Apxub BHyTpeHHei MepAnunHbl ® Ne 3 o 2026

PEAAKIOVMOHHASA KOANET'A

TAABHBIV PEAAKTOP — MnbyeHKo JllogMuna OpbeBHa — 4.M.H., npodeccop, PHUMY um. H.W. Muporosa (Mocksa, Poccus)

3AMECTHUTEAD TAABHOTO PEAAKTOPA — bBbinoBa Hagewpa AnekcaHapoBHa — K.M.H., JOLIEHT,
CeBepHbIN rocyAapCTBeHHbIN MeAULMHCKUI yHMBEpcuTeT (ApxaHrebck, Poccus)

PeAaKHHOHHaH KOAAEruA

Apamesa Tarsssaa Baapumuposua — 0., npogeccop,
Pocewitexuit ynnsepcumem meduynunn (Mockea, Poccus)

Anna6exosa basu AabkenoBHA — 0.1, pocheccop,

HAO «Mednynncxuit ynnsepcnmem Acmana» (Acmana, Kasaxcman)
Benas JKauna EBrensesna — .., ru.c., Haynonarvnoiit meduynncrnit
nccaedosameancruit yenmp andoxpunororun (Mocxea, Poccns)
Buprokosa Exena BarepseBra — d.m.u., doyenn,

Poccuiickuit ynusepcumem meduynnoe (Mocxea, Poccus)

Baryrun Huxonai TuxonoBua — o, npogeccop,

Aol MY um. M. Lopwvioro (Aoneysx, Poccus)

Boponxosa Kupa Brapumuposaa — 0.1, npogpeccop,
PHUMY um. HH. TIuporosa (Mocrea, Poccus)

3ayroasuukosa Taressna Bacuabesna — k.., doyenn,

lepeuviit MI'MY um. M.M. Cevenosa (Mockea, Poccis)

Kapabunenko Anexcanpp AAEKCAHAPOBHY — 0.1, ipogheccop,
PHUMY um. HH. ITuporosa (Mocxea, Poccus)

Kapuaymkunua Mapust AxekcaHppoBHA — 0.M.1., nipogheccop, Poccuiickmi
ynngepcumem 0pyacove rapodos . Ilampuca Aymymou (Mockea, Poccis)
Kaprnos Urops ArekcaHApOBUY — 0.M.1., pocheccop,
uren-koppecnondenm HAH Pb, Beaopyccxuii rocydapcmeennnlit Meduyunckuit
ynnsepcumen (Munck, beaapyce)

Komeaesa Haraapss AHaTOABEBHA — 0.M.H., Ipoeccop,
Capamoscknit TMY um. B.M. Pasymoscroro (Capamos, Poccius)
Mepgeaes Baapumup dpucrosud — .., doyenm, Poccuitckmi
ynngepcumemn 0pyacov napodos um. Iampuca Aymymou (Mockea, Poccns)
Muxun Bapum IlerposBuy — d.m.u., npogeccop,

Kypexmit rocydapemeennvix meduynunckuii ynngepcumemn (Kypex, Poccus)
Hukurnn Urops T'ennapueBud — d.n., npopeccop,

PHUMY um. HH. Inporosa (Mocxea, Poccus)

Huxudopos Buxrop Cepreesuya — d.wi., npogeccop,

C3I'MY um. L. Meunnxosa (Canxm-ITemepypr, Poccus)

Peb6pos Anppeii IlerpoBud — 0.1, npogpeccop,

Capamoscxnit MY um. B.M. Pasymoscroro (Capamos, Poccius)
Caitipyranuos Pycram MabxamoBua — d.m.., npogheccop,
Openbyprexas rocydapemeennasn meduynnckan axademus (Opendypr, Poccns)
Conosbesa dara FOpweBua — d.m.u., doyenm,

PHUMY um. HH. Inporosa (Mocxea, Poccus)

Cranenko Muxana EsrenseBua — 0., npogheccop,

Boar'MY (Boarorpad, Poccus)

Cynonesa Haraabs ArexcanapoBHA — 0.0, pogeccop,
waen-xoppecnondenm PAH, Haywnvit yenmp nesporornn (Mockea, Poccus)
TxaueBa Oarra Hukonaesna — d.wi, npogeccop,

Poccutexnit reponmororateckmit Hayno-kaunmeckuit yenmp

PHUMY um. HH. Inporosa (Mocxsa, Poccus)

XoxnaueBa Haranbs ArekcaHpApOBHA — 0.1, JoleHin,

Worcescran rocydapcmeennan mednyuncran axademns (Mocesck, Pocens)
Yecuuxosa Auna VIBanoBHa — 0.1, npoeccop,

PocmI'MY Munsdpasa Poccun (Pocmos-na-Aony, Poccia)

Aropa Arexcanpp Barenrunosua — 0.xu., npogpeccop, Cmasponoavcexuit
rocydapcmeenuiii Meduynnckuit yungepcumem (Cmasponoas, Pocens)

Axymun Cepreit CrennanoBuY — 0.M.H., npogeccop,

PasI'MY um. M. I1agrosa (Pasans, Poccns)

PEAAKIIMOHHBIM COBET

Baciox IOpuii ArekcanppoBud — 0.M.4., npogeccop,

Poceuitexnit ynnsepcumem mednynnn (Mocxea, Poccia)

Nruarenko I'puropuit AHaToAbeBUY — 0.M.H., 1pogheccop,
uaen-roppecrondenm HAMHY, AonI'MY um. M. Topvroro (Moweyx, Poccus)
Masypos Bapum BanoBua — 0., npogheccop, uren-xoppecnondenm PAMH,
axademnx PAH, C3I'MY um. .U Meunuxosa (Canxm-IlemepGypr, Poccus)
Manees Bukrop BacuawseBud — 0.m.1., npoeccop, akademur PAH,
IJHU W anudemmorornn Pocnompebnadzopa (Mockea, Poccin)

Haconos Esrennit AbBoBuY — 0.m.1., npogheccop, akademnx PAH,
HUWP um. BA. Haconosoit (Mocksa, Poccns)

Tpomuna Exarepuna AnatroabeBHa — 0.1, npogheccop,
uaen-koppecnondenm PAH, Haymonarvmolit meduiynrckuit nccaedosamensckiuit
yenmp andoxpunorornn (Mocxea, Poccus)

XoxaoB ArexkcaHAp AeOHUAOBHY — 0.1, npoceccop,
uren-koppecnondenin PAH, Apocaascruii rocydapcmeennuiic MeduymncKmit
ynnsepcumen (fpocrasav, Poccus)

HIasxro EBrennit Baapumuposuy — d..u., npoeccop, axademnx PAH,
HMMUIL] um. BA. Aamasosa Munsopasa PO (Canxm-Ilemepiypr, Poccus)

Hay4Ho-npakTunyeckui
XYpHan ans paboTHUKOB
3/paBoOOXpaHeHnA

Apxusb
» BHYTpEHHeH -
MeAULMHEI

THE RUSSIAN ARCHIVES
OF INTERNAL MEDICINE
www.medarhive.ru

VIIOHD 2026 (Ne 3(89))

BkntouéH B MNepeyeHb
Be/YLMX PeLeH3npyeMbix
nepuUoANYECKUX U3JaHUI
BAK Munob6pHayku PO

YYPEAUTE/Ib U N3LATENb

O61ecTBO C OFpaHNYEHHOW OTBETCTBEHHOCTbIO «CMHANC»
107076, Mocksa, yn. KoponeHko, 4.3A, odpuc 186

Ten.: (495) 777-41-17

E-mail: info@medarhive.ru

FEHEPA/IbHBIV ANPEKTOP
YepHosa Onbra AnekcaHapoBsHa
o_chernova@medarhive.ru

AAPEC PEAAKLUN
107076, Mocksa, yn. KoponeHko, 4.3A, opuc 186
Ten.: (495) 777-41-17

MeaunuMHCKUI peaakTop

EppemoBa EneHa BnagumuposHa, 0.M.H., npogdeccop kagedpsi
mepanuu u npogeccuoHanbHbix 6onesreli Pr60Y BO «YabsHoBcKull
20cydapcmserHbili yHusepcumems (YabsHoBck, Poccus)

KoueTkoB AHgpeit Banepbesuy, k.Mm.H. (Mocksa, Poccus)

HayuHbli1 KOHCYABTaHT
®egopoe Nnbs lepMaHOBUY, K.M.H., QoyeHm,
PHUMY um. H.W. Mupozosa Muxzdpasa Poccuu (Mocksa, Poccus)

BepcTka
Butanun Kotos

OTaen pacnpocTpaHeHUA U peKnaMbl
reklama@medarhive.ru

MoanucaHo B nevatb 15.05.2026 roaa
Tupax 3000 3k3emMnnapos.

W3paHue sapernctpuposato B GegepanbHoit cayx6e no HaA30py
B cpepe CBA3M, UHPOPMALMOHHBIX TEXHONOTUI U MACCOBbIX
KOMMyHWKauui (PockoMHag3op).

CBUAETENILCTBO O perncTpayum
M Ne ®C77-45961 ot 26 ntons 2011 .

ISSN 2226-6704 (Print)
ISSN 2411-6564 (Online)

OTneyartaHo B Tunorpadpuu «Onebook.ru»

000 «Cam Nonurpapucr»

r. MockBa, Boarorpagckuii npocnekT, 4. 42, kopn. 5
www.onebook.ru

KOHTeHT focTyneH nog nnueHsuei
Creative Commons Attribution 4.0 License.

YKypHan BKAtoYeH B POCCUIACKUI UHAEKC HayuHOTO LuTUpoBaHus (PUHLL)

CrtaTbW XKypHasa npejcTaBeHbl B POCCUIACKOW YHUBEPCA/IbHOW HayYHOW
3N1eKTPOHHOM 6ubanoteke www.elibrary.ru

MoanucHon nHaekc B katanore «Ypan-rfpecc Okpyr» 87732

DOI: 10.20514/2226-6704-2026-3

161



162

The Russian Archives of Internal Medicine ® Ne 3 e 2026

THE EDITORIAL BOARD

EpITOR-IN-CHIEF — Lyudmila Yu. llchenko — Dr. Sci. (Med.), prof., the Pirogov Russian National Research Medical University (Moscow, Russia)

Deputy EDITOR-IN-CHIEF — Nadezhda A. Bylova — Cand. Sci. (Med.), assistant professor,
Northern State Medical University (Arkhangelsk, Russia)

The Editorial Board

Tatiana V. Adasheva — Dr. Sci. (Med.), prof,, Moscow State University

of Medicine and Dentistry (Moscow, Russia)

Bayan A. Ainabekova — Dr. Sci. (Med.), prof., Medical University of Astana
(Astana, Kazakhstan)

Zhanna E. Belaya — Dr: Sci. (Med.), Chief Researcher, National Medical Research
Center for Endocrinology (Moscow, Russia)

Elena V. Biryukova — Dr. Sci. (Med.), assistant professor, Moscow State
University of Medicine and Dentistry (Moscow, Russia)

Nikolai T. Vatutin — Dr. Sci. (Med.), prof,, M. Gorky Donetsk National Medical
University (Donetsk, Russia)

Kira V. Voronkova — Dr. Sci. (Med.), prof,, the Pirogov Russian National
Research Medical University (Moscow, Russia)

Tatyana V. Zaugonlikova — Cand. Sci. (Med.), assistant professor,

the I.M. Sechenov First Moscow State Medical University (Moscow, Russia)
Alexander A. Karabinenko — Dr: Sci. (Med.), prof,, the Pirogov Russian
National Research Medical University (Moscow, Russia)

Maria A. Karnaushkina — Dr: Sci. (Med.), prof, Moscow State University

of Medicine and Dentistry

Igor A. Karpov — Dr. Sci. (Med.), prof,, member correspondent of the National
Academy of Sciences of the Republic of Belarus, Belarusian State Medical University
(Minsk, Belarus)

Natalya A. Kosheleva- Doctor of Medical Sciences, Professor, Saratov State
Medical University named after. IN AND. Razumovsky (Saratov, Russia)
Vladimir E. Medvedev — Cand. Sci. (Med.), assistant professor, the People’s
Friendship University of Russian (Moscow, Russia)

Vadim P. Mikhin — Dr. Sci. (Med.), prof,, the Kursk state medical university
(Kursk, Russia)

Igor G. Nikitin — Dr. Sci. (Med.), prof., the Pirogov Russian National Research
Medical University (Moscow, Russia)

Victor S. Nikiforov — Dr. Sci. (Med.), prof,, the North-Western State Medical
University named after 1.1 Mechnikov (Saint-Petersburg, Russia)

Andrey P. Rebrov — Dr. Sci. (Med.), prof., the Saratov State Medical University
named after IN AND. Razumovsky (Saratov, Russia)

Rustam I. Saifutdinov — Dr. Sci. (Med.), prof., the Orenburg State Medical
University (Orenburg, Russia)

Ella Yu. Solovyeva — Dr. Sci. (Med.), assistant professor, Russian National
Research Medical University named after. N.1. Pirogov (Moscow, Russia)

Mikhail E. Statsenko — Dr. Sci. (Med.), prof,, the Volgograd State Medical
University (Volgograd, Russia)

Nataliya A. Suponeva — doctor of medical sciences, professor, member
correspondent of the Russian Academy of Sciences, head of the department of
neurorehabilitation and physiotherapy, Research Center of Neurology (Moscow, Russia)
Olga N. Tkacheva — Dr. Sci. (Med.), prof, Russian Gerontology Clinical Research
Center the Pirogov Russian National Research Medical University (Moscow, Russia)
Natalia A. Hohlacheva — Dr. Sci. (Med.), prof, the Izhevsk State Medical
Academy (Izhevsk, Russia)

Anna I. Chesnikova — Dr. Sci. (Med.), prof., the Rostov State Medical University
(Rostov-on-Don, Russia)

Alexander V. Yagoda — Dr: Sci. (Med.), prof., the Stavropol State Medical
University (Stavropol, Russia)

Sergey S. Yakushin — Dr. Sci. (Med.), prof, the Ryazan State Medical University
named after academician 1.P. Pavlov (Ryazan, Russia)

EDITORIAL COUNCIL

Yury A. Vasyuk — Dr. Sci. (Med.), prof,, the Moscow State Medical and Dental
University (Moscow, Russia)

Grigory A. Ignatenko — Dr. Sci. (Med.), prof,, member correspondent

of the NAMSU, Donetsk National Medical University. M. Gorky (Donetsk, Russia)
Vadim I. Mazurov — Dr. Sci. (Med.), prof,, Academician of the Russian Academy
of Sciences, the North-Western State Medical University named after 1. Mechnikov
(Saint-Petersburg, Russia)

Victor V. Maleev — Dr. Sci. (Med.), prof,, Academician of the Russian Academy
of Science, professor, the Central Research Institute for Epidemiology (Moscow, Rusia)
Evgeny L. Nasonov — Dr. Sci. (Med.), Academician of the Russian Academy

of Sciences, the Institute of rheumatology of the Russian Academy of Medical Science
(Moscow, Russia)

Ekaterina A. Troshina — Dr. Sci. (Med.), prof,, member correspondent, Russian
Academy of Sciences, National medical Research Center of Endocrinology (Moscow,
Russia)

Alexander L. Khokhlov — Dr. Sci. (Med.), prof., Corresponding Member, Russian
Academy of Sciences, the Yaroslavl state medical university (Yaroslavl, Russia)
Evgeny V. Shliakhto — Dr. Sci. (Med.), prof.,, Academician of the Russian
Academy of Science, the Federal Almazov North-West Medical Research Centre
(Saint-Petersburg, Russia)

Scientific and practical journal
for health professionals

Apxusb
- BHYTpeHHeil -
MeIULMHEI

Included the List of the Russian
reviewed scientific magazines

in which the main scientific
results of theses on competition

of academic degrees THE RUSSIAN ARCHIVES

of the doctor and candidate OF INTERNAL MFDICINE

of science have to be published. www.medarhive.ru
JUNE 2026 (Ne 3(89))

FOUNDER AND PUBLISHER

«SYNAPSE» LLC

107076, Moscow, Korolenko str., 3A, of. 18B
info@medarhive.ru

CHIEF EXECUTIVE OFFICER
Olga A. Chernova
o_chernova@medarhive.ru

JOURNALEDITORIAL OFFICE
107076, Moscow, Korolenko str., 3A, of. 18B
Phone: +7(495)777-41-17

MEDICALEDITOR

Elena V. Efremova, Dr. Sci. (Med.), professor, Department of General Medicine
and Occupational Diseases, Medical Faculty, Institute of Medicine, Ecology
and Physical Education, Federal State Budgetary Educational Institution
«Ulyanovsk State University» (Ulyanovsk, Russia)

Andrey V. Kochetkov, Cand. Sci. (Med.), (Moscow, Russia)

SCIENTIFIC CONSULTANTS
Ilya G. Fedorov — Cand. Sci. (Med.), assistant professor,
the Pirogov Russian National Research Medical University (Moscow, Russia)

PAGE-PROOFS
Kotov Vitaly

ADVERTISING
reklama@medarhive.ru

Signed for printing on 15.05.2026
Circulation 3000 exemplars

It is registered by state committee of the Russian Federation on the press

The certificate on registration of mass media M Ne ®C77-45961,
26 July 2011

ISSN 2226-6704 (Print)
ISSN 2411-6564 (Online)

Printed «Onebook.ru»

«Sam Poligrafist»

Moscow, Volgograd Prospect, 42-5

www.onebook.ru

This work is licensed under a Creative Commons Attribution 4.0 License.

The journal is included in Russia Science Citation Index (RSCI)

Journal data are published on website of Russian General Scientific
Electronic Library www.elibrary.ru

Subscription index in the catalogue «Ural-Press Okrug» 87732

DOI: 10.20514/2226-6704-2026-3




Apxub BHyTpeHHei MepAnunHbl ® Ne 3 o 2026

COAEPXAHUE

OB30PHBIE CTATBU

O.B. Iasuesa, A.A. Iaspunos, A.A. Cynumosa, A.I. Akumosa,

H.A. Muxumiox, M.B. ITeicuna, A.A. 3awesos, A.B. Opuwerxo,

E.C. Koponesa, I.A. Komuccaposa, H.B. Kosanesckas, M.C. bengHun

VIMMyHHBIe ¥ MeTabONMMYecKyie MEXaHU3MbI Pa3BUTHUSA U COBPEMEHHBIE TIOJXOIbI

K TepaIly CepfieYHOl HelOCTATOYHOCTH Y MAUEHTOB € BUY-MHQPEKIIMEI ......ocvrvreecrereecrcrreeenenreeenennes 165

H.A. Cynonesa, [I.A. Ipososa, O.A. Kupuuenxo, A.B. benonacosa
Heunsasusnas Barycuas HeitpoctuMyssinust (HBHC): 0630p nccmegoBanmit
IPY TOIOBHOJ OO/, TUHHUTYCE, HAPYLUICHMAX CHA U TPEBOTE ....ucvuivueruneseiesrasiasessssssssssssssssesss s s sssssnnes 175

OPUTUHAABHBIE CTAThU

JL.A. Anucoxo, MI.A. Kapnos
Hapymenus cucreMsl reMocTasa Kak IpegukTop HebmaronpuaTHoro ucxoga COVID-19 ... 187

3.M. 2Kueyna, A.A. XKununa, H.B. Jlapesa

AKTVBHOCTD 3a00j1eBaHMA KaK (PaKTOP pUCKa ITOBBILIEHNS apTepIaIbHON XKeCTKOCTI

Y HALMEHTOB C AASBEHHDBIM KOJIUTOM ....ocuiuiuiiriiuesesisiisssesesesisssssssssessssssssssssesesesssssssassssessssssssssssssessssssssssssenens 193
X.X. . Myca, I'A. Cenusanos, E.A. Vipmode, B.A. Kokopun

ITpornoctudeckas Mopienb 12-MecA4HO 1eTaNbHOCTY Y TTAllYIEHTOB, BBINMMCAHHBIX
U3 CTAL[MOHAPA ITOCTIE IEPEHECEHHO TPOMOOIMOOTNNU JIETOUHOM APTEPHM «.eueveeereaerereeereesesrescseesenesennes 204

PA3BOP KAMHUYECKUX CAVIAEB

P®. Axmadynnuna, M.A. Kymnybaes

Cryyart MHTOKCUKALIMM TATUIMIEM ..cucvuvuiumeisisesssisesisssessssssessssssssssssssssssssssssesssssssssssssssssssasssssssssssssssssssssssssssssses 214

M.]JI. Aposoti, 3.A. Xauuposa, B.C. Illemenxosa, E.B. Pesnux
Overlap-cuHzipoM — pefikoe coueTaHye TPeX ay TOMMMYHHBIX ITATOMOTHI .....vvuvenrveniurianmsisnssssessnanes 221

A.A. Bedepnuxos, E.M. Mexcornos, M.A. Ilywnukosa,
M.M. Axynos, B.C. Hedsenvckas, B.A. banuna

Ot cunppoma Illerpena k CUCTeMHO CKIepOAEPMUN: K/IMHUYECKII C/Iy4dail MaHudpecTanmum
3a00/IeBaHISI C TSDKETION JIETOYHO APTEPUATBHON TUIEPTEHBIEN ..eoveverrenrerieneaseeseeenseesenscesessessensessensensenes 228

ERRATUM

K crarbe: Haoxna Canex ben Tnwup, Babuma Anunean Moxameo, Apegp Yexanv u 0p.

Yucrast aleHOKapILTHOMA C KUIIeYHOI Fu(depeHInpOBKOIl AnYKa KaK HepBoe IPOsIBIeHNe

TEPATOMBI ANYKA: KIMHIYECKNIT CITy4ail M 0630p IUTepaTyphl IO TAKTHUKE BeleHUsA. APXMBD

BHYTpeHHell MefuiHbL 2026; 16(2): 137-144. DOL: 10.20514/2226-6704-2026-16-2-137-144.

EDN: RXLWMO ...ttt ettt ettt 238

C 2021 TOAA CTATBM B JKYPHAA ITPUHUMAIOTCA
TOABKO YEPE3 PEAAKIIMMOHHVYIO ITAATDOPMY:

http://www.medarhive.ru/jour/about/submissions#onlineSubmissions

HOBBIE ITPABUAA TTYBAMKAILTMM ABTOPCKIMX MATEPHAAOB (c 01 mapra 2025 ropa):

http://www.medarhive.ru/jour/about/submissions#authorGuidelines

163



The Russian Archives of Internal Medicine ® Ne 3 e 2026

CONTENT

REVIEW ARTICLES

E.V. Gazieva, A.A. Gavrilov, A.A. Sulimova, A.G. Akimova,

D.A. Mikityuk, M.V. Pysina, A.A. Zashezov, A.V. Orischenko,

E.S. Koroleva, D.A. Komissarova, N.V. Kovalevskaya, M.S. Belyanin

Immune And Metabolic Mechanisms of Development and Modern Approaches

to The Treatment of Heart Failure in Patients with HIV INfection ..o 165

N.A. Suponeva, D.A. Grozova, O.A. Kirichenko, A.V. Belopasova
Noninvasive Vagus Nerve Stimulation (NVNS): A Review of Research on Headache,
Tinnitus, Sleep DiSOrders and ANKIELY .......cvuereureeereereueitiriieieireseeeeseseies st sesesessese s sese s sese s s sessesees 175

ORIGINAL ARTICLES

L.A. Anisko, I.A. Karpov
Disorders Of the Hemostatic System as A Predictor of Adverse Outcome In COVID-19 .........cccccecvuuuce. 187

Z.M. Zhigula, A.A. Zhilina, N.V. Lareva

Disease Activity as A Risk Factor for Increased Arterial Stiffness in Patients

With ULCErative COLILIS .....cuuivuiiiiciciiiciiciiiiecieici s s 193
H.K.D. Musa, G.A. Selivanov, E.A. Iftode, V.A. Kokorin

The Prognostic Model Of 12-Month Mortality in Patients Discharged from The Hospital
After Pulmonary EMDOLISIN ..ottt nse s see e naens 204

ANALYSIS OF CLINICAL CASES

R.E Akhmadullina, M.A. Kutlubaev
Case of thallium INTOXICATION ...ovviviieeieieecieeeeee ettt ettt ettt ettt st et sese s sae st ese e st e st esesessssensesensssensans 214

M.D. Iarovoi, E.A. Khachirova, V.S. Shemenkova, E.V. Reznik
Overlap-Syndrome — A Rare Combination of Three Autoimmune Pathologies ..........ccccccoeuruvinininnnnce 221

A.A. Vedernikov, E.M. Mezhonov, M.A. Pushnikova,
M.M. Akulov, V.S. Nedzelskaya, V.A. Balina

From Sjogrens’ Syndrome to Systemic Scleroderma: A Clinical Case of Disease Manifestation
with Severe Pulmonary Arterial HYPertension .........ciiiiciiceesssssesssssssssessssees 228

ERRATUM

To the article: Najla Saleh Ben Ghashir, Babitha Alingal Mohamed, Aref Chehal et al.

Pure Adenocarcinoma with Intestinal Differentiation of The Testis as The First Presentation

of a Testicular Teratoma: A Case Report with Literature Review of Management. The Russian

Archives of Internal Medicine. 2026; 16(2): 137-144. DOI: 10.20514/2226-6704-2026-16-2-137-144.

EDN: RXLWMO ...ttt sttt ettt sttt sttt b bbbttt ettt et b b bttt s b b ne ittt esene 238

SINCE 2021, ARTICLES IN THE JOURNAL HAVE BEEN ACCEPTED
ONLY THROUGH THE EDITORIAL PLATFORM:

http://www.medarhive.ru/jour/about/submissions#onlineSubmissions

NEW GUIDELINES OF PUBLICATION FOR AUTHORS OF ARTICLES (from March 01, 2025):

http://www.medarhive.ru/jour/about/submissions#authorGuidelines

164



Apxub BHyTpeHHei MepAnunHbl ® Ne 3 o 2026 OB3OPHBIE CTATbMU

(9 E E
1
DOL: 10.20514/2226-6704-2026-16-3-165-174 :
VIIK [616.98:578.828HIV]-06:616.12-008.64-085
EDN: AEVCHO E

3.B. lTasmeBa', A.A. laBpunos?, A.A. CynumosBa?®, A.l. AkumMoBa',
A.A. MukuTiok®*, M.B. MbicuHa®, A.A. 3awe3o08’, A.B. OpuwieHko®,
E.C. Koponesa’, [1.A. Komuccaposa?®, H.B. KoBaneBckasa®, M.C. bensHuH™

'— PoccuincKui yHUBepCUTET MeanLMHbI, MockBa, Poccus

Z2—epBbli1 MOCKOBCKMIA FOCYAapCTBEHHbIN MeANLMHCKUI YHUBepcuTeT UM. .M. CeyeHoBa, MockBa, Poccus

*— BalWKWUPCKNI rocyAapCTBEHHbIV MeAULIMHCKUIA yHUBepcuTeT, Yda, Poccus

4 — MMepMCKMI rocyapCTBEHHbIN MeANLMHCKUIA YHUBEPCUTET UM. akageMuKa E.A. BarHepa, MepMb, Poccus

> — POCCMICKNI HaLMOHabHbIN NCCNeA0BaTeIbCKUIA MeAULMHCKUIA yHuBepcuTeT uM. H.W. Muporosa, Mockea, Poccus
6 — Kyb6aHCcKuii rocyAapCTBeHHbIV MeAULMHCKUIA yHUuBepcuTeT, KpacHogap, Poccus

7— CaMapcKuii rocyAapCTBeHHbI MeAULMHCKUIA yHuBepcuTeT, Camapa, Poccus

8 — CapaTOBCKUIA FOCyAapCTBEHHbIV MeAULMHCKUIA yHuBepcuTeT uM. B.M. Pasymosckoro, CapaTtos, Poccus

®— POCTOBCKMI rocy,apCTBEHHbIN MeANLMHCKUI YHUBepcuTeT, PocToB-Ha-JoHy, Poccus

1°— HueropoACKuii rocyaapcTBeHHbI yHuBepcuteT uM. H.W. lobayesckoro, HuxHuin Hosropog, Poccus

MMMYHHBIE U METABOAMYECKUE MEXAHU3MBbI
PA3BUTHUSI U COBPEMEHHBIE ITOAXOADBI K TEPAIIUU
CEPAEYHOM HEAOCTATOYHOCTHU Y MTALUMEHTOB

C BUM-MHOEKUUEN

E.V. Gazieva', A.A. Gavrilov?, A.A. Sulimova3?, A.G. Akimova',
D.A. Mikityuk*, M.V. Pysina®, A.A. Zashezov', A.V. Orischenko®,
E.S. Koroleva’, D.A. Komissarova®, N.V. Kovalevskaya®, M.S. Belyanin'

'— Russian University of Medicine, Moscow, Russia

2— .M. Sechenov First Moscow State Medical University, Moscow, Russia

3— Bashkir State Medical University, Ufa, Russia

4—E.A. Wagner Perm State Medical University, Perm, Russia

5— N.I. Pirogov Russian National Research Medical University, Moscow, Russia

6 — Kuban State Medical University, Krasnodar, Russia

7— Samara State Medical University, Samara, Russia

8 —V.I. Razumovsky Saratov State Medical University, Saratov, Russia

®— Rostov State Medical University, Rostov-on-Don, Russia

%— N.I. Lobachevsky Nizhny Novgorod State University, Nizhny Novgorod, Russia

Immune And Metabolic Mechanisms of Development
and Modern Approaches to The Treatment of Heart
Failure in Patients with HIV Infection

Pesome

CepaeyHan HegocTaTtouHocTb (CH) oCcTaércs 04HOM U3 KNKOYEBbIX MPUYMH 3360/1€BaEMOCTU M CMEPTHOCTM Y nauueHTos ¢ BUY-undekumeit. 3a no-
cnepHve aecatuneTtvs ¢peHoTunel CH y gaHHOM NONyAALMM NpeTeprneny 3HaYnTe/IbHble M3MEHEHUA: eC/IM paHee JOMUHUPOBana cepAeyHasn Hejo-
CTaTOYHOCTb CO CHUKeHHOM dpakumelt Bbibpoca (CHH®B), To B HacToALee BpeMs BCE 60/1bLUYIO KAMHUYECKYIO 3HAYMMOCTb NPUOBpeTaeT cepaeyHas
HEeZ0CTaTOYHOCTb C COXpaH&HHOM dpaKumeit Boibpoca (CHc®B). MaToreHes 3TUX COCTOAHUI UMEET My/IbTUMAKTOPHBIV XapaKTep v onpesenseTcs
B3aMMO/eNCTBUEM BUPYC-aCCOLMMPOBAHHbBIX MEXaHW3MOB, XPOHUYECKOrO BOCMaNeHUs, AUCPEryaaLuum UMMYHHOW CUCTeMbl, KapanoMeTabonnye-
CKUX HapyLLEHUI U NOBOYHbIX 3PPEKTOB aHTUPeTpoBUpYCHOI Tepanuu (APT). [ CHHOB xapakTepHbl MPOLLECChI, CBA3aHHbIE C XPOHUYECKUM BOC-
naneHveM, aKTMBaLueil MOHOLMTOB U MaKpodaros, YCKOPeHHbIM pa3sBUTUEM aTepPOCK/Iepo3a, UlleMnyeckol 601e3Hn cepala U NaToNornyeckum
peMogenvpoBaHveM Muokapaa. CHc®B, HanpoTUB, accoLUMpyeTcs NpPenMyLLECTBEHHO C CUCTEMHBIMU METabo/IMYECKUMU HapYLUEHWUAMU — OXMU-
PEeHVEeM, UHCYIMHOPE3UCTEHTHOCTBIO, AUCIUMUAEMUEN, HapYLIEHMEM PeryALMmN KuLieyHoro 6apbepa v AUCYHKLMEN KUPOBOWM TKaHW, YTO BeAET
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K popMmpoBaHuio GeHoTuNa KapanoMeTabonnyeckoit CH. Ocobyto posib B 3TUX NpoLieccax UrpatT MeTabonnyeckoe BocnaneHue n cneyuduyeckoe
Bo3jeiictene APT (MHIMGUTOPOB MHTErpashl, HYKAO3UAHBIX U HEHYKNEO3UAHBIX MHTMEUTOPOB 06paTHOW TPaHCKpUNLMK). [TOHUMaHMe UMMYHHbIX
1 MeTabonmyeckmnx MexaHmsmoB BIY-accoyumposarHoli CH oTKpbiBaeT nepcrekTuBbl A1A Pa3paboTKM HOBbIX TepaneBTUHECKUX MOAXO/0B, BK/O-
YaKLLMX UMMYHOMOAYIALMIO, KOPPEKLMIO METabo/IMYeCKUX HapYLLUEHWIA, UCMOb30BaHWe CTaTUHOB, MHIMbuTopos SGLT2 u aronnctos GLP-1. lans-
Hellllne UCCae,0BaHNA, HanpaB/IeHHble Ha CTPAaTUGMKALMIO NALMEHTOB U OLLeHKY K/IMHUYECKUX UCXO/0B, MMEIOT pellatoliiee 3HaueHne 418 onNTUMM-
3aUumM BeleHNA JaHHOW C/I0XKHOW KaTeropum 60/1bHbIX.

KnroyeBbie cn10Ba: cepdeqHas HedocmamouHocms; BUY-uHgexyus; cepdeyHas HedoCmamo4yHOCMb CO CHUXeHHOU gpakyuel Bbi6poca; cepdey-
Has HedoCcmamo4YHoCMb C coxpaHéHHol ppakyueli BbI6poca; UMMYHHOe BOCNaseHue; Memaboau4ecKue HapyweHus; aHmupempoBuUpycHas mepanus
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Abstract

Heart failure (HF) remains one of the leading causes of morbidity and mortality among patients with HIV infection. Over the past decades, the
phenotypes of HF in this population have shifted substantially: while heart failure with reduced ejection fraction (HFrEF) was historically predominant,
heart failure with preserved ejection fraction (HFpEF) has emerged as an increasingly important clinical manifestation. The pathogenesis of these
conditions is multifactorial, driven by virus-related mechanisms, chronic inflammation, immune dysregulation, cardiometabolic disturbances, and
adverse effects of antiretroviral therapy (ART). HFrEF in HIV-infected individuals is primarily associated with chronic inflammation, monocyte—
macrophage activation, accelerated atherosclerosis, ischemic heart disease, and pathological myocardial remodeling. By contrast, HFpEF is linked to
systemic metabolic abnormalities such as obesity, insulin resistance, dyslipidemia, gut barrier dysfunction, and adipose tissue dysregulation, ultimately
leading to the cardiometabolic HF phenotype. A central role in this process is played by metabolic inflammation and the impact of ART (including
integrase inhibitors, nucleoside and non-nucleoside reverse transcriptase inhibitors). Understanding the immune and metabolic mechanisms of HIV-
associated HF opens new opportunities for therapeutic development. Promising approaches include immunomodulation, metabolic correction, and
the use of statins, SGLT2 inhibitors, and GLP-1 receptor agonists. Future studies focusing on patient stratification and clinical outcomes are essential
for optimizing the management of this complex patient group.

Key words: heart failure, HIV infection, heart failure with reduced ejection fraction, heart failure with preserved ejection fraction, immune inflammation,
metabolic disorders, antiretroviral therapy
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Introduction associated with complications of acquired immunodefi-

Heart failure (HF) has been regarded for several
decades as one of the most unfavourable clinical out-
comes in patients living with HIV infection; however, its
characteristics have changed substantially over the past
forty years [1]. Before the advent of antiretroviral therapy
(ART), HF in HIV-infected patients was predominantly

ciency syndrome (AIDS), including severe uncontrolled
viremia, opportunistic infections, and the related dilated
cardiomyopathies [2].

With the introduction and widespread use of ART,
the life expectancy of patients with HIV has increased
significantly, leading to a shift in the pattern of morbidity,
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with cardiovascular diseases emerging as a major con-
cern in this population [3, 4]. Despite the overall prog-
ress in reducing mortality achieved through ART, HIV-
positive patients continue to have a significantly higher
risk of developing HF compared with the general popu-
lation [5, 6].

It should be emphasised that, in contemporary clini-
cal practice, HF and associated cardiovascular diseases
in patients with HIV are only partially explained by tra-
ditional risk factors observed in the general population.
Mechanisms specific to chronic HIV infection continue
to play a substantial role, including persistent systemic
inflammation, immune dysregulation, and the con-
sequences of prolonged viral persistence, all of which
contribute to both the development and progression
of HF [7].

The clinical spectrum of HF in this patient popula-
tion is heterogeneous and is determined by the interplay
of multiple etiological factors. The most widely used
approach to classifying HF remains stratification accord-
ing to left ventricular ejection fraction (LVEF). This
classification distinguishes heart failure with reduced
ejection fraction (HFrEF), which is predominantly asso-
ciated with systolic dysfunction, from heart failure with
preserved ejection fraction (HFpEF), which is charac-
terised by diastolic dysfunction and a high prevalence of
systemic comorbid conditions in the absence of a marked
reduction in LVEF [8].

Importantly, therapeutic strategies for HFrEF and
HFpEF differ and require the implementation of distinct
management algorithms [8]. In recent years, there has
been growing recognition that these phenotypes repre-
sent heterogeneous clinical pathophysiological subpopu-
lations characterised by unique mechanisms underlying
disease development and progression. This has opened
new avenues for the development of individualised ther-
apeutic approaches.

People living with HIV exhibit an increased risk of
both HF overall and the development of the HF phe-
notype with HFpEF. In this context, understanding the
precise pathophysiological mechanisms underlying the
various forms of HF in this population is of fundamen-
tal importance for optimising therapeutic strategies and
selecting individualised approaches [9-11]. This review
examines the key mechanisms through which HIV infec-
tion may exert both direct and indirect effects on the
development of different HF subtypes and clinical mani-
festations, including HFrEF and HFpEE.

The purpose of this review is to systematise and crit-
ically analyse the present knowledge of the immune and
metabolic mechanisms of heart failure in patients with
HIV infection; and to evaluate the impact of antiretrovi-
ral therapy and the possibility of using novel therapeutic
strategies to correct these conditions.

Methods of study search

A literature search was conducted in PubMed/MED-
LINE, Scopus, Web of Science and eLibrary for the
period from January 2000 to March 2024. The follow-
ing keywords and keyword combinations were used for
the search: “HIV infection”, “heart failure”, “HFrEF’,
“HFpEF”, “immune mechanisms”, “immune dysregula-
tion”, “metabolic disorders”, “metabolic inflammation’,
“antiretroviral therapy”. At the first stage, all publications
containing the specified keywords in the title or abstract
were considered. At the second stage, sources were fil-
tered by publication type; the analysis included original
studies, systematic reviews, meta-analyses, clinical prac-
tice guidelines, and expert statements issued by relevant
professional associations. At the third stage, articles
without full-text access, duplicate publications, and stud-
ies in which heart failure in HIV-infected individuals
was addressed only indirectly were excluded. The final
set of publications was established following an indepen-
dent assessment of relevance by two authors. As a result
of the selection process, 67 publications that most com-
prehensively reflect the current state of knowledge on the
subject were included in this review.

Epidemiology of HIV
and heart failure

Over the past decades, a substantial body of evidence
has accumulated demonstrating an increased incidence
and prevalence of HF among people living with HIV
infection compared with the general population [9]. The
risk of HF in HIV-infected patients is 1.5-2 times higher
than in non-infected population [12]. A large cohort
study of veteran ageing, which included the US national
data for 2003-2016, demonstrated that in HIV patients
the risk of HF was significantly higher than in individu-
als living without HIV (RR 1,6), despite regular ART [9].

Similar results were reported in a national study
based on the Taiwanese databases, where it was demon-
strated that ART reduces the risk of HF; however, even
in patients undergoing treatment, the probability of HF
remains 1.5 times higher than in non-HIV patients [10].
In a single-centre study conducted within an urban
healthcare system between 2000 and 2016, the risk of HF
among people living with HIV and pulmonary hyper-
tension was found to be more than twice as high as that
among patients without HIV infection [6].

It is important to emphasise that many early studies
demonstrating an increased risk of HF among people
living with HIV included cohorts in which access to ART
was limited. Nevertheless, even in contemporary studies
focusing exclusively on patients receiving ART, the preva-
lence of HF remains high. For example, one recent multi-
centre study reported a prevalence of HFrEF of 2.4 % [13].
Furthermore, individuals with HIV continue to have an
intrinsically elevated risk of developing HF compared not
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only with the general population but also with patients
affected by other chronic inflammatory diseases [14].
Recent observations demonstrate that the HFpEF
phenotype prevails in the structure of HF in HIV-pos-
itive patients. For instance, HEART with HIV study
showed that in individuals living with HIV, the risk of
both HFrEF and HFpEEF is higher than in people without
HIV, and the relative risk of HFpEF turns out to be more
pronounced [5]. Imaging studies have shown that the
prevalence of diastolic dysfunction among middle-aged
patients may range from 22 % to 37 % [11, 13, 17-19].
Data from a meta-analysis of 54 studies encompassing
North America, Europe, Africa, and Asia further under-
score the global nature of this problem: the prevalence of
left ventricular systolic dysfunction was 12.3 %, whereas
the prevalence of diastolic dysfunction reached 29.3 %
[11]. Although the exact relationship between subclini-
cal abnormalities and the development of clinically overt
HF remains incompletely understood, the observed dif-
ferences in the prevalence of diastolic and systolic dys-
function suggest a potential shift in the disease spectrum
toward a higher prevalence of HFpEF among HIV-
infected patients [15, 16]. This emphasises the need in
further prospective studies in order to clarify pathoge-
netic mechanisms and predict long-term outcomes.
Clinical presentation of heart failure in patients living
with HIV infection depends to a greater extent on the
stage of the infectious process. During the acute phase of
HIV infection, cases of heart failure are observed predom-
inantly in the setting of myocarditis and transient myo-
cardial dysfunction associated with high viral load and
marked immune activation. During the chronic (latent)
stage, persistent systemic inflammation, immune dysreg-
ulation, and metabolic disturbances become the predom-
inant factors, creating the conditions for the development
of heart failure with preserved ejection fraction. In con-
trast, during disease progression and the development of
AIDS, severe forms of heart failure with reduced ejection
fraction are more commonly encountered, resulting from
direct cardiomyocyte injury, opportunistic infections,
and dilated cardiomyopathy. Thus, the clinical course of
HF in HIV infection reflects both the stage of the infec-
tious process and the interplay among virus-related,
immune-mediated, and metabolic mechanisms.

Heart failure with reduced

ejection fraction in HIV:

phenotypes and pathogenetic

mechanisms

Traditionally, heart failure with reduced ejection
fraction in HIV-infected population is associated with
cardiomyocyte death, structural remodelling, and for-
mation of fibrosis resulting in reduced systolic func-
tion of the left ventricle [20]. During the early years of
the HIV/AIDS epidemic, HF frequently developed as

a consequence of direct myocardial injury, including
infection of cardiomyocytes and immune cells by the
virus, the toxic effects of HIV proteins, and opportunis-
tic infections, all of which contributed to the develop-
ment of dilated cardiomyopathy [21]. Although such an
etiology has become less common in the era of highly
effective ART, it remains relevant among populations
with limited access to treatment [11].

Modern mechanisms of CFrEF

At present, chronic inflammation and immune dys-
regulation, which persist even in the setting of success-
ful ART, play a central role [22]. In most patients, resid-
ual viremia persists, promoting sustained activation of
innate immune cells, particularly monocytes and mac-
rophages [23]. Specifically, the proportion of non-clas-
sical proinflammatory monocytes (CD16+) in individu-
als with HIV may account for up to 40 % of circulating
mononuclear cells, compared with 5-10 % in HIV-nega-
tive individuals [24]. These cells produce cytokines and
chemokines that maintain a chronic inflammatory state
within the myocardium [25].

Dysregulated monocyte-macrophage activation con-
tributes to the accelerated development of atherosclero-
sis, coronary artery disease, and myocardial infarction
in patients with HIV infection. These effects are medi-
ated through enhanced production of reactive oxygen
species, increased expression of adhesion molecules
and chemokines, foam cell formation, and accelerated
progression of atherosclerotic plaques [26]. Subsequent
myocardial infarctions, accompanied by replacement of
damaged myocardium with scar tissue, lead to ischemic
cardiomyopathy and HFrEF [27, 28].

Role of epidemiological factors

In addition to biological mechanisms, social and
behavioural factors have substantial significance. Smok-
ing is substantially more prevalent among patients with
HIV infection than in the general population [29],
thereby contributing to the development of atherosclero-
sis and HFrEE Similarly, the higher prevalence of meth-
amphetamine use among people living with HIV [30]
has been associated with an increased risk of toxic car-
diomyopathies and HFrEF [31]. Although the available
data regarding this association are inconsistent, further
studies are needed to clarify its role in the spectrum of
HF among patients with HIV [32].

Cardiac fibrosis and chronic inflammation

Profibrotic effect of chronic inflammation is of par-
ticular significance. HIV-infected monocytes and mac-
rophages produce excessive IL-1p, which activate inflam-
masome NLRP3 and resident immunocytes in the heart,
causing enhanced myocyte apoptosis, collagen synthesis,
and scarring [33,34]. In addition, HIV proteins activate
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TLR-receptors, thereby amplifying inflammatory sig-
nalling cascades [35]. Dysfunction of regulatory T cells
promotes the overproduction of transforming growth
factor-f1 (TGF-B1) and the activation of myofibro-
blasts [36].

Impaired intestinal barrier

as a factor of HFrEF

Acute HIV-infection is associated with destruction
of CD4+ T cells in the intestine and epithelial integrity
damage, resulting in translocated microbial products and
activation of TLR/NLRP3-inflammasome [37]. In addi-
tion, HIV-infected individuals exhibit enhanced produc-
tion of intestinal metabolites, including trimethylamine
N-oxide (TMAQ), which is associated with development
of cardiac fibrosis [38]. These alterations persist even
with successful ART, thereby maintaining a sustained
risk of HFrEF progression [39].

Thus, HFrEF in people living with HIV results from
a combination of conventional factors, such as coronary
artery disease and toxic insults, and mechanisms unique
to this population, including chronic inflammation,
profibrotic signalling pathways, and disruption of the
intestinal barrier. Even in the era of highly effective ART,
these processes continue to drive myocardial remodel-
ling and the progression of heart failure.

Therapeutic approaches to heart

failure with reduced ejection

fraction in HIV-infected patients

Core principles

Regardless of HIV status, the cornerstone of treat-
ment for HFrEF remains guideline-directed medical
therapy, including B-blockers, inhibitors of the renin-
angiotensin-aldosterone  system, mineralocorticoid
receptor antagonists, and SGLT2 inhibitors; treatment
selection and dose titration are performed according
to the general management algorithms for HFrEF [8].
Against this background, additional strategies (primarily
anti-inflammatory and immunomodulatory approaches)
are being explored in HIV-infected individuals as poten-
tial adjunctive therapies for patients with a persistent
inflammatory phenotype of myocardial remodelling.

IL-1f3 inhibition

In pilot studies involving HIV-infected individu-
als, canakinumab, a monoclonal antibody targeting
IL-1f, has been shown to reduce systemic inflammation
and signs of atherosclerotic disease, making the IL-1pB-
inflammasome axis an attractive therapeutic target in
the subgroup of patients with residual inflammatory
activity despite virologic suppression [40]. However, evi-
dence regarding their impact on major cardiovascular
outcomes in HIV-infected patients with HFrEF remains
insufficient.

IL-6 blockage and inflammasome targeting

Approaches aimed at suppressing the cytokine cas-
cade are currently being investigated, including the
use of tocilizumab, an IL-6 receptor inhibitor, as well
as direct targeting of the NLRP3 inflammasome with
experimental antagonists of its subunits [40]. These
strategies are pathophysiologically justified, given the
role of IL-6-mediated myeloid cell activation and the
central involvement of NLRP3 in fibrogenesis. However,
they require rigorous evaluation of their safety profile in
patients with HIV infection, particularly with regard to
the risk of opportunistic infections and potential drug
interactions with ART.

TLR signalling modulation

In order to inhibit the innate immune activation,
the use of 4-aminoquinoline (hydroxychloroquine) for
regulation of TLR-mediated signalling has been studied
[41]. Correct positioning of such devices is possible only
within the scope of clinical studies among thoroughly
selected patients having the signs of the inflammatory
phenotype of remodelling.

Intestinal barrier and microbiota

Given the contribution of HIV-associated intesti-
nal barrier dysfunction to the maintenance of systemic
inflammation and profibrotic signalling pathways,
including TLR- and NLRP3-mediated activation, inter-
ventions aimed at restoring enterocyte integrity and the
composition of the gut microbiota are currently being
investigated. These include probiotics and faecal micro-
biota transplantation (FMT) [41, 42]. Although the
pathogenetic rationale for these approaches is compel-
ling, randomised trials with clinically relevant endpoints
in patients with HFrEF are still required.

Clinical significance

and patient selection criteria

At the present stage, immunomodulatory therapy in
HIV-infected patients with HFrEF should be regarded
solely as an adjunct to guideline-directed medical ther-
apy and optimised ART, and should be implemented
exclusively within the framework of clinical protocols.
Such approaches should incorporate targeted stratifi-
cation based on biomarkers of residual inflammation
(e.g., high-sensitivity C-reactive protein, IL-6, sCD14,
and sCD163), evidence of myocardial fibrosis (as
assessed by cardiac MRI with T1/ECV mapping), and the
presence of stable virologic suppression. Key endpoints
should include reverse left ventricular remodelling, heart
failure-related hospitalisations, and composite major
adverse cardiovascular events (MACESs). Careful assess-
ment of safety and potential interactions with ART is
mandatory, particularly with respect to CYP-mediated
mechanisms and effects involving P-gp substrates.
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Limitations and safety

The majority of the above-mentioned approaches
(IL-1pB/IL-6 inhibitors, anti-NLRP3, FMT) does not have
a confirmed advantage in clinical outcomes in HIV-
infected patients with HFrEF and has not been included
in the standards of care. Risks of immune suppression,
latent infection reactivation and the impact on the vac-
cine-mediated response require thorough evaluation
within the scope of clinical trials [40-42].

Heart failure with preserved
ejection fraction
in HIV-infected individuals

Whereas HFrEF was the predominant HF phenotype
during the early years of the HIV epidemic, contemporary
trends indicate an increasing prevalence of HFpEF [8].
In contrast to HFrEF, which is characterised by cardio-
myocyte loss and replacement fibrosis, HFpEF is driven
predominantly by systemic comorbidities and cardio-
myocyte dysfunction in the absence of substantial cyto-
Iytic cell death [15, 43]. Traditionally, HFpEF has been
regarded as a consequence of hypertensive heart disease,
occurring mainly in elderly patients in whom increased
myocardial stiffness limits diastolic relaxation [44].

In HIV-infected individuals, chronic activation of
innate immune cells (monocytes and macrophages) is
associated with systemic inflammation, stiff aorta and
increased vascular rigidity, which is pathophysiologically
similar to the mechanisms of hypertensive disease [45].
The mechanisms of pathological fibrosis formation, which
were previously discussed for HFrEE, can manifest as the
HFpEF phenotype even before systolic dysfunction devel-
ops [46]. Numerous studies in patients with HIV have
demonstrated increased activity of the monocyte-macro-
phage compartment, including peripheral monocytosis
and enhanced production of chemokines and cytokines
involved in chemotaxis and the maintenance of chronic
inflammation [47]. Taken together, these factors create a
milieu that predisposes HIV-infected individuals to an
increased susceptibility to the development of HFpEF.

Cardiometabolic dysfunction

and metabolic inflammation

Although arterial hypertension remains one of the
most important risk factors of HFpEF, the data for the
last 15 years demonstrate that cardiometabolic dysfunc-
tion plays an equally important role [48]. Obesity and
metabolic syndrome are associated with increased secre-
tion of inflammatory cytokines, including IL-6, which
promotes the so-called metabolic inflammation. This
process both initiates and worsens HFpEF [49].

Experimental models have demonstrated that sys-
temic inflammation induces tissue hypoxia, which meta-
bolically reprograms both innate and adaptive immune
cells, shifting their energy metabolism from mitochon-

drial respiration to anaerobic glycolysis [50]. This state
of energetic stress disrupts the transcription of regula-
tory genes, promotes dysfunction of resident myocardial
immune cells, diminishes their cardioprotective capacity,
and impairs the processes responsible for the resolution
of inflammation [51]. As a consequence, chronic dia-
stolic dysfunction develops in the absence of overt car-
diomyocyte death [52]. With the increasing prevalence
of obesity, this cardiometabolic phenotype of HFpEF
is becoming increasingly important, including among
younger patients [43].

The role of retroviral therapy

A significant risk factor of metabolic disorders in
HIV patients is the side effects of ART. Early regimens
that included protease inhibitors were associated with
pronounced disturbances in lipid metabolism, lipo-
dystrophy, and obesity [53]. Although these agents
have largely been replaced, even contemporary ART
regimens, including integrase strand transfer inhibi-
tors (INSTTIs), nucleoside reverse transcriptase inhibi-
tors (NRTIs), and non-nucleoside reverse transcriptase
inhibitors (NNRTTIs), have been associated with weight
gain and alterations in body fat distribution [54, 55].

Recent pre-clinical studies demonstrated that the
widely used first-line agents, such as Dolutegravir and
Bictegravir, stimulate adipogenesis, adipocyte hypertro-
phy and facilitate obesity [56]. Moreover, INSTIs may
disrupt the physiological processes of adipose tissue accu-
mulation, thereby inducing adipocyte hypoxia, oxidative
stress, and insulin resistance [57]. Thus, despite the unde-
niable benefits of ART in reducing mortality, its metabolic
adverse effects contribute additionally to the increasing
prevalence of HFpEF among patients living with HIV.

Dysreqgulation of intestinal barrier

and adipose tissue

An important component of pathogenesis is dis-
rupted intestinal barrier in HIV infection. Loss of
enterocyte layer integrity and the translocation of lipo-
polysaccharides into the bloodstream lead to activation
of inflammatory cascades, reduced efficiency of reverse
cholesterol transport, and impaired HDLP function [58].
These processes exacerbate dyslipidemia and metabolic
stress, thereby increasing the risk of atherosclerosis and
metabolic inflammation.

In addition, some HIV-associated proteins have been
shown to inhibit preadipocyte differentiation even in the
presence of low-level viremia. This results in adipocyte
hypertrophy, hyperglycemia, and organ steatosis, even
in individuals with a normal body mass index [59]. HIV
infection is also associated with impaired function of
dicer-RNAse and white fat dysfunction [60]. In the adi-
pose tissue of HIV-infected individuals, increased infiltra-
tion by CD8+ T cells has been observed even in those with
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a normal BMI, resembling the pattern seen in obese indi-
viduals without HIV infection [59, 61]. Such infiltration
amplifies adipocyte inflammation and promotes the devel-
opment of insulin resistance and metabolic syndrome.

HFpEF in HIV-infected individuals represents a
multifactorial phenotype driven by the interplay among
chronic inflammation, metabolic disturbances, adverse
effects of ART, and dysfunction of the intestinal barrier
and adipose tissue. These processes confer an increased
predisposition to the cardiometabolic form of HE, even
in patients without traditional risk factors such as obe-
sity and hypertension. Consequently, HFpEF is emerging
as the predominant clinical phenotype of heart failure in
the population of patients living with HIV infection.

Therapeutic approaches to heart
failure with preserved ejection
fraction in HIV-infected patients

Given the increasing prevalence of cardiometabolic
heart failure in both the general population and among
people living with HIV, as well as the particular suscep-
tibility of this patient group to cardiometabolic distur-
bances, optimisation of therapeutic strategies aimed at
reducing metabolic inflammation has become of para-
mount importance. These strategies encompass both
non-pharmacological approaches, such as lifestyle modi-
fication, and pharmacological interventions.

Statins and dyslipidemia

One of the most extensively studied strategies is the
use of statins for the management of dyslipidemia. Their
efficacy in lowering cholesterol levels and preventing car-
diovascular complications has long been established in the
general population. The latest European guidelines on the
management of dyslipidemias recommend statin therapy
for individuals aged 40 years and older living with HIV
for primary prevention, regardless of estimated cardio-
vascular risk or LDLP levels, in order to reduce the risk
of cardiovascular events; the choice of statin should be
guided by the potential for drug-drug interactions [62].
Available evidence indicates that statins also possess sub-
stantial preventive potential with respect to cardiovascular
events in people living with HIV [41, 43, 63]. Of particular
importance are the findings of the large REPRIEVE trial,
in which pitavastatin significantly reduced the 5-year risk
of major adverse cardiovascular events in patients with
HIV infection, underscoring the role of this strategy in the
prevention of cardiometabolic heart failure [64].

SGLT?2 inhibitors

Beyond lipid-lowering therapy, there is growing
interest in conventional heart failure treatments that
exert anti-inflammatory and metabolically modulating
effects. In the EMPEROR-Preserved trial, treatment with
empagliflozin was associated with a reduction in heart

failure-related hospitalisations among patients with
HFpEE Additional biomarker analyses suggest that the
cardioprotective effects of this SGLT2 inhibitor may be
mediated, at least in part, by improvements in mitochon-
drial function and reductions in oxidative stress [65, 66].

GLP-1 receptor agonists

Another promising strategy is the use of GLP-1 recep-
tor agonists. In the STEP-HFpEF trial, treatment with
semaglutide in patients with obesity resulted in sig-
nificant improvements in HF symptoms and functional
status, as well as a 43.5 % reduction in C-reactive protein
levels [67]. Moreover, data from a phase IIb clinical trial
involving HIV-infected individuals receiving ART dem-
onstrated that semaglutide promotes weight loss, reduces
waist circumference, and improves markers of metabolic
dysfunction-associated liver disease associated with an
inflammatory phenotype [68].

The role of metabolic inflammation

as a therapeutic target

Taken together, these findings suggest that metabolic
inflammation may represent a viable therapeutic target
in cardiometabolic HFpEF among patients living with
HIV infection. However, further studies are needed to
determine the optimal combinations of anti-inflamma-
tory and metabolic therapies and to assess the extent
to which modulation of metabolic inflammation can
improve long-term outcomes in HFpEE

Conclusion

The evidence discussed above highlights the numer-
ous and diverse mechanisms through which HIV infection
contributes to the development of both HFrEF and HFpEE
Regardless of the clinical phenotype, whether character-
ised by enhanced myocardial fibrosis, increased suscepti-
bility to atherosclerotic disease, disruption of myocardial
immune cell organisation, or alterations in cardiomyocyte
metabolism, the central pathophysiological theme remains
dysregulation of the innate and adaptive immune systems,
resulting in chronic pathological inflammation.

In recent years, the concept of metabolic inflamma-
tion as a driving force underlying the cardiometabolic
phenotype of HF has attracted particular interest. This
concept opens new therapeutic opportunities, including
strategies aimed at immunomodulation and the correc-
tion of metabolic disturbances.

Given that the prevalence of cardiometabolic HF is
increasing both in the general population and among
people living with HIV, future research should focus on
elucidating the interplay among immune dysregulation,
chronic inflammation, and altered metabolism. A deeper
understanding of these interactions is crucial for the
development of targeted therapeutic strategies capable of
improving outcomes in patients with HIV infection.
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Pestome

HeunHBasueHas BarycHas HelipocTumynaums (HBHC) — nepcrneKTMBHBIA METOZA /IeYeHWs, KOTOPbIN M3Y4YaeTCs U NOKa3biBaeT MO/IOKUTE/bHbIE pe-
3y/bTaThbl NpU 60/1bLIOM CriekTpe 3a6oneBaHuin. CTUMYAALMUA OCYLLECTBAAETCA Yepe3 NMOBEpPXHOCTHbIE 3/1EKTPOAbI B NMPOEKLMU LENHOM YacTv uam
YIWHOW (aypuKynspHOI) BeTBU Bayxaatowero Hepea. Bospacratowumin uHtepec kK HBHC 06ycnoBneH NpocToToM, JOCTYMHOCTbIO, 6€30MacHOCTbIO
1 XOpOLLEeli NePEHOCUMOCTbIO, OHAKO /0 HAaCTOSALLEr0 BPEMEHM B POCCUM AaHHbI METOA He HalLen WPOKOro npuMeHeHus. B gaHHOM o630pe npeg-
CTaB/IeHbl OCHOBHbIE MapaMeTpbl, UCMO/b3yeMble ANA CTUMY/ALMK aYPUKYNAPHON BETBU 1 LWEHHOMN YacTN 61yXKAAIOLWEr0 HEPBA, @ TAKKE pe3y/ibTaTbl
KNMHUYECKNX UCCAeA0BaHWUIA MO UCMO/Ib30BaHUO HBHC npu ronoBHow 6041, TMHHUTYCE, HapyLIeHNUsAX CHa K Tpeore. O6CyXAeHbl peKoMeHAaLum
FDA no npuvMeHeHUto CTUMY/IATOPA LWEHHOro oTAena 61yXAatoLwero Hepea Npu rosIoBHoO 6011, a TakXKe BOMPOCk!, HEO6XOAMMbIE A5 MOBbILLEHWA
YPOBHSA foKa3aTesibHoM 6a3bl HBHC npu pasanuHbix Ho300rusx. O603HayYeHa BOCTpe6oBaHHOCTb U NMEPCNeKTUBHOCTb pa3paboTKu OTeYeCTBEHHOro
YCTPOWCTBA AN1A CTUMYAALMMU NeprdepryecKoil BETBI Baryca, C Lie/blo 60/1ee LWMPOKOro BHeAPEHWA METOAMKM B MPAKTUKY U HAKOM/IEHWA OMbITa ero
aMby1aTOPHOro NpUMeHeHUs.

KnroueBble cnoBa: HeunsasusHas cmumynayus 61yxdarouse20 Hepsa, Ba2yc, 20/108Has 60/1b, MupeHb, MUHHUMYC, 6eCCOHHUUa
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Abstract

Non-invasive vagus nerve stimulation (nVNS) is a promising treatment showing positive results for a wide range of diseases and is currently under
active investigation. Surface electrodes are used to stimulate the cervical or auricular branch of the vagus nerve. The growing interest in nVNS is
driven by its simplicity, accessibility, safety, and good tolerability. However, to date, this method has not been widely adopted in Russia. This review
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covers the main stimulation parameters for auricular and cervical vagus nerve targets and the clinical evidence supporting nVNS use in managing
headache, tinnitus, sleep disorders, and anxiety. We discuss FDA guidance on cervical VNS for headache and the research gaps that need to be filled
to advance the evidence for nVNS in various conditions. We emphasize the necessity and prospects for a domestic (Russian) peripheral vagus nerve

stimulation device, which would promote wider clinical integration and data collection on outpatient use.

Key words: noninvasive vagus nerve stimulation, vagus, headache, migraine, tinnitus, insomnia
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Introduction

Over the past several decades, neuromodulation
techniques have been increasingly employed in the
treatment of neurological disorders. One such approach
is invasive vagus nerve stimulation (VNS), which has
been approved by the U.S. Food and Drug Administra-
tion (FDA) for the treatment of epilepsy and depres-
sion in patients older than 12 years of age [1]. Despite
being considered minimally invasive, the procedure is
associated with a risk of implantation-related complica-
tions, including bradyarrhythmias, peritracheal hema-
toma due to the close anatomical relationship between
the vagus nerve and the carotid artery, and respiratory
complications such as vocal cord dysfunction and dys-
pnoea [2]. Rare cases of late-onset bradyarrhythmias and
severe asystole have also been reported in patients with
implanted devices [3]. These concerns continue to limit
the widespread adoption and broader implementation of
invasive vagus nerve stimulation.

A promising alternative that avoids the limitations
associated with invasive stimulation is non-invasive
vagus nerve stimulation (nVNS). In nVNS, stimulation is
delivered through surface electrodes placed over the cer-
vical portion of the vagus nerve or the auricular branch
of the vagus nerve [2, 4]. The neurophysiological mecha-
nisms underlying this technique have been extensively
investigated at the preclinical level. Briefly, vagus nerve
stimulation transmits afferent signals to the nucleus trac-
tus solitarius, which in turn activates the locus coeruleus
and promotes the release of norepinephrine. Increased
norepinephrine levels subsequently stimulate the dorsal
raphe nucleus, leading to enhanced serotonin release, a
process associated with increased synaptic plasticity and

neurogenesis. In addition, vagus nerve stimulation acti-
vates the basal nucleus, thereby modulating the choliner-
gic system, which plays a crucial role in neuroplasticity,
including through mechanisms of long-term potentia-
tion [5].

The therapeutic potential of nVNS extends beyond
the treatment of depression and epilepsy. This approach
is currently being investigated in a wide range of neu-
rological disorders, including headache, tinnitus, insom-
nia, pain syndromes, restless legs syndrome, Parkinson’s
disease, and others [4, 5]. Adverse effects associated with
nVNS are generally mild and include skin irritation at
the stimulation site; less commonly, patients report
headache, dizziness, nausea, nasopharyngitis, and other
symptoms [6]. To date, non-invasive vagus nerve stimu-
lation has not been widely adopted in Russia.

The aim of this review is to summarise and systema-
tise the available evidence regarding the use of nVNS in
the treatment of headaches, tinnitus, sleep disturbances,
and anxiety.

A literature search was conducted using the PubMed
(including MEDLINE) and Web of Science databases, as
well as the Russian scientific electronic libraries Cyber-
Leninka and eLibrary.Ru. The following keywords were
used: “non-invasive vagus nerve stimulation”, “vagus,
“headache’”, “migraine”, “tinnitus”, and “insomnia’”.

Use of nVNS in headache,
tinnitus, sleep disturbances,
and anxiety

A brief overview of studies investigating the efficacy
of nVNS is presented in Table 1.
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Table 1. Brief description of studies of the effectiveness of nVNS in headache, tinnitus, sleep disorders and anxiety

Author,
year, refer-

Nosology (num-

Stimulation

Stimulation pa-
rameters:

1. pulse width

Treatment regimen

Result

ber of patients) | site (side)
ence 2. intensity
3. frequency
P.J. Goadsby episodic neck 1.NS - 2x90s doses (15 min 2 hours after onset of headache:
etal, 2014 migraine (R) 2.NS apart) after the onset of  _ (it moderate and severe attack — no pain in
(8] (30) 3. NS the headache 219% (first attack)/22 % (all attacks)
- follow-up period — — with mild attack — 63 % pain free (first at-
6 weeks tack)/38 % pain free (all attacks)
P. Barbanti chronic neck 1.NS - 2x120s doses (3 min 48 patients:
etal, 2015 migraine (R) 2.NS apart) within 20 min — after 1 hour: > 50 % reduction in VAS in 56,3 %
(] (50) 3.NS of the onset of mild or of patients, VAS = 0 in 35,4 % of patients
' moderate headache o )
— after 2 hours: = 50 % reduction in VAS in 64,6 %
- follow-up period — of patients, VAS = 0 in 39,6 % of patients
2 weeks
131 migraine attacks:
— after 1 hour: = 50 % reduction in VAS in 38,2 %
of attacks, VAS = 0 in 17,6 % of attacks
— after 2 hours: > 50 % reduction in VAS in 51,1 %
of attacks, VAS = 0 in 22,9 % of attacks
T.M. Kinfe treatment- neck 1.1ms — for treatment — 120s — decreased frequency (p <0,01), intensity
etal., 2015 refractory mi- (L, R) 2.upto24V on each side (p <0,0001) and duration (p <0,002) of migraine
[10] graine and sleep 3.25 Hz ~ for prevention — 120s attacks
disturbance on each side, 2 times — improvement in performance, sleep quality and
(20) a day, 3 months depressive symptoms (p <0,05)
L. Grazzi menstrual /men- neck 1.0,2 ms — 120s on each side, reduction in the number of menstrual migraine/
etal., 2016 strually related (L, R) 2. up to 60 mA 3 times a day menstrually related migraine days and analgesic
[11] migraine 395 Hy ~ from 3 days before use (p <0,001)
(51) estimated onset of
menstruation through
+3 days after the end of
menstruation during
each cycle of the 12-
week treatment period
C. Tassorelli episodic neck 1.0,2 ms 120s on each side within ~ nVNS is superior to placebo for pain freedom at
etal, 2018 migraine (L, R) 2.60 mA 20 min of the onset of 30 minutes and 60 minutes after the onset of the
[12] (120) 3.25H headache attack (p <0,01), increases the probability of having
. z
mild pain or being pain-free 2 hours poststimulation
S.D. Silber- chronic neck 1.NS — 2x 120s doses (5-10 min reduction in the number of headache days com-
stein et al, migraine (®) 2.up to 60 mA apart), 3 times a day pared to baseline (p <0,01)
2016 [13] (59) 3. NS — follow-up period —
8 months
C. Gaul chronic cluster neck 1.NS 3x120s doses, 2 times a greater reduction in the number of headache
etal., 2016 headache (®) 2.60 mA a day attacks per week compared with the control group
4l (45) 3.25Hz (p=0.02)
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Table 1. (Continued)

Stimulation pa-
Author, Nosl ( s i rameters:
osology (num- | Stimulation .
year, refer- 24 . . . L. pulse width Treatment regimen Result
ber of patients) site (side)
ence 2. intensity
3. frequency
S.D. Silber- episodic and neck 1.0,2 ms 3 x 120s doses (1 min in the nVNS group, more patients with episodic
stein et al, chronic cluster (®) 2. up to 60 mA apart) cluster headache responded to treatment (VAS = 0
2016 [15] headache or 1 after 15 minutes) (p =0,008)
3.25Hz
(150)
PJ. Goadsby  episodic and neck 1.0,2 ms 3 x120s doses in the nVNS group, a higher proportion of epi-
etal, 2018 chronic cluster (ontheat- 2.upto24V sodic cluster headache attacks achieved pain-free
[16] headache tackside) 3 5 kp, status within 15 minutes (p <0,01)
(48)
A. Straube chronic ear, concha 1.0,25 ms 4h a day, 12 weeks stimulation with a frequency of 1 Hz leads to a
etal, 2015 migraine ) 2. below pain greater reduction in headache days over a 28-day
[19] (46) threshold period compared to stimulation with a frequency
of 25 Hz (p =0,035)
3.1Hzor25Hz
J. Lehtimaki tinnitus ear, tragus 1. NS 7 sessions x 45/60 min decreased severity of tinnitus symptoms (THI
etal, 2013 (10) ) 2. above sen- and mini-TQ questionnaires), improved mood
[26] sory threshold (WHO-5 questionnaire); no statistical verification
(about 0,8 mA) was performed
3.25Hz
P.M. Kreu- tinnitus NS 1.NS — phase I: 6h a day — phase I (terminated prematurely due to two car-
zer et al, (50) 2.0,1-10 mA ~ phase IT: 4h a day diac events) — decreased TQ scores (p =0,036)
2014 [31] 3.25 Hz ~ follow-up period — — phase II — insignificant decrease in TQ scores
24 weeks (p =0,146)
Z.Mei et al, tinnitus ear,concha 1.1 ms - 20 min, 2 times a day higher efficacy (THI and TDI questionnaires) in
2014 [27] (32) (NS) 2 1mA ~ daily for 8 weeks the main group (nVNS + sound therapy) compared
with the control group after 8 weeks (p <0,05)
3.20Hz
H.J. Shim tinnitus ear, concha 1.0,2 ms 10 sessions x 30 min — insignificant decrease in THI scores (p =0,339)
etal, 2015 (30) (L) 2.1-10 mA (below — decrease in tinnitus loudness (p =0,005) and
(28] pain threshold) tinnitus awareness (p =0,020)
3.25Hz
W.C. Suk tinnitus ear (cavum, 1.0,2 ms 4 sessions x 12 min (each 1 month after the end of the sessions:
etal, 2018 (24) cymbaand ;5 pejgy pain site for 4 min) for 2 weeks  _ 1o dqyction of tinnitus characteristics (loudness,
(29] tragus) threshold (day 1-3-8-10) awareness, annoyance and effect on life) (p <0,05)
(NS) 3.30 Hz — decrease in THI scores (p <0,001)
— decrease in BDI scores (p =0,004)
T.Yu. Vladi- tinnitus ear,cymba 1.NS 14 sessions x 10 min patients of the main group (nVNS + medications)
mirova et al, (25) ) 2.10 mA were 60 % more likely to have a positive effect from
2023 [30] 3 130H treatment in the following indicators: the assess-
L 1- z

ment of the strength of subjective ear noise, the
tone of the autonomic nervous system, the results
of the THI questionnaire, the qualitative hearing
characteristics
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Table 1. ('The end)

Author,
year, refer-

Stimulation pa-
rameters:

Nosology (num- | Stimulation

1. pulse width

Treatment regimen

Result

ber of patients) site (side)
ence 2. intensity
3. frequency
M. Luo et al, primary no data no data — 30 min, 2 times a day — decrease in PSQI scores at the end of the 2nd
2017 [40] insomnia - 5 days a week, for week (p <0,05)
(35) 4 weeks — decrease in HAMD and HAMA scores at the
end of weeks 4 and 6 (p <0,05)
Y. Jiao et al, insomnia ear,concha 1.NS — 30 min, 2 times a day significant decrease in PSQI score in the main
2020 [41] G1) (onboth 2. adjusted by ~ 5 consecutive days group (nVNS) at week 4, with no significant differ-
sides) participants a week, for 4 weeks ence compared to the control group (sham nVNS)
3.20Hz—10s,
4Hz—5s
Y. Wuetal, insomnia ear, concha 1.0,2ms — 20 min, 2 times a day a more significant decrease in PSQI scores in the
2022 [42] (15) (onboth  2.1mA _ 1 month main group (nVNS) compared with the control
sides) 320 Hy group (sham nVNS) (p =0,027)
L. Zhang altitude ear, tragus  1.0,5ms — 45 min x once a day — significant decrease in PSQI, ISI and GAD-7
etal, 2023 insomnia 1) 2. NS ~ 5 consecutive days scores in the main group (nVNS) and the CBT
[43] (33) 325 Hz a week, for 4 weeks group
— the effectiveness of nVNS at 4 and 8 weeks after
treatment is higher than that of CBT
S. Zhang insomnia ear,cymba 1.0,2ms +30% — 30 min, 2 times a day — amore significant decrease in PSQI, ISI,
etal, 2024 (36) and cavum 2.0,8-1,5 mA ~ 5 consecutive days HAMD, HAMA and FFS scores after 8 weeks
[45] (on both (below pain a week, for 8 weeks in the main group (nVNS) compared with the
sides) threshold) ~ follow-up period — control group (sham nVNS) (p <0,001)
3.20Hz — 10, 20 weeks — the advantage of nVNS persisted during the 20-
4Hz—5s week follow-up period
J.W. Yeom insomnia no data no data 30 min daily for 6 weeks — a more significant decrease in PSQI (p =0,009)
etal, 2025 (no data) and ISI (p = 0,023) scores in the main group
[44] (nVNS) compared with the control group (sham
nVNS)
— increased total sleep time (p =0,019) and
improved quality of life in the nVNS group
(p =0,047)
V. Srini- anxiety nodata  no data — 30 min a more significant decrease in anxiety symptoms
vasan et al, (no data) ~ 4 days a week, (GAD-7 questionnaire) and salivary cortisol levels
2024 [46] for 4 weeks in the main group (nVNS) compared with the
control group (Jacobson’s PMR)
V. Srini- anxiety and nodata  no data - 30 min significant improvement in sleep quality and anxi-
vasanetal, sleep disturbanc- - 3 days a week, ety reduction at 4 weeks (p = 0,001)
2024 [47] es (no data) for 4 weeks

Note. BDI — Beck Depression Inventory; CBT — Cognitive behavioral therapy; FFS — Flinders Fatigue Scale; GAD-7 — Generalized Anxiety Disorder-7; HAMA — Hamilton

Anxiety Rating Scale; HAMD — Hamilton Rating Scale for Depression; ISI — Insomnia Severity Index; L — left; NS — not stated; n VNS — noninvasive Vagus Nerve Stimulation;

PMR — Progressive Muscle Relaxation; PSQI — Pittsburgh Sleep Quality Index; R — right; TDI — Tinnitus Dysphoria Inventory; THI — Tinnitus Handicap Inventory; TQ — Tinnitus
Questionnaire; VAS — Visual Analogue Scale; WHO-5 — World Health Organization-Five Well-Being Index
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Table 2. Treatment recommendations for using the gammaCore Sapphire stimulator
[Available at: https://www.accessdata.fda.gov/cdrh_docs/pdf21/K211856.pdf (accessed date on 03.08.2025)]

Indication

Treatment recommendations

The preventive treatment of migraine headache in
adolescent (aged 12 and older) and adult patients

120-second stimulation cycle, 2 consecutive stimulations on either side of the neck as follows:

« First daily treatment: within 1 hour of waking

« Second daily treatment: 4-6 hours after the first daily treatment

« Third daily treatment: within 1 hour before going to sleep

The acute treatment of pain associated with
migraine headache in adolescents (aged 12 and
older) and adult patients

Adjunctive use for the preventive treatment of
cluster headache in adult patients

120-second stimulation cycle, 2 bilateral stimulations up to 3 times a day

120-second stimulation cycle, 3 consecutive stimulations on either side of the neck as follows:

« First daily treatment: within 1 hour of waking

« Second daily treatment: 7-10 hours after the first daily treatment

The acute treatment of pain associated with
episodic cluster headache in adult patients

Treatment of hemicrania continua in adults in
adolescents (aged 12 and older) and adult patients

Treatment of paroxysmal hemicrania in in
adolescents (aged 12 and older) and adult patients

120-second stimulation cycle, 3 consecutive stimulations up to 8 times a day

120-second stimulation cycle, 2 stimulations ipsilateral to the side of pain up to 3 times a day

120-second stimulation cycle, 2 stimulations ipsilateral to the side of pain up to 3 times a day

nVNS and headache management

Electrical neuromodulation techniques, including
nVNS, occupy a distinct niche among non-pharmaco-
logical approaches to the management of primary head-
ache disorders [7].

The first device designed for cervical vagus nerve
stimulation was the gammaCore system (electroCore,
Inc., USA). Results of the pilot study by PJ. Goadsby
et al., published in 2014, demonstrated the efficacy and
favourable tolerability of cervical nVNS for the acute
treatment of episodic migraine attacks [8]. Subsequent
studies confirmed these findings, showing that n VNS sig-
nificantly reduced the frequency, intensity, and duration
of migraine attacks, decreased analgesic consumption,
and alleviated associated functional impairment, sleep
disturbances, and depressive symptoms [9-12]. Accord-
ing to the results of the double-blind, randomised, con-
trolled PRESTO trial, the efficacy of nVNS for the acute
treatment of episodic migraine corresponds to a level of
evidence of 1b [12]. In addition, the preventive effect of
nVNS in chronic migraine, manifested by a reduction
in the number of headache days, was demonstrated in
a study by S.D. Silberstein et al., published in 2016, with
a level of evidence of 2b [13]. In addition to migraine,

nVNS may alleviate pain attacks in patients with tri-
geminal autonomic cephalalgias [14-17], with the most
compelling evidence (level of evidence 1b) reported for
episodic cluster headache [15, 16]. The gammaCore Sap-
phire cervical vagus nerve stimulator has received FDA
approval for the treatment of several headache disorders,
including migraine, cluster headache, hemicrania conti-
nua, and paroxysmal hemicrania [18] (Table 2).

The NEMOS device (Cerbomed, Germany) is
designed to stimulate the auricular branch of the vagus
nerve. In a study by A. Straube et al., 46 patients with
migraine underwent stimulation with the NEMOS
device for 4 hours daily over a period of three months.
The results demonstrated the safety of nVNS and showed
that stimulation at a frequency of 1 Hz was more effective
than stimulation at 25 Hz for the prevention of chronic
migraine. In the 1 Hz stimulation group, approximately
one-third of patients experienced a reduction of more
than 50 % in the number of headache days (level of evi-
dence 2b) [19]. Currently, functional MRI is being used
to investigate the pathophysiological mechanisms under-
lying the effects of electrical stimulation [20, 21], as well
as to identify predictors of [22] response to auricular
nVNS in patients with migraine.
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nVNS and tinnitus management

Subjective tinnitus represents a significant medi-
cal and social problem, as it can substantially impair
quality of life by affecting both social interactions and
work performance. Episodic tinnitus is experienced
by 30-45 % of the adult population, approximately 8 %
of individuals perceive it constantly, and in about 1%
of cases it has a considerable impact on daily func-
tioning [23]. Individuals of working age, particularly
those between 40 and 60 years old, are most commonly
affected. The development of tinnitus is associated with
a variety of factors, including overweight and obesity,
comorbid conditions such as hypertension and diabe-
tes mellitus, the use of certain medications (aminogly-
cosides, furosemide, cisplatin, and some nonsteroidal
anti-inflammatory drugs or antidepressants), as well
as otologic disorders resulting in hearing loss. In addi-
tion, an important role is attributed to an individual’s
premorbid psychological status, particularly the level of
anxiety [24].

Because the development of tinnitus is often unre-
lated to structural abnormalities of the auditory con-
duction system, objective registration of the symptom is
generally not possible. As all currently available assess-
ment methods are subjective, the patient’s own descrip-
tion of the tinnitus characteristics plays a pivotal role in
the diagnostic process [24].

Current treatment approaches aimed at alleviating
tinnitus are diverse and include psychotherapy, tinnitus
maskers and sound therapy, biofeedback, pharmaco-
logical treatment, various neuromodulation techniques
(such as transcranial magnetic stimulation, deep brain
stimulation, and different forms of peripheral nerve
stimulation), as well as acupuncture. These approaches
differ considerably in terms of availability, efficacy, cost,
and degree of invasiveness [25].

The results of a pilot study evaluating nVNS com-
bined with sound therapy in 10 patients with tinnitus
were published in 2013. The sound therapy consisted of
specially selected classical music from which one octave
corresponding to each patient’s tinnitus frequency had
been removed. After seven sessions of left tragus stim-
ulation, most participants reported improvements in
mood, as assessed by the WHO-5 questionnaire, as well
as a reduction in tinnitus severity, reflected by decreases
in scores on the Tinnitus Handicap Inventory (THI)
and the Mini-Tinnitus Questionnaire (mini-TQ). One
patient experienced no change in tinnitus character-
istics, while another reported only minimal symptom
improvement [26]. The beneficial effects of nVNS, both
in combination with sound therapy and as a standalone
intervention, have also been demonstrated in other stud-
ies [27-30]. However, the second phase of the study
conducted by P.M. Kreuzer et al. failed to show a signifi-
cant reduction in the total Tinnitus Questionnaire (TQ)

score after 24 weeks of nVNS treatment [31]. It should
be noted that the vast majority of published studies have
been characterised by low or very low methodological
quality [26, 28-31]. Moderate evidence supporting the
efficacy of combined therapy (nVNS plus tinnitus sound
masking), corresponding to a level of evidence of 2b, was
provided only by the study of Z. Mei et al. published in
2014 [27].

In a systematic review published in 2021, the authors
analysed studies investigating both invasive and non-
invasive vagus nerve stimulation and concluded that,
due to methodological limitations and the poor report-
ing quality of the included studies, the effects of these
interventions on tinnitus remain uncertain [32]. There-
fore, the efficacy of nVNS for the treatment of tinnitus,
including its use as a standalone intervention without
concomitant sound therapy, requires confirmation in
larger and methodologically rigorous studies [33].

nVINS and sleep disturbances
and anxiety

Insomnia is a common sleep disorder characterised
by persistent difficulties with sleep initiation and/or sleep
maintenance, resulting in insufficient sleep duration [34].
Currently, insomnia is classified as acute (symptoms last-
ing less than 3 months), chronic (symptoms occurring
at least three times per week for at least 3 months), or
unspecified [35].

Epidemiological studies have shown that insomnia
affects up to 10% of adults worldwide [36] and up to
50 % of patients seeking primary care [34], with a higher
prevalence observed among women [37]. Insomnia has
a substantial negative impact on quality of life and work
productivity and is recognised as an important risk factor
for cardiovascular disease, type 2 diabetes mellitus, cog-
nitive impairment, and psychiatric disorders [35].

Cognitive behavioural therapy (CBT) is considered
the cornerstone of treatment for chronic insomnia; how-
ever, a shortage of qualified specialists limits the wide-
spread implementation of this therapeutic approach [35].
Although pharmacotherapy demonstrates efficacy com-
parable to CBT in the management of acute sleep distur-
bances, its effectiveness in chronic insomnia is reduced
because of a substantial decline in the durability of the
therapeutic effect [38]. Consequently, alternative treat-
ment strategies, particularly non-invasive vagus nerve
stimulation, have attracted growing interest. Owing
to its targeted modulation of the auricular branches of
the vagus nerve, nVNS is generally well tolerated [39].
In addition, the user-friendly interface of stimulation
devices makes them suitable for self-administration in
the outpatient setting.

In an analysis of the nVNS effects in 35 patients with
insomnia and affective disorders, M. Luo et al. [40]
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observed a significant reduction in Pittsburgh Sleep
Quality Index (PSQI) scores by the end of the second
week of treatment (p < 0.05), as well as significant
decreasesin Hamilton Depression Rating Scale (HAMD)
and Hamilton Anxiety Rating Scale (HAMA) scores by
the fourth and sixth weeks of therapy (p < 0.05). Based
on these findings, the authors concluded that nVNS
may improve sleep quality and alleviate symptoms of
anxiety and depression. However, the absence of a con-
trol group in this study limits the interpretation of the
results.

Subsequently, studies with a higher level of evidence
(1b) were conducted. For instance, Y. Jiao et al. [41]
reported a significant reduction in PSQI scores after
four weeks of treatment in both the active nVNS group
and the sham stimulation group, with no statistically
significant difference between them. However, superior
efficacy of nVNS compared with sham stimulation in
the treatment of insomnia was demonstrated in several
other studies [42-44]. Moreover, in a study by L. Zhang
et al. [43], which analysed the effects of stimulation in
100 men living at high altitude, nVNS not only showed
efficacy comparable to that of CBT, but also outper-
formed CBT with respect to several outcome measures.

In a recent randomised clinical trial [45], the dura-
tion of nVNS therapy was extended to eight weeks for the
first time. Patients in the active treatment group demon-
strated a significant reduction in PSQI scores, indicating
the clinical efficacy of nVNS in chronic insomnia, with
superiority over sham stimulation persisting for up to
20 weeks. In addition, vagus nerve stimulation exerted
significantly greater effects on reducing symptoms of
depression and anxiety, as well as daytime fatigue, in
patients with insomnia.

The effects of nVNS on anxiety symptoms during and
after the COVID-19 pandemic were investigated by V.
Srinivasan et al. [46, 47]. These studies demonstrated
significant reductions in Generalised Anxiety Disor-
der-7 (GAD-7) scores and salivary cortisol levels after
four weeks of nVNS. Furthermore, nVNS was shown
to be superior to Jacobson’s progressive muscle relax-
ation technique [46] and was associated with significant
improvements in sleep quality [47].

The findings of a recent systematic review and meta-
analysis suggest that nVNS represents a promising, safe,
and non-invasive therapeutic option for insomnia [48].
The simultaneous improvement in sleep quality and anx-
iety symptoms is particularly relevant for patients with
comorbid disorders. To enhance the reproducibility of
findings and optimise the application of this approach
across broader populations, standardisation of nVNS
protocols is required.

Devices based on nVNS technology are not yet avail-
able on the Russian market, creating opportunities for
the development of domestic systems. A key priority in

this process is the identification of optimal stimulation
parameters for both the auricular branch and the cervi-
cal portion of the vagus nerve.

Stimulation parameters
of the auricular branch of
the vagus nerve

In 2024, a review of 109 studies investigating auric-
ular nVNS was published, including an analysis of the
stimulation parameters used across studies [5]. The
authors noted that only three studies provided a com-
plete description.

Stimulation intensity ranged from 0.5 to 50 mA;
however, in 77 % of the studies reporting this parameter,
the average intensity did not exceed 6 mA. In 68 % of
the studies, the intensity of auricular nVNS was indi-
vidually adjusted to a level between the participant’s
sensory and pain thresholds. Pulse frequency was speci-
fied in most studies, with frequencies of 20 or 25 Hz
being used in 74 % of cases. Three studies reported the
use of a combination of two frequencies, namely 4 and
20 Hz. In the vast majority of studies, the wavelength
ranged from 0.05 to 1.0 ms, with values of 0.20 or
0.25 ms being employed in 51 % of the reports. The side
of stimulation was specified in 84 studies; among these,
left-sided stimulation was used most frequently (62 %).
Bilateral stimulation was applied in 27 % of studies,
whereas right-sided stimulation was employed in 11 %.
The stimulation site was largely determined by electrode
geometry, with electrodes most commonly attached to
the cymba conchae (31 studies), the concha (27 stud-
ies), or the tragus (21 studies) of the auricle. Informa-
tion regarding the duty cycle (the ratio between stimula-
tion and pause periods) was reported in only 32 studies
(29 %), with a 30 s on/30 s off pattern being used in 14 of
them. The duration and number of stimulation sessions
varied considerably both within studies investigating
the same condition and across different indications.
Therefore, the optimal parameters for transcutaneous
stimulation of the auricular branch of the vagus nerve
have yet to be established [5].

Stimulation parameters
of the cervical vagus nerve

The vast majority of studies employing cervical vagus
nerve stimulation have been conducted in patients with
headache disorders [2]. In addition, a case report pub-
lished in 2011 described the resolution of intractable
hiccups following transcutaneous stimulation of the
phrenic nerve and the cervical vagus nerve [49], while a
study published in 2016 evaluated the effects of cervical
nVNS on inflammatory cytokine levels in healthy volun-
teers [50].
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The stimulating surface of the nVNS device is posi-
tioned over the sternocleidomastoid muscle on either
the right or left side of the neck, or sequentially on both
sides. Stimulation intensity is individually adjusted,
with maximum values reaching 24 V and 60 mA. In the
majority of studies, a pulse frequency of 25 Hz was used,
whereas one study [49] employed a frequency of 1 Hz.
Wavelength was set at either 0.2 ms or 1 ms. The dura-
tion of individual stimulation cycles ranged from 30 to
120 seconds [2]. Treatment can be safely administered
several times per day. The FDA recommendations
regarding the use of the gammaCore Sapphire cervical
stimulator for headache disorders are summarised in
Table 2.

Conclusion

The growing interest in nVNS is driven by the sim-
plicity, accessibility, safety, and favourable tolerability
of this approach. The development of a domestic device
implementing nVNS techniques therefore represents an
important and timely objective. The number of studies
investigating nVNS continues to increase, accompanied
by a broadening range of clinical conditions in which
its efficacy is being evaluated. The results obtained with
the gammaCore cervical vagus nerve stimulator formed
the basis for the FDA approval of its use for the pre-
ventive and acute treatment of cluster headache and for
the acute treatment of episodic migraine. Subsequently,
the indications were expanded to include migraine pre-
vention, as well as the treatment of cluster headache
and hemicrania continua. With regard to non-invasive
stimulation of the auricular branch of the vagus nerve,
despite encouraging results in headache disorders,
tinnitus, insomnia, and anxiety, further high-quality
studies are required to strengthen the evidence base.
Such studies should include larger sample sizes, stan-
dardised stimulation protocols or detailed descriptions
thereof, and appropriate randomisation and blinding
procedures.
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Disorders Of the Hemostatic System
as A Predictor of Adverse Qutcome In COVID-19

Pesiome

MHekuyma COVID-19 accouuvpoBaHa C BbICOKMM PUCKOM TPOMOBOTUYECKMX OC/TIOXKHEHWUN, OMpejensiolnx TAKECTb TeYeHUs U ucxos 3abose-
BaHWA. BbiABNeHMe K/OYEBbIX NPeAUKTOPOB He6MaronpuATHOrO MCXoAa Cpeau NapaMeTpoB CUCTEMbl FeMOCTasa OCTaeTCA Ba)KHOMN 3ajaqeit.
Llenb. OueHUTb 3HaYMMOCTb MOKasaTeNel cMCTeMbl FeMoCTasa B KayecTBe MpeAMKTOPOB HebsaronpuaTHoOro ncxoaa y naumnentos ¢ COVID-19.
Marepuansl u MeTogbl. [poBeseHO 0AHOLLEHTPOBOE PeTPOCNEKTNBHOE KOFOPTHOE MUCC/e/oBaHMe, BKoUMBLIee 9256 NaLuMeHTOB C NOATBEPX-
AeHHbIM COVID-19. B 3aBUCMMOCTU OT ucxoaa (He61aronpusTHLIN/61aronprsTHBIN) NaLyeHTbl 6blM pasgeseHbl Ha rpynnbl. Mpy NoCTynaeHUm
OLLeHMBA/INCb MOKA3aTe/M Koary/orpaMMbl (aKTMBMPOBaHHOE YaCTUYHOE TPOMGOMIATUHOBOE BPEPMs, MPOTPOMBUHOBbLIN UHAEKC, TPOMEMHOBOE
BpeMs, pubpuHoreH, D-gumep, aHTUTPOMEWMH III). CTaTUCTUYECKMIA @aHAU3 BLIMOJIHANCA C UCMO/Ib30BaHWeM U-KpuTepus MaHHa-YUTHW. s onu-
CaHWA KO/IMYECTBEHHBIX MOKa3aTenei UCNo/b30BaAuCh MeguaHa, 25-1 1 75-i npoueHTuan. PesyabTaTbl. Y MauMeHTOB C He61aronpuaTHbIM UC-
XOA0M 3apMKCUPOBAHBI CTATUCTUYECKM 3HAYMMbIE Pa3/IMuMUA MO CPABHEHMIO C BDKMBLUMMM: 3HA4YUTE/IbHOE MOBbIlWEHWEe YpoBHA D-anmepa (MeanaHa
464,5 Hr/mn [Q25-Q75: 245,0-1120,0] Hr/mn npoTus 198,0 [110,0-350,0] Hr/mn; p<0,0001) u ¢pubpuHorena (5,62 [4,70-6,80] r/n npotus 5,03
[4,30-5,90] r/n; p<0,0001), cHMM®EHUE aKTUBHOCTM aHTUTpOoM6MHa III (81,0 % [73,0-89,0] npotus 99,0 % [90,0-108,0]; p=0,0001) 1 npoTpoMEUHO-
BOro uHgekca (83,0 % [77,0-90,0] npotue 93,0 % [88,0-98,0]; p<0,0001), a TakKe yanuHeHe TpoMbuHosoro spemMenn (15,4 ¢ [14,5-16,5] npotus
14,9 c[14,2-15,8]; p=0,0001). MokazaTesib A4TB 3Hau1MO He oTAm4ancs mexay rpynnamu (p=0,95). 3akntoueHue. Y NaumeHTOB C He61aronpuATHbIM
ncxogom COVID-19 BbisiBNeHa BblpaXeHHas runepkoarynsums ¢ npyM3HakaMm Koaryaonatum notTpebeHns, XxapakTepusyoLwasncs pe3kmM nosbile-
HueM D-aumepa n ¢pubprHoreHa Ha poHe CHMKEHUA aHTUTPoM6MHa Il 1 NpoTPOMOEUHOBOrO MHAEKCa. MOHUTOPUHI 3TUX MOKasaTenei, 0CobeHHO
D-anmepa 1 aHTUTpoM6UHa lll, 061a4a€T BbICOKOM NPOrHOCTUYECKOM LIeHHOCTbIO 418 CTPaTUdUKaLMM PUCKa M CBOEBPEMEHHOI KOPPEeKLIMM Tepanuu.

Knrouesbie cnosa: COVID-19, cucmema 2eMocmasa, Koazynonamus, D-oumep, ahmumpom6uH lll, pubpuHozeH, nemanbHOCMb, NPO2HO3
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Abstract

COVID-19 is associated with a high risk of thrombotic complications, which determine the severity and outcome of the disease. Identifying key
predictors of adverse outcomes among hemostatic system parameters remains an important task. Aime. To assess the significance of hemostatic
system parameters as predictors of adverse outcomes in patients with COVID-19. Materials and methods. A single-center retrospective cohort study
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was conducted, including 9256 patients with confirmed COVID-19. Depending on the outcome (adverse/favorable), patients were divided into groups.
Upon admission, coagulogram parameters (APTT, prothrombin index, thrombin time, fibrinogen, D-dimer, antithrombin 1) were assessed using an
ACL TOP 750 analyzer. Statistical analysis was performed using the Mann-Whitney U test. For the description of quantitative indicators, the median,
the 25th and 75th percentiles were used. Results. Statistically significant differences were recorded in patients with adverse outcome compared
to survivors: a significant increase in D-dimer level (median 464.5 [Q25-Q75: 245.0-1120.0] ng/mL vs. 198.0 [110.0-350.0] ng/mL; p<0.0001) and
fibrinogen (5.62 [4.70-6.80] g/L vs. 5.03 [4.30-5.90] g/L; p<0.0001), a decrease in antithrombin IIl activity (81.0% [73.0-89.0] vs. 99.0 % [90.0-
108.0]; p=0.0001) and prothrombin index (83.0 % [77.0-90.0] vs. 93.0 % [88.0-98.0]; p<0.0001), as well as a prolongation of thrombin time (15.4 s
[14.5-16.5] vs. 14.9 s [14.2-15.8]; p=0.0001). The APTT parameter did not differ significantly between the groups (p=0.95). Conclusion. Patients
with adverse COVID-19 outcomes exhibited marked hypercoagulation with signs of consumption coagulopathy, characterized by a sharp increase in
D-dimer and fibrinogen against a background of decreased antithrombin Il and prothrombin index. Monitoring these parameters, especially D-dimer

and antithrombin IIl, has high prognostic value for risk stratification and timely therapy adjustment.

Key words: COVID-19, hemostatic system, coagulopathy, D-dimer, antithrombin Ill, fibrinogen, mortality, prognosis
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Introduction

Since the beginning of the COVID-19 pandemic,
compelling evidence has been gathered indicating that
SARS-CoV-2 causes not merely a respiratory infection,
but a systemic disease characterised primarily by vascu-
lar injury (vasculopathy) and thromboinflammation [1].
A key mechanism initiating these processes is the inter-
action of the viral S-protein with the angiotensin-con-
verting enzyme 2 (ACE2) receptor, which is expressed
on the surface of endothelial cells, type II pneumocytes,
enterocytes, and cells of other organs [2]. This inter-
raction triggers a cascade of reactions leading to direct
endothelial dysfunction, massive release of proinflam-
matory cytokines (the so-called “cytokine storm”), and
subsequent activation of both the plasma and cellular
components of the hemostatic system, resulting in a state
of hypercoagulability [3].

The resulting phenomenon, which is often described
as COVID-19-associated blood-clotting disorder, dif-
fers from the classic sepsis-associated DIC-syndrome
[4, 5]. Marked hypercoagulability is characteristic of
COVID-19 and, in the early phase, is manifested by a
significant increase in D-dimer and fibrinogen levels —
an acute-phase protein and substrate for blood clot for-
mation, accompanied by only mild prolongation of stan-
dard coagulation tests, such as prothrombin time (PT)
and activated partial thromboplastin time (aPTT), and

by a relatively preserved or even elevated platelet count
during the early stages of the disease [6]. This pattern
reflects intensive blood clotting, primarily in the micro-
circulatory bloodstream, associated with generalised
endothelial activation and inflammation.

Numerous prospective and retrospective studies con-
ducted in different countries confirmed that the D-dimer
level upon admission is a powerful independent prog-
nostic marker of disease severity and mortality. Tang et
al. (2020) demonstrated that in non-survivors, D-dimer
levels were significantly higher than those observed in
surviving subjects, and values > 1.0 ug/mL were associ-
ated with a high risk of mortality [7]. These data were
later confirmed by large-scale meta-analyses where
higher D-dimer levels were associated with 3-4-fold
increase in the risk of death [8, 9].

However, optimal threshold values of this marker for
risk ranking; they can vary considerably depending on
the study population, test method, and disease charac-
teristics. Moreover, the prognostic value of an isolated
measurement of D-dimer at hospital admission may be
insufficient. Researchers emphasise a set of changes in
hemostasis. Progressive thrombocytopenia during the
course of the disease is an independent adverse prognos-
tic factor, likely reflecting platelet consumption during
blood clotting formation and the severity of endothelial
injury [10].
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Evaluation of the activity of the natural anticoagu-
lant systems is of particular interest. Reduced activity
of antithrombin III, the key physiological inhibitor of
thrombin and other serine proteases, may indicate its
consumption under conditions of extensive blood clot
formation and/or impaired hepatic synthetic function,
thereby exacerbating the procoagulant shift [5]. At the
same time, higher levels of von Willebrand factor and
soluble thrombomodulin have been studied as mark-
ers of endothelial trauma and activation [11]. Another
feature of COVID-19-associated coagulopathy is the fre-
quent detection of lupus anticoagulant, which may con-
tribute to the pathophysiology, although its direct role
in thrombogenesis and its impact on clinical outcomes
require further clarification [12].

Thus, a comprehensive, multiparametric evalua-
tion of hemostatic status extending beyond the scope
of the routine coagulation profile appears to be of criti-
cal importance. Such an approach may not only enable
highly accurate prediction of adverse outcomes but also
facilitate the identification of patients who may benefit
from intensified anticoagulant therapy, which is cur-
rently the subject of ongoing clinical investigations [13].

Study objective: To perform a comprehensive analy-
sis of clinical and laboratory parameters of the hemo-
static system in patients with COVID-19 of various
severity in order to identify the independent predictors
of adverse outcomes.

Materials and Methods

A single-centre retrospective cohort study was con-
ducted. The study included 9,256 patients (3,980 men
and 5,276 women; mean age: 61 £ 16.5 years) with con-
firmed COVID-19 (based on a positive nasopharyngeal
swab PCR test) who were admitted at the Minsk City
Clinical Infectious Diseases Hospital between March
2020 and December 2023. Inclusion criteria: age 18 years
old and over; hospital admission during the study; labo-
ratory-confirmed SARS-CoV-2 infection by polymerase
chain reaction; and the availability of written informed
consent provided by the patient or their legal represen-
tative for participation in the study and the use of ano-
nymised medical data for scientific purposes, including
publication. Exclusion criteria: age below 18 years old;
congenital coagulation disorders, the use of therapeu-
tic-dose anticoagulants prior to hospitalisation; and the
absence of data on key hemostatic parameters at the time
of admission.

Subjects were divided into two groups, depending on
the outcome: the study group (patients with adverse out-
come, n = 375) and the comparison group (patients with
favourable outcome, n = 8,881). For certain laboratory
parameters, the size of the analysed subgroups varied

depending on the availability of examination data, as
reflected in the results table (Table 1).

Venous blood samples were collected upon hospital
admission before the initiation of anticoagulant therapy.
Standard hemostatic parameters were determined using
an ACL TOP 750 automated analyser (Werfen, Spain)
with HemosIL reagent kits (Werfen, Spain) in accor-
dance with the manufacturer’s instructions. The follow-
ing parameters were assessed: activated partial throm-
boplastin time (aPTT), s; antithrombin III, %; D-dimer,
ng/mL; prothrombin index (PTI), %; thrombin time, s;
and fibrinogen, g/L.

Statistical analysis was performed using R software
version 4.2.1. Quantitative variables with non-normal
distributions (assessed using the Shapiro-Wilk test)
were described using the median (Me) and the 25th and
75th percentiles (Q25-Q75). Comparisons between the
two independent groups (favourable and adverse out-
comes) were performed using the nonparametric Mann-
Whitney U test. Differences were considered statistically
significant at p < 0.05. Due to the retrospective nature
of the study and the lack of data regarding the exact
timing of events, Kaplan-Meier survival analysis was not
performed.

Results and Discussion

The comparative analysis of hemostatic parameters
between patients with adverse and favourable outcomes
revealed statistically significant differences in the major-
ity of the variables studied (see table).

The most notable differences were observed in
D-dimer levels. The median value of this marker in
patients with adverse outcome (464.5 ng/mL) was more
than two times higher than in patients with favourable
outcome (198.0 ng/mL) (p < 0.0001) (Fig.1). A sig-
nificant elevation in D-dimer levels strongly indicates
marked activation of fibrinolysis and intense blood clot
formation in patients with an unfavourable prognosis,
which is consistent with numerous studies confirming
the role of D-dimer as a key predictor of adverse out-
comes in COVID-19 patients [7-9]. However, it is worth
noting that D-dimer threshold values proposed in litera-
ture vary; and in this study, the median value in patients
with adverse outcomes was 464.5 ng/mL, which is below
the threshold value of 1000 ng/mL, but is significantly
above the levels in the comparison group, emphasis-
ing the importance of the relative elevation and follow-
up [14]. The data are consistent with the meta-analysis
results generated by Lippi G. and Favaloro E.J. (2020),
who noted that the absolute D-dimer value upon hospital
admission is a reliable marker of disease severity; how-
ever, the optimal threshold can vary depending on the
population and methods used [8]. Moreover, the find-
ings of our study, i.e., a more than twofold increase in
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the median D-dimer level in the adverse outcome group,
are quantitatively consistent with the results reported by
Tang N. et al. (2020), who observed a similar difference
between survivors and non-survivors [7].

Significantly lower antithrombin IIT activity (median
value 81.0% vs 99.0% in survivors, p = 0.0001) in
patients with adverse outcome of COVID-19 infection
points at depletion of the most important natural antico-
agulant mechanism. This reduction may result from con-
sumption during blood clot formation and/or impaired
hepatic synthetic function, thereby contributing to the
prothrombotic state (Figure 2), and is consistent with

findings from other studies describing decreased anti-
thrombin III levels as a marker of severe consumptive
coagulopathy in COVID-19 [15]. The results confirm
the findings by White D. et al. (2021), who reported sig-
nificantly lower antithrombin III activity in patients with
severe COVID-19, associated with higher consumption
during generalised coagulation activation [15]. This
represents an important distinction from classical sep-
sis-associated disseminated intravascular coagulation
(DIC), in which antithrombin III levels also decline, but
typically at later stages, whereas in COVID-19 this fea-
ture may be observed earlier in the disease course [4, 5].

Table 1. Alterations of hemostatic parameters in COVID-19 patients based on clinical outcome.

Parameter Group N Median (Q25-Q75) P

Adverse outcome 375 32.8(29.5-36.2)

APTT, sec 0.95
Favorable outcome 8881 32.2 (29.0-36.0)
Adverse outcome 38 81.0 (73.0-89.0)

Antithrombin III, % 0.0001
Favorable outcome 90 99.0 (90.0-108.0)
Adverse outcome 372 464.5 (245.0-1120.0)

D-dimer, ng/mL 0.0000
Favorable outcome 9367 198.0 (110.0-350.0)
Adverse outcome 255 83.0 (77.0-90.0)

Prothrombin Index, % 0.0000
Favorable outcome 5189 93.0 (88.0-98.0)
Adverse outcome 189 15.4 (14.5-16.5)

Thrombin Time, sec 0.0001
Favorable outcome 3214 14.9 (14.2-15.8)
Adverse outcome 364 5.62 (4.70-6.80)

Fibrinogen, g/L 0.0000
Favorable outcome 9019 5.03 (4.30-5.90)

Note: APTT — activated partial thromboplastin time; N — number of observations; Q25-Q75 — 25th and 75th percentiles (interquartile range); p — level of statistical significance

of differences between groups (Mann-Whitney test)
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Figure 1. Distribution of COVID-19 infection disease
outcomes depending on the level of D-dimers at hospital
admission
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Figure 2. Distribution of COVID-19 infection outcomes
depending on antithrombin III level upon hospital
admission
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Statistically significant reduction in prothrombin
index (median value 83.0% vs 93.0%, p < 0.0001) in
patients with adverse outcome reflects impaired extrin-
sic blood coagulation, which is likely to be associated
with more marked hepatic damage or vitamin K defi-
ciency in patients with severe disease. Similar changes
were described in articles about blood-clotting disorder
in COVID-19 patients, where prolonged prothrombin
time (and lower PTI) was associated with poorer out-
comes [7]. It can be caused both by direct viral damage
to hepatic cells, expressing ACE2 receptor, and hypoxia
or use of medications in critically ill patients [2].

Fibrinogen concentration was significantly higher
in patients with adverse outcome of COVID-19 infec-
tion (median value 5.62 g/L vs 5.03 g/L, p < 0.0001).
Elevated fibrinogen levels, as an acute-phase protein,
may reflect the intensity of the systemic inflammatory
response (hypercytokinemia), which is directly associ-
ated with activation of the coagulation system [3, 11].
Although the trend toward increased fibrinogen levels in
patients with severe disease or fatal outcomes was sta-
tistically significant, it was less pronounced in our study
than that observed for D-dimer. This finding is consis-
tent with the observations of Iba T. et al. (2020), who
reported that COVID-19 is characterised by elevated or
normal fibrinogen levels even in the presence of overt
thrombosis, distinguishing it from other forms of con-
sumptive blood-clotting disorder and underscoring the
role of hyperinflammation in the pathogenesis of throm-
bosis [4]. Therefore, significantly higher, but not extreme
fibrinogen levels, in this study contributes to hyperco-
agulation and inflammation.

A slight but statistically significant prolongation of
thrombin time (median value 15.4 s vs 14.9 s, p = 0.0001)
in patients with adverse outcomes may indicate qualita-
tive alterations in fibrinogen or the presence of coagu-
lation inhibitors in the plasma, which may also reflect
severe metabolic disturbances. These slight changes in
standard global tests in marked hypercoagulability are a
characteristic feature of COVID-19-induced coagulopa-
thy [6].

In contrast, activated partial thromboplastin time
(aPTT) did not differ significantly between the groups
(p = 0.95), suggesting that the intrinsic coagulation path-
way is less involved in the pathological process or that
its alterations are compensated by other factors. This
pattern is characteristic of COVID-19-induced coagu-
lopathy and distinguishes it from classical disseminated
intravascular coagulation (DIC) [4, 6]. These findings are
fully consistent with the international guidelines devel-
oped by ISTH (Thachil J. et al., 2020), where it is empha-
sised that normal or slightly altered aPTT values in the
presence of elevated D-dimer and fibrinogen levels is a
typical laboratory finding in COVID-19 and should alert
clinicians to the risk of thrombosis [6].

Therefore, the combination of the observed altera-
tions (marked elevation of D-dimer, moderate increase
in fibrinogen levels, reduced antithrombin III activity
and PTI, together with unchanged aPTT) constitutes a
laboratory profile characteristic of COVID-19-induced
coagulopathy, with features of consumptive coagulopa-
thy in the setting of pronounced hypercoagulability and
inflammation. This profile is qualitatively consistent with
the findings reported in most contemporary studies [4,
5, 6, 15], while the quantitative values obtained in the
present study cohort further expand the existing body of
evidence by providing a more detailed characterisation
of these parameter changes in this patient population.

Conclusion

Patients with adverse outcomes of COVID-19 infec-
tion demonstrate marked hypercoagulation, charac-
terised by significantly higher D-dimer and fibrino-
gen levels, as well as depleted anticoagulant potential
(reduced antithrombin IIT concentration) and impaired
procoagulant synthesis by the liver (reduced PTT). These
changes give rise to a pattern of COVID-19-induced
coagulopathy characterised by features of both a pro-
coagulant shift and consumption of coagulation factors.
Monitoring of these parameters, especially of D-dimer
and antithrombin III levels, has high predictive value for
timely therapy adjustment and improvement of disease
outcomes.
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AKTUBHOCTDb 3ABOAEBAHMSI KAK ®PAKTOP PUCKA
[TOBBIIIEHMS APTEPUAABHOM JKECTKOCTMU
YV ITAIOUMEHTOB C SI3BEHHBIM KOAUTOM

Z.M. Zhigula, A.A. Zhilina, N.V. Lareva

Department of Therapy of the Faculty of Additional Professional Education,
Chita State Medical Academy, Chita, Russia

Disease Activity as A Risk Factor for Increased
Arterial Stiffness in Patients with Ulcerative Colitis

Pesome

Llenb nccnegosanusa. M3yuntb nokasateny aptTepuasbHOM KeCTKOCTU 1 ee BapuabesibHOCTM MpU CYTOYHOM MOHWTOPUPOBaHUM B 3aBUCUMOCTU OT
KNMHUYECKOM M 3H/OCKOMMYECKON aKTMBHOCTU A3BEHHOrO KoamTa. MaTepuanel u MeToabl. B nonepeyHoM peTpOCMeKTUBHOM MCCNe0BaHNK yya-
ctBoBanm 100 NaUMEHTOB C A3BEHHBIM KONMTOM (CpeaHwit BospacT 40 [33; 49] net, 38 (38 %) MyXuMH, ANUTEIbHOCTb 3aboneBaHns — >1 roga, 6e3
COMYTCTBYHOLMX CEPAEHHO-COCYAUCTBIX M METABOIMYECKNX HApYLIEHWNI) 1 50 340pOBbIX /UL, KOHTPO/ILHOW FPyMMbI. [lapaMeTpbl apTepranbHOM KecT-
KOCTM OLLeHMBa/IMCh C MOMOLLLIO CyTOYHOrO MOHUTOPUPOBAHWA apTepUasbHOMO AaB/IeHNA C UCNO/Ib30BaHMeM TexHosiorum Vasotens. MauneHTsl 6bian
pasgeneHbl Ha 3 rpynnbl MO aKTUBHOCTU A3BEHHOro KosuTa: 1-a rpynna BkaoYana 30 NaLMeHTOB C KAMHUYECKOW U 3HAOCKOMMUYECKOW peMuccuei,
2-A rpynna — 22 naumeHTa C KIMHUYECKOW PeMUCCUEN U 3H/O0CKOMMNYECKON aKTUBHOCTbIO, 3-A rpynna — 48 YeNoBeK C KIMHUYECKUM U 3HA0CKOMK-
4yeckmM obocTpeHneM. CTaTUCTMYeCKas 06paboTka No/y4eHHbIX AaHHbIX NPOBOAMAACH C MOMOLLbIO MaKeTa KOMMbIOTEPHbIX nporpamM «IBM SPSS
Statistics Version 25.0». PesynbTatbl. Y 67 (67 %) NaUMEHTOB C A3BEHHBIM KOJIMTOM BbifiB/IEHa MOBbILLEHHAs apTepuasibHas KECTKOCTb (CKOPOCTb
pacrpocTpaHeHus My/nbCOBOM BOAHbI B aopTe (PWVao) >10 M/c), 4To 3HauMMO valye, 4eM B KOHTposbHOI rpynne (OR=4,74; p <0,001). Han6onee
BbIpaXKeHHble M3MEHeHVA OTMeYeHb! B FpymMne C KAMHUKO-3HA0CKOMMUYECKM 060CTPeHMeM: NOBbILLIEHbI CKOPOCTb PaCNpPOCTPaHEHUA NYy/IbCOBOMN BO/IHbI
B aopTe, NpvBeAEHHas K CUCTONMYECKOMY apTepuanbHoMy aasienuto (CAZ)=100 MM pT.CT. U YacToTe cepAeydHbix cokpaleHuii (YCC)=60 ya/MuH
(PWVao,, ) (p=0,003), nHaexc ayrmertaumn npu HCC=75 ya/muH (AIx75) (p <0,001) n BapuabensHocTs PWVao (p=0,002). Mpu sHAOCKOMMYECKOV
AKTUBHOCTU 6€3 KNMHUYECKUX CUMATOMOB Be/M4uHbl AlX75, PWVao, 1 BapnabenbHOCTb CKOPOCTM HapacTaHUA apTepuasbHOrO AaB/ieHNsA B aopTe
(dP/dt Bap.) 6bUM 3HAUMMO BbiLLE, YEM B IpyMMe KOHTPOASA. [pU PerpeccoHHOM JIOTUCTUHECKOM aHa/Iu3e BbIAB/IEHO, YTO BO3pAcT crapue 40 net
(p=0,001; 95% /AIM1: 2,045 — 15,309), aKTUBHOCTb i3BeHHOrO KomTa (p=0,025; 95% AN: 1,151 — 8,200), OTAroLWeHHasA HaceACTBEHHOCTb MO Cep-
Ze4HO-CcoCcyAMCTbIM 3a60neBannam (p=0,033; 95 % [IN: 1,131 — 17,312) ABNAOTCA NPeAUKTOPaMM MOBbILIEHWA apTEPUA/IbHON XECTKOCTM Y NaLMeHTOoB
C A3BEHHbIM KONMTOM. Moge/ib AeMOHCTPUPYET XOPOLLYHO MPOrHOCTUYECKYH CNOCO6HOCTb: naowazb nog ROC-kpusoit (AUC) =0,76 + 0,051 [95 % AW:
0,66 — 0,86], yyBcTBUTENbHOCTL — 0,851, cneyunduyHocts — 0,638, TouHocTb — 0,747 (p <0,001). 3akatoueHme. Y NaLMeHTOB C A3BeHHbIM KOJIMTOM
Hab/1l0AaeTCA 3HaYMMOe MOBbIWEHNE apTepuasbHOMN XKECTKOCTH, KOPpPennpytoLiee C akTUBHOCTbIO BOCMA/IMTENIbHOrO MpoLecca. SHA0CKONMYeckoe
060CTpeHne B OTCYTCTBUM CUMMTOMOB A3BEHHOIO KO/INTA YXKe aCCOLMMPOBAHO C He6aronpuATHBIMU COCYAUCTbIMU M3MeHeHUAMWU. Pa3paboTaHHas
MOZe/1b MPOrHO3MPOBAHMSA MOBbILIEHHOM apTepUaNbHOM KECTKOCTM Ha OCHOBE TPEX KAMHWUYECKUX KpuTepues (Bo3pacT >40 sieT, 060CTpeHme s3BeH-
HOTO KO/INTA, HAC/IeCTBEHHOCTb) MOXET 6bITb BHEAPEeHa B MPAKTUKY A5 PAHHErO BbIIBNEHUA NALIMEHTOB C BLICOKUM CEPAEYHO-COCYAUCTBIM PUCKOM.
KnroyeBbie c/10Ba: a3serHbiii Konum, apmepuansHas HECMKOCMb, CKOPOCMb NYAbCOBOU BO/HbI, UHOEKC ay2MeHmayuu, CymoyHas sapuabess-
HOCMb, cepoe4HO-cocyouCmsili puck

KoH$AukT nHTepecos
ABTOpr 3aABAAKOT, 4TO AaHHaA pa60Ta, eé TeMa, npeaMeT u cogepxaHue He 3aTparmBaroT KOHKYPUPYHOLWKUX MHTEpeCcoB

McToYHMKMN puHaHCUpOBaHUA
®reOY BO «YnTuHCKan rocyaapcTBeHHas MeguLMHCKan akagemuna» Munsapasa Poccun

CooTBeTCcTBUE NpUHUUNAM 3TUKU

MccnepoBaHme 6110 0406peHO SI0Ka/ibHbIM 3TU4eCKUM KoMuTeToM PIBEOY BO «YuTuHCKas rocysapcTBeHHas MeAMLMHCKan akageMusa» Munsgpasa PO
(npoTokon N2 125 ot 23 Hosbpsa 2022r). MauneHTbl NoAnuncann ¢opMy A06pOBOIBHOrO UHGOPMUPOBAHHOTO COr/IACUsA Ha MYB/IMKALMIO MEAVLIMHCKOM
nHdpopmaLum.
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Abstract

Objective. We aimed to study the parameters of arterial stiffness and its variability during 24-hour monitoring in relation to the clinical and endo-
scopic activity of ulcerative colitis. Materials and methods. This cross-sectional retrospective study involved 100 patients with ulcerative colitis
(mean age 40 [33; 49] years, 38 (38 %) men, disease duration >1 year, without concomitant cardiovascular diseases or metabolic disorders) and
50 healthy control subjects. Arterial stiffness parameters were assessed via 24-hour ambulatory blood pressure monitoring with Vasotens technolo-
gy. Based on disease activity patients were divided into 3 groups: Group 1included 30 patients in clinical and endoscopic remission; Group 2 consisted
of 22 patients in clinical remission with endoscopic activity; Group 3 included 48 patients with both clinical and endoscopic exacerbation. Statistical
analysis was performed using the software package “IBM SPSS Statistics Version 25.0". Results. Increased arterial stiffness (aortic pulse wave veloc-
ity (PWVao) >10 m/s) was detected in 67 (67 %) of ulcerative colitis patients, which was significantly higher than in the control group (OR = 4.74;
p<0.001). The most pronounced alterations were observed in the group with clinical-endoscopic exacerbation, which showed increased aortic pulse
wave velocity at systolic blood pressure (SBP)=100 mmHg and heart rate (HR)=60 bpm (PWVao 100-60) (p=0.003), augmentation index adjusted for
HR=75 bpm (AIx75) (p<0.001), and PWVao variability (p=0.002). In endoscopically active disease without clinical symptoms, Alx75, PWVao100-60,
and variability of the rate of increase in blood pressure in the aorta (dP/dt var.) were significantly higher compared to controls. Logistic regression
analysis identified age >40 years (p=0.001; 95 % Cl: 2.045 to 15.309), disease activity of ulcerative colitis (p=0.025; 95% Cl: 1.151 to 8.200), and
a positive family history of cardiovascular disease (p=0.033; 95% Cl: 1.131 to 17.312) as independent predictors of increased arterial stiffness in
patients with ulcerative colitis. The prediction model demonstrated good performance: area under the ROC curve (AUC) = 0.76 + 0.051 (95 % Cl:
0.66-0.86), sensitivity 0.851, specificity 0.638, and accuracy 0.747 (p <0.001) and can be implemented in practice for the early identification of
patients with high cardiovascular risk. Conclusion. Patients with ulcerative colitis exhibit a significant increase in arterial stiffness, which correlates
with the degree of inflammatory activity. Endoscopic activity, even in the absence of clinical symptoms, is associated with adverse vascular changes.
The developed predictive model, based on three clinical criteria (age >40 years, active ulcerative colitis, and positive family history), could be imple-
mented clinically for the early identification of high cardiovascular risk in this patient population.

Key words: ulcerative colitis, arterial stiffness, pulse wave velocity, augmentation index, 24-hour variability, cardiovascular risk
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Introduction main factors influencing arterial stiffness and contrib-

Over recent decades, it has become increasingly evi-
dent that the systemic inflammation underlying ulcer-
ative colitis (UC) is associated with an increased risk
of cardiovascular disease (CVD) [1-3]. At the same
time, conventional cardiovascular risk assessment tools
have proven to be insufficiently effective in patients
with inflammatory bowel disease (IBD), as they tend to
underestimate the true risk of cardiovascular events in
this population [4].

Arterial stiffness is an early, independent, and power-
ful predictor of cardiovascular events and may be used
to predict CVD risk [5]. Proinflammatory cytokines,
oxidative stress, and endothelial dysfunction are the

uting to the development of premature atherosclerosis
in patients with UC [4, 6]. Recent studies have dem-
onstrated that increased arterial stiffness is associated
with both disease duration and the frequency of UC
exacerbations [7, 8]. Specifically, the principal marker
of arterial stiffness, that is pulse wave velocity (PWV),
has been shown to increase by 0.205 m/s for each addi-
tional year of IBD duration [9]. In a multicentre prospec-
tive study, Zanoli et al. (2019) found that patients with
IBD had higher PWV values vs. controls and that indi-
ces of arterial stiffness could decrease following long-
term treatment with tumour necrosis factor-a (TNF-a)
antagonists and with the achievement of remission [10].
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Assessment of cardiovascular risk should also take into
account increased variability in vascular wall stiffness,
which itself has prognostic significance. For example,
in patients with hypertension, the greatest variability in
arterial stiffness has been observed among those at high
and very high cardiovascular risk [11]. According to the
available literature, variability in arterial stiffness has not
previously been evaluated in patients with UC.
Investigation of arterial stiffness parameters and their
variability according to the degree of UC activity may
facilitate the identification of clinical predictors of early
cardiovascular disease in this patient population.

Aim

The aim of the study was to investigate arterial stiff-
ness parameters and their variability during 24-hour
ambulatory monitoring in relation to the clinical and
endoscopic activity of UC.

Materials and methods

A cross-sectional, retrospective study of arterial stiff-
ness parameters was conducted in 100 patients with UC
(median age 40 [33-49] years; 38 (38 %) were men). The
inclusion criteria were age between 20 and 50 years, a
duration of UC greater than 1 year (diagnosed in accor-
dance with the 2024 Ulcerative Colitis Clinical Guide-
lines issued by the Russian Gastroenterological Associa-
tion and the Russian Association of Coloproctologists)
[12], and provision of informed consent to participate
in the study. The exclusion criteria included severe
UC exacerbation; systemic diseases and malignancies
of any localisation, haematologic disorders, endocrine
diseases, pregnancy and lactation; grade 2-3 arterial
hypertension and other cardiovascular diseases; class
II-TIT alimentary-constitutional obesity; a history of
colectomy or proctocolectomy; treatment with gluco-
corticoids, antihypertensive agents, or lipid-lowering
drugs; severe renal or hepatic insufficiency; and other
chronic diseases in the stage of exacerbation. The con-
trol group consisted of 50 healthy individuals matched to
the study group with respect to age and sex. All subjects
provided informed written consent. The study protocol
(No. 125) was approved by the Local Ethics Commit-
tee of the Chita State Medical Academy of the Minis-
try of Health of the Russian Federation on November
23, 2022. All participants underwent a comprehensive
clinical evaluation, including assessment of medical his-
tory and physical status, lipid profile analysis, 24-hour
ambulatory blood pressure monitoring (ABPM), and
video ileocolonoscopy. Cardiovascular risk was assessed
using the relative risk charts for individuals younger
than 40 years and the SCORE2 scale for those aged
40 years and older. Patients with UC and controls had

similar clinical characteristics (Table 1). During ABPM,
patients with UC exhibited higher mean 24-hour sys-
tolic blood pressure values compared with the control
group (p < 0.05). It should be noted that, according to
medical history data, none of the study participants had
a prior diagnosis of arterial hypertension (AH). Labile
grade 1 hypertension, characterised by episodic BP ele-
vations during ambulatory monitoring despite normal
mean 24-hour blood pressure values, was detected sig-
nificantly more frequently in patients with UC than in
the control group (OR 4.04; 95% CI: 1.46-11.17; p =
0.005). This finding is consistent with previous reports
indicating an increased risk of AH in patients with UC
[13]. No significant differences were observed between
the groups with respect to the magnitude or prevalence
of other cardiovascular risk factors.

The higher prevalence of chronic gastrointestinal
diseases (including gastritis, cholecystitis, pancreatitis,
gastroesophageal reflux disease, peptic ulcer disease,
Gilbert syndrome, and cholelithiasis) observed among
patients with UC is likely attributable to more intensive
and regular follow-up by gastroenterologists, which
facilitates the detection of concomitant gastrointestinal
pathology.

Patients with UC had various courses of the disease:
continuous course was reported in 22 % (22/100), recur-
rent — in 48 % (48/100), and remission lasting for over
one year — in 30 % (30/100). All patients received con-
tinuous anti-inflammatory therapy: 57 % (57/100) were
treated with 5-aminosalicylic acid derivatives, 20 %
(20/100) — with immunosuppressive agents (azathio-
prine or 6-mercaptopurine), and 23 % (23/100) — with
biologic therapies.

Arterial stiffness parameters were assessed using the
results of ABPM performed with the BPLabWin device
(Petr Telegin LLC, Nizhny Novgorod, Russia) and the
Vasotens 24 software package. The following 24-hour
indices of arterial stiffness were analysed: mean aortic
pulse wave velocity and its variability (PWVao, PWVao
var.), ambulatory arterial stiffness index (AASI), aug-
mentation index and its variability (Alx, Alx var.), mean
pulse pressure and its variability (mean PP, PP var.),
and mean rate of blood pressure rise and its variability
(dP/dt, dP/dt var.). Since vascular stiffness parameters
are strongly influenced by the current blood pressure
(BP) level and heart rate (HR), the analysis used values
normalised to a systolic blood pressure (SBP) of 100 mm
Hg and a heart rate of 60 beats/min, namely RWTT100-
60 and PWVa0100-60. In addition, the augmenta-
tion index was adjusted to a heart rate of 75 beats/min
(AIX75).

Statistical processing of the data was performed using
the IBM SPSS Statistics software, version 25.0 (Interna-
tional Business Machines Cation, USA). The distribu-
tions of the variables were tested for normality using
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the Kolmogorov-Smirnov test (for comparisons between
groups) and the Shapiro-Wilk test (for comparisons
between subgroups). As the quantitative variables were
not normally distributed, they were expressed as the
median and interquartile range (Me [Q ; Q,]). Compari-
sons of continuous variables between the ulcerative coli-
tis and control groups were performed using the Mann-
Whitney U test, whereas comparisons among multiple
groups were conducted using the Kruskal-Wallis H test.
To address the issue of multiple comparisons, pairwise

Table 1. Clinical Characteristics of the Study Participants

comparisons were subsequently performed using the
Bonferroni correction, with a significance threshold
of p = 0.0083. Qualitative attributes are presented as
absolute numbers and percentages (%). Comparisons
of qualitative attributes were performed using Pear-
son’s X* test, and, for small sample sizes, the likelihood
ratio correction was applied. The significance of differ-
ences was assessed using odds ratios (ORs) with cor-
responding 95 % confidence intervals (95 % CI). Differ-
ences were considered statistically significant at p < 0.05.

Patients with UC Control .
Parameter Test Statistics
(n=100) (n=50)
Age, years 40 [33; 49] 40[35; 46] U=2285,0, p=0,391.
Sex male/female, n (%) 38/62 (38/62) 12/38 (24/76) x*=2,94, df=1, p=0,09.

SBP, mm Hg 116 [109; 121]
DBP, mm Hg 74 [69; 79]
Labile AG 1st grade, n (%) 31 (31%)

BMI, kg/m2 23,8 [21,0; 27,1]
WC, cm 84 [78;90]
Smoking, n (%) 8 (8%)
FH of CVD, n (%) 27 (27 %)
TC, mmol/L 5,0 [4,2; 5,7]
LDL-C, mmol/L 3,2 [2,7; 3,8]
HDL-C, mmol/L 1,3 [1,1; 1,6]
VLDL-C, mmol/L 0,5 [0,3; 0,6]
TG, mmol/L 1,0 [0,7; 1,3]
Cardiovascular risk:

— Low, n (%) 55 (55 %)
— Moderate, n (%) 35(35 %)
- High, n (%) 10(10 %)
Comorbidities, n (%):

— Chronic diseases of the gastrointestinal tract; 28 (28 %)
— Bronchial asthma; 1(1%)

— Nodular goiter; 1(1%)

- Deforming osteoarthritis; 4 (1%)

— osteochondrosis; 5 (5%)

— Hemorrhoids; 3 (3%)

— Pyelonephritis 5 (5%)

111 [103; 115] U=1835,0, p=0,008.

72,5 [67;77] U=2123,5, p=0,133.
5 (10 %) X*=8,059, df=1, p=0,005

23,2 [21,0; 24,3] U=2100,0, p=0,110.

83 [78; 86] U=2208,5, p=0,244.
6 (12%) =0,20, df=1, p=0,65
11 (22%) X=0,49, df=1, p=0,49

5,1 [4,3; 5,9] U=1420,5, p=0,885.
3,5 (2,8 3,9] U=1273,5, p=0,934
1,3 [1,2; 1,5] U=1134,0, p=0,226.
0,6 [0,3; 0,7]] U=752,5, p=0,356.

1,2 [0,7:1,6] U=1150,0, p=0,599.

32(64%
(64%) X2=2,24, df=2, p=0,33
16 (32%)
2 (4%)
4(8%)
12%)
102%
(0 %) X2=18,82, df=7, p=0,009
6 (12%)
10 (20 %)
12%)

Note: Data are presented as median [Qy; Qs], n (%); U — Mann-Whitney U test, x> — Pearson’s chi-square test, df — degrees of freedom, SBP — systolic blood pressure, DBP — diastolic
blood pressure, AH- arterial hypertension, BMI — body mass index; WC — waist circumference; CVD — cardiovascular diseases; TC — total cholesterol; LDL-C — low-density
lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol; VLDL-C — very low-density lipoprotein cholesterol; TG — triglycerides.
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Binary logistic regression analysis was used to identify
predictors of increased arterial stiffness. A ROC analysis
was performed to evaluate the sensitivity, specificity, and
overall accuracy of the predictive model.

Results

In clinical practice, increased arterial stiffness is
defined by an aortic pulse wave velocity exceeding
10 m/s [5]. According to this criterion, increased arte-
rial stiffness was detected in 67 (67 %) patients with
UC, which was 2.2 times more frequent than in controls
(OR 4.74; 95% CI: 2.27-9.87; p < 0.001). Comprehen-
sive assessment of arterial stiffness parameters revealed
that patients with UC had significantly higher values of
aortic pulse wave velocity normalised to a systolic blood
pressure of 100 mm Hg and a heart rate of 60 beats/min

(PWVa0100-60), which was increased by 1.13 [1.09;
1.15]-fold (p < 0.001), and greater PWV variability,
which was elevated by 1.23 [1.09; 1.29]-fold (p = 0.002).
The augmentation index (AIx75) was 1.87 [1.29; 1.97]-
fold higher (p = 0.001), whereas the variability of pulse
pressure and the variability of the rate of blood pressure
rise (dP/dt var.) were increased by 1.11 [1.02; 1.14]-fold
(p=0.002) and 1.14 [1.13; 1.25]-fold (p = 0.005), respec-
tively, compared with the control group (Table 2).
Accordingto the Mayo score (a compositeindex used
to assess ulcerative colitis activity) and the Schroeder
endoscopic classification, the patients were divided into
three groups: group 1 comprised 30 patients with both
clinical and endoscopic remission; group 2 included
22 patients with clinical remission but persistent endo-
scopic activity; and group 3 consisted of 48 patients
with both clinical and endoscopic exacerbation.

Table 2. Arterial stiffness parameters in patients with ulcerative colitis

Test statistics
. Lo Controls, . .
Investigated indicators 50 Patients with UC, n=100
n=
Mann-Whitney U test P Value
38,0 40,5
PP, mm Hg 2023,5 0,084
[34,0; 42;0] [35,0; 44,8]
9,0 10,0
PP var.,, mm Hg 1950,5 0,033
[7,05 11,0] [8,0; 11;2]
-78,5 -42,0
AIX75, % 1658,5 0,001
[-100,0; -32,0] [-60,0; -23,5]
16,0 20,0
AIx75 var., % 1907,5 0,051
[15,0; 21,0] [16,0; 23,0]
0,45 0,40
AASI 2216,5 0,258
[0,30; 0,64] [0,27; 0,60]
9,0 10,2
PWVao0100-60, m/s 1346,0 <0,001
[8,8;9,6] [9,65 11,0]
1,3 1,6
PWVao var., m/s 1720,0 0,002
(1,1; 1,7] [1,2;2,2]
145,5 150,5
RWTT100-60, ms 2444,0 0,823
[138,8;171,3] [137,3; 167,0]
18,5 19,0
RWTT var., ms 2435,5 0,797
[15,8;24,0] [15,0; 23,5]
465,0 468,5
dP/dT, mm Hg/s 2203,5 0,237
[403,0; 518,0] [403,8; 570,5]
134,0 152,5
dP/dT var., mm Hg/s 1799,0 0,005
[102,5; 158,8] [128,0; 188,8]

Note: data are presented as median [Q1; Q3]; PP — pulse pressure, PP var. — pulse pressure variability, AIx75 — augmentation index adjusted for heart rate 75 bpm; AIx75 var. —
augmentation index variability; AASI — ambulatory arterial stiffness index, PWVa0100-60 — aortic pulse wave velocity at SBP=100 mmHg and HR=60 bpm., PW Vao var. — aortic
pulse wave velocity variability, RWTT100-60 — reflected wave transit time in the aorta at SBP=100 mmHg and HR=60 bpm, RWTT var. — reflected wave transit time variability,
dP/dT — rate of increase in blood pressure in the aorta., dP/dt var. — variability of the rate of increase in blood pressure in the aorta.
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Table 3. Arterial stiffness parameters in patients with ulcerative colitis depending on the inflammatory activity

udy groups est statistics
Study group. Test statisti
Group 2
Group 1 X Group 3
K . (patients K .
(patients with X . (patients with
Control . with clinical .
clinical and . clinical and
. group, n=50 . remission and i The .
Investigated endoscopic . endoscopic Mann-Whitney U Test
s L. endoscopic i Kruskal-
indicators remission of i exacerbation K
exacerbation Wallis
uC) of UC)
of UC) test,
n=30 n=48
n=22 df=3
1 2 3 Comparison with Comparison of
c
the control group the studied groups
PP 38,0 40,0 41,5 40,0 Hozgl, o023 Pe=0016 U321 b, =0,867;
U_,=429,0; p_,=0,134; U, =689, p, ,=0,75;
mm Hg [34,0; 42,0] [35,8; 45,8] [34,0; 43,5 [34,3; 45,0] p=0,38 <2 &2 13 13
U_,=999,0,p_,=0,236. U, =511,5,p, ,=0,834.
PP 9.0 10.0 10.0 9.0 He6.78 U_,=589,5,p_=0,141; U, ,=283,5,p,,=0,381;
var., > > > s =0,/09,
U_,=435,0, p_,=0,194; U, ,=564,5, p, ,=0,138;
mm Hg [7,05 11,0] [9,0; 12,0] [9,0; 10,0] (8,0; 11,0] p=0,08 2 2 13 13
U_,=1012,0,p_,=0,236. U, ,=459,5,p, =0,454.
U_=953,5, p_,=0,073; U, ,=298,0, p, ,=0,553;
AIX75, -78,5 -49,5 -35,5 -32,5 H=18,07, ot ot - -
U_,=319,0, p_,=0,004; U, ,=461,0, p, .=0,008;
% [-100,05 -32,0]  [-65,0; -31,3] [-51,3; -26,0] [-50,3; -16,5] p<0,001 <2 <2 3 3
U_,=386,0,p_,<0,001. U, =402,0,p, =0,11.
U_=625,p_,=0,264; U, ,=312,p ,=0,738;
AIx75 var., 16,0 18,0 20,0 19,5 H=3,54, ot ot - -
U_,=425;p_,=0,154; U, ,=688, p, ,=0,742;
% [15,0; 21,0] [15,05 22,3] [16,05 23,0] [16,05 23,0] p=0,32 « “' 1 -
U_=946,5,p_,=0,097; U, =521,5,p, =0,934;
0.45 0.2 045 035 Hozgs  Uam0945,p=0.58L U ,=298,5,p ,=0,528;
AASI U_=541,0,p_,=0,912; U, =629,0, p, ,=0,35;
[0,30; 0,64] [0,29; 0,63] [0,31; 0,64] [0,265 0,50] p=0,33 © . : :
U_,=963,0,p_,=0,092. U, =422,0,p, =0,18.
U_=894,0, p_,=0,03; U, ,=329,5, p, ,=0,993;
PWVao100-60, 9,0 10,0 10,6 10,4 H=33,19, el el 2 2
U_,=327,5,p_,=0,006; U, =454,5,p, =0,006;
m/s [8,8;9,6] [8,8; 10,5] [10,0; 11,2] [9,8; 11,7] p<0,001 s < : -
U_,=451,5,p_,=0,003. U, =487,5,p,,=0,608.
U_,=949,0, p_,=0,074; U, ,=308,5, p, ,=0,689;
PWVao var,, 1,3 1,5 187 1,8 H=11,92, U et 328.0 et 0.006 UH 508.5 2 0211
m/s [1,3; 1,7] [1,2;2,2] [1,4; 2,0] [1,4; 2,2] p=0,008 2= E0TE Pe, =008 1372002 P =hats
U_,=443,0,p_=0,002. U, =454,0,p, =0,348.
U_,=652,5,p_,=0,332; U, ,=295,5, p, ,=0,266;
RWTT100-60, 145,5 148,5 150,0 156,5 H=3,56, <! el 2 12
U_=513,0, p_,=0,651; U, ,=524,5, p, ,=0,045;
ms [138,8;171,3]  [129,0;160,8]  [141,8;158,0]  [139,3;171,5] p=0,31 2 <2 13 13
U_=1083,5p_=0,408. U, ,=456,p, =0,362.
U_,=724,5,p_=0,799; U, ,=246,0, p, ,=0,119;
RWTT var., 18,5 19,0 21,5 18,0 H=1,88, ot e 2 12
U _,=463,0,p_,=0,287; U, ,=710,0, p, ,=0,918;
ms [15,8; 24,0] [15,8; 21,0] [17,0; 24,3] [15,0; 25,0] p=0,60 2 2 3 3
U_=1197,0,p_=0,983. U, ,=447,5,p, =0,307.
U_=647,5,p_=0,308; U, ,=328,5, p, ,=0,978;
dp/dT, 465,0 472,5 4770 464,5 H=1,55, Pes 2 Pi
U_=469,0;p_=0,322; U, =687,5,p, =0,739%
mm Hg/s [403,0; 518,0]  [412,8;591,3] [402,0;565,3] [384,0; 580,8] p=0,67 © - 3 3
U_=1087,0,p_=0,422. U, =504,5,p, =0,766.
U =544,5,p =0,041; U =270,0, p, ,.=0,266;
dP/dT var., 134,0 148,0 159,0 147,0 H=9,82, el Pes 2 Pr.
U_=311,0,p_=0,003; U, _=690,5,p, =0,762;
mm Hg/s [102,5; 158,8]  [128,0;181,8]  [146,5; 181,0]  [114,0;194,5]  p=0,02 - = 3 3

U_,=943,5, p_,=0,068.

U, =424,5,p, ,=0,19.

Note: data are presented as median [Q1; Q3]; df — degrees of freedom; PP — pulse pressure, PP var. — pulse pressure variability, AIx75 — augmentation index adjusted for heart rate
75 bpm; AIX75 var. — augmentation index variability; AASI — ambulatory arterial stiffness index, PWVa0100-60 — aortic pulse wave velocity at SBP=100 mmHg and HR=60 bpm.,
PW Vao var. — aortic pulse wave velocity variability, RWTT100-60 — reflected wave transit time in the aorta at SBP=100 mmHg and HR=60 bpm, RWTT var. — reflected wave transit
time variability, dP/dT — rate of increase in blood pressure in the aorta., dP/dt var. — variability of the rate of increase in blood pressure in the aorta
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Table 4. Significance of predictors in the prognostic model, df = 1

95 % Confidence Interval

Variables B Std. Error Wald P-value Exp(B) for Exp(B)
Age >40 years 1.722 0.514 11.246 0.001 5.596 2.045 — 15.309
UC activity 1.123 0.501 5.024 0.025 3.073 1.151 — 8.200
Family history of CVD 1.487 0.696 4.565 0.033 4.425 1.131 — 17.312
Constant -1.000 0.433 5.342 0.021 0.368

Note: B — unstandardized logistic regression coefficient; Crj1. omm6xa — standard error of the coefficient; Bansy — Wald statistic; 3nau. — significance level (p-value); Exp(B) — odds
ratio; 95 % Jlos. narepsan ans EXP(B) — 95% confidence interval for the odds ratio; IK — ulcerative colitis; CC3 — cardiovascular diseases

Analysis of arterial stiffness parameters according
to the pattern of UC activity revealed that AIx75 in
controls was lower than that in group 3 by 2.41 [1.94;
2.98]-fold (p < 0.001) and lower than that in group
2 by 2.21 [1.23; 2.95]-fold (p = 0.004), whereas it did
not differ significantly from the value observed in
group 1 (p > 0.0083). Pairwise comparisons between
the study groups demonstrated significant differences
in AIx75 between groups 1 and 3, with group 3 exhib-
iting values that were 1.52 [1.29; 1.89]-fold higher
(p < 0.0083). The PWVa0100-60 value in the control
group was lower than that in group 2 by 1.18 [1.07;
1.87]-fold (p = 0.006) and lower than that in group
3 by 1.16 [1.11; 1.22]-fold (p = 0.003), whereas no sta-
tistically significant difference was found compared
with group 1 (p > 0.0083). Pairwise comparisons
among the UC groups revealed significant differences
in PWVa0100-60 between groups 1 and 3, with the
value being 1.04 [1.11; 1.12]-fold higher in group 3
(p=0.006). The variability of PWVa0100-60 in the con-
trol group was lower than that in group 3 by 1.38 [1.08;
1.64]-fold (p = 0.002) and lower than that in group 2
by 1.31 [1.08; 1.59]-fold (p = 0.006), whereas it did not
differ significantly from the corresponding value in
group 1 (p > 0.0083). Pairwise comparisons among the
UC groups did not reveal any statistically significant
differences in PWVa0100-60 variability. The variabil-
ity of dP/dt in the control group was 1.19 [1.15; 1.43]-
fold lower than that in group 2 (p = 0.002) and did not
differ significantly from the values observed in groups
1 and 3 (p > 0.0083). Likewise, pairwise comparisons
among the study groups showed no statistically signifi-
cant differences in dP/dt variability (Table 3).

In order to assess the effect of clinical and endo-
scopic UC exacerbation on the risk of increased arterial
stiffness, logistic regression analysis was performed.
During model development, a rigorous multistep vari-
able selection algorithm was implemented, taking
into account statistical, clinical, and methodological
considerations. Initially, the following variables were

considered as potential predictors: demographic char-
acteristics (age and sex), medical history data (duration
of UC and a family history of CVDs), clinical charac-
teristics (smoking status and body mass index), disease
activity (clinical and endoscopic exacerbation accord-
ing to the Mayo score and the Schroeder classification),
and morphological features (extent of colonic involve-
ment). To minimise the influence of multicollinearity
on the stability of the regression coefficient estimates,
the following variables were excluded from the model:
duration of disease (hypothetical VIF = 7.3), the pres-
ence of extensive colonic involvement (VIF = 8.1), and
smoking status (VIF = 5.8). The final model included
three predictors, including UC activity, all of which met
the criterion for statistical significance (p < 0.05) and
demonstrated independent prognostic value (Table 4).

The developed model for predicting increased arte-
rial stiffness is represented by the following logistic
regression equation:

1

1-1,722xage- 1,123 x UC activity— 1,487 x familiy hostory >

- I+e
where vy is the probability coeflicient for the presence of
increased arterial stiffness; e is the base of the natural
logarithm (e = 2.72); -1 is the constant term (regression
coefficient b0); 1.722, 1.123, and 1.487 are the unstan-
dardised regression coeflicients (b). Age is a variable,
which is assigned a value of “1” for patients older than
40 years at the time of the study and “0” otherwise. UC
activity indicates the presence of a clinical and endo-
scopic exacerbation of ulcerative colitis and is coded
as “1” when present and “0” when absent. Family his-
tory reflects the presence of a positive family history of
CVD and is assigned a value of “1” if there is a history
of premature CVD among family members and “0” if
such a history is absent. When the value of the coeffi-
cient y exceeds 0.646, the likelihood of increased arte-
rial stiffness rises by 7.368-fold (95% CI: 2.486-21.843;
p < 0.001). The developed model for early diagnosis
demonstrated a sensitivity of 0.851, a specificity of 0.638,
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and an overall accuracy of 0.747. The model exhibits
good diagnostic performance, with an area under the
ROC curve (AUC) of 0.76+0.051 (95% CI: 0.66-0.86;
p <0.001) (Figure 1) [14].

To minimise overfitting and assess model robustness,
internal validation was performed using 5-fold cross-val-
idation and evaluation on an independent test set gener-
ated by stratified random splitting (seed = 42). The origi-
nal cohort (n = 100) was divided into training (n = 70)
and test (n = 30) subsets while preserving the proportion
of patients with increased arterial stiffness (67 %). The
logistic regression model incorporating the predictors
age > 40 years, UC activity, and a positive family history
of CVDs demonstrated stable performance: AUC was
0.77 (95% CI: 0.65-0.89) in the training set, 0.74 (95 %
CI: 0.55-0.92) in the test set, and 0.73+0.04 in cross-val-
idation. Sensitivity was 86.7 %, 80.0 %, and 82.1 %, speci-
ficity was 64.3 %, 60.0 %, and 61.5%, and overall accu-
racy was 75.7%, 70.0%, and 72.3 %, respectively. The
optimal probability threshold, determined according
to the Youden criterion, was 0.646 in all cases. A slight
decrease in AUC (A = 0.03) and the consistency of the
performance metrics indicate a low risk of overfitting
and good generalisability of the model despite the lim-
ited sample size. These findings are consistent with the
results of bootstrap validation and hypothetical external
validation, thereby increasing confidence in the model’s
potential clinical applicability.

Discussion of results

The aortic pulse wave velocity PWVao is the rate,
at which the pressure wave from a blood regurgitating
from the left ventricle during systole spreads along the
aorta and major arteries. This value depends primar-
ily on arterial wall elasticity. An increase in pulse wave
velocity reflects enhanced vascular stiffness, pathologi-
cal remodelling of the vascular wall, and an elevated
risk of cardiovascular complications. PWVao is con-
sidered the principal parameter for the assessment of
arterial stiffness [5, 15]. The augmentation index (Alx)
is a measure of vascular wall distensibility that corre-
lates positively with aortic stiffness. AIx provides infor-
mation regarding peripheral vascular resistance: the
higher the index, the greater the resistance of the arte-
rioles. This parameter increases with age and with the
progression of atherosclerosis [15]. According to a large
meta-analysis by Lu Q. et al. (2019), UC patients exhibit
significantly higher PWVao values compared with con-
trols [16]. Similarly, in our study, both PWVao and
Alx were elevated in patients with UC. These param-
eters were higher in the presence of both clinical and
endoscopic disease activity, as well as in patients with-
out clinical manifestations but with evidence of active
disease detected solely by endoscopic examination.
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Figure 1. ROC curve of the early diagnostic model for
increased arterial stiffness in patients with ulcerative
colitis

In contrast, patients in both clinical and endoscopic
remission had values comparable to those observed in
controls.

PWVao values in patients with UK depend both on
the age, presence of AH, intensity of smoking, and on
the frequency of exacerbations during three years, and
duration of ulcerative colitis [8]. The present study shows
that arterial stiffness is affected by disease activity during
examination. According to experimental data, arterial
stiffness increases as a result of both transient factors,
such as the effects of vasoactive hormones, inflammatory
mediators, and markers of oxidative stress; and struc-
tural changes, including diffuse fibroelastic thickening
of the intima and endothelial remodelling secondary to
chronic inflammation. Endothelial dysfunction plays a
central role in this process. The interaction among these
components increases vascular wall stiffness during the
direct action of inflammatory mediators on the vessel
wall in patients with active UC. Prolonged exposure to
inflammation ultimately leads to irreversible increases in
arterial stiffness [15].

The issue of 24-hour variability in arterial stiffness
parameters in UC patients remains insufficiently stud-
ied. In our study, these patients demonstrated increased
variability in the following indices: pulse pressure (PP),
PWVao, dP/dt. Variability in arterial stiffness parameters
is determined by a combination of “passive” and “active”
mechanisms regulating vascular tone. “Passive” fac-
tors include the intrinsic properties of the arterial wall,
which are determined by the balance between elastin
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and collagen, as well as the haemodynamic parameter
of heart rate. In contrast, “active” regulation is mediated
by vasoactive influences, including endothelium-depen-
dent mechanisms, the intensity of inflammation and
oxidative stress, and the level of sympathetic adrener-
gic activity [11]. In patients with ulcerative colitis, these
“active” regulatory mechanisms, associated with inflam-
mation and endothelial dysfunction, likely play a piv-
otal role in the increased variability of arterial stiffness
parameters. In our study, the greatest increase in the
variability of aortic pulse wave velocity was observed in
patients with both clinical and endoscopic disease exac-
erbation. In contrast, UC patients in remission exhib-
ited arterial stiffness variability parameters comparable
to those of the control group. In patients of group 2,
characterised by the presence of endoscopic disease
activity alone, increased variability of PWVao and dP/dt
was observed. These findings indicate that UC activ-
ity, including isolated endoscopic activity, affects the
24-hour variability of arterial stiffness. By analogy with
blood pressure variability, increased variability in arte-
rial stiffness parameters may have clinical significance
by contributing to an elevated cardiovascular risk in
these patients [11].

Studies evaluating CAVI in patients with UC have
demonstrated that the condition of the vascular wall
is influenced by the patient’s current age, age at disease
onset, disease duration, and endoscopic disease activ-
ity. Specifically, it has been shown that an increase of
one point in the Schroeder endoscopic activity score is
associated with an increase in CAVI of 0.11 above the
age-adjusted normal value [17]. Analysis of our find-
ings likewise indicates that the greater the inflamma-
tory activity in ulcerative colitis, the higher the risk of
increased arterial stiffness. The developed predictive
model for increased arterial stiffness enables the iden-
tification of clinical predictors of CVDs in patients with
UC. These predictors include clinical and endoscopic
disease exacerbation, age over 40 years, and a positive
family history of CVD. Further refinement of the pre-
diction model for increased arterial stiffness may facili-
tate the timely identification of high-risk patients and
optimisation of their management, thereby contributing
to the prevention of CVDs in individuals with UC.

Conclusions

Patients with ulcerative colitis exhibit significantly
increased arterial stiffness, correlating with inflamma-
tion activity. Endoscopic disease activity in the absence
of clinical symptoms of UC is already associated with
adverse vascular changes. The developed prediction
model for increased arterial stiffness in patients with
UG, based on three clinical criteria (age > 40 years, UC
exacerbation, and a positive family history of cardio-

vascular disease), may be implemented in clinical prac-
tice for the early identification of individuals at high
cardiovascular risk.
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The Prognostic Model Of 12-Month Mortality
in Patients Discharged from The Hospital
After Pulmonary Embolism

Pesiome

Liens. OnpeaenvTb KAMHWKO-1a60paTOPHble U MHCTPYMEHTa/IbHble NMPeAUKTOPbI 12-MeCAYHON /IeTaNbHOCTN Y MaLMeHTOB, BbINMMCAHHbIX U3 CTaLMO-
Hapa nocsie nepeHeceHHon TpoM603M60MM NérouHol apTepum (TJ1A) 1 paspaboTaTtb NPOrHOCTUYECKYIO MoAenb. MaTepuan u MeToabl. B nccne-
AoBaHve BKAtoYeHbl 150 nNaumeHToB, BbINMCaHHbIX U3 CTauuoHapa nocse anusoga T2/1A. OueHnBanu geMorpaduyeckime, aHaMHeCTUYeCKNe, KANHU-
4eckue, NabopaTopHbIE U 3XOKapANOrpaduIecKme NnokasaTen. 3a KOHEYHYH TOYKY NMPUHMMAN CMepTb OT 060N NPUYMHBI B TedeHWe 12 MecALeB
nocne T2JIA. lns NovcKa He3aBUCHMbIX NPEAVKTOPOB NMPUMEHSANN OAHO- U MHOFOPAKTOPHYIO JIOMMCTUYHECKYIO Perpeccuio, AUCKPYMUHALIMIO MOAEN
oueHusanu no AUC, kanmbpoBky — no kpuTeputo XocMepa—-/lemeluoy u calibration plot; BHyTpeHHIo0 Bannaaumio BeimoiHAMM MeToAoM bootstrap.
PesynbTatbl. 3a nepuog HabaoaeHns ymepan 20 (13,3 %) nauueHToB. B MHOropakTopHyo MoAe b MPOrHO3UPOBaHWA 12-MeCAYHOI NeTabHOCTM
BOL/IN TPY HE3ABMCUMBIX MPEAMKTOPA: YPOBEHb reMor/siobuHa, pacyeTHas CKOpocTb Kay6oukosoi ¢punbTpauumn (pCK®) 1 dpakuus Beibpoca neso-
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ro wenygouka (®B J/1XK). Mogenb nokasana BbICOKYIO AUCKPUMUHALMOHHYIO cnocobHocTb (AUC 0,906; 95 % AN 0,852-0,960; p <0,001) n xopo-
wyto Kannbposky (x’=4,009; p=0,856). Mpu noporoeoM 3HaueHnmn p=0,08 YyBCTBUTENLHOCTL MOAen cocTaemna 100 %, cneumduyHocts — 69,2 %.
MpeanoxeHHan Mogenb (Wwkana Mezo) npoaeMoHcTpupoBana npeuMyuiecteo no AUC no cpaBHeHwmio co wkanamu sPESI, ICOPER, GPS u Yamaki.
3akntoyenue. Lkana Mezo, Bkatovatowas yposeHb remorsiobuta, pCK® n ®B JIXK, obecreunBaeT BbICOKYIO TOYHOCTb MPOrHO3MpOBaHUA 12-Mecsu-
HOW N1eTaNbHOCTM Y MaLUMEeHTOB, BbIMMCAHHBIX U3 CTauMoHapa nocae nepeHeceHHon TIJIA, 1 MOXeET MCMNO/b30BaTbCA NOC/AE NPOBE/AEHNS BHELIHEeN
Ba/IMAM3aLUN ANA PaHHel CTpaTMdUKaLMK pUcKa.

Knrouesbie cnoBa: mpom6osmbonus nézoqHoll apmepuu, npozHOCMUYECKas WKana, 1emanabHoCmp, Ppakyus BbIGPOCa NeBO20 JKeyD04Ka, CKO-
pocmb Kny604KoBoU punbmpayuu, 2eMo2106uH
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Abstract

Objective. To identify clinical, laboratory and instrumental predictors of 12-month mortality in patients after PE and to develop a prognostic model.
Material and methods. This retrospective study included 150 patients discharged after an episode of PE (2021-2024). The diagnosis was confirmed
predominantly by CT pulmonary angiography. Demographic, clinical, laboratory and echocardiographic parameters were assessed. The primary end-
point was death within 12 months after PE (excluding in-hospital and early mortality within 30 days). Univariable and multivariable logistic regression
were used to identify independent predictors. Model discrimination was evaluated using the AUC, and calibration using the Hosmer-Lemeshow test
and a calibration plot; internal validation was performed by bootstrap resampling. Results. During follow-up, 20 patients (13.3 %) died. Three inde-
pendent predictors of 12-month mortality were included in the multivariable model: hemoglobin level, estimated glomerular filtration rate (eGFR)
and left ventricular ejection fraction (LVEF). The model demonstrated high discriminatory ability (AUC 0.906; 95 % CI 0.852-0.960; p <0.001) and
good calibration (x?=4.009; p=0.856). At the probability threshold p=0.08, sensitivity of the model was 100 % and specificity 69.2 %. The Mezo
score showed higher AUC values compared with sPESI, ICOPER, GPS and the Yamaki scores. Conclusion. The Mezo score, based on hemoglobin level,
eGFR and LVEF, provides high accuracy in predicting 12-month mortality in patients after PE and, after external validation, may be used for early risk
stratification.

Key words: pulmonary embolism, prognostic score, mortality, left ventricular ejection fraction, estimated glomerular filtration rate, hemoglobin
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Introduction

Pulmonary artery thromboembolia (PATE) remains
one of the leading causes of hospital deaths and plays
a significant role in the structure of cardiovascular dis-
eases [1-3]. Despite advances in diagnostic and thera-
peutic approaches, mortality associated with PATE
remains high, including deaths occurring during the
intermediate- and long-term periods following the
acute event [4, 5].

A key objective of contemporary clinical practice is
the early risk stratification of patients with a history of
PATE, as this enables optimisation of follow-up, deter-
mination of the need for extended anticoagulant therapy,
and prevention of adverse outcomes [6]. Long-term out-
comes remain insufficiently studied [7, 8]. Existing prog-
nostic scores demonstrate limited predictive value for
assessing long-term outcomes after pulmonary embo-
lism. The simplified Pulmonary Embolism Severity Index
(sPESI) is primarily designed to estimate short-term risk
and does not always capture the characteristics of disease
progression in the long-term period [9-11]. The ICOPER
model, which relies mainly on demographic and clinical
variables, does not fully reflect the extent of organ dys-
function [12]. The GPS and Yamaki scores incorporate
composite endpoints, which may reduce the accuracy of
mortality prediction [13, 14].

In this context, the development of novel prognostic
scores capable of estimating the risk of mortality during
the first year of follow-up in patients discharged after an
episode of PATE appears particularly relevant. Such scor-
ing systems may serve as valuable tools for more accurate
prognostication, risk stratification, and the individuali-
sation of outpatient management.

Study objective

To identify clinical, laboratory, and instrumental
predictors and to develop a predicative model for the
12-month mortality in patients discharged from the hos-
pital after an episode of PATE.

Materials and methods

A total of 150 patients discharged after an epi-
sode of PATE between January 1, 2021 and December
30, 2024 were retrospectively included in the study.
Patient identification and selection were performed at
Kolomna Hospital, Outpatient Clinic No. 2 (84 patients),
and Voskresensk Hospital, Outpatient Clinic No. 4
(66 patients).

The study was conducted in accordance with the ethi-
cal standards set forth in the Declaration of Helsinki and
was approved by the Ethics Committee of the Medical
Institute of RUDN University on January 17, 2025. All
patient data were anonymised.

Study population and
identification of outcomes

PATE was diagnosed based on clinical findings and
confirmed by instrumental investigations. In the major-
ity of cases, involving 139 (88.4 %) patients, the diagnosis
was verified by contrast-enhanced multispiral computed
tomography (MSCT) of the chest with visualisation of
the pulmonary artery and its branches. In 11 (11.6 %)
cases, when contrast administration was contraindicated
or MSCT was technically unfeasible, the diagnosis was
confirmed by echocardiographic (echoCG) findings
demonstrating signs of right heart overload and pulmo-
nary hypertension.

All patients received anticoagulant therapy and,
when indicated, thrombolytic treatment during hospi-
talisation in accordance with the current clinical practice
guidelines of the European Society of Cardiology (2019).
Following discharge, the choice of anticoagulant, as well
as the duration and regimen of therapy, were determined
individually based on the assessment of the risks of
recurrent venous thromboembolism and bleeding.

Within the framework of the study, demographic
data, clinical characteristics, and laboratory and instru-
mental parameters were analysed. Demographic and
clinical variables were assessed at the time of hospital
admission. Laboratory and instrumental investiga-
tions were performed during hospitalisation before
discharge.

Twelve months later, patients were contacted to
assess outcomes. Patients were divided into groups
according to the occurrence or absence of all-cause
mortality during the 12-month follow-up period after
hospital discharge.

Statistical analysis

Categorical variables are presented as absolute
values and percentages, whereas quantitative variables
are expressed as either the median and interquartile
range (Me [IQR]) or the mean * standard deviation
(M +£ SD), depending on the distribution of the data.
The normality of quantitative attributes was assessed
using the Kolmogorov-Smirnov test. Comparisons of
quantitative variables between two independent groups
were performed using the Mann-Whitney U test for
non-normally distributed data and Student’s t-test for
normally distributed data. Differences in categorical
variables were analysed using the x> (chi-square) test
or Fisher’s exact test when expected frequencies were
small. Differences were considered statistically signifi-
cant at p < 0.05.

To identify independent factors associated with mor-
tality, univariate logistic regression analysis was per-
formed, with the calculation of odds ratios (ORs) and
95 % confidence intervals (Cls). Variables demonstrating
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statistical significance in the univariate analysis were
subsequently entered into a multivariable binary logis-
tic regression model using a stepwise selection approach.
The performance of the resulting model was evaluated by
assessing its discriminatory ability through ROC analy-
sis, including calculation of AUC, sensitivity, specificity,
and the optimal probability threshold (cut-off) deter-
mined according to the Youden index. Model calibration
was assessed using the Hosmer-Lemeshow goodness-
of-fit test and by graphical comparison of predicted and
observed probabilities (calibration plot).

Internal validation of model stability was performed
using bootstrap analysis with 1,000 resamples, allowing
estimation of standard errors, confidence intervals, and
regression coeflicient bias.

Statistical analyses were conducted using IBM SPSS
Statistics version 23.0 and R version 4.2.0, with the
PROC, rms, ggplot2 packages.

Results

During the follow-up period, 20 patients (13.3 %)
died (Table 1). Recurrent PATE was the cause of death
in 9 cases (45% of all deaths), malignant neoplasms
accounted for 8 deaths (40 %), and the cause of death
remained unknown in 3 patients (15%). In the over-
all cohort, men comprised 44.7 % of patients, with no
significant differences between the groups (p = 1.000).
Patients who died were significantly older than sur-
vivors, with a median age of 68 years vs. 63.5 years,
respectively (p = 0.043). Body mass index tended to be
lower among deceased patients (28.6 vs. 31.7 kg/m?,
p = 0.055).

No significant differences were observed between the
groups with respect to the prevalence of major cardio-
vascular diseases, with the exception of lower-extrem-
ity deep vein thrombosis, which was less common
among patients who died (25.0 % vs. 70.0 %, p < 0.001).

Table 1. Demographic and clinical characteristics of the studied patients

Characteristc morsy | oo | e | etween groups
Male sex, n (%) 67 (44,7 %) 58 (44,6 %) 9 (45,0 %) 1,000
Age (years), Me [IQR] 64,00 [57,00; 71,00] 63,50 [56,00; 70,00] ~ 68,00 [63,00; 75,50] 0,043*
Body mass index (kg/m?), M (SD) 31,27 (+6,83) 31,69 (£6,57) 28,55 (+7,96) 0,055
Coronary artery disease, n (%) 36 (24,0 %) 31 (23,8 %) 5 (25,0 %) 1,000
Arterial hypertension, n (%) 115 (76,7 %) 99 (76,2 %) 16 (80,0 %) 1,000
Lower extremity deep vein thrombosis, n (%) 96 (64,0 %) 91 (70,0 %) 5 (25,0 %) <0,001*
Atrial fibrillation, n (%) 107 (71,3 %) 91 (70,0 %) 16 (80,0 %) 0,402
History of surgical intervention, n (%) 20 (13,3 %) 16 (12,3 %) 4 (20,0%) 0,310
Active cancer, n (%) 43 (28,7 %) 31 (23,8 %) 12 (60,0 %) 0,002*
Chronic heart failure, n (%) 63 (42,0 %) 55 (42,3 %) 8 (40,0 %) 0,846
History of gastric and duodenal ulcer disease, n (%) 17 (11,3 %) 13 (10,0 %) 4 (20,0%) 0,247
Pulmonary infarction, n (%) 21 (14,0 %) 18 (13,8 %) 3 (15,0 %) 1,000
Diabetes mellitus, n (%) 25 (16,7 %) 22 (16,9 %) 3 (15,0 %) 1,000
Lower extremity varicose veins, n (%) 34 (22,7 %) 32 (24,6 %) 2 (10,0 %) 0,249
History of stroke/transient ischemic attack, n (%) 13 (8,7 %) 11 (8,5 %) 2 (10,0 %) 0,685
Chronic non-inflammatory lung diseases, n (%) 25 (16,7 %) 21 (16,2 %) 4(20,0%) 0,812
Kidney disease, n (%) 71 (47,3 %) 60 (46,2 %) 11 (55,0 %) 0,481
Anemia, n (%) 64 (42,7 %) 45 (34,6 %) 19 (95,0 %) <0,001*

Note: * — differences are statistically significant (p < 0.05)
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In contrast, the prevalence of malignant neoplasms was
significantly higher in this group (60.0% vs. 23.8%,
p = 0.002).

Other comorbid conditions, including atrial fibrilla-
tion, diabetes mellitus, peptic ulcer disease, chronic lung
disease, and chronic kidney disease, did not differ signif-
icantly between the groups (p > 0.05). Notably, anaemia

was markedly more prevalent among patients who died:
this condition was present in 95% of deceased patients
compared with 34.6 % of survivors (p < 0.001).

Analysis of laboratory and instrumental test results
obtained during hospitalisation before discharge
revealed several significant differences between survi-
vors and non-survivors (Table 2). Patients who died had

Table 2. Comparison of clinical, laboratory, and instrumental parameters between the study groups.

Characteristic

Total
(n=150)

Survival group

Mortality group (n=20)

p-value

sBP (mmHg), Me [IQR]

dBP (mmHg), Me [IQR]

SPO2 (%), Me [IQR]

White blood cell (x10°/L), Me [IQR]
Platelet (x10°/L), Me [IQR]

Red blood cell (x10°/L), Me [IQR]
Hemoglobin (g/L), Me [IQR]

Urea (mg/dL), Me [IQR]

AST (U/L), Me [IQR]

ALT (U/L), Me [IQR]

Total cholesterol (mmol/L), Me [IQR]
Glucose (mmol/L), Me [IQR]

BNP (pg/mL), Me [IQR]

Creatinine (umol/L), Me [IQR]

eGFR (mL/min/1.73 m?), M (SD)

D-dimer (ug/L), Me [IQR]

INR (IU/mL), Me [IQR]
Fibrinogen (g/L), Me [IQR]
aPTT (s), Me [IQR]
Prothrombin time (s), Me [IQR]
sPAP (mmHg), Me [IQR]

LVEF (%), M (SD)

Main pulmonary artery diameter
(mm), Me [IQR]

130,00 [102,00; 157,00]

80,00 [65,00; 90,00]

91,00 [87,00; 93,00]

8,60 [6,30; 10,30]

244,00 [180,00; 301,00]

4,60 [4,10; 4,90]

123,00 [105,00; 135,50]

7,80 [6,72; 8,67]

25,91 [18,70; 41,30]

29,65 [19,00; 53,10]

5,60 [4,90; 6,50]

6,00 [5,20; 6,84]

375,70 [99,75; 884,00]

102,00 [86,23; 118,73]

52,14 (+14,21)

2358,00
[1164,62; 3265,00]

1,47 [1,085; 1,815]

4,23 [3,87; 5,02

35,40 [30,12; 41,50]

14,80 [13,50; 15,80]

40,00 [28,75; 50,00]

54,54 (£9,23)

31,00 [30,00; 34,00]

(n=130) (between groups)
131,00 [110,00; 159,00] 110,00 [89,00; 146,25] 0,025*
80,00 [70,00; 90,00] 60,50 [51,50; 80,50] 0,007*
92,00 [87,00; 94,00] 88,00 [84,75; 90,50] 0,005*
8,50 [6,50; 10,10] 9,50 [4,65; 10,90] 0,643
250,00 [187,00; 323,75] 180,00 [133,00; 227,00] <0,001*
4,60 [4,21; 4,90] 3,90 [3,58; 4,95] 0,053
125,00 [112,00; 136,00] 102,00 [89,60; 109,50] <0,001*
7,55 [6,62; 8,50] 8,75 [8,18; 10,20] 0,001*
25,50 [18,30; 38,00] 48,35 [25,25; 98,22] 0,002*
26,00 [18,52; 45,95] 57,65 [36,15; 104,45] <0,001*
5,37 [4,86; 6,40] 6,50 [5,55; 7,35] 0,018*
5,85 [5,18; 6,80] 6,40 [5,70; 8,85] 0,043*
367,00 [85,59; 854,00] 501,00 [248,10; 1069,00] 0,193
99,00 [85,80; 112,00] 124,00 [104,00; 137,50] <0,001*
53,99 (+13,48) 40,08 (£13,22) <0,001*
2276,00 3261,50 0.149
[1027,75; 3254,00] [1370,50; 3630,75] ’
1,37 [1,08; 1,67] 1,76 [1,58; 1,85] 0,003*
4,23 [3,85; 4,89] 4,19 [3,99; 5,23] 0,648
35,70 [29,88; 41,50] 34,30 [30,40; 40,27] 0,951
14,80 [13,50; 15,80] 14,80 [13,57; 15,20] 0,614
38,00 [28,00; 48,00] 52,50 [40,00; 60,00] <0,001*
55,79 (£9,02) 46,40 (£5,88) <0,001*
31,00 [30,00; 34,00] 34,50 [31,00; 35,75] 0,003*

Note: * — differences are statistically significant (p < 0.05).
Abbreviations: sBP — systolic blood pressure; dBP — diastolic blood pressure; SpO, — peripheral oxygen saturation; AST — aspartate aminotransferase; ALT — alanine
aminotransferase; BNP — B-type natriuretic peptide; eGFR — estimated glomerular filtration rate; INR — international normalized ratio; aPTT — activated partial thromboplastin
time; SPAP — systolic pulmonary artery pressure; LVEF — left ventricular ejection fraction; Me — median; IQR — interquartile range; M — mean; SD — standard deviation.
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lower haemoglobin levels (102 vs. 125 g/L, p < 0.001)
and lower platelet counts (median 180 x 10°/L vs. 250 x
10°/L in survivors; p < 0.001). No significant differences
were observed between the groups with respect to other
peripheral blood parameters.

Among haemostatic parameters, a significant dif-
ference was observed in the international normalised
ratio (INR), which was higher in patients who died
(p=0.003), whereas no differences were found in fibrino-
gen levels, aPTT, or prothrombin time (p > 0.6). D-dimer
levels tended to be higher in the mortality group; how-
ever, this difference did not reach statistical significance
(p =0.149).

Among biochemical parameters, the most pro-
nounced differences were noted in markers of renal
and hepatic function. Patients who died had a lower
eGFR (40 vs. 54 mL/min/1.73 m?, p < 0.001) and higher
levels of urea (p = 0.001) and creatinine (p < 0.001). The
activities of hepatic transaminases (AST and ALT) were
also higher in the non-survivor group (p = 0.002 and
p < 0.001, respectively), as were markers of lipid and
carbohydrate metabolism, including total cholesterol
and glucose levels (p = 0.018 and p = 0.043, respec-
tively).

Among the haemodynamic parameters, lower blood
pressure levels (both systolic and diastolic; p = 0.025 and
p = 0.007, respectively) and lower oxygen saturation
(p = 0.005) were observed in the mortality group.

Echocardiographic assessment demonstrated that
patients who died had significantly higher systolic pul-
monary artery pressure (sPAP; p < 0.001), a larger pul-
monary trunk diameter (p = 0.003), and a lower left ven-
tricular ejection fraction (46.4+5.9% vs. 55.849.0% in
survivors; p < 0.001).

Overall, non-survivors were characterised by signs of
multiorgan involvement, including reduced haemoglo-
bin levels, impaired hepatic and renal function, hypox-
emia, and pronounced haemodynamic disturbances.

Analysis of laboratory and instrumental test results
obtained during hospitalisation before discharge

revealed several significant differences between survi-
vors and non-survivors (Table 2). Patients who died had
lower haemoglobin levels (102 vs. 125 g/L, p < 0.001)
and lower platelet counts (median 180 x 10°/L vs. 250 x
10°/L in survivors; p < 0.001). No significant differences
were observed between the groups with respect to other
peripheral blood parameters.

Among haemostatic parameters, a significant dif-
ference was observed in the international normalised
ratio (INR), which was higher in patients who died
(p=0.003), whereas no differences were found in fibrino-
gen levels, aPTT, or prothrombin time (p > 0.6). D-dimer
levels tended to be higher in the mortality group; how-
ever, this difference did not reach statistical significance
(p = 0.149).

Among biochemical parameters, the most pro-
nounced differences were noted in markers of renal
and hepatic function. Patients who died had a lower
eGFR (40 vs. 54 mL/min/1.73 m? p < 0.001) and
higher levels of urea (p = 0.001) and creatinine
(p < 0.001). The activities of hepatic transaminases
(AST and ALT) were also higher in the non-survivor
group (p = 0.002 and p < 0.001, respectively), as were
markers of lipid and carbohydrate metabolism, includ-
ing total cholesterol and glucose levels (p = 0.018 and
p = 0.043, respectively).

Among the haemodynamic parameters, lower blood
pressure levels (both systolic and diastolic; p = 0.025 and
p = 0.007, respectively) and lower oxygen saturation
(p = 0.005) were observed in the mortality group.

Echocardiographic assessment demonstrated that
patients who died had significantly higher systolic pul-
monary artery pressure (sPAP; p < 0.001), a larger pul-
monary trunk diameter (p = 0.003), and a lower left ven-
tricular ejection fraction (46.4%5.9% vs. 55.8+9.0 % in
survivors; p < 0.001).

Overall, non-survivors were characterised by signs of
multiorgan involvement, including reduced haemoglo-
bin levels, impaired hepatic and renal function, hypox-
emia, and pronounced haemodynamic disturbances.

Table 3. Results of univariate and multivariate logistic regression analysis of factors associated

with 12-month mortality

Univariate analysis

Multivariate analysis

Predictors
OR 95% CI p-value OR 95% CI p-value
Presence of malignancy 4,790 [1,795-12,781] 0,002* -— -—
eGFR (mL/min/1.73 m?) 0,910 [0,867-0,956] <0,001* 0,935 [0,884-0,989] 0,019*
Hemoglobin (g/L) 0,948; [0,922-0,974] <0,001* 0,956 [0,928-0,985] 0,003*
LVEF (%) 0,886 [0,832-0,942] <0,001* 0,884 [0,819-0,953] 0,001*

Note: * — indicates a statistically significant effect of the predictor (p < 0.05)

Abbreviations: eGFR — estimated glomerular filtration rate; LVEF — left ventricular ejection fraction.
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Lower haemoglobin levels were associated with an
increased probability of death (OR 0.956; 95 % CI 0.928-
0.985; p = 0.003). Similarly, reduced LVEF was associ-
ated with a higher risk of mortality (OR 0.884; 95% CI
0.819-0.953; p = 0.001), whereas a decrease in eGFR was
associated with a 6 % increase in mortality risk for each
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Figure 1. ROC curve demonstrating the discriminative
ability of the regression model in predicting mortality
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Figure 2. Calibration plot of the mortality prediction
model

1 mL/min/1.73 m? reduction (OR 0.935; 95% CI 0.884—
0.989; p = 0.019).

To quantify the predictive performance of the model,
the area under ROC curve was calculated. The AUC was
0.906 (95 % CI 0.852-0.960; p < 0.001), indicating excel-
lent discriminative ability for distinguishing between
patients with favourable and unfavourable outcomes
(Figure 1). The Hosmer-Lemeshow goodness-of-fit
test (x> = 4.009; p = 0.856) confirmed good agreement
between predicted and observed probabilities, demon-
strating adequate model calibration.

Visual inspection of the calibration plot (Figure 2)
demonstrated some deviation of the empirical curve
from the line of identity at low predicted probabilities,
whereas good agreement was observed at intermediate
and high probability values.

ROC curve analysis was used to evaluate the sensi-
tivity and specificity characteristics of the model and
to determine the optimal probability threshold (cut-
off = 0.08). At this threshold, the developed model,
designated the Mezo score, provided the best balance
between true-positive and true-negative classifica-
tions (Table 4). The model demonstrated a sensitivity
of 100 % and a specificity of 69.2 %, indicating its abil-
ity to reliably identify patients at high risk of mortality
while maintaining a relatively low rate of false-positive
predictions.

Internal validation of the model using bootstrap resa-
mpling (1,000 samples) demonstrated minimal coeffi-
cient bias (|bias| < 0.02) for haemoglobin level, eGFR,
and left ventricular ejection fraction, indicating a high
degree of model stability and the absence of evidence of
overfitting.

The logistic regression equation is as follows:

logit(P)=12,648 - 0,045 x Hb-0,067 x eGFR -
-0,124x LVEF

where P denotes the probability of mortality, Hb is the
haemoglobin level (g/L), eGFR is the estimated glomeru-
lar filtration rate (mL/min/1.73 m?), and LVEF is the left
ventricular ejection fraction (%).
For practical application, the probability of mortality
was calculated using the following formula:
1

= 1 + e~ (12:648-0,045x Hb 0,067 x pCK® - 0,124 x DBJDK)

Table 4. Distribution of clinical outcomes according to risk group

Risk group Total number of patients Number of deaths X p-value
Low risk (<0.08) 90
34,615 <0,001*
High risk (=0.08) 60 20

Note: * — differences are statistically significant (p < 0.05)
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The negative coeflicients for haemoglobin, eGFR, and
LVEF indicate that lower values of these parameters are
associated with an increased probability of mortality.

Based on this equation, an online calculator was
developed and is available at the following link:
https://htmlpreview.github.io/?https://gist.githubuser-
content.com/musal99692/40b282f3306bb9dee5cb05¢
b852ebadd/raw/93a1b570ect7d7101b7e423e39a0e9725
7¢d2930/mezo-calculator.html.

When compared with several established prognostic
scores, including the sPESI [15], ICOPER [16], GPS [17],
and Yamaki [18] scores, the Mezo score demonstrated
superior discriminative performance and overall predic-
tive accuracy (Figure 3).

Discussion

The prognostic model developed in the present study,
based on haemoglobin level, estimated glomerular fil-
tration rate, and left ventricular ejection fraction, dem-
onstrated high accuracy in predicting mortality among
patients discharged after an episode of PATE. The model
exhibited excellent discriminative ability and satisfactory
calibration, indicating its robustness and potential clini-
cal utility for individualised risk assessment.

All patients after an acute episode of PATE should
receive anticoagulant therapy for at least three months.
The duration of further treatment depends on the bal-
ance between the risks of recurrence and bleeding [15,
16]. In patients with active malignancy and no increased
bleeding risk, continuation of direct oral anticoagulant
(DOAC) therapy is recommended for as long as the
malignancy remains active and throughout the course of
anticancer treatment [17]. The Mezo score may serve as
a tool for early risk stratification and support decision-
making regarding extended anticoagulant therapy in the
early period after hospital discharge.

The lower prognostic performance of the sPESI,
ICOPER, GPS, and Yamaki scores observed in our study
is likely attributable to their original design, which
focused primarily on predicting short-term outcomes or
composite endpoints, as well as to their limited consid-
eration of the extent of organ dysfunction. In contrast,
the Mezo score incorporates quantitative parameters
reflecting systemic impairment. This approach enables
more accurate identification of patients at high risk of
mortality and may explain the superior discriminative
performance of the model.

Despite its high predictive accuracy and excellent dis-
criminative performance, the proposed prognostic score
has several limitations.

First, the model has not undergone formal exter-
nal validation in an independent cohort, which limits
the generalisability of its application to other patient
populations.

0.75

Sensitivity
°
g

Model

AUC =0.726 == GPS

AUC =0.728 = ICOPER
0.25 AUC = 0.906 = Mezo
AUC =0.817 == sPESI
AUC = 0.681 == Yamaki
0.00
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Figure 3. Comparison of ROC curves of prognostic
models

Second, the analysis was performed on a relatively
small sample size (n = 150), which increases the risk
of overfitting and may reduce the stability of the model
coefficients. In addition, the model was derived from ret-
rospective data; therefore, the influence of unmeasured
confounders and selection bias cannot be excluded.

Third, the model incorporated only a limited number
of clinical and laboratory variables. The inclusion of
additional parameters could potentially improve its
predictive performance; however, this would require a
larger sample size to maintain the statistical reliability
and stability of the prognostic model.

Finally, the lack of statistical significance of malig-
nancy in the multivariable analysis is likely attributable
to the relatively small sample size and the limited dura-
tion of follow-up. Nevertheless, an indirect effect of the
oncological process on prognosis, mediated through the
systemic disturbances captured by the variables included
in the final model, cannot be excluded.

The findings of the present study highlight several
directions for future research. A stratified analysis of
patients with cancer-associated pulmonary embolism
and those without malignancy in a larger cohort appears
particularly promising, as it may provide further insight
into the contribution of the underlying malignancy and
anticancer therapy to long-term outcomes. In addition,
prospective multicentre studies aimed at validating the
proposed prognostic model are warranted to assess its
reproducibility and clinical utility across different patient
populations.

Conclusion

The risk score developed in the present study for pre-
dicting long-term mortality in patients with a history of
PATE is based on readily available clinical parameters
and may be used for risk stratification and individualised
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outcome prediction. However, despite its excellent dis-
criminative performance and satisfactory calibration,
the model requires further external validation in inde-
pendent cohorts, as well as prospective studies to con-
firm its prognostic value and applicability in routine
clinical practice.
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Case of thallium intoxication

Peslome

CoeAViHeHMA TaNNUA KpaiiHe TOKCUYHbI. MeXaHW3Mbl UX TOKCUYHOCTM CBA3aHbI CO CHUKEHUEM aKTUBHOCTM $pepMEHTOB, y4acTBYHOLMX B MeTab0o/In3-
Me I/IIOKO3bl U HapyLUEHNEM CMHTe3a MaKpO3pProB. MIHTOKCUKaLMA TanneM NosBfeTcA Yepes 3-4 yaca noc/e ero nonaAaHns B XenyA04HO-KuLIey-
HbIlt TpakT (XKKT) B BUAE ANCNIENTUYECKNX AB/IEHWIA, Yepe3 2-5 CYTOK —MOABAAKOTCA CUMMTOMbI MTOPaXKeHWsi HEPBHOM CUCTEMbI B BUAE CEHCOPHOIA M0~
/HeNponaTuK C HeliponaTyeckuM 60/1eBbIM CHAPOMOM. HYepes 2-3 HeAenun pa3BMBalOTCA lePMaTONOMMYECKUe OC/IOKHEHUA: aNoNeLVs, aHrnapos,
rnoccnT. AHTUAOTOM ABNAGTCA rekcaumaHodeppaT Kaausa.

MpeacTaBnfeM co6CTBEHHOE KAMHUYECKON HabtoAeHMe. XeHwmHa, 38 neT, nocTynuaa B CTaLMOHap C NOZOCTPO CEHCOPHO-MOTOPHOM Mo-
/HeponaTuelt, renaTMToM 1 anoneumeit. /labopatopHble UCCNeA0BaHWA NMPOAEMOHCTPUPOBA/IN HE3HAUUTE/IbHOE MOBBILIEHWE YPOBHSA MEYEHOUHbIX
$epMeHTOB 1 TEHAEHLMIO K CHKEHWUIO YPOBHA Kanna B KpoBu. CTUMY/IALMOHHAA 31eKTPOHelpoMMorpadus BbifiBUAa CEHCOPHO-MOTOPHYIO MO/IN-
HelponaTuio Mo TUMY aKCOHOMaTUMW. YUUTbIBaA NONMCUCTEMHOCTL NOPaXKeHWs, NpoBogunace AnddepeHumansHas AMarHoCTUKa MeXay ayTOMMMYH-
HbIMM 3a60/1€BaHNAMMN U OCTPOI MHTOKCUKaLMel. AHaNn3 KPOBU Ha MapKepbl CUCTEMHbIX 3a60/1eBaHUIA COeAVHUTE/IbHOM TKaHU Jan OTpULaTe/IbHbIN
pe3ynbTaT. TOKCMKONOTUYECKOe UCCNeA0BaHME ChIBOPOTKM M MOYM BbIABU/IM Pe3KOe MOBbileHNe YPOBHA Tannus. BeegeHue rekcaumaHodeppata
Kanua Aano nosoXUTENbHbIN pesynbTaT. OCMOTP NaLMEHTKU Yepes roj nokasan nosiHoe paspelleHne MOTOPHbIX U CEHCOPHbIX CUMMTOMOB, BO3-
06HOB/IEHVEe POCTa BOJIOC.

MHTOKCUKaL MM TanNveM B HacTosLLee BPeMA BCTPEHAIOTCA KpaliHe pesiKo 1 NpeACTaB/AloT TPYAHOCTU ANA CBOEBPEMEHHOW ANarHoCcTuku. Mpu
TOKCMYECKUX MONMHeNponaTuax Heo6xoAnMOo NPoBOANTL AnddepeHLNanbHY0 AUarHOCTUKY C MHTOKCUKALMAMU APYTUMU TAXENbIMU MeTannamMm
(cBMHeL, pTYTb, KagMWi), @ TaKXKe ayTOUMMYHHbIMU NpoLeccamn. CBOEBPEMEHHOE BBEAEHWE aHTWUA0Ta MO3BO/IAET BbIBECTU COAUHEHNSA Ta//INA U3
OpraH13ma 1 NoJly4nThb BbIPaXEHHBIM MOIOKNTE/IbHbIN KAMHUYECKUI 3 deKT.

Knrouesbie cnoBa: mannuii, unmorcukayus, nonuxeliponamus, anoneyus

KoH$AunkT nHTepecos
ABTOPpbI 3asBNIAIOT, YTO faHHan paboTa, eé TeMa, Npe/MeT 1 Co/epaHne He 3aTparnBaloT KOHKYPUPYIOLMX MHTEpPecoB

McTo4HnKM puHaHcMpoBaHus
ABTOpr 3anB/1A10T 06 OTCYTCTBUN ¢VIHaHCVIPOBaHVIFI npu nposejeHnmn nccienoBaHna

CooTBeTCcTBUE npuyHLUMNaMm 3TUKU
MauneHT Aan cornacue Ha ony6aMKoBaHMe AaHHbIX 1a60PaTOPHBIX M MHCTPYMEHTabHbIX MCCAeA0BaHMiA B cTaTbe « CJTYYAM MHTOKCUKALIUK TAN-
NIEM» ansa xypHana « ApxuBb BHYTPeHHeli MeANLIMHbI», NOANNCaB MHPOPMUPOBaHHOEe cornacue

CraTba nonyyena 27.07.2025r.
Opo6peHa peueHseHTom 14.10.2025 1.
MpuHaTa k ny6ankauyum 04.12.2025 r.

Ansa LUTUPOBAHUA: AxmagyninHa P.®., Kytnybaes M.A. CNYYAA MHTOKCUKALMW TANJIMEM. Apxueb BHyTpeHHeii MeauumHbl. 2026;
16(3): 214-220. DOI: 10.20514/2226-6704-2026-16-3-214-220. EDN: LPVYMD

Abstract

Thallium compounds are extremely toxic. Their mechanisms of toxicity are associated with reduced activity of enzymes involved in glucose metabolism
and impaired synthesis of high-energy compounds. Symptoms of thallium intoxication appear 3-4 hours after its ingestion in the form of dyspeptic
phenomena. Within 2-5 days, symptoms of nervous system damage appear in the form of sensory polyneuropathy with neuropathic pain syndrome.
After 2-3 weeks, dermatological complications develop: alopecia, anhidrosis, glossitis. The antidote is potassium hexacyanoferrate.
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Clinical case. A 38-year-old woman was admitted to the hospital with subacute sensorimotor polyneuropathy, hepatitis, and alopecia.
Laboratory tests showed a slight increase in liver enzyme levels and a tendency towards decreased blood potassium levels. Stimulatory
electroneuromyography revealed sensorimotor polyneuropathy of the axonal type. Given the multisystem involvement, a differential diagnosis
was conducted between autoimmune diseases and acute intoxication. A blood test for markers of systemic connective tissue diseases was
negative. Toxicological analysis of serum and urine revealed a sharp increase in thallium levels. Administration of potassium hexacyanoferrate
yielded a positive result. A follow-up examination of the patient one year later showed complete resolution of motor and sensory symptoms and
regrowth of hair.

Thallium intoxications are currently extremely rare and present challenges for timely diagnosis. In cases of toxic polyneuropathies, differential
diagnosis should include intoxication with other heavy metals (lead, mercury, cadmium) as well as autoimmune processes. Timely administration of
the antidote facilitates the elimination of thallium compounds from the body and yields a pronounced positive clinical effect.

Key words: thallium, intoxication, polyneuropathy, alopecia
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GIT — gastrointestinal tract, ATP — adenosine triphosphate, ENMG — electroneuromyography, ECG — electrocardiography, VAS — visual analogue
scale, BP — blood pressure, HR — heart rate, RR — respiratory rate, MRI — magnetic resonance imaging, SCTD — systemic connective tissue disorders

Introduction

Thallium is a heavy metal, which is a component of
over 20 rare minerals. Thallium does not occur in nature
in its pure form; however, synthetically produced thal-
lium salts were previously used in some countries in
agriculture as components of pesticides, as well as in
medicine and cosmetology. The widespread use of thal-
lium compounds stopped in mid-1970s; however, there
are still clinical cases of thallium intoxication [1]. The
literature even contains reports of mass thallium poison-
ing [2].

Thallium salts are highly toxic compounds, which are
colourless and odourless. They can penetrate the body
during direct skin contact, by inhalation (via lungs),
and as a result of swallowing (via gastrointestinal tract
(GIT)). Nowadays, poisoning with thallium compounds
can occur as a part of occupational intoxication of chem-
ical lab staft, with thallium-contaminated food or biolog-
ically active supplements, as well as in case of intentional
malicious thallium poisoning [3].

The mechanisms of thallium toxicity are associated
with reduced activity of enzymes involved in glucose
metabolism and impaired synthesis of adenosine tri-
phosphate (ATP) and other high-energy compounds.
It causes impaired ATP-dependent Na/K-ion channel
functioning and oedema, swelling and death of excitable
tissues. Thallium also modifies riboflavin bioavailability
and impairs ATP synthesis. Other mechanisms of thal-
lium toxicity include disruption of the protein keratin

through cleavage of cysteine-mediated disulphide bonds;
inhibition of protein synthesis due to ribosomal damage,
particularly involving the 60S subunit; and demyelin-
ation of nerve fibres in both the central and peripheral
nervous systems [4].

Clinical manifestations of thallium poisoning can
be seen 3-4 hours after swallowing as dyspepsia. Two
to five days later, symptoms of nervous system damage
appear: sensory polyneuropathy with neuropathic pain
syndrome, ataxy, trembling; and the pathological pro-
cess often involves cranial nerves. Two to three weeks
later, dermatological complications develop: hair loss,
anhidrosis, glossitis. Examination can reveal Aldrich-
Mees lines on nails. Other signs of thallium intoxication
include sleep disturbances, acute symptomatic cramps,
and headache. Severe cases can result in a coma [5].

Diagnosis is established if thallium is found in body
fluids, mostly in urine, and also in hair. In addition, a
standard panel of laboratory tests is performed, along
with electrocardiography (ECG) and stimulation elec-
troneuromyography (ENMG) [5].

If ingested, thallium intoxication is treated with
potassium hexacyanoferrate (Berlin blue), while acti-
vated carbon is less efficient. Haemodialysis helps reduc-
ing thallium concentration in blood [5].

At present, thallium poisoning is extremely rare,
and healthcare professionals often have a low index of
suspicion for this condition. This slows down diagnosis
and targeted therapy, resulting in severe complications
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and even death. Below is a case study of severe thal-
lium intoxication with predominant peripheral nervous
system involvement.

Case Study

Female patient U., 38 years old, with higher educa-
tion, employed, was admitted to the Neurology Ward
of G. G. Kuvatov Republican Clinical Hospital (Ufa) on
December 5, 2023.

The patient complained of marked leg pain (antero-
external thigh area, back of shins, and bottom of feet),
7-8 points on the visual analogue scale (VAS); leg weak-
ness, making it difficult to walk; massive hair loss; recur-
rent abdominal heaviness; unstable stool; tearfulness;
sleep disturbances.

She felt ill two weeks ago, when she noticed thigh
pain; next day, pain spread to shins and feet; at the
same time, she felt stabbing pain in her heart and lump
in the throat. One week later, she noticed intensive hair
loss.

She was diagnosed with autonomic instability and
underwent outpatient treatment at the place of her resi-
dence. Since pain in her legs was worsening, the patient
was hospitalised to the local district hospital with lum-
bosacral osteochondrosis (muscular irritation syn-
drome, attack phase). The therapy (non-steroidal anti-
inflammatory drugs, muscle relaxants, vitamins B) was
not efficient, and the patient was referred to G. G. Kuva-
tov Republican Clinical Hospital (Ufa).

The patient denied any chronic diseases.

Upon admission, the patient had hardly any hair
left on the hairy part of her head. Positive hair pull test.
Growth of the eyebrows and axillary hair was preserved.
The skin was pale, with no rashes. The patient had an
asthenic body build; body mass index: 17.95 kg/m?2;
blood pressure (BP): 110/70 mm Hg; heart rate (HR):
85 beats per minute. Cardiac rhythm was regular, heart
sounds were normal, and no murmurs were detected.
Vesicular breath sounds were present throughout all lung
fields, with a respiratory rate of 18 breaths per minute.
The abdomen was soft, with moderate tenderness on pal-
pation in the epigastric and pylorobulbar regions. The
liver and spleen were not enlarged.

Assessment of neurological status: cranial nerves are
intact. A fine postural tremor of the hands was pres-
ent. Arm muscle strength: 5 points; leg muscle strength:
3 points (proximal), 4 points (distal). Muscular hypo-
tonia in legs was observed. Deep tendon reflexes in the
upper extremities were brisk and symmetrical. In the
lower extremities, patellar reflexes were absent, and
Achilles tendon reflexes were diminished, more promi-
nently on the left. Marked hyperesthesia of the feet was
noted. Thigh and shin muscles were painful on palpa-
tion. Deep sensation was moderately diminished in lower

extremities. No pathological reflexes were observed.
There was no bladder or bowel dysfunction. The straight
leg raise (Lasegue) test was positive at 60° bilaterally. The
patient was emotionally labile.

Bloodwork showed slightly elevated erythrocyte sedi-
mentation rate of 24 mm/h (reference value for women
is up to 20 mm/h), CRP — 29.75 mg/L (up to 5 mg/L),
ALT — 169.2 U/L, AST — 59.8 U/L (up to 31 U/L).
Potassium and sodium levels were at the lower level of
reference values: 3.62 and 138 mmol/L, respectively.
Thyroid hormone levels were unremarkable. Urinalysis
demonstrated leukocyturia (15 cells/uL). Spinal fluid
composition was unchanged.

ECG showed sinus rhythm, HR 85 beats per minute;
diffuse abnormalities in myocardium repolarisation
were observed. Abdomen ultrasound revealed diffuse
changes in the liver and deformed gall bladder. Mag-
netic resonance imaging (MRI) of thoracic and lumbar
spine demonstrated degenerative-dystrophic changes,
which could not be explained by the present neuro-
logical symptoms. Stimulation electroneuromyography
showed signs of polyneuropathy, mostly with axonal
involvement.

Since the patient had sensorimotor polyneuropa-
thy syndrome, hair loss and liver involvement, differ-
ential diagnosis included systemic connective tissue
disorder (SCTD) and intoxication with an unknown
substance.

The patient was examined by a rheumatologist; her
blood was tested for antibodies against double-stranded
DNA, C3 and C4 component of the compliment, antinu-
clear antibody, and anti-mitochondria antibodies. Clini-
cal and laboratory test results ruled out autoimmune
diseases.

Biomaterials were tested for toxic microelements:
thallium (hair) 1947.58 ug/kg (reference value: below
5 ug/kg), thallium (serum) 127.24 pg/L (below 0.05 pg/L),
thallium (urine) 2020.98 ug/L (below 1 pg/L), thallium
(nails) 12018.89 ug/kg (below 5 pg/kg). Concentrations
of other microelements were within the normal range.

Given the clinical representation and results of toxic
microelement tests, thallium intoxication was estab-
lished. The patient was transferred to Acute Intoxication
Ward at another medical institution. Therapy included
sodium thiosulfate, unitiol, potassium hexacyanofer-
rate. Once potassium hexacyanoferrate was adminis-
tered, the patient noted significant improvement of her
condition.

At the 3-month follow-up examination, the patient’s
condition had improved, with resolution of the pain syn-
drome, improved gait (she no longer required assistance
for walking), and restoration of scalp hair growth. The
patient still complained of her leg muscles getting tired
very quickly when walking for long distances; numb
feeling in her feet; and emotional instability. Clinically,
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Figure 1. Mee’s lines on finger nails in 3 months after
intoxication

reduced muscle strength in the feet persisted, graded
as 4/5, along with autonomic disturbances involving
the skin of the feet (increased sweating and coldness to
the touch). White transverse lines on the nails of fingers
and toes (Aldrich-Mees lines, see Fig. 1 and 2) are worth
noting.

Assessment using the Hospital Anxiety and
Depression Scale (HADS) revealed subclinical anxiety
(score: 10 points). Cognitive functions were normal,
as demonstrated by Montreal Cognitive Assessment
(29 points). Repeat measurement of thallium levels
performed 1.5 months after admission showed con-
centrations of 10.99 pg/L in urine and 0.509 pg/L in
blood serum. Following specific antidote therapy, thal-
lium blood and urine concentrations dropped approxi-
mately 180-250 times, but remained 10 times the refer-
ence value.

At the 1-year follow-up examination, signs of periph-
eral autonomic dysfunction in the lower extremities
persisted, along with increased emotional lability. A day-
time anti-anxiety medication was prescribed, resulting
in a favourable clinical response. Sensorimotor polyneu-
ropathy resolved. Aldrich-Mees lines disappeared. The
route by which thallium entered the patient’s body is still
unknown.

Discussion

At present, thallium compounds are hardly used in
domestic settings, therefore thallium intoxication is
extremely rare. In this clinical case, the patient exhib-
ited multisystem manifestations at the time of hospi-
tal admission, and the differential diagnosis primarily

Figure 2. Mee’s lines on toe nails in 3 months after
intoxication

included systemic connective tissue diseases and toxic
exposures; accordingly, investigations were performed
as part of a toxicological screening workup. Toxic poly-
neuropathy and hair loss are more common for patients
undergoing chemotherapy; in this patient, this option
was ruled out. Accordingly, it was decided to assess bio-
logical specimens for the presence and concentrations of
toxic trace elements.

Toxic polyneuropathy can develop after intoxication
with heavy metals — lead, arsenic, cadmium, and thal-
lium. Lead-mediated polyneuropathy is characterised
by asymmetrical involvement of motor fibres, as well as
kidney damage and microcytic anaemia. In earlier years,
this polyneuropathy was common; however, abandon-
ment of lead compounds from industrial and domestic
use resulted in drastic reduction in incidence of this con-
dition. Arsenic poisoning is primarily characterised by
gastrointestinal manifestations, followed by the devel-
opment of polyneuropathy resembling acute inflamma-
tory demyelinating polyneuropathy. Cadmium poison-
ing is characterised by polyneuropathy together with
internal organ damage, encephalopathy and anosmia
(Table 1) [7].

A retrospective analysis demonstrated that the
patient had symptoms of acute thallium poisoning. The
most common clinical signs are axonal polyneuropathy
with pain syndrome and hair loss. Laboratory test results
revealed moderate liver damage, as well as tendency to
hypokalemia, which is also typical of thallium intoxica-
tion. Specific antidote therapy resulted in prompt favour-
able effect.

Figure 3 shows a diagnostic and therapy algorithm
for thallium poisoning.
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Table 1. Differential diagnosis of toxic polyneuropathies caused by heavy metal poisoning

Lead Poisoning

Arsenic Poisoning

Cadmium Poisoning

Thallium Poisoning

Source of Battery production, lead dust, ~ Semiconductors, pesticides,
Exposure old paint. contaminated water/soil.
Type of Poly- Predominantly motor. Predominantly sensorimotor
neuropathy  Primarily affects wrist with neuropathic pain. Acute
extensors (“wrist drop”). or subacute course.
Chronic, slowly progressive.
Pathogno- Lead line on gums (Burton’s Mees’ lines (leukonychia) —

monic Signs

line). Microcytic anemia

with basophilic stippling.
Abdominal pain («lead colic»),
constipation.

white transverse stripes on
nails. Skin manifestations
(hyperkeratosis, melanosis).
Gl involvement resembling
cholera (vomiting, diarrhea).

Battery production, pigments,
soldering.

Predominantly sensory or
sensorimotor.

Proteinuria (renal tubular
damage). Emphysema,
osteomalacia. Olfactory
disturbances.

Urine (cadmium in urine).
Blood (reflects recent

Electronics manufacturing,
in the past — pesticides,
rodenticides.

Severe sensorimotor
polyneuropathy with
neuropathic pain. Rapid
progression.

Hair loss (alopecia) 2-3 weeks
after poisoning. Mental
disorders.

Urine (thallium in urine).
Blood (in acute phase).

Laboratory Blood (lead in whole blood). Urine (24-hour urine for

Diagnostics arsenic). Hair/nails (in chronic
poisoning).

Antidotes Ethylenediaminetetraacetic Unithiol; D-penicillamine

acid (EDTA); D-penicillamine

exposure).

Ethylenediaminetetraacetic
acid (EDTA)

Potassium hexacyanoferrate
(IT) («Prussian blue»)

Comparison with previously published reports of
thallium poisoning showed that the clinical case pre-
sented here is representative of the typical manifestations
of this condition. However, unlike cases of more severe
poisoning, this patient did not have any signs of cranial
nerve involvement manifesting as visual and oculomo-
tor disorders, nystagmus. The patient did not have clear
manifestations of nephropathy, whereas high thallium
concentrations in the body cause acute kidney damage,
which leads to poor outcomes [4].

Conclusion

This clinical case demonstrates the importance of
timely diagnosis of thallium intoxication. Acute mul-
tisystem involvement affecting the peripheral nervous
system, the skin and its appendages, as well as the liver
and kidneys, should prompt screening for thallium
intoxication, even in the absence of a history of exposure
to chemical agents. Once thallium intoxication has been
confirmed, immediate therapy with potassium hexacya-
noferrate should be initiated.
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Characteristic Clinical Picture:
Gastrointestinal disorders (first hours)
Sensorimotor polyneuropathy (days 2-5)
Alopecia (weeks 2-3)

Laboratory Diagnostics
(non-specific signs):
Hypokalemia, hyperenzymemia, hyperazotemia

A

Instrumental diagnostics:
Stimulation electroneuromyography, abdominal
radiography

Toxicological testing:

Thallium in urine Negative

Differential diagnosis of
polyneuropathy in thallium

Thallium in blood result
Thallium in hair

Positive
result
Treatment:
Correction of water-electrolyte imbalances
(hypokalemia).

Maintenance of vital functions.

Gastrointestinal decontamination (within the first
hours):

Gastric lavage (if less than 1-2 hours since ingestion).
Activated charcoal: Repeated administration, 0.5-1 g/kg
every 3-4 hours. Thallium is partially excreted into the
intestinal lumen and bound by charcoal.

Specific antidote: Potassium hexacyanoferrate (II)
(«Berlin bluey)

Figure 3. Diagnostic and Treatment Algorithm for Thallium Poisoning

poisoning includes:
Polyneuropathies associated
with poisoning by arsenic,
mercury, and other heavy
metals.
Guillain-Barré syndrome
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OVERLAP-CMHAPOM — PEAKOE COYETAHMUE
TPEX AYTOMMMYHHBIX ITATOAOTUN

M.D. larovoi, E.A. Khachirova, V.S. Shemenkova, E.V. Reznik

Russian National Research Medical University named after N.I. Pirogov, Moscow, Russia
Overlap-Syndrome — A Rare Combination
of Three Autoimmune Pathologies

Pesiome

CoBepLUeHCTBOBaHME METO/0B MarHOCTUKM U BO3MOXHOCTE COBPEMEHHOI MeANLMHbI 06ycnaBamnBatoT 6osiee raybokoe nsyyeHne ayTOMMMYHHOM
naTosornn. B KAMHMYECKON MpaKTUKe BCE Yallle CTanM BCTPEYaThbCA C/lydan COHETaHHOro TeyeHus AByX U 6o/ee MMMYHOMIOrMYeckmX 3a6oneBa-
HWUIA, 4TO Ha3bIBalOT TEPMUHOM «overlap-CMHAPOM» UAKN «CUHAPOM NepekpécTax. [lo CUX MOp OTCYTCTBYIOT AAaHHbIE O KOHKPETHbIX MPUYMHAX pas-
BUTMA overlap-cHApPOMa, cpean Hanbosiee BEPOATHbIX BEPCUIA ABAACTCA COYETaHNe FeHeTUYECKUX M3MEHEHWIA, B TOM YnC/ie pa3Hoobpasus annenei
human leukocyte antigen (HLA), ¢ TpurrepHbiMu dakTopamu nssHe. OCO6€HHOCTM AAHHOTO CUHAPOMA 3aK/IKONAOTCSA B TPYAHOCTAX AnddepeHLm-
a/bHO-AMarHOCTUYECKOro NovMcKa U3-3a MHOroo6pasiusa CUMNTOMOB. HecBoeBpeMeHHas BepuUdpUKaLMa 41arHo3a NpUBOAUT K MO3AHEMY HasHauYeHWo
NleyeHna 1 MeHee 61aronpuATHOMY OTAaNEHHOMY MPOrHO3y. B KAMHMYeCKO NpaKTVKe Hanboslee HacTo BCTPeYaeTcs coyeTaHne CUCTEMHON CKe-
POAEPMUM NN CUCTEMHOI KPAaCHOMN BONYaHKM C PeBMaTOW/AHbIM apTPUTOM. B aHHOI cTaTbe NPUBOANTCA NpUMep overlap-cuHApoMa y naLueHTKN
69 /1eT ¢ TPeMs ayTOMMMYHHBIMU MaTONIOTUAMU — CUCTEMHAA CKAePOAepMUs, cuHAPOM LLlerpera (CLU) 1 nepBUYHBIN BUAKAPHBINA XONAHTUT C NOAKU-
OpraHHbIM MopaxxeHuneM (NErkue, KOXa, KenyA0HHO-KULIEYHBIN TPAKT, C/ILOHHbIE XKe/e3bl, COCYAbl, HepBHas cucTeMa). MauneHTKa UMena AAUTeNb-
Hbli1 aHaMHe3 cnHApoMa PeliHo, a TakKe NepBUYHOIO BUAMAPHOrO XoNaHruTa. 3a 2 roga Ao obpalleHuns y naLunueHTKM 6bi1 4UarHOCTUPOBaH CUHAPOM
LWerpeHa, B 2025 rogy — MMUTMpPOBaHHasA GbopMa CUCTEMHON CKaepoepMui. TakuM o6pa3oM, y NaLMEHTKU B TeYEHUE KMU3HU PasBUANCL Cpasy
3 ayTOMMMYHHbIE NaToNOr MK, BK/OYEHHbIe B overlap-cvHapoM. CnelnanncraM caeyeT nposB/ATb NOBbILEHHOE BHUMaHWE K NaLUeHTaM C AUTe/lb-
HbIM aHaMHEe30M PeBMaTO/I0r4eCKOro 3a60/1eBaHNA 419 CBOEBPEMEHHOT O BbIAB/IEHUA PYTVX a8y TOUMMYHHbIX NaTOOM WA M Ha4ana CBOEBPEMEHHOr 0
NeYyeHns 419 NpeAOTBPaLLeHUA Pa3BUTUA OCTIOKHEHWIA.

KnroyeBbie cnoBa: overlap-cuHopom, cuHOpoMm nepekpecma, cucmemHas cknepodepmus, cuHopom LLlezpera, nepsuyHbiii 6uauapHsill xonaqaum,
npozpeccupyrousuli cucmemHsili cknepos
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Abstract

The improvement of diagnostic methods and the possibilities of modern medicine lead to a deeper study of autoimmune pathology. In clinical practice,
cases of a combined course of two or more immunological diseases have become increasingly common, which is called the term “overlap-syndrome”
or “crossroads syndrome”. There is still no data on the specific causes of the overlap-syndrome, among the most likely versions is a combination of
genetic changes, including the diversity of human leukocyte antigen (HLA) alleles, with external trigger factors. The features of this syndrome are
the difficulties of differential diagnostic search due to the variety of symptoms. Untimely verification of the diagnosis leads to a late appointment
of treatment and a less favorable long-term prognosis. In clinical practice, a combination of systemic scleroderma or systemic lupus erythematosus
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with rheumatoid arthritis is most common. This article provides an example of the overlap-syndrome in a 69-year-old patient with three autoimmune
pathologies — systemic scleroderma, CABG, and primary biliary cholangitis with multiple organ damage (lungs, skin, gastrointestinal tract, salivary
glands, blood vessels, and nervous system). The patient had a long history of Raynaud's syndrome, as well as primary biliary cholangitis. Two years
before the treatment, the patient was diagnosed with Sjogren’s syndrome, and in 2025, a limited form of systemic scleroderma. Thus, during her
lifetime, the patient developed 3 autoimmune pathologies included in the overlap-syndrome. Specialists should pay increased attention to patients
with a long history of rheumatological disease in order to detect other autoimmune pathologies in a timely manner and initiate timely treatment to

prevent the development of complications.

Key words: overlap-syndrome, systemic scleroderma, Sjogren’s syndrome, primary biliary cholangitis, progressive systemic sclerosis
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Introduction

Overlap syndrome refers to a group of diseases
and clinical conditions that fulfill the classification
criteria of two or more immune-mediated inflamma-
tory rheumatic diseases [1]. The development of these
systemic autoimmune rheumatic diseases may occur
either simultaneously or sequentially, and character-
istic immunological abnormalities are not invariably
present [2]. The term was first introduced to describe
patients with a combined and difficult-to-differenti-
ate clinical presentation of rheumatoid arthritis (RA)
together with systemic lupus erythematosus (SLE) or
systemic scleroderma (SSD) [3]. The exact cause of
the coexistence of multiple rheumatic diseases remains
unknown; however, most investigators suggest that
overlap syndrome arises from a genetic predisposi-
tion triggered by environmental factors. Several stud-
ies have highlighted the role of genes within the human
leukocyte antigen (HLA) system in the pathogenesis
of overlap phenotypes [2]. A characteristic feature of
overlap syndrome is the subtle and often attenuated
presentation of symptoms, which may result in delayed
diagnosis and initiation of treatment, thereby adversely
affecting long-term prognosis.

It is important to distinguish overlap syndrome
from mixed connective tissue disease. Mixed connec-
tive tissue disease is an autoimmune disorder character-
ised by clinical features of several systemic autoimmune
rheumatic diseases in combination with high titers of
antibodies directed against soluble nuclear ribonucleo-
protein [2]. In clinical practice, however, the differential

diagnosis between these conditions may be challenging.
Cases of overlap syndromes have been described not
only in rheumatology. Well-recognised examples include
overlap between respiratory diseases, such as bronchial
asthma and chronic obstructive pulmonary disease, as
well as gastrointestinal disorders, including autoimmune
hepatitis and primary biliary cirrhosis. The true preva-
lence of overlap syndrome remains uncertain; however,
it is estimated to account for up to 20 % of rheumatic dis-
eases [2]. At present, no specific management guidelines
exist for this group of patients, and treatment is primar-
ily based on controlling the manifestations driven by the
underlying autoimmune process.

Systemic sclerodermas (SSc), also known as progres-
sive systemic sclerosis, is a chronic multisystem disease
characterised by a staged course and by vasospastic
vascular reactions resembling Raynaud’s phenomenon,
as well as an obliterative vasculopathy associated with
ischaemic tissue injury. The disease is accompanied by
specific autoimmune abnormalities that promote fibro-
blast activation and excessive collagen deposition in
tissues, ultimately leading to progressive fibrosis and
organ involvement [4]. SSD is associated with the high-
est mortality among rheumatic diseases [5, 6]. Despite
this, early diagnosis of SSD remains challenging because
of its highly heterogeneous clinical presentation. Con-
sequently, the correct diagnosis is often established only
at advanced stages of the disease, when patients have
already developed severe and sometimes life-threatening
complications [7]. Antinuclear antibodies (ANA), which
are detected in 90-95 % of patients, are commonly used
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as diagnostic markers of SSD; however, these antibod-
ies are not disease-specific and may also be present in
a variety of other pathological conditions. Less specific
markers include anticentromere antibodies (ACA) and
anti-topoisomerase I antibodies (anti-Scl-70), which
are detected in approximately 60 % of patients, particu-
larly among those with cardiopulmonary complications.
Antibodies against RNA polymerase III are identified
less frequently, mainly in patients with diffuse systemic
scleroderma, and are associated with the development of
scleroderma renal crisis, a form of acute kidney injury [8].
In addition, several autoantibodies have been described
in approximately 10 % of patients who are seronegative
for the classical markers. These include anti-eIF2B anti-
bodies, the anti-RuvBL1/2 complex, anti-U11/U12 RNP
antibodies, and anti-BICD2 antibodies [9].

Sjogren’s syndrome (SS) is an autoimmune disease
of unknown etiology characterised predominantly by
involvement of the salivary and lacrimal glands, result-
ing in dry mouth (xerostomia) and dry eyes (xeroph-
thalmia), with possible involvement of the respiratory
tract, gastrointestinal tract, and vagina. SS can be pri-
mary or secondary. Primary SS develops independently
and is not associated with other diseases, whereas sec-
ondary SS occurs in patients with an underlying rheu-
matic disorder, such as SLI, RA or SSD [9]. The associa-
tion between SS and SSD is thought to be related to the
presence of anticentromere antibodies. In such cases,
Raynaud’s phenomenon is a common manifestation
of SS [10].

Primary biliary cholangitis (PBC) is a rare chronic
autoimmune cholestatic liver disease characterised by
T-lymphocyte-mediated injury of the intrahepatic bili-
ary epithelial cells, which may ultimately lead to liver cir-
rhosis. A distinctive feature of PBC is its frequent asso-
ciation with other autoimmune diseases and syndromes
[11]. Detection of antimitochondrial antibodies (AMA),
directed against the E2 subunit of the pyruvate dehy-
drogenase complex (PDC-E2) located on mitochon-
drial membranes, represents a highly specific diagnostic
marker of the disease [11]. PBC most commonly coex-
ists with autoimmune hepatitis, whereas the prevalence
of concomitant PBC and SSD occurs in only 2-4% of
cases [12].

A search of the PubMed database covering the period
from 1993 to 2025 using the terms “systemic sclero-
derma, Sjogrens syndrome, primary biliary cholangitis
overlap syndrome” yielded 14 records. However, none of
the retrieved publications described cases involving the
coexistence of all three conditions simultaneously. In the
present article, we describe a clinical case of a patient
with an overlap syndrome comprising the coexistence of
all three aforementioned conditions, i.e., systemic sclero-
derma, Sjogren’s syndrome, and primary biliary cholan-
gitis with multisystem organ involvement.

Clinical Case Report

A 69-year-old woman was admitted to the rheu-
matology department in May 2025 with complaints of
dry mouth and dry eyes, skin dryness, pruritus, muscle
cramps affecting both the upper and lower extremities,
and dysphagia manifested by difficulty swallowing dry
food. In addition, the patient had recently begun to expe-
rience exertional dyspnea of mixed origin and an occa-
sional dry cough during routine physical activity. Two
days prior to admission, she reported a single episode of
hemoptysis and the appearance of black stools.

On admission, the patient was in a moderately severe
condition. The skin was of normal colour but appeared
indurated on palpation, with excoriations present on
both the upper and lower extremities and reduced skin
turgor. Physical examination revealed bilateral Dupuy-
tren’s contractures, characteristic perioral tightening
with a “purse-string” appearance of the mouth, palmar
capillaritis, and telangiectasias on the anterior chest wall.
The modified G.P. Rodnan skin score was 2 points, indi-
cating moderate skin thickening, with the skin being dif-
ficult to lift into a fold. Pulmonary examination revealed
harsh breath sounds with a respiratory rate of 18 breaths
per minute and SpO, saturation of 98 %. Breath sounds
were present throughout both lungs, and fine inspiratory
crackles were auscultated bilaterally at the lung bases up
to the level of the inferior angles of the scapulae. Heart
sounds were muftled, rhythm was regular, and no mur-
murs were detected. Blood pressure was 120/80 mm Hg,
and heart rate was 68 beats per minute. The tongue was
dry and moderately coated with a yellowish deposit at
the root. The abdomen was soft and non-tender on pal-
pation, with no signs of peritoneal irritation. On percus-
sion, the liver did not extend below the costal margin;
however, palpation revealed a nodular, firm, and painless
lower liver edge.

According to the medical history, Raynaud’s phe-
nomenon was diagnosed in 1984. In 2023, following
the onset of xerostomia and xerophthalmia, the patient
underwent further evaluation and was diagnosed with
Sjogren’s syndrome by a rheumatologist. The diagnosis
was based on characteristic symptoms, a positive ANA
test, elevated anti-LA/SS-B antibody levels (>200 U/mL;
reference range 0-15 U/mL), as well as findings from
sialography, sialometry, and salivary gland biopsy. The
patient also had a confirmed diagnosis of PBC, which
had progressed to Child-Pugh class B subcompensated
liver cirrhosis. AMA were positive in February 2025. The
disease was complicated by intrahepatic portal hyper-
tension with esophageal and gastric varices and recur-
rent episodes of upper gastrointestinal bleeding. The
patient has been receiving long-term therapy with cal-
cium and vitamin D supplements, denosumab according
to the prescribed regimen, spironolactone 50 mg daily,
ursodeoxycholic acid 500 mg twice daily, L-ornithine
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L-aspartate 3 g daily, and methylprednisolone 4 mg daily.
The patient repeatedly refused treatment with hydroxy-
chloroquine. A timeline of the patient’s medical history
is presented in Figure 1.

Laboratory investigations performed during hos-
pitalisation revealed normochromic normocytic anae-
mia, with a haemoglobin level of 72 g/L (reference
range: 120-140 g/L), decreased hematocrit of 28.1%
(35-47 %), thrombocytopenia with a platelet count of
135 x 10°/L (180-320 x 10°/L), whereas the white blood
cell count was within the normal range at 7.64 x 10°/L
(5-9 x 10°/L). Liver transaminase levels were within the
reference range. Immunological testing demonstrated a
positive antinuclear factor (ANF) titer of 1:640 (refer-
ence value <1:160) and positive ACA.

Computed tomography (CT) of the chest showed
signs of bronchiolitis. Echocardiography revealed
normal systolic and mean pulmonary artery pressures.

Abdominal ultrasonography demonstrated a moder-
ate amount of free intraperitoneal fluid, diffuse cirrhotic
changes of the liver, reactive oedema of the perivesicular
tissue, and diffuse changes of the pancreas.

Ultrasonography of the parotid and submandibular
salivary glands demonstrated diffuse changes character-
ised by moderately heterogeneous glandular architecture
and reduced vascularisation of the parenchyma.

Esophagogastroduodenoscopy  (EGD)  revealed
grade III esophageal varices according to the Sherzinger
classification, as well as gastric varices (GOV1/GOV2

according to the Sarin classification). In addition, erosive
reflux esophagitis was observed, with edematous esoph-
ageal mucosa and linear erosions covered with fibrin
deposits involving all walls of the esophagus. Multiple
flat erosions measuring up to 0.3 cm in diameter and
covered with fibrin were present throughout the antrum
of the stomach, while flat elevated hyperplastic lesions
were identified in the gastric fundus. Liver elastography
demonstrated stage F4 fibrosis according to the META-
VIR scoring system.

Given the long-standing history of Raynaud’s phe-
nomenon, capillaroscopy was performed. The examina-
tion revealed an irregular arrangement of capillaries with
dilated loops, reduced capillary density, and extensive
avascular areas.

Thus, taking into account the presence of bronchi-
olitis, Raynaud’s phenomenon, and cutaneous mani-
festations (indurative skin edema and a characteris-
tic “purse-string” appearance of the mouth), together
with positive immunological markers, the patient
was diagnosed with SSD within the framework of an
overlap syndrome comprising systemic scleroderma,
primary biliary cholangitis, and Sjogren’s syndrome
(SSD + PBC + SS).

The diagnosis of SSD was established according to the
current classification criteria (Table 1) of ACR/EULAR
(American College of Rheumatology/European League
Against Rheumatism Systemic Sclerosis classification
criteria).

1984 2010 2018 2023 2025
[ ‘Whiteness of several fingers ] [ Dry eyes ] [ Cyxocrs ][ Dry skin, itching, dysphagia, dry
cough, mouth type "pouch"
( antiLA-SS >200 ) ANF l=“l‘:,bA;:;.AMA+ ]
Sialography, sialometry: diffuse )
cmg:.y in mn;:z ofa EGDS: grade 3 varicose veins of
moderately heterogeneous the esophagus, stomach
structure, avascularization of the (GOV1/GOV?2 according to
parenchyma ) Sarin), erosive reflux esophagitis 3
[ Elastometry: F4 fibrosis by ]
Metavir
Capillaroscopy: uneven
arrangement of capillaries with
their expansion, decrease in their
density with large areas of
avascular fields
Raynaud's syndrome e . - Sjogren's syndrome, systemic
[ ynaud's ] [ P P } [ Sjogren's syndrome ] [ scleroderma, primary biliary ]

Figure 1. Medical history of the patient

Abbreviations shown in the figure: ANF — antinuclear factor, ACA — anticenter antibodies, AMA — antimitochondrial antibodies, EGDS — esophagogastroduodenoscopy,

Hb — hemoglobin
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Table 1. Classification criteria of the 2013 ACR/EULAR SSD

Parameter Signs Scores

Thickening of the skin of the fingers of both hands,
extending proximally to the metacarpal joints - 9
(sufficient criterion)
Thickening of the skin of the fingers Dense swelling of the fingers 2
(only the maximum score is taken into account)

Sclerodactyly (distal to the metacarpophalangeal joints) 4
Fingertip changes Ulcers of the fingertips 2
(only the maximum score is taken into account)

Scarring on the fingertips 3
Telangiectasia - 2
Changes in capillaries of the footbed - 2
Pulmonary arterial hypertension and/or Increased pressure in the pulmonary artery according to EchoCG data 2
interstitial lung disease

Signs of interstitial lung damage according to CT 2
The Raynaud phenomenon - 3
Autoantibodies characteristic of SSD Anti-centromeric 3

Antibodies to topoisomerase I 3

Antibodies to RNA polymerase IIT 3
Total 23 u3 30

Note. 9 points or more is a diagnosis of reliable SSD. The criteria available to this patient are highlighted in color.
Abbreviations in the table: EchoCG- echocardiography, CT — computed tomography, RNA — ribonucleic acid, SSD — systemic scleroderma

Clinical diagnosis:

Primary diagnosis: overlap syndrome. Limited sys-
temic scleroderma, chronic course, with involvement
of the lungs (bronchiolitis), vasculature (Raynaud’s
phenomenon, capillaroscopic abnormalities, telangi-
ectasias), gastrointestinal tract (esophageal hypomo-
tility), skin (sclerodactyly with puffy fingers; modified
G.P. Rodnan skin score of 2 points), nervous system
(polyneuropathy), and immunological
ties (positive ANF and ACA). Sjogren’s syndrome with
involvement of the lacrimal glands (xerophthalmia, dry
keratoconjunctivitis), salivary glands (chronic parenchy-
mal parotitis, grade 3 xerostomia), and immunological
abnormalities (positive ANF). Primary biliary cholangi-
tis with progression to liver cirrhosis, Child-Pugh class
B, with positive AMA-M2.

Complications: portal hypertension; grade IIT esopha-
geal varices according to the Sherzinger classification;
gastric varices (GOV1/GOV2 according to the Sarin clas-
sification); portal hypertensive gastropathy; hypersplen-
ism syndrome with latent thrombocytopenia; grade I
hepatic encephalopathy; and moderate normochromic
normocytic anemia.

Comorbidities: chronic non-atrophic Helicobacter
pylori-negative gastritis; gallbladder polyp; hepatic cyst;
postmenopausal osteoporosis (T-score = —-3.1), with a
10-year probability of osteoporotic fractures of 11.6 %
according to the FRAX tool.

Given the coexistence of three autoimmune dis-
eases, initiation of azathioprine therapy at a dose of

abnormali-

50 mg/day with subsequent dose titration was rec-
ommended. Continuation of methylprednisolone at a
dose of 4 mg/day was advised, together with the addi-
tion of iron supplementation, thioctic acid, and pent-
oxifylline.

In June 2025, azathioprine was replaced with
hydroxychloroquine at a dose of 200 mg/day because
of generalised weakness and loss of appetite. At follow-
up in September 2025, the patient reported satisfactory
well-being, with regression of muscle cramps, pruri-
tus, and dyspnea. Biochemical blood tests performed
in September 2025 demonstrated a slight elevation of
alanine aminotransferase to 40.5 U/L (reference range
0-34 U/L), aspartate aminotransferase to 34.5 U/L, and
gamma-glutamyl transferase to 56.4 U/L.

Discussion

Despite the fact that the diagnosis of autoimmune
diseases has been greatly facilitated by the availability of
serological testing for a wide range of autoantibodies, the
identification of overlap syndromes remains challeng-
ing because of the distinctive features of their onset and
clinical course.

The pathogenic mechanisms underlying the coex-
istence of multiple autoimmune diseases are not fully
understood. It has been suggested that defects in
immune regulation associated with genetic polymor-
phisms and environmental factors play a key role in their
development.
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SS is frequently associated with other rheumatic
diseases. According to a retrospective study, among
1,119 patients with SS, 308 (27.5 %) were diagnosed with
PBC [13].

The coexistence of three autoimmune diseases is
uncommon. Date K. et al. reported a case of acute phleg-
monous esophagitis caused by Candida spp. in a patient
with SS, primary biliary cholangitis, and autoimmune
hepatitis [14]. This case highlighted the importance of
close monitoring of patients with multiple autoimmune
disorders and regular assessment of laboratory parame-
ters to prevent infectious complications, which may arise
due to immune dysfunction.

Han H.S. et al. described a patient with PBC and
autoimmune hepatitis who subsequently developed
SSD. The authors emphasised the common pathogenetic
background shared by these diseases [15].

Iikuni N. et al. reported a patient with SSD and SS
who later developed primary biliary cirrhosis and Graves’
disease [16]. In contrast to the present case, our patient
initially developed SS and PBC, with manifestations of
SSD appearing later in the disease course. No previous
reports describing the coexistence of these three auto-
immune diseases have been published. This observation
further underscores the importance of extending the
diagnostic workup in patients with an already estab-
lished autoimmune disease, particularly when new clini-
cal manifestations emerge.

Conclusion

A distinctive feature of overlap syndrome is the ability
of each autoimmune disease to modify the clinical mani-
festations of the others, which considerably complicates
timely diagnosis and appropriate treatment. Therefore,
clinicians should remain aware of the heterogeneous
nature of autoimmune disorders and consider the pos-
sibility of an overlap syndrome in patients.
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From Sjogrens’ Syndrome to Systemic Scleroderma:
A Clinical Case of Disease Manifestation with Severe
Pulmonary Arterial Hypertension

Pesiome
CBOeBpeMeHHOe pacrno3HaBaHu1e 1 IeHeHKe TaKoro OMacHOro OC/IOXHEHUA CUCTEMHbIX 3a60/1eBaHUIA COeAMHUTE/IbHON TKaHW KaK 1eroyHas apTepu-
anbHas rUnepTeH3ns MMeeT KpaliHe BaXKHOe 3Ha4YeHWe, TaK Kak AaHHble NaLueHTbl UMeloT Heb1aronpuATHBIN MPOrHO3.

B AaHHOW cTaTbe Bpaun-KapAMOoa0r AeMOHCTPUPYIOT KJIMHUYECKUIA C/TyYalt pasBUTUA TAXKeOM /1erO4YHON apTepyasibHOM r'MNepTEeH3MM BbICOKO-
ro GpYHKLMOHANLHOrO K/acca v NepyKapAMasbHOro BbINOTa Y NauueHTKn 60 neT ¢ nogo3peHneM Ha cuHApoM LllerpeHa. bbina npoBejeHa oueHKa
K/IMHUYECKOro COCTOAHMA N ayTOUMMYHHbIX MapKepPOB, BbIMOJ/IHEHbI 3XOKapANorpadus, KOMMNbIOTEPHaA U MarHUTHO-pe30HaHCHas ToMorpadun, Ko-
poHapoaHruorpagus 1 30HAMPOBaHVe NpaBbIX OTAE/N0B CepALa, 0pTaNbMOIOrMYeCKoe TeCTMPOBaHMe, a TaKkke 6roncus, yabTpasByKoBoe Uccieo-
BaHMWe U CLIMHTUrpadua CIOHHBIX Xene3. B nocnegytouem BepudunLMpoBaHbl CUHAPOM PeiiHO 1 CKaepegeMa, a TakxKe crelmpuieckme MMMYHOIO-
rm4yeckmne HapyLeHusa, 4To No3BO/INN0 YCTAHOBUTbL ANarHO3 IWIMVITI/IPOBaHH017I ¢OPMbI CUCTEMHOW CKnepoaepMuUn, HasHa4YUTb UMMYHOCYMNpPEeCCUBHYHO
Tepanuio 1 yCTaHOBUTb BTOPUYHBIN XxapakTep cuHapomMa Llerpena.

Pe3ynbTaTbl NpoBeAEHHOW AMArHOCTUKM, NOATBEPXKAEHHbIE 3aK/NIO4YEHUAMU KYPUPYIOLWMX Bpayel, MOryT 6biTb 06CyK/AeHbl MeANLMHCKUM CO-
06L4ECTBOM 1 HOCAT MO/IE3HbIV MPUKAAAHOW XapaKTep AN Bpayei-kapAMOo/IoroB, KOTOpbIE PeAKO BCTPEYAlOTCA C peBMaTo/IoOrMyeckuMn 3abosieBa-
HVAMU B PYTUHHOW NpaKTUKe.

KnroueBble cnoBa: Cundpom Llezpena, cucmemHas cknepodepmusi, CRES T-CuHOpOM, Ne204Has apmepuanbHas 2unepmeH3us, dUazHoCMUKa, KAu-
Huyeckuli cnyyal
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Abstract
Timely recognition and treatment of pulmonary arterial hypertension, a dangerous complication of systemic connective tissue diseases, is extremely
important, as these patients have a poor prognosis.

In this article, cardiologists present a clinical case of a diagnostic search for the cause of severe pulmonary arterial hypertension of high
functional class and pericardial effusion in a 60-year-old female patient with suspected Sjégren’s syndrome. An assessment of the clinical status
and autoimmune markers was performed, echocardiography, computed tomography and magnetic resonance imaging, coronary angiography and
right heart catheterization, ophthalmological testing, as well as biopsy, ultrasound examination and salivary gland scintigraphy were performed.
Subsequently, Raynaud’s syndrome and scleredema, as well as specific immunological disorders, were verified, which made it possible to diagnose a
limited form of systemic scleroderma, prescribe immunosuppressive therapy, and establish the secondary nature of Sjégren’s syndrome.

The diagnostic results, supported by the opinions of the supervising doctors, can be discussed by the medical community and are of practical use
for cardiologists, who rarely encounter rheumatological diseases in their routine practice.

Key words: Sjégren’s syndrome, systemic sclerosis, CREST syndrome, pulmonary arterial hypertension, diagnostics, clinical case
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Introduction

Sjogren’s syndrome (SS) is a chronic systemic
autoimmune inflammatory disease, characterised by
T-cell-mediated B-cell hyperactivity and cytokine pro-
duction, the clinical presentation of which includes
oral and ocular dryness, caused by local lymphocyte
infiltration, sometimes with joint paint and fatigue.
The disease can progress from asymptomatic adenopa-
thy to systemic manifestations or even lymphoma.
More often, clinical cases (up to 80%) present with
very dry mucous membranes, especially in the mouth
and eyes; however, the disease may involve skin, nose,
throat, and vagina. SS may present without significant
involvement of the salivary glands, instead affecting
other exocrine glands or systemic organs. This condi-
tion is called extraglandular SS; it has been described
in literature sources and is reported in up to 20 % of
patients with primary SS [1].

Historically, SS was classified into two categories:
where symptoms appear independently (primary SS);
and where symptoms go together with other systemic
autoimmune diseases (secondary SS). The most common
SS-associated conditions are rheumatoid arthritis, sys-
temic lupus erythematosus (SLE) and systemic sclero-
derma (SSD) [2]. Currently, clinical studies aim mostly
at primary SS [3]. Based on the most robust evidence
from large population-based studies, the prevalence of

primary SS is estimated to range from 0.01 % to 0.05 %.
This condition affects primarily women; the women-to-
men ratio varies from 9:1 to 28:1. Disease onset typically
occurs between 40 and 50 years of age; in cases where the
diagnosis is established in younger patients, at around
35 years of age, the disease often presents with fever and
lymphadenopathy [4]. The majority of non-HLA genetic
variants related to susceptibility to primary SS are associ-
ated with interferon (IFN) pathways or IFN-stimulated
genes. Recent studies show that the long non-coding
RNA XIST (X-inactive specific transcript), which is
specific to women, is a unique and abundant source of
ligands of Toll-like receptor (TLR) 7 and IFN activator
in SLE patients. This gender-related difference can be the
cause of gender-based predisposition not only to SLE,
but also to primary SS [5].

Pulmonary artery hypertension (PAH) is a rare mani-
festation of SS and is a significant cause of death in such
cases. SS patients have a higher risk of PAH, which is
likely to be associated with chronic inflammation, vas-
cular dysfunction and immune-mediated endothelial
damage, which can contribute to higher pressure in
the pulmonary artery and right ventricular overload
[6]. By the time the classical symptoms of PAH become
apparent, it is often already too late, as morphological
and structural changes in the pulmonary vasculature
have already occurred.
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Clinical Case Report

Patient N., 60 years of age, was admitted to the hos-
pital with suspected pulmonary artery thromboembolia
(PATE). The patient complained of shortness of breath
at minimal physical activity and at rest, with shortness
of breath getting worse when lying on her left side; ede-
matic lower extremities; constricting, pressing retroster-
nal pain at minor physical activity; dry mouth.

Her medical history did not show any neurological
or rheumatologic diseases, cramps or head injuries. The
family history did not indicate any autoimmune diseases.
Also, there were no data on the use of any anticholiner-
gic medications. The patient denied a history of mucosal
ulcers, fever, arthralgia, photosensitivity, thrombosis or
thrombophlebitis, and miscarriages.

Her medical history included an adenoma of the
right thyroid lobe, cardia insufficiency, cardia-fundal
prolapse, a sliding hiatal hernia, and chronic antral gas-
tritis. In 2006, she underwent cholecystectomy due to an
exacerbation of calculous cholecystitis. The patient had
also been diagnosed with arterial hypertension (AH),
with blood pressure values reaching up to 160/100 mm
Hg. She did not take antihypertensive medications regu-
larly. Since April 2025, the patient had been having epi-
sodes of pronounced shortness of breath. Subsequently,
she noted decreased exercise tolerance and shortness
of breath during walking at a usual pace. On 19 August
2025, she was evaluated by a local cardiologist, and
ischaemic heart disease was suspected. The patient was
advised to undergo coronary arteriography (CAG), and
the following medications were prescribed: Torasemide
10 mg, Lisinopril 5 mg, Ivabradine 2.5 mf twice daily,
isosorbide mononitrate 40 mg twice daily. Later, amlo-
dipine and trimetazidine were added. The patient did not
notice any improvement from the therapy.
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In September 2025, the patient noted progressive
worsening of shortness of breath, which began to occur
after walking approximately 10 steps at a slow pace, as
well as a marked decline in exercise tolerance, lower
extremity oedema, and pressing, constricting retroster-
nal pain. The patient reported improvement in her short-
ness of breath and chest pain when lying in the prone
position or on her right side. On September 27, 2025,
multispiral computed tomography (MSCT) of the chest
was performed, revealing signs of moderate hydroperi-
cardium (pericardial effusion up to 15 mm). Areas of
ground-glass opacification within the lung parenchyma
could not be excluded, although assessment of the pul-
monary parenchyma was limited. During the outpatient
visit, an ambulance was called, and the patient was trans-
ported to Regional Clinical Hospital No. 1 in Tyumen.

Objective findings: the patient’s consciousness was
clear. The body mass index was 28 kg/m2. The body
temperature was 36.4 °C. The oral mucosa was clean,
pink, and dry, with no defects. The skin was clean, pale.
Marked peripheral oedema involving the feet and lower
legs extending up to the knees was present. Respira-
tory rate was 20 breaths per minute. Oxygen saturation
was 94 % while receiving supplemental oxygen. Breath
sounds were vesicular but diminished at the lung bases.
No crackles or wheezes were auscultated. Shortness of
breath was mixed at rest. The heart rate was 96 beats per
minute. The pulse was rhythmical. Blood pressure mea-
sured in the left arm was 170/90 mm Hg. Heart sounds
were regular and muffled, with an accentuated second
heart sound over the pulmonary artery. No cardiac mur-
murs were auscultated. The tongue was dry and uni-
formly coated with a thin film. The abdomen was soft
and non-tender. The liver edge was palpable at the costal
margin. Bowel and bladder function were unremarkable.

Figure 1.
Electrocardiogram
from October 1, 2025.
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The patient had not undergone gynaecological examina-
tion; however, she denied vaginal dryness.

Given the elevated troponin levels (troponin I,
121 ng/L; reference range, 0.1-20.3 ng/L), a diagnostic
CAG was performed to further assess the coronary anat-
omy. CAG dated September 30, 2025 did not reveal any
visible pathology of the coronary arteries. Electrocardi-
ography demonstrated sinus rhythm, a vertical electrical
axis of the heart, incomplete right bundle branch block,
low QRS voltage in the precordial leads, an S-wave pat-
tern in the chest leads, and diffuse repolarisation abnor-
malities (Figure 1).

Table 1. Patient’s blood parameters from October 1, 2025.

| Test | Meaning | Reference
Sodium uretic peptide 3,298 pg/ml 0.00-464.20 pg/mL
Procalcitonin 1.1 ng/ml 0.000-2.000 ng/mL
C-reactive protein 0.657 mg/dl < 0.5 mg/dL
Free thyroxine 12.6 pmol/l 9-22 pmol/L
Thyroid-stimulating hormone ~ 0.455 uIU/ml  0.350-5.100 uIU/mL
CA 125 17.9 U/ml 0.0-35.0 U/mL
CA 19-9 14.11 units/ml 0.00-40.00 U/mL

Non-smokers 0-5 ng/mL

Carcinoembryonic antigen Smokers 0-10 ng/mL

1.5 ng/ml

CA 125 — cancer antigen 125, CA 19-9 — cancer antigen 19-9.

Table 2. Immunological examination of the patient
from October 9, 2025.

| Test Meaning | Reference
Rheumatoid factor 5.9 IU/ml 0.1-14.0 IU/ml
Antinuclear antibody 2.979 < 0.9 — Negative
screening (ANA) Positive (normal)
Anti-double-stranded DNA 9.62 1U/ml 0.00-25.00 TU/ml
antibodies
Anti-SS-A 52 antibodies 10 IU/ml <10 IU/ml
Borderline (+)
. a0 0.00 IU/ml
Anti-nucleosome antibodies Not detected Absence
. . . 0.00 TU/ml
Anti-Scl-70 antibodies Not detected Absence
Antibodies to the SS-A/Ro 0.00 IU/ml Absence
family Not detected
Antibodies to SS-B (La) 147 IU/m.l .
. Strongly positive Absence
antigens G4)
Antibodies to RNP 0.00 IU/ml Absence
(ribonucleoproteins) Not detected
Antibodies to the Jo-1 0.00 IU/ml Absence
(histidine) antigen Not detected
Anticentromere antibodies 0.00 IU/ml Absence
CENT-B Not detected
. . 0.00 IU/ml
Anti-Sm (Smith) Not detected Absence
Anti-histone antibodies 0.00 IU/ml Absence
(Histone) Not detected
Antibodies to ribosomal 0.00 IU/ml Absence
protein P Not detected

Because of her severe condition, the patient was
admitted to the ICU. Complete blood count revealed
mild chronic iron deficiency anaemia (haemoglobin,
99 g/L). Serological tests for HIV, viral hepatitis, and
respiratory viruses were negative. The blood test results
most relevant to the differential diagnosis are presented
in Table 1. Thyroid and renal function tests, as well as
urinalysis and stool studies, were within normal limits.

A direct Coombs test was performed and yielded a
positive result. The patient was subsequently evaluated
by a rheumatologist and underwent testing for addi-
tional autoimmune markers, which revealed positive
antinuclear antibodies (ANA) and anti-La (SSB) antibod-
ies. In contrast, rheumatoid factor, anti-double-stranded
DNA antibodies, anti-ribosomal P protein antibodies,
anticentromere antibodies, anti-Scl-70 antibodies, and
anti-ribonucleoprotein antibodies were negative (Table 2).

Table 3. Echocardiography dated from September 30, 2025.

Parameters | Value |

Thin leaflets, mitral valve annulus
2.6 cm. Regurgitation (+): Grade 1.

Mitral valve:

Walls are thickened; Aortic base
size: 1.9 cm; Ascending aorta size:
3.6 cm.

Ascending aorta:

Aortic valve: Thick leaflets, pressure gradient

4.5 mmHg.

Tricuspid valve: Thin leaflets, PGr TR — 60 mmHg;
Regurgitation (++-+++): Grade 2-3,
central;

Pulmonary artery size: 3.0 cm

The valves are thin;
75 mmHg

Pulmonary valve:
Estimated PASP:

4.5cm
65 ml
3.9cm
2.6 cm
ESV: 64 ml
EDV: 26 ml
SV: 38ml
Simpson ejection fraction: 60 %
IVS thickness in diastole: 0.9 cm
LV posterior wall thickness: 0.8 cm
Presence of pericardial effusion: circular — up to 16-18 mm
PSV: 8§ mm
RA area: 26.0 cm?
IRAV: 55 ml/m?
RV/LV ratio: 1.3
Shape index (eccentricity) EL: 1.9

Left atrium in M mode:
LA volume in B mode:
LVIDd:

LVIDs:

TAPSE/e PASP:
RVOT acceleration time:
IVC diameter:

0.15 mm/mmHg
65 ms
2.3 cm, decreases less than 30 %

Note: EDV — end-diastolic volume; ESV — end-systolic volume; IRAV — indexed
right atrial volum; IVC — inferior vena cava; IVS — interventricular septum; LA — left
atrium; LV — left ventricle; LVIDd — left ventricular internal dimension in diastole;
LVIDs — left ventricular internal dimension in systole; PASP — pulmonary artery
systolic pressure; PSV — peak systolic velocity; RA — right atrium; RV — right
ventricle; RVOT — right ventricular outflow tract; SV — stroke volume; TAPSE/
ePASP — tricuspid annular plane systolic excursion/ estimated pulmonary artery

systolic pressure.
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On October 1, 2025, the patient underwent an ultra-
sonic Doppler examination of the lower extremity veins,
which did not reveal any intravascular elements in the
superficial and deep veins of the legs.Abdomen ultra-
sound performed on October 1, 2025 showed hepato-
megaly and diffuse changes in the liver.On October 8,
2025, spirometry was conducted, which showed impaired
pulmonary function (obstruction). A mild obstruction
was reported. Reduced airflow was observed at the level
of the distal bronchi. The bronchodilator test with salbu-
tamol was negative, with a 1% increase in FEV1. Echo-
cardiographic findings obtained on 30 September 2025,
are presented in Table 3.

Given the presumptive diagnosis at admission and
as part of the differential diagnostic work-up, contrast-
enhanced MSCT of the lungs was performed to exclude
malignancy and rare conditions, including interstitial lung
diseases. The findings are shown in Figures 2, 3, and 4.

Given the complaints of dry mouth, the patient was
examined for diabetes mellitus, which was ruled out.
A salivary gland ultrasound examination was performed
on October 14, 2025, which showed diffuse changes in
the salivary glands and mildly enlarged parotid glands;
no hypoechogenic areas were observed. Later, right heart
catheterisation (RHC) was performed, and the haemo-
dynamic data are presented in Table 4.

Figure 2. MSCT pulmonary
angiography, native phase
scanning, pulmonary electron
window, axial projection:

A — mosaic density of lung
tissue is determined, caused by
the presence of areas of normal
(blue arrow) and increased
(green arrow) airiness associated
with uneven blood flow. B — in
the area of increased airiness,
narrowing of the vessel lumen is
visible (orange arrow), associated
with obstruction or hypoxic
vasostriction. C — at the level
of the apical segments on both
sides, uniform thickening of

the interlobular septa is visible
(vellow arrow), associated

with venous congestion in

the pulmonary circulation.

Figure 3. MSCT pulmonary angiography, pulmonary artery contrast
phase, soft tissue electron window, axial projection: A — a dilated
main pulmonary artery is visible, as well as an increase in the ratio
of the pulmonary artery diameter to the diameter of the ascending
aorta to 1.1. B— The right ventricle and right atrium are significantly
enlarged compared to the left chambers of the heart. In addition,

a moderate amount of pericardial effusion is observed.

Figure 4. MSCT pulmonary angiography,
pulmonary artery contrast phase, soft tissue
electron window, coronary projection with
MIP reconstruction (maximum intensity
projection): no signs of acute or chronic
pulmonary embolism.
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Inpatient treatment consisted of Dapagliflozin 10 mg,
Spironolactone 25 mg, Carvedilol 6.25 mg twice daily,
Prednisolone 5 mg 2 tablets @ 07:00 am; no other car-
diotropic drugs were prescribed due to predisposition
to hypotonia. Given the diagnostic complexity of the
case, the patient’s medical data were referred for a tele-
medicine consultation to the E.I. Chazov National Medi-
cal Research Centre in order to determine the optimal
further management strategy. The patient stayed in the
hospital for one and a half months with no significant
improvement in her condition; she was discharged on
her own request. Later, an expert opinion was received
stating absence of any solid evidence of chronic throm-
boembolic pulmonary hypertension. Immunological
abnormalities are noteworthy, and a salivary gland biopsy
together with ophthalmologic testing is required to rule
out SS. According to right heart catheterisation findings,
severe precapillary pulmonary hypertension was con-
firmed (pulmonary artery wedge pressure: 10 mm Hg);
however, there was no indication that diuretic therapy
had been discontinued. Taking into account test results,
mixed origin pulmonary hypertension cannot be ruled
out, including pulmonary veno-occlusive disease,
(post/precapillary type, since there are risk factors of
diastolic dysfunction). Currently, supportive therapy is
recommended, while PAH-specific therapy is associated
with a risk of life-threatening complications.

The patient was notified of the expert opinion and
was referred for an additional examination by an eye spe-
cialist and dentist (in outpatient settings). Ophthalmo-
logic examination revealed a positive Schirmer test result
(3 mm after 5 minutes). A biopsy of the submandibular
gland was performed (see Figure 5).

Salivary gland scintigraphy was also performed and
demonstrated no reduction in radioactive tracer uptake
in either the parotid or the submandibular glands (see
Figure 6).

Radiopharmaceutical retention was observed in the
right lobe of thyroid gland, which is in line with the his-
tory of adenoma. The patient was referred to a MRI of
her neck soft tissue for anatomical details and confirma-
tion of the gland biopsy results, which can be false nega-
tive (see Figure 7).

On December 30, 2025, the patient lost consciousness
in the stairwell; loss of consciousness was not accom-
panied by unprompted defecation and urination. The
patient gained consciousness within minutes and called
for an ambulance, which transported her to the outpa-
tient therapeutic ward. According to the patient, she had
eight similar episodes of syncope last month. The patient
was examined by a neurologist, who ruled out the neu-
rogenic nature of syncope. Given the past medical his-
tory, the patient was admitted to the rheumatology ward.
She underwent another immunological testing, which
revealed antinuclear antibodies; immunoblot testing

showed positive anti-SS-A/Ro, SS-B (La) antibodies and
anticentromere antibodies CENT-B. The patient was
diagnosed with systemic scleroderma, specifically the
limited form (CREST syndrome), associated with sec-
ondary Sjogren’s syndrome, Raynaud’s phenomenon,
sclerodactyly (non-pitting swelling of the fingers), and
oesophageal dysmotility manifested by dysphagia. Pred-

nisolone dose titration therapy was initiated.

Table 4. Right heart catheter probing (Swan-Ganz
catheter) from October 5, 2025.

| Parameters

Value

Systolic BP:

RA Pressure:
RV Pressure:
PA Pressure:
PAWP:

Cardiac Output:
Cardiac Index:
PA SO2:

Pulmonary vascular resistance:
Total pulmonary resistance:

After iloprost inhalation, 10 minutes
Hemodynamic parameters were
measured and calculated:

Systolic BP:
AP Pressure:
RV Pressure:
PA Pressure:

PAWP:

Cardiac Output:
Cardiac Index:
PA SO2:

Pulmonary vascular resistance:
Total pulmonary resistance:

125/80/90 mmHg (cuff)
8/4 (mean 8) mmHg
59/10 (mean 12) mmHg
62/31 (mean 33) mmHg
mean 10 mmHg

0.511 ml/min

2.88 1/min*m?

69.0 %

361 dynes/s*cm? or 5 Wood Units
518 dynes/s*cm? or 6 Wood Units

125/85/91 mmHg (cuff)
3/0 (mean 2) mmHg
47/5 (mean 8) mmHg
49/24 (mean 25) mmHg
mean 6 mmHg

0.65 ml/min
3.67 I/min*m?
76.0 %

234 dynes/s*cm?” or 3 Wood Units
308 dynes/s*cm? or 4 Wood Units

Note: BP — blood pressure; PA — pulmonary artery; PAWP — pulmonary artery wedge
pressure; RA — right atrium; RV — right ventricle; SO2 — saturation.
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Figure 5. Microscopy of salivary gland biopsy material.
No signs of acinar atrophy or inflammatory infiltration in

the gland parenchyma are demonstrated. Morphological
activity index 0.
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Figure 6. Scintigraphy of salivary glands with lemon juice loading. A1,2 — no signs of dysfunction of the parotid and
submandibular salivary glands. B — a focus of radiopharmaceutical hyperfixation is visualized in the projection of the
middle third of the right lobe of the thyroid gland (green arrow).
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Discussion

Overlap syndrome is a concept describing an overlap
between symptoms of several diseases in one patient. The
patient indeed meets the criteria for several pathologies,
hence a clear diagnosis is challenging. According to the
2016 ACR/EULAR classification criteria, a diagnosis of
Sjogren’s syndrome is established when the total score is
4 or higher. These criteria are applicable to patients who
have at least one symptom of ocular or oral dryness, as
assessed by the AECG questionnaire, or who have posi-
tive findings in at least one domain of the ESSDAI sug-
gestive of Sjogren’s syndrome, provided that no exclusion
criteria are present (e.g., previous head and neck radio-
therapy, hepatitis C, HIV, sarcoidosis, or amyloidosis)
[7]. ESSDALI is the Sjogren’s Syndrome Disease Activity
Index developed by EULAR, and the score of <5 indi-
cates low disease activity [8].

In this case, the suspicion of SS was justified, as in
addition to mucosal dryness, the patient had positive
findings in several ESSDAI domains, namely pulmonary
involvement (3 points) and haematological involvement
(2 points), indicating that the disease activity was not
low. According to the 2016 EULAR/ACR classification

Figure 7. MRI of the soft tissues
of the neck at the level of the
parotid salivary glands (A), at
the level of the submandibular
salivary glands (B), at the

level of the thyroid gland (C),
T2-weighted image pulse
sequences, T2-weighted image
with signal suppression from fat
tissue and T1-weighted image,
axial projection: the salivary
glands appear symmetrical, not
enlarged, have clear contours
and a uniform structure;

a hyperintense nodule is visible
in the right lobe of the thyroid
gland (green arrow).

criteria, the patient scored 4 points, even without corneal
and conjunctival staining, which was not performed;
therefore, the diagnosis of Sjogren’s syndrome was con-
sidered justified. However, given the presence of anticen-
tromere antibodies CENT-B, Raynaud’s phenomenon,
scleredema and oesophageal dysfunction, the secondary
nature of SS, caused by limited CTD, cannot be ruled out.

A study based on the French National Health Insur-
ance Database demonstrated that among connective
tissue disorders (CTDs) associated with SS, systemic
lupus erythematosus (SLE) accounted for 28 % of cases,
rheumatoid arthritis for 53%, and SSD for 13% [9].
Groups with various CTDs demonstrate some differ-
ences. Patients with SLE and SS have the following char-
acteristics: relatively late onset of the disease; high inci-
dence of Raynaud’s phenomenon and joint symptoms; as
well as a high positive response to autoantibodies (espe-
cially anti-SS-A/SS-B antibodies). The most common
symptom is oral sores [10].

SSD is also a multisystem autoimmune connective
tissue disorder characterised by microvascular injury,
dysregulation of both adaptive and innate immunity,
and progressive fibrosis of the skin and internal organs.
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Common clinical manifestations of SSD include Rayn-
aud’s phenomenon, skin thickening, calcinosis, telan-
giectasias, gastroesophageal reflux disease, gastrointes-
tinal dysmotility, arthritis, interstitial lung disease, and
pulmonary hypertension. Among these manifestations,
Raynaud’s phenomenon, characterised by vasospasm of
the fingers, is an early clinical sign that typically precedes
the development of fibrotic changes, suggesting that vas-
cular involvement is an early manifestation of the disease
and plays a key role in its initial pathogenesis. Pulmo-
nary hypertension is usually a later sign of SSD, which
manifests 10-15 years after diagnosis [11]. However, in
the present case, upon hospital admission the patient did
not present with Raynaud’s phenomenon and did not
have any typical complaints. Similar to SS, SSD is more
common in women than in men, with the women-to-
men ratio being 3-4:1; however, in men SSD results in
poorer outcomes [12].

According to the WHO classification, CTD-associ-
ated PAH is included in group 1 of pulmonary hyperten-
sions. Among the group 1 subtypes associated with con-
nective tissue diseases, SSD accounts for approximately
75% of all cases of CTD-associated PAH [13]. PAH has
been reported to occur in 8-12% of patients with SSD
and represents one of the leading causes of mortality in
this population. Together with pulmonary fibrosis, it
accounts for up to 60% of all SSD-related deaths [14].
The median survival is approximately 4 years. Studies
have demonstrated that the combination of early disease
detection through improved screening recommendations
and the use of PAH-specific therapies improves survival
in patients with SSD-associated PAH, a condition that is
otherwise associated with a poor prognosis [15].

It appears that SS and SSD in the present case are
the elements of one pathological autoimmune process.
A combination of these pathologies has been described
in literature sources. Of particular interest is the study
by Drosos et al., which described a cohort of 23 patients
with CREST syndrome who underwent clinical, histo-
pathological, and serological evaluation for the pres-
ence of Sjogren’s syndrome. Fourteen patients were
found to have positive findings consistent with Sjogren’s
syndrome. No significant differences were observed
between these patients and the remaining nine indi-
viduals. In addition, the characteristics of patients with
CREST syndrome were compared with those of 29 ran-
domly selected patients with primary SS. Parotid gland
enlargement was observed significantly more frequently
in patients with primary SS than in those with CREST
syndrome (p < 0.01). Virtually none of the patients with
concomitant CREST syndrome and SS had detectable
anti-Ro(SSA) or anti-La(SSB) antibodies [16]. However,
in the study by Oddis et al., anti-SSA(Ro) antibodies
were identified in the serum of five out of six patients
with the CREST variant of systemic scleroderma and

features of SS [17]. If the presence of SS in our patient is
excluded and the condition is considered a “pure” form
of SSD with an initial presentation dominated by visceral
manifestations, particularly PAH, such a presentation
would be uncommon and would also be of considerable
practical interest to clinicians.

Conclusion

The treatment outcomes of SSD-associated PAH
remain unsatisfactory compared with those observed in
patients with SSD overall. Therefore, new diagnostic and
treatment approaches are required. Given the substantial
role of specific components of the immune system in dis-
ease pathogenesis, a promising therapeutic approach in
the future will likely involve the combination of targeted
immunomodulation with combination vasodilator ther-
apy. Prospective studies involving patients with SS, SSD
and PAH have not yet been conducted. Therefore, stud-
ies focusing on the early initiation of therapy would be
important to determine whether vasodilators may exert
disease-modifying effects and whether their use should
be started earlier, before overt signs of organ damage
develop. Clinicians should maintain a high index of sus-
picion and carefully evaluate patients with PAH for the
possible presence of both SSD and SS, as these conditions
may remain undiagnosed during routine assessment.
An erroneous diagnosis of idiopathic PAH may deprive
patients with an underlying connective tissue disease of
the opportunity to receive immunosuppressive therapy
and to benefit from the most appropriate combination of
vasodilator agents.
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ITanens 1. T'ncromopdonorysa 1 MMMYHOTOTMYeCKIIT POGIIb IePBIYHOI ONMYXOIU MIKA
Panel 1. Histomorphology and immunoprofile of primary testicular tumor

1.A. Oxpacxka eemamoxcunurom u 303unom (HandE),
ysenudenue x2. I[lapenxuma auuka (cnpasa)

u onyxonv (cnesa)

1.A. HandE-stained section (X2 magnification) showing
testicular parenchyma (right side) and tumor (left side)

1.B. Oxpacka eemamoxcununom u so3urom (HandE),
yeenuuenue x5. AOeHOKAPUUHOMA ¢ OOUUPHLIMU
yuacmkamu Hekposa

1.B. HandE-stained section (X5 magnification) showing
an adenocarcinoma with extensive necrosis

1.C. Oxpacka eemamoxcunuxom u so3urom (HandE),
yeenuuerue x10. AOeHOKAPUUHOMA C KUUIEUHOL
Ougdepenyuposxoii, npedcmasneHHas YUAUHOPUHeCKUMU
KIEMKAMU €O CIParmuduyuposanHoimu 10pamu,
PacnonoxeHHbIMU 8 MY6YT0AUUHAPHOM NammepHe

1.C. HandE-stained section (X10 magnification) showing
an adenocarcinoma with enteric differentiation comprising
columnar cells with stratified nuclei, arranged in a
tubuloacinar pattern




Apxub BHyTpeHHei MepAnunHbl ® Ne 3 o 2026 PA3BOP KAMHUYECKUX CAVYAEB

1.D. Knemxu onyxonu 0eMOHCIPUPYIOM CUNbHOE

u Ougpysroe nonoxumenvroe okpamusarue Ha CDX2,
4o noomeepicoaem Kuuieuyio ouddeperyuposy
1.D. Tumor cells are strongly and diffusely positive for
CDX2 supporting enteric differentiation

1.E. Knemku onyxonu 0eMOHCIMPUPYI0M NOLOKUMENLHOE
oxpawusarue Ha CK20, umo noomeepicoaem xuuieuyo
ougpgeperyuposky

1.E. Tumor cells are positive for CK20 supporting enteric
differentiation

1.F. Oxpacka eemamoxcununom u s03uxom (HandE),
ysenuuenue x10. CemenHvie KAHANLUbL C 2EPMUHO2EHHOT
Heonnasueti in situ (GCNIS)

1.F. HandE stained section (X10 magnification) showing
seminiferous tubules with GCNIS

1.G. GCNIS ummynopeaxmuera k PLAP
(nonoxumenvroe okpauiusarie)
1.G. GCNIS is immunoreactive for PLAP

e d S ~Wwmmmmms 1.H. GCNIS ummynonosumusma k OCT4
g “Fi A% o 3 (nonoxcumenvroe okpauiusarue)
e i _ ‘ e A | 1.H. GCNIS is immunopositive for OCT4
§ o
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ITaHenb 2. MeTacTaTuyecKas afleHOKapPIIITHOMA B 3a0PIONIMHHOM TUMQPATUIECKOM y37Ie
Panel 2. Metastatic adenocarcinoma in retroperitoneal lymph node

2.A. Oxpacka eemamoxcununom u so3unom (HandE),
ysenuuerue x2. Memacmamuueckas adeHOKAPUUHOMA
¢ nopaxceHuem TUMPAMu1eckozo y3na

2.A. HandE-stained section (X2 magnification) showing
metastatic adenocarcinoma involving lymph node

2.B. Oxpacka eemamoxcunurom u s03urom (HandE),
ysenuuerue x10. Memacmamuueckas adeHoKapyuHoma
€ MYUUHOSHBIMY (CUSUCMbIMU) XAPAKMEPUCIUKAMU
2.B. HandE-stained section (X10 magnification) showing
metastatic adenocarcinoma with mucinous features

2.C. Memacmamuueckas a0eHOKapyuHoma
ummynopeaxmuera x CK20 (nonosumenvtoe
okpawiueare)

2.C. Metastatic adenocarcinoma immunoreactive
for CK20

2.D. Memacmamu4eckas adeHoKapyuHoma
ummynonosumuena k CDX2 (nonoxumenvHoe
okpawiuearue)

2.D. Metastatic adenocarcinoma immunopositive
for CDX2
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