncological radicality. Conclusion: The performed operations demonstrate the possibility of
performing robot-assisted interventions with a high level of safety, efficacy and accelerated
patient recovery. In the majority of cases of esophageal carcinoma that are operable, the robotic-
assisted approach is our method of choice.

Key words: robot-assisted surgery, esophagectomy, esophageal carcinoma
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BBBEJEHHUE

OCHOBHUSAIT MeTOJ, Ha JieyeHUe NpPU KapLu-
HOM Ha XpaHOIpOBOJAa M racrpoesodareasHa-
Ta Bpb3Ka e e3odarekTomMusTa. Ta3u omnepanus
TPaZAMLIMOHHO Ce CBbP3Ba CbC 3HAYUTEJIHA CJIe[-
ornepaTuBHa 3a60J15eMOCT U cMBbPTHOCT [1]. [Ipes
HOC/IeJHUTE JIeCEeTUETUS] Ce OTYMTA HalpeLbK
KaTo LieHTpa/IM3upaHe Ha TPUXKUTe, pa3paboTBa-
He Ha N0/106peHH IPOTOKOJIU 32 B b3CTAaHOBSIBaHE
Y NpuJlaraHe Ha MMHUMaJIHO UHBAa3UBHU TeXHHU-
KM, KOUTO NOJ06psABAT NMepUONepaTUBHUTE pe-
3yJITaTU NMPU XUPYPTUYHO JIEKYBAHU MALUEHTH
C pak Ha xpaHonpoBoza [2]. Benpeku ToBa cKo-
POILIHO MeX/JyHAapOoJHO CPaBHUTEJHO MpPOy4Ba-
He CbOOIlaBa, Ye YecToTaTa Ha YCI0XKHEHUATA e
0k0Js10 60% U MoJIy4eHUTe JaHHU ca JO0KJIa/IBaHU
OT IIeHTpOBe C royiiM o6eM omnepanuu [3]. C men
nofo6psiBaHe Ha pe3y/ITaTUTe INPU TMalUeHTH,
[O/II0’KEHU Ha e30(dareKTOMHs NPU KapLUHOM, €
He06X0MMO Jla ce ONTUMHU3Mpa BCEKU IepHoIie-
paTuBeH acnekT. EjjHa OT Hal-HOBUTE pa3paboT-
KU e BbBEX/IaHEeTO Ha po60OT-aCUCTHPAaHa MUHHU-
MaJIHO MHBa3uBHa e3odarektomus (PAMUE).

MATEPUAJI U METOAU

B OtgmeseHneTo no rpbJHA XUPYyprus Ha
MBAJI ,Cbpue u M0o3bK" - Byprac, 3a nepuoza ot
mai 2025 mo HoemBpu 2025 r. e mpoBeJieH pe-
TPOCIIEKTHBEH aHa/Iu3 Ha 8 NaleHTH, IPU KOU-
TO e H3BbpIIeHa pPob6OT-acUCTHpaHa pe3eKLUs
Ha XpaHOIIpOBOJA MO NOBOA Ha KapuuHoM. OT
U3cJeBaHUTE NallMeHTH 7 ca MbXe, a 1 e KeHa.
CpesHaTa BBb3pacT Ha NAallMEHTUTE B IpOy4YBaHa-
Ta rpyna e 68 roguHu, KaTo Bapupa Mex/y 58 u
76 r. Tpuma oT 3a60J1e/IMTE ca C aleHOKapILMHOM
Ha ractpoe3sodareaHaTa Bpb3Ka — KJacUPULIU-
paH no Siewert |, efyH e ¢ IJIOCKOKJIETbYEH Kap-
[JMHOM Ha JMCTaJIeH XPaHOINIPOBO/J, a OCTaHAJIUTe
yeTHpHUMa Ca C MJIOCKOKJeTbYeH KapLMHOM Ha
cpeflHa TpeTa Ha XpaHomnpoBoga. Ilpu deTupu-
Mara NalMeHTH C pak Ha racrpoesodareasHaTa
Bp'b3Ka U MCTAJTHUA XPAaHOIIPOBO/, € U3BbpLIEeHa
JByToJieBa po0OOT-acHUCTHpaHa pe3eKLUs C HH-
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INTRODUCTION

The mainstay of treatment for esophageal
and gastroesophageal junction carcinoma is
esophagectomy. This surgery has traditionally
been associated with significant postoperative
morbidity and mortality [1]. In recent decades,
advances such as centralization of care, devel-
opment of improved recovery protocols, and
implementation of minimally invasive tech-
niques have improved perioperative outcomes
in surgically treated patients with esophageal
cancer [2]. However, a recent international com-
parative study reported a complication rate of
approximately 60%, and the data were reported
from centers with a high volume of operations
[3]. In order to improve outcomes in patients
undergoing esophagectomy for carcinoma, it is
necessary to optimize every perioperative as-
pect. One of the most recent developments is
the introduction of robot-assisted minimally in-
vasive esophagectomy (RAMIE).

MATERIAL AND METHODS

In the Department of Thoracic Surgery of
the Heart and Brain Hospital - Burgas, a retro-
spective analysis of 8 patients who underwent
robot-assisted resection of the esophagus due
to carcinoma was conducted for the period from
May 2025 to November 2025. Of the patients
studied, 7 were men and 1 was a woman. The
average age of the patients in the study group
was 68 years, varying between 58 and 76 years.
Three of the patients had adenocarcinoma of the
gastroesophageal junction - classified according
to Siewert I, one had squamous cell carcinoma of
the distal esophagus, and the remaining four had
squamous cell carcinoma of the middle third of
the esophagus. In the four patients with cancer of
the gastroesophageal junction and distal esopha-
gus, a two-field robot-assisted resection with in-
trathoracic anastomosis according to Ivor-Lew-



TpaTopaKa/iHa aHacToMo3a no Ivor-Lewis, a npu
yeTUpUMaTa MalUEeHTH C KaplMHOM Ha CpejiHa
TpeTa e U3BbPIIEHAa TPUIOJieBa POOOT-aCUCTH-
paHa pe3ekiius 1o McKeown (ta6.1. 1).

PE3YJITATU

[lepuonepaTUBHUTE pe3yJTaTH U YCJI0XKHE-
HUSA ca 00001eHn B Tabsuna 2. CpeTHOTO ore-
paTUBHO BpeMe (0T pa3pe3a Ha KoxKaTa /Io 3aTBa-
psiHeTo 1) e 496 MUH ¢ Juana3oH oT 441 g0 602
MuH. CpefHaTa KpbBo3ary6a e 250 mu. CpesHu-
ST GpOY Ha OTCTpaHeHUTe TUMPHU Bb3JU € 24,
¢ AvanasoH oT 14 no 32. U3BbpIneHU ca 061110 2
KOHBEPCHH, KaTO U JIBETE Ca HAa KOPEMHHs eTall
K'bM JIAMAPOTOMHUS MOPAJH JIOKAJTHO aBaHCHUPAJ
npolec Npy KapyruHOMUTE Ha ractpoe3odareasn-
HaTa Bpb3Ka. HAMa KoHBepCUM Ha TP’bHUS eTall
OT OTepaIysaTa U BCUYKHU Ca 3aBbPIIEHH C POOOT-
acucTUpaHa TopaKaJiHa AUCEKLUs U aHacToMOo3a
(mpu caydauTte Ha Ivor-Lewis) (¢ur. 1). Tpu ot
LlepBUKaJIHUTE aHacToMo3U npu McKeown ca us-
BbpILIEHU C [UPKYJISIPEH MeXaHUY€eH ylIuBaTeJ, a
e/lHa e U3B'bpIIeHa Ha pbKa Opaiu HalpexeHue
Y HeBb3MOXKHOCT 3a IJIacCUpaHe Ha cramiep. Ha-
IIUSAT eKUIl BbBe/le MPOTOKOJI 32 OlleHKa Ha nep-
¢y3usaTa Ha CTOMAIIHUS TPAHCIJIAHTAHT C WH-
TpPaBeHO3HO NpuJaraHo 6arpuso - Indocyanine
Green (ICG), npein KOHCTPYUPAHETO HA aHACTO-
Mo3aTa. CieJ] mpuiaraHeTo Ha 6arpuaoTo ce u3-
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is was performed, and in the four patients with
carcinoma of the middle third, a three-field ro-
bot-assisted resection according to McKeown
was performed (Table 1).

RESULTS

Perioperative outcomes and complications
are summarized in Table 2. The mean operative
time (from skin incision to closure) was 496
minutes with a range of 441 to 602 minutes.
The mean blood loss was 250 ml. The mean
number of lymph nodes removed was 24 nodes
with a range of 14 to 32. A total of 2 conversions
were performed, both at the abdominal stage
to laparotomy, due to locally advanced gastro-
esophageal junction carcinomas. There were
no conversions at the thoracic stage of the op-
eration, and all were completed with robot-as-
sisted thoracic dissection and anastomosis (in
the Ivor-Lewis cases) (Fig. 1). Three of the McK-
eown cervical anastomoses were performed
with a circular mechanical stapler, and one was
performed by hand due to tension and inability
to place a stapler. Our team implemented a pro-
tocol for assessing gastric graft perfusion with
intravenously administered Indocyanine Green
(ICG) dye prior to anastomosis construction.

Ta6smua 1. [lanueHTH € U3BBPILIEHA POGOT-aCUCTHPaHa e30pareKToMHs

Table 1. Patients with robotic-assisted esophagectomy

INapueHTcku Jemorpadcku u Tymop gaHHM // Patient demographics and tumor data

Cpe/JiHa Bb3pacT Ha nayueHTUTe // Average Age 68 (58-76)
Msbxku noJi // Male patients 7 (8)
Joctsn // Approach

TpunosieBa pe3sekuus // Three field resection (McKeown) 4

JBynoJsieBa peseknus // Two Field Resection (Ivor-Lewis) 4
Xucrtoaorus // Histology

AnenokapuuHoM // Adenocarcinoma 3

[InockokeTHYEH KapiuHoM // Squamous cell carcinoma 4
Knunuyen craguit // Clinical Stage

1B 2

1A 3

I11B 1

I11C 2
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noJizBa mporpaMa Ha DaVinci po6otusupanara  After dye administration, a DaVinci robotic sys-
cucteMa - Firefly, c kosiTo ce ochiecTBsiBa onieH-  tem Firefly program was used to assess blood
Ka Ha KPbBOTOKAa B aHAaCTOMO3upaHua ydacTbK flow in the anastomotic region of the stomach
Ha cToMaxa (¢ur. 2). (Fig. 2).
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®ur. 1. /lucekuns Ha TOpaKaJHa 4acT Ha XpaHOIIPOBOIA PU Po6OT-acucTUpaHa ezodarekromusi mo McKeown

Fig. 1. Thoracic esophageal dissection during McKeown robot-assisted esophagectomy

UNDGCK BEFO RE MOVING TAGLE

dur. 2. OueHka Ha nepdysusaTa Ha CTOMAIIHUS TPAHCIUIAHTAHT C MHTPAaBEHO3HO NpusiaraHe Ha ICG

>>44‘I

Fig. 2. Perfusion assesment of gastric conduit with intravenous application of ICG
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Ta6smna 2. [loctonepatuBHu pedyatatu // Table 2. Postoperative results

IlepyonepaTHBHU pe3y/ITaTH U YCJA0XKHEeHUs IpU nauueHTuTe ¢ PAMUE
Perioperative results and complications in RAMIE

CpefiHo onepaTuBHO BpeMe (MUHYTH) // Average operative time (minutes) 496 (441-602)
Cpeznna kpbBo3ary6a (ml) // Average blood-loss (ml) 250 (150-400)
KouBepcuu // Conversions
JlamapoTtomus // Laparotomy 2
0

Topakotomus // Thoracotomy
CpezeH npectoii B OAWUJI (nHM) // Average stay in ICU (days) 2 (1-4)
YcenoxHenus // Comploications (Clavien Dindo)

Knac // Class 1

CuHZpoM Ha 3a6aBeHO U3Mpa3BaHe Ha cTtoMaxa // Gastric Outlet Obstruction 2
s . o)
Bunnapen siukax oT kopeMHuTe ApeHose // Billiary leakage from drain 1 o
Knac // Class 11 é
(o]

KoHTposnnpaH JinKak Ha lMiAHaTa aHactoMosa // Drain controled anastomotic leakage 1 O
~

Knac // Class Illa =
[lepunankpeacHa kosiekuusi (KT apenupana) // Peripancreatic collection (CT drained) 1 E\

5}

=

&

Z

CpeaHaTa NPOAB/KUTENHOCT Ha IPecTosl The average length of stay for the operated E

Ha omepupaHMTe e 8 JAHH, CbC CPeJleH MPeCTOH  patients was 8 days, with an average stay in the
B UHTEH3WBHOTO OTAeJieHUe 2 fHU. [Ipu yeTu-

puma (50%) oT nmaLMeHTUTe He ca HACT'bIMUJIHU

intensive care unit for 2 days. Four (50%) patients

. had uneventful hospital stays. One patient (12%)
YCJI0KHEHHUSI 110 BpeMe Ha GOJTHUYHUS MPECTOH.

ffered t tic leak trolled b -
Eaun nanuent (12%) e mpeThpIsl aHACTOMO- suffered anastomotic leakage controlled by a cer

3€H JIMKAXK, KOHTPOIHPAH OT HePBUKATEH ADEH, vical drain and was self-limited on the 20th post-

camoorpanuuma ce Ha 20-u mocromeparupen ~ operative day. The patient was discharged with
JIeH, KaTo MallMeHThT e U3NKCcaH ¢ ApeHaka u e  the drain and it was removed on an outpatient
CBaJIeH B am0OysaTOpHHU ycnoBusa. HabaogaBano  basis. One complication was observed for which
€ €JHO yC/I0)KHEeHHE, 3a KOETO HAMA NOKJAaZBa-  there are no reported data in the literature - billi-
HU JJaHHU B JIMTEpaTypaTa — OUJIMapeH JIMKaX,
BepupHUIMpPaH ¢ GUOXMMHUYEH aHAJIM3 Ha OT/e-
JIUMOTO OT JipeHa. ONMUCAaHOTO U3TUYAHe Ha GU-

ary leakage verified by biochemical analysis of the
discharge from the drain. The described leakage

of biliary fluid from the abdominal drain stopped
JIUYM OT KOPEMHHUS ApEeHa)k ce MPeyCcTaHOBsBa

CIIOHTAHHO B paMKHTe Ha 8 JIHU cJie]i oneparu-
sTa, He HaJlara MHTEPBEHIIMOHAJHO UJIH oTlepa- and did not require interventional or surgical
THUBHO JIeYeHUe U He BOJHU [0 CENNTUYHU NposiBU.  treatment and did not lead to septic manifesta-

/lpyro, Chll0 HeXapaKTepHO U PSA/KO YCIOXHE-  tions. Another, also unusual and rare complication
HUe, PETUCTPHUPAHO NIPpKU €JWH OT NAalUEeHTHTe,

spontaneously within 8 days after the operation

registered in one of the patients was pancreatitis
€ MaHKpeaTuT C MepuliaHkpeacka Kosiexuus. B with peripancreatic collection. In this case inter-
clydasl e NOJAXOJEeHO C MHTePBEHIIMOHAJIHO Jie-
YyeHHe C MepKyTaHeH JpeHaXX Ha KOJIeKIUsTa
noa KT xouTpos (dur. 3). [Ipy Bcuuku onepu-
paHM He Ce perucTpUpaT M3BbpuieHu peonepa-  3)- In all the patients who underwent surgery, no

LMY TIOpajZi¥ JieKaTa TeXeCcT Ha YCJAOKHeHMs-  reoperations were recorded due to the mild sever-

ventional treatment with percutaneous drainage

of the collection under CT control was applied (Fig.

Ta, NMO3BOJIABAallla KOHCEPBAaTUBHO NoBejeHHUe. ity of the complications allowing for conservative
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HsiMa cMBbpTHU ciay4dyad B paMkuTe Ha 30- uau
90-mHeBHUA ciefonepaTUBeH nepuo/. Hama na-
LUEeHTH, U3BaJleHH OT npocyaefgaBaHe. CpeJHOTO
BpeMe Ha NpocJie/isiBaHe e 3 Mecella C iMana3oH
oT 1 1o 6 mecena. [Ipy BCUMYKU NAUUEHTHU € TO-
CTUTHATAa II'bJIHA pe3eKLUsl C MUKPOCKOIICKU He-
raTUBHU pe3eKIMoHHU JuHUH (RO).

OBCBXXJAHE

ToBa mpoy4yBaHe e HAUIMUAT MbPBU OMUT C
PAMUE. [lony4eHuTe [AaHHU JaBaT YBEPEHOCT,
Yye mpoleaypaTa Moxe Jila 6'b/le OCbhIecTBeHA C
OTJIMYHU PEe3y/JTaTU U TOJIIM HHJEKC Ha 6e30-
HACHOCT B YCJI0BUSTA HA MPAKTHUKA C TOJISIM 06eM
e3odareajsiHd olepalnyMu U paspaboTeHa pobOT-
acHcTUpaHa XMpypryuyHa nporpama.

Bpemerto 3a onepauusa npu PAMUE e no-abJi-
ro CpsiMO OTBOPEHUTE OlNEepaluy U TOBA CE I'bJI-
K /10 ToJIsIMa CTeNleH Ha MOATOTOBKAaTa Ha po6o-
Ta U JIOKUHTA Ha CMCTeMaTa B /IBe aHATOMUYHU
KYXWHH 0CJIeJOBATEJHO [4].

[IpoLeHTBT Ha JMKaXX Ha aHACTOMO3UTeE
(12%) npu po6OT-aCUCTUPAHUTE UHTEPBEHLIUH,
u3BbpuieHU B OTAe/IeHUEeTO, € HAall'bJIHO CbhIOC-
TaBUM C TO3U NPU OTBOPEHHUTE oNepalnuu, J0oK-
JIaiIBaHU OT MHOMECTBO BOJEIU IeHTPOBE, U
Bapupa Mmexay 8 u 20%, kaTo Ha HAKOU MecTa ce
JIOKJIaJIBa U 4ecToTa, Aocturama a0 50% [5, 6].
Tpsi6Ba ga ce oTbesexy, ye B U3cJeJBaHaTa ce-

management. There was no mortality registered
within the 30- or 90-day postoperative period. No
patients were removed from follow-up. The medi-
an follow-up time was 3 months with a range of
1 to 6 months. In all patients complete resection
with microscopically negative resection lines (R0)
was achieved.

DISCUSSION

This study reports our first experience with
RAMIE and from the data obtained we can report
that the procedure can be performed with excel-
lent results and a high safety index in a practice
with a large volume of esophageal surgeries and a
developed robot-assisted surgical program.

The operation time for RAMIE is longer com-
pared to open surgeries and this is largely due
to the preparation of the robot and the docking
of the system in two anatomical cavities sequen-
tially [4].

The rate of anastomotic leakage (12%) in
robot-assisted interventions performed in the
department is fully comparable to that in open
surgeries reported by many leading centers and
varies between 8% and 20%, with some places re-
porting a frequency reaching 50% [5, 6]. It should
be noted that aero-digestive fistulas were not ob-

®wur. 3. HOCTOHepaTI/IBHa NepruinaHKpeacHa KOJIEKI WA U IEPKYTAHEH KT ApeHax

Fig. 3. Postoperative peripancreatic collection and percutaneous CT drainage
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pus He ce Ha6J/10/laBaT aepOAUTeCTUBHU QUCTY-
JIM, KOETO € YeCTO JJOKJ/IAIBAHO YCI0KHEHHE TTPH
TO3W TUI UHTEPBeHIUU (0K0JI0 4%) [7].

CpliecTByBaT olie HAKOJKO NOTEeHLHaJHU
peAUMCTBA IPU POOOT-aCUCTUPAHUTE MPOLEAY-
pH, KOUTO MpeJACTOX Ja O'bJaT Mo-MallabHo u3-
cienBaHu. ToBa ca AMCEKLUSATA B 06JIaCTU KaTO
e3odareasieH XHaTyc, MeJAUACTHHYM, OCOOEHO
IPU NMallUeHTH C OTTOBOP OT HEOaZ0BaHTHA Te-
pamnus, KOsIToO MOXe Ja O'bJie yJecHeHa Mopaju
OTJINYHATA ONTHKA M BU3yaJW3aLUs NpU PobOT-
aCUCTHpPAHUTE onepalyy, KaKTO U UHCTPYMEH-
TapUYMBbT C MHOXXECTBO CTENEHU Ha CBOOOJA Ha
JBIDKeHUsATA [8, 9].

OT ¢uHaHCOBa I/efjHa TOYKAa po6OT-aCUCTHU-
paHHUTe ONepalMy Ha XpaHOPOBO/IA €a MO-CK'bITN
nopa/jiv U3MoJi3BaHaTa TeXHUKA U KOHCYMaTHBH,
HO QaKTbT, 4Ye HaMaJssgBaT YCJIOKHEHUSATA U Te-
’KECTTa Ha TSAXHATAa MPOsIBa, /JaBa Bb3MOXKHOCT 32
peAyLHpaHe LieHaTa Ha MeTO/a, 0P CIPSIMO OT-
BOpEHATa, MopaJiy CIecTsBaHe Ha Pecypc 1o Jie-
YeHHUEeTO Ha NepuoNepaTUBHUTE KOMIIMKALLUU U
yI'bJKEHHUS 60/THUYeH npectoi [10].

3AKJ/IIOUEHHUE

Po6oT-acuctupaHarTa JBy- U TPUIIOJEBA €30-
darekTomus e mMporeaypa, CBbp3aHa CbhC 3HAYU-
TEJIHO HaMaJleH PUCK OT CJIe/IoNepPaTUBHU YCJI0XK-
HEHUs, KaTo UHCYPUIMeHI[Ms HAa aHAaCcTOMO3aTa
U JiMxaTeJIHa HeJJOCTAT'hYHOCT, CIPSIMO OTBOpe-
HaTa omepanusd. [Ipy TeXHUKaTa ce PErvucTpu-
pPa HHCKA 4YecTOoTa Ha peomnepanuu U CbOTBETHO
MMa MO-KpaThK GOJIHUYEH MPECTOH U MO-MalbK
¢$UHAHCOB pa3xo/| B JIeYEeHUETO Ha MalUeHTUTE.
MeToabT JI0OKa3Ba HAIM'bJHO ChIOCTAaBUMH pPaH-
HU OHKOJIOTUYHH DPe3yJITaTH, U3pa3siBalllid ce B
roJisiM cpefieH 6poil [ucenipaHu JUMQPHU Bb3JIU
Y YUCTU PE3EKIMOHHU JIMHUU. 3a J1a O'bAAT olje-
HEHU J'bJITOCPOYHUTE OHKOJIOTUYHHU DPE3Y/ITaTH
U MpeyMCTBA Ha METO/|a, €A HEOOXOAUMHU Ollle
I0-/IbJI'bT IEPUO/] HA U3CJIeIBAHE U MPOCJIe/IsiBa-
He Ha MalMEeHTHUTE U MO-TOJsIM OPOU U3BBPIIEHU
oTeparym.
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served in the studied series, which is a frequently
reported complication in this type of interven-
tions (about 4%) [7].

There are several other potential advantag-
es of robot-assisted procedures that remain to
be explored in greater detail. These include dis-
section in areas such as the esophageal hiatus
and mediastinum, especially in patients who
have responded to neoadjuvant therapy, which
may be facilitated by the superior optics and
visualization of robot-assisted surgery, as well
as the instrumentation with multiple degrees of
freedom [8, 9].

From a financial perspective, robot-assisted
esophageal surgery is more expensive due to the
equipment and consumables used, but the fact
that it reduces complications and the severity of
their manifestation allows for a reduction in the
cost of the method, even compared to the open
method, by saving resources on the treatment of
perioperative complications and prolonged hospi-
tal stay [10].

CONCLUSION

Robot-assisted bi- and tri-pole esophagecto-
my is a procedure associated with a significant-
ly reduced risk of postoperative complications,
such as anastomotic leak and respiratory failure,
compared to open surgery. The technique has a
low frequency of reoperations and, according-
ly, a shorter hospital stay and lower financial
costs in the treatment of patients. The method
demonstrates completely comparable early on-
cological results, expressed in a large average
number of dissected lymph nodes and clean re-
section lines. In order to assess the long-term
oncological results and advantages of the meth-
od, an even longer period of study and follow-up
of patients and a larger number of operations
are needed.
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KPATKOCPOYHA HACJIAZIA C A'BJITOCPOYHHU ITOCJIEAULINA: HEBPOJIOTUYHH
MMPOSABM CJIEJ YIIOTPEEA HA PAMCKHU I'A3

C. BeceauHos, H. Jlumumpos

KauHnuka no HepeHu 6os1ecmu, MBAJI ,,Copye u mo3ok” - Bypeac
Kamedpa no Hesposi02us, ncuxuampus u ncuxosozusi, MeduyuHcku gpaxkyamem,
Yuusepcumem ,Ilpoc. 0-p Acen 3namapos” - Bypzac

Pe3wme. 3s0ynoTpe6ara c paiicku ras (auasoren okcuz, N,O) ce cBbp3Ba c pa3HO0OPa3HHU
HEBPOJIOTUYHU YCA0XKHEHUSs], BKJAYUTENHO NepudpepHa HEBPONaTHs, Cy6aKyTHA KOMOUHU-
paHa JereHepalus Ha TPbOHAYHUS MO3'bK U JleMUeJIMHU3Upallly 3a60siBaHus. [IpeacraBe-
HUTe [iBa KJIUHUYHU CJAydas JeMOHCTPUpAT pa3JHUYHU NposiBU Ha N,O HeBponaTus: I'bp-
BUAT CJydYyad e Ha NallMeHTKa C TeXXKa MOTOpHa AUCOYHKIUSA U HOPMaJHU CEPYMHHU HUBA
Ha BUTaMUH B12, npu KoATO UMyHOMO/Jy/upallaTa Tepanus e eGeKTHBHA, IpeAnoJarai-
KU JIOM'bJIHUTEJIEH Bb3MaJUTENEH KOMIOHEHT; BTOPUAT CJy4Yal € Ha MallMeHT C yMepeHa
CeTHBHA U MOTOpPHA AUCOYHKIMS, CBbpP3aHa C HUCKH HUBA Ha B12, KoWTo pearupa 6bp30
Ha CTaHJapTHA 3aMeCTUTeJHa Tepanus. [JlaHHHWTe nojuyepTaBaT xeTeporeHHocTtTa Ha N,0
HEBPOINATHUATA U HEOGXOJAUMOCTTA OT MHAUBUAYAJU3UPAH TepaneBTHYEH MOJX0/, BKJIIO-
YUTEJHO OlleHKa Ha MOTOpHAaTa TexXecT, CepyMHUs B12 1 Bb3MOXXHNUSA UMYHEH KOMIOHEHT.
PaHHOTO pa3no3HaBaHe U HaBpeMeHHAaTa UHTEPBEHIUS Ca KPUTUYHHU 32 ONTUMU3UPaHe Ha
GYHKIMOHAJIHUS U3XOJ,.
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Kiw4yoBM AyMHU: paiicku ra3 ([ua30TeH OKCHUJ), Cy6aKyTHA KOMOUHHpPaHA JAereHepanus, BUTa-
MUH B12

SHORT-TERM PLEASURE WITH LONG-TERM CONSEQUENCES: NEUROLOGICAL
MANIFESTATIONS FOLLOWING NITROUS OXIDE USE

S. Veselinov, I. Dimitrov

Clinic of Neurology, MHAT Heart and Brain - Burgas
Department of Neurology, Psychiatry and Psychology, Faculty of Medicine,
Prof. Dr. Asen Zlatarov University - Burgas

Abstract. Abuse of nitrous oxide (N,0) is associated with various neurological complications,
including peripheral neuropathy, subacute combined degeneration of the spinal cord, and
demyelinating diseases. The two clinical cases presented demonstrate different manifestations
of N,O-neuropathy: the first case involves a female patient with severe motor dysfunction and
normal serum vitamin B12 levels, in whom immunomodulatory therapy was effective, suggesting
an additional inflammatory component; the second case involves a male patient with moderate
sensory and motor dysfunction associated with low B12 levels, who responded quickly to standard
replacement therapy. The data highlight the heterogeneity of N,0-neuropathy and the need for an
individualized therapeutic approach, including assessment of motor severity, serum B12, and a
possible immune component. Early recognition and timely intervention are critical for optimizing
the functional outcome.

Key words: nitrous oxide (N,0), subacute combined degeneration, vitamin B12
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KAPAMIOXWPYPTHSL Tom 9, Bpoit 2 * 2026

BBBEJEHHUE

Palickuat ras (auasoren okcup, N,0) e 6e3-
[BETEH ras, 6e3 BKyC U MHUPUC, KOUTO Npeanus-
BUKBa peJiakcaius u eypopusi, OTK'bAETO UJBa U
uMeTo My. [Ipe3 mociefHHUTe rOAMHY 3JI0YNIOTpe-
6aTa cbC Cy6CTaHLIUATA Ce MPEBbPHA B CEPHUO3€H
npo6JsieM, KOWTO MOXe Jia JoBeJe A0 nepudep-
Ha HeBpOINaTUsl M yBpexJaHe Ha LieHTpaJiHaTa
HepBHA CHUCTeMa, IO-CllelyasHO [0 JereHepa-
THUBHU 3a60JIIBaHHs HA IPbOHAYHUS MO3'BK IO-
paau aedunut Ha BuTamuH B12 [1]. Cnopep rio-
6a/IHOTO MPOYyYBaHe 32 HAPKOTHULUTE, IPOBEJIEHO
npe3 2018 r,, Toil 3aema ceAMO MSCTO cpeJ, HAM-
pa3npocTpaHeHUTe CyOCTaHLUM 3a pa3BJeyeHne
B CBeTa, 6e3 Jla ce 6POSAT HUKOTHUHBT, KOPEeUH'bT
U ankoxoasT [2, 3]. [lo ganHu Ha HanuoHanHus
IEHTbP MO 06IIecTBeHO 3aApaBe npe3 2022 1. B
Bparapusa 41,4% ot cTyzeHTUTe ca yroTpebsBa-
JIU paliCKu ra3 noHe BeJJHbX B »KMBOTA CH, a BCe-
KU TPETU CTY[EHT e yInoTpe6siBa MOHe BeJHBXK
npes3 roauHata [4]. 3s1oynorpebaTa ¢ Jua3oTeH
okcug (N,0) e cepuosen mpo6JieM 3a o61ecTBe-
HOTO 3/IpaBe, KATO B MHOI'0 CTPaHU HOPMaTUB-
HUTE aKTOBe, peryJupaliyd U3NoJA3BaHeTO U J0C-
T'bIla, BCE OIlle OCTaBaT HesiCHU [5]. Bbnpeku ye
B MO/IepHHUsI CBAT ONACHOCTUTE OT ,JIerajJHUTe
HapKOTHULM” ca MIMPOKO pa3IylaCeHU B MeJUUTE,
BCe Ollle ca /IOKJIa/[BAHU MaJIKO CJy4yad B Hay4-
HaTa JIMTepaTypa 3a HEBPOJIOTUYHHUTE YCI0XK-
HeHUs, CB'bP3aHU C BAUILIBAHETO HA paliCKu ras.
[IpefcTaBsWKU Te3U KJIMHUYHM CJy4daH, Ce CTpe-
MUM /la IOBUILUM OCBEIOMEHOCTTA OTHOCHO Cy0-
aKyTHaTa JereHepalus Ha rpbOHAYHUS MO3BK,
Bb3HUKBAIla B pe3y/iTaT Ha ynorpe6arta Ha N, 0.

B ocHoBaTa cu palcKUAT ra3 paboTu 4pe3
B3aMMO/IEWCTBUE C HEBPOHHUTE ITbTUILA B MO-
3bKa. Tol JelicTBa NpPeJUMHO KaTO aHTAarOHUCT
Ha NMDA (N-metusa-D-acmaprar) pelemnTopuTe.
Ype3 UHXUOUPAHETO UM HaMaJisiBa Bb36yK/Aalllo-
TO JleliCTBUE Ha IJIyTaMaTa, OCHOBEH HEBPOTpPaH-
cmutep. ToBa Bogu 10 HaMa/leHa HEBPOHHA aK-
THUBHOCT, PECIIEKTHBHO /10 CeJlaliisl U aHa/Ire3usl.
Cmsra ce, ye notuckaneto Ha NMDA peunentopu-
Te JONpPUHACA 33 JUCOIMATUBHUTE U eydopud-

>> 50

INTRODUCTION

Nitrous oxide (N,0) is a colorless, odorless,
and tasteless gas that induces relaxation and eu-
phoria, which is the source of its name. In recent
years, the abuse of this substance has become
a serious problem that can lead to peripheral
neuropathy and damage to the central nervous
system, specifically degenerative diseases of the
spinal cord, due to vitamin B12 deficiency [1].
According to the Global Drug Survey conduct-
ed in 2018, it ranks seventh among the most
common recreational substances worldwide,
excluding nicotine, caffeine, and alcohol [2, 3].
Data from the National Center for Public Health
in 2022 show that in Bulgaria, 41.4% of stu-
dents had used nitrous oxide at least once in
their lives, and every third student had used it
atleast once during the year [4]. N,O abuse rep-
resents a serious public health problem, with
regulatory acts governing its use and access
still remaining unclear in many countries [5].
Although the dangers of “legal drugs” are wide-
ly publicized in the modern media, few cases of
neurological complications related to nitrous
oxide inhalation have been reported in the sci-
entific literature. With these clinical cases, the
authors aim to raise awareness regarding sub-
acute degeneration of the spinal cord resulting
from N,O use.

At its core, nitrous oxide works by interact-
ing with neural pathways in the brain. N,O pri-
marily acts as an antagonist of NMDA (N-meth-
yl-D-aspartate) receptors. By inhibiting them,
it reduces the excitatory action of glutamate,
a major neurotransmitter. This leads to de-
creased neuronal activity, resulting in seda-
tion and analgesia. The suppression of NMDA
receptors is thought to contribute to the dis-
sociative and euphoric effects. In addition to

NMDA receptor antagonism, nitrous oxide also



HU edeKTU. B Jomb/HeHMe KbM aHTaroHU3Ma Ha
NMDA peuentopuTe a30THUAT JUOKCUJ, MOJAYJIU-
pa ¥ Jpyru HeBPOTPaHCMHUTEpPHU cucTeMHU. To
yCUJIBA OCBOOOX/IaBaHETO HA €HJIOTeHHU OIHOU-
1M, o6Jiek4aBany 6oskaTa. ToBa B3aMoieCTBHE
yCUJIBA HETOBUTE aHAJITEeTUYHH CBOMCTBA, KOETO
ro npaBy edpeKTUBEH 3a yNpaBJieHUe Ha 6oJiKaTa
[0 BpeMe Ha XUPYypPTU4HU npouenypu. CbiueBpe-
MeHHO TOU yBesiMyaBa U HHUBaTa Ha GABA (rama-
aMHHOMacJIleHa KHCeJIMHA), OCHOBEH HHXHUOUTO-
peH HeBpOTpPaHCMUTEP B Mo3bKa. [loBulleHaTa
akTUBHOCT Ha GABA fjonipuHacs 3a ceJaTUBHUTE U
QHKCUOJIUTUYHU ePeKTH [6]. Bbnpeku ye peasHu-
Te MOCJIeIUIY 32 00IECTBEHOTO 3/IpaBe OT LIUPO-
KO pasnpocTpaHeHara ynorpe6a Ha N,O ca Ma/iky,
T'bil KaTO B HUCKU JI03U € OTHOCUTEJHO Ge3orac-
HO CpeJICTBO, XpOHWYHATa My ynoTpeba ce CBbp3-
Ba CbC CEpPUO3HU MOCJAECTBUSA KaTo NepudepHa
HeBpOIaTHsl, MUeJIONaTUsl U JleMUeJTMHU3UPAILU
3a00J1sIBaHUs], HAPUYAHU O06II0 reHepaJru3upaHa
JleMuenuHu3upauia noauHesponartus (LCAI) [7].
YcTaHOBeHa e Kopesalus MeXAy CTeleHTa Ha
ynoTpeba Ha paiicku ras (B 6aJIOHU) U CTeleHTa
Ha muesonatus u [/l [8]. [loBeyeTo XpOHUYHU
norpebutenu (cpeaHo: 300 GasoHa/meH B mpo-
IbJDKEHUE Ha 6 Mecelja) MOKa3BaT MpPU3HAIM Ha
HeBponartus. JepuuUTHT Ha KobGajsaMUH (BHUTa-
MuH B12) npu nauuentu c [/II1 e siB1eHue, KOETO
ce OTYMTA YECTO B pefuLa npoyyBaHus [9, 10, 11],
a CyIJieMeHTalUsATa C HEro BOAY [0 3HAUYUTEHO
HEBPOJIOTMYHO N0J06peHue UK J0pH /10 Bb3CTa-
HOBSIBaHe MpU oBevueTo nauueHTH [11]. Bbnpeku
TOBA HSIKOW OT TSIX Ce Bb3CTAHOBSBAT CaMO Yac-
THUYHO, C IEPCUCTHPALIY HEBPONATHH, NPOsIBSIBA-
1M ce C mapecTe3uH, c1abocT B KparHunuTe [12].
CplLieBpeMeEHHO XpOHWYHATa ynoTpeba ce CBbp3-
Ba U C NCUXUYHU CHUMITOMMU KaTo TPEBOXKHOCT,
Jlenpecusi, HEBPOKOTHUTHUBEH JeGULIUT U JeJIUp
[13]. Te3au cumnTOMHM 06ave He U3IVIEXKA Jla ca pe-
3yJITaT OT AePUIUT Ha KobasiaMuH [14]. Bbnpeku
Yye e yCTaHOBEHO, Ye BUTaMUH B12 e moHMxeH npu
XPOHUYHHTE MOTPEOUTENN HA PAMCKU ra3 C HEB-
POJIOTMYHM YBPEX/JAaHUs], TOBa HEBUHATU € TakKa,
KOEeTO MPaBH MaJKO BEPOSITHO AePULUTHT MYy Ja
e e/IMHCTBeHATa MPUYMHA 32 TAKKBA YBPEX/IaHUS.
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modulates other neurotransmitter systems. It
enhances the release of endogenous opioids,
which relieve pain. This interaction amplifies
its analgesic properties, making it effective for
pain management during surgical procedures.
It also increases the levels of GABA (gam-
ma-aminobutyric acid), a major inhibitory
neurotransmitter in the brain. The increased
GABA activity contributes to the sedative and
anxiolytic effects [6]. Although the actual pub-
lic health consequences of widespread N, O use
are small, as it is a relatively safe agent in low
doses, its chronic use is associated with seri-
ous consequences such as peripheral neurop-
athy, myelopathy, and demyelinating diseases,
collectively referred to as generalized demye-
linating polyneuropathy (GDP) [7].

A correlation has been found between the
degree of nitrous oxide use (in balloons) and the
severity of myelopathy and GDP. Most chronic
users (average: 300 balloons/day for 6 months)
show signs of neuropathy. Cobalamin (Vitamin
B12) deficiency in patients with GDP is com-
mon in several studies [9, 10, 11], and its sup-
plementation leads to significant neurological
improvement or even recovery in most patients
[11]. However, some recover only partially, with
persistent neuropathies presenting as pares-
thesia and limb weakness [12]. Chronic use is
also associated with psychiatric symptoms such
as anxiety, depression, neurocognitive deficit,
and delirium [13]. These symptoms, however,
do not appear to be a result of cobalamin de-
ficiency [14]. Although vitamin B12 has been
found to be lowered in chronic nitrous oxide us-
ers with neurological damage, this isn’t always
the case, making it unlikely that its deficiency
is the sole cause of such damage. In fact, many

studies haven’t found a correlation between co-
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BChIHOCT MHOT'O MPOYYBAaHUSI He ca YyCTAaHOBUJIU
KopeJiallisl MeX/ly CUMIITOMUTE W HUBATa Ha KO-
6asmamMuH [12]. Toil pyHKIMOHHpPA KAaTO OCHOBEH
KOdaKTOp B pereHepalrusTa Ha METHUOHUH U 06-
pa3yBaHeTO Ha TeTpaxuApodoaT, KOUTO y4yacTBa
B OHOCUHTETUYHUTE IIbTHINA Ha MeTaboJM3Ma
Ha HYKJIEMHOBHUTE KHUCEJMHU U aMUHOKHUCEJIUHU-
Te [15]. PalickusT ra3 npeu3BUKBa HEOOPATUMO
OKHCJISIBaHEe HA KOGAJTOBUS HOH. B pe3yarar Ha
TOBa TOHW Beye He GYHKLMOHUPA KAaTO KOaKTOp
MEeTHJIKOOAJaMHH B €H3MMHOTO 00pa3yBaHe Ha
METHOHUH U TeTpaxuzpodosaT. MeTUIHpPAHETO
Ha /IHK/PHK/npoTenHu 4pe3 METHOHUH € Cb-
IEeCTBEHA CT'bIIKA B MPOU3BOACTBOTO Ha docdo-
JIMIIUIU Ha MUeJIMHOBaTa o6BUBKa (¢ur. 1) [16].
HapymieHoto metunupaHe Ha /JIHK/PHK mo-
paZiy IOHIKEHW HUBA HAa METUOHHWH Ype3 OKUCJIS-
BaHeTo Ha Kob6asaMuH oT N,O e CBbp3aHO C MHOTO
HeBpoJlereHepaTUBHU pascTpoiicTBa. Makap ue
ce mpeArnoJara, 4ye Tesu GakTOpU ca B OCHOBATa
Ha HEBPOTOKCHUYHOCTTA, Ca MPeAJIOKeHU U JPyTH
¢dbaxTopH, KOUTO JOMPUHACAT 32 TOBA. XOMOLIUCTeE-
WH'BT, KOUTO Ce HAaTPyIIBa IPU XPOHUYHO H3JIaraHe
Ha N,O, Moxxe 2 6'b/le HEBPOTOKCHUYEH, KaTo Tpe-
JIM3BUKBA CBpPbXCTUMy/anusag Ha N-mertws-D-ac-
naptatHuTe (NMDA) peuenTopu. [IpouiecshT Bogu
[0 yBeJIMYaBaHe Ha LUTOMJIA3MEHHUTe Ka/lueBH
HOHHU, U3pa3sBalKK Ce B OKCUJIATUBEH CTPEC, MPU-
yuHsaBaly anonTo3a [17, 18]. [Ipu HsAKOW ciy4ay,
BBIPEKU HOPMaJIHUTE HMBAa Ha BUTaMUH B12,

Methicnine

\

Spinal cord
& S | Methionine

degeneration
syntase
q Homocysteine

NMDA receptor Cobalamin/
Vitamin B12

e

Methylmalonate Methylmalonyl-CoA

mutase

balamin levels and symptoms [12]. Vitamin B12
functions as an essential cofactor in the regen-
eration of methionine and the formation of tet-
rahydrofolate, which is involved in the biosyn-
thetic pathways of nucleic acid and amino acid
metabolism [15]. Nitrous oxide causes irrevers-
ible oxidation of the cobalt ion. As a result, it no
longer functions as the methylcobalamin cofac-
tor in the enzymatic formation of methionine
and tetrahydrofolate. Methylation of DNA/RNA/
proteins via methionine is an essential step in
the production of myelin sheath phospholipids
(Figure 1) [16].

Impaired methylation of DNA/RNA due to
lowered methionine levels, through the oxi-
dation of cobalamin by N,O, is linked to many
neurodegenerative disorders. While these fac-
tors are presumed to be the basis of neurotox-
icity, other contributing factors have also been
proposed. Homocysteine, which accumulates
with chronic N,O exposure, can be neurotoxic
by causing overstimulation of N-methyl-D-as-
partate (NMDA) receptors. This leads to an in-
crease in cytoplasmic calcium ions, resulting
in oxidative stress and causing apoptosis [17,

18]. In some cases, despite normal vitamin B12

Methyl- dur. 1. OCHOBHM MeXaHU3MH,
/ tertrahydrofolate y4acTBall[{ B HEBPOTOKCUYHOCT-
[ Ta, NpeJu3BUKaHA OT PaKCKH
\ ra3. lleHTpasHaTa TOKCHYHOCT
“\ Tetrahydrofolate Bb3HUKBA OT JI€AKTUBMPAHETO
Ha KOGalTOBUS MOH B MOJIEKY-
JlaTa Ha KobajaMUH (BUTaMHUH
B12), koeTo BozY Z0 KacKaZa OT
HEBPOTOKCUYHU edeKTH [25]

Fig. 1. The main mechanisms
involved in nitrous oxide-in-
duced neurotoxicity. Central
toxicity arises from the deacti-
vation of the cobalt ion in the

\ / \ cobalamin (vitamin B12) mol-

Methylmalonyl-CoA
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ecule, leading to a cascade of
Succinyl-CoA neurotoxic effects [25]



MOJKe /1a Bb3HUKHE QYHKI[MOHAJIEH JIePULIUT, KOU-
TO Cce IMAaTHOCTUIIMPA Ype3 BUCOKUTE HUBA Ha Me-
TUJIMAJIOHOBA KHCeJWHA U xoMouucTerH [19]. Tlo
OTHOLIIEHHE Ha Bb3MOXHUA ToTeHnran Ha N,O aa
npeJyu3BUKa 3JI0yNOTpeba WU 3aBHCHMOCT, Me-
XaHU3M'bT Ha 0CBOOOXK/|[aBaHe Ha €HJIOTeHHU OMU-
OUJU € HaW-JIOTHYeH, Thil KaTO 3aBHCUMOCTTA Ce
MeJIuMpa IJIaBHO 4Ype3 [-ONMHUOUJHUSA PeLenTop, a
He upe3 K-onuouiHUsA penentop [20]. Jpyr mMexa-
HU3BM Ha Bb3MOXHHUTE NPUCTPACTSBAILU CBOU-
crBa Ha N,O e HEroBUAT aHTaronn3bM KbM NMDA
peuenTtopa [21], mofgo6HO Ha KeTaMHUHa, ApPYT
NMDA-penienTopeH aHTaroHMUCT, U3I0JI3BaH KaKTO
KaTO aHeCTETHUK, Taka U KaTO BelleCTBO, C KOETO
ce 3JI0ynoTpe6siBa M MMa JIOKAa3aH PUCK OT 3aBU-
cuMmoct [22]. IlpeanosiaraeMusiT MeXaHU3BM 3a
HarpakJaBallluTe CBOMCTBA HAa TE3U aHECTETHUIIY €,
ye 6yiokdpaHeTo HA NMDA pelnenTopuTe MoBUIlIa-
Ba UHXHWOHPAHETO HA JIONMIAMUHOBUTE HEBPOHU OT
GABA-epruyH1TE HEBPOHH, 0COOEHO BB BEHTPAJI-
HaTa TerMeHTasHa 06J1acT U nucleus accumbens,
Cbh3/AaBalKH JIOIAMUHOB M36JKK (dur. 2) [23, 24].
B CBBKYITHOCT YECTOTO U3MO0JI3BaHE HA PaliCKu
ras BoJy /0 THAKTHBUPAHe Ha KOOaslaMUH, GJIOKU-
pane Ha NMDA pelnenTopyTe U KackaZia oT MeTabo-
JINTHU ePEKTH, KOUTO JOTIPUHACST 33 3aBUCUMOCTTA
Y HEBPOTOKCUYHOCTTA, OTTOBOPHMU 3a HeXeJaHUTe
CbOUTHS, HAOJII0/JaBaHU B KJIMHUYHATA MPAKTHKA.

_——— Opiodergic

neuron
L]
f} @ Opioidrelease
T

N,O
: \|’Mu opioid receptor

GABA

-
interneuron
NMDA

receptor

Glutamate

<" .’ DArelease

L

Disinhibition
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levels, a functional deficiency can occur, which

may be diagnosed by high levels of methylma-
lonic acid and homocysteine [19]. Regarding
the possible potential of N,O to cause abuse
or dependence. The mechanism of endogenous
opioid release is the most logical, as depen-
dence is primarily mediated by the mu-opioid
receptor, rather than the kappa-opioid recep-
tor [20]. Another mechanism for the possible
addictive properties of N,O is its antagonism to
the NMDA receptor [21], similar to ketamine,
another NMDA-receptor antagonist used both
as an anesthetic and a substance of abuse with
a proven risk of dependence [22]. The pre-
sumed mechanism for the rewarding proper-
ties of these anesthetics is that the blocking of
NMDA receptors enhances the disinhibition of
dopamine neurons by GABAergic neurons, es-
pecially in the ventral tegmental area and nu-
cleus accumbens, creating a dopamine burst
(Figure 2) [23, 24].

The frequent use of nitrous oxide leads to
cobalamin inactivation, NMDA receptor block-
ade, and a cascade of metabolic effects that
contribute to dependence and the neurotoxicity
responsible for the adverse events observed in
clinical practice.

@ur. 2. I3BecTHHUTE MeXaHU3MH Ha JIeHCTBHE
Ha palicKys ras, KOUTO ca CBbp3aHU ChC 3J10-
ynotpe6ata u 3aBucumoctTta. N,O mpeaus-
BHKBa OCBOOOXK/[aBaHE Ha ONUOM/U B IEepH-
aKBe/lyKTaJ/IHaTa CHBA 30HA, OT €/lHA CTPaHa,
aoT Jipyra cTpaHa, IedCTBa KaTO aHTarOHUCT
Ha N-metusn-D-acnapratHus (NMDA) penern-
Top. Ilo gBata mbTst N,O e B chcTOsIHUE Jia
MHXM6Mpa raMa-aMMHOMAc/IeHaTa KHCeJHa
(GABA) UWHTepHEBPOHH, Je3UHXUOHPAUKU
ocBoGoXJaBaHeTo Ha gonaMuH (DA), koeTo
MO>Ke Jia peI3BUKa CUMIITOMH Ha 3JI0yIO-
Tpeba ¥ 3aBUCUMOCT [25]

Fig. 2. Known mechanisms of action of nitrous
oxide associated with abuse and dependence.
N0 causes opioid release in the periaqueduc-
tal gray area, on the one hand, and on the oth-
er hand, acts as an antagonist of the N-meth-
yl-D-aspartate (NMDA) receptor. Through both
pathways, N,O is able to inhibit the gamma-am-

DA neuron

inobutyric acid (GABA) interneurons, disinhibiting dopamine (DA) release, which can cause symptoms of abuse and dependence [25]
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ONMHUCAHUE HA KJ/IMHUYHHU CJIYYAH

[Ipu mbpBUA cay4ail ce Kacae 3a 21-roguinHa
nanueHTKa, XOCNUTaJu3MpaHa B HEBPOJIOTUYHA
KJWHUKA MOpaJiid OIJIAKBaHUSI OT MPOTPECUBHO
HapylleHHWe B MOXOJKaTa — CJ1aboCT B JIOJIHUTE
KpalHUIM, 60JIKa B KP'bCTA U NMOAOPEAPULUTE C
HayaJio npefu 2 Mecela. HapyuieHo e u usnpa-
BAHETO OT KJIEKHaJI0 TOJIOKEHUE U BbPBEHETO
10 CTBJOUTE C HY}/a Jia ce noanupa. ChobiiaBa
ChII[0, Y€ UMa U U3TP'bIIBAHE HA TOPHUTE U I0JTHU-
Te KpallHUIY, 10-U3Pa3eHo B JOJHUTE, C MOCTe-
IIeHHO TporpecupaHe KbM KpbCTa U I'bpba. be3
aHaMHEeCTHYHU JJaHHU 3a UHPEeKLUUH Npe3 moc-
JgenHuTe Mecend. OT HEBPOJIOTUYHHUS CTATyC ce
yCTaHOBsIBA HaMaJleHa MyCKyJIHa CUJa 3a JJ0JIHU-
Te KpalHUIM, KAKTO U PH IJIaHTAapHA U 0op3aJi-
Ha ¢JieKcus, € IBYCTPAHHO CHM)KEHU axUJIOBU U
KOJIEHHU pedJieKcH, XUIlecTe3us 3a JJOJHU U Top-
HU KPaWHULM 10 JUCTAJIEH THII, HAPYIIEeH CTaB-
HO-MYCKYyJIEH U JIBYMEpPHO-NIPOCTPAHCTBEH YCET,
MMIIepaTUBHU MO3UBU 33 YPUHUPAHE C UHKOH-
THHeHIMA. ONJIaKkBaHUATA ca 3al04YHalIu CJiej
HSIKOJIKOMecCeuHa 3J10ynoTpebda ¢ paicku ras. [lo
MOBO/JT Ha TAX 3alo4yHaJa Ja NpueMa BUTAMUHHU
OT rpyna B, HO c He3a/|0BOJIMTENHO MOBJIUSIBA-
He Ha CUMIITOMUTe Ha ¢poHa Ha MPOAbIKABALILO
3J0ynoTpebsBaHe cbC cyocTaHuusATa. OT npoBe-
JIeHUTe KPbBHU U3CJIe[IBAaHUS Ce YCTAHOBAT BU-
COKHM CTOMHOCTH Ha BUTaMuH B12 (Ha ¢oHa Ha
npreMaHa Beye 3aMeCcTUTesHa Tepanus). [Ipo-
BeJleHH ca U u3scieBane 3a HIV, cuduuc, murto-
BU/IHU XOPMOHH, JTUKBOPHO U3CJIeIBAHE C OIJIE]
W3KJII0YBaHe Ha JPYTH MPUYUHU 32 MOJHUHEBPO-
naTus - 6e3 JaHHU 32 OTKJIOHeHus. EnekTpomu-
orpadcKoTO HU3c/IeiBaHe MOKAa3Ba CEH30MOTOPHA
nepudepHa HeBponaTHs, NPeJUMHO Ha JIOJHUTE
KpalHUIIY, C pETUCTPHUPAHU HaMaJIeH! aMILJIUTY-
¥ OT ceH30pHUs notenuuan (SNAP) Ha n. ulnaris
U n. medianus, JOKaTO MOTOpPEH MOTeHLHa] He
ce perucTpupa oT n. peroneus u n. tibialis, koeTo
COYH 3a TEXKO MOTOPHO yBpeK/AaHe Ha JOJHUTE
KkpalHuny. [lopagu HaMajleHUTe CEH30pHU IO-
TEHLUaJI1 Ha TOPHUTE KpalHHULU ce peJIoJara,
Yye mpouechT e Audy3eH U 3acra KaKTo TOPHU-
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CLINICAL CASES

The first patient is a 21-year-old female ad-
mitted to the Neurology Clinic complaining of
progressive gait disturbance, lower limb weak-
ness, and pain in the lower back and calves,
starting two months prior. She also had diffi-
culty getting up from a squatting position and
climbing stairs, requiring support. She report-
ed numbness in the upper and lower limbs,
more pronounced in the lower ones, with
gradual progression to the lower back. There
was no history of infections in recent months.
Neurological examination showed reduced
muscle strength in the lower limbs, as well
as with plantar and dorsal flexion. Bilaterally
decreased Achilles and knee reflexes, hypoes-
thesia in the lower and upper limbs of a distal
type, impaired joint-muscle and two-dimen-
sional spatial sensation, and imperative urg-
es for urination with incontinence. Symptoms
began after several months of nitrous oxide
abuse. She started taking B vitamins, but with
unsatisfactory symptom response amid contin-
ued substance abuse. Lab Tests: High vitamin
B12 values were found (due to already-initiat-
ed replacement therapy). Tests for HIV, syphi-
lis, thyroid hormones, and cerebrospinal fluid
analysis were normal, ruling out other causes
of polyneuropathy. Electromyography (EMG)
showed sensorimotor peripheral neuropathy,
primarily of the lower limbs. Decreased sen-
sory action potential amplitudes (SNAP) of the
ulnar and median nerves were recorded. Motor
potential was not recorded from the peroneal
and tibial nerves, indicating severe motor dam-
age in the lower limbs. Decreased sensory po-
tentials in the upper limbs suggested a diffuse

process affecting both upper and lower limbs.



Te, Taka U JjoJHUTe KpalHu1d. OT MPT Ha mueH
cerMeHT (dur. 3) ce oTUUTAT HECUTHUDUKAHTHA
HaxoJIka U HOpMaJieH o6pa3 3a Bb3pacTTa, 6e3
W3MeHEeHHUsI B 3aJJHUTE CTBHJOIU. Bbnpeku dye
CTaHJapTHOTO JiedeHUe npu N,O HeBpomaTus e
OCHOBHO 3aMeCTUTeJIHA Tepanus ¢ BUTaMuH B12,
Nopajy TeXeCTTa Ha MOTOPHOTO YBpeXAaHe NpU
nanueHTKaTa e BKJIYeHa U KUMyYHOMOAy/IMpalia
Tepanus ¢ UHTPABEHO3HO MPUJIOKEHHEe Ha UMY-
HOIVIOOYJIMHU U NOCJIe/Ballla TaKaBa C HUCKa /103a
KOPTUKOCTEPOU/IU, KaTO B paMKWUTe Ha 14 nHU
npecTod ce HabJIIOJaBa 3HAYUTENHO KIMHUYHO
nofo6peHue, BKIOYUTENHO NPU ABUraTesHaTa
bYHKIMSA U TOXO/IKATa.

[Ipu BTOpHUA cay4yall ce Kacae 3a 24-rofguileH
M'BXK, XOCOIUTaJIM3UPaH B HEBPOJIOTUYHA KJIWHU-
Ka Mopa/i1 omJlakBaHus oT 1 ceiMuLia OT mporpe-
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Cervical MRI (Figure 3) showed insignificant
findings and a normal image for the age, with
no changes in the posterior columns. Although
standard treatment for N,O-neuropathy is pri-
marily vitamin B12 replacement therapy, due
to the severity of the motor impairment, the
patient was also started on immunomodulat-
ing therapy with intravenous immunoglobulins
(IVIG), followed by a low dose of corticoste-
roids. Significant clinical improvement, includ-
ing in motor function and gait, was observed
within 14 days of hospitalization.

The second patient is a 24-year-old male
admitted to the Neurology Clinic complain-
ing of progressive numbness in all limbs

CUBHO U3TPBIBaHE HA BCUYKU KPAaWUHUIM, KAKTO : :
p p 1M, and weakness in the upper limbs, more pro-
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M CJ1ab0oCT 32 FTOPHUTE KpalHHULHM, MO-U3pPa3eHO
3aJieBuTe. [1o HEroBH JJaHHU CUMIITOMUTE 3aT0Y-
BaT cJieJ] U3BbPIIBAHE HA MaHyaJlHa Tepanus Ha
IIMATA, HO U C aHAMHECTHUYHHM JIJaHHU 32 NpPUEM

nounced in the left, for one week. According
to him, the symptoms began after undergoing
manual therapy on the neck, but he also had a

Ha paiicKy ras 1o BpeMe Ha pa6oTa B 3aBegenue.  history of nitrous oxide use while working in a

Ok HEBPOJIOTUYHHUA CTATYC Ce€ YyCTaHOBABAT pe-
AYLHPpAaHU 11O 06eM aKTUBHH JABUXKEHHUA 3a BATA

restaurant. Neurological examination revealed
reduced active movement volume in both up-

®ur. 3. MPT Ha mueH cerMeHT NpY I'bPBU NALlMEHT: U3IJaje-
Ha UKHA Jopjo3a. [IpelieHHUTE Tesa B U3CJAe[BaHUS 06€M OT
rpb6HAYHUSA CT'BJIO Ca ChC 3ama3eHa BUCOYMHA U dopma. Mexay-
npelieHHUTe JUCKOBe B INMMHUS OT/leJI ca CbC 3alla3eHa BUCOYMHA.
Ha BcuukM 06XBaHAaTH HUBA He Ce YCTAHOBABAT MATOJOTHUYHU MPO-
MeHU. COMHAIHAT KaHa B LIMHHUSA OTAeJ e CbC 3alla3eHa IHUpUHa.
HecurnudukaHTHa HaxojAKa Npu npoBeZeHoTo MP u3scienBaHe Ha
IMUHU NpelleHu

Fig. 3. MRI of the cervical spine - Patient 1: Straightening of the
cervical lordosisis observed. The vertebral bodies within the examined
segment of the spine demonstrate preserved height and normal
morphology. The intervertebral discs in the cervical region maintain
normal height. No pathological changes are identified at any of the
evaluated levels. The cervical spinal canal is of normal width. Overall,

the MRI of the cervical spine reveals no significant abnormalities
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rOpHHM KpalHHKa, 0-U3pa3eHo 3a JisiBaTa P'bKa, €
OTCJIaGEHU CYXOXKUIHU pedieKcH 3a TOPHU Kpail-
HUIIM, KAKTO U TeJIeCHA XeMHUXUIIeCTe3Usl BJISIBO.
OT mpoBeieHUTe J1abOPATOPHU HU3CJe[BaHUS He
Ce YCTAHOBSBAT CbIECTBEHU OTKJIOHEHMUS, C U3-
KJIl0UeHHe Ha CHWKEHO HHMBO Ha BUTaMMH B12.
Hopmasnna Haxogka oT npoBegeHa KT Ha wuiHU
npenieHu (¢ur. 4) 3a U3K/IIOYBaHE Ha TpaBMa-
THYeH NPOliec, C OTJIe/] MPOBeXJaHaTa MaHyaIHa
Tepanus, KaKTO U HOPMaJIHO eJIeKTpoHeBporpad-
CKO u3cjezBaHe. 3all0oYyHaTa € 3aMeCTUTeJIHA Te-
panusi ¢ BUTaMUH B12, KaTO HAKOJIKO JHU CJE],
npueMa G0JHUAT OTYMTA 3HAUMTEJNHO IoJ0b6pe-
HUe Ha JIBUTATeJHUS U CETUBHUSA JePUIUT U e
W3MHKCaH C NpoAb/’KaBallo JieyeHue 3a JoMa.

OBCBXXJIAHE

JleMOHCTPUPAHUAT IbPBU KJIMHUYEH CJY-
4yall 3acsira maluMeHTKa C JAaHHU 33 TEXKO MO-
TOPHO YBpeXJaHe Ha [JOJHUTe KpaWHUIY,
NOAKpENeHO OT eJIeKTPOHeBporpadpckoTo wus-

>> 56

per limbs, more pronounced in the left arm.
Weakened tendon reflexes in the upper limbs,
as well as bodily hemihypoesthesia on the left.
No significant deviations in laboratory tests
were found, except for a low level of vitamin
B12. Normal findings from a CT scan of the
cervical vertebrae (to rule out a traumatic pro-
cess, considering the manual therapy) (Figure
4) and a normal electroneurographic examina-
tion were reported. Vitamin B12 replacement
therapy was initiated. Several days later, the
patient reported significant improvement in
motor and sensory deficits and was discharged
with continued home treatment.

DISCUSSION

The first clinical case demonstrates a pa-
tient with evidence of severe motor damage in
the lower limbs, supported by the electroneu-
rographic examination. The serum vitamin B12

®ur. 4. KT Ha IMHAHYU NpelieHd IPU BTOPUS NMalMeHT: U3IVIaZleHa LHH-
Ha Jiop/io3a. JIMICBAT JilereHepaTHBHU IPOMEHU Ha HHTepBepTeGPaHUTE
craBy. [IpeliyieHHUTE TeJla B U3CJIe/BaHUs 00eM ca CbC 3ala3eHa BUCOYH-
Ha. be3 JaHHU 3a ;MCKOBa NPOTPY3HUs U CIIMHA/IHA CTEHO3a

Fig. 4. CT of the cervical spine - Patient 2: Straightening of the cervical
lordosis. No degenerative changes of the intervertebral joints are present.
The vertebral bodies within the examined area are of preserved height. No
evidence of disc protrusion or spinal stenosis



ciaenBaHe. CepyMHUAT BUTaMUH B12 e Bucok no-
paJyd mpejiBapuTesiHa 3aMeCTUTEJIHA Tepamnus,
KOEeTO M3KJII0YBa KJacu4yeckaTa IpU4YMHa 3a Me-
TaboIMTeH e QULUT KAaTO eJUHCTBEH paKTop 3a
KJMHW4YHaTa TexkecT. MPT Ha rpb6HAYHUSA MO3'BK
e B HOpMa, 6e3 U3MeHeHUs B 3aJHUTE CTbJIOLU.
Bbp3UAT ¥ 3HaUUTeJIEH KJIMHUYEH OTTOBOP KbM
uMmyHoBeHUH (IVIG), mocienBaH OT KOPTHUKOCTe-
poujiHa Tepanus, npejnoJsara HaJIu4UueTo U Ha
Bb3NaJUTeJeH WJIU HMyHOMeAWHUpPaH KOMIIO-
HEHT B MaToreHe3aTa Ha 3a6o0JifiBaHETO. Bb3-
MOXXHHUTE MeXaHW3MU BKJIIOYBAT: aKTHBUpaHe
Ha aBTOMMYHHH NpoLecH cpelly nepudepHuTe
HepBH B pe3yaTtaT Ha N,O-uHaynupaHo Metabo-
JIMTHO CTPECOBO YBpeX/JaHe, BTODUYHA UMyHHa
JleMueJIMHUA3alMs, KOSITO yTeXHfBa MOTOpHa-
Ta AUCOYHKIMA U 3a6aBs peMHUEJTHHU3ALUT],
MoJAy/iallus Ha Bb3NaJWTEJHU MeAUATOPU U
aBTOAQHTHTeJIAa OT UHTPABEHO3HUTE HMMYHOIJIO-
OyJIMHY, KOETO MOAIOoMara Bb3CTAHOBSIBAHETO
Ha MOTOpHaTa U ceTuBHaTa ¢yHkuA. OT Ha-
CTOSIIMUSA CJAy49all MoXKe Za ce 060061iM, 4ye npu
TeXKU U nporpecuBHu popmu Ha N,O HeBpo-
naTHs NOHsSKOra ce HabJoaBa AON'bJIHUTEEH
VMYHeH KOMIIOHEHT, KOUTO 06sCHSIBAa HeCbpas-
MEPHO TeXKaTa MOTOpHA AUCOYHKIHUS BbIpe-
KM HOPMaJIHUTE WM BUCOKHWTE CEPYMHHU HUBaA
Ha BuTtamuH B12. ToBa npejnoJiara, ye B HAKOU
KJVMHUYHU CUTyallud UMYHOMOJyJAUpaliaTa Te-
panus Moxe Jia 6'be epeKTHBHA KAaTO JJOM'bJIHE-
HUe K'bM CTaHJapTHaTa 3aMeCTUTeIHa Tepalus,
YCKOPSIBaWKM KJUHWUYHOTO B'b3CTAaHOBSBaHE U
noAo6psiBaliku pyHKIMOHAJHUSA U3XO[. 3a pas-
JIMKa OT 'bPBUA KJIWHUYEH CAy4Yall BbB BTOPUS
NalyMeHTHhT HUMa Jieka [0 YyMepeHa CeTHBHA U
MOTOpHA AUCYHKIIMS, 0-U3pa3eHa 3a TOPHHU-
Te KpaWHUIHY, C SICHO MOHMXKEHU CTOMHOCTHU Ha
cepyMeH BUTaMuH B12, 6e3 faHHU 3a eJIEKTPO-
HeBporpadcko HapylleHUe B cTOUHOCTHUTE, a KT
Ha WIWHHWTE NMpeLlJIeHU U3KJ/I4YBa CTPYKTYpHaA
npuyuHa. [Ipy Hero 6bp30TO MOAOO6PEHHE CaMO
cJaes 3aMeCTUTesJHa Tepamnusa C BUTaMUH B12
COYH, Ue OCHOBHUSAT NAaTOreHeTUYEeH MEXaHU3'bM
e MeTaboysiMTeH AeUIUT HA KoOasaMHH, Oe3
3HAYWTeJIeH B'b3NaJUTeJeH KOMIOHEHT.
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was high due to prior replacement therapy,
which rules out the classic cause of metabol-
ic deficiency as the sole factor for the clinical
severity. Spinal cord MRI was normal, with no
changes in the posterior columns. The rapid
and significant clinical response to IVIG, fol-
lowed by corticosteroid therapy, suggests the
presence of an inflammatory or immune-medi-
ated component in the pathogenesis of the dis-
ease. Possible mechanisms include activation
of autoimmune processes against peripheral
nerves resulting from N,O-induced metabol-
ic stress damage, secondary immune demye-
lination that exacerbates motor dysfunction
and delays remyelination, and modulation of
inflammatory mediators and autoantibodies
by intravenous immunoglobulins, which aids
the recovery of motor and sensory function.
The case highlights that an additional immune
component may be observed in severe and pro-
gressive forms of N,O-neuropathy. This could
explain the disproportionately severe motor
dysfunction despite normal or high serum vi-
tamin B12 levels. This suggests that in certain
clinical situations, immunomodulating therapy
can be effective as a supplement to standard
replacement therapy, accelerating clinical re-
covery and improving functional outcome. In
contrast, in the second clinical case, the patient
had mild to moderate sensory and motor dys-
function, more pronounced in the upper limbs,
with clearly lowered serum vitamin B12 values.
There was no evidence of electroneurographic
abnormality, and a CT scan of the cervical ver-
tebrae ruled out a structural cause. His rapid
improvement solely after vitamin B12 replace-
ment therapy indicates that the main pathoge-
netic mechanism was a metabolic cobalamin
deficiency, without a significant inflammatory

component.
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3AKJ/IIOYEHHUE

3s0ynoTpebaTa ¢ palicku ras (AUa3oTeH OK-
cua, N,O) Boju /10 pa3/IMuHU HEBPOJIOTUYHU YC-
JIOXKHEHUS1, BKJIKOUUTENHO nepudepHa HeBpoma-
THs, CybaKyTHa KOMOWHUPaHa JereHepalrys Ha
IrpbOHAYHUS MO3BK U JIeMHUEJMHU3UPAIU PO-
I[eCH, KaTO OCHOBEH MaTOreHeTHYeH MeXaHHU3'bM
e QYHKIMOHAJHUAT WA aOCONIOTHUAT AePULUT
Ha BuTaMuH B12. N,O 3acara MHOeCTBO 6UOMO-
JIEKYJISPHHU II'bTHUILA, BKIIOYUTEJTHO MeTUIHMpPaHe
1 XOMOILIMCTEMHOB MeTabo0JIM3bM, KOETO 06sc-
HsIBA KaKTO HEBPOTOKCHYHOCTTA, TaKa U MOTEH-
Masia My 3a 3Jioynotpe6a. [IpescraBeHUTe KIIH-
HUYHU CJIy4yad MNOAYEPTABAT XeTEePOTeHHOCTTA
Ha N,O HeBpomnaTHsTa U HEO6XOJUMOCTTA OT HUH-
JUBUAYAJU3UPaH MOAX0/;: OlleHKa Ha MOTOpHATa
U ceTHUBHaTa JUCOYHKIMS, CEpYMHHUTE HMBA Ha
BUTaAaMUH B12 ¥ Ha/iMuMeTo Ha Bb3MO>KeH B'b3I1a-
JINTeJIeH KOMIIOHEHT. PAHHOTO pa3no3HaBaHe Ha
CHMIITOMHTE, CBOEBPEMEHHOTO IMPeKpaTsIBaHe Ha
ynoTpebaTa Ha CyGCTAaHIUATA U aJalTUPAHUST
TepaneBTHUYEH MMO/X0/, CaA KPUTUYHHU 32 ONTHUMHU-
3vpaHe Ha QYHKIMOHATHUSA U3X0/] U HAMaJISIBAHE
Ha J'bJITOCPOYHHTE HEBPOJIOTUYHHU MOCEICTBUS.
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HMHCTPYKIIMUU KBM ABTOPUTE

[Ipuemar ce 3a ny6JIMKyBaHe: OpUTMHAIHU CTaTUH, 0030pH, KIMHUYHU c1y4yaH, pedepaTH, pelleH3UH, KpaTKU
Hay4yHH cboblieHus (McMa Ao pefakTopa v Ap). [I'pBUTe TpH kaHpa ca 06eKT Ha peljeH3upaHe (CbC CTaHAAPTH-
3upaHu GopMysIsipH), 2 OCTAaHAIUTE MOJJIeXKAT Ha eKCIIepTHA NpeLieHKa OT CTpaHa Ha peJKoJIerusTa.

KopecnongupaiiuaT aBTop 0CoYBa CBOM JAHHU 33 KOHTAKT (eJIeKTPOHEH aZipec, [0 XKeJlaHHe — MOLeHCKU
ajpec U TesiepOoH) U JeKJapupa, e MaTepua bT He e NyGIMKyBaH Jlocera, OCBeH KaTo pe3loMe Ha ChOoGILIeHHe,
M3HeCeHO Ha Hay4yHa NposiBa, U He e NpeAJIoKeH 3a Ny6IuKanus Apyraje. ABTOPUTE HOCAT OTTOBOPHOCT 32 Cb-
J'bpXKaHUEeTOo Ha Mmyb6sruKanuuTe. [IpefcTaBeHUTe MaTepUalu U ONUCAHUTE B TAX U3CJIe[BaHUsA Cle/Ba a ChOT-
BETCTBAT Ha YTBbPAEHUTE €eTUYHHU CTAaHAAPTH OTHOCHO NPOBEXKJAHETO HA KJIMHUYHU U /WU eKClIepUMeHTaTHU
NPOYYBaHUS C Xopa (AeKJapalusTa oT XeJ3UHKH) U ONIUTHHU )KUBOTHU. He Tps6Ba Jja ce cloMeHaBaT NalueHTH C
TeXHUTEe UMeHa, MHULMA/IU WJIH [a ce IPe0CTaBsi CHUMKOB MaTepHaJl, Ha KOWTO Te MoraT Ja 6'bJjaT pa3no3HaTH.
Cb6urofjaBa ce CTPUKTHOTO Clla3BaHe Ha aBTOPCKOTO MpaBo — TeKcToBe ¢ HajZ 10% [OCJ0BHO MOBTOpPeHHE Ha
4y/Aa Ny6/IMKaLys ce BpbIAT 32 IpepaboTKa.

06eMm (mpubsM3UTENeH) HA TPeJJIaraHuTe MyOIuKaIUU:

Bup ny6snkanus Bpoii pedepen-
Bpoii symu B ocHOBHUA TeKCT | Bpo#t 1ymMmu B pestomeTo o
OpurvHasiHa CTaTUs 2500-5000 200-300 30
0630p 3000-6000 100-200 50
KnvandeH ciayyai 1000-3000 100-200 20
KpaTko Hay4HO chobuieHMe, pedepaT, pereH3us 500-1000 - 10

[Ipuemart ce ¢daitsioBe Ha nporpama MS Word. Hama cnenudruyHu U3UCKBAaHUSA 32 pa3Mep U BUJ Ha WPUPTa,
pa3cTostHUE MeXAY peJloBeTe, oJieTa U Ipyro oGopMIeHHE.

Bcsika cTaTusl 3an04Ba C'bC 3arjaBue (6€3 cbKpallleHHs1), UMeHa Ha aBTOpuUTe (6e3 mocoyBaHe Ha akaZeMU4-
HU U JPYTH TUTJIM), TAXHATA MeCTOpPaboTa, 0603HavyeHa ¢ L[U(POB HHJEKC, pe3l0Me B IOCOYeHUsT 06eM, KII0Y0-
BM fyMu. CTaTUsATa ce 0JaBa U NIpeBe/ieHa Ha aHIVIMMCKYU e3UK, KaTO aHIJIMHACKUSAT NPeBOJ e el GbarapcKkus
TEKCT B eJMH o601y ¢pail. B pe3roMeTo Ha BCsiKa OpUTMHAJHA CTATHs Ce MOCOYBAT: LieJl U 06EKT Ha U3cJie/BaHe-
TO, OCHOBHHM JJaHHH 338 MEeTOAUKATA, Pe3yJITaTH U U3BOAU. Pe3toMeTaTa KbM APYrUTe BUAOBE CTATUH BKJIIOYBAT
KpaTka uHdopManus 6e3 o6ocobeHa CTpyKTypa. KiroyoBuTe AyMu 3a BCeKH BUJ, yGIMKaLKsA ca Mex Ay 3 U 8 Ha
OpoH, KaTo MoraT Aa 6'bJjaT eAUHUYHU AYMHU UM KPaTKU CJI0BOCBhYETAHUS, OOLIONPHUETH B KOHKpeTHATa 06/1acT
Ha I03HaHUe.

uTHpaHusaTa Ha 6UGINOrpadCKUTE U3TOUHUILIU B TEKCTa ce 0603Ha4YaBaT ¢ LMdpU B KBaApPaTHU CKOOU IO
peZa Ha nosiBaTa UM. bubsinorpadusiTa ce nojpex/a 1o pejja Ha NosiBa Ha U3TOYHUIUTE B TEKCTa. M3nucBaHeTo
Ha BCEKU M3TOYHHUK € Ha HOB peJ ¢ apabcka HoMepauus. JJaHHUTe ce opopMAT No cjaefHUs HauuH (BaHKYBBp
CTU):

- Cmamuu: ABTop(u). 3arsaBue Ha cTaTUsTa. 3arjiaBue Ha ciucaHueTo (cbkpaTeHo no Index Medicus), ro-
JIuHa, ToM (volumen), HoMep Ha KHWXKaTa (6poit) B ckobu, crpanuu (ot-10). [Ipumep: Yakub YN, Freedman RB,
Pabico RC. Renal transplantation in systemic lupus erythematosus. Nephron, 2019, 27(1):197-201.

- [ly6auxkayuu om c6opHuk: ABTOp(1). 3ariaBue. B: (3a saTuHuna In:) 3arsiaBue Ha c6opHuKa. [lopegHOCT Ha
W3/ aHUeTO, peJakTopu. MecToussaBaHe (rpaj), U3aTesCTBO, FOLHMHA HA U3/laBaHeTo, cTpaHuLu (oT-10). [Ipu-
mep: Wilkinson AH. Evaluation of the transplant recipient. In: Handbook of Kidney Transplantation. 6th ed. G. M.
Danovitch (Ed.). Boston, Little, Brown and Co., 2019, 109-122.

- Knueu: ABTop(u). 3arnaBue. MectousgaBase (rpaf), U34aTesCTBO, FOJJMHA HA U3JaBaHETO, CTpaHULHU (OT-
10). IIpunmep: llleiimarnos H. Cucmemnu sackyaumu. C.,, Med. u pusk., 2019, 8-11.

Ako aBTOpUTE Cca 10 TPUMAa, Ce U3NUCBAT GaMUINUTE, NOCAeABAHN OT UHULMAIUTe UM (6e3 ToukH). KoraTto
aBTOpPUTE ca NOBeye OT TPUMa, CJeJ, UMETO Ha TPEeTHs ce nuile U Ap. (3a saTununa - et al.“). Hactoituuso ce
npenopbyBa LUTUPAHETO (MO3HABAHETO) U HAa G'bJIFaPCKU U3TOYHUIIU.

MaTepuanuTe ce usnpamaT npes caita: https://cardiojournal.eu/index.php/journal
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INSTRUCTIONS TO AUTHORS

The following genre types are accepted for publishing: original articles, re-views, clinical case reports, reference
papers, book reviews, short communication papers (letters to the editor, etc.). The first three genres are subject to
peer review (with standardized forms), and the rest are submitted to expert evaluation on behalf of the editorship.

Corresponding author shows contact data (e-mail, optionally - postal address and telephone) and declares that
the material has not been published previously, except in the form of an abstract for a scientific event, and has not
been submitted to other journal. Authors assume the responsibility for the contents of their publications. Presented
papers and the studies described in them should comply with the established ethical standards on performance of
the clinical and/or experimental studies on human subjects (the Helsinki Declaration) and experimental animals.
Patients must not be referred by names and initials, and images on which they can be identified must not be
presented. Authors must warrant that they submit for publication their own studies and in case different author’s
data and/or text are used, these are specified by citations. Strict adherence to copyright issues is maintained - texts
including more than 10% of literal replication of different publication are returned for reprocessing.

Volume (approximately) of submitted papers:

o . . Word count in the Number of
Type of publication Word count in the main text
abstract references
Original article 2500-5000 200-300 30
Review 3000-6000 100-200 50
Clinical case report 1000-3000 100-200 20
Short communication, reference paper, review 500-1000 - 10

MS Word files are acceptable. No specific requirements on the font size and type, spacing, margins and other
formatting are defined.

An article starts with the title (without abbreviations), the names of authors (without academic or other titles),
their workplaces designated by numeric indices, abstract, key words. Title of a scientific paper, irrespective of its
genre determination, should attract the attention, be understandable, short, and exact - it represents the study
object. A subtitle can be prepared for extended informativeness. The article also must be is submitted translated
into English, as the English translation is after the Bulgarian text (in a common file). Abstract contains the specific
features of the study in a concise manner - aim/subject matter, methods used, main results and findings. It is
distributed also through secondary informational titles (data bases), i.e. it should include the main elements of the
scientific contribution. It should not contain either citation or illustrative material, or abbreviations, which can be
precluded. Key words are used for topical categorization of a paper in data bases (and other secondary titles) and
related search in inquiries. The objective of the author is to propose the most significant concepts of his work in a
synthetic manner. Key words to any kind of publication range between 3 and 8; they can be single words or short
word-groups, which are commonly accepted in the specific area of knowledge.

The list of literature references at the end of the work has to embrace only the publications virtually used
and required to delineate the basis, on which the study is designed. Avoid presenting abundant references at the
account of their up-to-dateness. Minimize self-citation. Citing (familiarity with) Bulgarian sources is strongly
recommended, too.

Citation of bibliographic references within the text is designated by numbers in square brackets following the
order of appearance. Bibliography is arranged following the order of appearance of the sources within the text.
Each source is written in a new line, with an Arabic number. Sources are structured in the following manner:

- Articles: Author(s). The article title. Journal title (abbreviated under the Index Medicus), year, volume, number
(issue) in round brackets, papers (from-to). Example: Yakub YN, Freedman RB, Pabico RC. Renal transplantation in
systemic lupus erythematosus. Nephron, 2019, 27(1):197-201.

- Papers from an edited book: Author(s). Title. In: The edited book title. Edition number, editors. Place of
publication (city), publishing house, year of publication, pages (from-to). Example: Wilkinson AH. Evaluation of the
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