ISSN 2500-1388 (Print)
ISSN 2618-754X (Online)

HAYKA
n THHOBALINU
B MeguumHe

Tom 10
SCIENCE
and INNOVATIONS

www.innoscience.ru



SAMARA
~ STATE
MEDICAL
UNIVERSITY

Founder and Publisher
Samara State Medical University

Registered by the Federal Service for Supervision
of Communications, Information Technology

and Mass Media (Roskomnadzor) 06.06.2016.
Registration number FS 77-65957

ISSN 2500-1388 (Print)
ISSN 2618-754X (Online)

Publication frequency: quarterly.

Indexation

DOAJ

Russian Science Citation Index (eLibrary.ru)
Cyberleninka

Google Scholar

Ulrich’s Periodicals Directory

Dimensions

Crossref

Journal archive:
www.innoscience.ru
Archive and current issues are in open access.

Articles submission:
https://innoscience.ru/2500-1388/author/submit/1
Author Guidelines:
https://innoscience.ru/2500-1388/about/submissions

Publisher and editorial

office address:

89 Chapaevskaya st., Samara, Russia, 443099.
Tel.: + 7 (846) 374 10 04.

E-mail: edition@innoscience.ru

Executive editor: Alla V. Stefanskaya
(e-mail: a.v.stefanskaya@samsmu.ru )
Translator: Konstantin M. Kalinin
Proofreader: Inna N. Chainikova
Layout editor: Tat'yana I. Ovchinnikova

Signed for printing: 05.11.2025
Publication 15.11.2025

Printed by: LLC "Prime"

12 Baikalsky lane,

Samara, Russia, 443079.

Tel.: +7 (846) 922 62 90.
Order: No0405.

D8 This is an open access content distributed
under the Creative Commons Attribution License
which permits unrestricted use, distribution, and
reproduction in any medium, provided the original
work is properly cited. (CC BY 4.0)

© Authors; Samara State Medical University
(Compilation, Design, and Layout)

www.innoscience.ru

SCIENCE & INNOVATIONS IN MEDICINE

Volume 10 | Issue 4 | 2025 |
QUARTERLY PEER-REVIEWED MEDICAL JOURNAL

EDITOR-IN-CHIEF

Aleksandr V. Kolsanov, Corresp. member of the Russian Academy of Sciences,
MD, Dr. Sci. (Med.), Professor (Samara, Russia)

ORCID: 0000-0002-4144-7090
DEPUTY EDITOR-IN-CHIEF

Gennadii P. Kotelnikov, Academician of the Russian Academy of Sciences,
MD, Dr. Sci. (Med.), Professor (Samara, Russia)

ORCID: 0000-0001-7456-6160

Igor L. Davydkin, MD, Dr. Sci. (Med.), Professor (Samara, Russia)

ORCID: 0000-0002-4318-4247
SCIENCE EDITOR

Olesya A. Rubanenko, MD, Dr. Sci. (Med.), Associate Professor (Samara, Russia)

ORCID: 0000-0001-9351-6177
RESPONSIBLE SECRETARY

Sergei A. Babanov, MD, Dr. Sci. (Med.), Professor (Samara, Russia)

ORCID: 0000-0002-1667-737X

EDITORIAL BOARD

Nadezhda V. Agranovich, MD, Dr. Sci. (Med.),

Professor (Stavropol, Russia)

ORCID: 0000-0002-3717-7091

Ivan M. Bairikov, Corresp. member of the
Russian Academy of Sciences, MD, Dr. Sci.
(Med.), Professor (Samara, Russia)
ORCID: 0009-0005-1170-8180

Yurii V. Belov, Academician of the Russian
Academy of Sciences, MD, Dr. Sci. (Med.),
Professor (Moscow, Russia)

ORCID: 0000-0002-9280-8845

Laurence Vico, MD, Professor
(Saint-Etienne, France)

ORCID: 0000-0002-2110-287X

Denis V. Vinnikov, Dr. Sci. (Med.)
(Almaty, Kazakhstan)

ORCID: 0000-0003-0991-6237

Larisa T. Volova, MD, Dr. Sci. (Med.),
Professor (Samara, Russia)

ORCID: 0000-0002-8510-3118

Giuseppe Galati, MD (Milan, Italy)
ORCID: 0000-0002-8001-1249

Xenia Gonda, MD, Professor

(Budapest, Hungary)

ORCID: 0000-0001-9015-4203

Domenico De Berardis, MD, Professor
(Teramo, Italy)

ORCID: 0000-0003-4415-5058

Avinash De Sousa, MD, Professor
(Mumbai, India)

ORCID: 0000-0001-8466-5648

Dmitrii V. Duplyakov, MD, Dr. Sci. (Med.),
Professor (Samara, Russia)

ORCID: 0000-0002-6453-2976

Irina A. Zolotovskaya, MD, Dr. Sci. (Med.),
Associate Professor (Samara, Russia)
ORCID: 0009-0006-8541-9100

Oleg I. Kaganov, MD, Dr. Sci. (Med.),
Professor (Samara, Russia)

ORCID: 0000-0002-4569-1031

Paul Cumming, MD, Professor

(Bern, Switzerland)

ORCID: 0000-0002-0257-9621

Aleksandr Ya. Kaplan, Dr. Sci. (Bio.),
Professor (Kaliningrad, Russia)

ORCID: 0000-0002-3912-4639

Ole Kirk, MD, Professor

(Copenhagen, Denmark)

ORCID: 0000-0003-1995-1837

Anton R. Kiselev, MD, Dr. Sci. (Med.), Professor

(Saratov, Russia)

ORCID: 0000-0003-3967-3950

Sergei V. Kozlov, MD, Dr. Sci. (Med.),
Professor (Samara, Russia)

ORCID: 0000-0002-5480-961X

Yuliya V. Kotovskaya, MD, Dr. Sci. (Med.),
Professor (Moscow, Russia)

ORCID: 0000-0002-1628-5093

Vladimir A. Kurkin, Dr. Sci. (Pharm.),
Professor (Samara, Russia)

ORCID: 0000-0002-7513-9352

Mikhail A. Lebedev, PhD, Professor
(Moscow, Russia)

ORCID: 0000-0003-0355-8723

Artur Lichtenberg, MD, PhD, Professor
(Dusseldorf, Germany)

ORCID: 0000-0001-8580-6369

Galina N. Maslyakova, MD, Dr. Sci. (Med.),
Professor (Saratov, Russia)

ORCID: 0000-0001-8834-1536

Andrei P. Momot, MD, Dr. Sci. (Med.),
Professor (Barnaul, Russia)

ORCID: 0000-0002-8413-5484

Igor A. Norkin, MD, Dr. Sci. (Med.),
Professor (Saratov, Russia)

ORCID: 0000-0002-6770-3398

Irina E. Poverennova, MD, Dr. Sci. (Med.),
Professor (Samara, Russia)

ORCID: 0000-0002-2594-461X

Darya N. Podlekareva, MD, PhD,
Professor (Copenhagen, Denmark)

ORCID: 0000-0003-3187-0597

Tatyana I. Pospelova, MD, Dr. Sci. (Med.),
Professor (Novosibirsk, Russia)

ORCID: 0000-0002-1261-5470

Sergey P. Rubnikovich, Corresp. member
of the National Academy of Sciences of Belarus,
MD, Dr. Sci. (Med.) (Minsk, Belarus)
ORCID: 0009-0000-7353-2233

Stanislav A. Rybtsov, Cand. Sci. (Bio.)
(Krasnodar region, Russia)

ORCID: 0000-0001-7786-1878

Galina N. Salogub, MD, Dr. Sci. (Med.),
Associate Professor (Saint Petersburg, Russia)
ORCID: 0000-0001-8951-1680

Guzyal S. Safuanova, MD, Dr. Sci. (Med.),
Professor (Ufa, Russia)

ORCID: 0000-0003-2627-0626

Alexandros Stefanidis, MD, Professor
(Piraeus, Greece)

ORCID: 0000-0001-5814-1859

Olga N. Tkacheva, MD, Dr. Sci. (Med.),
Professor (Moscow, Russia)

ORCID: 0000-0001-5451-2915
Konstantinos Fountoulakis, MD,

Professor (Thessaloniki, Greece)

ORCID: 0000-0001-5503-0811

Founded in 2016


mailto:edition@innoscience.ru
mailto:a.v.stefanskaya@samsmu.ru
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3717-7091
https://orcid.org/0009-0005-1170-8180
https://orcid.org/0000-0002-9280-8845
https://orcid.org/0000-0002-2110-287X
https://orcid.org/0000-0003-0991-6237
https://orcid.org/0000-0002-8510-3118
https://orcid.org/0000-0002-8001-1249
https://orcid.org/0000-0001-9015-4203
https://orcid.org/0000-0003-4415-5058
https://orcid.org/0000-0001-8466-5648
https://orcid.org/0000-0002-6453-2976
https://orcid.org/0009-0006-8541-9100
https://orcid.org/0000-0002-4569-1031
https://orcid.org/0000-0002-0257-9621
https://orcid.org/0000-0002-3912-4639
https://orcid.org/0000-0003-1995-1837
https://orcid.org/0000-0003-3967-3950
https://orcid.org/0000-0002-5480-961X
https://orcid.org/0000-0002-1628-5093
https://orcid.org/0000-0002-7513-9352
https://orcid.org/0000-0003-0355-8723
https://orcid.org/0000-0001-8580-6369
https://orcid.org/0000-0001-8834-1536
https://orcid.org/0000-0002-8413-5484
https://orcid.org/0000-0002-6770-3398
https://orcid.org/0000-0002-2594-461X
https://orcid.org/0000-0003-3187-0597
https://orcid.org/0000-0002-1261-5470
https://orcid.org/0009-0000-7353-2233
https://orcid.org/0000-0001-7786-1878
https://orcid.org/0000-0001-8951-1680
https://orcid.org/0000-0003-2627-0626
https://orcid.org/0000-0001-5814-1859
https://orcid.org/0000-0001-5451-2915
https://orcid.org/0000-0001-5503-0811
https://orcid.org/0000-0002-4144-7090
https://orcid.org/0000-0001-7456-6160
https://orcid.org/0000-0002-4318-4247
https://orcid.org/0000-0001-9351-6177
https://orcid.org/0000-0002-1667-737X

S CAMAPCKUI
— [OCYOAPCTBEHHDI/
‘ MEOVLMHCKNI
YHUBEPCUTET

HAYKA K UHHOBALIUKA B MEAWLIMHE

Tom 10 | Bemyck 4 | 2025 |
HAYYHO-ITPAKTUYECKWU PEIIEH3UPYEMBIA }KYPHAJI

HNzpaerca c 2016 r.

Yupegurtens u u3gaTenb
$I'BOY BO CamI'MYVY Munsnpasa Poccrn

3aperucrprpoBaH PejiepanbHOM CITyX60i

110 Ha/130py B cepe CBsA3H, UHPOPMALTMOHHBIX
TeXHOJIOTHH ¥ MaCCOBBIX

koMmyHuKanui (Pockomuanzop) 06.06.2016.
Perucrpanuonnsiii Ne @C 77-65957

ISSN 2500-1388 (Print)
ISSN 2618-754X (Online)

ITepuopuaHOCTE: 4 HOMepa B TOfI.

IlepeyeHs BeayIMx HayYHBIX KYPHAJIOB
u usnanuii BAK (K2)
EI'TIHHU (Y3)

HNupexcanms

DOAJ

Poccuiickuit Munexkc Hayunoro Lutuposanus
(eLibrary.ru)

Cyberleninka

Google Scholar

Ulrich's Periodicals Directory

Dimensions

Crossref

ApxuB HOMepPOB: www.innoscience.ru
OTKpBlTBlﬁ JAOCTYII K apXHBaM
M TeKyIlliM HOMepaM.

IIpuem crareii B xKypHaI:
https://innoscience.ru/2500-1388/author/submit/1
IIpaBuia my0IHUKaIMH AaBTOPCKUX MaTepHAJIOB:
https://innoscience.ru/2500-1388/about/submissions

Anpec u3naresns ¥ pegaKIuu:

yi1. Yanaesckas, 89, . Camapa, Poccust, 443099.
Ten.: + 7 (846) 374 10 04.

E-mail: edition@innoscience.ru

3aB. pepaknueii: Credanckas A.B.
(e-mail: a.v.stefanskaya@samsmu.ru)
IlepeBomunk: Kanuaun K.M.
KoppexTop: Yaiinukosa W.H.
Bepcrka: Opunnnukosa T.H.

Tlopnucano B nevars: 05.11.2025
Beixon B cer 15.11.2025
Ornevarano: OOO «IIpaiim».
Batikaneckuii nep., 12, r. Camapa,
Poccus, 443079.

Ten.: +7 (846) 922 62 90.

Dopmar 60 x 90%. Ileyars odcerHas.
3akaz Ne0405.

Ve, ned. 1. 9.

Tupax 250 ak3.

BBl 510 KOHTEHT OTKpBITOTO HOCTYTIA,
pacnpocTpaHsieMbli 110 jureHsud Creative
Commons Attribution License, kotopast

paspelliaeT HeOrpaHMYeHHOe MCIIONb30BaHHe,
pacnpocTpaHeHue U BOCIIPOU3BeieH e Ha JI060M
HOCHTeJIe IIPY YCJIOBUH IIPABUIbHOTO HUTHPOBAHUA
opuruHaibHo# pabotsl. (CC BY 4.0)

© ABropckuii koyuiekTiB; CaMapCckuit
TOCYapPCTBeHHbIN MeUIIMHCKHII YHUBEPCUTET
(cocraBneHue, JU3alH, MaKeT)

IJIABHBIU PEJIAKTOP

KouicanoB A.B., uwien-kopp. PAH, n.m.H., npodeccop (Camapa, Poccus)

ORCID: 0000-0002-4144-7090

3AMECTHUTEJIU ITIABHOI'O PEJAKTOPA
Korenbpnuxos IIL., akanemux PAH, n.m.1H., npodeccop (Camapa, Poccus)

ORCID: 0000-0001-7456-6160

HMaBbiakuH WJL., 0.M.H., npodeccop (Camapa, Poccust)

ORCID: 0000-0002-4318-4247
HAYYHBI PEJAKTOP

Py6anenxo O.A., n.M.H., fonient (Camapa, Poccus)

ORCID: 0000-0001-9351-6177

OTBETCTBEHHBIV CEKPETAPH

Bab6anoB C.A., n.M.H., npodeccop (Camapa, Poccust)

ORCID: 0000-0002-1667-737X

PEJAKIIMOHHASA KOJUIEI'A

ArpanoBud H.B., 1.M.H.,
npodeccop (Craspornons, Poccust)
ORCID: 0000-0002-3717-7091
BaiipuxoB N.M., unen-kopp. PAH, n.m.H.,
npodeccop (Camapa, Poccus)
ORCID: 0009-0005-1170-8180
Besos 10.B., akan. PAH, n.M.H.,
npodeccop (Mockaa, Poccust)
ORCID: 0000-0002-9280-8845
Vico L., ToKTOp MeIUIMHBI,
nipodeccop (Cent-O1heH, paHis)
ORCID: 0000-0002-2110-287X
Bunnukos JI.B., 1.M.H.

(Anmarsl, Pecrrybiika Kaszaxcran)
ORCID: 0000-0003-0991-6237
Bonosa JI.T., 1.M.H., npodeccop
(Camapa, Poccus)

ORCID: 0000-0002-8510-3118
Galati G., TOKTOp MeIUIIUHEBI
(Mwunan, Utanus)

ORCID: 0000-0002-8001-1249
Gonda X., J0OKTOp MeUIMHEI
(Bynanerur, Benrpust)

ORCID: 0000-0001-9015-4203

De Berardis D., 1oKTOp MeIMIMHEL,
npodeccop (Tepamo, Utamms)
ORCID: 0000-0003-4415-5058

De Sousa A., TOKTOp MeAUIVHE,
npodeccop (Mymbau, Unus)
ORCID: 0000-0001-8466-5648
HMymasikos JI.B., 1.M.H., npodeccop
(Camapa, Poccus)

ORCID: 0000-0002-6453-2976
3onoroBckaa U.A., 1.M.H.,

nouent (Camapa, Poccust)

ORCID: 0009-0006-8541-9100
Karanos O.H., 1.M.H., npodeccop
(Camapa, Poccus)

ORCID: 0000-0002-4569-1031
Cumming P., T0KTOp MeiMIINHE,
npodeccop (Bepy, [lIBeiinapust)
ORCID: 0000-0002-0257-9621
Kamran A.fL., 1.6uom.H., npodeccop
(Kanmuuunrpaz, Poccus)

ORCID: 0000-0002-3912-4639
Kirk O., noxrop mMegunussl, podeccop
(Komnenraren, [lanwist)

ORCID: 0000-0003-1995-1837
Kucenes A.P., 1.M.H., npodeccop
(Caparos, Poccus)

ORCID: 0000-0003-3967-3950
Koznos C.B., 1.M.H., npodeccop
(Camapa, Poccus)

ORCID: 0000-0002-5480-961X

Kotosckas }0.B., n.mM.H., npodeccop
(Mockga, Poccus)

ORCID: 0000-0002-1628-5093
Kypxun B.A., n.¢apm.H., npodeccop
(Camapa, Poccus)

ORCID: 0000-0002-7513-9352
Jle6eneB M.A., PhD, npodeccop
(Mocxksa, Poccus)

ORCID: 0000-0003-0355-8723
Lichtenberg A., TOKTOp MeIUIIHBI,
npodeccop (Hroccenvnopd, I'epmanmus)
ORCID: 0000-0001-8580-6369
Macnsxosa I'H., 1.M.H., mpodeccop
(Caparos, Poccus)

ORCID: 0000-0001-8834-1536
Momor A.IL., 1.M.H., mpodeccop
(Bapwayi, Poccust)

ORCID: 0000-0002-8413-5484
Hopxun U.A., 1.M.H., npodeccop
(Caparos, Poccus)

ORCID: 0000-0002-6770-3398
IToBepennoBa U.E., n.M.H., npodeccop
(Camapa, Poccus)

ORCID: 0000-0002-2594-461X
ITonnexapena JI.H., 1OKTOp MeUIIUHbI
(Konenraren, [lanus)

ORCID: 0000-0003-3187-0597
ITocnenoBa T.N., n1.Mm.H., npodeccop
(HoBocubupck, Poccust)

ORCID: 0000-0002-1261-5470
PyonukoBuy C.IIL., uien-kopp.
HarmoHanbHO# akaieMunt Hayk Benapycu,
I.M.H., tpodeccop (MuHck, benapycs)
ORCID: 0009-0000-7353-2233
Pri61oB C.A., k.6H0ILH.
(KpacHopmapckwuii kpait, Poccust)
ORCID: 0000-0001-7786-1878
Canory6 I'H., 1.M.H., npocdeccop
(Cankr-Ilerep6ypr, Poccus)

ORCID: 0000-0001-8951-1680
Cadyanona I'.IIL., 1.m.H., npodeccop
(Yda, Poccus)

ORCID: 0000-0003-2627-0626
Stefanidis A., TOKTOp MeUIVHBI,
npodeccop (ITupeit, I'perys)

ORCID: 0000-0001-5814-1859
Txauesa O.H., n.M.H., mpodeccop
(Mocksa, Poccus)

ORCID: 0000-0001-5451-2915
Fountoulakis K., 1okrop MeauiuHsl,
npodeccop (Canonuxw, I'perist)
ORCID: 0000-0001-5503-0811

www.innoscience.ru


mailto:edition@innoscience.ru
mailto:a.v.stefanskaya@samsmu.ru
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3717-7091
https://orcid.org/0009-0005-1170-8180
https://orcid.org/0000-0002-9280-8845
https://orcid.org/0000-0002-2110-287X
https://orcid.org/0000-0003-0991-6237
https://orcid.org/0000-0002-8510-3118
https://orcid.org/0000-0002-8001-1249
https://orcid.org/0000-0001-9015-4203
https://orcid.org/0000-0003-4415-5058
https://orcid.org/0000-0001-8466-5648
https://orcid.org/0000-0002-6453-2976
https://orcid.org/0009-0006-8541-9100
https://orcid.org/0000-0002-4569-1031
https://orcid.org/0000-0002-0257-9621
https://orcid.org/0000-0002-3912-4639
https://orcid.org/0000-0003-1995-1837
https://orcid.org/0000-0003-3967-3950
https://orcid.org/0000-0002-5480-961X
https://orcid.org/0000-0002-1628-5093
https://orcid.org/0000-0002-7513-9352
https://orcid.org/0000-0003-0355-8723
https://orcid.org/0000-0001-8580-6369
https://orcid.org/0000-0001-8834-1536
https://orcid.org/0000-0002-8413-5484
https://orcid.org/0000-0002-6770-3398
https://orcid.org/0000-0002-2594-461X
https://orcid.org/0000-0003-3187-0597
https://orcid.org/0000-0002-1261-5470
https://orcid.org/0009-0000-7353-2233
https://orcid.org/0000-0001-7786-1878
https://orcid.org/0000-0001-8951-1680
https://orcid.org/0000-0003-2627-0626
https://orcid.org/0000-0001-5814-1859
https://orcid.org/0000-0001-5451-2915
https://orcid.org/0000-0001-5503-0811
https://orcid.org/0000-0002-4144-7090
https://orcid.org/0000-0001-7456-6160
https://orcid.org/0000-0002-4318-4247
https://orcid.org/0000-0001-9351-6177
https://orcid.org/0000-0002-1667-737X

Science & Innovations in Medicine

Vol.10 (4) 2025

CONTENTS / COOEPXXAHUE

HUMAN ANATOMY

Barseg Yu. Kolyan, Artur V. Margaryan, Sergei N. Chemidronov
Myocardial bridges and proximal atherosclerosis

of the coronary arteries: pathogenetic interrelation

and clinical significance

Oleg A. Chudinov, Irina A. Balandina, Anatolii A. Balandin
Dynamics of morphotopometric characteristics

and X-ray density of T,, vertebra in men from

the first period of mature age to old age

GERONTOLOGY AND G
Nikolai A. Pervyshin, Svetlana V. Bulgakova, Oleg A. Shtegman,
Volha N. Vasilkova, Lyudmila A. Sharonova

The relationship between the level of Nt-proBNP
and indicators of clinical and metabolic status
in comorbid elderly patients with type 2 diabetes mellitus

CARDIOLOGY

Nargiza A. Kadirova, Nargiza M. Nurillaeva, Victoriya B. Petrova,

Ekaterina S. Lapteva, Vladimir A. Shumkov

Role of the plasma level of plasminogen activator inhibitor

type-1 (PAI-1) and genetic polymorphism of PAI-1 gene

in patients with ischemic heart disease in Uzbek population

262

269

274

283

Polina R. Shatskaya, Olesya A. Rubanenko,
Irina A. Zolotovskaya, Elena V. Adonina, Dmitrii V. Duplyakov

Gender and age effects on coronary calcium
index in patients with suspected CHD
NEUROLOGY

Lesya V. Chichanovskaya, Olga N. Bakhareva,
Denis V. Ganzya, Tatyana V. Menshikova

Diagnostic potential for detecting upper limb arthropathy
in ischemic stroke patients with RRS score of 4-6 points

290

297

Kristina M. Shubina

Mild cognitive impairments in patients

in the acute period of cardioembolic stroke
ONCOLOGY, RADIATIO

Mikael G. Abgaryan, Aleksei G. Kotelnikov,

Anastasiya M. Belozerskikh, Sergei N. Berdnikov,

Ivan N. Peregorodiev, Aleksandr N. Polyakov, Ivan G. Avdyukhin
Possibilities of surgical treatment of pancreatic head
neuroendocrine neoplasms with major venous invasion

302

310

Aleksandr A. Zhuravlev, Mikhail I. Shkolnik, Oleg A. Bogomolov,
Aleksei Yu. Kneev, Tamara V. Sukhanova

Quality of life assessment in patients with prostate cancer
using the FACT-P questionnaire: linguistic and cultural
adaptation of the Russian version

315

Musabek K. Mirzabekov, Mikhail I. Shkolnik, Oleg A. Bogomolov 32 1

Transmesenteric approach in the surgical treatment
of left kidney cancer with venous tumor thrombus
of Mayo levels 0-I

OTORHINOLARYNGOL

Vladislav E. Kuzovkov, Andrei S. Lilenko, Serafima B. Sugarova,
Polina R. Kharitonova, Polina A. Timofeeva, Yuliya S. Korneva

Cochlear implantation in patients
with chronic otitis media
TRAUMATOLOGY AND

Oleg A. Shafiev, Sergei A. Bystrov, Aleksandr S. Pankratov,
Nikolai A. Karpinskii, Dmitrii G. Nakonechny, Nikita A. Knyazev

Rhizarthrosis: treatment approaches
in modern orthopedics

327

332

www.innoscience.ru

OMUS YEJIOBEKA

B.10. KonsH, A.B. MapzapsiH, C.H. YemudpoHos

MMOKap,ﬂMaanble MOCTUKM U npOKCMMa.ﬂbelﬁ
aTepocKiepo3 KOPOHapPHbIX apTepvw“l: naTtoreHeTu4yeckas
B3aUMOCBA3b U KJIIMHU4YeCKass 3HAYUMOCTb

O.A. YyouHos, N.A. banaHouHa, A.A. banaHouH

OvHaMuka MopcOTONOMETPUUYECKMX XapaKTEPUCTUK
M PEHTTEHOBCKOM NJIOTHOCTU T,, NO3BOHKA Y MYX4MH
OT NepBOro nepuoga 3penoro Ao NoXunoro Bo3pacTta

OJIOT'US 1 TEPUATPUSA

H.A. MNepsbiwuH, C.B. byneakosa, O.A. limezmaH,

O.H. Bacunskonga, J1.A. LLlapoHoBa

Bsaumocesasb yposHs Nt-proBNP u nokasatenen
KNTMHUKO-MeTabonmnyeckoro crtatyca y KOMOpouaHbIX
NOXWNbIX NALMUEHTOB C CaxapHbIM AuabeToM 2 TUna

0J1orusa
H.A. Kaduposa, H.M. Hypunnaesa, B.5. llempoaga,
E.C. Jlanmesa, B.A. LLlymkoB

Ponb ypoBHA MHrMGMTOpPa aKTMBaTOpa Nia3MUHoreHa-1
(PAI-1) B nnasMe 1 reHeTMyeckoro nonmMmopdusma reHa
PAI-1 y naumveHTOB C UlieMu4eckoi 6onesHbto cepaua
y36eKcKoi nonynsauuu

I.P. Waykas, O.A. PybaHeHko, I.A. 3onomoBckasi,

E.B. AdoHuHa, [1.B. lynnsikos

BnusiHue nona u Bo3pacta Ha MHAEKC KOPOHAapPHOro

Kanbuus y naumeHToB ¢ nogo3peHuem Ha UBC
DJIOTUA

J1.B. YuvaHosckas, O.H. baxapesa,

[.B. laHssq, T.B. MeHbwukoBa

[AnarHocTuyeckue BO3MOXHOCTU BbISIB/IEHUSA
apTponaTuu BepxHeil KOHEYHOCTH y BONbHbIX
UweMun4eckum uHcynbtrom c LLUPM 4-6 6annoB

K.M. WybuHa

YMepeHHble KOTHUTUBHbIE HapyLEeHUs Y NaLMeHToB

B OCTPOM nepuoae KapAvoaMB0oIM4Yeckoro MHCynbeTa
Or'us, IYUYEBA{ TEPAITUST

M.T. AbzapsH, A.l. KomenbHukoB, A.M. benosepckux,

C.H. bepoHukos, W.H. MNepezopodues, A.H. Nonsiko.,

W.I. AsoroxuH

B03MOXHOCTW XMPYPru4ecKoro nevyeHus
HEWPO3HAOKPMHHOW HEOMNJIa3Mm rosIoBKU NOAKENYyA04YHON
Xenesbl, MHBa3NpyLLEe MarucTpanbHble BeHbl

A.A. )XXypasnes, M.W. LLkonbHuk, O.A. Bozomornos,
A.IO. KHees, T.B. CyxaHoBa

OueHKa Ka4yecTBa XU3HU 6ONbHbIX PakoM
npepacrTaTenbHOM Xenesbl

¢ nomoubio onpocHuka FACT-P: si3bikoBas

W KyNbTypHas afantauus pycCKosi3bIYHOW Bepcumn

M.K. Mup3abekoB, M.W. llikonbHuk, O.A. BozomonoBs

TpaHcMeseHTepHuanbHbIil AOCTYN B XMPYPru4ecKkoM
Jle4eHumn paka fieBoi NOYKU C ONyXoNeBbiM BEHO3HbIM
TpoM6030M 0-1 ypoBHS

MHOJIAPUHI"OJIOTUA

B.E. KysoBkos, A.C. JluneHko, C.b. Cyzaposa,
.P. XapumoHosa, I1.A. TumogpeeBa, H0.C. KopHeBa

KoxneapHas uMnnaHraums
y NaLMEeHTOB C AaNUTUMMNAHUTOM
ATOJIOI'MSI 1 OPTOIIETHS

O.A. Wagues, C.A. Beicmpos, A.C. lNaHkpamos,
H.A. Kapnunckut, [.I'. HakoHeuHbil, H.A. KHsi3es

PusapTpo3: oco6eHHOCTH neveHus
B COBpEMEHHOM opToneauun



AHATOMWA YENOBEKA

Tom 10 (4) 2025

Hayka n UHHOBauUuK B MeauLuHe

HayuHblii 0630p | Review
DOI: https://doi.org/10.35693/SIM679557

@®This work is licensed under CC BY 4.0
© Authors, 2025

Myocardial bridges and proximal atherosclerosis
of the coronary arteries: pathogenetic interrelation
and clinical significance

Barseg Yu. Kolyan?, Artur V. Margaryan?, Sergei N. Chemidronov?

Tolyatti City Clinical Hospital No. 2 named after V.V. Banykin (Tolyatti, Russian Federation)
2Tyumen State Medical University (Tyumen, Russian Federation)
3Samara State Medical University (Samara, Russian Federation)

Abstract

Myocardial bridges (MB) are a congenital anomaly in which the coronary
artery is partially immersed in the myocardium. The prevalence of MB varies
from 0.5% to 87%, depending on the diagnostic method: selective angiography
detects 0.5-18% of cases, whereas CT angiography, up to 73%.

An analysis of 22 peer-reviewed papers (1986-2023) showed that in 98% of
the cases MB is associated with proximal atherosclerosis due to hemodynamic
disorders (turbulent blood flow, high pressure gradient). However, some
studies deny a direct link or point to the potential protective effect of MB.
Systolic compression of the artery causes myocardial ischemia, especially in
cases of left ventricular hypertrophy or microvascular dysfunction. Clinical

manifestations range from asymptomatic to angina pectoris, ACS, and sudden
death. Treatment includes beta-blockers, stenting, and myotomy, but the lack
of randomized trials limits universal recommendations. The contradictions
in the data emphasize the need to integrate morphological and functional
imaging, as well as to personalize therapy. Long-term cohort studies, risk
stratification algorithms using Al, study of the angular anatomy of coronary
arteries may be prospective lines of further research.
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MuokapaunanbHblie MOCTUKU U NPOKCUMaIbHbIN
aTepockKNepo3 KOPOHapHbIX apTepuit: NaToreHeTUYeckKas
B3aMMOCBSA3b U KJIMHUYecKas 3Ha4MMOCTb

B.H0. KonsiH!, A.B. MaprapsH?, C.H. YemupgpoHoB?

I'BY3 CO «TonbATTMHCKas ropoackas knuHnyeckas 6onsHuua Ne2 umenn B.B. BaHbikuHa»
(TonbsaTTK, Poccuiickas depepauus)
20I'BY BO «TioMeHCKuin rocygapCTBEHHbIN MEeOULMHCKUIA YHUBEPCUTET
MwuHsgpaBa Poccun (TiomeHb, Poccuiickas Pepnepaums)
3dIBOY BO «CamMapckuit rocynapCTBEHHbIN MeauuUUHCKuin yHueepemteT» MuHagpasa Poccum
(Camapa, Poccuiickas dPepepaums)

AHHOTauus

MuokapavanbeHble MOCTUKU (MM) — BpOXIeHHBI BapUaHT aHaTOMUU, IIPU
KOTOPOY KOpPOHApHasl apTepysl YaCTHYHO IIOTpy>eHa B MUOKapA. Pacrpo-
crpaneHHocTs MM Bapsupyer ot 0,5% 1o 87% B 3aBHCUMOCTH OT MeTofia
JIMarHOCTHUKHU: CeJleKTHBHas anruorpadus srissisier 0,5-18% ciryqaes, KT-
anruorpacus — no 73%.

Ananmu3 22 peneHsupyemsix pabot (1986-2023 rr.) nokasai, uro MM acconu-
MPOBaHEI C IPOKCUMAJIBHBIM aTepockiIepo3oM B 98% ciTydaeB 13-3a TeMOIMHA-
MHYeCKUX HapyIIeHuH (TypOysIeHTHBIN KPOBOTOK, BEICOKHI IPaJieHT JJaBiie-
Hust). OfHAKO YaCTh UCCIIEIOBAHUI OTPHIAET NPSIMYIO CBSI3b WM YKa3bIBaeT
Ha NOTeHIHAIbHBIN 3aUTHEIH apdexTr MM. Cucronudeckast KOMIIPeCCHS
apTepHH BBI3bIBaeT UINEMHIO MUOKap/a, 0COOEHHO IIPH IMIIePTPOQUH JIEBOTO
SKeJTyJI0uKa WIIM MUKPOCOCYUCTON AuchyHKIMY. KimHuYeckye NposiBieHust
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BapbUPYIOT OT 6eCCUMIITOMHOrO TedeHust 1o creHokapauy, OKC u BHe3an-
HOM cMmepTH. JledeHne BKIIIOUaeT B—GnoxaTopH, CTEHTHPOBAHHE ¥ MHOTO-
MHUIO, HO OTCYTCTBHE PaH[IOMHU3UPOBaHHbIX UCCIIeIOBAHNI OrpaHUYMBaeT
YHMBepcajbHble peKkoMeHJaluu. [IpoTrBOpeYrs B JaHHBIX IO{4epPKUBAIOT
HeoOXOIMMOCTb MHTerpalyy MopgosIornieckoi U GyHKIIMOHAIbHOM BU3Ya-
JIM3aIY, a TaK)Xe [epCOHAIM3AlMK Tepanuu. [lepcrieKTUBHBIMU ITpefiCTaB-
JIIFOTCSL JIOJITOCPOYHBIE KOTOPTHBIE UCCIIeIOBaHMsl, pa3paboTKa aJIrOpUTMOB
cTpatrdUKaly PUCKa C hcrionb3oBaHreM MU, a Takoke n3yueHue aHTyIIIpHOM
QHATOMUU KOPOHAPHBIX apTepUH.

KurroueBblIe ci1oBa: MUOKapUaIbHBIN MOCTHK, aTepOCKIIep03, KOpOHApHbIe
apTepuy, reMOJJUHAMUKa, UIIeMHsI MUOKap/a.

KoH}IuKT HHTEpecoB: He 3asBileH.
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m INTRODUCTION

myocardial bridge (MB) is an anatomical phenomenon

in which the coronary artery is partially immersed in the
myocardium and exposed to systolic compression. According
to autopsy and modern visualization data, the prevalence of
MB is 40-86%, however, their clinical significance remains
a subject of discussion. Historically, the MB were considered
benign, but the newest research data relate them with the
ischemia of the myocardium, proximal atherosclerosis and
acute coronary events.

In this review, we systematized the data on the correlation
of the MB with the development of proximal atherosclerotic
plaques (PAP), their role in the pathogenic mechanism of
the coronary heart disease (CHD) and the efficiency of
therapeutic approaches. We focused on the need of risk
stratification and integration of functional methods of
assessment of hemodynamics (fractional flow reserve) to
optimize case management of patients with MB.

We analyzed over one hundred publications from
PubMed and eLibrary databases and selected over
twenty peer-reviewed articles published in 1986-2023
for a detailed analysis. The articles selected for analysis
meet at least two of the following criteria: focus on the
presence or absence of the correlation between MB
and PAP; MB incidence rate; presence or absence of
the correlation between MB and myocardial ischemia
(MI); use of visualization methods (CT-angiography,
invasive coronography), as well as autopsy data; clinical,
experimental or histological data; additional parameters
such as age group; patients with acute coronary syndrome
(ACS); number of investigated patients (Table 1). The
articles used in this review were additionally structured and
analyzed for descriptions of localization and parameters
of MB, pathophysiological mechanisms in the tunneled
artery, clinical significance and therapeutic methods.

m ANALYSIS OF METHODS
OF IDENTIFICATION
OF MYOCARDIAL BRIDGES

Many researchers conclude that MB is found in every
third case. The least sensitive (0.5% [1] to 18% [2]) method
of MB diagnostics is selective coronary angiography
(CAG) (Fig. 1).

A diagnostic symptom of the MB is the ‘milking effect’
and/or the ‘step up-step down’ phenomenon caused by the
muscle contraction during systole. It is to be noted that the
CAG of the coronary arteries (CA) is the gold standard
in diagnosing hemodynamically significant stenosis of
the coronary arteries or bypass angiography. It has some

www.innoscience.ru

technical limitations as compared to other new methods
of visualization, e.g. intravascular ultrasound imaging and
multi-slice spiral computed coronary angiography (CT-
CAG). CT-CAG allows for a better visualization of the
MB, from 26.6% [3] to 73% [4] of cases. CT identifies
the MB as a fragment of an artery partially or completely
immersed in the myocardium. The latest developments in
functional assessment further improve the diagnostic value
of CT-CAG in the identification of hemodynamically
significant MBs (Fig. 2).

It follows from the autopsy data that MBs present
greater variability than identified by the above mentioned
examination methods. The lowest result (8% [5]) was
described in the sample of 975 autopsies (without regard
to ACS status). In another study, also without ACS sample,
the authors were able to identify presence of MBs in 40%
of the cases [6]. The study involving surgical treatment
of pediatric patients with MBs aged 11-20 with ACS
symptoms reported high incidence of MBs, up to 86%
[7]. It is worthwhile mentioning the results of a study of
1986 reporting a similar result of 84% [8]. Review articles
and meta-analyses show the average incidence rate of B
19% [9], 24.8% [10], and intervals of 0.5-86% [11] and
5-86% [12]. Such a significant variance of the interval
of identified MBs within the same study method may be
related to specifics of interpretation and classification.
Thus, the relatively superficial MBs (0.5 mm) may have
been disregarded by some researchers. Another important
factor is that out review considers publications both with
a single clinical observation [13] and a largest study
involving CAG in 11267 patients [14].

m PATHOPHYSIOLOGY OF

THE MYICARDIAL BRIDGE

Almost all of researchers concluded that the great
majority of the MBs are localized in the anterior
interventricular branch of the left descending artery
(LAD). The most prevalent localization is the middle third
of the branch (68.7%), proximal third (4.5%), distal third
(26.8%), and the entire basin of the LAD (92.6%). In such
locations as the circumflex of the left coronary artery, the
obtuse marginal branch, diagonal branches and the basin
of the right coronary artery, the bridges are represented
in equally minimal quantities [15]. The depth of the MB
location varies within 1.0-2.7 mm, the length within 8.9-
15.8 mm; the muscle index of the MB (product of the
length and depth of the bridge) was 10.1-42.4. Another
study produced the following results: depth of 1-10 mm,
length of 10-30 mm [15, 16]. No credible correlation with
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MB-MI

Bagmanova ZA. 2007 [1] Review Adults
Jiang L, et al. 2018 [2] CAG 6774 Adults
Nakaura T, et al. 2014 [3] CT-CAG 188 Middle age
Aparci M, et al. 2016 [4] CT-CAG 34 Adults
Micic-Labudovic J, et al. 2015 [5] Autopsy 975 Adults
Lucena JD, et al. 2023 [6] Autopsy 50 Adults
Alsoufi B, et al. 2018 [7] Surgery 14 Children
Ishii T, et al. 1986 [8] Autopsy 642 -
Hostiuc S, et al. 2018 [9] Meta-analysis - Adults
Hong L, et al. 2014 [10] Meta-analysis 5486 -
Yuan SM, et al. 2016 [11] Review - -
Starodubov OD, et al. 2023 [12] Review - -
Zhalilov AK, et al. 2023 [13] Clinical case 1 50 vy.0.
Jiang X, et al. 2021 [14] CAG 11267 Adults
Kabak SL, et al. 2020 [15] CT-CAG 61 -
Lee MS, et al. 2015 [16] Review - Adults
Tian SP, et al. 2014 [17] CT-CAG 9862 Adults
Hong H, et al. 2014 [18] CT-CAG 644 Adults
Corban MT, et al. 2014 [19] Review - Adults
Bruce C, et al. 2023 [20] Meta-analysis 3008 Chidien
Mirzoev NT, et al. 2023 [21] Review 883 Adults
Sizov AV, et al. 2023 [22] Clinical case 1 43

Table 1. Selection and analysis of literature. MB — myocardial bridge; ACS — acute coronary syndrome; M| —

MB-PAP
correlation
0.5-86%
18% Y N N
26.60% Y - Y
73% Y - Y
8% - Y -
40% - Y -
86% Y Y Y
84% Y Y Y
19% - - Y/N
24.80% Y N -
0.5-86% - Y Y
5-86% - Y Y/N
Y Y Y -
9.41% Y Y -
36% Y - Y/N
5-86% Y Y -
32.30% Y Y
100% Y Y
40-80% - Y
- Y Y -
14.40% Y Y
5-87% Y Y Y

myocardial ischemia;

PAB — proximal atherosclerotic plaque; CT-CAG — computed tomographic coronary angiography; CAG — selective coronary angiography

Tabnuua 1. Om6op u aHanu3 numepamypsl. MM — MuokapduaneHbit Mocmuk; OKC — ocmpebili KOpOHapHbIl CUHOPOM;
UM — uwemusi Muokapoa; NAB — npokcumasnbHasi amepockiepomudeckas bnswka; KT-KAIr — komMnblomepHasi momozpacgudeckas
KOopoHapHas aHzuozpagusi; KAIT — cenekmuBHasi KOpoHapHas aHauozpagusi

the sex was found: one publication states that women
demonstrate higher incidence of MBs than men (10.75%
vs. 7.31%) [2], while another states a reverse proportion
(4.03% vs. 9.35%) [5].

A direct average correlation was established between
the morphometric parameters of the MB: the deeper
the position of the fragment of the coronary artery, the
greater the length of that section (direct average credible
non-linear relation) [16]. Almost in all studies, along
with multiple morphometric data on MB parameters
(Iength, depth and their relation, distance to bifurcation,
etc.), their localization and incidence rate, the authors
were consistent in ignoring the angular structure of the
coronary arteries and the nearest branches with respect

Diastole

Systole

Figure 1. Typical characteristics of the myocardial bridge under
angiography. Image (A) shows a MB fragment undergoing systole
compression. In the same artery, the MB segment is not compressed
during diastole (B).

PucyHok 1. Tunu4Hble xapakmepucmuku MM npu KAT.

Ha usobpaxeHuu (A) Budyanusupyemcsi ppaemeHm MM,
noosepearowulics Komnpeccuu B cucmoJty. B motli e apmepuu Bo
BpeMms ouacmorbi (B) ceameHm MM He nodBepzaemcs Komnpeccuu.
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to the tunneled segment. We believe that this could be
quite significant with respect to the major driver of the
proximal atherogenesis of the coronary artery, namely,
the hemodynamic mechanisms in the vessel.
Compression of the tunneled fragment of the
coronary artery during systole is above doubt, whereas
the hemodynamic significance of the vessel stenosis is
disputable and requires functional diagnostic methods.
The degree of stenosis depends on the depth and the length
of the MB and lies within 20% to 99%. The effective
perfusion of the myocardium depends on the heart rate
[13, 15]. The greater portion of the coronary circulation
occurs during the diastole, and the average ratio of the
systolic and diastolic circulation is 0.22 and 0.85 in the
left and right coronary arteries, respectively. It would
seem that the systolic compression of the MB is to cause
but a mild effect on the total effective perfusion of the

Diastole

Systole

Figure 2. A tunneled fragment and a pronounced myocardial bridge
(arrows) in the systole (A) and diastole (B) in the proximal segment
of the LAD (CT angiography of the coronary arteries).

PucyHok 2. TyHHenupoBaHHbIl ppazMeHm u BblpaxeHHbIU
MuokapouasbHbIl MOcmuk (cmpesniku) B cucmony (A) u ouacmorny
(B) B npokcumansHoM ceameHme [MMXKB (KT-KAT).

www.innoscience.ru
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Figure 3. A. The myocardial bridge in the distal third of the LAD
(rectangle) with proximal atherosclerotic plaques (arrows). B.
Myocardial bridge in the middle third of the LAD (rectangle)
with proximal atherosclerotic plaques (arrows).

PucyHok 3. A. MM B ducmanbHol mpemu NMMXXB (npsiMoy2051bHUK)
C NPOKCUMaJsIbHbIMU amepocKiepomuyeckumu basukamu
(cmpenku). B. MM B cpedHeti mpemu MNMMXXB (npsiMoy2051bHUK) ©
nNpoKcuMasibHbIMU amepoCcKiepomu4yecKuMu brswkamMu (cmpesku,).

myocardium. It was proven, however, that the systolic
compression of the tunneled fragment of the coronary
artery continues during the diastole as well, affecting
the main phase of the coronary perfusion. Thus, the
hemodynamic disorders are characterized with a persistent
shrinkage of the diastolic diameter of the artery, increased
blood flow velocity and the onset of the retrograde blood
flow, which results in the decrease of the flow reserve. The
diameter of the tunneled fragment of the coronary artery
is not only less than that of the proximal segment of the
vessel on the whole; moreover, during the diastole there
is a persistent decrease of the intramural section by 34 to
51%. Furthermore, the greater the systolic stenosis, the
lesser the diastolic diameter of the artery, which leads to
the respective decrease of the blood flow and flow reserve
[15]. Similar data was obtained in a different study: at
the moment of diastolic contraction, the diameter of the
coronary artery decreases by 80.6+9.2%, and the constant
diastolic decrease is 35.3+11% in the tunneled fragment.
The diastolic blood flow velocity in the bridge segment was
much higher than that in the proximal and distal thereof
[11]. The assessment of the fraction reserve proved to be
an important tool for the physiological assessment of the
MB. The researchers measured the fraction reserve both
in the baseline condition and in the dobutamine stress test.
Hemodynamic changes caused by the myocardial bridge
were most manifested in the decrease of the diastolic
fraction reserve (from 0.88 to 0.77), while the average
value of the fraction reserve decreased to a lesser degree
(from 0.90 to 0.84). It is considered that the average value
of the fraction reserve is artificially skewed upwards due
to peak systolic pressure; therefore, the preferred method
of assessment is the diastolic fraction reserve [16].
Some studies involved multifactor analyses with
consideration of the patients’ age, diabetes and
cardiomyopathy status credibly established a correlation
of PAP and LAD, specifically, the presence of MB
considerably increased the risk of coronary atherosclerosis
[3, 4, 8, 11, 16-18]. In the proximal segment of the
coronary artery, the atherosclerotic changes in the vessel
wall are identified in 98% cases, and the segment of
the MB itself never undergoes atherosclerotic changes,

www.innoscience.ru

Figure 4. Schematic representation of the relative profile of wall
shear stress (WSS) during LAD angiography systole in a patient with
MB. A: Segments located proximal and distal to MM demonstrate a
relatively low WSS compared to the bridge segment (B).

PucyHok 4. Cxemamu4eckoe u3obpakeHue omHocumesibHo20
npogusisi HanpshkeHusi coBU2a CMeHKU npu aHauogpaguu
FM>KB Bo BpemMsi cucmorsbl Y nayueHma ¢ MM. A — ceameHmbl,
pacnosioXeHHble NpoKcuMasibHee U oucmasnsHee MM,
0eMOoHCMpUpPyM 0MHOCUMesIbHO HU3KOe HanpshkeHue coBu2a
CMmeHKU NO CpaBHEHUK C MOCMOBUOHbLIM ceameHmoMm (B).

because the walls of the vessel lack the smooth muscle
cells of the synthetic type, the ones that have the main role
in the formation of the atherosclerotic plaque [19]. The
higher pressure gradients in the arterial segments, located
more proximally than the MB, may be the most powerful
driver for the cholesterol to move to the endothelial layers
when the patients demonstrate high cholesterol levels.
The ingress of cholesterol, particles of lipoproteins of
phagocytic cells may be identified as the ‘inoculation
effect’ under high pressure gradient only in the proximal
segment of the tunneled artery (Fig. 3).

Lack of atherosclerosis in patients without
hyperlipidemia may be the grounds for lowering the
cholesterol levels in the blood serums using statins or
by altering food habits and lifestyle to prevent further
development of the atherosclerosis [4].

Some authors also think that MB could supposedly
act as a protective factor against severe obstructive
atherosclerosis in the entire coronary artery system with
respect to the sex, age, diabetes status, hypertension and
other risk factors [2, 16]. Some papers demonstrate mixed
results precluding concrete results for this question [9, 12].

The microscopic inspection of the tunneled fragment
of the coronary arteries found initial signs of the vascular
wall lesion in 49% of cases in the form of fibrous-muscular
dysplasia and lipidosis. The study using the results of
CT-CAG failed to establish the cause and effect relation
between the presence of MBs and atherosclerosis of the
coronary arteries located subepicardially [15].

The rather contradictive data on the relation between
the MB and PAP and on the possible protective effect of
the tunneled fragment leave sufficient room for further
research. The protective mechanism of the coronary
artery mentioned by scientists is of special value: a
more detailed study of this aspect may provide grounds
for the development of methods of protection of the
entire cardiovascular system from the adverse effects of
atherogenesis.
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Figure 5. A: Heart with MB, young age, early stage. 1: Longitudinal
incision MB. B: Heart with MB, advanced age, advanced stage, with
ventricular hypertrophy and diastolic dysfunction. 2: Longitudinal
incision of MB with hypertrophied muscle and progressive proximal
atherosclerotic plaque (arrow), negative remodeling of the vessel
with a decrease in the diameter of the lumen.

PucyHok 5. A: Cepdue c MM, Monodoli Bo3apacm, paHHsIs

cmaous. 1 — npodosnbHbil pa3pe3 MM. B: Cepdue ¢ MM, noxunol
BO3pacm, no30Hsis cmaodusi, ¢ 2unepmpodguel xenyoo4KoB

u duacmosnu4eckol oucyHkyuel. 2 — npodosbHbIU paspes

MM c eunepmpoupoBaHHol Mbiwyel u npozpeccupyrowel
npokcumManbsHol amepocknepomuyeckoll bnasiwkol (cmpernka),
HezamuBHOe peModesiupoBaHuUe cocyda C yMeHbUweHUeM oduamempa
npocsema.

Hemodynamic mechanisms of the artery with a
myocardia bridge are the main driver of proximal
atherogenesis of the coronary artery. Models of
computational fluid dynamics during the end of systole
of the left coronary artery were used to demonstrate a
rather low flow velocity in the proximal segment from the
MB with a high flow velocity within the bridge (Fig. 4).

The compression at the entry to the bridge results in
a sharp cutoff of the antegrade systolic wave disturbing
the flow structure, aggravating the low velocity of the
flow, aggravating the endothelial lesion and stimulating
the formation of atherosclerotic plaques [19]. Researchers
also mention the importanc of effect of mechanical forces
occurring due to the motion and deformation of the coronary
bed. Systolic compression of the artery causes a turbulent
blood flow and an increased vascular wall shear stress in
the proximal segments thus stimulating the atherogenesis.
Specifically, the compression within the bridge and
the strong flexion of the vessel at the connection of the
bridge with the intact proximal vascular wall result in a
heterogeneous stressed condition in the proximal segment.
It is suggested that this stressed condition contributes to the
formation of plaques and the possible formation of cracks
in the proximal segments [16].

Many studies point out that cardiac angina and heart
rhythm disorders are registered more frequently in MB
patients, as well as higher ACS and myocardial infarction
risks [5-8, 11-14, 16, 19]; moreover, MBs may be the
only known reason of the sudden cardiac death. At the
same time, there are studies that do not identify any direct
relation of MBs with the major adverse cardiovascular
events [2, 10].

The findings of a large meta-analysis found no relation
between the MB in the hypertrophic cardiomyopathy and
the onset of non-fatal adverse cardiovascular events, but
revealed a confirmed potential importance of their relation
with the MI [20]. Development of clinically manifested
cardiovascular diseases in patients with atherosclerotic
lesion of the coronary artery might take several decades.
The development of hypercholesterolemia and MB occur
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in the fourth and fifth decades of the patients’ lives more
frequently than in patients without MB [4].

In addition to the above mentioned mechanisms, life-
long pathophysiological changes in the myocardium may
cause MI symptoms in patients who had not earlier had any
symptoms. Firstly, the increase of the diastolic function of
the left ventricle related to age, hypertension and coronary
atherosclerosis may aggravate the imbalance between
the demand and supply of the blood perfusion caused by
the presence of the bridge. Secondly, the development
of hypertrophy of the left ventricle may increase the
compression and decrease the coronary microvascular
reserve (Fig. 5).

Thirdly, the coronary angiospasm, microvascular or
endothelial dysfunction related to cardiovascular risk
factors, combined with the presence of the bridge, may result
in the myocardial infarction. Fourthly, the formation of the
plaques proximally to the bridge section may aggravate the
coronary obstruction based by the bridge section. Finally,
negative remodulation within the zone of the bridge section
might reduce the blood flow in the myocardium. Each of
these factors alone may foster development of symptoms
in patients with tunneled segments in the myocardium to a
lesser or greater extent [19]. The relation of MB with the
symptoms of myocardial ischemia, lipidosis and different
types of arrhythmia necessitates the search for new
approaches towards early visualization of MB, especially
in symptom-free patients, with the end of timely diagnostics
of this pathology and prevention of cardiovascular
complications that stem from it [21].

m THERAPEUTIC METHODS

Despite the fact that the presence of a myocardial bridge
may be related to such various complications as cardiac
angina, acute myocardial infarction, arrhythmia and even
sudden death, the myocardial bridge may be considered
a positive outcome of the progress of coronary arteries.
The necessity of treatment of MBs still causes doubt due
to lack of solid evidence of their direct correlation with
the manifestations of ACS. In clinical practice, f-blockers
are usually drugs of first line of treatment of patients with
symptoms likely related to MBs. Conservative approach
(statins, p-blockers) is quite effective; however, refractory
cases call for intervention and surgery treatment methods.
Other therapeutic methods (coronary stents, myotomy,
bypass surgery) are considered methods of the second
and third order [2, 22].

Symptomatic patients are to be treated by conservative,
intervention or surgical methods depending on their
condition. The surgical procedure of choice to alleviate
symptoms, improvement of coronary blood flow and
decrease of compression of the coronary artery caused
by the myocardial bridge is the myotomy [11, 13, 16,
19]. The choice of the surgery as the treatment method
is complicated due the risk of development of restenosis,
obstruction of the stent, and trauma of the myocardium.
All CHD patients need cardiac rehabilitation procedures
in accordance with the official recommendations and with
respect to individual features, with strict supervision of
hemodynamic parameters and ECG [22]. Patients with MB
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and PAP require special attention due to the risk of ACS.
The lack of clinical recommendations further complicates
the choice of treatment.

Limitation of research: the majority of conducted
studies are retrospective in nature and have no regard to
genetic factors. Moreover, there are no long-term follow-
up observations of PAP dynamics in the cases of MB.

Prospects of research. Firstly, long-term cohort
studies focusing on PAP dynamics in cases of MB.
Secondly, development of algorithms of risk stratification
using Al and genetic markers. Thirdly, studies of the
role of angular anatomy of coronary arteries and
mechanisms of ‘protection’ of intramural segments from
atherosclerosis.

m CONCLUSION

Myocardial bridges are now recognized as a factor
related to hemodynamic disorders, proximal atherosclerosis
of the coronary artery, and myocardial infarction.
Despite the protection of the intramural segment from
atherosclerosis, the proximal segments are affected in 98%
cases, and researchers relate this to the turbulent blood flow,
endothelial dysfunction and high-pressure gradient, which
contributes to the accumulation of lipids.

The sensitivity of MB diagnostic methods is varied:
CT-CAG identifies up to 73% cases, while the selective
endovascular coronary angiography identifies only 0.5
to 18%. Integration of functional methods (fractional
flow reserve, induced stress tests) are required for the
assessment of the hemodynamic significance of MB and
stratification of risk. The data on the correlation of MB
with cardiac angina, ACS and sudden cardiac death remain
disputable: while some studies deny direct correlation,
others emphasize the role of MB as the trigger of ischemia,
especially on the background of myocardial hypertrophy,
age-related diastolic dysfunction or microvascular
disorders.

Conservative therapy (p-blockers, statins)
demonstrates some efficiency; however, refractory forms
require invasive therapy (stenting, myotomy). The lack
of randomized studies restricts the formation of universal
recommendations. Myocardial bridges necessitate
revision of diagnostic and therapeutic approaches. The
key areas of optimization of management of patients
with this anomaly are the integration of morphological
and functional visualization as well as personalization
of treatment based on the individual risk of ischemia and
atherosclerosis. »=
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Dynamics of morphotopometric characteristics
and X-ray density of T,, vertebra in men from
the first period of mature age to old age

Oleg A. Chudinov, Irina A. Balandina, Anatolii A. Balandin
Perm State Medical University named after Academician E.A. Wagner (Perm, Russia)

Abstract

Aim - to evaluate the dynamics of anteroposterior dimensions and X-ray
density of the Ty, vertebra in men from the first period of adulthood to old
age according to computed tomography (CT) of the chest.

Material and methods. The work is based on the results of CT scans of
patients undergoing chest examinations. The height, width, anterioposterior
dimension, and X-ray density of the T\, vertebra body were measured. The
study sample consisted of individuals with normal body weight, mesomorphic
body type, without history of injuries and skeletal abnormalities. 60 patients
were randomly selected from 78 subjects, so that each group had the same
number of patients: 20 people. The first group consisted of men of the first
period of adulthood (22-35 years of age), the second group included men of
the second period of adulthood (36-60 years of age), the third group consisted
of elderly men (61-75 years of age).

Results. The study revealed a tendency for the T, vertebral body height
parameters to decrease by 7.8% in old age (t=2.01; p>0.05). A tendency for the

T, vertebral body width parameters to increase by 2.18% in old age (t=0.54;
p>0.05) was revealed. At the same time, a tendency for the anteroposterior
size parameters of the T\, vertebral body to increase by 2.25% was determined
(t=0.60; p>0.05). The X-ray density indices of the Ty, vertebral body are
characterized by a significant decrease in parameters with increasing age
(p<0.001).

Conclusion. As a result of the conducted intravital study, new data on the age-
related anatomy of the T, vertebra in men were obtained. Since the anatomical
parameters of the vertebra are not static values and change with age, this
information will useful in clinical practice of such specialists as gerontologists,
traumatologists, vertebrologists, radiation diagnosticians, in sports medicine
and in the work of exercise therapy doctors.

Keywords: vertebra Ty, age-related changes, morphometry, CT, X-ray
density.
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AdvuHaMuka MopgoTonoMeTprUYeCcKnuX xapakTepmucTmuk
U PEHTreHOBCKOMW NSIOTHOCTU T,, NO3BOHKa Y MY>XX4YUH
OT NepBOro nepmvoaa 3pesioro Ao NOXWJIOro Bo3pacTa

O.A. YyauHos, U.A. BanaHguHa, A.A. BananpguH

@®rb0Y BO «llepmMckuin rocynapCTBEHHbIN MEOULIMHCKUA YHUBEPCUTET MeHu akagemumka E.A. BarHepa»
MuHsgpasa Poccun (Mepmb, Poccuiickas ®epepauust)

AHHOTaumA

Iens — oneHUTL JUHAMUKY BLICOTHI, IIUPHHEL, IIepefjHe-3a/[Hero pa3Mepa U
PEeHTTeHOBCKOH MIIoTHOCTH Terna Ty, o3BOHKa y My>KUMH OT TIepBOTO IepHofia
3peJioro [0 MOXHJIOTO BO3pacTa 110 JaHHBIM KOMIIbIOTePHOW ToMorpapuu
(KT) rpynHO¥ KIIETKH.

Marepuan 1 MeTonbl. B ocHOBY paboTs! nosoxxeHs! pedynbrarel KT na-
I[MeHTOB, IPOXOUBIIMX 06CIef0BaHNe OPraHOB IPyAHOM kieTku. Ompe-
JeJIsUIA BBICOTY, IIMPUHY, Nlepe/iHe-3aJHUI pa3Mep U PeHTI'eHOBCKYIO
mIoTHOCTh Tena Ty, mosBonka. BeibopKy uccieoBaHUs COCTaBUIIH JIMIA
C HOpPMaJIbHOM MacCO¥ Tejla, Me30MOP(HLIM TUIIOM TeJIOCIOXKeHHUs, 6e3
TPaBM U aHOMAJIM{ pa3BHUTHUs CKejleTa B aHaMHese. M3 78 ob6cienyeMbix

www.innoscience.ru

CJTydaiiHbIM 00pa3oM 6bur 0To6paHbl 60 HaMeHTOB Tak, YTOOBI B KAXKI0H
rpymie 6bIJI0 UX OiMHAKOBOe KoynndecTBo — 20 venoBek. [lepBas rpymma
COCTOSIa U3 MY)XYMH IIEPBOr0 Ieprofa 3pesioro Bospacra (22-35 ner),
BTOpAasi IpyIIa BKJII0Yaua MYy)XX4YUH BTOPOTO IePHUO/ia 3peJioro Bo3pacTa
(36—60 JieT), TpeTbiO TPYIITYy COCTABWIM MY>KYMHBI IIOXKUJIOTO BO3pacTa
(61-75 ner).

PesynwraThl. B xoJie nccieioBaHys YCTaHOBIIEHA TEHIEHIMSI K CHHDKEHHIO
I1apaMeTpoB BEICOTHI Tela Ty, II03BOHKa K MOXUIOMY Bo3pacTy Ha 7,8%
(t=2,01; p>0,05). BrisiBieHa TeH/IeHINS K YBEJIIEeHUIO TapaMeTPOB IIUPHHBI
tena T, 103BOHKa K OXuUIO0MY Bo3pacty Ha 2,18% (t=0,54; p>0,05). Hapsamy
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C 3THIM OIIpefiesieHa TeHJeHIVs K yBeJIMIeHHIO [TapaMeTpoB IiepeiHe-3a/{Hero
pasmepa Tena T\, mossonka Ha 2,25% (t=0,60; p>0,05). IToxazarenu peHr-
IeHOBCKOH IIOTHOCTH Tejia Ty, MO3BOHKA XapaKTepU3yIOTCs IOCTOBEPHBIM
CHIKeHHeM ITapaMeTpoB K NoxunoMy Bospacty (p<0,001).

3akirouenue. B pesynsrare NIpoBeleHHOTO NIPYXKM3HEHHOTO UCCIeOBAaHUS
IOJTyYeHbl HOBBIE JJaHHBIe O BO3PACTHOM aHaToMKU T\, T03BOHKA y MY>XKUHH.
TMockonpKy aHaTOMHUYECKHYe [TapaMeTphl I03BOHKA He SIBJISIOTCS CTAaTUYHBIMU

BeJIMYMHAMU U U3MEHSIOTCS C BO3PacToM, 10JTy4eHHble CBeleHUs GyayT BOC-
TpeOOBaHbI B KIIMHUYECKOH ITPaKTHKe y TAaKUX CIIeIUaICTOB, KaK FepPOHTOJIO-
', TPABMaTOJIOTH, BepTeOpOJIOTy, JIy4eBble JUarHOCThI, Bpauu CIIOPTUBHON
MeJIULIMHBI U JledeOHON GU3KYIIBTYPBI.

KuroueBble ciioBa: 1o3BOHOK T, BO3pacTHbIe U3MeHeHus, MopdomeTpus,
KT, peHtreHoBckast INIOTHOCTb.

KoH}IuKT HHTEpecoB: He 3asBJleH.
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m INTRODUCTION

he thoracic section of the sine is a peculiar, interesting

region of the body for researchers of various disciplines. It
is the bases of the rib cage and the most rigid part of the spine;
at the same time, it retains some degree of mobility required
for normal vital activities. Usually, biomechanical stability and
mobility are opposite characteristics: as stability increases, the
mobility decreases. However, the thoracic section of the spine
is unique in combining the two properties [1].

The object of our study is the sixth thoracic vertebra
(TVI). It is the ‘center’ of the thoracic section of the spine
and plays a number of clinically important roles. It borders
on the main primary bronchus forming the thoracic kyphosis
and undertaking a complex load: the posterior of the base
of this spinous process is usually exposed to tensile forces,
and the anterior side, conversely, to forces of compression
[2-4].

We studied the changes of the TVI vertebra in the aspect
of age in men. Such data is practically absent in the scientific
literature despite its importance for a number of reasons.
Firstly, according to the medical statistics, men of advanced
and old age are a category of population fairly vulnerable to
trauma. Several factors are at work: coordination disorders
due to age-associated changes in the cerebral structures,
vestibular sickness, sedentary lifestyle, and excess body
mass [5-7]. According to the findings of a study of Irish
researchers in 2022, duration of hospital stay of patients aged
over 65 with spinal traumas was 1.5 times longer than that
of younger patients (21 vs. 14 days), and the mortality in the
older group was more than 4 times higher (4.6% vs. 0.97% in
the younger group) [8]. Secondly, men, even in the advanced
age, are an important element in the economy of developing
countries. Quite a significant number of them are actively
working and are in demand in the labor market. The above
factors pose global tasks for the development of personalized
medicine [9].

m AIM

To evaluate the dynamics of anteroposterior dimensions
and X-ray density of the TVI vertebra in men from the
first period of adulthood to old age according to computed
tomography (CT) of the chest.
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m MATERIAL AND METHODS

The work is based on the results of CT scans of patients
undergoing chest examinations in the admissions department
of Perm Region City Clinical Hospital No. 3 in 2023-
2024. All patients provided a consent for the study that
was performed to exclude possible pulmonary pathologies
according to indications.

The height, width, anterioposterior dimension, and X-ray
density of the TVI vertebra body were measured on the
Optima 660 computed tomography scanner (Fig. 1-3).

The analysis of CT scans was performed with the
RadiAnt specialized software suite. The subjects of
the study were individuals with normal body weight,
mesomorphic build, no history of skeletal trauma or
development abnormalities.

Of the 78 examined subjects, 60 patients were randomly
selected in such a way that each group had an equal number
of patients (20). The first group consisted of males of the
first adult period (22-35 years of age), the second, men of

Figure 1. Example of width measurement of the vertebral body in a
23-year-old man.

PucyHok 1. lpumep usmMepeHus WupuHbl mesna NO3BOHKa y
MY)XYUHbI 23 nem.
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Figure 2. Example of height and anteroposterior size measuring
of the vertebral body in a 23-year-old man.

PucyHok 2. [Tpumep usamepeHus BbIcOmbl U NnepedHe-3ao0Hez0
pa3Mepa mesa No03BOHKA Y MyX4UHbI 23 nem.

Figure 3. Example of X-ray density measurement of the vertebral
body in a 23-year-old man.

PucyHok 3. [Tpumep usmepeHusi peHmaeHoBCcKol niomHocmu mena
NO3BOHKA Y MY>XX4YUHbI 23 nem.

the second adult period (36—-60 years), third group, elderly
men (61-75 years).

The statistical analysis was performed in Microsoft Excel
2019. The results were presented as the arithmetic mean (M)
and standard error (m), median and variation coefficient. To
check the normality of distribution of variation rows, the
Kolmogorov-Smirnov test was used. Student’s parametric
t-test was used to test the equality of average values in
the two samples. Differences were considered statistically
significant at p<0.05.

www.innoscience.ru

pevoetos | e e | wn | o | ov | e

(Frifég)d““pe”w 19095027 20 17,5 076 004 19,3

Second adult period
(n=20)

Elderly age (n=20)

18,78+0,59 21,4 16 1,88 0,10 18

17,60+069 20,4 149 183 010 173

Table 1. Body height indicators T, spine in men in the studied age
periods according to CT-scans, mm (n=60)

Tabnuua 1. [Tokaszamenu Bbicomsl mena T,, NO3BOHKA Y My)X4UH B
uccnedyeMblx Bo3pacmHbix nepuodax no 0aHHbIM KT, MM (n=60)

pesoures | | wec | | o | ov | e

g gyt period 27,92¢0,94 327 253 265 009 281

Second adult period
(n=20)

Elderly age (n=20)

27,55+0,65 31,4 253 205 0,07 276

27,31+0,64 29,9 252 168 0,06 27,2

Table 2. Indicators of the body width of the T, vertebra in men in the
studied age periods according to CT- scans, mm (n=60)

Tabnuua 2. lNokasamesnu wupuHbl mena T,, NO3BOHKa Y MyX4UH B
uccnedyeMbix Bo3pacmHblX nepuodax no daHHbIM KT, MM (n=60)

pevoeios | e o [wn | o | ov | e |

gyt period 26,27:0,64 283 236 180 007 273

Second adult period
(n=20)

Elderly age (n=20)

26,41+0,65 29,3 235 204 0,08 263

26,86x0,75 296 235 1,99 0,07 26,4

Table 3. Indicators of anterior-posterior body size of the T,, vertebra
in men in the studied age periods according to CT- scans, mm
(n=60)

Ta6nuua 3. [Nokasamenu nepedHe-3adHe20 pasmepa mena T,,
NO3BOHKA Y MY>XHUH B UCC/IedyeMblX BO3pacmHbIX nepuodax no
0aHHbIM KT, MM (n=60)

T N 2 R A

(Flifég)d“‘”’e”°d 217,27¢200 373 165 6331 029 215

206,00+1,07 296

Secon)d adult period 143 3048 015 205

(n=20

Elderly age (n=20) 194,13+2,48 253 104 65,77 0,34 186

Table 4. Indicators of X-ray body density of the T, vertebra in men in
the studied age periods according to CT- scans, Hu (n=60)

Tabnuua 4. [Nokasamenu peHmaeHoBcKol nnomHocmu mena T,
NO3BOHKA Yy MYXYUH B UCC/IEdyeMbiX BO3PaCcmHbIX Nepuodax no
daHHbIM KT, HU (n=60)

m RESULTS

The data on the dimensions and X-ray density of the TVI
vertebral body in the tested age groups follow in Tables 1-4.

In the course of the study, a tendency was identified for the
parameter of height of the TVI vertebra body to decrease over
elderly age by 7.8% (t=2.01; p>0.05). There was a tendency
for the width of the TVI vertebra body to increase over the
elderly age by 2.18% (t=0.54; p>0.05). At the same time, a
tendency was identified for the anterio-posterior dimension
of the TVI TVI vertebra body to increase by 2.25% (t=0.60;
p>0.05). The value of the X-ray density of the TVI TVI
vertebra body demonstrates a reliable decrease over the
elderly age (p<0.001).

In other words, when discussing age-related dynamics, it
can be stated that the vertebral body flattens with age, meaning
its height decreases, while its width and anteroposterior
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dimension, conversely, increase. Radiographic density
decreases by advanced age.

m DISCUSSION

Aging is a systemic process with its proper laws and
changes taking place on the molecular and cellular level. The
aging of an organism can be defined as the state of progressive
functional deterioration of its tissues. Accumulated cellular
damage by mitochondrial oxidation, disorders in the DNA
molecular structure by ‘incorrect’ proteins affects the
operation of their organelles. The changes that follow lead
to accumulation of dysfunctional cells in the tissues, which
complicates maintenance of homeostatic mechanisms thereby
limiting the regenerative potential [10-12].

There are several interesting publications in the literature
that focus on biomechanical features of the aging spine.
In their paper, M. Papadakis et al. (2011) presented a brief
review of pathophysiological processes taking place in the
aging spine and described the outcomes of these changes for
the spine biomechanics. According to this review, the body of
the vertebra is subjected to a greater part of the load that the
spine is exposed to. The vertebra body consists of a spongy
bone that becomes more dense and strong at the periphery
forming the external layer; however, the main factor that
defines the mechanical strength of the vertebra body is not
that external layer but the microarchitecture. The osseous
trabeculae adjoining the end plate and located in the posterior
area of the body are much larger and their network denser.
Conversely, the central and the anterior parts of the vertebra
body have lower regional density, thinner and less ordered
trabeculae. At the same time, the mechanical properties of
the vertebra body are directly related to its mineral density.
The correlation between the bone density and strength under

compression is exponential; therefore, a minor decrease in the
former parameter leads to a major decrease in the latter [13].

The review of S.J. Ferguson and T. Steffen was published
much earlier (2003). According to this study, starting from
the fourth decade of life men can easily lose up to 30%, and
women up to 50% of bone mass. The researchers also noted
heterogeneity in the microstructure of the vertebra bodies.
They explain these differences in the mechanical properties
with adaptation to environment; in the specific case of the
spine this is explained by higher axial loads transferred by
the central area adjacent to the nucleus pulposus, unlike the
peripheral area adjacent to the annulus fibrosus [14].

One should also mention the study of Swiss scientists
published in 2018. D. Ignasiak et al. studied the effect of
age-related changes of the spine on its kinematic features
in the course of daily activities with respect to segmental
loads. The researchers found that the maximum compression
loads predicted in elderly people were lower than those in
young people at the following levels: L2/L3 and L3/L4 of
the lumbar spine during flexure; upper thoracic levels during
transition from standing to sitting position (T1/T2-T8/T9),
and from the sitting to the standing position (T3/T4-T6/T7)
[15].

m CONCLUSION

As aresult of the conducted intravital study, new data on
the age-related anatomy of the TVI vertebra in men were
obtained. Since the anatomical parameters of the vertebra
are not static values and change over age, this information
will be useful in clinical practice of such specialists as
gerontologists, traumatologists, vertebrologists, radiation
diagnosticians, in sports medicine and in the work of exercise
therapy doctors. P=
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The relationship between the level of Nt-proBNP
and indicators of clinical and metabolic status in
comorbid elderly patients with type 2 diabetes mellitus
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1Samara State Medical University (Samara, Russian Federation)
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3Gomel State Medical University (Gomel, Republic of Belarus)

Aim - to determine the specific features of the use of the semi-quantitative
Nt-proBNP immunochromatographic assessment technique for the diagnosis
of chronic heart failure (CHF) in comorbid elderly patients with type 2 diabetes
mellitus (DM2) in relation to indicators of clinical and metabolic status.

Material and methods. The study was performed using a cross-sectional
design; 97 clinical and laboratory-instrumental indicators were studied,
including the determination of Nt-proBNP by a semi-quantitative method,
in a sample of 50 comorbid elderly patients with T2DM; groups were
identified according to the threshold value of Nt-proBNP 450 pg/ml; the
interrelationships and significance of differences in variables in the groups
were analyzed, including the number of average values of biomarkers for
achieving the goals of DM2 treatment and the structure of drug therapy.

Results. A high prevalence of comorbid pathology (arterial hypertension:
90%, obesity: 74%, dyslipidemia: 72%) and a high proportion of participants’
failure to achieve therapeutic goals, comparable in the Nt-proBNP groups,
were revealed; a significant association between the Nt-proBNP group and

the previously established stage of CHF (y* = 6.4; p = 0.041), a positive
correlation with the ratio of transmittal blood flow rates in early and late
diastole E/A (r = 0.309; p = 0.003); Indirect evidence has been obtained for
the high sensitivity of the semi-quantitative assessment of Nt-proBNP for the
diagnosis of early-stage CHF.

Conclusion. The majority of comorbid elderly patients with DM2 (72%) have
Nt-proBNP levels above the general population threshold of 125 pg/ml and
need to verify the diagnosis of CHF. The assessment of the Nt-proBNP test
result in T2DM has its own specifics due to polymorbid pathology (obesity
and CKD) and the presence of multidirectional “disturbing” factors. When
planning a follow-up program for elderly patients with DM2 and hypertension,
the indications for Nt-proBNP screening should be taken into account, and if
the result is positive, for an in-depth Echocardiography examination.
Keywords: old age, type 2 diabetes mellitus, N-terminal brain-promoting
natriuretic peptide, chronic heart failure, comorbid pathology.
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B3aumocBa3b ypoBHA Nt-proBNP v nokasaTteneun
KJIMHUKO-MeTabonmnyeckoro cratyca y KOMopouaHbIx
NOXWJIbIX NALMEHTOB C caxapHbIM AnabeToM 2 Tuna

H.A. NepBbiwunH?, C.B. Bynrakosal, O.A. lLterman?, O.H. Bacunbkosas, J1.A. LLlapoHoBa!

1PIB0OY BO «Camapckuin rocyaapCTBEHHbI MeAULMHCKUIA YHUBEepcuTeT» MuHsapasa Poccuu
(Camapa, Poccuiickas depepauus)
2pI'bOY BO «KpacHosipckuin rocynapCTBEHHbIN MeOULMHCKUIA YHUBEPCUTET MMEHU npodeccopa
B.®. BoitHo-AceHeukoro» Munsapasa Poccun (KpacHosipck, Poccuiickaa Penepauns)
3Y0O «[oMenbckuin rocyaapCTBEHHbIN MeAULNHCKUIA yHUBEpcUTeT» MuH3agpasa
Pecny6bnukn benapycb (Tomenb, Pecnybnvka benapyce)

AHHOTaums

Hens — onpenienmTs crienududeckye 0COOEHHOCTH IPUMeHeHHs] IMMYHOX-
pomMaTorpaduueckoi MoyKolIndecTBeHHON MeTonuKy orieHkH Nt-proBNP
UL TUAaTHOCTUKY XPOHUYIeCKOU cepredHor HepocratogHocTy (XCH) y ko-
MOpPOUIHBIX TOXXMWIbIX ManueHToB ¢ CII 2 tuna (CII2) Bo B3aUMOCBS3U C
TI0Ka3aTeNIIMU KIIMHUKO-MeTaboIMIeckoro cTarTyca.

Marepuain 1 Metoabl. VccienoBaHue BEIIOIHEHO 10 KPOCCEKITHOHHOMY
mm3aiiHy. Msydeno 97 KIMHUYECKUX U 1aO0pPaTOPHO-UHCTPYMEHTaIBHBIX I10-
KazareJsed, Bkimodas onpefenenre Nt-proBNP nomykonrdecTBeHHBIM MeTO-
oM, B BbIOOpKe 50 KOMOpPOUTHBIX OXKHIIBIX HalueHToB ¢ C/12. Buimenenst
TPYIIIBI 110 TIOporoBoMy 3HadeHuto Nt-proBNP 450 nr/mi. [Tpoananmusupo-
BaHbI B3AUMOCBSI3H ¥ 3HAUMMOCTD Pa3/IMIHi IlepeMeHHbIX B IPYIIIax, B TOM
4HCIle CpeHUX 3Ha4eHHi OHOMapKepoB IOCTIDKeHus nejiel tedenns C/12 u
CTPYKTYPBI Me[IMKaMeHTO3HOH TepaluH.

Pe3ynbrarbl. BisiBieHs! BLICOKas pacIipOCTPaHeHHOCTh KOMOPOHIHOM ma-
Tosoruu (aprepuanbHoy runeprensuu (Al') — 90%, oxupenus — 74%, nuc-
JIMIHZIeMUHN — 72%) 1 BBICOKAsI IOJISL HeIIOCTIDKEHHs TepalleBTUIeCKIX Iieyel
YYaCTHHKOB, cOIocTaBUMble B rpymiax Nt-proBNP. Onpepnernena 3Haunmast
accoranys Mexxy rpynmnoit Nt-proBNP u panee ycranoBneHHo# cragueit

XCH (X2:6,4; p=0,041), a Tak:xe HOMOXXUTETbHAS KOPPEJISIIHS C [TOKa3aTeneM
COOTHOIILIEHHUS CKOPOCTel TPAHCMHUTPAJIbBHOTO KPOBOTOKA B PAHHIOKO U MO3/I-
Hioto quacrony E/A (r=0,309; p=0,003). ITomy4eHbl KOCBeHHbIE [JOKA3aTellb-
CTBa BBICOKOM YyBCTBUTEJILHOCTH ITOTYKOJIMYeCTBeHHO# orieHKH Nt-proBNP
i muarHoctukr XCH paHHuX cTamumit.

BeiBoasl. BonbmrHCTBO (72%) KOMOPOUIHBIX MOXKWIIBIX ManyeHToB ¢ C/12
umeroT ypoBeHb Nt-proBNP Bbiiiie 06111enomnysisiiuoHHOT0 NOPOTrOBOTO 3Ha-
yeHus 125 Or/mn v Hy>XHarmTcs B Bepudukanuu auarnoza XCH. Ornenka
peaynbrara Tecta Nt-proBNP npu C/12 umeer crieruduky, 00yCiIOBIeHHYO
noiuMop6uiHo# naronoruei (oxupenue u XBII) u HamuuMeM pa3HOHa-
TIPABJIEHHBIX «BO3MYIIAOIMINX» GakTOpoB. [1py IiIaHUPOBaHUH MTPOTPAMMBI
JIUCIIAaHCEePHOTO HaOJIIONeHUs TOXKUIIbIX ManueHToB, umerommx CI2 u AT,
CJIeyeT yYUTHIBATh TOKa3aHUs K CKpHUHTY Nt-proBNP, a npu nosoxurenb-
HOM pe3yJibTare — K yniyoneHHoMy 3xoKI-06c¢nenoBaHuio.

KnrwueBbie cI0Ba: MOXUION BO3pacT, caxapHbli auaber 2 Tuma,
N-TepMUHAJIbHBIN IIPOMO3TOBOM HATPUIypETUYECKUI eNTH]I, XPOHIYeCKast
ceprieyHasi HeIoCTaTOYHOCTh, KOMOPOH/IHAS TTaTOJIOTHSL.

KoHQIuKT HHTEpecoB: He 3asiBJIeH.
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*ABmop Onsl nepenucku

Cnucok cokpauieHunin

Al — apTepuanbHas runepteHsus; ALl — aptepuanbHoe AaBneHve;

APM3 — aBTOMaTU3MpOBaHHOE paboyee MECTO Bpaya-3HOOKPUHOOra;

OAL — nnactonuyeckoe ALl; nMNM-4 — uHrn6uTop AMNENTUAMNNENTUAA3sb 4 TMNa;

MBC — nwemmnyeckas 6onesHs cepaua; IMM — nnaekc Macckl MMoKkapaa;

WMT — uHpekc maccol Tena; UHIMT-2 — MHIMBUTOpP HaTPUA-rNIOKO3HOTO KOTpaHcnopTepa
2-ro Tuna; NC_CK® — UHOEKC CHUXXEHUS CKOPOCTH KIyBO4KOBOW chunbTpaLmu;

KOP — koHeuHbI anactonuyeckuin pasmep; KCP — KOHEYHbI cucTonnyeckuin pasmep;
JIMN — nesoe npeacepaue; JIXK — nesbiit xenynodek; OVIM — ocTpblil MHapKT MUoKapaa;
OHMK — ocTpoe HapyLueHve Mo3roBoro kpoBoobpatlerusi; CALl — cuctonmyeckoe Afl;
CK® — ckopocTb kny6o4koBoit unstpaumm; CMNMBP — cucteMa noaaepxin npuHATUS
BpayebHbIx pewweHuit; CA2 — caxapHblii ana6et 2 Tuna; T3C — TonwmuHa 3aiHel CTEeHKU;
TMXXT — TonwmHa Mexokenyno4koBoi neperopofku; XBIM — xpoHuyeckas 6onesHb noyex;
HbAlc — rnvkupoBaHHbIi reMorno6uH; Nt-proBNP — N-TepMUHanbHbIi npoMo3roBoit
HaTpuilypeTuyeckuii nentug,.

MonyueHo: 24.01.2025

Opo6peHo: 31.08.2025
Ony6nukoBaHo: 25.09.2025

m INTRODUCTION
ype 2 diabetes mellitus (T2DM) significantly
increases risks of cardiovascular complications win
an inevitable outcome of chronic heart failure (CHF) [1].
In many T2DM patients, CHF may manifest as the first
cardiovascular event [2]. Even the clinical manifestations
of pre-diabetes vs. normoglycemia increase the risk of
CHF development [3], cardiovascular death and all-cause

mortality [4] by 9-58%.
CHF of clinically manifested stages is confirmed in
10-30% patients with T2DM, and it is especially often

www.innoscience.ru

registered in the age over 70 [5]. At the same time, the
prevalence of non-diagnosed CHF (specifically, pre-heart
failure) in T2DM patients [6], as well as non-diagnosed
disorders of carbohydrate metabolism (impaired glucose
tolerance, pre-diabetes, T2ZDM) in the general population is
significant [6]. For example, the results of a meta-analysis of
a screening study in the Netherlands showed that up to 4.2%
of adults has objective EchoCG signs of CHF, which was
considerably higher than the official registry data of 1-2%
[7]. According to epidemiology data, the overall survival
of patients 10 years after diagnosis of CHF is 24.5% [8].
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Hayka n UHHOBauUuK B MeauLuHe

Many scientists now consider T2DM the major risk
factor of CHF onset, and patients with T2ZDM are regarded
as patients likely having Stage A CHF (ACC/AHA
Guidelines) [9].

One of priority components of T2ZDM management
strategy in the senior age is prevention of cardiovascular
risks and mortality, which necessitates search for and
studies of methods of early diagnostic confirmation or
exclusion of CHF. Studies of clinical significance of
evaluation of natriuretic peptide concentration, including
Nt-proBNP, for the screening of CHF have confirmed
that this method allows for a reliable exclusion of CHF
diagnosis in patients [10] and is economically feasible for
the public health care [11]. It was established that values
over the threshold level of Nt-proBNP are an indication
for further in-depth diagnosis, confirmation of CGF status,
identification of its form and severity [12].

The main goal of any screening method is to provide
an answer of what threshold level of a biomarker allows
for a highly reliable establishment or exclusion of some
diagnosis or other. To that end, available simple qualitative
and semi-quantitative tests are used [13]. We performed a
focused search for studies with evidence-based findings
of a relation between the level of natriuretic peptides and
the parameter of clinical and metabolic status of comorbid
patients with T2DM; however, it yielded no results.

The key factors complicating the determination of
threshold values of Nt-proBNP in diabetes mellitus are the
specific phenotype of CHF with preserved ejection fraction
and prevalence of restrictive lesions of the myocardium,
and status of comorbid factors and conditions significantly
affecting the concentration of Nt-proBNP (obesity, diabetic
nephropathy, age).

m AIM

To determine the specific features of the use of the
semi-quantitative Nt-proBNP immunochromatographic
assessment technique for the diagnosis of chronic heart
failure (CHF) in comorbid elderly patients with type 2
diabetes mellitus (T2DM) in relation to indicators of
clinical and metabolic status.

m MATERIAL AND METHODS

Study design. One-time cross-sectional clinical study in
the population sample of comorbid elderly patients with
T2DM.

Clinical base. The study is performed by the Department
of Endocrinology and Geriatrics of the Samara State
Medical University at the Department of endocrinology
of the Samara Regional Clinical Hospital named after V.D.
Seredavin.

Characteristics of participating group. The sample of
participants (n=50) was formed on a random basis. It
consisted of comorbid patients with a confirmed T2DM
diagnosis hospitalized to the Department of endocrinology
for a planned correction of therapy.

Inclusion criteria: patients with T2DM aged 60 to
74.9 years with confirmed concomitant diseases (arterial
hypertension, coronary heart disease, obesity), GFR
within 30 to 120 ml/min/1.73 m?. Exclusion criteria:
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acute complications of diabetes mellitus, exacerbation of
comorbid diseases at the moment of hospitalization, acute
vascular diseases within 3 preceding months, availability
of objective signs of a severe cardiac stasis (Stage II on
the classification of the Russian Society of Cardiology of
2023 [14]), CKD Stage 4 and later, concomitant system
pathology with a significant impact on the heart and
kidney function (anemia with hemoglobin concentration
below 90 g/1, gouty arthritis, malignant growth), dementia,
limited functional self-care capacity, lack of informed
consent.

Forming of the study sample and identification whether
or not the participants meet the selection criteria were
performed on the basis of medical data of preceding
stages of outpatient observation, i.e. in the period before
the official approval of the new CHF classification.
Considering these circumstances, the old Strazhesko-
Vasilenko classification was used.

The clinical characteristics of the general sample of
participants follows in Table 1.

Since the value of the mean square deviation of
creatinine level was comparable with the absolute value,
the data is presented in two variants, the arithmetic mean
and the standard deviation (M+SD), and the median and
quartiles (Me [Q1; Q3]).

The laboratory tests included the classic indicators of
clinical monitoring of DM patients as well as methods of
in-depth analysis of objective parameters of CHF. Firstly,
the concentration of N-terminal brain natriuretic peptide
(Nt-proBNP) was determined using a domestic semi-
quantitative immunochromatographic assay test (Scientific
Production Company “BioTest” LLC, Novosibirsk).
The test earlier demonstrated high diagnostic value as
compared to the quantitative assessment of Nt-proBNP
with an immunochemical assay test in the DREAM study
[15], allowing identification of five ranges of values:
0-124 pg/mL; 125-449 pg/mL; 450-899 pg/mL; 900-
1799 pg/mL; >1800 pg/mL. Secondly, an assessment of
diastolic dysfunction (DD) and structural and functional
disorders was performed by non-contrastive transthoracic
echocardiography using the Vivid E9 ultrasonic scanner.

Collection of primary clinical material. The software
suite “Endocrinologist’s Automated WorkplaceARME
2.0” was used to collect the primary material. The software
complex systematizes the data and stores them on digital
media during outpatient visits. The matrix of formalized
consultation protocol of the ARME 2.0 includes 97 history,
clinical and laboratory indicators of DM patients
that belong to the standard of dispensary monitoring;

Sex (M/F), n (%) 13/37 (26.0/74,0)

Mean age, years 65,64+4,01
Diabetes age, years 14,5248,12
v} g 34,07+5,99
HbAlc, % 8,93+2,58
Creatinine, pmol/L 94,21+39,97 84,25 [73,85; 107,66]
GFR CKD-EPI (mV/min/1.73 m?) 65,42+19,15

Table 1. Clinical characteristics of the general sample
Tabnuuya 1. KnuHu4eckasi xapakmepucmuka eeHepasnbHoU BbI6OpKU
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Clinical parameter “ % in the group

CKD 3a-b (GFR < 60 mL/min/1.73 m2) 40,0
Retinopathy 15 30,0
Foot polyneuropathy 42 84,0
Stable angina 20 40,0
History of acute Ml 4 8,0
History of ACVA 9 18,0
Chronic obliterative arterial disease of the 4 8.0
lower limbs ,

Confirmed CHF 12 24,0
Arterial hypertension 45 90,0
Obesity 37 74,0
Dyslipidemia 36 72,0

Table 2. Prevalence of complications of DM and comorbid pathology
in the general sample

Tabnuuya 2. PacnpocmpaHeHHocmb ocnoxHeHuld CL u
KOMOpbuoHoU namosioeuu B 2eHepasibHoU BbIbopKe

integrated and external modules of the medical decision-
making support system (MDMSS) ensure identification
of the variables (BMI, GFR under the CKD-EPI formula,
stages of obesity and CKD, dyslipidemia status, arterial
hypertension risk groups, target values of HbAlc, blood
pressure, LDLs, SCORE?2 risk, and others).

Statistical analysis. The primary material from the
ARME DM database to a Microsoft Excel file was
done with automation tools and a pre-set query script.
Specialized software was used for the purposes of
statistical analysis and mathematical modeling: SPSS 26.0
(IBM Corporation, Armonk, New York, USA). Nominal
features were coded with numbers with respective labels
assigned. The values of text fields of pharmacological
therapy were validated using the nominal scale with
segregation of drug classes.

Normality of distribution for quantitative variables was
assessed graphically using visual analysis of histograms
and the Shapiro-Wilk test. In cases of significant deviations
from normality, non-parametric analytical methods were
applied. Descriptive statistics for quantitative variables
are presented as mean standard deviation (M+SD) or, in
cases of substantial non-normality, as median and quartiles
[Me (Q1; Q3)]. Categorical variables are described using
counts and percentages of the group size.

Mann-Whitney and Student’s tests were used to
compare the quantitative parameters in groups. The
frequencies of nominal features were compared by
calculating the Pearson’s ¥? test and Fisher’s two-tail
exact test. The strength of associations between variables
was assessed using Spearman’s rank correlation for
quantitative variables and Kendall’s tau-b correlation for
pairs of ordinal and quantitative variables. Results were
considered statistically significant at p < 0.05 for all types
of statistical analysis.

m RESULTS AND DISCUSSION

The structure of the concomitant pathology and
vascular complications in elderly T2DM patients is
shown in Table 2.

Among the microvascular complications of the DM,
worthy of note are the high prevalence of CKD with
filtration function value below 60 mL/min/1.73 m?
(40%) and polyneuropathy of the lower limbs (84%). The

www.innoscience.ru

Clinical parameter m

HbAlc, % 9,47+2,92
delta HbAlc = HbAlc-LlY, % 1,48+2,59
Glycaemia on admission, mmol/L 8,49+3,53
Glycaemia on self-control, min, mmol/L 7,31+2,51
Glycaemia on self-control, max, mmol/L 15,54+3,80
Glycaemia variability, mmol/L 8,23+4,06
Cholesterol_ mmol/L 5,00+1,27
LDL_ mmol/L 2,82+1,01
delta LDL = LCL-TL, % 1,41+0,96
SBP_office 131,60+6,50
DBP_office 78,48+12,99

Table 3. Indicators of therapeutic control of diabetes in the general
sample

Tabnuua 3. [Tokazamenu mepanesmuyeckozo koHmpons CL B
2eHeparnbHoU BbIbopke

incidence rate of chronic forms of CHF was between 8%
and 40%. The diagnosis of CHF in the study participants
was established and verified by outpatient cardiologists in
the preceding stages of outpatient monitoring. Considering
the dedicated profile of the department and decompensated
progression of diabetes in the majority of patients, the
evaluation of functional disorders of the myocardium was
performed using standard EchoCG parameters without
functional stress tests. The CHF prevalence, according to
history data, was 24%.

The concomitant comorbid diseases were present in
all participants of the sample: the incidence of arterial
hypertension was close to 100%, BMI was higher than
the threshold value of obesity diagnosis in 74% cases, and
dyslipidemia found in 72%.

Quantitative indicators of therapeutic control of elderly
comorbid T2DM patients are shown in Table 3.

The average values of HbAlc (9.47£2.92%), its
difference with the target and actual value (delta
HbAlc 1.48+2.59%), glycaemia on admission
(8.49+3.53 mmol/L), as well as its high variance in
self-control (8.23+4.06 mmol/L) shows unsatisfactory
control of glycemic status of T2DM patients. One of the
most important parameters of the lipid profile, the LDL,
are also outside the target range with the average value
being 2.82+1.01 mmol/L, which is 1.41+£0.96 mmol/L
different from the target value. According to current
recommendations, the target level of systolic BP is
120-130 mmHg, and the evaluation of its average value
(131.60+6.50 mmHg) leads to believe that it is close to
the target value. However, the analysis of the qualitative
parameter of SBP meeting the target range shows a less
positive situation (Table 4).

Clinical parameter n % in the group

Glycemic control (HbAlc < 7.5%) 17 34,0
Lipid control (LDL < 1.4 mmol/L) 3 6,0
SBP < 130 mmHg 7 14,0
DBP < 80 mmHg 41 82,0
All parameters (HbAlc, LDL, BP) 0 0,0

Table 4. Frequency of achieving target levels of therapeutic control
in elderly patients with DM

Tabnuya 4. Yacmoma docmuwxkeHus ueneBbix ypoBHel
mepaneBmuyecko2o KOHMPOS y NOXUnbix nayueHmos ¢ C[]
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Insulin 40 80,0
Sulphonylurea 18 36,0
Biguanides 29 58,0
DPP4i 6 12,0
Gliflozins 27 54,0
Monotherapy 7 14,0
Two drugs in tablets 21 42,0
Three drugs in tablets and more 10 20,0

Table 5. Structure of hypoglycemic therapy in elderly patients
with DM2

Tabnuuya 5. Cmpykmypa aunoziukemMuyeckol mepanuu NoXunblix
nayueHmos ¢ C[]2

Nt-proBNP “ % in the sample
1 12

0-124 pg/mL 24,0
125-449 pg/mL 2 7 14,0
450-899 pg/mL 3 16 32,0
900-1799 pg/mL 4 10 20,0
21800 pg/mL 5 5 10,0

Table 6. Distribution structure of elderly patients with DM2
by Nt-proBNP ranges

Tabnuua 6. Cmpykmypa pacnpedeneHusi NoXunbix nayueHmos
¢ CA2 no duana3oHam Nt-proBNP

The data shows that the goals of glycemic control were
formally met in 34% of examined elderly T2ZDM patients,
lipid control, in 6%, SBP, in 14%, the DBP meeting the
target level in the majority of participants (82%). Thus,
two most serious problems of efficient compensation of
DM in the elderly age were localized, viz. meeting the
SBP and LDL target levels.

The analysis of drugs used to control carbohydrate
metabolism in the group of elderly T2DM patients is
shown in Table 5.

The vast majority of hospitalized elderly patients
with T2DM received insulin therapy (80%). Among oral
antidiabetic drugs, biguanides were the most prescribed
(58%), followed by SGLT-2 inhibitors (54%). The most
common regimen involved two concomitant medications
(42% of cases). Analysis of the table indicates that
glucose-independent insulin secretagogues and irrational
pharmacotherapy regimens were used with considerable
frequency.

o Mean =278
SD =1296
N=50

Incidence

o 1 2 3 4 3 L

Nt-proBNP group

Figure 1. Histogram of the sample distribution over the Nt-proBNP
ranges.

PucyHok 1. [ucmozpamma pacnpedeneHusi BbIGOpKU No
duanasoHam Nt-proBNP.

278

- Nt-proBNP < 50 pe/mL. | Nt-proBNP 2 450 pgim, n
% N %

n=31
No Ds CHF 14 73,7% 24 77,4% 1,000
CHF Stage 1 5) 26,3% 2 6,5% 0,089
CHF Stage 2a 0 0,0% 5 16,1% 0,142

Note: p — significance of difference between groups as per Fischer’s exact test
lMpumeyaHusi: p — 3Ha4yuMocme pasnuyull Mexoy 2pynnamu: N0 MoYHOMY
kpumeputo duwepa.

Table 7. Frequency of previously established stages of CHF in the
Nt-proBNP groups

Tabnuua 7. Yacmoma paHee ycmaHoBneHHbIx cmaduli XCH B
epynnax Nt-proBNP

The frequency of distribution of the sample participants
by ranges of Nt-proBNP determined by semi-quantitative
method is shown in Table 6.

The majority of comorbid elderly T2DM patients belong
to range 3 with Nt-proBNP values of 450 to 899 pg/mL,
which, according to the current clinical recommendations
[12], is to be regarded as the necessity for further in-depth
examination for CHF. The histogram of distribution of
participants of the sample over the Nt-proBNP ranges is
shown in Figure 1.

Considering the limitations of the semi-quantitative
method of Nt-proBNP determination, it order to evaluate
the correlations with clinical and metabolic indicators
the sample was divided into groups with the threshold
value of 450 pg/mL: groups A (Nt-proBNP < 450 pg/mL,
n=19) and group B (Nt-proBNP > 450 pg/mL, n=31).
The histogram of participant distribution in the groups
is shown in Fig. 2.

Based on a preliminary analysis of this histogram, it
is admissible to suggest the following: semi-quantitative
immuno-chromatographic assay of Nt-proBNP shows
high sensitivity, especially in the subclinical stage of CHF
development. In 22 participants (44%) with no history
of CHF diagnosis, Nt-proBNP > 450 pg/mL was found.
This may indicate low detection of initial manifestations
of CHF in elderly T2DM patients.

The diagram of incidence rates based on the threshold
value of 125 pg/mL, standard cutoff point in CHF screening
for general population (Fig. 3) clearly demonstrates that
over a half of study participants (72%) without a confirmed

CHF_stage

No CHF Stage 1CHF Stage 2a CHF

Incidence

Threshold, 450 pg/mL

Figure 2. Histogram of the distribution of NT-proBNP groups with
a threshold value of 450 pg/ml according to previously established
stages of CHF.

PucyHok 2. [ucmozpamma pacnpedeneHus epynn NT-proBNP
€ Nnopoe2oBbIM 3Ha4eHueM 450 n2/mMn no paHee yCmaHOBIEHHbBIM
cmadusim XCH.
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Nt-proBNP threshold level, 125 pg/mL
CHF_stage
Stage 1CHF

No CHF Stage 2a CHF

Incidence

Threshold, 125 pg/mL
0 - Nt-proBNP below 125 pg/mL
1- Nt-proBNP greater or equal 125 pg/mL

Figure 3. Histogram of the distribution of NT-proBNP groups with
a threshold value of 125 pg/ml according to previously established
stages of CHF.

PucyHok 3. lucmozpamma pacnpedeneHus epynn NT-proBNP
C NOPO20BbLIM 3Ha4YeHuUeM 125 na/mMn no paHee ycmaHOBEHHbIM
cmadusm XCH.

diagnosis of CHF as per previous stages of dispensary
follow-up, require a deeper diagnostic [12].

A closer assessment of the strong relation of the Nt-
proBNP groups with the earlier established CHF stages
allows for an analysis of contingency tables (Table 7).

The general Pearson’s y? for the contingency table
was x?=6.4; p=0.041, which allows for a conclusion of a
significant association between the Nt-proBNP group and
the clinical CHF stage. The number of patients with 2a
CHF stage was only 5 patients, but they all were within
the elevated Nt-proBNP group. In the assessment of paired
contingency tables, in accordance with the strict rules of
medical statistics, Fisher’s exact test was used. However,
if Pearson’s y? test is to be used as maximum likelihood
(p=0.024), a trend for higher incidence of CHF stage 2a
is identified in patients with Nt-proBNP > 450 pg/mL.

To clarify the correlation between groups identified
as per Nt-proBNP category, with DM complications and
comorbid pathologies, paired contingency tables were
analyzed by nominal features (Table 8).

Following from literature data, a concomitant pathology
may have various effects on the Nt-proBNP concentration.

Clinical parameters Group A, n (%) | Group B, n (%) n

3a-b CKD

(GFR < 60 mL/min/1.73 m?) 6 (316) 141(45.2) 0,387
Retinopathy 4(21,1) 11 (35,5) 0,351
CAD 12 (63,2) 18 (58,1) 0,774
Stable angina, FC2 10 (52,6) 10 (32,3) 0,235
History of acute Ml 2(10,5) 2 (6,5) 0,629
History of ACVA 2 (10,5) 7 (22,6) 0,452
Chiols chloretve sl |G se7) 100
Arterial hypertension 19 (100,0) 30 (96,8) 1,000
Obesity 14 (73,7) 23 (76,7) 1,000
Dyslipidemia 14 (52,6) 26 (32,3) 0,474

Note: p — significance of difference between groups as per Fischer’s exact test
lMpumeyaHus: p — 3Ha4uMocme pasnuyull Mexoy 2pynnamu no mMo4yHoOMy
Kpumeputro Puwepa.

Table 8. Structure of DM complications and concomitant pathology
in the Nt-proBNP groups

Tabnuuya 8. Cmpykmypa ocnoxHerul C[] u conymcmsytoweli
namonozuu B 2pynnax Nt-proBNP

www.innoscience.ru

Excessive body mass and obesity may reduce the Nt-
proBNP level thus masking the CHF [16]; patients with
reduced kidney filtration function may accumulate the Nt-
proBNP, which reversely affects the level of this parameter
[17]. In our study, we checked the incidence rate of
concomitant diseases in the Nt-proBNP groups but found
no significant differences, which might have been related
to non-inclusion of patients with extreme manifestations
of these pathologies in the sample. The interaction of
these competing factors (high BMI and reduced GFR),
characteristic for most elderly T2DM patients, and their
joint effect on the Nt-proBNP concentration necessitates
a separate in-depth analysis on large samples.

To clarify the effect of conventional indicators of DM
therapeutic control on the Nt-proBNP value in the groups,
their average values were compared (Table 9).

No significant differences were found in the average
values of the glycemic, lipid and hemodynamic control
as well as rated parameters of reaching their target values
mediated by the level of. One may suggest that despite
the common links in the pathogenetic mechanism of DM
and CHF, concentration of Nt-proBNP reflects only the
increased extension of the cardiac chambers and has no
direct connection with the compensation of DM. Noteworthy
is the trend of the indicator of glycaemia variance towards
significance (p=0.065) that had not reached the threshold
value: this is a new indicator of glycemic control that
demonstrated a significant relation with the development
of vascular complications in DM patients [18, 19]. The
data on the lack of relation between HbAlc and Nt-
proBNP were tested by correlation analysis, and a single
relation was found: that between the relative proportion of
patients who reached the target level of glycemic control,
and adherence to the segregated Nt-proBNP groups,
Spearman’s correlation having a negative sign and nearing
the significance threshold (r=-0.276; p=0.052).

The following stage included a comparison of the
average values of standard indicators of blood biochemical
test in the Nt-proBNP groups (Table 10).

o Group A Group B
SHniest parameters -

HbAlc, % 8,58+1,66 9,14+3,01 0,395
delta HbAlc = HbAlc-LlY, % 1,10+1,65 1,71+3,02 0,365
Glycaemia on admission,

mmoU/L 8,51+3,79 8,48+3,43 0,977
Glycaemia on self-control, min,

mmo/L 7,66+2,46 7,08+2,55 0,436
Glycaemia on self-control, max,

mmoUL 14,63+2,93 16,14+4,22 0,151
Glycaemia variability, mmol/L 6,97+3,29 9,06+4,35 0,065
Cholesterol_ mmol/L 2,62+0,95 2,93+0,96 0,284
LDL_ mmol/L 1,22+0,95 1,53+0,96 0,283
SBP_office 132,1146,31 131,29+6,70 0,667
DBP_office 79,47+5,24 80,97+5,98 0,374

Note: p — significance of differences
MpuMeyaHusi: p — 3Ha4uMocmsb pasnuyud

Table 9. Indicators of therapeutic control of diabetes
in the Nt-proBNP groups

Tabnuua 9. lNokasamenu mepaneBmuyecko2o koHmpons Cll
B epynnax Nt-proBNP
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i Group A Group B

Cholesterol, mmol/L 4,82+1,27  5,16+1,20 0,342
HDL, mmol/L 1,22+0,23  1,26+0,41 0,699
TG, mmol/L 2,18+0,92  1,99+0,85 0,445

Creatinine, pmol/L 87,32+27,99 98,44+45,72 0,345

GFR CKD-EPI (ml/min/1.73 m?) 69,35+20,82 63,02+17,98 0,261

IS_GFR, mUmin/1.73 m? per year 1,20+1,14  2,92+3,71 0,023*

Note: p — significance of differences, *— p<0.05
lMpumeyaHus: p — 3Ha4umMocme pasnuqul; * — p<0,05.

Table 10. Biochemical parameters in Nt-proBNP groups
Tabnuuya 10. buoxumuyeckue nokazamenu B 2pynnax Nt-proBNP

Clinical parameters Group AM+SD | Group B M+SD -

LV end diastolic size, mm 48,28+4,60 48,61+3,71 0,790
LV end systolic size, mm 32,11+4,56 31,46+3,60 0,595
h\]/mposterior wall thickness, 11,14+1,19 11,5241,15 0,287
'd‘i’assfg’lg“r‘nmic"“ess Ly 11,88£1,39 1252¢141 0138
MMI_LV, g/m? 117,24+40,21 119,98+30,16 0,807
LA, mL 34,84+4,29 37,56+11,75 0,366
Ejection fraction, mL 61,89+6,88 62,68+6,04 0,684
E/A 0,83+0,24 0,89+0,25 0,528
TAPSE, mm 21,62+1,19 22,76+4,04 0,328
LA, mm 22,13+1,89 22,77+1,99 0,305

Note: p — significance of differences
MpuMeyaHusi: p — 3Ha4uMocmb paznuyudl.

Table 11. Indicators of instrumental examinations in Nt-proBNP
groups with a threshold value of 450 pg/ml

Tabnuuya 11. [Tokazamenu uHcMpyMeHmaJsbHbIX 0bcnedoBaHull B
epynnax Nt-proBNP c nopozoBbiM 3HadeHueM 450 na/mn

The concentration of all studies biomarkers demonstrated
no significant differences in the Nt-proBNP groups. These
data confirm, yet again, the high diagnostic value of the
Nt-proBNP level providing to the researcher some unique
highly selective information about the pathological process
of CHF development that finds no specific reflection in no
other biochemical parameters of the blood. The exception
was the calculated parameter IS _GFR (p=0.023), the
original diagnostic parameter developed in the Department
of Endocrinology and Geriatrics of SamSMU, that allows
for a quantitative characteristics of the rate of progression
of CKD in diabetes. Our earlier research provided a detailed
clinical justification of the predictive value of IS GFR
exceeding the threshold value of 3.83 mL/min/1.73 m? per
year as a new biomarker of adverse outcome in elderly
patients with T2ZDM!. The control analysis of the paired
contingency table confirmed the established correlation of
the IS_GFR groups with the threshold value of 3.83 mL/
min/1.73 m?and Nt-proBNP groups with the threshold value
of 450 pg/mL with a high level of significance (Fisher’s
exact test value was 0.018).

Most interesting is the analysis of average values of
EchoCG in the Nt-proBNP groups (Table 11).

The key EchoCG indicators of CHF demonstrated
a monotonous line of values with no significant

Group A Group B
BN

Insulin 15 (78,9) 25 (80,6) 0,884
Sulphonylurea 6 (31,6) 12 (38,7) 0,610
Biguanides 13 (68,4) 16 (51,6) 0,242
DPP4i 2(10,5) 4(12,9) 0,802
Gliflozins 12 (63,2) 15 (48,4) 0,309
Monotherapy 5(26,3) 2 (6,5) 0,049*
Two drugs in tablets 8(42,1) 13 (41,9) 0,991
Three drugs in tablets and more 4(21,1) 6 (19,3) 0,884

Note: p — significance of differences, *— p<0.05
lMpumeyaHus: p — 3HayumMocmsb pasnu4ud; *— p<0,05.

Table 12. Structure of hypoglycemic therapy in Nt-proBNP
groups with a threshold value of 450 pg/ml

Tabnuua 12. Cmpykmypa a2unoznukemMudeckoll mepanuu
B epynnax Nt-proBNP c nopozoBbiM 3Ha4eHueM 450 na/mn

differences in the Nt-proBNP groups. At the same time,
the correlation analysis identified a highly significant
correlation of the diastolic function of the myocardium,
i.e. ratio of velocities of transmitral flow in the early and
late diastole E/A (r=0.309; p=0.003) with a complete
absence of correlation with ejection fraction (r=-0.031;
p=0.784). One may suggest that the data stem from a
specific CHF phenotype with preserved ejection fraction
and predominantly restrictive damage of the myocardium,
characteristic of T2DM [20] and obese patients [21]. In
a recent study [22], an attempt was made to identify
independent EchoCG indicators to establish a prognosis
for CHF patients with preserved ejection fraction. The
authors make it a point that such indicators are only the
global longitudinal strain of the left ventricle and the
ratio of the systolic excursion of the ring of the triscupid
valve and the systolic pressure in the pulmonary artery.
In any case, the obtained data emphasize the necessity
of studying and clarifying the changes in the EchoCG
parameters specific for elderly T2DM patients, and
of a wider use of up-to-date methods of instrumental
confirmation of CHF (tissue Doppler velocimetry with
E/e' ratio measurement, assessment of systolic pressure
in the pulmonary artery, LV global longitudinal strain,
LA index), the indications for which may be provided
by the Nt-proBNP semi-quantitative test.

One of the most important factors determining the
dynamics of CHF progression is the timely prescription
of a complex multi-component pharmacological
therapy. In this study, we evaluated the structure of
hypoglycemic drugs in groups of various levels of NT-
proBNP, determined frequency of their prescription by
pharmacological classes, and significance of differences
in the segregated groups (Table 12).

Significant differences between the Nt-proBNP groups
were observed only for the frequency of monotherapy
prescription, which is primarily used in the early stages
of DM. It is reasonable to assume that such patients are
less prone to developing macrovascular complications
and, even more so, clinically manifest CHF. This likely
explains why the relative proportion of patients receiving

1MepBbiwmnH H.A. Cnoco6 NporHo3vpoBaH1si pUCKa BbICOKOrO TeMMa NporpeccupoBaHst XPOHUYECKO GONe3HM NoYek Y NaLMeHTOoB NOXUI0ro Bo3pacTa Npu ConyTCTBYIOLLEM CaxapHOM
nAvabete 2 Tuna. MateHT Ha n3obpeTenne Ne 2825048. [loctynHo no: https://www.fips.ru/cdfiffips.dll/ru?ty=29&docid=2825048
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a single glucose-lowering drug is higher in Group A
compared to patients exceeding the 450 pg/mL threshold.

Limitations of study. The present study was designed
as a phase analysis, and its clinical interpretability was
limited by the insufficient sample size. The application
of more advanced medical statistics methods, particularly
logistic regression, requires a more extensive primary
dataset and additional participant enrollment, which is
currently underway.

m CONCLUSIONS

1. In three out of four elderly comorbid patients with
T2DM, the level of Nt-proBNP was found to be higher
than the general population threshold value, which
necessitates further verification and clarification of the
CHF stage in such patients.

2. All elderly comorbid patients with T2DM, previously
diagnosed with CHF in earlier stages of outpatient

monitoring, demonstrated an elevation of the Nt-proBNP
level above 125 pg/mL, which allows to conclude that
the sensitivity of the semi-quantitative Nt-proBNP test
is 100%.

3. The application of the semi-quantitative Nt-proBNP
test in elderly T2DM patients has its proper specifics
stemming from the polymorbid pathology and presence
of competing contributing factors, i.e. BMI, GFR, age.

4. Insufficient specificity of the semi-quantitative Nt-
proBNP test in elderly T2DM patients may be accounted
for by low detection of early-stage CHF in T2DM, and
availability of concomitant diseases (obesity and CKD).

5. When planning outpatient management of elderly
comorbid patients with T2DM and concomitant arterial
hypertension, it is to be taken into account that Nt-
proBNP screening is indicated for this group. Its positive
result is an indication for a detailed echocardiographic
examination. »=
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Abstract

Aim — to study the distribution of allele frequencies of the polymorphic
marker 4G(-675)5G of the PAI-1 gene among patients with coronary heart
disease and individuals with risk factors for the development of coronary
heart disease.

Material and methods. The study included 63 patients with diagnosed coronary
heart disease, especially with stable angina (48 men and 15 women) hospitalized
in the 1st Cardiology Department of the Multidisciplinary Clinic of the Tashkent
Medical Academy. The average age of patients was 56.8+6.40 years (42-66 years
old). The state of hypercoagulability was assessed by measures of polymorphism
gene of PAI-1 and plasma level of PAI-1.

Results. The assessment of the frequency of various variants of the 4G(-
675)5G polymorphic marker of the PAI-1 gene showed that differences in
the distribution of the 5G/5G, 4G/5G, 4G/4G genotypes depending on the

functional class of coronary artery disease are not statistically significant, since
the chi-square test value was ¥?=1.85 (p>0.05). Based on the obtained results,
it can be assumed that the presence of hetero- and homozygous variants of
the 4G allele of the PAI-1 gene does not affect the severity of the disease, in
particular, the functional class of stable angina.

Conclusion. The 4G/5G polymorphism of the PAI-1 gene was significantly
associated with the risk of coronary heart disease in the Uzbek population.
When stratified by angina functional class, the results showed that the 4G/5G
polymorphism is associated with an increased risk of coronary heart disease
and higher plasma PAI-1 levels.

Keywords: ischemic heart disease, plasminogen activator inhibitor, genetic
polymorphism, hypercoagulation, risk factors.

Conflict of interest: nothing to disclose.

Citation

Kadirova NA, Nurillaeva NM, Petrova VB, Lapteva ES, Shumkov VA.

Role of the plasma level of plasminogen activator inhibitor type-1 (PAI-1)
and genetic polymorphism of PAI-1 gene in patients with ischemic

heart disease in Uzbek population. Science and Innovations in Medicine.
2025;10(4):283-289. DOI: https://doi.org/10.35693/SIM690347

Information about authors

Nargiza A. Kadirova — MD, Cand. Sci. (Medicine), assistant of Department

of Internal Diseases in Family Medicine Nel and Fundamentals

of Preventive Medicine.

ORCID: https://orcid.org/0000-0003-0156-1304

E-mail: xasanova_nargiza@bk.ru

*Nargiza M. Nurillaeva — MD, Dr. Sci. (Medicine), Professor, Head of the Department
of Internal Diseases in Family Medicine Nel and Fundamentals of Preventive Medicine.
ORCID: https://orcid.org/0000-0001-5520-675X

E-mail: nargizanur@yandex.ru

Victoriya B. Petrova — MD, Cand. Sci. (Medicine); assistant of the Department
of Geriatrics, Propaedeutics and Management of Nursing Activities.

ORCID: https://orcid.org/0009-0003-0467-9567

E-mail: nikkiOO7@mail.ru

Ekaterina S. Lapteva — MD, Cand. Sci. (Medicine), Associate professor, Head of the
Department of Geriatrics, Propaedeutics and Management of Nursing Activities.
ORCID: https://orcid.org/0000-0002-0857-1786

E-mail: ekaterina.lapteva@szgmu.ru

Vladimir A. Shumkov — MD, assistant of the Department of Geriatrics,
Propaedeutics and Management of Nursing Activities.

ORCID: https://orcid.org/0000-0001-9055-432X

E-mail: shumkovVA@mail.ru

*Corresponding Author

Received: 14.09.2025

Accepted: 23.10.2025
Published: 25.10.2025

Ponb ypoBHSI MHFTMOUTOpPA akTUBaTOpa
nna3muHoreHa-1 (PAI-1) B nnaaMe U reHeTu4eckoro
nonuMopdgusma reHa PAI-1 y naumMeHTOB C UleMn4eckKon
6one3Hblo cepaLa y36eKkCcKon nonynsumm

H.A. Kaaguposa!, H.M. HypunnaeBa?, B.b. lNetpoBa?, E.C. JlanteBa?, B.A. LLlyMkoB?

ITalWKeHTCKMIA roCyAapCTBEHHbIA MeanUMHCKuii yHuBepcuTeT (TawkeHT, Pecnybnuka Y36ekmcTaH)
20I'bOY BO «CeBepo-3anagHblii rocyaapCTBEHHbI MeQULMHCKUIA yHnBepcuTeT uMeHn N.1. MeyHnkoBa»
MuH3agpaBa Poccum (CaHkT-lTetepbypr, Poccuitickas ®enepauns)

AHHOTaUuA

Lens — n3yueHue pacrpesiesieHus 4aCTOT ajulesieil HoJIMMOpPGHOTro MapKepa
4G(-675)5G rena PAI-1 cpeny manyeHTOB C HUIIIEMUYECKOl G0JIe3HbI0 CepAIia
(UBC) u mu ¢ dpaxkropamu pucka passurust UBC.

www.innoscience.ru

Marepuan u MeToabl. B rcciieoBanye 66110 BKIII0OYeHO 63 nalueHTa c iu-
arHo3oM «uiemuyeckas 6onesns cepa» (MBC), a uMeHHo co crabuiibHOM

creHokapyueit (48 My>darH 1 15 JKeHIYH), FOCIUTAIN3HPOBAaHHbIX B IIEPBOE
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Hayka n UHHOBauUuK B MeauLuHe

Kap/IOJIOTMIeCKOe OT/IeleHHe MHOTOIIPOGHITEHON KITMHUKY TalKeHTCKO
MeIUITMHCKOM akafemuy. CpeHUI BO3pacT IaIlMeHToB cocTaBui 56,8+6,40
roga (ot 42 no 66 net). CocTosiHHe IHIIepKOaryyIsiUuy YCTaHABINBAJIOCh
110 aHanMu3y nonumopodusma resa PAI-1 u yposaio PAI-1 B mna3me KpoBu.
Pesynbrarel. OrieHKa BCTPEYaeMOCTH Pa3iIMIHbIX BAPHAHTOB HOJIMMOpPGh-
Horo Mapkepa 4G(-675)5G rena PAI-1 moka3zana, 94TO pa3iddus B pac-
npepenenuu reHotunos 5G/5G, 4G/5G, 4G/4G B 3aBuCUMOCTH OT PyHK-
uoHanbHoro kiacca UBC He SBISIOTCS CTaTHCTHYECKH 3HAYUMBIMH,
TIOCKOJIbKY 3HaYeHHMe KpUTepHs XU-KBanpar cocrasuio X2=1,85 (p>0,05).
Ha 0CHOBAaHHH HOJyYEHHBIX Pe3yJIbTaTOB MOXHO MPEANOI0XUTh, ITO
HaJIM4YKe reTepo- ¥ FOMO3UTOTHHIX BapruaHToB amnens 4G rexa PAI-1 He

BIIUSIET Ha TSDKeCTh 3a60/1eBaHusl, B YaCTHOCTH Ha GpyHKIIMOHAJIBHBIH KITacc
CcTabUIIbHON CTeHOKapAUH.

BriBogsl. ITonmumopduam 4G/5G rena PAI-1 6bl1 BOCTOBEPHO acCOLMUPO-
BaH C PHCKOM MIIleMHYeCcKoy 60J1e3HM cepAilia B y36eKckoi nomynsaiyu. [1pu
CTpaTUpUKaIKK 110 GYHKIMOHAILHOMY KIIAaCCy CTeHOKAp/MK Pe3yJTbTaThl 110-
Kazanu, 4to nonumopdusm 4G/5G cBs3aH ¢ noBeieHHbIM prickoM UBC u
6omee BrICOKUMY ypoBHsiMU PAI-1 B miasme.

KirroueBrle cnoBa: ninemudeckasi 601e3Hb Cep/illa, MHTMOUTOP aKTHBa-
TOpa IJIa3MUHOTeHa, TeHeTHYeCKUH MOTMMOP(U3M, THIIepKOaryIsnus,
daxTops! pucka.

KoH(}IMKT HHTEpecoB: OTCyTCTBYeT.

Ansa uMTMpoBaHus:

Kapuposa H.A., Hypunnaesa H.M., MNetposa B.B., Jlantesa E.C., LymkoB B.A.

Ponb ypoBHs MHrMGMTOpa akTMBaTopa nnasMuHoreHa-1 (PAI-1) B nnasme

¥ reHeTM4eckoro nonumopguama reHa PAI-1 y naumMeHTOB € MEeMUYecKoin 6onesHbio
cepaua ys6ekckow nonynsuuun. Hayka u uHHosayuu B MeduyuHe. 2025;10(4):283-289.
DOI: https://doi.org/10.35693/SIM690347

CeefieHus 06 aBTopax

Kaauposa H.A. — kaHA. Mefl. HayK, aCCUCTEHT Kadpeapbl BHYTPEHHUX
6onesHeit B ceMeiiHoit MeauumHe Nel.

ORCID: https://orcid.org/0000-0003-0156-1304

E-mail: xasanova_nargiza@bk.ru

*Hypunnaesa Haprusa MyxTtapxaHoBHa — A-p MeA. Hayk, npodheccop,
3aBeqyoLas kadeapoit BHYTPeHHUX 6onesHeit B cemMeiiHoi MeaumumHe Nel.
ORCID: https://orcid.org/0000-0001-5520-675X

E-mail: nargizanur@yandex.ru

MetpoBa B.B. — kaHA. MeA. HayK, aCCUCTEHT Kadeapbl repuatpuu,
NPONEAEBTUKN 1 YNPAB/IEHNS B CECTPUHCKOM AATENbHOCTY.

ORCID: https://orcid.org/0009-0003-0467-9567

E-mail: nikkioO7@mail.ru

NanteBa E.C. — kaHA. Meq. Hayk, AOLEHT, 3aBefytoLas kacdenpomn
repuaTpum, NPONeaeBTUKM U YNPaBNEHUS B CECTPUHCKOM AEATENBHOCTY.
ORCID: https://orcid.org/0000-0002-0857-1786

E-mail: ekaterina.lapteva@szgmu.ru

LlymkoB B.A. — accucTeHT kadenpbl repuatpum,

NPONEAEBTUKW 1 YNPABEHNS B CECTPUHCKOM AEATENBHOCTY.

ORCID: https://orcid.org/0000-0001-9055-432X

E-mail: shumkovVA@mail.ru

*ABmop Onsi nepenucku

Cnucok cokpalieHui

CC3 — cepneyHo-cocyamucToe 3abonesaHue; MBC — nwemnyeckas 6onesHb
cepaua; PK — yHkUMoHanbHbI knacc; CC — cTabunbHas cTeHokapaws;
MM — uHdapkT Mrokapaa; TAP — TpeBoXHO-AenpeccuBHOE pacCTPOCTBO;
'XC — runepxonectepuHemus.

Monyuexo: 14.09.2025

Opo6peHo: 23.10.2025

Ony6nukoBaHo: 25.10.2025

m INTRODUCTION

ccording to a 2022 report from the State Statistics

Committee of the Republic of Uzbekistan, the total
number of deaths between January and December was
172,100. Among these, diseases of the circulatory system
accounted for 55.5% of all registered mortality (source:
State Statistics Committee of the Republic of Uzbekistan,
2022). Young survivors of arterial thrombotic events face
higher mortality and morbidity rates compared to the general
population, primarily due to an elevated risk of cardiovascular
recurrences [1,2]. These findings emphasize the urgent need for
novel diagnostic and therapeutic strategies for cardiovascular
disease. This is particularly critical for younger patients, as the
impact on their quality of life and the resulting socioeconomic
burden are magnified by their longer life expectancy.

It is commonly known that hypercoagulability is a
significant risk factor for myocardial ischemia. While
hypercoagulability increases the risk of arterial thrombosis,
the magnitude of this effect may vary across different
clinical manifestations of arterial disease [3]. Platelets
play a pivotal role in thrombus formation and propagation,
making them the primary target of antithrombotic therapy
in arterial disease [4]. Nevertheless, arterial thrombus
formation is also driven by the activation of the plasma
coagulation cascade [5].

Fibrinolysis is a process governed by the complex
interplay of various plasminogen activators and inhibitors,
forming an enzymatic cascade that ultimately leads to fibrin
degradation. The plasminogen activator system is pivotal
in numerous physiological and pathological contexts.
Plasminogen activator inhibitor-1 (PAI-1), a member of
the serine protease inhibitor (serpin) superfamily, is the
primary physiological inhibitor of both tissue-type (tPA) and
urokinase-type (uPA) plasminogen activators, the enzymes
responsible for converting plasminogen into its active form,

284

plasmin [6]. Plasminogen is mainly found in the plasma and
is synthesized predominantly in the liver. Its conversion into
plasmin is facilitated by two main activators: the urokinase-
type plasminogen activator (uPA) and the tissue-type
plasminogen activator (tPA). The actions of these activators
are tightly controlled by specific plasminogen activator
inhibitors (PAIs), the most important one being plasminogen
activator inhibitor type 1 (PAI-1), initially characterized as
the endothelial cell-derived inhibitor [7]. Elevated PAI-1
expression in vivo inhibits fibrinolysis, leading to abnormal
fibrin deposition and subsequent tissue injury [8]. PAI-1
levels are influenced by several factors, including age, renal
insufficiency, systolic blood pressure, insulin resistance,
obesity, and triglyceride levels, but show no association
with cholesterol levels or smoking [8]. Both PAI-1 and TPA
antigen levels are predictive of cardiovascular disease (CVD)
events, even after adjustment for established risk factors.
Furthermore, a serial increase in PAI-1 is associated with
a progressively higher risk. These findings underscore the
importance of the fibrinolytic system in the pathogenesis
of CVD.

Additionally, there is evidence that PAI-1 plasma
concentration is influenced by genetic variation. Several
genetic polymorphisms have been identified at the PAI-1 gene
locus on chromosome 7 [10, 11]. Among these, a guanine
insertion/deletion polymorphism known as —675 4G/5G,
located in the promoter region, has been reported in numerous
studies to be associated with PAI-1 plasma levels [12]. Of the
known polymorphic sites in the PAI-1 gene region, only the
—675 4G/5G insertion/deletion polymorphism is suspected of
having functional significance [13,14]. This polymorphism
is considered an independent risk factor for ischemic heart
disease and/or acute myocardial infarction (MI). A large
cohort study (n=1179) demonstrated that the 4G/4G genotype
is more common in first-degree relatives of patients with

www.innoscience.ru
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Acetylsalicylic acid

75 mg 8 (12,6%)
100 mg 17 (26,9%)
Clopidogrel, 75 mg 38 (60,3%)
ACE inhibitors 19 (45,2%)
Angiotensin-II receptor blockers 12 (28,5%)
Beta-blockers 35 (55,5%)
Calcium channel blockers 38 (60,3%)
Statins 28 (44,4%)
Diuretics 17 (26,9%)
Nitrates 14 (22,2%)

Table 1. Drug therapy of patients included in the study

Tabnuya 1. Papmakonozuyeckass mepanusi BKIIHOYEHHbIX B
uccnedoBaHue nayueHmos

coronary heart disease than in individuals without a family
history of the condition [15].

The strength of this association may vary significantly
across populations, and some ethnic groups may show a weak
or absent link. This variability is likely due to the complex
interaction of population-specific genetic and environmental
factors.

The relationship between the PAI-1 4G/5G polymorphism
and traditional ischemic heart disease risk factors in patients
with stable coronary artery disease remains a subject of
ongoing research. Al-Wakeel et al. found no significant
association between the PAI-1 4G/5G polymorphism and
coronary artery disease risk in an Egyptian population [16].

m AIM

To study the distribution of allele frequencies of the
polymorphic marker 4G(-675)5G of the PAI-1 gene among
patients with coronary heart disease and individuals with risk
factors for the development of coronary heart disease.

m MATERIAL AND METHODS

Our study included 63 patients diagnosed with
ischemic heart disease, specifically stable angina, who
were hospitalized in the I Cardiology Department of the
Multidisciplinary Clinic of Tashkent Medical Academy. The
patient group consisted of 48 men and 15 women, with a
mean age of 56.8 + 6.40 years (range 42-66 years). The mean
age was 56.4 + 6.60 years for men and 58.0 = 5.52 years for
women. The control group comprised 65 apparently healthy
individuals.

The diagnosis of stable angina was established according
to the ischemic heart disease classification adopted at the
IV Congress of Cardiologists (2000). The functional class
(FC) of stable angina was determined using the Canadian
Cardiovascular Society classification and exercise stress
testing (bicycle ergometry).

Exclusion criteria: unstable angina, acute or chronic heart,
kidney or liver failure, arrhythmia, acute cerebrovascular
accident, diabetes mellitus associated myocardial infarction,
malignant neoplasia.

To address the study objectives, all patients were divided
into two groups based on the functional class of stable angina.
The first group included 24 patients (38.1%) with FC II stable
angina, while the second group consisted of 39 patients
(61.9%) with FC III stable angina.

Hypercoagulability was assessed by measuring the PAI-1
gene polymorphism and plasma PAI-1 levels. Venous blood
samples (3 mL) were collected from the cubital vein for
genetic analysis. DNA analysis of the PAI-1 gene (4G/5G)
was performed using multiplex PCR on CG-1-96 (“Corbett
Research”, Australia) and 2720 (“Applied Biosystems”, USA)
thermal cyclers with reagent kits from “Geno Technology”
according to the manufacturer’s protocol. Plasma PAI-
1 levels were measured using ELISA with commercially
available kits.

Additionally, our study evaluated major IHD risk factors
including obesity, smoking, and anxiety-depressive disorder
(ADD). Obesity was assessed using Quetelet’s index.
Smoking status was evaluated with the Fagerstrom test, while
anxiety-depressive disorder was measured using the Hospital
Anxiety and Depression Scale (HADS). The patients included
in the study received pharmacological therapy (Table 1).

m RESULTS

This study is the first to examine the frequency distribution
of PAI-1 gene genotypes and their association with major IHD
risk factors in Uzbek patients with stable angina. Patients of
Uzbek nationality with stable angina were selected to identify
additional prognostic criteria. To clarify the pathogenetic
significance of PAI-1 gene polymorphism across different
functional classes of stable angina, PCR analysis of the PAI-1
gene was performed in the study population.

During genotyping of 63 IHD patients with stable angina,
2 patients (3.3%) were excluded from the study due to blood
storage errors. The resulting data on allele and genotype
frequencies of the PAI-1 4G/5G polymorphism in the
specified stable angina groups are presented in Tables 2-3.

The population distribution of PAI-1 gene alleles was
investigated in 61 IHD patients (122 chromosomes). The
frequency of the 4G allele in this group was 45.1% (n=55).
We identified 13 homozygous and 29 heterozygous carriers
of this allele. The frequency of the 5G allele in the main
patient group was 54.9% (n=67). This allele in homozygous
state was found in 19 individuals. The distribution patterns
of PAI-1 gene allele genotypes in IHD patients are visualized
on the PCR product electrophoregram and presented in
Figure 1.

5G/5G G5/G4 4Gl4G

. Allele frequency Genotype distribution frequency

Main group (n=61) 54,9 55

45,1 19 31,1 29 47,5 13 21,3

Table 2. Frequency of distribution of alleles and genotypes of G5/G4 polymorphism of PAI gene in group of patients with IHD and healthy

individuals

Ta6nuua 2. Yacmoma pacnpedeneHusi annenell u eeHomunoB nonuMopgusma G5/G4 zeHa PAl B epynne nayueHmos ¢ MIBC u 300poBbIx

nayueHmos
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Main group (n=61)

Genotype frequency distribution
Total ©
5G/5G G5/G4 4G/4G
19 29 13
n=61

Expected frequency (n=61) 25,66
Control group (n=65) 34
Expected frequency (n=65) 27,34
Total 53

26,14 9,2
25 6 7,00 0,03
n=65
27,86 9,8
54 19 n=126

Notes: x? = AMOUNT (observed - expected)2/ expected = ((19-25,66)2/25,66)+((29-26,14)2/26,14)+((13-9,2)2/9,2)+((34-27,34)2/27,34)+

((25-27.86)2/27,86)+((6-9,8)2/9,8)=7,00.

Degree of freedom (df)=( number of columns-1)*( Number of lines-1)=(3-1)%*(2-1)=2

Our indicator is in the area p<0.05, calculated with the help of Microsoft Excel p=0.03.
Table 3. Distribution of frequencies of genotypes under Hardy-Weinberg’s law. Expected and observed frequencies of distribution of

genotypes in the main and control groups

lNpumedaHus: X2 = AMOUNT (Habn. — oxud.)2 / oxuo. = ((19-25, 5,66)+((29-26,14 ,14)+((13-9, ,2)+((34-27,34)2/27,34)+((25-27, 7,86)+
X O (Hab. 0.)2/ 0. = ((19-25,66)2/25,66)+((29-26,14)2/26,14)+((13-9,2)2/9,2)+((34-27,34) 2/27,34)+((25-27,86) 2/27,86)

((6-9,8)2/9,8)=7,00.

CmeneHb cBo600bI (df) = (kon-Bo cmonbuos - 1) * (Kon-Bo cmpok - 1) = (3-1)%(2-1)=2

lMokasamenb Haxodumcs B 30He p<0,05, paccyumaH ¢ noMowbto Microsoft Excel, p=0.03.

Tabnuya 3. PacnpedeneHue 4yacmom 2eHomunoB B COOMBemcmBuU C 3aKOHOM Xapou — BaliH6epaa.
HabéntodaeMble u oxxudaembie Hacmomsl 2eHOMUNOB B OCHOBHOU U KOHMPobHOU epynnax

For this polymorphism in patients with stable angina
and conditionally healthy donors, the observed genotype
distribution corresponded to theoretical expectations and
showed relatively high observed (Hobs) and expected (Hexp)
heterozygosity under Hardy-Weinberg equilibrium (p<0.05).
Based on the Chi-square statistic (x*=7.00), statistically
significant differences in the distribution of genotypes
5G/5G, 5G/4G, and 4G/4G were established between patients
in the main group and probands in the control group (p<0.05).

Genetic analysis of Uzbek individuals revealed that the
4G allele of the PAI-1 gene occurs more frequently in IHD
patients than in healthy controls. The homozygous and
heterozygous states of this allele were observed in 21.3% and
47.5% of patients respectively, compared to 9.2% and 38.5%
in the control group. These findings indicate the potential
influence of the PAI-1 4G allele, particularly in heterozygous
state, on IHD development.

The 5G/5G genotype, considered favorable, was reliably
more frequent in the group of healthy controls: in 34
individuals (52.3%) vs. 19 patients (31.1%) in the IHD group.
Thus, the identified differences are statistically significant
and are not random (p<0.05).

The distribution of the frequencies of the polymorph
marker 4G(-675)5G of the PAI-1 gene in the IHD patient
groups depending on the stable angina functional class is
presented in Table 4.

9 10 11 - 12 13 14 15 16
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Figure 1. Electrophoregram of PCR products of G5/G4
polymorphism of PAI gene.

PucyHok 1. 3nekmpocpopezpamma npodykmos [1L|P
nonumopdusma G5/G4 zeHa PAI.
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Analysis of IHD patient subgroups stratified by functional
class revealed differences in allele and genotype frequency
distribution of the 4G(-675)5G polymorphism of the PAI-
I gene (rs1799768). Among 24 patients with FC II stable
angina, genotype distribution was as follows: 4G/4G — 4
patients (16.7%), 4G/5G — 14 patients (58.3%), and 5G/5G
— 6 patients (25.0%). In contrast, among 37 patients with FC
I1I stable angina, the distribution was as follows: 4G/4G — 9
patients (24.3%), 4G/5G — 15 patients (40.5%), and 5G/5G
— 13 patients (35.1%).

Assessment of genotype distribution for the 4G(-675)5G
polymorphism in the PAI-1 gene established that differences
in 5G/5G, 4G/5G, and 4G/4G genotype distribution across
cardiovascular disease functional classes were not statistically
significant (x*=1.85, p>0.05). These results suggest that the
presence of heterozygous and homozygous 4G alleles of the
PAI-1 gene does not influence disease severity as measured
by stable angina functional class.

When genotyping the studied groups for the frequency
of the favorable homozygous 5G/5G genotype of the PAI-1
gene, a low frequency of this genotype was recorded in the
group of patients with CVD at 31.1% of cases, compared
to a statistically significant higher occurrence of the 5G/5G
genotype at 52.3% of cases among healthy individuals. The
occurrence of the heterozygous polymorphic genotype 4G/5G
of the PAI-1 gene in patients with CVD was statistically
significantly higher at 47.5% of cases compared to 38.5%
in the control group (p<0.05), indicating the probability of
high prevalence of this genotype among persons of Uzbek
nationality.

Correlation of IHD risk factors and PAI-1 gene
polymorphism

This study is the first to examine the frequency of mutagen
genotypes of the PAI-1 gene and to clarify their association
with major IHD risk factors in cardiovascular disease
development.

No clear indications of synergistic interaction effects
were observed between the PAI-1 4G/5G polymorphism
and the environmental exposures considered (smoking,
physical inactivity, overweight, diabetes mellitus,
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PAI-1 gene, identified genotypes,
%)

n (%) Total

6(25%) 14 (58,3%) 4 (16,7%) 24 (39,4%)

Stable angina, Il FC

Stable angina, Il FC 13 (35,1%) 15 (40,5%) 9 (24,3%) 37 (60,6%)
Table 4. Distribution of frequencies of genotypes of a polymorphic

marker 4G(-675)5G of PAI-1 gene in the main group

Tabnuua 4. PacnpedeneHue yacmom 2eHomunoB NOAUMOPEHO20
mapkepa 4G(-675)5G zeHa PAI-1 B ocHoBHOU epynne

PAI-1, gene, |dent|f|ed
genotypes, N Total

Stable angina, 6 14
B n=24
f,;gﬁgfg, 748 1,41 511
iable angina, 13 15 9 185 039
Expected n=37
frequency 11,52 17,59 7,89
Total 19 29 13 n=61

Notes: 2 =AMOUNT (observed - expected)2/observed = 1,85. Degree of
freedom (df)=(Number of columns-1)*(Number of lines-1)=(3-1)*(2-1)=2. On
the p<0.05 significance level, with 2nd degree of freedom, the number in

the table must be equal to 5,99. But we have 1,85. Our indicatorpis in the
areap>0.05, calculated in calculations with the help of Microsoft Excel p=0.39.

Table 5. Distribution of frequencies of genotypes of a polymorphic
marker 4G(-675)5G of PAI-1 gene in subgroups of IHD patients

Mpumeyarus: X2 =AMOUNT (Habn. — oxud.)2/oxud. = 1,85. CmeneHb
cB0600b! (df)=(kon-Bo cmobnyos-1)*(kon-8o cmpok - 1)=(3-1)*(2-1)=2. Mpu
ypoBHe 3Haqyumocmu p<0,05 co Il cmeneHbto cB0600bI mabnuyHoe 3Ha4yeHue
00/mKHO 6bimb paBHbIM 5,99. B HaweM criyyae daHHas BenuduHa pasHa 1,85.
lNokasamenb Haxooumcs B 30He p>0,05, paccyumaH ¢ noMowbto Microsoft
Excel, p=0,39.

Tabnuuya 5. Yacmoma pacnpedeneHusi 2eHOmMuUNOB NOIUMOPGHOZ0
mapkepa 4G(-675)5G ezeHa PAI-1 B nodzpynnax nayueHmos ¢ MI6C

hypercholesterolemia, hypertension, elevated C-reactive
protein, and hypertriglyceridemia) [17].

Given the multifactorial nature of IHD pathogenesis,
i.e., the presence of multiple risk factors leading to disease
development and progression, we analyzed the association
of the 4G(-675)5G polymorphism of the PAI-1 gene with
clinical and anamnestic data such as smoking, concomitant
arterial hypertension, obesity, hypercholesterolemia,
and hypodynamia in the studied groups. The analysis of
genotyping for favorable (5G/5G), polymorphic (4G/5G),
and mutagen (4G/4G) genotypes of the PAI-1 gene depending
on the presence of various IHD risk factors is presented in
Table 6.

The analysis of the relationship between non-modified
and modified risk factors with 5G/5G, 4G/5G and 4G/4G
genotypes of the PAI-1 gene established that genotyping
between groups did not differ significantly by age, while
hereditary burden for IHD was more frequently observed
in heterozygous polymorphic genotype (61.5%) and also
in homozygous 4G/4G genotype (65.5%) of IHD patients.
Among patients of the main group with 4G/4G genotype,
obesity of varying degrees was recorded in 46.2% of cases,
with 4G/5G genotype in 37.9%, and with 5G/5G in 26.3%,
therefore more frequently in patients with SA with obesity
including third degree, the 4G/4G genotype was identified.

The association of the 4G/4G genotype with smoking was
among the most significant findings: among patients with

www.innoscience.ru

IHD patients (n=61)

Parameter 4Gl4G 4GI5G 5G/5G

genotype genotype genotype
n=13 (21,3) n=29 (47,5) n=19 (31,1)

Age, years 59,4 56,7 57,6

Hereditary burden 8 (61,5) 19 (65,5) 9 (47,4)

Obesity degree (kg/m2):

Normal BMI 1(7,6) 3 (10 3) 5(26,3)

Excess weight 6 (46,2) 15(51,7) 9 (47,4)

1 degree 4 (31) 5(17,2) 3(15,8)

2 degree 1(7,6) 6 (20 7) 2 (10 5)

3 degree 1(7,6)

Smoking, n (%) 8 (61,5)* 9 (31,0) 5(26,3)

értgrilal hy|laertenfsion, n (%) 3(23.1)

ubclinical manifestations b

Arterial hypertension, n (%), 271((2742‘12) 122((160351))

Clinical manifestations 9 (69,3) ’ ’

Hypercholesterolemia 11 (84,6)* 18 (62,1) 9 (47,4)

Notes: P<0.001.

Table 6. The characteristic of RF at patients with different genotypes
of a polymorphic marker 4G(-675)5G of gene PAI-1

lNpumeyaHusi: P<0.001.

Tabnuya 6. Xapakmepucmuka ¢hakmopoB pucka y nayueHmoB C
pasnu4yHbIMU 2eHomunamu nonuMopgHoeo mapkepa 4G(-675)5G
2eHa PAI-1

the heterozygous genotype, smokers accounted for 61.5%
of cases, compared to 31% and 26.3% of smokers among
patients with the 4G/4G genotype and homozygous wild-type
5G/5G genotype, respectively. The presence and severity of
concomitant arterial hypertension in the main patient group
were highest in individuals with the 4G/4G genotype (92.4%)
and 4G/5G genotype (96.5%), while among patients with
the 5G/5G genotype, arterial hypertension was detected less
frequently in 73.6% of cases. Additionally, we measured
plasma PAI-1 levels and obtained the following results
(Table 7).

The mean PAI-1 level in patients with the 5G/5G genotype
was 33.3 + 2.07 ng/mL, while in those with the 4G/4G
genotype it was 72.0 + 7.6 ng/mL, a statistically significant
difference (P < 0.001). Plasma PAI-1 levels were significantly
higher in patients with FC III stable angina compared to those
with FC II. All patient groups were comparable in age, lipid
profile, and coagulogram parameters. Furthermore, patients
carrying the 4G/4G genotype with FC III stable angina
demonstrate an increased risk of elevated PAI-1 levels.

m DISCUSSION

Cardiovascular disease involving disturbances in the
haemostatic system may lead to thrombotic complications with
clinical manifestations such as acute myocardial infarction
(AMI) and stroke [18]. Some individuals demonstrate an

PAI-1 gene, identified genotypes
5G/5G 4GI5G 4Gl4G
PAI-1 level in stable angina
patients (ng/mL) 33,3+2,07* 54,8+3,47 72,0+7,6%

lMNpumeyaHusi: *P<0,001.

Table 7. Plasma level of PAI-1 depending of genotypes of PAI-1
gene in patients with ischemic heart disease

Tabnuua 7. YposeHb PAI-1 B nna3me B 3aBUCUMOCMU OM
nonumopgusma eeHa PAI-1 'y nayueHmos ¢ MIBC

Notes: *P<0.001.
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abnormal propensity to develop venous or arterial thrombosis,
experiencing thromboembolic events relatively early in life
or suffering recurrent events [19]. Based on these findings,
we aimed to investigate hemostasis system alterations at the
genetic level in patients with stable coronary artery disease.
While well-defined associations have been established between
hypercoagulable states and thrombosis in the venous system,
determining causative or contributing roles of these same
thrombophilic conditions in arterial thrombosis has proven
considerably more challenging [20].

Our findings suggest that increased coagulation tendency,
associated with high plasma PAI-1 levels and polymorphic
genotypes of the PAI-1 gene (particularly 4G/4G), elevates
the risk of cardiovascular events in patients with stable
ischemic heart disease. The coagulation assessment included
fibrinolytic markers of hypercoagulability, weighted by acute
myocardial ischemia risk, as these markers proved primary
in stable coronary heart disease where hypercoagulability
plays a major role. Several studies have identified PAI-1 as an
informative marker for assessing hypercoagulability in acute
coronary syndrome patients. The first study demonstrating
association between the PAI-1 4G allele and higher
myocardial infarction risk in 100 young Swedish men (35-45
years) was published in 1995 [21]. Individuals homozygous
for the 4G allele exhibit higher plasma PAI-1 levels than those
homozygous for the 5G allele. The molecular mechanism
underlying these allelic differences in PAI-1 synthesis was
determined by examining allele binding capacity: both
alleles bind to gene transcription activators, but the 5G
allele additionally contains a binding site for a transcriptional
repressor [21]. Various studies report approximately 25%
higher PAI-1 levels in 4G/4G genotype carriers compared to
5G/5G carriers. Compared to the 5G allele, 4G allele carriers
demonstrate higher PAI-1 concentrations and thrombosis risk.
Both heterozygous and homozygous 4G allele carriers show
elevated plasma PAI-1 levels [22] and increased risk of acute
coronary syndromes [23].

Several studies have demonstrated the relationship between
plasminogen activator inhibitor-1 levels and both stable and
unstable coronary artery disease [23, 24]. In patients with
myocardial infarction, a clear association exists between PAI-
1 levels and response to fibrinolytic therapy, as confirmed by
multiple studies [25]. However, data remain limited regarding
the association between stable ischemic heart disease and
both PAI-1 levels and its polymorphisms. In our study, no
differences were observed between groups in terms of age or
gender. Plasma PAI-1 levels and 4G/4G genotype frequency
were significantly elevated, particularly in patients with FC
III stable angina compared to FC II. Furthermore, patients
with the 4G/4G genotype showed significantly higher plasma
PAI-1 levels than those with the 5G/5G genotype [26]. A
2022 meta-analysis indicated that the PAI-1 4G>5G SNP was
associated with decreased IHD risk in the overall population
and in Asian, Caucasian, and Arab subgroups. In contrast,
the PAI-1 gene -844 G>A polymorphism demonstrated no
significant association with IHD susceptibility [27].

Our genetic analysis revealed that individuals with the
4G/4G genotype exhibit elevated plasma concentrations of
PAI-1. This finding aligns with in vitro studies demonstrating
that the 4G allele is associated with enhanced transcriptional
activity of the PAI-1 promoter compared to the 5G allele,
which creates an additional repressor-binding site in 5G
carriers [28].

This finding holds clinical significance, as fibrinolysis
plays a crucial role in the pathogenesis of both acute
myocardial infarction and stable coronary artery disease.

m CONCLUSION

The 4G/5G polymorphism of the PAI-1 gene was
significantly associated with the risk of coronary heart
disease in the Uzbek population. When stratified by stable
angina functional class, the results showed that the 4G/5G
polymorphism is associated with an increased risk of
ischemic heart disease and higher plasma PAI-1 levels. »=
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Gender and age effects on coronary calcium

index in patients with suspected CHD
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Abstract

Aim - to assess the influence of sex and age on the coronary artery calcium
(CAC) score in patients with suspected coronary heart disease (CHD).
Material and methods. A prospective, observational, single-center study
was conducted. The study included 733 patients (mean age 67 [58; 73] years,
43.37% male) with suspected CHD who underwent multi-slice computed
tomography (MSCT) of the coronary arteries with CAC scoring (using the
Agatston method), as well as a biochemical blood test assessing lipid profile,
glucose level, creatinine level, and estimated glomerular filtration rate (eGFR).
An analysis of baseline clinical and laboratory parameters and the distribution
of CAC scores according to patient age and sex was performed. Statistical
analysis was performed using SPSS Statistics 21.0, employing the Shapiro-
Wilk test, Student’s t-test, and ANOVA.

Results. It was found that CAC scores increased with advancing age, and
men had significantly higher CAC scores than women of the same age

category. In the group of patients with higher CAC scores, older men were
more prevalent, and there were higher creatinine levels and a higher incidence
of atrial fibrillation. The correlation analysis revealed moderate and strong
associations between CAC scores and parameters of lipid metabolism, as
well as eGFR.

Conclusion. The assessment of CAC scores, taking into account sex and
age, improves the accuracy of cardiovascular risk stratification in patients
with suspected CHD. The implementation of this approach into clinical
practice helps optimize preventive and therapeutic strategies for reducing
cardiovascular morbidity and mortality.

Keywords: coronary calcium, sex, dyslipidemia, risk factors, coronary artery
disease, MSCT, calcium score.
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BnuaHue nona n Bo3pacTta Ha UHAEKC KOPOHApPHOro
Kanbuusa y naumeHToB ¢ nopgo3peHuemMm Ha UBC

MN.P. Waukasa' 2, O.A. Py6aHeHko!, U.A. 3onoToBckas?, E.B. ApoHuHaz, A1.B. flynnskoB! 2

1PBOY BO «Camapckuii rocyaapCTBEHHbIN MeQUUMHCKUA YHUBEPCUTETY
MuHsgpasa Poccun (Camapa, Poccuitckas ®enepaums)
2I'bY3 «Camapckuii 06nacTHOW KNMHUYECKMIA KapamMonornieckmin aucnaHcep uMenu B.I1. MNMonskosay
(Camapa, Poccuiickasg depepaums)

AHHOTaumsa

Iens — oneHUTH BIIMSHUE TI0J1a ¥ BO3PACTa HA MHIEKC KOPOHAPHOTO Kallb-
st (MKK) y manueHToB € ojjo3peHreM Ha uilleMHU4ecKyto 60ie3Hb cepiia
(MBC).

Marepuai u Meropbl. [IpoBenieHo IpocreKTHBHOE HabMoaaTenbHOe OHO-
LIeHTPOBOe KCCilefloBaHure. B rcciieoBaHre BKItOUeHO 733 nanueHTa (cpe-
Hui Bo3pact 67 (58; 73) net, u3 KOTOPbIX MY>4HH 43,37%, C IOI03peHHeM
Ha UBC, npoXoauBIIKNX My/IETHCIHMPAIbHYIO KOMIIBIOTEPHYO TOMOTpaduio
(MCKT) xopoHapsbix aprepuii ¢ onpenenienueM UKK (o metony Agatston),
a Takke OMOXMMUYECKOe HCCIIefI0BaHIe KPOBH C OIIEHKO# JIMIHUIHOTO Hpo-
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¢uisi, ypoBHS IVIIOKO3bI, KpeaTHHUHA U PacueToM CKOPOCTH KTyOO4KOBOM
¢unprpanuy. beul npoBeneH aHaIM3 UCXOMHBIX KIMHHMKO-1a60paTOPHBIX
napameTpoB U pacnpefienenus MKK B 3aBucumocTty oT Bo3pacTa U 1ona
nanyenToB. CTaTHCTHYECKYIO 00pabOTKYy HAHHBIX BBIIOIHSUIN C UCHONb-
3oBanueM SPSS Statistics 21.0, mpumensutu xputepuu Illammpo — Vuxa,
Creronenra, ANOVA.

Pe3ynbrarbl. YCTAHOBIIEHO, UTO C yBeJIMUeHHeM BO3pacTa IallueHToB BO3-
pacraet 3Hayenue VKK, npuyem y myxunn MKK 3HauuTenbHo Beille, 4em
Y >KeHIIMH TOH e BO3pacTHOH Kareropuu. B rpymnme nmanueHnTtoB c 6osee
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BbIcokuMH 3HaueHusiMU MIKK uattie BCcTpeyanuch My>KYHHBI CTapIIMX BO3pacT-
HBIX TPy, HAO/IIOJAJIMCh [IOBBIIIEHNEe YPOBHSI KpeaTUHUHA U GUOPUILIAIMS
npesicepsiuii. IIpoBefieHHBIN KOPPeJISLMOHHbIA aHaIU3 BHISIBUJI YMEpPeHHYIO
U BbICOKy1O cBsi3u Mexxty MKK u napameTpamu munuaHoro oo6MeHa, a Takke
CKOPOCTBIO KITyDO4KOBOM (prIIbTpaIiy.

3axuouenne. Onenka MKK c yderom mosa 1 Bo3pacra IOBBIIIAeT TOY-
HOCTb CTpaTUUKAIMY PUCKA CeplledHO-COCYAUCTBIX OCJIOXKHEeHUH y Ma-

nuenToB ¢ nopo3penuemM Ha UBC. BHeppeHnue gaHHOTO mojixoma B KIU-
HUYeCKYIO NIPaKTUKY CIIOCOOCTBYeT ONTUMU3alUU NPOQUIAKTUYECKUX U
JleyeOHBIX CTpaTeruil CHUXKEeHUS CeplieuHO-COCYJUCTOH 3aboeBaeMoCTH
U CMEepTHOCTH.

KirroueBbie c10Ba: KOPOHAPHBIN KalbIWH, O, JUCIAINIEMUS], GaKTOPHI
pHCKa, ullleMuyeckas 6one3ns cepana, MCKT, kanbuyeBblit HHOEKC.
KoH@nukT NHTEpecoB: He 3asBiIeH.
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m INTRODUCTION
ardiovascular diseases (CVD), including coronary
heart disease (CHD), represent a major medical and
socioeconomic challenge and remain the leading cause of
mortality worldwide [1]. Despite significant progress achieved
in recent years, the risk of adverse cardiovascular events
remains high.

Recommendations of the European Society of Cardiology
on treatment of the chronic coronary syndrome (2024) suggest
the use of the multi-slice computed tomography (MSCT) of the
coronary arteries with coronary artery calcium (CAC) scoring
to re-stratify the risk of CHD [2, 3]. According to the national
clinical recommendations (2024), in cases of suspected CHD it
is also recommended to perform MSCT with CAC calculation
as a method of assessment of CHD probability [4]. The final
choice of diagnostic strategy is to be based on sensitivity,
specificity and accuracy of methods of visualization in each
clinical case [5, 6]. At the same time, the recommendations
do not specify the age of patients for whom such strategy is
to be used.

m AIM

To assess the influence of sex and age on the coronary artery
calcium (CAC) score in patients with suspected coronary heart
disease (CHD).

m MATERIAL AND METHODS

The prospective, observational, single-center study
was conducted from January to December 2023. Inclusion
criteria: age over 18; suspected CHD based on clinical data
and/or results of stress test (bicycle ergometry); availability
of consent for analysis. Exclusion criteria: permanent atrial
fibrillation; an episode of atrial fibrillation at the time of the
study; exacerbation of chronic hematologic, hepatic, renal,
or autoimmune diseases; decompensated diabetes mellitus;
pregnancy at any stage; body weight over 140 kg; allergic
reactions to iodine and iodine-containing drugs.

MSCT of the coronary arteries was performed with pro-
and retrospective ECG-synchronization and intravenous

www.innoscience.ru

administration of non-ionic iodine-containing radiopaque
agent on the RevolutionEVOGE scanner with 128 rows of
detecting elements and detector width of 160 mm. In order to
assess the degree of the coronary bed lesion, modified criteria
of the American Heart Association were used; the CAC was
assessed using the Agatston method by adding the scores of
all identified areas of calcification [7].

All patients underwent biochemical blood assays with
analysis of the following parameters: total cholesterol (TC),
low-density lipoproteins (LDL), high-density lipoproteins
(HDL), triglycerides, and creatinine with subsequent
calculation of glomerular filtration rate (GFR) using the CKD-
EPI formula for individuals of Caucasian ethnicity.

Male sex, % 43,37%
Mean age, years M [25; 75] 67 (58; 73)
AH, % 93,7
CKD, n/% 212/28,9
Stage 1 109/14,9
Stage 2 76/10,4
Stage 3a 22/3,0
Stage 3b 5/0,7

AF, % 12,4

DM, % 28,6
CHF, n/%

FCI 112/15,2
FC I 574/78,2
FC Il 46/6,2
FC IV 1/0,1
Smoking, % 11,8

TC, mmol/L 5,37£1,73
LDL, mmol/L 3,23+1,13
HDL, mmol/L 1,39+0,44
TG, mmol/L 1,68+1,14
Creatinine, umol/L 133,45+29,85
Glucose, mmol/L 5,8+1,19

Hemoglobin, g/L 139,32+13,59

Table 1. Initial clinical and laboratory characteristics of the patients

Tabnuuya 1. MicxoOHble KNUHUKO-1abopamopHble XxapakmepucmuKu
nayueHmoB
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Figure 1. Distribution of patients according to lipid profile parameters. A: total cholesterol (TC) Level; B: low-density lipoprotein cholesterol
(LDL-C) level; C: triglyceride (TG) Level; D: proportion of patients with low high-density lipoprotein cholesterol (HDL-C) level.

PucyHok 1. PacnpedeneHue nayueHmoB no ypoBHKO nokasamerell nunuoHo2o cnekmpa. A — no yposHio OXC; b — no yposHto XC JIHI; B —

no yposHto TI; I — donst nayueHmos ¢ HuU3kuM yposHem XC J1BI1.

The obtained data was processed in SPSS Statistics 21.0.
To test the normality of data distribution, Shapiro-Wilk test
was used, and to test the significance of differences between
groups, Student’s t-test was used. To compare statistically
significant differences in mean values between data groups,
ANOVA was used. Differences were considered significant
at p < 0.05.

m RESULTS
The study consecutively included 733 patients (mean age:
67 (58; 73) years, 43.37% men) with suspected CHD based

clinical data and/or results of stress test (bicycle ergometry).
The initial data of all patients is shown in Table 1. Smoking
status was determined as smoking at the time or long-term
(5+ years) history of smoking. The average score on the
Fagerstrom test was 6. Atrial fibrillation (AF) was determined
as per history data and medical documents; at the moment of
MSCT no paroxysms of AF were registered.

The presented patient cohort is characterized by a very
high overall cardiovascular risk. It is attributed to advanced
age, a high prevalence of key modifiable risk factors (arterial
hypertension, dyslipidemia, and diabetes mellitus), and the

CAC, mean value Group 2 34,45 [22,7; 59,3]
Age, years Group 3 56,6+6,7
Men, n/% Group 4 84/38,7

TC, mmol/L ANOVA 5,46+1,57
LDL, mmol/L 3,36+1,07 3,31+1,14
HDL, mmol/L 1,42+0,44 1,38+0,36
TG, mmol/L 1,68+1,12 1,76+1,27
Creatinine, pmol/L 89+18,52 92,29+21,34
Glucose, mmol/L 6,06+2,12 6,38+2,12
Hemoglobin, g/L 140,81+14,81 139,04+17,99
Smoking, % 11,9+2,33 9,2+2,08

DM, % 24,7+1,47 26,0+2,09
Hypertension, % 95,9+2,08 92,2+3,78
AF, % 8,9+1,56 9,3+2,16

222,99 [164,1;307,5] 966,19 [505,5; 1233,8] <0,001
61,4+8,8 72,3+13,2 <0,001
71/42,3 77/60,4 <0,001
5,312,19 4,93+1,56 0,852
3,13+1,13 2,98+1,13 0,088
1,370,5 1,3740,49 0,534
1,7+1,08 1,58+0,98 0,612
95,82+22,82 100,72457,12 0,021
6,29+1,89 7,25+3,59 0,534
139,16+17,56 138,07+18,08 0,789
10,6+1,65 10,0+1,45 0,693
25,8+1,89 27,3+2,54 0,554
93,513,06 93,0£2,45 0,602
15,492,5 15,03+1,53 0,031

Note. Quantitative features are presented as mean values and standard deviation M+SD, p — significance of difference of parameters between patients in the

studied groups in their comparison, statistically significant differences at p < 0.05.

lMpumeyaHus. KonuyecmBeHHble Nnpu3Haku npedcmas/ieHbl B BUOe CpedHe20 3HadeHus U CmaHO0apmHo20 0mKAoHeHuUst M+SD, p — 3Ha4uMocmb omauyust
nNpusHakoB Mexdy nayueHmamu B uccsiedyembix 2pynnax B CpaBHeHuuU, cmamucmu4ecku docmoBepHble padnuyust npu p < 0,05.

Table 2. Patient baseline characteristics stratified by coronary artery calcium (CAC) score
Tabnuua 2. Vicxo0Hble xapakmepucmuku nayueHmoB B 3asucumocmu om VKK
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below 40 23 22 0
M 15 14 1 0 0
F 8 8 0 0 thees)
40-49 63 37 17 8 1 kg
M 40 25 12 2 1 0285
F 23 12 5 6 0 '
50-59 135 55 36 25 19 xR 4 dHE
M 88 23 28 19 18 <0,001
F 47 29 8 6 4
60-69 232 56 79 56 41 ok etk
M 103 15 29 26 33 <0,001
[F 129 41 51 30 7
70+ 280 51 83 83 63 o
M 71 8 14 24 25 <0,001
F 209 43 66 59 41
p-value

(multiple group comparison)

<0,001

Notes. 1. Statistically significant differences at p < 0.05, * p<0.05 as compared to the group of patients below 40 years of age, ** p<0.05 as compared to the group
of patients of 40—49 years of age, *** p<0.05 as compared to the group of patients of 50-59 years of age, # p<0.05 as compared to the group of patients of 60—69
years of age, ## p<0.05 as compared to the group of patients of 70+ years of age; ANOVA - testing the hypothesis of similarity of mean values in \ groups. M —

male, F — female patients.

MpumeyaHusi. 1. Cmamucmuyecku docmoBepHble pasnudusi npu p < 0,05, * p<0,05 no cpaBHeHuto ¢ 2pynnol nayueHmoB do 40 nem, ** p<0,05 no cpaBHeHuto ¢
2pynnoti nayueHmoB 40-49 nem, ** p<0,05 no cpaBHeHuto ¢ 2pynnol nauyueHmos 50-59 nem, # p<0,05 no cpaBHeHuto ¢ 2pynnoli nayueHmos 60—69 nem, ##
p<0,05 no cpaBHeHuto ¢ e2pynnoli nayueHmoB Bospacma 70+; ANOVA — dns npoBepku 2unome3sbl 0 paBeHCmBe cpedHUx 3HadeHul B 2pynnax. 2. M — myxckod,

XK — xeHckud.

Table 3. Age and sex characteristics stratified by coronary artery calcium (CAC) score
Tabnuuya 3. [MonoBo3pacmHble xapakmepucmuku B 3aBucumocmu om VKK

presence of target organ damage (chronic kidney disease,
chronic heart failure).

The specific features of lipid metabolism disorders are shown
in Fig. 1. Every third patient’s TC level was below 5.2 mmol/L,
LDL-Clevel > 3.4 mmol/L was observed in 45% (n=330) patients,
triglyceride level > 1.7 mmol/L in 24% (n= 176) patients, low
level of HDL-C was seen almost twice as often in women. Lipid-
lowering therapy started in 41.4% of patients prior to inclusion
in the study. However, none of the patients reached target levels
of TC and LDL-C, thus, the efficiency of that therapy may be
evaluated as insufficient and requiring adjustment.

The patients were then divided into groups depending on
the CAC: 0 - no calcification (low risk of cardiovascular
complications); 1-10 — low level of calcification (moderate
risk); 11-100 — moderate level of calcification (increased
risk); 101-400 — high level of calcification (high risk); over

400 — very high level of calcification (very high risk). The
group characteristics are sown in Table 2.

CAC increased over the age of patients; at the same time,
with the increasing age in the subgroups the number of male
patients increased as well. Besides, with the increasing age
the increase of creatinine level in the blood increased as well
as the number of patients with AF. In other parameters, the
groups did not differ.

For a more detailed assessment of sex and age differences
on the CAC level, we studies the value in five age groups:
below 40 years, 40-49 years, 50-59 years, 60-69 years, and
over 70 years of age (Table 3).

In the groups below 40 years and 40-49 years of age,
the CAC score did not reliably differ. In the remaining age
periods, there is a statistically significant difference in the
CAC score between men and women (comparison using
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Figure 2. Correlation between age and coronary artery calcium
(CAC) score.

PucyHok 2. B3aumocsssb Bospacma ¢ MKK.
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Figure 3. Correlation between total cholesterol (TC) and coronary
artery calcium (CAC) score.

PucyHok 3. Bzaumocssizb OXC u VIKK (r=0,64; p=0,047).
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Figure 4. Correlation between LDL-C and coronary artery calcium
(CAC) score.

PucyHok 4. Bsaumocssiab XC JIHI u VIKK (r=0,58; p=0,057).
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Figure 5. Correlation between HDL-C and coronary artery calcium
(CAC) score.

PucyHok 5. Bzaumocssizb XC J1BIM u VKK (r=0,47; p=0,049).

Pearson’s test). On the whole, there was a high level of
correlation between the age and the CAC score (Fig. 2).

The high correlation (r=0.71) indicates that age largely
predetermines the “calcium burden” in the coronary arteries.
However, despite the strong correlation, age is not the sole
factor. CAC is also significantly influenced by sex, genetic
predisposition, smoking, dyslipidemia, hypertension, and
diabetes mellitus. We demonstrated that the CAC score
showed a moderate to high correlation with lipid profile
parameters (Fig. 3-6).

The graph shown in Fig. 3 illustrates a positive correlation
between the TC level and the CAC score. The graph shows a
cloud of dots demonstrating the ascending trend meaning that
the growth of total cholesterol in the blood comes with the CAC
score tending to increase as well. This visualizes an important
pathophysiological process: the high level of cholesterol
promotes development and progression of atherosclerosis, the
key manifestation of which is the calcification of coronary
arteries.

The graph in Fig. 4 demonstrates a moderate trend of CAC
score with increasing levels of LDL-C, a trend that had not
yet achieved statistical significance. This means that in the
specific group of patients the strength of relation was not
sufficient to reach statistical significance; however the result
does not disprove the generally recognized role of LDLs in the
development of atherosclerosis and calcinosis.

294

Figure 6. Correlation between triglyceride levels (mmol/L)
and coronary artery calcium (CAC) score. r=0.62 (p=0.043).

PucyHok 6. Bzaumocssiab ypoBHsi TI” (Mmonb/n) ¢ IKK. r=0,62
(p=0,043).

Graph 5 shows a statistically unstable relation between the
level of HDL-C and CAC score. This is most likely explained
by the influence of confounding factors (in the first place,
age), not by the presence of a direct cause-and-effect relation.
This finding does not deny the significant role of the HDLs
but emphasizes its relation to other factors.

The result presented in Fig. 6 is clinically expected and
justified. Triglycerides are not only an independent risk
factor of atherosclerosis but a key component of metabolic
syndrome and diabetes mellitus. The high level of TGs
promotes formation of small dense particles of LDLs that are
most atherogenic. The moderately high correlation (r=0.62)
confirms that the TG level is an important marker associated
with the burden of atherosclerosis. At the same time, this
correlation does not indicate a cause-and-effect correlation;
the high level of TG is most likely a part of the total negative
metabolic profile that leads to artery calcification. The chart
shows a moderately positive relation between the TG level
and CAC score.

m DISCUSSION

The CAC score may be seen as a marker of re-stratification
of cardiovascular risk which, taken together with other
(conventional) risk factors may increase or decrease the
patient’s global cardiovascular risk. We noted a clear correlation
between the parameters of the lipid profile (TC, LDL-C,
HDL-C, TG) and the increase of CAC score. It is important
that despite the earlier initiated lipid-lowering treatment in
41.4% of patients included in the study, none has reached
target values. It is well known that the used of visualization
methods in the early stage (CA MSCT, ultrasonic examination
of vessels) results in the patients’ stronger compliance with the
optimal pharmacological therapy.

In the near future, the cornerstone of CVD prevention will
be a personalized approach based on assessing both traditional
and individual risk factors of a particular patient. This approach
will require the integration of new risk factors into traditional
risk scores, as well as the use of various biological and
instrumental markers that enable highly accurate and reliable
stratification of the risk for developing CHD [8, 9].

In the last two decades, the prognostic value of the CAC
score has been studied causing its inclusion in the national
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and international recommendations for CVD prevention
[10, 11]. Measurement of CAC score, according to clinical
recommendations, is a promising approach to identify people
with high risks and to expand the range of preventive measures
[12, 13]. Among the most notable projects there are the MESA
study that included 6814 patients aged 45—84 and showed that
the CAC score was instrumental in predicting cardiovascular
diseases independently from conventional risk factors [14].
To perform a more detailed analysis of sex and age
influences on the CAC score, we performed it in five age
groups. The CAC score increased with the increase of the
patients’ age, especially in men, and in patients with a high
level of GFR and, respectively, positive status of CKD.
This, the important factors influencing the development of
CVDs included not only the age, but the gender as well.
Besides, it follows from literature that the CAC score may
have prognostic value in patients with arterial hypertension,
oncological diseases, high level of sudden death, and be a
predictor of development of dementia [15-17]. L.M. Severance
et al. (2021) showed a correlation between the polygenic risk
assessment and identification of CAC score UKK [11].
Thus, CAC scoring is an accessible, well-reproducible,
and low-cost method for the stratification and re-stratification
of cardiovascular complication risk, particularly in

asymptomatic patients, for the purpose of planning primary
prevention measures [18]. Integrating artificial intelligence
systems into the analysis and prediction process, which
enables evaluative judgments based on the mathematical
processing of large datasets, improves the final outcome
[19, 20]. Currently, such systems are rapidly evolving,
incorporating and analyzing an increasing number of
prognostic factors.

Evaluation of calcination of coronary arteries may
become clinically important in various stages of life. At the
same time, the predictive value of CAC score in advanced
age group is not yet clear: despite the high CAC scores, the
patients may have no significant lesions of the coronary
arteries [21-22].

m CONCLUSION

CAC scoring, taken with traditional risk factors, may
significantly improve early diagnostics and prevention of
CHD. Our study confirms the importance of inclusion of
measurement of coronary artery calcification in the standards of
patient examination, including those with mild cardiovascular
risk. This will enable optimization of treatment strategies
and improvement of prevention measures aimed at lowering
morbidity and mortality of cardiovascular diseases. =
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Diagnostic potential for detecting
upper limb arthropathy in ischemic stroke
patients with RRS score of 4-6 points

Lesya V. Chichanovskaya, Olga N. Bakhareva, Denis V. Ganzya, Tatyana V. Menchikova
Tver State Medical University (Tver, Russian Federation)

Abstract

Aim - to identify the features of the formation of upper limb arthropathy in
patients with ischemic stroke with 4-6 points on the rehabilitation routing
scale (RRS) depending on the type of treatment and rehabilitation procedures.
Material and methods. Ninety-eight patients with ischemic stroke were
examined in two periods: Period 1, 13.2+0.8 days and Period 2, 189.2+2.1
days. Ultrasound and X-ray examinations were performed to determine the
nature of damage to the joint complex of the upper limb. The severity of the
neurosomatic status was assessed using the NIHSS, MRS, MMSE, VAS, and
RRS scales.

Results. Post-stroke hemiparesis in the acute period of ischemic stroke was
registered in 86 patients (88%), and upper limb arthropathy in 36 (37%) of the
examined patients. In 12 (32%) patients with ischemic stroke the arthropathy
of the shoulder joint combined with damage to other joints. In the majority

of patients with ischemic stroke with arthropathy, according to the ultrasound
data of the joints, synovitis was detected in 27 (76%), and tendon tendinitis in
17 (47%) that form the structure of the shoulder joint. In dynamics, contracture
of the upper limb was revealed in 12 (26%) of the examined and was combined
with a more pronounced cognitive defect, which required development of
preventive and corrective methods.

Conclusion. It is proposed to introduce into the diagnostic standard of patients
with ischemic stroke with paresis of 0-3 points ultrasound of the affected
joint to identify early markers of arthropathy in order to promptly prevent
contracture of the upper limb.

Keywords: ischemic stroke, arthropathy, contracture, ultrasound examination
of the joint.
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OmnarHocTuyeckme BO3MOXHOCTU BbISIBJIEHUS apTPONaTUm
BepXHEN KOHEYHOCTU Y BONbHbIX UWEMUYECKUM
UHcynbTtoM ¢ LLUPM 4-6 6annos

J1.B. YnvaHosckas, O.H. baxapeBa, 1.B. NaH3s, T.B. MeHblunkoBa

@®rbOY BO «Teepckoit rocynapCTBEHHbIN MeauuMHCKMIA yHuBepcuTeT» MuHsapasa Poccum
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AHHOTaums

Ilens — BHISBUTH 0COOEHHOCTH (pOPMHUPOBAHMS ApTPONIATHH BepXHei Ko-
HEYHOCTH y OOJIbHBIX UIIEMUYEeCKUM HHCYIIBTOM C 4—6 6GayuiamMu Mo IIKaie
peabunuranonHoi MapipyTusanuu (IIIPM) B 3aBHCHMOCTH OT XapakTepa
JIe4e0HO-peabHINTaIOHHBIX MEPOIIPHUSITH.

Marepuan u Meropbl. O6cenoBaHo 98 GONBHBIX HIIIEMUYeCKHUM UHCYIIETOM
B JIBa BpEMEHHBIX TIepruojia: nepBsiil nepuon — 13,2+0,8 1Hs 1 BrOpoii nepu-
on — 189,2+2,1 nua. XapakTep HopaKeHHsl CyCTaBHOTO aIlllapaTa BepXHe KO-
HEYHOCTH OLIeHHBAIIH [IPY IIOMOIIIM YIIETPA3BYKOBOIO ¥ PEHTTEHOJIOTHYeCKOr0
HCCIIefIOBaHusl. BeIpakeHHOCTh HEFPOCOMATHYECKOTO CTaTyca OLeHUBAIIH 110
mkanam NIHSS, MRS, MMSE, BAIII, IIIPM.

Pesynsbrarsl. [locTHHCYIBTHBIE TeMHUTIape3bl B OCTPOM [IEPHOJie UIleMHYe-
CKOTO MHCYJIbTa 3aperiucTprupoBaHsbl y 86 narnyenTtos (88%), mpu 3ToM apTpo-
TIaTHsl BEPXHEH KOHeYHOCTH BBIsIBIIeHA y TpeTu — 36 (37%) 06ciieoBaHHBIX.
V 12 (32%) GONbHBIX UIIEMUYECKUM MHCYJIBTOM apTPOIATHs IJIeYeBOTO
CycTaBa COYEeTasach C MOpPaKeHWeM APYTUX CYyCTaBOB. Y GONBIIMHCTBA

www.innoscience.ru

GOJIbHBIX UIIEMHYECKUM UHCYJIBTOM C apTpomarueii — 27 (76%), cornacHo
nIaHHBIM Y 3 cycTaBOB, BHISIBJIEHO HAJIM4Me CUHOBUTA, Y 17 (47 %) — TeH-
IOVHHUTHL CYXOKHWINH, (POPMHUPYIONIMX KapKac I1JIe4eBOro CyCTaBa, 4To B
JIMHAMVIKe IPOSIBIIOCH OPMHUPOBAaHHEM KOHTPAKTYPhI BepXHel KOHEYHOCTH
y uetBepTH — 12 (26%) 06CIeN0BaHHBIX U COYETANIOCH C GoJiee BhIpasKeHHbIM
KOTHHUTHBHBIM JiepeKTOM, 4TO TpeOyeT pa3paboTKy IPEeBeHTHBHBIX METOMK
MX KOPPEeKIIUH.

BeiBopsl. [IpensioxeHo BHeipeHye B UAarHOCTHYECKU CTaHAApT GOIbHBIX
HIIEMHYeCKUM HUHTCYIIBTOM C mape3oM 0-3 6ayuta Y3U 3auHTEpeCOBaHHOTO
CycTaBa Kak ybequTeIbHOr0 MeTofia MCCIIeIOBaHusI UTsl BBISIBIIEHHST PAaHHUX
MapKepoB apTPOIATHH C LeJIbI0 CBOEBPeMEeHHO#H NPOGIIIAKTHKH KOHTPAKTYPbI
BEepXHel KOHeYHOCTH.

KurroueBble ci10Ba: HIIEMITIECKUN HHCYIIBT, ApTPOIATHs, KOHTPAKTYpa, Yilb-
TPa3BYKOBOE HCC/Ie[IOBaHKE CyCTaBa.

KoHuuKT HHTEpecoB: He 3asBJIEH.

297


http://www.innoscience.ru
https://creativecommons.org/licenses/by/4.0/
DOI: https://doi.org/10.35693/SIM626840
https://doi.org/10.35693/SIM678749
https://orcid.org/0000-0002-3808-4866
mailto:nevrotver@mail.ru
https://orcid.org/0000-0003-0442-4524
mailto:bakharevaon@tvgmu.ru
https://orcid.org/0000-0002-3376-6585
https://orcid.org/0000-0003-2645-3596
mailto:menshikovatv@tvgmu.ru

HEBPOJIOTUNA

Tom 10 (4) 2025

Hayka n UHHOBauUuK B MeauLuHe

Ana uMTMpoBaHus

Ynuarosckas J1.B., Baxapesa O.H., Manss [.B., MeHblunkosa T.B. lnarHoctuyeckue
BO3MOXHOCTM BbISIBIEHUS apTPONaTUM BepXHel KOHEYHOCTU Y GoNbHbIX
nweMmnyeckum nHcynestom ¢ LPM 4-6 6annos.. Hayka u uHHoBayuu B MeduyuHe.
2025;10(4):297-301. DOI: https://doi.org/10.35693/SIM678749

CeepeHus 06 aBTopax

YnyaHosckas J1.B. — a-p Mea. Hayk, npocheccop, 3aBeAytowias kacdeapoii HEBpoONoruum,
peabunuTaLmnm U HeipoXMpypru.

ORCID: https://orcid.org/0000-0002-3808-4866

E-mail: nevrotver@mail.ru

*Baxap Onbra Huko — KaH[. Me[l. Hayk, [IOLeHT kadeapbl HeBpoorum,
peabunuTaLmm U HeipoXMpypruu.

ORCID: https://orcid.org/0000-0003-0442-4524

E-mail: bakharevaon@tvgmu.ru

Fan3s [1.B. — accucTeHT kadenpsbl HEBPOSIOTUM, peabunmTaLmumu n HeMpPoOXUpPYpryu.

ORCID: https://orcid.org/0000-0002-3376-6585

E-mail: denisganzya@mail.ru

Menbuwukosa T.B. — kaHA. Mea. Hayk, AOUEHT kadeapsb! HeBponoruy,
peabunnTaumm u HelpoXMpypriu.

ORCID: https://orcid.org/0000-0003-2645-3596

E-mail: menshikovatv@tvgmu.ru

*ABmop 9515 nepenucku

Cnucok coKpaleHuin

W — nwemunyeckuii nHcynsT; LUPM — Wwkana peabunutaumMoHHOM MapLupyTU3aumm;

MRS — Medical Research Council Weakness Scale; BALL — Bu3yanbHo-aHanoroBas Lukana;
Y3W — yneTpassykoBoe uccneposarue; SHMI™ — anekTpoHeiipoMuorpacdus;

NIHSS — National Institutes of Health Stroke Scale.

MonyyeHo: 21.04.2025
Opo6peHo: 01.07.2025
Ony6nukoBaHo: 05.09.2025

m INTRODUCTION
According to modern concepts, the clinical notion of
arthropathy includes the presence of the pain syndrome and
restricted articular movement of varied amplitude. Development
of post-stroke arthropathy is regarded as highly important in the
course of formation of contractures of the upper limb, resulting
not only in deteriorating quality of life, but in disablement
regardless of age [1-3]. Therefore, the effort of the medical
community is focused on searching for early diagnostic criteria
of the risk of formation of post-stroke contracture and medical
and rehabilitation technologies of its correction.

Post-stroke pain syndrome may be related to several
underlying factors including local damage of paraarticular
tissue, myogenic pain from the scalene muscles, neuropathic
pain, including complex regional pain syndrome, central
post-stroke pain, or may be stem from spasticity. In order
to measure the intensity of pain, the visual analog scale
(VAS) is used. Instrumental assessment of condition of
peripheral nerves in the course of formation of neuropathis
pain syndrome involved ultrasonic investigation (US) and
electroneuromyography (ENMG). Assessment of tone and
turgor of spasmed muscles is performed using the Ashworth
scale. The measurement of articular movement is performed
by goniometry on the Tardieu scale [4-6].

Combined methods of diagnostics, treatment and
rehabilitation allow not only decrease of the pain syndrome
but also restoration of the motor function of the extremity,
as well as positive prevention of contractures in patients
with ischemic stroke (IS) with early spasticity. To improve
the motor control and restore the sensorimotor function of
extremities, both pharmacological and non-pharmacological
methods are used (injections of botulinum A-toxin in the
subscapular and/or greater pectoral muscle, injections of
glucocorticoids in the shoulder and/or subacromial joint,
block anesthesia of the suprascapular nerve). From the first
day of the patient’s stay in the intensive care unit, positioning
should be performed. Besides, in patients with spastic paresis,
sparing mobilization techniques for shoulder muscles are
recommended, as well as exercising of the upper extremities
including target-oriented movements with lots of repetitions,
massage and acupuncture therapy, use of postural positioning,
kinesio tape, thermal procedures, tapes, braces, and frames
[7-10].

The current organizational mechanisms of routing and
consideration of severity of comorbid pathologies in patients
with IS and 4 to 6 points on the rehabilitation routing scale
(RRS) are far from being perfect. Therefore, at the end of
inpatient care within the department of vascular surgery
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(DVS) only half of examined patients are timely diagnosed
in the most acute period of causes of deep motor disorders,
and successive medical rehabilitation of stages 1 to 3 is
performed. The remaining IS patients face severe disablement
in the early period of recovery [11, 12].

m AIM

To identify the features of the formation of upper limb
arthropathy in patients with ischemic stroke with 4-6 points
on the rehabilitation routing scale depending on the type of
treatment and rehabilitation procedures.

m MATERIAL AND METHODS

A clinical study of the neurosomatic status of 90 IS patients
was performed in two periods. First period: 13.2+0.8 days
(Group 1). Second period: 189.2+2.1 days including dynamic
follow-up of IS patients depending on the presence (Group
1A) or absence (Group 1B) of stage 2 medical rehabilitation
within 1-2 months of the disease. The subjects were IS
patients over 18 of age with RRS score of 4-6 points. The
exclusion criteria were IS patients with RRS score of 1-3
points, with hemorrhagic stroke, oncological and mental
diseases, as well as inflammatory or demyelinating diseases
of the central nervous system (CNS).

Part from the standard neurological examination method,
the following was assessed: neurological deficiency using
the NIHSS scale, muscular strength using the five-point
quantitative muscular strength assessment scale MRC. The
intensity of the pain syndrome was assessed using the VAS,
the degree of loss of self-care capability, using the RRS scale.
The nature of damage to the articular apparatus of the upper
extremity was assessed using ultrasonic and radiological
diagnostics of the joint in question. The level of cognitive
deficiency was assessed using the MMSE scale.

Treatment and rehabilitation procedures included basic
pharmacological treatment (antiplatelet or anticoagulant
drugs, anti-hypertension, lipid lowering and anti-arrhythmic
drugs. etc.) and a complex of device-assisted rehabilitation
and kinesiotherapy within stage two of medical rehabilitation.

The obtained quantitative and qualitative findings of the
examinations were collected in Excel spreadsheets. The data
was then processed using StatSoft STATISTICA 10.0.1011.0
Russian Portable and included identification of average
and sampled shares, assessment of statistical significance
of variance between groups, methods of variation statistics
and correlation analysis. In the description of investigated
groups, the absolute and the relative number of carriers of the
qualitative findings was indicated, n (%), the mean value and
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the standard deviation (M + SD) in normal distribution of the
quantitative variable, or the median value and the interquartile
interval (Me [Q1; Q3]) in deviation of the distribution from
the normal. The results of statistical analysis were considered
significant in the probability of alpha error below 5% (p <
0.05).

m RESULTS

The assessment of deterioration of self-care capability
showed that among the studied IS patients, the prevailing
RRS score was 4 points: 56 patients (57%, p = 0.004); less
frequent RRS values were 5 points, in 40 patients (41%),
and RRS of 6 points in 2 patients (2%). The severity of
neurological deficit on the NIHSS scale in the acute period
was moderate at 10.9 [10.0; 11.8] points, white the share of
moderate stroke (5—-15 points) was seen in 77 patients (79%),
and severe (>16 points) in 21 patients (21%, p =0.03). A
direct correlation was identified (r=0.77) between the NTHSS
and RRS levels.

The evaluation of the motor function revealed post-stroke
hemipareses of various severity in 86 examined IS patients
(88%).

The study of muscle strength of the upper limb on the
MRC scale showed that the share of patients with plegia was
21 cases (25%); number of cases of 1 point was 14 cases
(16%), cases of 2 points, 13 (15%), cases of 3 points, 20
(23%), and cases of 4 points, 18 (21%). The data is shown
in Fig. 1.

Thus, the share of severe disorders (0-2 points) in 55 cases
(56%) prevailed over the mild motor disorders (3-4 points)
in 43 cases (44%).

The analysis of condition of the musculoskeletal
apparatus showed that during the acute period of IS
arthoropathy of the upper limb was identified in 36 (37%) of
investigated patients. Among them, the visual inspection by
the neurologist identified not only restriction of movement
in all patients, but the pain syndrome of various severity
in the joint under consideration in the prevailing number
of patients (31 (86%)), as well as muscular hypotrophy
of the upper limb and the edema of the joint capsule in
16 (45%) patients. Isolated damage of the shoulder joint
was found in all 36 (100%) patients, and its combination
with arthropathies of other joints (knee, elbow, wrist), in
12 (32%) patients. Left-sided arthropathy of the shoulder
join was registered more frequently, in 21 (22%) cases, than
the right-sided in15 (15%) cases. Its features were more
frequently identified in women, in 22 (61%, p = 0.005)
cases, than in men, in 14 (39%) cases.

In order to specify the nature of the bone defect, X-ray
examination of the joints was performed. In the presence
of clinical manifestations of the shoulder joint arthropathy,
the signs of shoulder periarthritis were found in16 (46%) IS
patients with the RRS score of 4-6 points. At the same time,
according to the data of additional examination, US of the
joint of practically all patients with arthropathy (27 patients
(76%)) revealed synovitis of various severity, and the
tendonitis of the tendons forming the shoulder joint complex
was found in 17 patients (47%). We believe that ultrasonic
examination of the joint in question to be necessary for
patients in the acute phase of IS with paresis of 0-3 points in
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Figure 1. The structure of
paresis on the MRS scale.

PucyHok 1. Cmpykmypa
BblpaykeHHOCMU nape3a
no wkane MRS BepxHel
KOHe4yHocmu.

Figure 2. Structure of paresis
severity on the MRS scale in
stroke patients with arthropathy.

PucyHok 2. Cmpykmypa
ms)ecmu napesa no wkane
MRS y 60nbHbIX N €
apmponamuel BepxHell
koHeyHocmu, %.

order to identify early markers of arthropathy and provide
timely prevention of contracture of the upper limb; since
this method provides finer data as compared to the routine
X-ray examination of the joint.

In all 36 IS patients (100%) with arthropathy of the upper
limb, signs of paresis of various severity were identified,
which had a negative relation to the severity of the pain
syndrome of the joint in question on the VAS scale (r =-0.72)
(Fig. 2). The comparison of pain severity on the VAS scale
demonstrated its prevalence in patients with arthropathy: 4.8
+ 0.3 and 2.8 + 0.1, respectively.

Besides, the presence of shoulder joint arthropathy was
related to formation of severe paresis of the upper limbs in
32 cases (89%, p=0.002), predominantly with 0-1 points on
the MRC scale. Such disorders form a determining criterion
of disablement of IS patients.

The analysis of neurological deficiency on the NIHSS scale
registered a credible difference in patients with and without
signs of arthropathy, 14.0 [13.0; 15.0], p = 0.00001 and 9.0
[8.0; 10.0], respectively, which could be accounted for by the
contribution from pyramidal disorders and by the symptom
complex of sensitive disorders. Thus, in the IS patients with
signs of arthropathy it was identified in 19 (53% p= 0.005)
of patients, and in IS patients without signs of arthropathy,
only in 11 (31%) cases. Often this relates to the formation of
a vicious circle of pathological interaction of motor, sensitive
and cognitive disorders and ultimately may lead to decrease
of motivation of patients to recover.

The investigation of the level of intellect and memory
disorders on the MMSE scale in patients with arthropathy
showed that among them, the most severe cognitive defects
were registered at 15.8 [14.7; 17.0] points vs. patients without
signs of artropathy at 20.3 [19.3; 22.1] points, p = 0.01.

The analysis of the structure of the rehabilitation routing
scale showed that the degree of deterioration of self-care
capacity in arthropathy patients was more severe as compared
to the general sampling. Among patients with arthropathy,
the RRS score of 5 points was twice as high (30 (80%, p
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=0.005)) vs. general group, and RRS score of 4 points only
in 4 patients (12%, p = 0.04), RRS of 6 points, in 2 patients
(8%). The data is shown in Fig. 3.

The evaluation of the degree of deterioration of self-care
capacity in the IS patients in the course of dynamic follow-
up (Table 1) among patients in the 1A group identified
improvement of the neurosomatic status. This occurs not only
due to prevalence of RRS of 4 points (31(60%, p = 0.004);
the number of patients with RRS of 3 points also increased
to 12 persons (23%). At the same time, among patients of the
1B group there still prevailed patients with RRS of 5 points:
25 persons (53%, p= 0.005).

As expected, follow-up assessment revealed a significant
reduction in NIHSS scores to 6.1 [5.6; 7.0] points (p=0.04)
among patients who received the second-stage comprehensive
rehabilitation within the first 1-2 months after IS. In contrast,
NIHSS scores in the group deprived of second-stage medical
rehabilitation remained significantly higher at 9.0 [8.4;
9.8] points. Analysis of the dynamic severity structure of
neurological deficit using the NIHSS revealed that while in
the acute phase of IS, the main cohort of patients with RRS
scores of 4-6 points consisted of individuals with moderate
impairments (77 (79%, p=0.004)), and no cases of mild stroke
manifestations were identified, the follow-up assessment
showed a more favorable severity distribution. In Group 1A,
patients with mild acute cerebrovascular events appeared
(22 (42%, p=0.05)); consequently, the proportion of patients
with a moderate course of ACVE significantly decreased
(30 (58%, p=0.05)). However, in Group 1B, no significant
dynamic changes were recorded, and patients with moderate

Group 1 Group 1A Group 1B
(n=98) (n=52) (n=46)
3 points 12 (23%) 2 (5%)
4 points 56 (57 %, p= 0.005) 31 (60 %, p= 0.004) 17 (38 %)
5 points 40 (41%) 9 (17 %, p=0.004) 25 (53%, p= 0.005)
6 points 2 (2%) - 2 (4%)

Note. Accuracy of variance between studied groups in dynamic follow-up:
p < 0.05.

Table 1. Dynamic structure of the routing scale in stroke patients,
abs. (%)

Tabnuua 1. JuHamuyeckast cmpykmypa ypoBHsi LLIPM y 6051bHbIx
UMW, abce. (%)
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impairments prevailed (44 (95%, p=0.004)). The data is
presented in Table 2.

The incidence of arthropathy during follow-up was
identified in 28 patients (28%). Among patients in Group 1A,
it was found in only 8 individuals (16%), whereas in Group
1B it was 2.5 times more frequent, occurring in 20 patients
(44%, p=0.04). Contracture of the affected upper limb had
developed in 15 patients (15%). While it was present in only
3 patients (5%) from Group 1A, it was observed in 12 patients
(26%) from Group 1B. This inevitably affected the cognitive
status of the IS patients. Specifically, among patients without
arthropathy, cognitive status showed significant recovery to
25.4[23.4; 26.2] points (p=0.01), whereas among patients with
established contracture, it remained significantly depressed at
19.4 [18.2; 22.1] points.

The identified pattern emphasizes the necessity of
implementing early preventive diagnostic technologies for
detecting and characterizing arthropathy in order to prevent
contractures.

m DISCUSSION

Recent scientific literature focused on evaluating
the relationship between the severity of pyramidal tract
impairments, the degree of limitations in self-care capacity and
the extent of cognitive deficits. This is based on the concept
that barriers to rehabilitation can include cognitive disorders,
‘higher-level’ motor impairments, fall risk, depression, chronic
fatigue, pain syndromes, and comorbidities [13—-16]. Our study
identified a direct correlation between NIHSS and RRS scores
(r=0.77), which supports this assertion.

Furthermore, we established that in patients with severe
limitations in self-care capability, beyond assessing the degree
of motor impairments, attention must be paid to the presence of
upper limb arthropathy, which was recorded in over one-third
(37%) of patients in the ischemic stroke cohort.

Presence of the shoulder joint arthropathy is related to the
formation of deep paresis of the upper limbs (predominantly,
0-1 points on the MRS scale), and to the more manifested
sensitive (19 (53%)) and cognitive disorders (15.8 [14.7;
17.0]), that constitute the prevailing criterion of disablement
of ischemic stroke patients [12].

Analysis of the impact of timely implementation of
treatment and rehabilitation measures for preventing severe
disabling motor impairments in ischemic stroke patients
showed that arthropathy during follow-up was observed in 8
patients (16%) in Group 1A, but 2.5 times more frequently in
Group 1B, in 20 cases (44%, p=0.04). The contracture of the
affected upper limb developed in half of the cases, 15 patients
(15%), which is a marker of severe patient disability. The
identified pattern emphasizes the necessity of implementing

(n=98) (n=52) (n=46)
0-4 points 22 (42%, p = 0.05) 2 (5%)
5-15 points 77 (79%) 30 (58%, p = 0.05) 44 (95%, p = 0.004)
216 points 21 (21%, p = 0.03) - -

Note. Accuracy of variance between studied groups in dynamic follow-up:
p < 0.05.

Table 2. Dynamic structure of NIHSS in stroke patients, abs. (%)
Tabnuua 2. JuHamu4yeckasi cmpykmypa ypoBHst NIHSS y 601bHbix
nn, aébe. (%)
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early preventive diagnostic technologies for detecting and
characterizing arthropathy to prevent contractures.

m CONCLUSION
Development of novel preventive clinical and diagnostic
technologies for identifying early markers of arthropathy

necessitates the timely implementation of a recommended
complex of therapeutic and rehabilitative measures to prevent
contractures. Moreover, the early and active initiation of
rehabilitation itself constitutes a crucial stage in preventing
contractures as a significant factor contributing to disability
in ischemic stroke patients, regardless of age. »=
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Mild cognitive impairments in patients in the acute
period of cardioembolic stroke

Kristina M. Shubina
Almazov National Medical Research Centre (Saint Petersburg, Russia)

Abstract

Aim - to study the features of moderate cognitive disorders in patients with
acute ischemic stroke of the cardioembolic subtype during comprehensive
neuropsychological testing in comparison with data on structural changes in
brain tissue identified using visual semi-quantitative scales during magnetic
resonance imaging of the brain.

Material and methods. The prospective observational study involved
60 patients (22 women and 38 men) diagnosed with cardioembolic stroke. The
study participants were divided into two groups: patients with non-amnesic
(neurodynamic) multifunctional type of moderate cognitive disorders (40
patients: 70% men, 30% women, mean age 64.3 years) and patients with
amnestic multifunctional type (20 patients: 50% men, 50% women, mean
age 76.1 years). All patients underwent a comprehensive neuropsychological
examination and magnetic resonance imaging of the brain using standard
magnetic resonance scales.

Results. Patients with non-amnestic multifunctional type of moderate
cognitive disorders accounted for 67% of the examined patients (40 people),

and 33% (20 people) were patients with amnestic multifunctional type. During
the examination, neuropsychological features were identified in each group.
22% of patients (13 people) had infarctions in the “strategic” zones, and 45%
of patients (27 people) had multiple focal ischemic strokes. In 90% of patients
(54 people), there was a pronounced lesion of the white matter in the form
of a hyper-intense signal from the periventricular and subcortical areas and
a moderate widening of the cerebral sulci against the background of slight
atrophy of the gyri.

Conclusion. The comprehensive diagnostic approach, including
neuropsychological testing and assessment of structural changes in the brain
using visual semi-quantitative magnetic resonance scales, allows for the
detection of cognitive impairments at the pre-dementia stage and the initiation
of therapy aimed at preventing the progression of these impairments.
Keywords: mild cognitive impairment, cardioembolic stroke, MRI scales,
neurodegeneration, neuropsychological assessment, dysregulatory disorders.
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YMepeHHble KOTHUTUBHbIE HapyLUeHUs Y NaLlueHToB
B OCTPOM nepuoge KapanoaMO6osIM4ecKoro MHCYJbTa

K.M. Ly6uHa

®IrBY «HaumoHanbHbIM MegULIMHCKUIA ccnefoBaTenbCckuin LeHTp uMeHn B.A. AnmasoBa»
Mun3zgpaBa Poccun (CaHkT-IeTepbypr, Poccuitckas Pegepauus)

AHHOTaumsa

Iesnb — U3y4IUTh XapaKTEPUCTHKK yMEPEHHBIX KOTHUTUBHBIX PACCTPOMCTB y
IAIMeHTOB B OCTPOM IIepHOjie UIIEMHYeCKOro MHCYJIbTa KapauoamMbostde-
CKOTO MOJITHIIA B X0OJIe KOMIIIEKCHOT'O HEMPOIICUXOJIOTMYeCKOT0 TeCTUPOBAHUS
B COIIOCTABJIEHUH C JAHHBIMU CTPYKTYPHBIX M3MEHeHH BellieCTBa FOJIOBHOTO
MO3ra, BBISBIISIEMBIX C TIOMOIIBIO BU3YaJIbHBIX OTyKOIMYECTBEHHbIX IIKAJ
IIPY MarHUTHO-PE30HAHCHOW TOMOrpadHy rOJIOBHOTO MO3ra.

Marepuain u Meroasl. [IpoBefieHO npocreKTUBHOe 06CepBalMOHHOE UC-
ciefoBaHue C BKIodeHHeM 60 manueHToB (22 jKeHIIUHBI U 38 MYXXYHH) C
JIMarHO30M «Kap/{03aMOOIITIeCcKuil HHCYNIbT». MccnenyeMsble pasziesieHbl Ha
JIBE TPYIIIIBI: [AIMEHThI C HeaMHeCTHYeCKNUM (HeHpOIMHaMI9eCKIM) MYJIBTH-
(YHKIHOHAIBHBIM TUIIOM yMePEeHHBIX KOTHUTUBHBIX pacCTpoicTB (40 maru-
entoB: 70% my>xund, 30% JKeHIWH, CPeIHII BO3paCcT COCTaBw 64,3 rofia) u
60JIbHBIE C aMHECTHYEeCKUM MYITBTHUQYHKIIMOHAIBHBIM TUIIOM (20 HalreHToB:
50% myxunH, 50% >KeHIIMH, CpeiHUiA Bo3pacT cocraBui 76,1 romga). Bcem
IIaIMeHTaM [IPOBelIeHbl KOMIIEKCHOe HeHPOIICHXOIOrMYecKoe 0bcieioBaHye
Y MaTHUTHO-pe30HAHCHast ToMorpadusi TOJIOBHOIO MO3ra C IIPHMeHeHHeM
CTaHJAPTHBIX MarHUTHO-PE30HAHCHBIX IIKaJI.

Pesynbrarel. [lanveHTsl ¢ HeaMHECTUIeCKUM MYJIbTH(PYHKIIMOHAIBHBIM
THUIIOM yMepeHHbIX KOTHUTHUBHBIX PacCTPOMCTB cocTaBuiu 67% obcneny-
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eMmbIx (40 desoBexk), a 33% (20 4yeyloBek) — MalMeHThl C aMHECTHYEeCKUM
MYIbTUQYHKIMOHAJIBHBIM TUIIOM. B xoze o6cnenoBaHys ObUIM BbISIBIIEHBI
HelpOBU3yaJIM3allMOHHbIe 0COOEHHOCTH B KaXXKI0M rpyrmie. Y 22% nalnueHToB
(13 genoBek) onpepensyUch UHPAPKTH B 0OJIACTH «CTPATEIHYeCKUX» 30HY,
y 45% manuenToB (27 yenoBek) 6bUT 0GHAPYXKEH MHOTOOYATOBBIM HIIEeMH-
yeckuit UHCYBT. Y 90% manueHToB (54 4ei0BeK) OTMeYanoCh BhIPaXKeHHOe
nopakeHue 6eJIoro BelllecTBa B BUJle TMIIePUHTeHCUBHOCTU CUTHAJIA OT IIepH-
BEHTPUKYIIIPHBIX ¥ CyOKOPTUKAIbHBIX 06/IacTel 1 yMepeHHOe pacIliupeHye
60po311 rOJIOBHOIO MO3ra Ha GOHE He3HAUYUTEeIbHOUM aTpOdHUY U3BUIIKH.
BeiBonbl. KoMIuiekCHBIN AUarHOCTUYECKU TTOIXO0 B BUZle HEHPOIICUXO-
JIOTUYECKOTo TeCTUPOBAHHUS U OL[eHKU CTPYKTYPHBIX U3MeHeHHUH BelllecTBa
TOJIOBHOTO MO3Ta C IPUMeHeHHeM BU3YaJIbHBIX IOTyKOJINYeCTBeHHBIX Mar-
HHUTHO-Pe30HAHCHBIX IIKAJI 103BOJISIeT BBISBUTH KOTHUTHBHBIE HApPYIIEHUsS
Ha JJOOeMeHTHOH CTaiuy U MHUIIUAPOBATh Tepallyio, HallpaBJIeHHYIO Ha IIpo-
GHIIAKTHKY IPOrpeCcCHPOBAHUS JAHHBIX HAapyIIeHUH.

KiroueBble coBa: ymMepeHHbIe KOTHUTHUBHBIE HAPYHIEHHUs, KapAX03MO0Iu-
YecKkud UHCYIbT, MP-11Kasel, HelipojereHepanysi, HeHPOIICHUXOJIOTMYeCKoe
obcreioBaHye, U3Pery/sITOpHble PacCTPOMCTBA.

KoHuKT HHTEpecoB: He 3asBIIeH.
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m INTRODUCTION

Cardioembolic stroke is one of the most prevalent subtypes
of ischemic stroke. In its acute phase, some syndromes may
develop that preclude effective rehabilitation. These include
cognitive impairments that have a significant adverse effect
on the quality of life and reduce the possibilities of social
and household adaptation. At the same time, the clinical
patterns of the higher cortical functions have not been fully
identified to this day. In the diagnostic algorithm of acute
cerebrovascular accidents (ACVA), magnetic resonance
imaging (MRI) has an important role. Semi-quantitative
visual scales were developed to improve quality of
assessment of findings of structural MRI and objectification
of the obtained data. However, comparison of results of
changes of the brain matter identified using such scales with
the developing cognitive disorders has not been carried out
in to a sufficient extent. Identification of some correlations
of these indicators would facilitate a better understanding
of impairments of the higher cortical functions from the
perspective of the theory on their dynamic localization, and
would improve the quality of prediction of their condition
in remote periods of ACVA.

The term “mild cognitive impairment” was first used
by the American neurologist R.C. Petersen in 1997 to
characterize an interim stage between the normal aging
and dementia [1]. A mild cognitive impairment (MCI) is
a clinically significant deterioration of cognitive functions
(attention, memory, speech, perception, praxis, executive
functions) that has not reached the degree of dementia [2].
At this level of impairment of higher cortical functions,
complete maladaptation of patients and loss of independence
in daily life are not observed. Prevalence of MCI among
people aged 60 and above varies from 5.0 to 36.7% [3]. The
rate of MCI progression to dementia is approx. 8-15% per
year [4]. The following are identified as the major diagnostic
criteria of MCI: deterioration of the higher cortical functions
vs. individual baseline level, complaints of impairment of
memory, attention and other cognitive functions that come
both from the patient and from the informants (relative
or a person close to the patient), or from the consulting
physician. The functional impairment is confirmed by
neuropsychological tests or other clinical measurement.
The impairment may involve one or more cognitive spheres.
Some independence in the daily life may remain but theme
may be minor difficulties in the performance of complex
tasks, however, the level of alterations observed is below the
level of dementia. Besides, these impairments manifest on
the background of a clear mind, lack of delirium and other
psychic disorders [5-7].

www.innoscience.ru

In 2014, R.C. Petersen identified 4 types of MCI:
amnestic mono-functional; amnestic multifunctional;
non-amnestic (neuro-dynamic) mono-functional; non-
amnestic multifunctional [8]. Prof. O.S. Levin, in his turn,
suggested the amnestic type with memorizing impairment,
neuro-dynamic-dysregulatory type with the development
of a fronto-subcortical syndrome; the type predominated
by visuospatial impairments; the type predominated by
language impairments; and the combined type of observed
MCI [9, 10].

According to the Russian studies, the most prevalent
type of MCI is the non-amnestic multifunctional type
[11]. It also follows from literature that 68% of MCIs stem
from dyscirculatory encephalopathy or earlier ACVA [12].
It is to be noted that neuropsychological examination of
cognitive functions that allows assessment of their different
components, is the gold standard of determining the MCI

type [13].

m AIM

To study the features of moderate cognitive impairments
in patients with acute ischemic stroke of the cardioembolic
subtype during comprehensive neuropsychological testing
in comparison with data on structural changes in brain
tissue identified using visual semi-quantitative scales
during magnetic resonance imaging of the brain.

m MATERIAL AND METHODS

The prospective observation study conducted at the
Almazov National Medical Research Centre included
60 patients (22 women and 38 men). Inclusion criteria:
acute period of cardioembolic subtype ischemic stroke
(diagnosed as per criteria established in the 2024 clinical
recommendations); mild cognitive impairments as per
diagnostic criteria of the National Institute of Aging
and Alzheimer’s Association, ICD-11 criteria, DSM-5;
normal consciousness; general stable condition, including
compensated chronic diseases; informed consent to
participate in the study. Exclusion criteria: known earlier
diagnosis that could have been a possible cause of cognitive
disorders (Alzheimer’s disease, dementia with Lewy
bodies, Pick disease, frontotemporal dementia, Parkinson’s
disease, Huntington’s disease, Wilson-Konovalov’s disease
and other diseases); speech impairments including aphasia
of varying severity; manifested dysarthria; presence of
traumatic brain injury; history of alcoholism; surgery within
one year prior to inclusion in the study (except emergency
endovascular thrombectomy and thromboaspiration on
admission); clinically manifested depression or anxiety.
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To exclude the functional causes of cognitive disorders,
a screening for anxiety and depression was performed
using the Hamilton’s scale. The finding of this test in the
study group did not reach threshold values and matched the
normal emotional background.

The study was performed on day 10-14 from the
onset of stroke. The patients were divided in two groups.
Group I: patients with non-anamnestic (neuro-dynamic)
multifunctional MCI. Group II: patients with amnestic
multifunctional type or multifunctional type with
hippocampal-type memory impairments.

The division of patients into groups was performed
based on complaints of memory impairments, particularly,
disorders in memorizing new information, and on results
of tests focusing on differential diagnostics of MCI types
(the 5 word test, free and cued selective reminding test
(FCSRT), verbal fluency test (phonetic and semantic
associations), trail-making test.

All patients underwent the following assessments:
collection of cognitive complaints, medical and life
history; neurological examination; evaluation using
clinical scales commonly applied in neurological practice
to assess stroke severity, functional limitations, and post-
stroke disability (National Institutes of Health Stroke
Scale, Barthel Index, Modified Rankin Scale, Rivermead
Mobility Index, Glasgow Outcome Scale); comprehensive
neuropsychological testing; brain MRI with application of
MR scales for assessing brain tissue condition.

The neuropsychological testing included a mini-mental
scale examination (MMSE) Montreal cognitive assessment,
frontal assessment battery test (FAB), clock drawing test,
5 word test, verbal fluency test (phonetic and semantic
associations), Mattis dementia rating scale, digit span test,
Hamilton anxiety and depression rating scales, symbol digit
modalities test, Schulte table test, free and cued selective
reminding test (FCSRT) [21-33].

The brain MRI identified the following: localization
and volume of the focus of the ischemic stroke, lesion of
the areas strategically important for the higher cortical
functions, multi-focal lesion of the brain. To assess white
matter changes, the Fazekas, Scheltens and Wahlund scales
were used. The presence of selective cerebral atrophy or
gray matter pathology was evaluated using the following
scales: the medial temporal lobe atrophy (MTA) scale,
the Koedam parietal atrophy scale and the global cortical
atrophy (GCA) scale [34, 40].

Statistical processing of the data was performed in
the RStudio integrated development environment. To
describe the data, the following descriptive statistics
methods were used: for the data with normal or near-
normal distribution, mean value and standard deviation
were calculated; for the data with distribution significantly
different from normal, mean value and standard deviation
were augmented with median and values of first and third
quartiles (with bootstrapping). Distribution was assessed
by constructing histograms. Histograms are presented
for data with distributions significantly deviating from
normality. For comparing values between MCI types, the
two-sample Mann—Whitney U test with Holm’s correction
for multiple comparisons was applied. Boxplots were
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constructed for measures showing significant differences
between types.

m RESULTS

Clinical and neuropsychological characteristics

According to the patient history data, arterial hypertension
and atrial fibrillation was found in all patients of the study
sample. 28 patients (42%) had chronic heart failure, and
14 patients (21%) had type II diabetes mellitus. According
to the lipid profile, 59 patients (89%) had dyslipidemia.
According to the medical documents, 42 patients (64%)
had been diagnosed with ‘dyscirculatory encephalopathy’
of various severity prior to the development of the stroke.
The evaluation of the neurological status revealed the
following: motor impairments, hemiparesis in 60 (91%)
patients, sensory impairments in 29 (44%) patients, speech
impairments such as dysarthria or volume disorders in 24
(36%) patients, dysfunction of cerebral nerves such as
oculomotor disorders, asymmetry and sensory impairments
of the face, dysphagia in 33 (50%) patients. The Doppler
ultrasonic examination of the brachycephalic arteries
and vessels of the head identified atherosclerotic lesion
of the brachycephalic vessels (common and internal
carotid arteries) in 66 patients (100%). At the same time,
hemodynamically significant stenosis over 50% were not
identified in the study sample.

The neurological examination found that the average
score on the NIHSS scale matched that of mildly severe
ischemic stroke. In the vast majority of cases, motor,
sensory and coordination disorders were found. In the
evaluation of mobility, degree of activity impairment and
disability it was found that the patients were able to move
about the hospital department without any aids, had mild
to moderate activity impairments and were capable of
taking care of themselves without assistance. The average
score on the Hachinski scale shows that clinical signs
of vascular cognitive disorders prevailed in the patients
included in the study. Some individual cases demonstrated
possible presence of a neurodegenerative component. In
the evaluation of the patient mobility by the Rivermead
index it was found, that mild impairment of mobility was
prevalent in the studies cohort. The study of functional
activity using the Barthel scale demonstrated mild to
moderate dependence degrees. On the whole, these
data matched the results of Rankin scale examination
(mild to moderate activity impairments). The testing on
the Glasgow outcome scale also correlated with these
findings. The general values follow in Table 1.

In the evaluation of the neuropsychological status,
100% patients (n=60) came up with cognitive complaints.
These included lowered attention focus, quick fatigue when
performing cognitive tasks, easy distraction, abstraction,
longer time needed to perform a specific action, forgetfulness,
lowered thinking rate. The neurological tests identified the
following cognitive disorders most often: lowered attention
focus, some instability and exhaustion of attention, reduced
verbal fluency, deterioration of constructive and dynamic
praxis, lower quality of regulatory functions, executive
skills, lowered psychomotor rate without impairment of
thinking structure, deterioration of short-term memory,
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Median (21-99
Age -

g 68,23 + 11,24
NIHSS 3,33+ 2,57 2,50 (2,00-4,00)
Rivermead 10,10 + 3,85 11,00 (7,00-14,00)
Rankin 2,83+0,81 =
Barthel 78,50 + 23,87 90,00 (65,00-95,00)
Hachinski 9,83+ 1,24 -

Glasgow outcome scale 4,20 + 0,58 -
Notes: NIHSS — The National Institutes of Health Stroke Scale

MNpumeyaHusi: NIHSS — The National Institutes of Health Stroke Scale.

Table 1. Clinical and neurological characteristics of patients with
MCI in the acute period of cardioembolic stroke on days 10-14 (in
points, M+SD, median (Q1-Q3))

Ta6nuuya 1. KnuHUKo-HeBposiozuyeckas xapakmepucmuka
nayueHmoB ¢ YKP B ocmpoM nepuode Kapouoambosiudeckozo
uHcynbma Ha 10-14 cymku (B 6annax, M+SD, meduaHa (Q1-Q3))

mild disorders of the visuospatial gnosis. The cumulative
data of the results of neuropsychological examination
follow in Table 2.

Based on the analysis of complaints, analysis of life
and disease history, and data of complex neurological
assessment, the patients were divided into two groups. The
patients with non-amnestic (neuro-dynamic) multifunctional
MCI (nMCI) comprised 67% of the patients (n=40); while
33% (20 patients) had amnestic multifunctional MCI
(aMCI) or multifunctional MCI with hippocampal-type
memory impairments. The data follow in Table 3.

Patients with amnestic multifunctional MCI performed
worse in neuropsychological tests that assessed memory
and memory-associated activities. The group comparison
showed the following specifics: in patients with aMCI there
were disorders in the information memorizing process,
which manifested in difficulties in delayed recall of words.
Cues were of little assistance. This group also showed
deterioration of visuospatial functions, which manifested in
disorders in the clock drawing test and methods involving
copying of material. In patients with nMCI, the differences
in the immediate and delayed recall of words were less

Medtan (103

Mattis dementia rating scale

(MDRS), total 121,72 £6,29 25,00 (25,00-26,25)
MDRS, initiation — perseveration 29,40 + 3,60 -

MDRS, attention 31,22 £ 2,50 =

MDRS, constructive praxis 5,00 £ 0,71 -

MDRS, conceptualization 34,55+1,78 -

MDRS, memory 21,47+ 2,27 -

MMSE 25,52 +1,08 -

FAB 14,65+ 1,78 -

Clock drawing test 9,48 + 0,85 10,00 (9,00-10,00)
Digit span test 25,37 £ 8,84 -

MoCA 23,90+1,87 24,00 (23,00-25,00)
Schulte table No.1 65,17 + 10,22 =

Schulte table No.2 65,75 + 10,37 -

Schulte table No.3 65,85+ 11,14 =

Schulte table No.4 65,77 + 10,83 =

Schulte table No.5 66,58 + 10,64 -

Direct numbers 4,82 + 0,39 5,00 (5,00-5,00)
Reverse numbers 3,80 £ 0,40 4,00 (4,00—4,00)
FCSRT (free reminding) 18,08 + 3,72 -

FCSRT (cued reminding) 13,33 + 3,94 -

Notes: MDRS — Mattis dementia rating scale, MMSE — mini-mental status
evaluation, MoCA — Montreal scale of cognitive assessment, FAB — frontal
dysfunction battery of tests.

Mpumeyarus: WAM — wkana demeHyuu Mammuca, MMSE — kpamkas
wkana oyeHku ncuxudyeckozo cmamyca, MoCA — MoHpeanbckas wkana
oueHKU Ko2HUMuBHbIX yHkyul, FAB — 6amapes mecmos nobHol
oucgyHKuuU.

Table 2. Results of neuropsychological examination of patients
with MCI in the acute period of cardioembolic stroke (in points,
M=SD, median (Q1-Q3))

Ta6nuya 2. Pesynbmamsl Hellponcuxoio2u4eckozo
ob6cnedoBaHus nayueHmos ¢ YKP B ocmpoM nepuode
KapouoaMbosnu4yeckozo uHcynbma (B 6annax, M+SD, meduaHa

(Q1-Q3))

manifested, and the semantic cue usually helped recall the
stimulus material. The charts of value distribution in the
study samples are shown in Fig. 1.

st Dysregulatory type Amnestic type
es
I T BN T

5 word test (immediate recall) (Q1-Q3) 4,50 (4,00-5,00) (Q1-Q3) 4,00 (3,00—4,00)
5 word test (cued immediate recall) 4704052 5,00 (4,00-5,00) 4,40+ 0,68 4,50 (4,00-5,00)
5 word test (delayed recall 3,17 +0,75%* 3,00 (3.00-4,00) 1,85+ 0,99 2,00 (1,75-2,25)
5 word test (cued delayed recall) 3.92+0,76% 4,00 (3,00-4,00) 3,20+095 3,00 (2,75-4,00)
Trail-making test, part A 64,42 £ 10,30 66,00 (59,50-69,75)  71,70+10,31 70,50 (65,75-77,25)
Trail-making test, part B 65,90 + 10,81 68,00 (61,00-72,00)  72,00+10,50 72,00 (65,75-77,25)
Phonetic association test 9,57 +1,81* 10,00 (8,00-11,00) 8,00+ 1,95 7,50 (7,00-9,00)
Semantic association test 12,62 + 2,22% 12,50 (11,00-15,00) 1045+246 10,00 (9,00-12,00)
FCSRT (free reminding) 19.75+2,73 20,00 (17,75-22,00) 1475+318 1500 (11,75-17,25)
FCSRT (cued reminding) 15,05 £ 3,57 16,00 (13,00-18,00) 990+1,86 10,00 (8,00-12,00)
FCSRYT, total score 34,80+ 4,16 3500 (31,75-38,00) 2465+318 2500 (22.75-27,00)

Notes: * — p<0.05, **— p<0.01, **— p<0.001, FCSRT — free and cued selective reminding test.
lMpumeyaHus: * — p<0,05, ** — p<0,01, **— p<0,001, FCSRT — mecm accoyuupoBaHHO20 CeleKmuBHO20 Ppacno3HaBaHusl.

Table 3. Comparative analysis of neuropsychological test data in two groups (in points, M+SD, median (Q1-Q3))
Tabnuua 3. CpaBHumernbHbIl aHanu3 0aHHbIX Heliponcuxoi02u4ecko2o0 mecmupoBaHus B OByx 2pynnax (B 6annax, M+SD, meduaHa (Q1-Q3))
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In 22% of patients (n=13) with mild cognitive
impairments, infarctions were detected in some areas
of the ‘strategic’ zones such as thalamus, striatum,
hippocampus, prefrontal cortex, left temporo-parieto-
occipital junction; in 45% of patients (n=27), multifocal
brain lesions in the form of ischemic stroke were detected.
This patient group is characterized by fairly pronounced
white matter lesions appearing as hyperintensities in the
periventricular and subcortical regions. These lesions
are represented by numerous foci of varying diameters,
typically distributed across all cerebral lobes, sometimes
showing a tendency to coalesce. This group also exhibits
moderate sulcal widening with mild gyral atrophy. When
using the Fazekas scale, it was determined that 90% of
patients (n=54) exhibited moderate white matter lesions,
corresponding to a score of 3 or 4 points. This group was
characterized by the presence of leukoaraiosis foci along
the cerebral ventricles, as well as diffusely distributed
gliosis areas appearing as hyperintense signals. These
changes generally matched the data obtained in the
analysis of MRI scans using the Wahlund scale, where
the local alteration foci prevail sometimes showing a
tendency to coalesce. The vast majority of these changes
was localized in the frontal lobes, and, to a lesser degree,
in the parietal and temporal lobes. At the same time,
the use of the Scheltens scale demonstrated a more
pronounced degree of white matter lesion, which reflects
the specifics of interpretation of results on this scale and
the emphasis on the quantitative assessment of foci. The
analysis of results of parietal lobe lesions on the Koedam
scale generally revealed moderate atrophy of the gyri
of the lobes, accompanied with some widening of the
sulci (1 point). In some cases, not changes were found.
In individual cases, severe atrophy was identified that
came up to 2 points. The analysis of alterations in the
medial section of the temporal lobe using the MTA scale
identified no pronounced alterations in any of the cases. In
individual examinations, no significant atrophy was found.
For the majority of patients, the characteristic features
were the mild dilatation of the chorioidal fissure (1 point)
or a minor reduction in the height of the hippocampus
accompanied by slight enlargement of the temporal
horns of the lateral ventricles (2 points). The assessment
using the GCA scale revealed that for the majority of the
examined patients a minor atrophy of the cerebral matter
(10 points or less) was characteristic. The atrophies were
represented with some widening of the sulci and ventricles
and some loss of volume of the gyri. A small number of
patients demonstrated moderate atrophic changes, ranging
from 11 to 20 points on the applied scale. These changes
primarily affected the frontal regions, to a lesser extent
the temporal areas and the parieto-occipital regions. The
overall data from the brain assessment using MR scales
are presented in Table 4.

m DISCUSSION

The neuropsychological assessment revealed that
patients with MCI following cardioembolic stroke
primarily develop neurodynamic and dysregulatory
impairments. These deficits are associated with damage to
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Figure 1. Boxplots comparing the neuropsychological examination
data of the two identified variants of MCI.

PucyHok 1. [JuazpaMMbl pazmaxa cpaBHeHUsi OaHHbIX
Heliponcuxonozau4yeckoeo 06ciedoBaHuUs OByX BbisIBIEHHbIX
BapuaHmos YKP.
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Fazekas 3,35
Scheltens 18,94
Wahlund 12,75
Medial Temporal lobe Atrophy (MTA) 1,41
Koedam L1
Global Cortical Atrophy (GCA) 7,65

Table 4. MR scale data in the study group of patients with MCI

Tabnuua 4. [laHHble MP-wkan B uccnedyemoll epynne
nayueHmos
c YKP

the 1st and 3rd structural-functional blocks, according to
A.R. Luria’s theory of higher cortical function organization
[14]. Thic MCI type is usually represented with disorders
in the programming, regulation and control over the
progression of psychic activity, processes of formation of
intentions, goals of psychic activity, regulation and control
of actions including behavior, disorders of attention,
motivation, decrease of speed of psychic processes with
the development of bradyphrenia [15]. The development of
these impairments is based on either a fronto-subcortical
syndrome (primary or secondary frontal lobe pathology)
or a disconnection phenomenon [8, 16]. Such cases may
also demonstrate deterioration of short-term memory and
formation of a nonspecific forgetfulness with preserved
recognition and mediated memorizing [15, 17, 18].
For amnestic impairments, hippocampal-type memory
dysfunctions, long-term memory, primary memorizing
of new information (true amnesia) or recognition are
characteristic [15, 18]. Such impairments stem from
lesions of hippocampal structures and its connections
[18-20]. This type of MCls may indicate a pre-dementia
(preclinical) stage of Alzheimer’s disease [20]. The
assessment of cerebral changes using visual MR scales,
mildly pronounced atrophic changes of the white and the

gray matter are observed. Al the same time, lesions of
the frontal lobes prevail as well as those of subcortical
structures, which also characterized the development of
fronto-subcortical syndrome and aligns with findings of
neuropsychological examination. In some cases, atrophic
changes in the hippocampal area and in the mediobasal
structures of temporal lobes were detected. In the
clinical picture, they were combined with hippocampal-
type memory impairments. This may indicate that these
patients have a competing neurodegenerative process and
formation of mixed cognitive disorders. Identification of
atrophic changes in the parietal lobes was less frequent.
Quite expectedly, according to fundamentals of functional
neuroanatomy, these patients demonstrated formation of
visuospatial impairments that was combined with neuro-
dynamic and dysregulatory impairments.

m CONCLUSION

A comprehensive diagnostic approach involving careful
collection of complaints and history, neuropsychological
testing and assessment of structural brain changes using
visual semi-quantitative MR scales facilitates detection
of cognitive impairments at the pre-dementia stage and
identification of their potential anatomical substrate. This
approach assists implementation of optimal therapeutic
approaches to their treatment and prevention of progression
to the stage of dementia. Determination of the amnestic type
of MCI may indirectly indicate an alternative pathological
process such as pre-dementia stage of the Alzheimer’s
disease, which enables direction of the patient for further
examination to confirm or exclude this condition.

Thus, the identification of mild cognitive impairments
(MCI) in patients during the acute phase of ischemic
stroke enables neurologists to formulate appropriate
recommendations for the subsequent rehabilitation period,
with a focus on the correction of higher cortical function
deficits. »=
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Possibilities of surgical treatment of pancreatic head
neuroendocrine neoplasms with major venous invasion
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Abstract

Aim - to demonstrate the feasibility and relative safety of resection of the
portal and/or superior mesenteric veins invaded by tumor during surgical
treatment of the neuroendocrine neoplasm of the pancreatic head, as well as
the feasibility of simultaneous resection of the liver for resectable metastases
in patients with stage IV disease during primary surgery and at disease
progression of any stage following surgical treatment.

Material and methods. Surgical treatment of 16 patients with neuroendocrine
neoplasm of the pancreatic head with invasion of the superior mesenteric
and/or portal veins of stages III-IV of high and moderate differentiation
(G1 and G2) included a standard gastropancreoduodenal resection in 87.5%
cases, extended gastropancreoduodenal resection with aortocaval lymph node
dissection in 6.25% cases, and pancreatectomy in 6.25% cases. During the
standard operation, in one female patient (6.25%) segmental resection of
the liver was performed to remove the metastasis. The rate of portal vein
resection was 6.25%, superior mesenteric vein, 50%, both major veins,
43.8%. Neoadjuvant treatment was not administered, while adjuvant XELOX
treatment was administered to 3 (18.8%) patients. The statistic processing
of the study results was performed in Statistica for Windows v.10 and SPSS
v21. The obtained differences were deemed statistically significant at p<0.05
(295% accuracy). In order to calculate the survival rate, the Kaplan-Meier
method was used with log-rank test evaluation of significance of differences.
Results. The rate of RO surgical treatment was 93.8%, the rate of complications
of surgical treatment of Clavien-Dindo class III and above was 43.8% with
the total rate of all complications of 75%. The main complications included
gastric stasis (50.1%), arrosive hemorrhage (18.8%), acute gastrointestinal
ulcer hemorrhage (18.8%), pneumonia (18.8%). The rate of postoperative
thrombosis of the portal and/or superior mesenteric vein was 12.5%, leakage of

the pancreato-digestive anastomosis was 12.5%, leakage of the bilio-digestive
anastomosis, 6.3%, pancreatic fistula, 12.5%. Relaparotomy was performed in
2 (12.5%) patients who later died due to complications of surgical treatment
(leakage of the pancreato-digestive anastomosis with arrosive hemorrhage).
Disease progression was seen in 10 (62.5%) of the patients within 3 to 69.3
months, the median time before identification of progression being 39.7 [7.1;
52.8] months, and mortality from progression being 50%. Local recurrence
developed in 12.5% patients, metastases in the retroperitoneal lymph nodes
in 6.25%, metastases in the liver in 43.75%, in two cases, liver resection due
to metastases was performed. In cases of progression, all patients received
antineoplastic therapy with analogs of prolonged somatostatin. The median
overall survival was 70.1 months, progression-free survival, 49.2 months,
one-year survival was 81.2% and 78.6%, respectively, three-year survival,
68.2% and 63.5%, five-year, 68.2% and 36.3%, ten-year, 20.55% and 18.1%.
Conclusion. The outcomes of surgical treatment of patients with
neuroendocrine neoplasm of the pancreatic head with invasion of the portal
and/or superior mesenteric vein show the feasibility, relative safety and
efficiency of resection of these major veins. In the majority of patients surgical
treatment may be performed in the radical volume and extended by liver
resection in the event of resectable metastases. Considering the relatively
favorable prognosis of the disease, liver resection for resectable metastases
and disease progression may be performed: it is safe, it improves quality of
life of patients, and extends the period without tumor manifestations.
Keywords: neuroendocrine neoplasm of the pancreas, gastropancreoduodenal
resection, resection of the portal vein, resection of the superior mesenteric
vein, resection of the liver.
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AHHOTauumsa

Iens — mokasaTb BO3MOXXHOCTb U OTHOCUTEJIBHYIO 6e30I1aCHOCTD Pe3eKIINH
WHBA3MPOBAHHBIX OITYXOJIbI0 BOPOTHOM W/WIIN BepXHeH OpbDKeedIHOU BeH BO
BpeMsI XHPYPruuecKoro jiedeHus HeHPOIHIOKPUHHOMN HeOoIUIa3uy TOJIOBKU
HOKeTYLOYHOM JKeJle3bl, a TaKXKe BO3MOXXHOCTb CUMYJIBTAHHOM pe3eKIUu
IeYeH! 10 IOBOAY pe3eKkTabesIbHBIX MeTacTasoB y 60ibHBIX ¢ IV cragueit
3abor1eBaHusI BO BpeMsi IIEPBUYHOTO OIIEPATUBHOTO BMeIaTeIbCTBA ¥ IPY IIPO-
rpecCHpPOBAHUY 3a00JIeBaHYs JIFOO0! CTaIUK IIOCIIe XUPYPTHIeCKOTo JIedeH L.
Marepunai u MeToabl. XUpyprudeckoe jJedeHre 16 manueHToB ¢ HeHpo-
SH[OKPHHHOW HeOIlIa3uel FOJIOBKY MOIPKENTy[IOUHOH JKkejle3bl C MHBa3U-
el BepxHel OpbDKee4HOM u/ninu BopoTHOM BeH III-1V cramuu BeICOKOM 1
yMepenHoi crenienu auddepennuposku (Gl u G2) BkIlOYano CTaHIapT-
HYIO TaCTpPOIIaHKpPeaToAyoleHaIbHYI0 pe3eknuio B 87,5% cirydaes, pac-
IMIUPEHHYIO FaCTPOIAHKPeaToyOieHAIbLHYIO Pe3eKIUIO C A0PTOKOBAIbHOM
mumomaucceknueit — B 6,25% u nmaHkpeaTakroMuio — B 6,25%. Bo Bpems
CTaHIAPTHOM Ollepalnyy y OHOM 605bHOI (6,25%) MPOBeJy CerMeHTapHYI0
Pe3eKIUIo IedeHH A7 yaleHusl MeTacTasa. JacToTa pe3eKIyuii BOPOTHOU
BeHbI cocTaBwia 6,25%, BepxHeii 6pbpixkeeqHoit BeHbl — 50%, 06enx Ma-
THCTPAJIbHLIX BeH — 43,8%. HeoanbioBaHTHYIO Tepanuio He IIPOBOIMIIH,
apbroBaHTHOe jiedeHue 1o cxeme XELOX momyunmu 3 (18,8%) venoBeka.
Crarucrayeckyio 06paboTKy pe3yiIbTaTOB MCCIIeI0BAHUS BLINIOIHUIN Ha
OCHOBe CTaTHCTMYeCKOro makera nporpamm Statistica for Windows v.10 u
SPSS v21. Ilomy4yeHHBIe pa3nydys CIMTAIN CTATHCTUIECKU 3HAYUMbIMHY IIPH
ypoBHe 3HaunMocTH p<0,05 (=95% TouHOCTS). [I7151 pacdeTa BLDKUBAEMOCTH
Ucnosb30Bany Metox Kamana — Meifepa ¢ OIleHKOM JOCTOBEPHOCTH pas-
smauii o log-rank test.

Pesynerarsl. Yacrora xupyprudeckoro yiedenus B o6beme RO cocraBuma
93,8%, yacToTa OCIIOXKHEHUI orepaTuBHOTrO BMeraTesbcTBa 111 u Boime
kiacca no mkane Clavien — Dindo — 43,8% npu o61eit yactore Bcex oc-
noxxHeHui — 75%. OcHoBHBIe ocnioxHeHust — ractpocta3s (50,1%), appo3uBHoe
kpoBoredenue (18,8%), kpoBoTedeHHe U3 OCTPO¥ SI3BBI XKeTyIOYHO-KUIIIEY-
Horo Tpakra (18,8%), mueBmonus (18,8%). Hacrora nocieornepanyvoHHOTO
TpoMb03a BOPOTHO# /WK BepxHel GpblkeedHoit BeH — 12,5%, HecocTosTenb-

HOCTH IIAHKPeaToJUreCTHBHOTO aHacToMo3a — 12,5%, HecoCTOSATeNIbHOCTH
OUIMOIUTeCTUBHOTO aHACTOMO3a — 6,3%, aHKpeaTrdeckoro cauiia — 12,5%.
Penanaporomuto Beimonamm 2 (12,5%) nanyeHtam, KOTOpbIe BIIOCIIeACTBUA
YMEpITH OT OCJIOKHEHUE XUPYPrudecKoro JiedeHus B BUJIe HeCOCTOSTEIbHOCTH
TaHKPeaToUreCTUBHOTO aHACTOMO3a C apPO3UBHBIM KpoBOTeYeHueM. [1po-
rpeccupoBaHue 6one3nu BeissBuIK y 10 (62,5%) yenoBek B CPOKH OT 3 10
69,3 mecsina (MepiaHa BpeMeHH J10 BhISIBIIeHUSs porpeccupoBanus 39,7 [7,1;
52,8] mMecsiiia, 1eTaIbHOCTD OT porpeccupoBanus — 50%. MecCTHBII penuiB
pazBwics y 12,5% GobHBIX, MeTacTa3bl B 3a0pIOIIMHHbIe TUMbaTHYeCKre
yaubl — y 6,25%, MeTacTasbl B riedeHb — y 43,75%, B IByX CITy4asix BbIIIOJIHEHA
Ppe3eKIus IeYeHu 110 TIOBOy MeTacTa3oB. [1pu nporpeccrpoBaHuu Bce 60JTb-
HBIE TI0JTy4aJId IPOTUBOOITYX0JIeBOE JIeYeHHe aHAJIOTaMHM ITPOJIOTMPOBAHHOTO
coMatocTatiHa. MenraHa o61eit BebkuBaeMocTH coctaBuia 70,1 mecsiia,
Me/inaHa BBDKMBAEMOCTH 6e3 NMPU3HAKOB IPOrpeCcCUpPOBaHUs 3a601eBaHUs
— 49,2 mecsia, OqHOJIETHHE [TOKA3aTesTd BbDKMBAEMOCTH — COOTBETCTBEHHO
81,2% u 78,6%, TpexsetHue — 68,2% u 63,5%, narunerave — 68,2% u 36,3%,
necsaruneraue — 20,55% u 18,1%.

3axurrouenue. Pe3ynbraThl XMPYPriyecKkoro Jje4eH s alleHTOB C HeHpo-
3H/IOKPUHHOM HeOIuIa3uel TOJIOBKU MOJIKEeNTyI0YHOM XKeJle3bl C MHBa3uei
BOPOTHOM W/WJIM BepXHel OpPhIKEeYHOM BeH CBHIETEIbCTBYIOT O JIOITYCTH-
MOCTH, OTHOCHUTEJIbHOM 6e30macHOCTH U 3GQPEeKTUBHOCTU Pe3eKIUil 3TUX
MaruCTPaJIbHBIX BeH. Y OOJIBIIMHCTBA MAlMEHTOB XUPYPruiecKoe jiedeHue
MOXHO TIPOBECTH B paJIUKAJIbHOM 06beMe, a TakKe HOIOJIHUTh pe3eKIuei
TIeYEeHH 110 TIOBOJY pe3eKTabesIbHbIX MeTAaCTa30B. YUYUTHIBAsi OTHOCHUTEIBHO
6J1aronpHUSTHBINA IPOrHO3 3a00JIeBAHSI, MOXKHO ITPOBOIUTH PE3eKIIHIO Ie4eHN
TI0 TIOBOJTY Pe3eKTabebHbIX MeTAaCTa30B 1 PH IIPOrpeCcCUPOBAaHUU GOJIe3HU:
3T0 6E30MaCHO, Y/Ty4lllaeT Ka4eCTBO KU3HHU NAI[IeHTOB U POJjIeBaeT Ieproz
6e3 IPOSIBJIEHU# OITYXOJIH.

KurroueBble cj10Ba: HEHPO3H/IOKPUHHAS HEOTLIA3HSI TTOJIXKEITYIOYHOM XKeJle3bl,
racTpOIIaHKPeaTolyoieHasIbHAsI pe3eKIusl, pe3eKIysi BODOTHOM BeHBI, pe3eK-
1IUS BepXHel OPbDKeevyHO! BeHbI, Pe3eKIIUs TeYeHH.
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m INTRODUCTION

urrently, there are relatively few publications in the

literature addressing the frequency, characteristics, and
outcomes of major venous resections in patients with locally
advanced pancreatic neuroendocrine neoplasms (NENSs)
invading the portal and superior mesenteric veins. This may
be explained by the low incidence of NENs (ca. 2% among
oncological diseases of the pancreas and the gastrointestinal
(GD) tract) [1, 2]; however, in the opinion of L.R. McKenna,
B.H. Edil (2014) [3], one in every ten tumors of the pancreas
is a neuroendocrine neoplasm. The Practical recommendations
for drug treatment of neuroendocrine neoplasias of the

www.innoscience.ru

gastrointestinal tract and pancreas”, published in 2023,
recommend that surgical treatment be recommended for
resectable processes, still, there is no unified solution on
neo- and adjuvant therapy, and personalized approach and
discussion by a multidisciplinary team are required [4].
According to the publications of the last 10-15 years, the
frequency of resection of major vessels in the course of surgical
treatment of patients with locally advanced pancreatic NENs
of high and moderate differentiation (G1 and G2) is multiple-
values ranging from 5% to 25% [5]. Thus, S.-P. Haugvik et
al. (2013) performed resection and reconstruction of vessels
during resection of the pancreas in 7 (9.3%) out of 75 patients
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with invasion into the portal vein (PV), splenic vein, or the
common hepatic artery and the celiac trunk[6], whereas A.L.
Titan et al. (2020), in 25.3% [7].

As far as the complications of vascular resections are
concerned, they are comparable with the complications of
similar surgical treatment of neoplasias of the pancreatic head
without vascular resections. The study of S.-P. Haugvik et al.
had no complications of grade III-IV on the Clavien — Dindo
scale or lethal outcomes after the resection of major veins and
arteries in 7 patients [6]. A.L. Titan et al. report that 30-day
mortality after resections of NENs involving resection and
reconstruction of invaded major veins was 2% [7]. In 2024, A.
NieBen et al. published results of surgical treatment of NENs
with resection of the portal vein and/or superior mesenteric
vein (SMV) in 54 patients [8]. The incidence of complications
of grade IIIb and above on the Clavien — Dindo scale was
27.8% and was similar to the outcomes surgeries without
vascular resection (13%, p=0.071). The incidence rate of
portal vein thrombosis was 19%, relaparotomy, 33%, 90-day
mortality, 2%.

m AIM

To demonstrate the feasibility and relative safety of
resection of the portal and/or superior mesenteric veins invaded
by tumor during surgical treatment of the neuroendocrine
neoplasm of the pancreatic head, as well as the feasibility of
simultaneous resection of the liver for resectable metastases
in patients with stage IV disease during primary surgery and at
disease progression of any stage following surgical treatment.

m MATERIAL AND METHODS

In this retrospective analysis, we included the data of 16
with NEN of the pancreatic head invading into the PV and/
or SMV, who were examined or treated at the N.N. Blokhin
National Medical Research Center of Oncology in 2001-2023.
The study included 5 (31.3%) men and 11 (68.7%) women,
aged at the moment of hospitalization from 22 to 62 years
(median age: 51 years). In all of the patients, the tumor had
no clinical hormonal activity, the size varying from 2.5 to 7
cm (median size: 5.3 cm). Stage T2N1MO was identified in 1
(6.25%) patient, T4ANOMO in 12 (75%), T4AN1MO in 2 (12.5%)
and T4N1M1 in 1 (6.25%). In 3 (18.8%) cases, high degree of
tumor differentiation (G1) was diagnosed, and in 13 (81.2%)
cases, moderate degree (G2). The median level of Ki-67 was
8.5%, and in patients from the SMV+PV group the marker
credibly was higher than in the SMV group (14% vs. 4.5%,
p= 0.032). In 4 (25%) patients, tumor invasion was identified
into the duodenum, and in 3 (18.8%), into the duodenum
and the choledochus. In 9 (56.3%) patients jaundice was
identified at the time of hospitalization, and it required biliary
drainage; its progression in the SMV+PV group was observed
credibly more frequently than in the SMV group (100% vs.
25%, p=0.006). Standard pancreatoduodenectomy (PD) was
performed in 14 (87.5%) patients; a mesenteric approach was
used in 1 (6.25%) case; extended PD with aortocaval lymph
node dissection was performed in 1 (6.25%) patient; and
pancreatectomy was performed in 1 (6.25%). During standard
PD, one female patient (6.25%) underwent a segmental liver
resection to remove a metastasis. Resection of the PV was
performed in 1 (6.2%) patients, SMV, in 8 (50%) patients;

312

resection of both major veins (SMV+PV), in 7 (43.8%)
patients. In 14 (87.5%) patients, circular resection of major
veins was performed with the length of 2 to 5 cm (median
length: 3.5 cm). In 9 (56.3%) cases, end-to-end anastomosis
was performed, and in 5 (31.3%) cases, reconstruction with
synthetic Gore-Tex prosthesis was performed. Two patients
(12.5%) underwent partial (wedge) venous wall resection of
major veins with a length of 1 to 3 cm (median: 2.0 cm); the
repair was performed using a running suture. The portal vein
clamp time for constructing a direct end-to-end anastomosis
was from 13 to 16 minutes, while in the case of using a
synthetic graft, it ranged from 22 to 32 minutes. Temporary
bypass shunts were not created. Neoadjuvant therapy was not
administered; adjuvant XELOX chemotherapy was given to
3 (18.8%) patients.

Statistical processing of the study results was performed
in Statistica for Windows v.10 and SPSS v21. The obtained
differences were considered statistically significant at p<0,05
(>95% accuracy). In order to calculate survival, the Kaplan-
Meier method was used with differences evaluated for
reliability using the log-rank test.

m RESULTS

Out of the 16 patients, 15 (93.8%) underwent RO surgery,
and 1 (6.2%) underwent R2 surgery due to NEN invasion of
the superior mesenteric artery and surrounding adipose tissue.
The median duration of surgeries was 305 [265; 360] minutes
(from 210 to 600 min.), and median intraoperative blood loss
was 3000 [2100; 4850] mL (from 600 to 6500 mL).

Complications of surgical treatment were observed in 12
(75%) out of 16 patients: 7 (43.8%) patients had complications
of grade III and above on the Clavien — Dindo scale. The
incidence of early complications was 62.5% (10/16), early and
late, 12.5% (2/16). In 3 (18.8%) patients, one complication
developed, in 2 (12.5%), two, in 4 (25%), three, and in 3
(18.7%), four and more. The most frequent complications
included gastric stasis (50.1%), arrosive hemorrhage (18.8%),
gastrointestinal ulcer hemorrhage (18.8%) and pneumonia
(18.8%). The types and the incidence rate of complications
depending on the volume of the venous resection follow in
Table 1.

Two (12.5%) female patients underwent relaparotomy for
leakage efrom pancreato-digestive anastomosis with arrosive
hemorrhage; both patients died due to complications of surgery.

The histopathological study of surgical specimens in 13
(81.3%) out of 16 patients confirmed invasion of the NEN
of the pancreatic head to the surrounding adipose tissue.
Retroperitoneal extraorgan invasion was verified in 10 (62.5%)
cases, and perineural invasion in 6 (37.5%); in 3 patients
extrapancreatic lesion was identified, in 2, intrapancreatic, in
one patient, extra- and intrapancreatic lesions. The frequency
of histologic confirmation of deformation of PV and/or SMV
as per Nakao classification was as follows: type A — 33.3%,
type B — 87.5%, type C — 75%, type D — 100%.

The median follow-up period of 16 patients was 62.6 [17.7;
98.2] months, the follow-up terms varying from 0.5 to 172.0
months. Disease progression was found in 10 (62.5%) patients
after 3 to 69.3 months (median time before progression was
found was 39.7 [7.1; 52.8] months). Local relapse developed
in 2 (12.5%) patients, metastases in the liver in 7 (43.75%)
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Complication
[ Abs_| % | Abs | % | Abs | % | Abs | % |

Bilio-digestive anastomosis leakage

Pancreato-digestive anastomosis leakage -
Total -

Pancreatic fistula (type) B -
C

Gastric stasis -

Intestinal fistula -

Peritoneal abscess -

Cholangitis -

Arrosive hemorrhage -

Gastrointestinal ulcer hemorrhage -

SMV and/or PV thrombosis -

PATE

Diarrhea -

Pneumonia -

Pleuritis

Multi-organ failure -

Sepsis -

Total (n=16)
%

1 12,5 - - 1 6,3
- 1 12,5 1 14,3 2 12,5
- 1 12,5 1 14,3 2 12,5
- 1 12,5 - - 1 6,3
- - - 1 14,3 1 6,3
- 5) 62,5 ) 42,9 8 50,1
- 1 12,5 - - 1 6,3
- 1 12,5 - - 1 6,3
- - - 1 14,3 1 6,3
- 1 12,5 2 28,6 3 18,8
- 2 25,0 1 14,3 3 18,8
- 1 12,5 1 14,3 2 12,5
- 1 12,5 - - 1 6,3
- 1 12,5 2 28,6 3 18,8
- - - 2 28,6 2 12,5
- 1 12,5 1 14,3 2 12,5

Table 1. Types and incidence rate of complications depending on venous resection during surgical treatment of patients with neuroendocrine

neoplasm of the pancreatic head with invasion of major veins

Tabnuya 1. Budbl u Yacmoma ocnoxHeHul B 3aBucuMocmu om obbemMa BeHo3HoU pe3eKkyuu Bo BpeMs xupypau4ecKoeo JledeHuss nayueHmos

¢ H3H zonosku IMXK ¢ uHBasuel MazucmpasibHbIX BeH

patients, metastases in the retroperitoneal lymph nodes in
one (6.25%) patients. In the event of progression all patients
received antitumor therapy with analogs of slow-release
somatostatin. As of the end of the study, eight patients were
dead and two patients were alive.

It is to be mentioned that out of the 7 patients with metastases
to the liver, two female patients underwent liver resection in
the course of anti-tumor treatment with analogs of slow-release
somatostatin, after which they lived without manifestations of
disease for two years when secondary progression of the NEN
(metastases to the liver) developed.

One of these female patients (age: 22) underwent surgical
treatment of stage III NEN (T4NOMO0G?2) in the volume of
standard radical pancreatoduodenectomy with wall resection
of the SMV with repair performed using a running suture.
The metastasis to the liver was diagnosed 53 months after the
surgery. The patient received no additional antitumor therapy.
The patient underwent resection of the metastasis to the liver
and received anti-tumor treatment with analogs of slow-release
somatostatin. 24 months later, recurrent progression of the
NEN was diagnosed (metastases to the liver and retroperitoneal
lymph nodes). The patient died 100.6 months after the surgery.

The second female patient (age: 51) underwent surgical
treatment of stage III NEN (T4NOMOG2) in the volume
of radical extended pancreatoduodenectomy with circular
resection of the PV with end-to-end anastomosis formation.
After 66 months, metastases to the liver were found. The
metastases were resected, and anti-tumor treatment with
analogs of slow-release somatostatin was administered. 23
months later, metastases in the liver developed recurrently.
The death was certified 99.5 months after surgical treatment
of the NEN.

The overall survival median of the 16 patients with NEN
of the pancreatic head with invasion in the major veins was
70.1 [11.4; 100.1] months, recurrence-free survival was 49.2
[14; 66.7] months; one-year survival was 81.2+9.8% and
78.6x11.0%, respectively; three-year survival was 68.2+11.8%
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and 63.5+13.1%, five-year survival, 68.2+11.8% and
36.3+14.0%, ten-year survival, 20.5£12.5% and 18.1+11.5%.

No statistically significant differences of any of the
represented indicators depending on the volume of vein
resection were identified (p>0.05).

m DISCUSSION

Our findings match the data of A. Nieflen et al. [8]. It
follows from literature that the complications after the vascular
resections in patients with neuroendocrine neoplasias of the
pancreas are characterized with an acceptable incidence rate
and low level of mortality in comparison with similar surgeries
without vascular resections [9-11].

In almost all studies, remote oncological outcomes of
pancreatic head resection with vascular reconstruction
in patients with highly and moderately differentiated
neuroendocrine tumors confirm favorable prognosis, especially
in RO resections and lack of remote metastases [12-14]. E.g.,
D.J. Birnbaum et al. (2015) report that the median overall
survival of patients with locally advanced forms of pancreatic
NENs was 90 months, five-year overall survival was 66%,
and five-year recurrence-free survival was 26% [15]. In the
study of A. NieBen et al. [8], the overall five-year survival of
patients with NEN who underwent PV resection was 66.7% for
G1 tumors and 51.2% for G2 tumors (p=0.0008), with greater
difference in the five-year recurrence-free survival, 66.7%
and 22.8%, respectively. For the entire group of patients after
vascular resection, three-year overall survival was 66.4%, five-
year survival — 44.6%, and ten-year survival reached 41.2%.

The surgical treatment for patients with pancreatic head
NENs involving the SMV and/or PV is feasible, relatively
safe, and can be combined with liver resection for resectable
metastases. The 5-year overall and recurrence-free survival
rates reach high values, supporting the viability and efficacy
of vascular resections in pancreatic head NENs, provided the
tumors are well- to moderately differentiated and surgical
treatment is radical.
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m CONCLUSION

The outcomes of surgical treatment for patients with highly
differentiated to moderately differentiated (G1, G2) pancreatic
head NENSs invading the PV and/or SMV support the feasibility,
relative safety and efficacy of resecting these major veins. For
the majority of patients, surgeries can be performed radically

and appended with liver resection for resectable metastases.
Considering the relatively favorable prognosis of the disease,
resection of resectable liver metastases can be performed
even upon disease progression at any stage. This approach is
safe, it improves the patients’ quality of life and prolongs the
symptom-free period. #=
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Abstract

Aim - to perform linguistic and cultural adaptation of the international
FACT-P (Functional Assessment of Cancer Therapy — Prostate) questionnaire
for Russian-speaking patients with prostate cancer and to evaluate its
psychometric properties.

Material and methods. The adaptation process included forward and
backward translation, expert review, pilot testing (n = 50), and psychometric
validation. Internal consistency was assessed using Cronbach’s alpha
coefficient, test/retest reliability via intraclass correlation coefficient (ICC),
and construct validity by factor analysis.

Results. The Russian version of FACT-P demonstrated high internal consistency
across all subscales (a = 0.78-0.89), excellent test/retest reliability (ICC = 0.91),

and construct validity confirmed by factor analysis. All five theoretically defined
domains — physical, social, emotional, functional well-being, and prostate
cancer-specific symptoms — were reliably reproduced in the sample. Most
respondents noted the clarity of the wording and the relevance of the content.
Conclusion. The adapted Russian-language version of the FACT-P
questionnaire is a reliable, valid, and clinically significant tool for assessing
the quality of life in patients with prostate cancer. It is recommended for use
in clinical practice and research.

Keywords: prostate cancer, quality of life, FACT-P, adaptation, validity,
psychometrics.
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OueHKa KayecTBa XXU3HU BOJIbHbIX PaKOM
npeacTaTesibHOM Xesie3bl C MOMOLbIO
onpocHuka FACT-P: a3bikoBasi U KysibTypHas
ajanTtauus pyccKosi3bIYHOMU Bepcumn

A.A. XypaBnes, M.U. lWkonbHuk, O.A. Boromosnos, A.H0. KHees, T.B. CyxaHoBa

PIrBY «Poccuickuin HayyHbI LEHTP PagnoiorMm n XMpYpPruyecknx TEXHOI0rmn
nMeHun akageMuka A.M. MpaHoea» MuH3znpaBa Poccum (CaHkT-lMNetepbypr, Poccuiickas ®epnepaums)

AHHOTauus

Ienb — MpOBECTH S3BIKOBYIO U KYJIBTYPHYIO aJIallTAlMIO MeXXIYHAPOIHOTO
onpocHuka FACT-P (Functional Assessment of Cancer Therapy — Prostate)
JULSL Py CCKOSI3bIYHBIX TTAIIMEHTOB C PAKOM IIPeJICTaTeNIbHOH XKele3bl U OLIeHUTD
€r0 IICUXOMETPHUYECKUe XapaKTepPUCTHKH.

Marepuai 1 Meroasl. [Iporenypa afanranyy BKIIFOYasa IpsMOi X 0OpaTHBINA
IIepeBOJi, KCIIEPTHYIO OIeHKY, MWIOTHOe TecTupoBaHue (n = 50) u ncuxo-
MeTPUYECKYIO BalTUalMIo. BHYTpeHHSS COIIaCOBAHHOCTH OIIeHUBAJIACh 10
xoaddurmenty o Kponbaxa, perecroBasi HAZIeXXHOCTD — 110 BHYTPHKJIACCO-
Boit koppersinuy (ICC), KOHCTPYKTHUBHAS BAIUJHOCTb — C MCIIOJIb30BaHHUEM
¢daxropHOro aHanu3a.

Pesynbrarsl. Pycckosizeranas Bepcuss FACT-P mokasana BHICOKYIO BHY-
TPEHHIOI COIVIACOBAaHHOCTH 110 BceM mikaiam (a = 0,78-0,89), ormuunyio
perecroByio HanexxHocTb (ICC = 0,91) 1 KOHCTPYKTHUBHYIO BaJIMIHOCTD, OJ-

www.innoscience.ru

TBEPXKIeHHYI0 GaKTOPHBIM aHaJIM30M. Bce STk TeopeTHyecKy 3a/100KeHHBIX
JIOMeHOB — ¢pu3ndeckoe, COlMaNbHOE, SMOIIMOHAIbHOE, GyHKIIMOHAIBHOE
6rarononyuue U crenyuduuecKie CUMITOMBI paKa IpefcTaTelbHON xeJle-
3bI — JIOCTOBEPHO BOCIIPOM3BEIUCE B BBIOOPKe. BONBIIMHCTBO peCIIOHeHTOB
OTMEeTHIM SICHOCTb (pOPMYITMPOBOK U PeJIeBaHTHOCTb COJlePXKaHMSI.
BreiBoasl. AanTHpoBaHHAs PyCCKOSI3BIYHAs Bepcus onpocHuka FACT-P
SIBJISIETCSl HAJIEXKHBIM, BaJIUJIHBIM U KIIMHUYECKU 3HAYMMbIM UHCTPYMEHTOM
JUIsl OLIeHKU Ka4eCTBa >KU3HU IAlMeHTOB C PAKOM IpeJiCTaTe/IbHOM Kesle3bl.
OHa pekoMeH/]0BaHa K IIPUMEHEHHUIO B KIIMHUYeCKOH IIPAKTHKE U HayYHBIX
UCCIIe[JOBAHUSIX.

KitroueBbIe cJI0Ba: pak IpeJCTaTelIbHOM KeJle3bl, KaueCTBo xu3nu, FACT-P,
ajanTanys, BalluHOCTb, IICUXOMEeTpUsL.

KondaukT HHTEpecoB: He 3asBIleH.
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Cnucok coKpaleHuin

PIMX — pak npepctatensHoi xenesbl; KX — kayectBo usHu; FACT-P —

OMPOCHUK OLIEHKM (DYHKLIMOHAIbHOTO COCTOSIHUS MPY Tepanum paka npocTaTbl;

PWB — cusnyeckoe Gnarononyyme; SWB — coumanbHoe 1 ceMeiiHoe 6narononyyue;
EWB — aMouuoHansHoe 6narononyuve; FWB — yHKUMOHanbHOe Gnarononyuue;
PCS — wkana cneundunyeckrx CUMNTOMOB NpyY pake NpeacTaTeNlbHOM Xenesb;
ICC- BHyTpurknaccosas koppensauus; FACIT — (poHa oueHkn gyHKLMOHaNbLHOro
COCTOSIHWSI Y Tepanun 3aboneBaHui.

Monyyeno: 09.08.2025

Opo6peHo: 19.09.2025
Ony6nukoBaHo: 02.10.2025

m INTRODUCTION
Measurement of quality of life (QOL) of patients with
prostate cancer (PC) becomes ever more important given
the steady growth of morbidity and mortality from the disease
[1]. Globally, in 2024 ca. 1.47 million new cases of PC were
registered, i.e. approx. 29.4 cases per 100,000 men; and Russia
ranked fourth in the absolute number of new cases (52,712), the
indicator of standardized incidence rate being approx. 47.4 per
100,000 men. According to the analysis of dynamics in the
Russian Federation, within the period from 1993 to 2019 the
incidence rate increased from 9.7 to 44.2 per 100,000, reflecting
both the ageing of population and better availability and quality
of diagnostics [2, 3]. Modern concepts of medical aid in PC
recognize importance of evaluation of subjective condition of
patients, including physical, emotional and functional health and
social well-being as integral components of treatment outcomes
[4]. The FACT-P questionnaire (Functional Assessment of
Cancer Therapy — Prostate) was designed specifically for PC
patients. It is widely used in international clinical studies and
practical monitoring [5].

Despite the recognition of FACT-P in English-language
and international studies, the Russian medical community
does not yet have an officially published, methodologically
justified and psychometrically valid version of this tool,
adapted with respect to linguistic and cultural specifics of
Russian-speaking patients [6, 7]. The classic adaptation
procedure involves direct and back translation, cognitive
interviewing with native speakers, pilot testing and further
statistical confirmation of reliability and validity (e.g.,
Cronbach’s coefficient calculation, factor analysis) [7,
8]. Lack of such a version might result in a measurement
of a biased or incomplete recognition of QOL in a cohort
of male patients with PC [9, 10].

The advent of a validated Russian-language version
of the FACT-P questionnaire will significantly improve
the accuracy and reproducibility of scientific research
related to assessment of QOL, and to integrate the results
of Russian scientific research into international meta-
analyses and clinical trials [11, 12]. Besides, this will
create a background for customized approaches in clinical
practice that will register clinically significant changes
in the patients’ condition, monitor the long-term effect
of therapy and improve daily living and psychological
well-being [13-16]. Thus, the language and cultural
adaptation of the Russian-language version of the FACT-P
questionnaire is not merely important but an indispensable
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component of follow-up of PC patients in the Russian-
language community that will foster improvement of
quality of medical aid and a deeper scientific understanding
of therapeutic effect on prostate cancer.

m AIM

To perform linguistic and cultural adaptation of
the international FACT-P (Functional Assessment of
Cancer Therapy — Prostate) questionnaire for Russian-
speaking patients with prostate cancer and to evaluate its
psychometric properties.

m MATERIAL AND METHODS

The procedure complied with international
recommendations on adaptation of questionnaires in the
field of healthcare. It comprised the following consecutive
stages: direct translation, approval, back translation, expert
assessment, pilot testing and statistical testing of reliability
and validity. The direct translation of the original English
version of the FACT-P questionnaire was performed by two
independent translators with professional competences in
the area of medicine and psychology. Special attention was
paid to preserve semantic and conceptual equivalence of
wording, as well as to take into account the cultural context.
Once the preliminary Russian version was complete, the
approval stage took place that involved clinical experts;
it produced a reconciled version respecting the idiomatic
features of the Russian language. In the next step, the
independent translators, native speakers of English, who
had no access to the original, made a back translation.
The comparison of the back translation with the original
enabled rectification of the minor notional and stylistic
discrepancies. The final version of the questionnaire was
presented to the multidisciplinary expert commission that
involved oncologists, a psychiatrist, a clinical psychologist
and a linguist. The commission performed a comprehensive
analysis of the translated statements with the concepts of
the original tool and assessed the transparency, neutrality
and cultural relevance of each item.

The adapted questionnaire was tested on a sample of
50 with a verified diagnosis of prostate cancer who were
in various stages of treatment at the Granov Russian
Research Center of Radiology and Surgical Technologies.
The average age of respondents was 67.3 + 6.2 years. All
respondents were speakers of Russian, had no cognitive
disorders, and provided an informed written consent for

www.innoscience.ru
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the participation in the study. The participants filled out
the questionnaire by themselves. After that, interviews
were conducted to identify difficulties experienced by
patients in understanding of individual statements. Based
on the feedback, some editorial changes were made to
the questionnaire. To assess the internal concordance of
the adapted version, the Cronbach’s a-coefficient was
used. The a values for all subscales varied from 0.78 to
0.90, which indicates a high degree of reliability. The
constructive validity was tested by expert assessment
and comparison with clinical characteristics of patients.
Focus was made on sensitivity of the instrument on the
differences in the patients’ condition, which allows its use
in the dynamic follow-up and assessment of treatment
efficacy. Re-test reliability was assessed by a repeated
filling-up of the questionnaire after 7-10 days in a
subgroup of patients; however, specific ICC indicators
within this publication are not provided.

The study was performed in compliance with the
principles of Helsinki declaration and was approved by
the local ethical committee of the medical institution.
All participants signed an informed consent for the
participation in the study and processing of personal data.

m RESULTS

The average time of questionnaire completion was
12.4 £ 3.1 minutes. The questionnaire included 39
statements grouped for the following subscales: physical
well-being (PWB), social/family well-being (SWB),
emotional well-being (EWB), functional well-being
(FWB) and prostate cancer subscale (PCS). Each statement
was assessed on a 5-point scale from 0 (“not at all”) to 4
(“very much”).

The test of internal concordance using the Cronbach’s
a-coefficient yielded the following values: physical
well-being (PWB): a = 0.83; social/family well-being
(SWB): a = 0.81; emotional well-being (EWB): a = 0.78;
functional well-being (FWB): a = 0.85; prostate cancer
subscale (PCS): a = 0.88. The total internal concordance
of the questionnaire was a = 0.89, which indicates the high
reliability of the diagnostic tool. The values are within
the range that is similar or exceeds the parameters of the
original English version of the FACT-P tool.

Re-test reliability was analyzed on a subgroup of
20 patients who completed the questionnaire for a second
time 7 days later. The in-class correlation coefficient (ICC)
for the total score was 0.91 (95% CI: 0.86-0.96), which
shows the high re-test reliability.

Following the results of the testing, after completing
the questionnaire 92% of participants reported that the
questionnaire was quite clear, 86% noted that it reflected
their current condition, 74% commented that completion
of the questionnaire helped them structure their own
sensations and complaints. None of the participants
refused from completing the questionnaire. The values
of the Cronbach’s a-coefficient in all scales exceed the
threshold value of 0.70, which confirms the high internal
concordance of the Russian version of the FACT-P
questionnaire. The values in the prostate cancer subscale
(PCS) and functional well-being (FWB) subscales

www.innoscience.ru

are especially high, which emphasizes their stability
and informative value in the assessment of the clinical
condition of the patients.

To assess the constructive validity of the Russian
version of the FACT-P questionnaire, a factor analysis
by method of main components with Varimax rotation
was performed. It included 15 statements representative
for each of the five scales of the original instrument. In
the end, five factors were identified that matched the
theoretically justifies structure of the questionnaire. Taken
together, they explained 66.4% of the total dispersion
(Table 1).

F1, physical well-being (PWB), brings together
the statements on the somatic symptoms of the patient
including fatigue, pain, and necessity of staying in bed.
The most typical statements were: “I have a lack of
energy” (PWBI1), “I have nausea” (PWB2), “Because of
my physical condition, I have trouble meeting the needs
of my family” (PWB3). The high factor loads (0.75 to
0.81) indicate a preserved physical status, whereas the
low ones indicate the manifested somatic symptoms that
lower the quality of life.

F2, social and family well-being (SWB), includes the
statements that evaluate support from friends and family,
degree of satisfaction with social interactions and role

Factor 1 | Factor2 | Factor 3 | Factor 4
(PWB) (SWB) (EWB) (FWB)

PWB1 0,78 0,10 0,09 0,12 0,08
PWB2 0,75 0,10 0,09 0,12 0,08
PWB3 0,81 0,10 0,09 0,12 0,08
SWB1 0,12 0,82 0,09 0,12 0,08
SWB2 0,12 0,79 0,09 0,12 0,08
SWB3 0,12 0,77 0,09 0,12 0,08
EWB1 0,09 0,11 0,80 0,11 0,08
EWB2 0,09 0,11 0,78 0,11 0,08
EWB3 0,09 0,11 0,76 0,11 0,08
FWB1 0,11 0,11 0,10 0,85 0,08
FWB2 0,11 0,11 0,10 0,82 0,08
FWB3 0,11 0,11 0,10 0,83 0,08
PCS1 0,09 0,09 0,08 0,09 0,79
PCS2 0,09 0,09 0,08 0,09 0,82
PCS3 0,09 0,09 0,08 0,09 0,81

Notes: the abbreviations stand for scales and statements within the structure
of the FACT-P (Functional Assessment of Cancer Therapy — Prostate)
questionnaire: PWB — Physical Well-Being; SWB — Social/Family Well-Being;
EWB — Emotional Well-Being; FWB — Functional Well-Being ; PCS — Prostate
Cancer Subscale. The figures (1-3) after each abbreviation designate specific
statements included in the analysis for each of the scales, e.g. PWB1 stands
for the first statement in the Physical Well-being scale.

lMpuMeyvaHus: cokpaleHusi ompaxarom wkasbl U ymBepxoeHusi, Bxodsiujue
B cmpykmypy onpocHuka FACT-P (Functional Assessment of Cancer Therapy
— Prostate): PWB — Physical Well-Being / ®u3u4yeckoe 6nazonony4yue; SWB

— Social/Family Well-Being / CoyuanbHoe u cemeliHoe bnazonony4ue; EWB

— Emotional Well-Being / 3MouyuoHansHoe 6nazononyque; FWB — Functional
Well-Being / ®yHKkyuoHanbHoe 6nazononyque; PCS — Prostate Cancer
Subscale / Cneyuguyeckue cuMnmombl Npu pake npedcmamersibHOU enesbl.
Ludppsl (1-3) nocne kaxxdol abbpeBuamypbl 0603Ha4atom omoesbHble
ymBepxxOeHusl, BK/IlYeHHble B aHau3 no kaxkool wkane. Hanpumep, PWB1 —
nepBoe ymBepxxdeHue WKasbl pu3u4eckozo 61a2onomnyyusi.

Tabnuya 1. PakmopHas Hazpyska ymBepxX0eHull ONPOCHUKa
FACT-P no wkanam (BapuaHm adanmauuu)

Table 1. Factor Loadings of FACT-P Questionnaire Iltems by
Subscales (Adapted Version)
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Physical well-being

GP1 | have a lack of energy 0 1 2 3 4
GP2 | have nausea 0 1 2 5] 4
GP3 Because of my physical condition, | have trouble meeting the needs of my family 0 1 2 3 4
GP4 I have pain 0 1 2 3 4
GP5 | am bothered by side effects of treatment 0 1 2 3 4
GP6 | feel ill 0 1 2 3 4
GP7 | am forced to spend time in bed 0 1 2 3 4
Social/family well-being:
GS1 | feel close to my friends 0 1 2 3 4
GS2 | get emotional support from my family 0 1 2 3 4
GS3 | get support from my friends 0 1 2 3 4
GS4 My family has accepted my illness 0 1 2 8] 4
GS5 | am satisfied with family communication about my illness 0 1 2 3 4
GS6 | feel close to my partner (or the person who is my main support) 0 1 2 3 4
o1 Regardless of your current level of sexual activity, please answer the following question.
If you prefer not to answer it, please mark this box [] and go to the next section
GS7 | am satisfied with my sex life 0 1 2 5] 4

Emotional well-being

GE1 | feel sad 0 1 2 S| 4
GE2 | am satisfied with how | am coping with my illness 0 1 2 3 4
GE3 | am losing hope in the fight against my illness 0 1 2 3 4
GE4 | feel nervous 0 1 2 3 4
GES | worry about dying 0 1 2 3 4
GE6 | worry that my condition will get worse 0 1 2 3 4
Functional well-being
GF1 | am able to work (include work at home) 0 1 2 3 4
GF2 My work (include work at home) is fulfilling 0 1 2 3 4
GF3 | am able to enjoy life 0 1 2 3 4
GF4 | have accepted my illness 0 1 2 3 4
GF5 | am sleeping well 0 1 2 9 4
GF6 | am enjoying the things | usually do for fun 0 1 2 3 4
GF7 | am content with the quality of my life right now 0 1 2 3 4
Other concerns
c2 | am losing weight 0 1 2 3 4
C6 | have a good appetite 0 1 2 3 4
P1 | have aches and pains that bother me 0 1 2 & 4
P2 | have certain parts of my body where | experience pain 0 1 2 3 4
P3 My pain keeps me from doing things | want to do 0 1 2 3 4
P4 | am satisfied with my present comfort level 0 1 2 3 4
P5 | am able to feel like a man 0 1 2 3 4
P6 | have trouble moving my bowels 0 1 2 3 4
P7 | have difficulty urinating 0 1 2 3 4
BL2 | urinate more frequently than usual 0 1 2 3 4
P8 My problems with urinating limit my activities 0 1 2 3 4
BL5 | am able to have and maintain an erection 0 1 2 3 4

Notes: 0— “Not at all”, 1 — “A little bit", 2 — “Somewhat”, 3 — “Quite a bit”, 4 — “Very much”
lMpumeyaHusi: 0 — «Hemy», 1 — «HemHozo (cnabo)», 2 — «BpemMsi om BpeMeHU (He cuibHO)», 3 — «[epuoduyecku (00BOMBHO CUTbHO)»,

4 — «O4yeHb Yacmo (04eHb CUNIbHO)».
Table 2. Russian-language version of FACT-P
Tabnuua 2. bnark pycckosiabl4Hol Bepcuu onpocHuka FACT-P

of interpersonal relations. It has the following typical
statements: “I get emotional support from my family”
(SWB2), “I get support from my friends” (SWB3). The
range of factor loads is from 0.77 to 0.82. This component
reflects the role of social support as a factor of adaptation
to the disease, the high values showing the availability of
the emotional and social resource of the patient.

F3, the patient’s emotional well-being (EWB), describes
the emotional reactions to the disease, including anxiety,
depression, fear of progression and confidence in getting
over the disease, and includes the following statements: “I
feel sad” (EWB1), “I am losing hope in the fight against
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my illness” (EWB3). The factor loads vary from 0.76
to 0.80, the high scores showing the patient’s emotional
stability, and the low scores showing the presence of
manifestations of depression and anxiety.

F4, the functional well-being (FWB), includes
statements that assess the patient’s capability of
performing daily actions, to work, and to enjoy life: “I
am able to work” (FWB1), “I am able to enjoy life”
(FWB3). The variability of factor loads is within the
range of 0.82 to 0.85 and reflects the degree of preserved
activity and independence of the patient. Low scores
indicate functional limitations.

www.innoscience.ru
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F5, the prostate cancer subscale (PCS), comprises
the symptoms characteristic of the prostate cancer
specifically, such as dysuric disorders, pelvic pain,
decrease of the sexual function. The typical statements
include “I feel difficulty urinating” (PCS3), “I am able to
feel like a man” (PCS5). The factor loads vary from 0.79
to 0.82. The high scores show good coping with specific
symptoms, and the low scores reflect the manifested
effect of the disease on the urogenital function and the
patient’s self-sentiment.

The results of the factor analysis confirm the theoretically
expected structure of the FACT-P questionnaire matching
its original model. A clear distribution of statements into
components shows the high constructive validity of the
Russian version of the tool. This facilitates its use both
in scientific research and in routine clinical practice for a
complex assessment of various aspects of quality of life
of patients with prostate cancer.

Once the linguistic and cultural adaptation of the
FACT-P questionnaire was completed and the psychometric
properties of the tool were validated, the final version of
the questionnaire was compiled (Table 2).

m CONCLUSION

The linguistic and cultural adaptation of the FACT-P
questionnaire for the Russian-speaking prostate cancer
patients was performed in compliance with international

standards and methodological recommendations of FACIT.
org. In the course of the study, it was possible to create
a relevant, semantically precise and psychometrically
justified version of the document suitable for use in the
Russian clinical and scientific practice. The obtained
results confirm the high internal concordance of the scales
(Cronbach’s a from 0.78 to 0.89), excellent re-test capability
(ICC = 0.91), as well as constructive validity confirmed by
a factor analysis. All five specified factors (physical, family/
social, emotional and functional well-being) and specific
symptoms of the prostate cancer aligned with the original
structure of the questionnaire and reliably reflected the
stated domains of the quality of life. Besides, we confirmed
the sensitivity of this instrument towards clinical differences
between the patients.

The Russian version of FACT-P was praised by the
patients and medical professionals as a clear, informative
and clinically useful instrument. It may be used for
dynamic follow-up of quality of life, monitoring of
side effects of therapy and assessment of efficacy of
oncological treatment from the patient’s perspective.

The validated Russian version of FACT-P may be
recommended for wide use in practical oncourology as
well as in multi-center studies including Russian-speaking
respondents. This will improve the quality of diagnostics,
rehabilitation and personalized oncological assistance in
Russia and Russian-speaking countries. »=

JOIIOJIHUTEJ/IbHAS{ NTH®OPMAIINA

ADDITIONAL INFORMATION

HDmuueckasn 3xkcnepmus3a. IIposenenre uccienosanus ogobpeno JISK ®I'BY
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Transmesenteric approach in the surgical
treatment of left kidney cancer with venous
tumor thrombus of Mayo levels 0-1

Musabek K. Mirzabekov, Mikhail I. Shkolnik, Oleg A. Bogomolov,
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(Saint Petersburg, Russian Federation)

Abstract

Aim - to evaluate the efficacy and safety an original transmesenteric approach
for laparoscopic nephrectomy with thrombectomy in patients with left
kidney cancer and venous tumor thrombus (levels 0-I according to the Mayo
classification).

Material and methods. The study included 19 patients with histologically
verified left kidney cancer who underwent laparoscopic nephrectomy with
thrombectomy using a transmesenteric approach. Eleven patients had renal
vein thrombus (Mayo level 0), and eight patients had thrombus extending
into the inferior vena cava up to 2 cm from the renal vein orifice (Mayo
level I). The following parameters were assessed: age, body mass index,
operative time, intraoperative blood loss, hospital stay, and postoperative
complications.

Results. All procedures were completed laparoscopically without conversion.
The mean operative time was 125.8 + 11.4 min, and the mean blood loss
was 152.6 + 62.9 ml. The mean hospital stay was 7.4 + 0.6 days. No early
or late complications were recorded. Operative time and blood loss were
significantly lower compared to previously published series of laparoscopic
and open procedures. Conclusion. The transmesenteric approach minimizes
surgical trauma, reduces operative time and blood loss, and lowers the risk of
complications while maintaining oncological radicality. The method can be
recommended for widespread use in onco-urological practice.

Keywords: renal cell carcinoma; venous tumor thrombus; laparoscopic
nephrectomy; thrombectomy; transmesenteric approach.
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TpaHCcMe3eHTepuanbHbIX AOCTYN B XUPYPruieckom
JieyeHUn paka neBou MNOYKU C ONyxosieBbIiM
BEHO3HbIM TPOMO030M 0-l ypoBHS

M.K. Mupza6ekos, M.WU. LkonbHuk, O.A. BoroMmonos

PrBY «Poccuinckmnin HayuHbI LEHTP pagnuonorum n XMpypruyeckux TeXHONormim
nMeHun akagemuka A.M. 'paHoBa» MuHsgpasa Poccum (CankT-INetepbypr, Poccuiickas depgepaums)

AHHOTauums

Iensb — onieHUTH 3¢ HEKTUBHOCTD U 6€3011aCHOCTh OPUTMHAIBHOTO TPAHCMe-
3eHTepHaJIbHOIO JIOCTYTIa IIPH JIallapOCKOITMYeCKON HeppaKTOMHHU C TPOMO-
9KTOMHeH y IaI[MeHTOB C PAKOM JIEBOM IOYKU U OITyXOJIeBLIM BEHO3HBIM
Tpom6o3oM 0-I ypoBHs 110 kitaccudukanuu Mayo.

Marepuan u Meroasl. B nccienoBanve BKiItodeHb! 19 manueHToB ¢ Bepu-
¢unpoBaHHEIM PaKOM JIeBOH I10YKH, KOTOPHIM BBINOJIHEHa JIalapoCKoIuye-
cKasi HeppIKTOMUSI C TPOMOIKTOMHUEH TPaHCMe3eHTepHAJIbHEIM JOCTYIIOM. Y
11 6ONBHBIX BBISBIIEH TPOMO, OTpaHIYeHHLIN T09edHoH BeHo! (0 ypoBeHb
1o Mayo), y 8 — pacripoctpaHenue TpoMba B HHXKHIOIO MIOJTYIO BeHY JI0 2 CM
OT ycThs o4e4yHou BeHbl (I ypoBeHb). OnieHMBaNIMCh BO3pacT, MHIEKC MacChl
TeJia, IPOJOJDKUTENIBHOCTD OTlepaliiy, 06beM KPOBOIIOTepH, JUIUTEeIbHOCTD
TOCITUTAIM3AllY, HaJIMIHe OCJIOKHEeHHH.

Pesynbrarel. Bce BMelaTenbCTBa 3aBepIiieHbI JIAapoCKOMMIeCKU, KOHBep-
cuit He otpeboBasock. CpeHsis IPOJO/DKUTEIbHOCTD OIlepallii COCTaBMIIa

www.innoscience.ru

125,8 + 11,4 muH, cpennuii 06beM KpoBonotepH — 152,6 + 62,9 mut. Cpenasis
IUTUTEIbHOCTh TOCIUTANM3AIMHY cocTaBwia 7,4 + 0,6 cyTok. PaHHuX ¥ 11031~
HUX OCJIOXHEHHUH B UCCIlelyeMOH T'PyIIle He 3aperuCTpUpoBaHo. [1okazarenu
JUIATEJILHOCTH OIepaI[iy U KPOBOIIOTEPH OBUIH JI0CTOBEPHO HUXKE, YeM B
ONyGIMKOBAHHBIX CEpUsIX JIAITAPOCKOITMYECKUX U OTKPBITHIX OIleparyii.
3akurrouenue. TpaHCMe3eHTepUasIbHBIH JIOCTYII [I03BOJISIET MUHUMU3HUPOBATh
TPaBMaTU4YHOCTb BMeIIaTeIbCTBa, COKPATUTh IPOJJOJDKUTENIBHOCTD Ollepalivy,
CHU3UTh KPOBOIIOTEPIO M PUCK OCJIOKHEHHIA ITPY COXPAaHEHUH OHKOJIOTHYe-
CKOM paIMKaIbHOCTH. MeTosivKa MOXeT GbITh PEKOMEHIOBaHa IS ITUPOKOTO
TIPUMEHEeHHS B OHKOypPOJIOTHYEeCKOM ITPAKTHKe.

KitroueBble cJI0Ba: I0YEYHO-KJIETOYHBIN PaK; OITyXOJIeBbIN BEHO3HBIN TPOM-
603; JlartapocKonuyeckasi HeppaKTOMHUsI; TPOMOIKTOMHUSI; TPAHCMeE3eHTepH-
aJIbHBIA JJOCTYIIL.

KoHQuKT HHTEpecoB: He 3asBJIeH.
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m INTRODUCTION
Renal cell cancer (RCC) remains a significant oncological
problem in many countries [1]. According to the
GLOBOCAN report, a total of 434,480 new cases of renal
cancer were registered worldwide in 2022, and there is
a tendency for the morbidity rate to grow (considering
improved visualization techniques, demographic changes
and such risk factors as obesity and arterial hypertension)
[2]. In Russia, every year approx. 25,000 new cases of renal
cancer are registered [3]. Epidemiologic data show that the
age-standardized incidence rate in the Russian Federation
is ca. 13-14 cases per 100,000 population for both men and
women [4]. One of the characteristic features of RCC is the
venous extension of the tumor: the venous tumor thrombus
(VTT) is found in approx. 10% patients with RCC [5].
The growth of the thrombus level complicates the surgical
approach, increases the risk of complications and impacts
the prognosis [6].

To describe the incidence rate of the VTT, the Mayo
classification is widely used (also known as the Mayo
grading, or Mayo levels). Accordingly, the following levels
are identified: 0 — tumor thrombus is limited to the renal vein;
I — tumor thrombus extends to the inferior vena cava (IVC),
apex < 2 cm from the venous entry; II — tumor thrombus
extends into the IVC more than 2 cm above the entry but
below the hepatic veins; III — tumor thrombus extends
above the level of hepatic veins but below the diaphragm;
IV — tumor thrombus extends above the diaphragm and may
extend to the right atrium [7, 8].

The survival of RCC patients largely depends on the level of
VTT and the presence of metastases, condition of lymph nodes
and attendant characteristics of the tumor [9, 10]. In the Mayo
Clinic experiment that analyzed 540 RCC patients and tumor
thrombus over three decades, the five-year specific survival at
thrombus level 0 was ca. 49.1%, while with the involvement of
the IVC (levels I-1I-III-1V), it was significantly lower (e.g.,
level 1, ~31,7%, level 11, ~26,3%) [11].

The study of Z. Chen et al. (2021), including 121 patients,
demonstrated higher values of overall survival (OS) in
thrombus levels 0 and I: 3-year OS was approx. 59%, 5-year
OS, approx. 47%, in higher thrombus levels, 5-year OS
lowered to ~32% [12]. In patients with thrombus levels 0—
II, 5-year survival was approx. 46.7% [13]. Russian literary
sources also report an increase in the diagnosing of the renal
cancer, including that of early stages [14].

However, the data on the prevalence of the venous
thrombosis, especially on levels 0-1, as well as detailed
survival values for such patients in the Russian practice remain
insufficient and fragmentary [15].

While the treatment standard of the renal cancer with
venous tumor thrombus is the radical nephrectomy with
thrombectomy, the technical aspects of the surgery remain a
subject of discussion [16]. In order to adequately mobilize
the left kidney, the traditional laparoscopic access requires
dissection of the lienocolic and splenophrenic ligaments,
as well as mobilization of the descending colon [14]. This
increases the duration of the operation and involves risk of
damaging the wall of the colon and of the spleen, which might
result in serious intra- and postoperative complications.

Another problem is the necessity of mobilization of the
ascending colon to ensure access to retroperitoneal space if
the tumor thrombus has extended into the inferior vena cava
[17]. Such manipulations involve the risk of injuring the liver
and increase the probability of development of postoperative
peritoneal adhesions and intestinal obstruction [18]. This
necessitates development of new surgical methods that enable
minimization of injury and improve results of surgery while
preserving its radicality.

The designed method of laparoscopic mesenteric approach
to the left kidney covered by the Russian Federation patent
No0.2803686 (dated 19.09.2023) enables minimization of the
risks of the standard approach'. The access is achieved through
the mesentery of the sigmoid colon, which excludes the
necessity of mobilization of the mobilization of the descending
colon and dissection of the lienocolic and splenophrenic
ligaments. The method lowers the risk of injury of the colon
and the spleen, reduces surgery time and increases its safety
while providing an adequate approach to the inferior vena cava
without a large-scale mobilization of the ascending colon. This
reduces the probability of injuring the liver as well as the risk
of postoperative adhesions. The surgery is performed with the
patient in the supine position, ergonomically optimal both for
the team of surgeons and anesthesiologists and for the patient.
Lack of necessity of changing the body position during the
operation further decreases the risks of implantation metastases
and of the loss of sterility of the surgical area. Transmesenteric
approach combines minimized injury, comfort of the patient’s
and the surgeon’s positioning, as well as reproducibility, which
allows regarding the method as an alternative to the standard
laparoscopic approach.

1 MupsabekoB M.K., Boromonos O.A., lkonbHuk M.U. MaTteHT P® «Cnocob nanapockonuMyeckoi paavkanbHOM NeBOCTOPOHHEH HePIKTOMIUU C TPOMBIKTOMMEN U3 HWKHEN Moo BEeHbI».

HocTynHo no: https:/patents.google.com/patent/RU2803686C1/ru
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Figure 1. Stages of transmesenteric approach formation: a — creation of a window in the mesentery of the descending colon;
b — completed access to the left kidney, left renal vein with tumor thrombus in its lumen.

PucyHok 1. O9mansl ¢popMupoBaHUS mpaHcMe3eHmepuasbHo2o docmyna: a — (hopMupoBaHUe «OKHa» B Bpbhkelike Hucxodswel
060004HOU KuwKU; b — cchopMupoBaHHbIll docmyn K neBoll no4ke, neBasi no4ye4yHasi BeHa C onyxoieBbiM mpoMboM B ee npocBeme.

m AIM

To evaluate the efficacy and safety of using the original
transmesenteric approach for laparoscopic nephrectomy
with thrombectomy in patients with left kidney cancer and
venous tumor thrombus (levels 0-I according to the Mayo
classification).

m MATERIAL AND METHODS

The study included 19 patients with histologically verified
left kidney cancer with venous tumor thrombus who underwent
laparoscopic nephrectomy with thrombectomy using a
transmesenteric approach. Eleven patients had renal vein
thrombus (Mayo level 0), and eight patients had thrombus
extending into the inferior vena cava up to 2 cm from the renal
vein orifice (Mayo level I).

Inclusion criteria: patients with left kidney cancer and
venous tumor thrombus of levels 0-I as per Mayo classification,
no remote metastases, ECOG 0-2 somatic status.

Exclusion criteria: identification of level II-IV thrombus,
bilateral damage, severe comorbidities precluding the
feasibility of laparoscopic intervention.

The surgical technique is illustrated with intraoperative
images: formation of a ‘window’ in the mesentery of the
descending colon and the final formed tramsmesenteric
approach to the left kidney with visualization of the left renal
vein (Fig. 1).

Study design: prospective single-center study.

Assessed parameters: age, body mass index (BMI),
duration of the surgery, blood loss, duration of hospital stay,
status of early (less than 30 days) and ate complications. The
efficacy of the method was assessed with the feasibility of
radical surgery without the need of conversion, level of blood
loss and duration of the surgery. The safety was assessed with
the aid of frequency of complications and specific features of
the postoperative period.

Statistical processing of data was performed in the standard
software suites (MedCalc; Microsoft Excel 2019). Quantitative
indicators were described using mean values (M), standard
deviation (SD), median (Me), minimum and maximum
values, as well as 95% of confidence intervals (95% CI). The
normality of quantitative data distribution was assessed using
the Shapiro-Wilk test. For variables with approximately normal
distribution, the single-sample Student’s t-test was used. In
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cases of deviation from normality, the Wilcoxon signed-rank
test was additionally applied. All comparisons were conducted
using two-tailed tests at a statistical significance level of p
< 0.05. For visual representation of the results, graphical
visualization methods were used: histograms were constructed
for the distribution of age, BMI, blood loss volume, duration
of the surgery, and length of hospital stay (bed-days).

m RESULTS

Out of the 19 patients with left kidney cancer, in 11 (57.9%)
patients the thrombus was in the renal vein (level 0); in 8
(42.1%) patients, the thrombus extended to the inferior vena
cava up to 2 from the renal vein orifice (level I).

The age of the patients varied from 54 to 76 years, the
average age being 64.5 + 5.6 years, median: 65 years (95% CI
61.8-67.2). Fig. 2 shows patient distribution by age matching
the symmetric normal distribution.

The mean BMI values was 26.0 + 1.8 kg/m? (23.7 to 30.1
kg/m?), median: 25.7 kg/m?. The majority of patients had a
normal or moderately elevated BMI, which is characteristic
of the general distribution for individuals of this age group
(Fig. 3).

The mean duration of hospital stay was 7.4 + 0.6 days (7
to 9), median: 7 days (Fig. 4).

The majority of patients were discharged within the first
week after the operation, which reflects the relatively low

Figure 2. Distribution of patient age in the study cohort (n = 19).

PucyHok 2. PacnpedeneHue Bo3pacma nauueHmoB, BK/THOYEHHbIX
B uccneoosaHue (n = 19).
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Figure 3. Distribution of body mass index (BMl) in the study cohort
(n=19).

PucyHok 3. PacnpedeneHue uHoekca Maccel mena (MMT)
nayueHmoB, BKJIOHeHHbIX B uccnedoBaHue (n = 19).

Figure 5. Distribution of intraoperative blood loss in the study cohort
(n=19).

PucyHok 5. PacnpedeneHue o6bema uHmpaonepayuoHHol
KpoBONnomepu y nayueHmoB, BK/IHo4eHHbIX B ucciedoBaHue (n = 19).
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Figure 4. Distribution of hospital stay (bed-days) in the study cohort
(n=19).

PucyHok 4. PacnpedeneHue dnumenbHoCMu 2ocnumasnusayuu
(koliko-OeHb) y nayueHmoB, BK/IHOHeHHbIX B ucciedoBaHue (n = 19).

surgical injury of the operation and the favorable progression
of the postoperative period.

The mean volume of intraoperative blood loss was 152.6
+ 62.9 mL (from 50 to 300 mL), median: 150 mL. In the
majority of patients, the blood loss volume did not exceed 200
mL, confirming low surgical injury and sufficient visualization
of the surgical area when using the transmesenteric approach
(Fig. 5).

The mean duration of the laparoscopic nephrectomy with
thrombectomy using a transmesenteric approach was 125.8
+ 11.4 minutes (110 to 155 min.), median: 122 minutes. The
majority of surgeries lasted from 2 to 2.5 hours which is either
comparable or less than series using the standard laparoscopic
approach (Fig. 6).

m DISCUSSION

The obtained results indicate that the use of the
transmesenteric approach in laparoscopic nephrectomy with
thrombectomy in patients with Mayo level 0-I tumor thrombus
enables high efficacy and safety. When comparing it with the
literature data, our findings were more favorable: in the studies
of P. Dell’Oglio et al. (2024), the average duration of such
surgeries was 180-240 min., and the volume of blood loss
often exceeded 500 mL [19]; in the retrospective series of Z.
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Figure 6. Distribution of operative time in the study cohort (n = 19).

PucyHok 6. PacnpedeneHue npodomkumenbHocmu onepayud y
nayueHmoB, BKJIHOHeHHbIX B ucciedoBaHue (n = 19).

Chen et al. (2021), the average blood loss reached 400 mL,
with complications observed in 15-20% of patients [12].
Thus, the transmesenteric approach allowed for a substantial
minimization of the surgical trauma and ensure a high level
of safety. The average duration of the surgery was 125.8 min.,
average blood loss was 152.6 mL, average duration of the
hospital stay was 7.4 days; no complications or conversions
to an open surgery were reported. These indicators are either
comparable or superior to the data found in literature for
standard laparoscopic surgeries [20].

The major advantage of the transmesenteric approach
described in the Russian Federation patent No. 2803686
(2023) is lack of necessity to mobilize the descending colon
and dissection of the splenic ligaments when approaching the
left kidney. The additional factor favorable for the outcomes
is the possibility of accessing the IVC without mobilization of
the ascending colon, lowering the probability of liver injury
and the risk of adhesion complications.

A significant advantage is the performance of the surgery
with the patient in the supine position, which ensures
ergonomics for the surgical team and optimal conditions for
anesthetic management. The absence of the need for patient
repositioning reduces surgery time, decreases the likelihood of
compromised sterility, and lowers the risks of tumor migration
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and implantation metastasis. Combined, these factors
demonstrate the suggested approach as a safer, physiological
alternative to the standard laparoscopic approach in cases of
renal cancer with low-level thrombosis.

The limitations of this study are the low size of the sample
and the single-center character of observation, which precludes
extrapolation of the obtained data to a wider cohort. Besides,
the study assessed only the early results without the analysis of
the remote oncological outcomes. Nevertheless, the obtained
data confirm the prospects and the reproducibility of the method
forming the foundation for its further use in clinical practice.

The presented results show that the transmesenteric
approach offers a number of advantages, making it potentially
applicable not only in laparoscopic surgery but also in the
context of robot-assisted interventions. The ergonomics of
access with the patient in the supine position fully meets the
capabilities of robotic complexes, and the excluded need for
mobilization of the colon simplifies the dissection stages and
reduces operative time, which is especially important in the
conditions of operating space and necessity of least invasive
manipulations with the vessels.

A promising direction is the expansion of indications for the
use of the transmesenteric approach in Mayo level II venous
tumor thrombus. With this level of IVC involvement, a much
wider surgical access is required, which is associated with an

increased risk of complications. At the same time, the anatomic
specifics of transmesenteric approach allow for a direct
adequate view of vascular structures, which could theoretically
improve the safety of operations for this category of patients.
The final verification of these advantages requires studies on
larger cohorts of patients including both laparoscopic and
robot-assisted operations, as well as analysis of oncological
outcomes in the long term. The proposed method not only
expands the capabilities of laparoscopic surgery in renal
cancer with low-level venous tumor thrombus but also opens
prospects of integration with contemporary minimally invasive
technologies.

m CONCLUSION

Implementation of transmesenteric approach into
clinical practice allows for a significant increase in safety
and reproducibility of laparoscopic nephrectomy with
thrombectomy in patients with level 0-I venous tumor
thrombus. The use of this technique reduces operative time,
decreases the extent of organ mobilization and the risk of
their injury, and minimizes the likelihood of postoperative
complications. This method can be recommended for
widespread adoption in oncourology centers and is
considered promising for adaptation to robot-assisted
surgery platforms. »=
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Cochlear implantation in patients
with chronic otitis media
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Abstract

Cochlear implantation is a highly technological method of rehabilitation for patients
with profound sensorineural hearing loss. In most cases, cochlear implantation
follows a standard technique, but there are cases that require meticulous attention
in the selection of tactics. Recently, chronic otitis media was considered as a
contraindication for cochlear implantation due to the risk of developing a number
of complications. Despite these potential problems, cochlear implantation is the
only solution to help patients with chronic otitis media and stage IV sensorineural
hearing loss. There are various methods for managing the above-mentioned group
of patients. Some authors describe performance of cochlear implantation with
middle ear surgery in one stage, while other authors, in several stages. The issue
of cochlear implantation in patients suffering from chronic suppurative otitis media
has always aroused discussions among otosurgeons.

In this article, we analyzed a series of clinical cases (10 patients) with
chronic otitis media who underwent middle ear sanation surgery and
cochlear implantation. In our opinion, a single-stage cochlear implantation
together with a sanation intervention on the middle ear can be considered
as a technique that allows to accelerate the auditory-speech rehabilitation
of patients with stage IV sensorineural hearing loss and epitympanitis. This
is especially important for patients with acquired pathology of the inner ear
and the risk of ossification of the cochlea spiral canal.

Keywords: cochlear implantation, epitympanitis, chronic otitis media,
radical surgery of the middle ear, profound sensorineural hearing loss.
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Koxneapl-laﬂ MMIMJ1aHTAUUA ¥ NAaLUEHTOB
CcC AaINMMTUMNAHNTOM

B.E. Ky3soBkoBs, A.C. JluneHko, C.B. Cyrapoga, I1.P. XaputoHoBa, N.A. Tumocpeera, H0.C. KopHeBa

PIrbY «CaHkT-lNeTepbyprcknin Hay4HO-UcCcneoBaTenbCkuii MIHCTUTYT yxa, ropra, Hoca 1 pedn»
MwuHagpaBa Poccum (CaHkT-lTetepbypr, Poccuitickas Penepauns)

AHHOTaumA

KoxneapHas UMIUIaHTaI|s MpeficTaBisieT CO60i BHICOKOTeXHOIOTUUHBIN
MeTo[] peabUIMTAIMH JIMI], CTPaJlalolMX CeHCOHeBPalIbHOU TYIOyX0CTbIO
BBICOKOM CTeIleHH U ITyxoToH. Yalle Bcero koxjeapHasl UMIIaHTaLKs
IIPOBOAMTCS 110 CTAaHAAPTHOHM MeToMKe, O[HAKO HePelKO BCTPeYaloTCs
HeOopJMHapHble cilydad, Tpebytomuye Gojee THIaTeIbHOrO 1ojabopa Tak-
THKU BeJleHUs NalMeHTOB. B mpoIioM XpoHU4ecKuil THOWHBINA CpeJiHUiM
OTHUT CYMTAJICS NPOTHBOIIOKA3aHHeM K KOXJIeapHOM MMIUIaHTallui U3-3a
pHCKa pa3BUTHUS psijia ocinoxHeHnH. HecMoTpsi Ha 9TH IOTeHIMaIbHEIE
1po6s1eMBl, BBIIIOJIHEHHe KOXJIeapHOW MMILIaHTaIUH SIBIISeTCsl eIMHCTBEeH-
HBIM BapMaHTOM IOMOIIY allieHTaM C AIIMTUMIIAHUTOM U [IBYCTOPOHHeMH
XPOHHYECKOW CeHCOHeBpasIbHOM TyroyxocTsio IV crenenu. CyliecTByroT
PpasiMYHble METOIUKHU BeJleHHs BbllleyKa3aHHOW IPYIIIbl HarueHToB. OqHu
aBTOPHI OIIKCHIBAIOT IIPOBeJleHre KOXJleapHOH UMIUIaHTaIluK C CaHUPYIO-
UMY OIlepalisIMU Ha CPefIHeM yXe B OfIUH 3Tall, APYTHe — B HeCKOJIbKO
aTanoB. [Ipobiema koxJieapHOW UMIIIAHTAIUHY Y IAl[MeHTOB, CTPafaoIIX

www.innoscience.ru

XPOHUYECKHM THOMHBIM CPeJIHUM OTHTOM, OCTAeTCsi peMeTOM JIUCKYC-
CHU CPeJiul JIOP-XUPYPIOB.

B crarbe Mbl IpoaHAIM3UPOBAIIM CEPHIO KIIMHUYECKUX citydaeB (10 nanyen-
TOB) C SNUTHMIIAHUTOM, KOTOPBEIM ObUIa IIPOBeleHa CAHUPYIOIasl Olepanust
Ha CpeJlHeM yxe M KoxJleapHasi UMIUIaHTaIMsl. Ha Ham B3misy, onHosTanHoe
IPOBeJieHHe KOXJIeapHOM MMILIAHTAIlMK COBMECTHO C CAaHHPYIOIIUM BMella-
TeJIbCTBOM Ha CpeIHeM yXe MOXeT PaCCMaTpPHUBAThCS Kak MEeTO/IMKA, TI03BOJIsI-
I0I1[asl YCKOPUTD CIIyXOpedyeBylo peabUINTAIHIO HAIMeHTOB C JJBYCTOPOHHEH
XPOHUYECKOH CeHCOHeBPAJIbHOM TYTroyXocCTbio [V CTelleHu 1 SIUTUMIIAHUTOM.
3T0 0COOEHHO aKTYaJIbHO /ISt TAIIMEeHTOB C IPMOOPeTeHHOH 11aToIoruei BHy-
TPEHHEro yXa ¥ PUCKOM OCCU(pUKAIINK CIIUPAJIBHOTO KaHajIa yJIUTKH.
KurroueBbIe ci10Ba: KoxJieapHast UMIUIAHTAIIMsl, SITUTUMIIAHUT, XPOHUYECKUI
CPeJiHUIi OTUT, PaJiiKaJIbHasi OIlepariysi Ha CPeJJHEM yXe, IBYCTOPOHHSIsSI XPO-
HUYeCKasl CEHCOHeBpaJlbHasl TyroyXocTb IV crerenu.

KoHQuKT HHTepecoB: He 3asiBJIeH.
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m BACKGROUND

hronic suppurative otitis media (CSOM) is one of the

frequent medical conditions in otorhinolaryngology.
Its rate of incidence is 4.76 cases (1.7 to 9.4) per 1,000
population (ca. 31 million cases per year), 22.6% of cases
occur in children below 5 years old. The prevalence of this
pathology among children and adults worldwide is from 0.3%
to 15%, and 60% of patients suffer from a significant loss
of hearing [1].

Often, epitympanitis results in complications that might
cause deafness and that require cochlear implantation (CI).
Today, CI is the most efficient and technological method
of rehabilitation and social adaptation of people suffering
from deafness and profound sensorineural haring loss [2—4].
Lack of a unified tactics of management of patients with
epitympanitis makes the problem of CI a subject of ongoing
debate among ENT surgeons.

Epitympanitis used to be regarded as a contraindication
for CI due to the ‘portal of entry’ of infection which
undoubtedly increases the risk of development of
meningitis, relapsing choleteastoma and electrode extrusion
to the cavity after the radical surgery in the middle ear due
to damage to the fine epidermal lining [2, 5, 6]. Moreover,
development of otitis media after the implantation might
bring about intracranial complications, extrusion of the
device or necessitate removal of the implant. Despite
these potential problems, CI remains the only solution in
assistance to patients with epitympanitis [7, 8].

Patients with a severe hearing loss due to CSOM are
candidates for CI. However, they need close attention from
respective specialists [9].

m DESCRIPTION OF THE CLINICAL SERIES

The study included ten (10) patients who underwent
surgeries at the Saint Petersburg Research Institute of Ear,
Throat, Nose and Speech of the Ministry of Health of the
Russian Federation from 2019 to 2025. The patients had
grade IV bilateral chronic sensorineural loss of hearing and
epitympanitis. There were 2 children and 8 adults among the
patients. Within the specified period, 7 patients underwent
single-stage surgery and 3 patients, two-stage surgery. Two
patients had no ear surgeries prior to CI, 5 patients had a history
of a radical surgery on the implanted ear. One patient had had
antromastoidotomy on the implanted ear, and 3 patients had
had tympanoplasty on the implanted ear.
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Technique of Cochlear Implantation

Patient with epitympanitis and a history of antro-
mastoidectomy on the implanted ear. CI was performed
simultaneously with revision of the mastoid cavity. In the
course of the operation, during harvesting of the soft tissue,
a choleteastoma was visualized in the antromastoid cavity
(Fig. 1, 2).

Using a burr, the antromastoid cavity was extended to
the mastoid apex. Cholesteatoma matrices lined the plates
of the middle and posterior cranial fossae, as well as the
sigmoid sinus. They spread to the cells of the sinodural angle
and to the area of the anterior semicircular canal. All the
pathological mass was removed. The incus and malleus were
eroded, their remnants covered with cholesteatoma tissue,
which was removed. The tendon of the tensor tympani muscle
was represented by a stump, and the chorda tympani was
absent. Cholesteatoma tissue covered the tympanic section
of the facial nerve, whose bony canal was partially eroded,
and extended to the attic. Partial atticitomy and extended
posterior tympanotomy were performed to the level of
the bulb of the jugular vein. The pathological mass was
removed. Cholesteatoma tissue was identified within the
Eustachian tube and was also removed. At the transition
between the mastoid and tympanic segments of the facial
nerve, a herniation of the mastoid segment was observed,
which was decompressed using a burr. The overhang over
the cochlear window was removed with a burr, revealing a
fibrosed membrane of the cochlear window with an area of
fibrous obliteration. Diamond burs were used to drill out
the fibrous obliteration of the descending cochlear turn,
which extended approx. 7 mm. In the region of the basal
turn, fibrous obliteration was identified and drilled through.
A sponge soaked in dexamethasone was placed adjacent to
the mastoid segment of the facial nerve. The implant was
positioned and secured in its bed, with its active electrode
fully inserted into the cochlea via the mastoid cavity and
posterior tympanotomy. The excess electrode was covered
along its entire course with autologous cartilage strips and a
single fascial graft. The external auditory canal was packed
with a MEROCEL hemostatic sponge.

One year after the surgery the patient presented a computed
tomography (CT) scan of the temporal bones (Fig. 3). The
postoperative cavity is clean with no pathological mass. No
relapse of the choleteastoma or electrode extrusion were
identified.
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Figure 1. CT of the left temporal bone of the patient before surgical
intervention. The postoperative cavity after antromastoidotomy

is totally filled with cholesteatomic masses, the labyrinth fistula is
present, the tympanic segment of the facial nerve is exposed.

PucyHok 1. KT nesoti Buco4yHol kocmu nayueHma 00 npoBedeHust
onepamuBHO20 BMewamesnscmsa. [locneonepayuoHHas
nosocme nocse aHmpomMacmoudomomMuu momasbHO 3anosiHeHa
XonecmeamoMHbIMU MaccaMmu, Hanudue ucmyribl 1abupuHma,
obHaxkeHuUe bapabaHHO20 ceeaMeHma JIuYyeB020 HepBa.

Patient with epitympanitis without history of surgical
intervention on the implanted ear. CI was performed in two
stages: Stage I, radical surgery with sanation of the infection
focus; Stage 1I, six months after the radical surgery.

During Stage I, cholesteatomic masses were found
that engulfed the eroded malleus and incus. The stapedial
superstructure was absent, and partial destruction of the
posterior wall of the external auditory canal was noted. A radical
mastoidectomy was performed with removal of pathological
contents from the tympanic cavity, eradication of the chronic
infectious focus, and closure of the tympanic membrane defect.
A distinctive feature of the procedure was the preservation of
a slightly prominent ‘spur’ in the inferior part of the tympanic
cavity to support the electrode over the mastoid segment of the
facial nerve during the subsequent stage.

Six months later, during the CI, the burr cavity was opened
and expanded, and bored were used to prepare the implant
bed, the groove for the positioning of the electrode in the
mastoid segment of the burr cavity, and the tunnel in the
‘spur’. The implant was positioned and stabilized in the bed,
the active electrode being fully inserted in the cochlea via
mastoid cavity, groove above the ‘spur’ and the secondary
tympanic membrane opened earlier. The excess electrode
was covered along its entire course with autologous cartilage
strips and fascial grafts. The packing of the external auditory
canal was done with a silicone protector and “Belkozin”
hemostatic sponge.

Recurrence of the cholesteatoma was not observed in the
patients with a prior radical surgery on the implanted ear. The
difficulty of the CI was in the positioning and stabilization of
the active electrode in the mastoid and tympanic segments
to prevent its extrusion. For that purpose, the electrode was
covered with autologous cartilage and fascial grafts. In five
patients, an allograft cartilage was used (Fig. 4). Throughout
the entire follow-up period, extrusion of the electrode was
not observed.

www.innoscience.ru

Figure 2. Intraoperative photo of the patient with the exposed
antromastoid cavity on the left, where a fragment of a cholesteatoma
is visualized.

PucyHok 2. VlHmpaonepayuoHHoe ¢pomo nayueHma co BCKpbimou
aHmpomMacmoudanbHol nonocmeto cnesa, 20e Budyanusupyemcsi
ppazmeHm xonecmeamomeil.

Figure 3. CT of the left temporal bone of the patient 12 months
after the surgery. The postoperative cavity is without pathological
contents. There are no signs of recurrence of cholesteatoma and
electrode extrusion.

PucyHok 3. KT nesoli BucoyHol Kocmu nayueHma Yepe3

12 MecsiyeB nocrie npoBedeHUst OnepamuBHO20 BMellamesibcmaa.
[MocneonepayuoHHas nonocmes 6e3 namon02u4ecKo20
codepxxumMozo. [pusHaku peyudusa xosecmeamoMsl U IKCMpy3uu
3nekmpoda omcymcmsyom.

Patient with grade IV bilateral chronic sensorineural loss
of hearing and history of antromastoidoectomy. CT scans of
the temporal areas visualize cholesteatoma completely filling
the antromastoid cavity. A decision was made to perform a
simultaneous sanation surgery on the middle ear and cochlear
implantation. In the course of the operation, cholesteatomic
masses were found that extended in the entire antromastoid
cavity and penetrated into the attic. Atticotomy was performed
with preservation of the posterior wall of the external auditory
canal. The cholesteatomic masses were removed. Following
the posterior tympanotomy and opening of the secondary
membrane of the cochlea, the electrode grid was placed in
the scala timpani. The preservation of posterior wall of the
external auditory canal excluded the necessity of additional
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Figure 4. Intraoperative photo of the electrode being covered with
autofasciation and allogeneic cartilage during cochlear implantation
after radical surgery of the left ear.

PucyHok 4. VilHmpaonepayuoHHoe ¢pomo ykpbimusi anekmpooa
aymodpacyuell u annozeHHbIM XpsSWOoM Nnpu npoBedeHUU
KoxneapHol uMnaaHmayuu nocne padukasbHol onepayuu Ha
1eBoM yxe.

coverage of the electrode and reduced the risk of its extrusion
in the postoperative period.

The cholesteatoma was found intraoperatively in three
patients: 1) the patient with a history of antromastoidotomy
on the implanted ear, 2) the patient with a history of separate
atticoantrotomy and 3) the patient with no history of ear
surgeries (in case of the latter, the CI was performed in two
stages).

The posterior wall of the external auditory canal had to be
removed in two patients.

All patients underwent planned postoperative otomicroscopy
1 month and 6 months, during their rehabilitation course. No
postoperative complications were observed in any of the
patients. The results of hearing and speech rehabilitations were
similar to those in patients of the respective age groups who
had no epitympanitis.

m DISCUSSION

Contemporary literature presents extensive data on methods
of treatment and tactics of management of patients with
epitympanitis who underwent or are planning to undergo CI.
At the same time, the views of specialists on the surgical tactics
differ, especially with respect to staging of surgeries.

Thus, J. T. F. Postelmans et al. (2009) believe that cochlear
implantation is to be performed in stages for patients with signs
of active chronic suppurative otitis media. CSOM patients
with a cavity after a radical surgery without any pathological
changes may benefit from a single stage CI. It is generally
accepted that CI would be safe for patients with non-acute
epitympanitis. At the same time, their results show that there
is still a possibility of serious complications with subsequent
replacement of the cochlear implant [10].

In the study of P. Canzi et al. (2023) that included data
of patients who underwent surgeries from 2005 to 2022, the
single-stage surgery was demonstrated to be the optimal tactic.
Multiple-stage surgeries are mainly recommended in the event
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of presence of cholesteatomic masses, but not in an active
inflammatory process [11].

As early as in 2009, C.A. Hellingman and E.A. Dunnebier
analyzed literature data and came to the conclusion that the
patients with cholesteatoma would benefit from separate
atticoantrotomy or a radical surgery of the middle ear with
subsequent CI in stage II using a non-obliterative technique.
IF a cavity remains after a radical surgery, a non-obliterative
procedure is recommended after the mastoidectomy (revision
mastoidectomy) to prepare the ear for the implantation and to
ensure protection of the electrodes, preferably without closure
of the external auditory canal, which simplifies control in the
follow-up period [12].

The problem of CI in CSOM is analyzed in detail in the
retrospective study of A. Vashishth et al. (2018) including
35 patients. In 31 cases, the implantation was performed
simultaneously with the sanation operation, and in 5 cases,
in two stages. The average follow-up period was 7 years.
Explantation was required in 4 patients (11%) due to
electrode extrusion and infection; in three patients, recurrent
implantation was performed. No relapse of choleasteotoma
was observed. The authors concluded that CI was possible
in this category of patients, and the simultaneous tactics was
possible when there was no active inflammation, yet the risk
of explantation was higher than in the cases of conventional
implantation [13].

Young Hoon Yoon et al. (2020) assessed remote outcomes of
different tactics of CI in CSOM. The average follow-up period
was 3 years (ranging from 0.5 to 9 years). One patient with
a staged CI in the cavity after a radical surgery experienced
electrode extrusion. The treatment of this complication
involved subtotal petrosectomy (SP) and obliteration of
the cavity. No significant differences were observed in the
outcomes of the hearing and speech rehabilitation between
single- and multiple-stage CI [14].

S. Lee et al. (2020) conducted a retrospective study of
31 patients with simultaneous CI and subtotal petrosectomy.
Significant improvement of results of hearing and speech
rehabilitation was seen in all patients, as compared to
preoperative observations. Complications developed in three
patients (9.6%). One patient had a defect of closure of the
external auditory canal, and two more had migration of the
transceiver of the cochlear implant. The migrations occurred
despite stabilization of the device in the temporo-parietal area.
Migrated implants were returned into position in a revision
surgery. The authors concluded that simultaneous CI with SP
was an effective and safe surgical method with a relatively low
incidence of complications [15].

m CONCLUSION

Single-stage cochlear implantation with sanation on the
middle ear may be regarded as a method facilitating faster
hearing and speech rehabilitation of patients with grade
IV of bilateral chronic sensorineural loss of hearing with
epitympanitis. This is even more important for patients
with an acquired pathology of the middle ear and the risk of
ossification of the spiral canal of the cochlea. =

www.innoscience.ru


http://www.innoscience.ru

Science & Innovations in Medicine

Vol.10 (4) 2025

ADDITIONAL INFORMATION

JOIIOJIHUTEJ/IbHA A NTH®OPMAIIUA

Study funding. The study was the authors’ initiative without external funding.

Hcmounuk gpunancupobanus. Pabota BEITIONHEHA 110 MHUIIMATHBE aBTOPOB Ge3
npuBiedeHrst GUHAHCUPOBAHUSL.

Conflict of interest. The authors declare that there are no obvious or potential
conflicts of interest associated with the content of this article.

Kongnuxkm unmepecoB. ABTODBI IeKJIaPUPYIOT OTCYTCTBHE SIBHBIX U IIOTEHIUallb-
HbIX KOHq)]IHKTOB WHTepecoB, CBA3aHHbIX C COJlep>KaHruemM HACTOSsIIIeN CTaThy.

Compliance with patient’s rights. Written consent was obtained from the patients
for publication of relevant medical information and all of accompanying images within
the manuscript.

Cobn100 npa6 nau 6. T1armeHTs HOGPOBOJIBHO MOAIMCATN HHGOPMH-
POBaHHOE COITIacHe Ha IyOIMKAINIo MeMIIMHCKUX JaHHbIX U poTorpaduii B 06e3-
JM4eHHOU dopMe.

Contribution of individual authors. Lilenko A.S., Sugarova S.B., Kuzovkov V.E.:
concept and design of the article, editing of the article. Lilenko A.S., Kharitonova P.R.,
Timofeeva P.R.: writing of the text. Korneva Yu.S., Timofeeva P.R.: collection and
processing of material.

The authors gave their final approval of the manuscript for submission, and agreed
to be accountable for all aspects of the work, implying proper study and resolution of
issues related to the accuracy or integrity of any part of the work.

Yuacmue a6mopo8. Jlunenxo A.C., Cyraposa C.B., Kysoskos B.E. — koHuenuus u
JIM3alH CTaThH, ee penakruposanue. Jlunenko A.C., XaputoHosa [1.P, Tumodeesa I1.P. -
Harmcanue Tekcta. Kopuesa 10.C., Tumodeesa I1.P. — c6op 1 06paboTka Marepuana.

Bce aBropsI 0106pHy GpUHANBHYIO BEPCHIO CTAaThU Ilepel IyO/IMKaIiel, BbIpa-
3WJIM COTIJIaCHe HeCTU OTBEeTCTBEHHOCTD 3a BCe aCIIeKThbI pa6OTbl, T10[ipasyMeBaroInyo
HaJljIe)alnee U3y4eHHe U pellleHHe BOIIPOCOB, CBSI3AHHBIX C TOYHOCTBIO MK JO6pO-
COBECTHOCTBIO JTF060# 4acTH paboTHI.

Statement of originality. No previously published material (text, images, or data)
was used in this work.

OpuzunansHocmb. I1py co3nanuy HacTosimel PabOTEI ABTOPHI He UCIIONb30BaIK
paHee oIyO/IMKOBaHHBIe CBeJleHus (TEeKCT, MIUTIOCTPalliH, JaHHBIe).

Data availability statement. The editorial policy regarding data sharing does not
apply to this work.

llﬂC"lyﬂ K OaHHBIM. PeﬂaKL[I/lOHHaH IIOJINTUKA B OTHOIIIEHWU COBMEeCTHOTIO HC-
TI0JIb30BaHMS JJaHHBIX K HACTOSIIeN pa60’re He IIpUMeHuMa.

Generative AI. No generative artificial intelligence technologies were used to
prepare this article.

I'enep BHbii UCKY nexm. [1pu coznannm HacTOAIEH CTaTbh
TeXHOJIOI'MM TeHePaTHBHOIO MCKYCCTBEHHOT'O HHTeJIIeKTa He UCIIOJIb30BaJIH.

Provenance and peer review. This paper was submitted unsolicited and reviewed
following the standard procedure. The peer review process involved 2 external
reviewers.

Paccmomp u peueH3upo6 Hacrosiimast pabora nogasa B XypHai B UHH-
IIMaTHBHOM IIOpsi/IKe ¥ PaCCMOTPeHa 1o 00BIYHOM nporienype. B pernensupoBaHun

y4acTBOBAJIM 2 BHELIHHX pelleH3eHTa.

REFERENCES / IUTEPATYPA

1. Wong MC, Shipp DB, Nedzelski JM, et al. Cochlear implantation
in patients with chronic suppurative otitis media. Otol Neurotol.
2014;35(5):810-4. DOI: 10.1097/MA0.0000000000000337

2. Daikhes NA, Machalov AS, Balakina AV, et al. Audiological features
of the management of patients who underwent surgical interventions on
the structures of the middle ear during the use of the cochlear implantation
system. Russian otorhinolaryngology. 2022;21(4):103-112. [[Taiixec H.A.,
MauanoB A.C., Banakuna A.B., u np. Aynuonoruyeckre 0CO6eHHOCTH
BeJleH!s! TTAllHeHTOB, [IepeHeCInX XUPYPriudecKie BMelaTeIbCTBa Ha
CTPYKTYpax CPe/iHero yxa, BO BpeMsi HCIIOJIb30BaHUsI CUCTEMbI KOXJIeapHOH
nMIutanTaimu. Poccutickas omopuonaputzonoaus. 2022;21(4):103-112].
DOI: 10.18692/1810-4800-2022-4-103-112

3. Shcherbakova YaL, Megrelishvili SM, Kuzovkov VE, et al.
Expansion of indications for cochlear implantation in the Russian
Federation. Russian otorhinolaryngology. 2020;19(6):72-77.
[[IlepbakoBa $1.JI., Merpenmumsunu C.M., Ky3zoskoB B.E., u np.
Pacmupenne nokazanuii K KoxjieapHOW UMIUTaHTanuu B Poccuiickoit
®epneparuu. Poccutickas omopuHonapuHeonoaus. 2020;19(6):72-77].
DOI: 10.18692/1810-4800-2020-6-72-77

4. Daykhes NA, Vladimirova TYu, Bulgakova SV, et al. Comprehensive
assessment of the results of rehabilitation of older patients with chronic
sensorineural hearing loss. Saratov Journal of Medical Scientific Research.
2021;17(4):691-696. [aiixec H.A., Bmagumuposa T.1O., Bynrakosa C.B., u
1p. KomruiekcHast orieHka pesysisTaToB peabHIMTal|H AlMeHTOB CTapIIed
BO3PACTHOW I'PYIIILI C XPOHUYECKON CeHCOHEeBPAJIbHOU TYyTOyXOCTBIO.
Capamo6ckuil HayuHo-meduuyuHckull scypHan. 2021;17(4):691-696.
Available at: https://elibrary.ru/item.asp?id=48155708

5. Kuzovkov VE, Lilenko AS, Kostevich IV, et al. Anatomy of the temporal
bone. Otosurgical atlas: Atlas for doctors. M., 2022. (In Russ.). [Ky3oBkoB
B.E., Jlunenko A.C., KocreBuu U.B., u np. AHamomus BucouHoii
kocmu. Omoxupypauueckutli amnac: Amaac dasa 6pauveti. M, 2022].
DOI: 10.33029/9704-6473-1-ATL-2022-1-176

6. Tavartkiladze GA, Machalov AS, Boboshko MYu, et al. Sensorineural
hearing loss in adults: clinical guidelines. M., 2021. (In Russ.).
[TaBaprkunanze I'.A., MauanoB A.C., Bo6omko M.IO., u np.
CeHcoHebpanbHas my2o0yxocmb y 63pocibix: KAUHUUECKUe pekoMeHOauuu.
M., 2021]. Available at: https://elibrary.ru/item.asp?id=47960476

7. Yan F, Reddy PD, Isaac MJ, et al. Subtotal Petrosectomy and Cochlear
Implantation: A Systematic Review and Meta-analysis. JAMA Otolaryngol
Head Neck Surg. 2020;147(1):1-12. DOI: 10.1001/jamaoto.2020.3380

8. Kurkure R, Rayamajhi P, Castellino A, et al. Subtotal Petrosectomy in
Cochlear Implant Surgery: Our Experience. Indian J Otolaryngol Head
Neck Surg. 2020;72(3):320-325. DOI: 10.1007/s12070-020-01819-8

9. Tarasova NV, Machalov AS, Kravchenko OYu, et al. Psychological
and pedagogical support of adults after cochlear implantation — five-
year observation experience. Otorhinolaryngology. Eastern Europe.
2021;11(4):480-485. [TapacoBa H.B., Mauanos A.C., Kpasuenko
0O.10., u gp. [Icuxonoro-negaroruyeckoe CONpOBOX/IEHHE B3POCIIBIX
oCJie KOXJIEAPHOM UMIIAHTALUU — MSTHIETHUN ONBIT HaOIIOIeHNH.
Omopunonapuneonozaus. Bocmounas E6pona. 2021;11(4):480-485].
DOI: 10.34883/P1.2021.11.4.023

10. Postelmans JTF, Stokroos RJ, Linmans JJ, Kremer B. Cochlear
implantation in patients with chronic otitis media: 7 years’ experience
in Maastricht. European Archives of Oto-Rhino-Laryngology.
2009;266:1159-1165. DOI: 10.34883/P1.2021.11.4.023

11. Canzi P, Berrettini S, Albera A, et al. Current trends on subtotal
petrosectomy with cochlear implantation in recalcitrant chronic middle
ear disorders. Acta Otorhinolaryngologica Italica. 2023;43(1):67-75. DOI:
10.14639/0392-100X-suppl.1-43-2023-09

12. Hellingman CA, Dunnebier EA. Cochlear implantation in patients
with acute or chronic middle ear infectious disease: a review of
the literature. Eur Arch Otorhinolaryngol. 2009;266(2):171-176.
DOI: 10.1007/s00405-008-0828-0

13. Vashishth A, Fulcheri A, Prasad SC, et al. Cochlear Implantation
in Chronic Otitis Media with Cholesteatoma and Open Cavities:
Long-term Surgical Outcomes. Otol Neurotol. 2018;39(1):45-53.
DOI: 10.1097/MA0.0000000000001624

14. Yoon YH, Lee JB, Chung JH, et al. Cochlear Implantation in
Patients with Chronic Suppurative Otitis Media: Surgical Outcomes
and a Management Algorithm. Audiol Neurootol. 2020;25(3):151-157.
DOI: 10.1159/000505509

15. Lee S, Lee JB, Chung JH, et al. Surgical outcomes of simultaneous
cochlear implantation with subtotal petrosectomy. Auris Nasus Larynx.
2020;47(6):943-949. DOI: 10.1016/j.anl.2020.05.009

www.innoscience.ru

331

OTORHINOLARYNGOLOGY



http://www.innoscience.ru
https://doi.org/10.1097/MAO.0000000000000337
https://doi.org/10.18692/1810-4800-2022-4-103-112
https://doi.org/10.18692/1810-4800-2020-6-72-77
https://elibrary.ru/item.asp?id=48155708
https://doi.org/10.33029/9704-6473-1-ATL-2022-1-176
https://elibrary.ru/item.asp?id=47960476
https://doi.org/10.1001/jamaoto.2020.3380
https://doi.org/10.1007/s12070-020-01819-8
https://doi.org/10.34883/PI.2021.11.4.023
https://doi.org/10.34883/PI.2021.11.4.023
https://doi.org/10.14639/0392-100X-suppl.1-43-2023-09
https://doi.org/10.1007/s00405-008-0828-0
https://doi.org/10.1097/MAO.0000000000001624
https://doi.org/10.1159/000505509
https://doi.org/10.1016/j.anl.2020.05.009

TPABMATOJIOTMNA N OPTOMNEANA

Tom 10 (4) 2025

Hayka n UHHOBauUuK B MeauLuHe

HayuHblii 0630p | Review
DOI: https://doi.org/10.35693/SIM688165

E@@This work is licensed under CC BY 4.0
© Authors, 2025

Rhizarthrosis: treatment approaches
in modern orthopedics

Oleg A. Shafiev!, Sergei A Bystrov?!, Aleksandr S. Pankratov?, Nikolai A. Karpinskii?,
Dmitrii G. Nakonechny?, Nikita A. Knyazev!

1Samara State Medical University (Samara, Russian Federation)
2Saint Petersburg State University (St.-Petersburg, Russian Federation)
3First Saint Petersburg State Medical University named after I.P. Pavlov
(St.-Petersburg, Russian Federation)

Abstract

Rhizarthrosis is an osteoarthritis of the trapezium-metacarpal joint, a common
condition mainly affecting postmenopausal women, which has a significant
impact on the quality of life and functionality of the hand. The thumb is critical
for grasping and strength of the entire hand, and functional impairment of the
thumb mobility in rhizarthrosis reduces hand function significantly. Despite
its high prevalence and risk of disability, therapeutic options for rhizarthrosis
remain limited. Treatment usually requires a multidisciplinary approach

using a combination of non-pharmacological, pharmacological and surgical
strategies. The literature review observes various surgical treatment options for
rhizarthrosis, such as ligament reconstruction, tendon interposition, resection
arthroplasty and joint replacement or arthrodesis.
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Pusaptpo3: ocobeHHOCTU fieyeHus
B COBPEMEeHHOW opToneauu

O.A. Wadwmes?, C.A. BoictpoB!, A.C. NMaHkpaTtoB?, H.A. KapnuHckunir?,
.l HakoHe4HbI3, H.A. KHa3eB!

1IOBOY BO «CaMapckuii rocyaapCTBEHHbI MeQULMHCKUIA yHnBepcuTeT» MuHsgpasa Poccum
(Camapa, Poccuiickas ®egepaums)
20IN'BOY BO «CaHkT-lNeTepbyprckuin rocynapCTBEHHbIN YHUBEPCUTET»
(CaHkT-MNetepbypr, Poccuiickas denepauus)
SPIBOY BO «[Mepebit CaHkT-lNeTepbyprckuin rocynapCTBeHHbI MEAMLUWHCKUI YHUBEPCUTET
nmenun akagemuka W.T. Nasnosa» (CaHkT-MNeTepbypr, Poccuitickas ®enepaumsi)

AHHOTaUMA

Pu3apTpo3, Wiv 0CTe0apTpo3 TpaleleBHIHO-TISICTHOTO CyCTaBa, — PaClpoCTpa-
HeHHoe 3a00/1eBaHue, B 0CHOBHOM ITOPa’KaloIIiee XKeHIIUH B II0CTMeHoIay3e U
OKa3bIBAIOII[ee 3HAYUTENILHOE BIIMSIHYE Ha KA9eCTBO JKU3HH YertoBeka. [1epBblit
(6orbLII0¥) TIasIel] onpefessieT CUTy XBaTa BCel PyKH, II03TOMY HapylleHue
€ro TIOABM)KHOCTH IIPY PU3apTPO3e 3HAUYUTESILHO CHIDKAeT GpyHKIMOHAI KH-
ctu. HecMOTps Ha BBICOKYIO PacIIpOCTPaHeHHOCTh M PUCK PA3BUTHsI MHBAJIU-
HOCTH, TepareBTHIeCKre BO3MOKHOCTH JIeYeHHs] PH3apTpo3a HO-IpeXXHeMy
orpaHuyeHsbl. JleueHue 06bIYHO TpebyeT MeXXIUCIUITIMHAPHOTO HOAX0a C
HCIIOJIb30BaHKEM KOMOWHAIMK HedapMaKoJIOrHIecKux, GpapMaKkoJIorHIeCKux
Y XUPYPrHYeCKUX METOMIUK.
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JInTeparypHsIit 0630p MOCBSIIEH aHAIN3y TAKUX XUPYPrUYeCKUX MeTOJ0B
JledeHUst PU3apTpo3a, Kak PeKOHCTPYKIIMS CBSI30K, MHTEePIIO3UIHS CYXOXKHU-
JIV¥, pe3eKIMOHHAs apTPOINIACTHKA, SHIOIPOTe3NpPOBaHNe WU apTpojie-
3UpPOBaHME CyCTaBa.

KurroueBble c10Ba: pU3apTpo3, OPTONeNus, TpaleleBUIHO-TISICTHBIH CyCTaB,
XUPYPrudecKoe JiedeHre, CyCTaBbl KUCTH, OHOMeXaHHKa, IPOTe3HpOBaHHe
cycrasa.

KoH}IuKT HHTepecoB: He 3asBJleH.
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m INTRODUCTION

hizarthrosis (RzA), or trapeziometacarpal osteoarthritis, is

an arthritic degenerative process that affects the first joint
of the thumb [1]. The thumb having the leading function in
the biomechanics of the hand, the loss of that function results
in 40 to 50 per cent deterioration of the function of the hand
[2]. RzA manifests as pain in the base of the thumb, restricting
the force of the grip and making performance of daily tasks
complicated. The pain sets on in certain movements and can
progress to permanent sense of discomfort over time. Chronic
RzA leads co joint contractures, visual deformations (Z-shaped
thumb), and muscular atrophy [3].

Functional disorder of the thumb that determines the grip
and the force of the hand decreases a person’s capability of
performing everyday activities, such as writing, opening of
jars, turning keys or handling small objects [4]. The anatomic
configuration of the joint surfaces of the carpometacarpal
joint (CMCJ) of the thumb is complex. The base of the
metacarpal bone is concave dorsovolarly and convex
radioulnarly. Conversely, the trapezoid concave arc is
radioulnar, and the convex arc is dorsovolar. The trapezoid
and the metacarpal joint surfaces have incommensurable
curvature radii that match only in the extreme positions of the
movement. The concave-convex saddle-shaped structure of
the CMCJ is involved in the flexion/extension and abduction/
adduction. Pronation and supination is a complex rotation
and translation of the joint. The concavity of each articular
surface is shallow, and the bone and cartilage component
ensures minor internal stability of the CMCJ. The ligaments
and muscles play an important role in the stability of this
complex joint [5].

The biomechanics of CMCJ is characterized with
multidimensional mobility [6]. The high mobility of the
human CMCJ has developed in the course of evolution. The
evolutionary requirements for gripping and manipulative
activity of the upper limbs developed simultaneously with
upright posture [7, 8]. The functional paradox of the CMCJ
is in the combination of stability and high mobility. The
thumb needs a wide range of motion to perform tasks only
characteristic of humans, from a strong grip to a fine pinch
[5].

WP 3rd Cooney and EY Chao (1977) used the method
of biomechanical analysis to calculate the internal forces in
the joints and soft tissues of the thumb during the pinch and
the grip. It was found that the tendons of the intrinsic and
extrinsic of the thumb withstand from 10 to 30 kg during

www.innoscience.ru

the pinch exerting a force of 5 kg on the tip of the thumb,
and up to 50 kg during the grip. The force of contraction
(contact) of the joint on average is 3 kg in the phalangeal
joints, 5.4 in the metacarpophalangeal joints and 12.0 kg
in the carpometacarpal joint (CMCJ) in the simple pinch
(applied force of one kg). Gripping forces up to 120 kg may
develop in the CMCJ in a strong grip [9]. Since the skeletal
architecture of CMCJ provides rather mild internal bone
stability, the ligaments are critically important to withstand
the natural tendency for incomplete dislocation in the
compression and gripping [5]. CMCJ copes with extreme
forces created by such movements since it is stabilized with
a complex system of ligaments and muscles. Without that
stability, the incomplete dislocation of the thumb could
occur under loads of grip and compression, and the gripping
would be incomplete. The understanding of the character of
such interaction occurring in the CMCJ is important for the
adequate treatment of pathology of this joint [10].

H. Hafiz et al. (2024) developed a biomechanical model
of CMCJ to study the contribution of tendons, ligaments and
other soft tissues in the passive forces during distraction. Five
fresh autopsied specimens were tested with a distractor in
order to measure the applied forces during gradual distraction
of the non-damaged joint. The next step included positioning
of a sensor into the articular capsule through a minor incision
for a precise measurement of the main intra-articular forces
while maintaining integrity of tendons and ligaments. Prior
to the separation of the bones the forces exerted by the
tendons and ligaments were relatively low in comparison
to the force of the capsule that was approx. 92% from the
total applied force. The contribution from the tendons and
ligaments increased with further distraction. The passive
contribution of the tendon force in distraction for 2 mm was
less than 11% while that of the tendons it was 74%. Thus,
the ‘ligament-capsule’ complex plays a significant role in
the passive forces of the CMCJ during distraction [11]. The
thumb is responsible for over 40% of the hand functions for
its gripping and compressing capacity is inefficient without
its opposition and gripping capability [12]. Therefore,
degeneration of the CMCJ may lead to disability [3].

Traditionally, RzA is seen as an endemic women'’s disease
in the post-menopausal period. Demographic radiographic
studies show that incidence ratio of CMCJ in women and
men is 6:1; however, the ratio decreases over age, and the
incidence rate in women and men at the age of 75 is 40%
and 25%, respectively [5]. The clinical prevalence of RzA is
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twice as high in women than in men (affecting 25% women
in the post-menopause), while its radiographic prevalence
is even higher, from 45% to 60% [13, 14]. In women aged
70 and above the risk of the disease is double than that in
women after the menopause [15]. The high susceptibility of
women towards RzA is related to the lower congruence of
the articular surfaces: the concavity of the metacarpal surface
and the convexity of the trapezoid surface in women are less
pronounced than in men [16].

The diagnosis of RzA is basd on a clinical examination.
The major symptoms are pain localized in the basis of the
thumb, stiffness, loss of range of motion and significant
impairment of the function of the hand. The pain is often
diffuse, originates in the anatomical snuffbox, and follows
a waxing-and-waning pattern [4]. Radiographic findings are
commonly used to stage the disease, even in the absence of a
clear correlation between clinical symptoms and the severity
of imaging changes [17].

In 1973, Richard Eaton and William Littler described four
progressive radiographic stages of RzA, which were later
modified to include scaphotrapezial arthritis. The modified
Eaton-Littler classification is currently the most widely used
radiographic staging system for basal arthrosis of the first
digit of the hand.

Stage I: minor expansion of the CMC joint gap. Stage II:
minor narrowing of the CMC joint gap, sclerosis and cystic
alterations with osteophytes or loose bodies < 2 mm. Stage
III: considerable narrowing of the CMC joint gap, sclerosis
and cystic alterations with osteophytes or loose bodies > 2
MmM. Stage IV cragus: arthritic alterations in the CMCJ similar
to Stage III with scaphotrapezial arthritis [18, 19].

Despite the advanced developments in the therapy of
the hand, conservative options of RzA treatment are still
limited. Usually, treatment required a multidisciplinary
approach utilizing a combination of non-pharmacological,
pharmacological and surgical methods [20]. Non-
pharmacological measures include rest, changes in the
physical activity, immobilization with braces or controls,
exercise and physiotherapy [21]. Pharmacological
treatment includes analgesics, local or oral non-steroid anti-
inflammatory drugs, and injections of gluco-corticosteroids
or hyaluronic acid [4, 22]. Intra-articular injections may be
administered with ultrasonic control [23]. Intra-articular
injection therapy is usually applied to alleviate the symptoms
of the disease since it may circumvent the systemic effect and
potential side effects of oral drugs [14, 24]. Other injections
may include corticosteroids, platelet-rich plasma, and stem
cells; there were trial methods of treatment with Infliximab,
O-interferon, botulinum toxin [25] and oxygen and nitrogen
mixture [26].

Conservative methods of RzA may ensure symptomatic
relief in early stages, while later stages require surgical
treatment [27].

The aim of this review is to describe and analyze the
surgical methods of RzA treatment. The topic of surgical
treatment of RzA being in development for a considerable
time, we used the sources from the 1940s describing the
classic methods, to the present time. The analysis of literature
data was performed using scientifica databases: Pubmed,
Healio Orthopedics, Medline, Scirus. The literary sources
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were selected using the following keywords: pusaprtpos, op-
TOTIe/INsl, TPAIeIeBUTHO-TISICTHBIN CyCTaB, XUPYPrudeckoe
JieYeHue, CyCTaBbl KUCTH, GMOMEeXaHUKa, IPOTe3UupoBaHue
cycraga, rhizarthrosis, orthopedics, trapezium-metacarpal
joint, surgical treatment, hand joints, biomechanics, joint
replacement.

m SURGICAL METHODS
OF RHIZARTHROSIS TREATMENT

Resection of the trapezoid bone

Resection of the trapezoid bone, or trapeziectomy, was first
described by W.H. Gervis in 1940s as an option of surgical
treatment of RzA. The surgeon performed a simple resection
of the trapezoid bone to remove the source of the ‘bone-to-
bone’ pain originating from the metacarpal bone articulating
with the trapezoid bone. The author reported good initial
results in the series of 18 resections of the trapezoid bone
[28]. To date, simple trapeziectomy remains the most popular
method of surgical treatment of RzA. The method provides
mitigation of the pain syndrome and relatively high mobility
of the thumb [29].

Later, many technical modifications stemmed from
trapeziectomy: these were aimed at prevention of shortening
of the thumb than caused recurrent pain and loss of strength
in mid-term perspective [30].

T.F.M. Yeoman et al. (2019) demonstrated significant
and stable improvement of thumb function after the simple
trapeziectomy. 205 patients filled the quick questionnaire
on disablement of arm, shoulder and hand (QuickDASH)
and five-dimensional EuroQoL questionnaire (EQ-5D), on
average 8.2 (3.5...17.0) years after the simple trapeziectomy.
The average QuickDASH score of the post-surgery group
was 37+17, and the average EQ-5D score was 0.56+0.31.
The average QuickDASH score in the pre-surgery group was
54.0+17.0. The mean difference in the QuickDASH score
between the pre- and post-surgery groups was 17 points (95%
CI 8-26, p = 0.0003) [31].

N. Janakiramanan et al. (2021) saw that trapeziectomy
could restore the functions of the thumb with positive
mid-term and long-term results, yet the defect in the area
of resected bone caused pain, especially in the first two or
three months [32]. The simple trapeziectomy could also
bring about some complications such as shortening of the
thumb, decrease of grip strength, cramping of the distal part
of the scaphoid bone [30]. In 1960, A.H. Murley analyzed
outcomes of 39 trapeziectomies and concluded that the grip
strength and the range of motion in abduction decrease,
which is important for men performing hard work [33]. The
study of A. Weilby showed that 5 out of 17 patients after
trapeziectomy experienced weakness of the hand, painful
spasms and difficulties in holding objects [34].

Such results of simple trapeziectomies fostered
development of methods of stabilization and restoration of
CMCJ surface to ensure a physiological reconstruction [5].

K. Van Royen et al. (2021) studied the possibility of
arthrodesis of the scaphoid-metacarpal joint (SMC) with
a structural bone graft for multiply operated patients. All
patients demonstrated symptomatic instability of the basis
of the thumb, and they had undergone three to four surgeries
including arthrodesis. Three patients underwent SMC
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arthrodesis using structural bone graft from the iliac crest.
All patients were satisfied with the results. The average grip
strength increased from 3.5 to 10.5 kg, and the average pinch
strength, from 1.5 to 2.5 kg. The arthrodesis was confirmed
in all patients. We believe that the SMC arthrodesis with
structural bone autograft is the operation of choice that
significantly preserves the thumb opposition and restores
stability [35].

Tendon and Ligament Reconstruction

Researchers emphasized importance of reconstruction
of ligament reconstruction tendon interposition (LRTI),
or tendon suspension technique of the abductor pollicis
longus (APL), allograft and other methods of interposition,
implantation arthroplasty, unloading osteotomy and
arthrodesis [36]. A.I. Froimson (1970) identified the
problem of metacarpal subsidence and weakness following
trapeziectomy and recommended the interposition of a tendon
spacer between the metacarpal and scaphoid bones [37].

Other researchers maintained the approach of stabilizing
the metacarpal bone by reconstructing the ligaments that
would bind the basis of the first metacarpal bone with the
neighboring metacarpal bone of the second finger. The aim
of the intervention was to prevent development of incomplete
dislocation and sinking of the metacarpal bone with the
absence of the entire trapezoid bone or part thereof and to
secure the ratio of the first metacarpal bone to the second [5].

R.G. Eaton, J.W. Littler (1973) reported that after the
simple trapeziectomy the hypermobility of the thumb caused
pain and predisposed the joint to progressive degeneration.
They developed a method of reconstruction of the palmar
carpal ligament using a half of the distal tendon of the radial
flexor of the wrist (flexor carpi radialis, FCR), that would
be passed through the palmar dorsal aperture at the base of
the metacarpal bone of the thumb. The tendon is tensioned
and sutured to the adjacent periosteum. After fixation, the
graft is passed through the abductor tendon of the first digit
and re-sutured to the proximal portion of the FCR. It was
supposed that the reconstruction restores the function of the
weak palmar ligament and strengthens the thin radial capsule.
This reconstruction supports the joint in two planes making
it more stable that a single-plane reconstruction [38].

In 1973, R.G. Eaton and J.W. Littler used the reconstruction
of the palmar ligament to treat patients with all four stages
of disease of basal joints. The authors reported good or
excellent results in 16 out of 18 patients and two satisfactory
results in patients with stage IV of basal joint disease [38].
In 1984, results of a long-term follow-up were published:
of the 38 patients who were followed up for 7 years, 32
(84%) had good or excellent results, and 6 (16%) patients
had satisfactory results [39].

Today LRTTI is the most frequent method of RzA treatment.
The LRTI technique involves interposition of the tendon
not used for reconstruction to a space created after the
trapezoid excision. Alternative LRTI procedures use different
redirection paths for the FCR tendon (with or without bone
tunnels) or use various tendons to suspend the first metacarpal
to the second metacarpal [5].

R.I. Burton and V.D. Jr. Pellegrini (1986) performed LRTI
by expanding the reconstruction of the palmar ligaments to
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combine it with partial and total trapeziectomy. The concept
is similar to the reconstruction of palmar ligaments with
the exception that the tendon is directed diagonally via the
base of the metacarpal bone of the thumb and exits dorsally
approx. 1 cm distally to the joint surface, perpendicularly to
the plane of the thumb. The remaining tissue is folded and
inserted into the space created after the trapezoid excision.
The reconstruction is stabilized with the Kirschner wire [40].
Initially, a split FCR tendon was used for reconstruction, but
recent practice employs the entire tendon, thereby providing
more tissue for interposition. A two-year postoperative
follow-up by D.M. Freedman et al. (2000) of 25 patients after
LRTI showed that the first metacarpal subsided proximally by
11% of the arthroplasty space, and subluxation was limited to
7%. Pain relief was observed in 92% of patients, who were
satisfied with the outcomes [41]. In a 9-year study of 24
patients, M.M. Tomaino et al. (1995) reported a minor change
in the subsidence of the metacarpal (13%) and subluxation
(11%), as well as pain relief (95%). The strength improved
as did the grip by 93%, the key pinch improved by 34%, and
the pinch grip by 65% [42].

Suspensionplasty utilizes a portion of the abductor pollicis
longus (APL) tendon to stabilize the first metacarpal. The
method was proposed by J.S. Thompson (1989) as reoperative
treatment after unsatisfactory arthroplasty of the CMCJ
osteoarthritis. Considering its marked positive outcome,
the indications were extended to include primary treatment
of Stage II-IV of CMCJ disease. During the procedure, a
portion of the APL tendon is split distal to the myotendinous
junction, mobilized from proximal to distal, and left attached
to the dorsal base of the first metacarpal. An oblique tunnel is
created at the base of the first metacarpal, similar to the one
used in LRTI. The tunnel originates dorsally, approximately
1 cm distal to the articular surface, and exits proximally,
slightly volar to the center of the metacarpal base. A second
tunnel is drilled in a dorsal-to-volar direction, 1 cm distal to
the base of the second metacarpal. Using suture materials or
a tendon passer, the APL graft is passed through the base of
the first metacarpal and then in a volar-to-dorsal direction
through the base of the second metacarpal. After appropriate
tension is set, the APL graft is secured dorsally by suturing it
to the adjacent tendon of the extensor carpi radialis longus
(ECRL) [43].

0. Soejima et al. (2006) reported on 18 patients (21 cases)
after suspensionplasty who were followed up for on average
of 33 months. No pain was registered in 13 cases; 5 patients
experienced mild pain under vigorous physical activity,
and 3 patients reported minor pain under mild activity. The
subsistence of the metacarpal was 15% from the arthroplasty
space. Radial and volar abduction were 56 degrees [44].
These findings match with results of LRTI reported by R.I.
Burton and V.D. Jr. Pellegrini (1986) [40].

The systematic review by M. Saab and G. Chick (2021)
described long-term outcomes and complications of
trapeziectomy after a five-year follow-up. It included 22
studies involving 728 patients. All studies reported good
outcomes with respect to pain and range of motion in the
follow-up of patients for 8.3 years (from 5 to 22 years);
the average level of satisfaction with treatment was 91%
(from 84% to 100%). The force of the key pinch returned
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to pre-operative level, whereas the pinch grip had a slight
improvement (+14%), the grip force increasing by 25%. The
complications were related to tendons or nerves involved
in the course of additional procedures for the stabilization
of the joint (11.6%; n = 56). Mechanical complications
included symptomatic impingement of the scaphoid M1
(3.1%; n = 15/580), which led to nine surgical revisions of
581 trapeziectomies [30].

Interpositional Implants

The construction of interpositional implants provides for
filling of the empty space remaining after trapeziectomy
thereby preserving the length of the thumb, the grip strength
and preventing the joint of the first metacarpal and the
scaphoid bones. Implants of the first generation appeared in
1970s and were silicone liners stabilized with a pin inserted in
the first metacarpal [29]. Some retrospective studies showed
positive long-term outcomes with high patient satisfaction in
a 10-25 years follow-up.

H.P. Bezwada et al. (2002) analyzed long-term outcomes
of silicone arthroplasty of CMCJ. From 1975 to 1990, 85
patients with RzA received 90 silicone implants. 62 implants
in 58 patients were available for subsequent analysis for an
average of 16.4 years (10-25 years). In 84% cases satisfactory
results with positive outcomes were achieved that were
characterized with reduced pain and preserved function of
the thumb. Strength in power grip, key pinch and tip pinch
increased. The ability to touch the base of the fifth finger
with the tip of the first finger improved. Subluxation was
observed in 19% of patients but was not clinically significant.
Implant failure occurred in 6% of patients, requiring revision
surgery. Out of 62 cases reviewed, none developed silicone
synovitis [45].

At the same time, other authors reported high numbers
of remote complications with silicone synovitis, failure of
the implant and subluxation [46, 47]. Thus, A. Minami et
al. (2005) published a review of 12 surgeries on 10 patients
who underwent partial trapeziectomy and interpositional
arthroplasty using silicone implants. The follow-up period
was 15 years, on average. The surgery provided patients with
early pain relief, however, subsequent follow-ups registered
its strengthening. The dislocation of the implant was observed
in two cases, and its failure, in five. Periprosthetic osteolysis
was found in four patients [46]. The study of J.C. MacDermid
et al. (2003) showed that out of the 26 operated patients,
periprosthetic and wrist osteolysis was seen in 90% patients.
Six patients (20%) required revision surgeries (three in the
early and three in the later stages), including one patient with
a pathological fracture of the scaphoid bone [47].

In order to prevent failure of the silicone implant
and development of synovitis, the implants began to be
manufactured from solid materials. An example of these is
the titanium basal implant CMJ Swanson (Wright Medical)
for cement-free fixation. Data published on its application
are not abundant but literary sources report about 20%
revisions 2 years after the surgery [48]. A similar structure
was developed by BioPro: it uses a Cobalt-chromium
prosthetic with modular head sizes. The pin is covered with
a layer of titanium to promote osseointegration [29]. Pin-free
interpositional implants are also manufactured from ceramics
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and pyrolytic carbon. The analysis of their use revealed such
problems as instability, subsistence, fracture of the trapezoid
bone, and revision surgeries were quite frequent [49-51].

Porous materials, such as polyurethane-urea mesh
graft (Artelon), were also used for implantation following
partial trapezium resection; however, a significant number
of complications in the early postoperative period was
reported [52].

Pyrocardan, the pyrolytic carbon disk, is used in
interpositional arthroplasty. S. Russo et al. (2016) reported that
its use required revision surgeries in 6% of the cases over three
years [53]. The Pyrocardan implant for trapeziometacarpal
interposition is a free-floating intra-articular spacer composed
of pyrocarbon. This biconcave resurfacing implant, which
preserves both ligaments and bone stock, is indicated for use in
early and moderate stages of RzA. Post-surgery findings after
implantation with Pyrocardan are comparable with those after
surgeries for ligament reconstruction and tendon interposition
(LRTI), the robustness being higher than in LRTI [54]. J. Logan
et al. (2020) published a prospective cohort study of mid-term
outcomes of the use of the Pyrocardan implant. 40 Pyrocardan
implants were implanted in 37 patients. The median age of
patients was 58 (46-71) years. The patients were examined
before the surgery and 3 months, 6 months, 1 year and 2 years
after the surgery. There were no significant complications or
revision surgeries after the implantation. The average follow-
up period was 29 months (from 12 months to 7 years). The
average grip strength after 2 years was 30 kg vs. 19.6 kg in
the group of patients of the same age after trapeziectomy [54].

The PyroDisk implant has a central aperture enabling
stabilization of soft tissues. F. Smeraglia et al. (2020)
conducted a retrospective study to evaluate 8-year outcomes of
surgical treatment of 46 patients who underwent arthroplasty
using the PyroDisk implant. The average follow-up interval
was 9.5 years (median of 113 months with the range of 97-144
months). The study showed that interpositional arthroplasty
with PyroDisk provided considerable relief of pain and high
satisfaction of patients. All patients demonstrated lowering
of the DASH score by an average of 30 points. PyroDisk
demonstrated good longevity and stability after the surgery;
however, the functional results achieved with its use were
not above the results of trapeziectomy with or without
ligamentoplasty. The authors concluded that implantation
with PyroDisk is a reliable operation without any additional
advantages over the simpler methods of surgery [55].

Thus, the outcomes of interposition arthroplasty vary.
Convincing evidence that interposition is superior to
trapeziectomy was not established.

Arthroplasty of CMCJ

Arthroplasty of CMCJ aims to provide pain-free movement
of the thumb while preserving its stability. The normal
anatomical saddle joint is replaced by a spherical prosthesis.
Designs that preserved the anatomical features inherent to the
joint were used in clinical practice [29], but without positive
outcomes, which was associated with the required capsular
release and subsequent instability of the components due
to anatomical constraints [56]. Some authors also reported
impaired osseointegration and subsequent instability of the
prosthetic components [57].
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Currently, the spherical prosthesis is the most common
design for CMCJ arthroplasty. The first trapeziometacarpal
joint prosthesis was developed in the early 1970s by J.Y. de
la Caffiniere.

In 1979, JY de la Caffiniere and P.C. Aucouturier
published a scientific article on the use of the developed
prosthesis. The authors implanted a total of 34 full
trapeziometacarpal joint prostheses. 28 were followed up
for over 6 months (max. 5 years) allowing for a reliable
evaluation of results. Two thirds of cases demonstrated
positive outcomes. In 5 cases, weakening of the trapezoid cup
was observed due to intraoperative errors [58]. E.T. Skytta
et al. (2005) analyzed the outcomes of implantation with
the de la Caffiniere implants in patients with inflammatory
arthropathy affecting the CMCJ. A total of 57 procedures
were performed for rheumatoid arthritis (41 cases), juvenile
chronic arthritis (10 cases), psoriatic arthritis (4 cases), and
other inflammatory joint diseases (2 cases). During follow-
up, 5 cases of prosthetic component instability and 2 cases
of recurrent prosthetic component dislocation requiring
reoperation were observed. The survival rate of the prosthesis
based on revision surgeries was 87% (95% CI 73-94) over
10 years, and the total rate of component instability as per
radiographic data was 15% (95% CI 7-29) over 10 years
[59]. P. Johnston et al. (2012) analyzed long-term outcomes
in 71 patients (93 procedures) who had the de la Caffiniere
prosthesis implanted from 1980 to 1989. 26 patients were
followed up for an average of 19 years (from 16 to 26 years).
The patients reported satisfactory strength and mobility of
the thumb [60].

Despite predominantly positive outcomes, isolated cases
of cup instability were reported [61]. To address this problem,
a cementless fixation method was developed. However, due
to the constrained anatomical space and the biomechanical
characteristics of the joint, a metal-on-metal bearing couple
was utilized [29]. P.J. Regnard (2006) analyzed results of
implantation of 100 cementless fixation “Elektra” prostheses
made from titanium and chrome-cobalt steel. The key
advantage of the prosthesis was its 9 mm cup diameter, which
could be accommodated within the small trapezial bone. The
mean follow-up period was 54 (36 to 78) months. Studies
assessing pain intensity, range of motion, and dynamometry
were conducted, with positive results reported in 83 cases.
The most prevalent complication was lack of osseointegration
of the trapezoid component of the prosthesis (15 cases). In
two cases, sinking of the distal pin into the metacarpal bone
was reported. Other complications were observed, too: metal
allergy (one case), fracture after direct injury of the thumb
(one case) and osteoarthritis of the scapho-trapezoid joint
with an acute pain syndrome (one case) [62]. Negative aspects
of the intervention are the consequences of using the chosen
metal-on-metal bearing couple, which were complicated by
metallosis. [63, 64]. According to C. Fralich and T.B. Hansen
(2015), abnormal reactions to prostheses with metal-on-metal
construction are well known from replacement arthroplasty:
elevated level of chromium or cobalt in the blood, pain and
formation of a pseudo-tumor [63]. Increased concentration of
chromium and cobalt ions after such surgeries was reported
by other researchers [64, 65]. At present, metal-on-metal
bearing prostheses are used much less frequently [29].
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Cementless Prostheses with a Metal-on-polyethylene
Bearing Couple

Arthroplasty of the CMCJ may restore the length of the
thumb and the metacarpal arch. Correction of adduction
of the thumb and the compensatory hyperextension of the
metacarpophalangeal joint may be achieved in most patients
[66-68]. Based on the studies of prior designs, a new line
of CMCJ prostheses was developed. Cementless fixation
reduces the risk of instability of the cup component, and
the bearing surface minimizes wear and causes no adverse
reactions seen in the metal-on-metal designs [65].

What causes problems from the perspective of stability of
the system is the cup of the prosthesis. The load exerted on the
trapezial cup during pinching and gripping is a combination of
both shear and axial forces, resulting in an oblique vector that
can predispose the cup to instability. Therefore, the trapezoid
component is vulnerable in terms of instability, especially
in the early postoperative phase before the osseointegration
occurs. To minimize the possible instability of the component
the manufacturers use two principal geometric shapes of the
cup, the conical and the hemispherical [29]. The cup shapes
differ in distribution of the potential force, but there are no
clinical or empirical proof that one design is superior towards
the other. Both demonstrate promising results in the stability
of components in the follow-up for over 5 years [66, 69-71]
or even ten years [72, 73].

Another issue with spherical joint designs is dislocation.
Consequently, a dual-mobility system was developed, well-
known since the early 1980s and based on the principles
of total hip arthroplasty [74]. In the standard design, the
metallic head of the metacarpal component articulates with
a polyethylene liner that is rigidly fixed within the metallic
shell of the trapezoid cup, creating an articulation between
the metallic head and the polyethylene liner. In the dual-
mobility design, the metallic head is housed within a larger
polyethylene head, which in turn articulates with a smooth
metallic cup fixed within the trapezium. Thus, there are
two articulations: one between the metallic head and the
polyethylene head, and another between the polyethylene
head and the cup. The polyethylene head acts as a mobile
liner constrained by the metallic head. The larger head
reduces the risk of dislocation by increasing the range of
motion arc and enlarging the “jump distance” required for
dislocation to occur [29].

Considering the range of motion of the thumb, the “jump
distance” is clinically more important than the increased
motion arc before the impact. The double mobility design
decreased the incidence rate of dislocations and replaced the
prostheses of the second generation. The early short-term
results of implantation of this kind of prostheses showed
some good dynamics [66, 69, 75, 76]. The double mobility
design is used in the following products: Maia (Groupe
Lepine, France), Moovis (Stryker, Pusignan, France) and
Touch (Keri Medical, Switzerland). Although this design is
intended to reduce the likelihood of dislocations, there is a
risk of intraprosthetic dislocation (between the metallic head
and the mobile polyethylene liner) and polyethylene liner
wear due to increased loads.

J. Glaser et al. (2025) studied the scapho-metacarpal joint
prosthesis with double-mobility design for patients with
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persisting pain symptom and functional disorder after the
surgery. The study involved 11 patients (with 13 surgeries),
who demonstrated no positive dynamics after previous
surgeries. They underwent underwent bilateral arthroplasty
of the scapho-metacarpal joint. All patients demonstrated
considerable improvement of the thumb function.
Dynamometry results showed average restoration of up to
80-90% of the force of the contralateral side. Radiography
showed good osseointegration of implants with no signs of
instability or dislocation. The complications included one
case of persistent mild hypesthesia of the superficial branch
of the radial nerve, which did not impair the function, and
one case of fracture of the scaphoid bone 4 weeks after the
arthroplasty, during immobilization [77]. The characteristics
of the double-mobility prosthesis clearly depend on the type
of polyethylene used. The wear of polyethylene largely

depends on its molecular composition, shape, vendor and
technological process [29].

m CONCLUSION

Trapeziectomy usually yields positive outcomes in RzA,
relieving the pain and restoring the mobility of the thumb. At the
same time the shortening of the thumb may result in a decreased
grip and compression strength. Scientists focus on developing
alternative methods of treatment. One of surgical methods
of treatment is arthroplasty. However, it will take additional
studies before it can be viewed as the “golden standard”, like
the trapeziectomy. The same applies to cementless total CMCJ
prostheses that are instrumental in achieving fast rehabilitation,
pain relief and restoration of grip force and movement freedom.
Over time, these factors will render total CMCJ arthroplasty a
full-fledged alternative to trapeziectomy. =
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