Apxusb BHyTpeHHEe MepAuunHbL ® Ne 4 o 2025

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 meduynunw (Mocxea, Poccus)

Anna6exosa basu AabkeHoBHA — 0.1, pocheccop,

HAO «Mednynncxuit ynnsepcnmem Acmana» (Acmana, Kasaxcman)
Benas JKanna EBrensesna — .., ru.c., Haynonarvnoit meduynncrnit
nccaedosamerncruit yenmp andoxpunororun (Mocxea, Poccns)
Buprokosa Exena BarepseBra — d.m.n., doyenn,

Poccuiickuit ynusepcumem meduyunoe (Mockea, Poccus)

Baryrua Huxonai TuxonoBua — o, npogeccop,

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

Boponxosa Kupa Brapumuposua — d.xm.n., npogpeccop,
PHUMY um. HH. TIuporosa (Mocrea, Poccus)

3ayroasuukosa Taressna Bacuabesna — k.., doyenn,

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

Kapabunenko AnexcaHpp AAEKCAHAPOBHY — 0.1, ipogheccop,
PHUMY um. HM. Iuporosa (Mocxea, Poccus)

Kapuaymkunua Mapust AxekcanppoBHaA — 0.M.1., nipogheccop, Poccudickmi
ynngepcumem 0pyacove rapodos . Ilampuca Aymymou (Mockea, Poccin)
Kapnos Urops ArekcaHApOBUY — 0.M.1., npogheccop,
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)
Mansasun Auppei I'eopruesuda — d.yu., npog.,

Pocewitcxuit ynnsepcumem meduynunw (Mockea, Poccus)

Mepgeaes Baapumup dpucrosud — .., doyenm, Poccuitckui
ynngepcumemn 0pyacov napodos um. Iampuca Aymymou (Mockea, Poccns)
Muxun Bapum IlerpoBuy — d.m.u., npogeccop,

Kypexuit rocydapemeennvix meduynnckuii yuusepcumen (Kypex, Poceus)
Hukurnn Urops T'ennapueBud — d.n., npopeccop,

PHUMY um. HH. Inporosa (Mocxea, Poccus)

Huxudopos Buxrop Cepreesuya — d.wi., npogeccop,

C3I'MY um. 1. Meunnxosa (Canxm-Ilemepypr, Poccus)

Peb6pos Anppeii IlerpoBud — 0., npogpeccop,

Capamoscxnit TMY um. B.M. Pasymoscroro (Capamos, Poccus)
Caiipyranuos Pycram MabxamoBua — o, npogheccop,
Openbyprexas rocydapemeennasn meduynnckan axademus (Opendypr, Poccus)
Conosbsesa dara FOpbesua — 0., doyenm,

PHUMY um. HH. Inporosa (Mocxea, Poccus)

Cranenko Muxana EsrenseBua — 0., npogheccop,

Boar'MY (Boarorpad, Poccus)

Cynonesa Haraaps ArexcanapoBHA — 0.0, pogeccop,
waen-xoppecnondenm PAH, Haywnvit yenmp nesporornn (Mocxea, Poccus)
TxaueBa Oabrra Hukonaesna — d.wi, npogeccop,

Poccuitexnit reponmororateckmit Hayno-KAuneckuit yenmp

PHUMY um. HH. Inporosa (Mocxsa, Poccns)

XoxnaueBa Haranbs ArekcaHppoOBHA — 0.1, Joyenin,

Worcescran rocydapemeennan mednyuncran axademns (Mocesck, Pocens)
Yecuukosa Auna VIBanoBHa — 0.1, npoeccop,

PocmI’MY Munsdpasa Poccun (Pocmos-na-Aowy, Poccis)

SAropa Anexcanpp Barenrunosud — d.m.u., npogeccop, Cmasponorscxusi
rocydapcmeennuiii meduynnckuit ynngepcumem (Cmasponoas, Poccns)

Axymun Cepreint CrenanoBuY — 0.M.H., npogheccop,
PasI'MY um. M. I1agrosa (Pasans, Poccns)

PEAAKIIMOHHBIM COBET

Baciox IOpuit ArekcanppoBud — 0.M.4., npogpeccop,

Pocenitexnit 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,
axadermnx PAH, C3I'MY um. W Meunuxosa (Canxm-IlemepGypr, Poccus)
Manees Bukrop BacuawseBud — 0.m.1., npoeccop, axademur PAH,
IJHU U snudemmorornn Pocnompebnadzopa (Mockea, Poccin)

Hacounos Esrennit AbBoBuY — 0.m.1., npocheccop, akademnx PAH,
HUWP um. BA. Haconosoit (Mocxsa, Poccns)

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

XoxaoB ArexkcaHAp AeOHUAOBHY — 0.1, npoceccop,
uren-Koppecnondenin PAH, Apocaascruit rocydapcmeennuiii MeduymncKiit
ynngepcumem (Apocaasav, Poccus)

HIasixro EBrennit Baapumuposuy — d.xm.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

ABT'YCT 2025 (Ne 4(84))

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

YYPEAWUTE/Ib U U3 ATE/Ib

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

Ten.: (495) 777-41-17

E-mail: info@medarhive.ru

FEHEPA/IbHbIN AUPEKTOP
YepHosa Onbra AnekcaHapoBHa
o_chernova@medarhive.ru

AOPEC PEAAKLUU
107076, Mocksa, yn. KoponeHko, 4.3A, odpuc 186
Ten.: (495) 777-41-17

MeaunumnHcKuli pegakTop

EppemoBa Enena BnagnmuposHa, 0.M.H., npogeccop kagedpsi
mepanuu u npogeccuoHanbHeix 6onesHell ®r60Y BO «YnbsaHoBcKul
20cydapcmserHbili yHuBepcumems (YnbsHoBcK, Poccus)

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

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

BepcTka
Butanun Kotos

OTAen pacnpocTpaHeHUA U peKaaMbl
Babsk AnuHa
reklama@medarhive.ru

MoanucaHo B nevatb 21.07.2025 roga
Tupax 3000 3k3eMnAspos.

M3paHue sapernctpuposaro B GegepanbHoil cayx6e no Haa30py
B cpepe CBA3M, UHPOPMALMOHHBIX TEXHONOTUI U MACCOBbIX
KOMMyHWKaLui (PockoMHag3op).

CBMAETEeNbCTBO O perncTpaymm
M Ne ®C77-45961 o1 26 ntona 2011 r.

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

OTneyartaHo B Tunorpa¢um «Onebook.ru»

00O «Cam Monurpadpucr»

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

KOHTeHT gocTyneH noa nnueHsueit
Creative Commons Attribution 4.0 License.

YKypHan BKNto4eH B POCCUMNCKMI MHAEKC Hay4HOro uuTuposaHus (PUHLL)

CTaTbM )KypHana npeAcTaB/eHbl B POCCUIICKON YHUBEPCaNbHOW HayYHOW
3/1eKTpOHHOW 6ubanoTteke www.elibrary.ru

MoanucHol nHaekc B KaTanore «Ypan-lNpecc Okpyr» 87732

DOI: 10.20514/2226-6704-2025-4

241



242

The Russian Archives of Internal Medicine ® Ne 4 e 2025

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)

Andrey G. Malyavin — Dr. Sci. (Med.), prof,, Moscow State University

of Medicine and Dentistry (Moscow, 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 11 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.I. 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 I.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 I.I. Mechnikov
(Saint-Petershurg, 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

THE RUSSIAN ARCHIVES
OF INTERNAL MEDICINE
www.medarhive.ru

AUGUST 2025 (Ne 4(84))

Included the List of the Russian
reviewed scientific magazines

in which the main scientific
results of theses on competition
of academic degrees

of the doctor and candidate

of science have to be published.

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
Babiak Alina
reklama@medarhive.ru

Signed for printing on 21.07.2025
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: 10.20514/2226-6704-2025-4




Apxusb BHyTpeHHEe MepAuunHbL ® Ne 4 o 2025

COAEPXAHUE

NAERKIINU

JL.M. ®apxymourosa
O Bpaue6HOIt mesitenpHOCTN AHTOHA [TaBnoBIMYa YexoBa.

K 165-TI€THIO CO IHS POIKIICHII ...ocvuveviriirininiaiacieneietetessassstscseasse e sese sttt b st s st sesens 245
O.B. Manuxun

Tepamnusa reMopparn4eckoii IMXOpagKu C HOYEUHbIM CHAPOMOM:

1aToU3NONOrndecKkoe 000CHOBAHME Y TPAKTIUECKOE TIPUMEHEHIIE .....vuvreuerereereeseseereaesessenesessesesessenesssnes 252

OB30PHBIE CTATHhU

W.I" Huxumun, A.B. Cmapody6osa, O.A. Kucnsx,
T.IO. Jlemuoosa, JI.IO. Mnvuerko

HeankoronpHas JKnpoBas 6071e3Hb ITeYeHN Y NallM€HTOB C HOpMaTIbHOﬁ[ Maccoii Tena:
IMNAEMNONIOINA, aKTya/IbHbIE BOIIPOCHI CKPMHIMHTIA M MVIATHOCTUKY, IIOAXOADI K TEPATINMN ...eevvvrrrnnnnnnnns 262

I1.A. Cyukosa, C.A. Ilanosa, O.A. Jlucenxko,
K.I1. Paesckuii

MyKOBMCLM[03: HOBbIE TEHEHLIMN B METOHAX TEPAIIMIL ...ouvuvinnininiiierenesiisisissssesesssssssssesesesssssssssssesessssssses 275

OPUTUHAABHBIE CTAThU

O.B. Macanxuna, E.A. Ilonsxckas, H.A. Ko3uonosa,
AJ. Yepnasuna

Oco6eHHOCTY COCTOSIHMS CUCTEMBI KOJUTAreHOMM3a 11 GaKTOPBI PICKA ee M3MeHEHNI
y TTALMEeHTOB IPU JINTETBHOM IIOCTKOBUITHOM CHUHIIPOME ...ecuuvmierenniacruscaertstassescsestacsessesesesssacssssesesssseaes 284

B.C. Ilpamxo, E.M. Cmaxnéea, E.B. Kawumanoea,
JL.B. Illlepbakosa, A.B. Ilonowxckas, FO.M. Pazuro

VsmeHeHNe cocTaBa HEHACHIIIEHHBIX YKMPHBIX KUCTIOT IJIa3Mbl KPOBU Y MY>K4MH,
IPOXXMBAKOIIVX B CE/IbCKUX paitoHax HoBocubmpckoit 06/1acTit, B 3aBUCHMOCTI
OT YIIOTPEOTIEHVIST QITKOTOTISL «vvvvueverecereuersereserseesesessessesessessesesnesnesesstssssesntsssssntssssesstsessesntsessssntsessesntsessesnesessesesns 296

PA3BOP KAMHUYECKUX CAVIAEB

M.A. Tankxuna, A.A. Oposikosa, E.IO. [Tonomapesa,

E.B. Axosnesa

Llepe6panbHas MacKa CUHAPOMA TAKOIIY OO .......cuuuuuruiuniuiuiiinsiteiesessessese s ssess s s sssssessssssssssssssssesscssenas 303
E.B. Pestux, I1.A. Moeymosa, M.X. Illypoymoasa,

E.B. Acmawxesuu, A.JI. Jlykvanos, J.M. Muxanesa,
K.JO. Muoubep, A.Il. Cmupnos, I.H. Ionyxos

Cunppom Initena-Bappe y maryenra ¢ MHQEKIMOHHBIM 9HIOKAPANTOM:
K/IVHUYECKOE HAOGTIONEHIIE Y 0030 TIATEPATYPD ..ceceuereeeereereseunesesesstssesesstssssesstssssestssssesssessesssessesesessesesns 310

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

243



The Russian Archives of Internal Medicine ® Ne 4 e 2025

CONTENT

LECTURES

L.M. Farkhutdinova
On the Medical Activities of Anton Pavlovich Chekhov.

On the 165th Anniversary of His Birth ........ccooociiiiiiccccecccecese e ssssssssseens 245
O.V. Malinin

Treatment of Hemorrhagic Fever with Renal Syndrome:

Pathophysiologic Rationale and Practical APPIICAtiON ........cccoeureeeueuriecunerrecirereecinereeenresenessesensessesensessesenses 252

REVIEW ARTICLES

I.G. Nikitin, A.V. Starodubova, O.A. Kislyak,
T.Yu. Demidova, L.Yu. Ilchenko

Nonalcoholic Fatty Liver Disease in Patients with Normal Body Weight:

Epidemiology, Current Issues of Screening and Diagnosis, Approaches to Therapy .........ccccoeovecerveerecnnce. 262
PA. Suchkova, S.A. Panova, O.Ya. Lisenko,

K.P. Raevskij

Cystic Fibrosis: New Trends in Therapy Methods ..........ccccoccuiiiicininininiineccsceieeseieeeseeeesesseens 275

ORIGINAL ARTICLE

O.V. Masalkina, E.A. Polyanskaya, N.A. Koziolova,

A.L Chernyavina

Features of the State of the Collagenolysis System and risk factors of Its Changes

in Patients with Long-Term Post-COVID SYNAIOME ......coveuiuriueiriieicireieicireeeieineeeseisesenseesesesessesessessessesens 284

V.S. Shramko, E.M. Stakhneva, E.V. Kashtanova,

L.V. Shcherbakova, Ya.V. Polonskaya, Yu.l. Ragino

Changes In the Composition of Unsaturated Fatty Acids in The Blood Plasma

In Men Living in Rural Areas of the Novosibirsk Region,

Depending on AlcOhol CONSUMPLION ......curueimirrieeicirieeicireeeietreeeeetreeeesetsese ettt sesessessesesaessesessessesessessesesacs 296

ANALYSIS OF CLINICAL CASES

M.A. Tyapkina, A.A. Ordyakova, E.Yu. Ponomareva,

E.V. Yakovleva

Cerebral Mask of Takotsubo SYNAIOME ..........cccuiuiniiiincinciciciccee e seees 303
E.V. Reznik, PA. Mogutova, M.Kh. Shurdumova,

E.V. Astashkevich, A.L. Lukyanov, L.M. Mikhaleva,
K.Yu. Midiber, A.P. Smirnov, G.N. Golukhov

Guillain-Barre Syndrome in A Patient with Infectious Endocarditis:
Clinical Observation and Literature REVIEW ........c.ccuveiviieieiieiieeeieeeieeeee et sesse s se s s e sneneans 310

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

244



Apxusb BHyTpeHHEe MepAuunHbL ® Ne 4 o 2025 AEKIIU A

B

(@)ev 20|

DOI: 10.20514/2226-6704-2025-15-4-245-251
YK 61(470+571)(092)
EDN: JNXTYH

N1.M. dapxytanHoBa

MNPO ®IbOY BO «ballKMpCKMil rocyapCTBEHHbIN MeAULMHCKNI YHUBEPCUTET»
MuH3apasa P®, Yéa, Poccusa

O BPAYEBHOV AESITEABHOCTY AHTOHA ITABAOBUYA YEXOBA.
K 165-AETMIO CO AHSI POSKAEHUS

L.M. Farkhutdinova
Bashkir State Medical University, Ufa, Russia

On the Medical Activities of Anton Pavlovich Chekhov.
On the 165th Anniversary of His Birth

Pesome

AHTOH lNaBn10BMY Yexo nprobpes BCeMUPHYIO CNaBy Kak nucaTesib, BMeCTe C TeM Mo 06pa3oBaHMio OH 6bi1 BpaiOM U HEManyto HacTb U3HW NOCBATUA
MeauuvHe. B yHMBepcuTeTe ero yuntenamu 6bim Bblaalolmecs yyeHble — TepaneBT [puropuit AHTOHOBKY 3axapbuH, XMpypr Hukonaii Bacuibe-
B4 Cknndocoscknin, rurneHnct ®egop Pegoposuy dpucMaH. K MeauLMHCKON npakTuke Yexos npuctynun, 6yayum cTyeHToM 2-To Kypca, Ha 6ase
YUKUHCKOW 3eMCKOVi 60/1bHULLBI B MOMOCKOBHOM ropo/e BockpeceHcKe, TaM e MOo/ly4n/i MecTo ye3/HOro Bpaya noc/ie OKOHYaHuA yHuBepcuTeTa.
Mo3/Hee 3aHMMaNCA YacTHOM NpakTUKoi B Mockse. Mo 0T3biBaM Kosier AHTOH MaBn0oBUY YexoB 6bi NPEBOCXOAHBIM ANArHOCTOM U TaNaHT/IMBbIM
ncuxoTtepaneBToM. OT/MYANCA UCKIOUYNTE/IbHOW J06pOoXenaTeIbHOCTbIO, TePNeHNeM U AeNVKaTHOCTbLIO MO OTHOLLEHUIO K nauueHTam. B 1890 r. co-
BepLUMA Noe3AKy Ha Caxa/IMH, rAe BrepBble OCYLLeCTBUA NePenmch HaceIeHUS, U3YUNA YCIOBUA XIN3HU CCbIbHBIX, cCOBpan cBefileHuns o 3aboseBaHnAX
1 npuymHax cMepTu. Mo pesynbTaTam nccieAoBaHUA Hanncan GyHaaMeHTanbHbIl Tpya «Octpos Caxannh». B 1890-e rr. npuobpen ycagbby B Menu-
x0BO, B 70 KM OT MOCKBbI, FZje BbINO/IHAN 06A3aHHOCTW 3eMCKOro Bpaya, 60po/ICa € X0N1epol, MOCTPOUA HeTbIpe LWKO/Ibl, MOXapHbIV MYHKT, NOYTOBYHO
CTaHLMIO, KOJIOKO/IbHIO U JOPOTY /10 CTaHLMK, OpraHn3oBas obLiecTBeHHyo 61b6noTeKy. B cBoux aMTepaTypHbIx NponsBeseHnax Yexos cospan Le-
Nyto ranepero peannCTUYHbIX MOPTPeTOB Bpayeit. baarosapsa Bpaiye6HOMY OMbITY M 3HaHWAM, OH NPOGECCHOHANBHO TOYHO 0TO6Pa3UA KAMHUYeCKMe
NMOpTPETHI MALMEHTOB C Pa3/INYHbIMU 3a60/1€BaHNAMM, TaKUMU KaK Ty6epKy/es, CbiNHOW U 6pIOLLHOM TU, AeNpeccMBHOE pacCTPOMCTBO, MaHUA npe-
cnegoBaHua n Ap. B 1897 r. y YexoBa cy4mnock cunbHOe Iero4HOE KpoBoTeueHWe, 6bi1 AnarHoctnposaH Tybepkynes. C 1899 r., no coBeTy Bpauyei,
AHTOH [MaBnoBuY nepeexan B ANTy, rae no-npexHeMy noMoran BceM, KTO K HeMy obpalanca 3a BpayebHoi nomouybio. OpraHnsoBan CTPOUTENLCTBO
Ty6epKyNe3HOro CaHaToOpUA N IMYHO BHEC KPYMHYIO CYMMY, Ale/1a/l MHOFO4MC/IeHHbIe NMoXepTBOBaHUA 60/1bHbIM. B 1904 r. cocTosHne AHToHa Maeno-
BMYa 3HAYUTE/IbHO YXYALINAOCH, EMYy MOPEKOMeHA0Ba/N fieyeHne B [epMaHuu, Ha KypopTe bageHBeiinep, rae 2-ro utons 1904 r. Yexosa He cTano.

KnroueBbie cnoBa: spaqyebHas desmensHocms A.. Yexosa, pons Yexosa-spaya
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Abstract

Anton Pavlovich Chekhov gained worldwide fame as a writer, but he was also a doctor by education and dedicated a significant part of his life to medi-
cine. At the university, his studied under outstanding scientists — therapist Grigory Antonovich Zakharyin, surgeon Nikolai Vasilyevich Sklifosovsky,
hygienist Fyodor Fyodorovich Erisman. Chekhov began his medical practice as a second-year student at the Chikinskaya Zemstvo Hospital in the Mos-
cow Region town of Voskresensk, where he secured a position as a district physician after graduating from the university. Later, he practiced privately
in Moscow. According to colleagues, Anton Pavlovich Chekhov was an excellent diagnostician and a talented psychotherapist. He was distinguished
by exceptional kindness, patience and tact in relation to patients. In 1890, he went to Sakhalin, where he was the first to conduct a population census,
studied the living conditions of exiles, collected data on diseases and causes of death. Based on the results of his research, he wrote a fundamental
work, Sakhalin Island. In the 1890s, he acquired an estate in Melikhovo, 70 km from Moscow, where he served as a zemstvo doctor, fought cholera,
built four schools, a fire station, a post office, a bell tower and a road to the railway station, and organized a public library. In his literary works, Chek-
hov created a vast gallery of realistic portrayals of doctors. Thanks to his medical experience and knowledge, he professionally accurately depicted
clinical portraits of patients with such various diseases as tuberculosis, typhus and typhoid fever, depressive disorder, persecution mania, etc. In 1897,
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Chekhov suffered from severe pulmonary hemorrhage and was diagnosed with tuberculosis. From 1899, following medical advice, Anton Pavlovich
moved to Yalta, where he continued to help everyone who turned to him for medical help. He initiated the construction of a tuberculosis sanatorium
and personally contributed a large sum, made numerous charitable donations to the sick. In 1904, Anton Pavlovich's condition worsened significantly,
he was recommended treatment in Germany, at the Badenweiler resort, where Chekhov died on July 2, 1904.

Key words: medical activity of A.P. Chekhov, the role of Chekhov the doctor
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No doubt, medical sciences have greatly impacted my literary work;
they have widened by observations, enriched me with knowledge,
the real value of which for me as a writer can be perceived only by
a doctor...

Aphides eat grass, rust corrodes iron, and false pretences kill the soul.

A. P. Chekhov
Taganrog — Moscow (1860-1884)

always made sure that his family is financially secure, he

Anton Pavlovich Chekhov is known all over the world
as a great writer, but he dedicated a large part of his life to
medicine. Chekhov was born in 1860 in Taganrog, in the
family of a second-guild merchant. It is worth mentioning
that both grandfathers of Anton Pavlovich (both paternal
and maternal) were peasant serfs, who bought themselves

especially tried to make his mother’s life easier; however,
he earned money not as a doctor, but as a writer [1-3].

In 1879, Chekhov was a year 1 student of the Medi-
cal Department at the Imperial Moscow University (now
I. M. Sechenov First Moscow State Medical University).
Chekhov liked Moscow, the life was bubbling there.

and their families out, which was quite rare in the serf
Russia'. Chekhov’s father, Pavel Egorovich, was not a very
successful businessman, but he played violin and sang; his
mother, Evgenia Yakovlevna, cared for her husband and
children and was very tender-hearted. Besides Anton, the
family had four sons and a daughter. All children were well-
educated and belonged to the intellectual society. Anton
was a writer and doctor; Aleksander? and Mikhail — writ-
ers, Nikolay — artist, Ivan — teacher. Maria, the daughter,
was a teacher in a gymnasium and did painting. Chekhov
said that they had inherited their talents from their father,
while the soul — from their mother.

Chekhov fell for literature when he was a young man
and studied at the gymnasium; however, after graduation,
he chose medicine. This is what his parents wanted: they
hoped that this way their son would have a decent salary.
The thing is that in 1876 Chekhov’s father went into bank-
ruptcy and fled with his family from the debtor’s prison’
to Moscow, where his eldest sons had already moved to:
Aleksander was studying at the university and Nikolay
was attending the art school. Only 16-year-old Anton
remained in Taganrog; he was finishing his studied at the
gymnasium, earning his living by tutoring, selling remain-
ing property and sending money to Moscow, where the
family were very poor for the first several years. Chekhov

Figure 1. A.P. Chekhov among his family and friends (1890)

' The 1803 Free Grain Farmer Ordinance stated that a peasant serf could become free by paying a buyout. Over the period from 1803 to 1861, 1.5 % of serfs
(approx. 150,000) got free.

> Aleksander's son, Mikhail Chekhov, is an outstanding actor and theatre teacher.

> Debtor's prisons were abandoned in the Russian Empire in 1895.




Apxusb BHyTpeHHEe MepAuunHbL ® Ne 4 o 2025

AEKINU

The second half of the XIX century was the period of
significant progressive transformations undertaken by
Aleksander II. Liberation of the serfs, Zemstvo Reform,
granting independence to universities, relaxation of cen-
sorship and other reforms were a stimulus for the scien-
tific and cultural explosion. Russian scientists made fun-
damental discoveries: Dmitry Mendeleev — periodic law,
Ilya Mechnikov — phagocytosis, Ivan Sechenov and Ivan
Pavlov — laws of the brain function. A constellation of
Russian writers — Lev Tolstoy, Nikolay Leskov, Mikhail
Saltykov-Shchedrin, Fyodor Dostoevsky, Vladimir Koro-
lenko and others — are known all over the world.

The Moscow Medical School was flourishing. At the
university, Chekhov was taught by the outstanding sci-
entists — internist Grigory Antonovich Zakharin, sur-
geon Nikolay Vasilyevich Sklifosovsky, hygienist Fyodor
Fyodorovich Erisman.

The most recognised for Chekhov was Zakharin.
He mentioned that his favourite writer was Tolstoy, while
Zakharin was his favourite medical professional. Zakharin
was considered to be the most outstanding Russian clini-
cian of that time and an unbeaten diagnostician. He was
the father of a therapeutic school, where the diagnosis was
based on a thorough interview with the patient, unlike
objectivists, who relied mostly on laboratory and instru-
mental test results. In treatment activities, Zakharin advo-
cated an individual approach and emphasised, in addition
to medications, the role of the doctor’s personality for
the patient. Even one hundred and fifty years later, these
approaches in the medicine are fundamental, despite the
development of hi-tech.

Chekhov followed Zakharin’s principles and paid spe-
cial attention to the patient’s mental state. As remembered
by his fellow men, Chekhov dreamt of teaching medi-
cal psychology to students. His was ahead of his epoch,
because this discipline was included into curricula at
higher medical educational institutions only in the second
half of XX century.

Chekhov was a year 1 student, when his humorous
story — A Letter to the Scientist Neighbour — was pub-
lished for the first time. Some say that the story was written
under the impression from the lectures on the Darwin’s
Theory of Evolution. After his successful debut, Chekhov
was invited by other publishing houses. Journals paid five
kopecks for one line, and Chekhov’s remuneration was a
source of income for the whole family. The family could
not count on the eldest brothers, who led Bohemian life.
Chekhov believed that literature was his temporary job
and used pen names under his works.

His medical practice began when Chekhov was a
year 2 student. A younger brother of Anton Pavlovich,
Ivan, was hired as a teacher and received a big flat in
Voskresensk (now Istra) 30 km from Moscow, and the
family used to spend their summer there. There Chek-
hov met an outstanding therapeutist Pavel Arsenievich
Arkhangelskiy, Chief Physician at Chikinskaya district
hospital, and started helping during patient visits during
summer. In 1884, when Chekhov graduated from the
university, he started working there as a district doctor.
Arkhangelskiy spoke of the young doctor in very warm

terms, “He was very attentive, and it was obvious that he
loved his job, he loved his patients. He always attentively
listened to the patient; he never raised his voice despite
tiredness, even if the patient talked about something unre-
lated to the illness...” [1, 2].

Doctor and writer (1885-1890)

Once certified as a doctor, Chekhov lost himself in his
work; he had 30-40 patients every day, attended patients
at home, participated in post-mortem examinations and
court hearings; during holiday, he worked as the Chief
Physician in Zvenigorod hospital. It is worth noting that
district doctors earned far less than the staff at central clin-
ics; in addition, Chekhov treated half of his patients free
of charge.

Chekhov was thinking about a doctorate thesis work,
and during one year he collected extensive information on
the history of medicine in Russia. In his work, Chekhov pre-
sented medical evidence, that False Dmitry, who claimed to
be a son of Ivan the Terrible, was a fake. The point is that
Dmitry, the son of Ivan the Terrible, who died at the age of
nine years old, had epilepsy, which does not disappear with
the age, and False Dmitry did not suffer from epilepsy.

Chekhov intended to devote himself entirely to med-
icine and quit scribblings, as he called literature. But in
1886 he received a letter from Dmitry Grigorovich, a well-
known writer of that time, who admired Chekhov’s talent
and persuaded him to use his real name under his works.

Motivated by a high opinion of the patriarch of litera-
ture, who predicted the worldwide fame to Dostoevsky,
Chekhov continued his writing and returned to Moscow.
The thesis was not finished, but the collected materials are a
valuable source of information on the history of medicine.

In Moscow, Chekhov was a private doctor, he had
a sign “Doctor Chekhov” on his door; and he spent his
nights at a table. Chekhov jokingly mentioned that medi-
cine was his wife and literature was his lover; when he’s
fed up with one of them, he went to the other, but he
needed them both. “I treat, and I write”, he said to himself.
In summer, he worked at Chikinskaya hospital or substi-
tuted the Chief Physician in Zvenigorod. He wrote, “I had
several hundred patients during the summer, but earned
only one ruble” [1, 2].

Colleagues called Chekhov an outstanding diagnosti-
cian. His fellow men told lots of stories about Chekhov’s
diagnostic talent and his clear-sightedness. Chekhov was
the first to diagnose an aortic aneurysm in Isaac Levitan,
the disease which later killed the painter. He persuaded
Vladimir Korolenko that his illness was not dangerous,
and he would recover, and this is what happened. When
73-year-old Lev Tolstoy got ill, it was Chekhov who pre-
dicted favourable outcome, while other doctors did not
believe in it. Konstantin Stanislavsky recollected that he
had a visitor when Chekhov was at his house. The writer
observed that man, and when he left, Chekhov asked
questions about him. Stanislavsky asked about the reason
for Chekhov being interested, and Chekhov answered that
the man was a suicide. Indeed, several years later, he poi-
soned himself. It is interesting to note that when Chekhov
met Sergey Rakhmaninov for the first time, he said that
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hed become famous. When Rakhmaninov asked how he
knew, Chekhov answered that it’s written all over his face.

A talented psychotherapist, he cured patients, whom
other doctors could not help. Levitan, who was on the
verge of suicide because of severe depression, thought that
Chekhov was the only one who could save him, and he
saved him. Maria Pavlovna, the writer sister, recollected
that Chekhov’s patients told that they felt better even if
they just sat by Anton Pavlovich. Apparently, his personal
charm had a role to play: his smiling eyes, social ease,
empathy, tact.

However, he also had tragical accidents, typical of the
work as a doctor. Chekhov was right to write that only
doctors had horrible days and hours. In 1887, he was
called by his fellow painter, the mother and three sisters of
whom had typhoid.

At that time, infectious diseases, including typhoid,
were the main cause of death. In 1884, the causative agent
of typhoid was identified; it caused severe fever with
stupor, hence the name of the disease — typhoid (“typhos”
in Greek, meaning fog). In the absence of antibiotics,
which would appear only half a century later, a half of all
typhoid patients died. Chekhov did all he could, but the
painter’s mother, and then one sister, died; and Chekhov
witnessed the death of the sister. Deeply shaken by what
had happened, Chekhov removed the “Doctor Chekhov”
sign from his door...

By the end of 1880s, Chekhov was the well-known
writer; in 1888, he was awarded the most prestigious liter-
ature award in Russia — Pushkin Award by the Academy
of Science. The next year was tragic for Chekhov: his elder
brother Nikolay died of tuberculosis.

Tuberculosis was one of the most common diseases in
the XIX century; in urban areas, one in ten people died.
In 1882, when Chekhov was a year 3 student, Robert Koch
isolated a tuberculosis pathogen; however, the first TB
drug, streptomycin, appeared only in 1943. In 1890, Koch
proposed to treat TB patients with tuberculin®, a mix of
live and killed tubercular bacteria. It soon appeared that
the drug was a cause of death. Chekhov was one of the first
to report the danger of using tuberculin. Key therapeutic
approaches in TB patients were high calorie diet, good rest
and southern sun.

The death of 30-year-old Nikolay Chekhov came like a
thunderbolt for his family. Anton Pavlovich also had sev-
eral episodes of blood spitting, a typical symptom of tuber-
culosis, but he covered it up, did not get tested and treated;
probably he realised that the condition was untreatable.
When his brother died, Chekhov all of a sudden decided to
move to Sakhalin, the place where convicts were expelled
to. Throughout Siberia, at the world’s end, a cold and rest-
less island of convicts.

Sakhalin (1890-1891)

Chekhov set himself a task to see and describe the life
of convicts on Sakhalin, whose fate did not bother anyone.
No one had volunteered to go there to do research. Anton

Pavlovich was again thinking about writing a scientific
paper and was thoroughly preparing for it: he studied all
available sources.

On Sakhalin, the Russian flag was hoisted in 1853, and
several years later, after unsuccessful attempts to relocate
free serfs here, the island become the place for convicts.®
It is worth noting that starting from the mid-XVIII cen-
tury and up to the early XX century, death sentence was
quite rare in Russia; a punishment for criminal offences
was banishment to Siberia; and the more grave the crime,
the farther east the offender was relocated. Sakhalin was
the farthest location.

Chekhov started his journey to Sakhalin in April 1890,
alone, on his own money. He travelled 11,000 versts in
2.5 months, almost half of this journey was on horses, in
giggling wagons. Drunk wagoners, sometimes lack of any
food at guesthouses, except vodka, oceans of mud instead
of roads, making the wagon trip on several occasions, and
he had to spend the rest of his journey in wet clothes. The
spring in that area was the coldest in 40 years.

On Sakhalin, Chekhov spent three months and three
days. He was the first to count the population: 10 thou-
sand people; he travelled around all convict settlements
and completed each card by himself. He collected infor-
mation about diseases and causes of death. When studying
the healthcare system condition, he found out that there
were no medications at all; doctors examined convicts
mostly to determine how many lashes they can stand,
while the medical assistant enjoyed when convicts were
punished. As ever, Chekhov was interested in the mental
state of the population, who were forced to relocate there.
He concluded that despair and inhuman conditions made
them inhumane; they became insensitive to other people’s
grief and pain, both of convicts and their guards.

The report of his journey is Sakhalin Island, a book,
written by Chekhov during five years. This is a fundamen-
tal description of the history of the island, living condi-
tions of convicts and their health, containing extensive
actual and statistical data. After the book was finished,
Chekhov said that medicine could not accuse him of
betrayal, he contributed as much as he could. However,
the Head of the Moscow University refused to accept the
book as a thesis paper [4].

This story is not new. For example, such outstanding
scientists as Nikolay Lobachevsky and Dmitry Mendeleev,
were not accepted to the Russian Academy of Science.
It can be assumed that the decision was influenced by the
burning social relevance of the book, while after the assas-
sination of Aleksander IT in 1881, the country was hit by
counter-reforms: universities were restricted in their free-
doms, censorship became stricter again, etc.

The situation was aggravated by an official refutation
announced by Sakhalin officials, who emphasised that
the critical essays about Sakhalin written by Chekhov had
nothing to do with the reality [5].

Nevertheless, Sakhalin Island made the society and
government think about the life of convicts and take

* Later, tuberculin was isolated from boiled Mycobacterium tuberculosis and used for diagnostic purposes only.
* The decision to ban convict camps on Sakhalin was passed by the State Council in 1906.
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Figure 2. A.P. Chekhov at his desk (1891)

partial measures to implement improvements proposed by
Chekhov. Corporal punishment for women was banned;
orphan homes got more money for running costs; medica-
tions were provided; and life-long relegation and convict
service were banned. Chekhov sent two thousand children
books to Sakhalin to establish a library. Together with
Princess E. Naryshkina, who was in charge of patronage of
convicts, he opened an orphanage for 120 minor criminals
on Sakhalin.

In 1891, the Black Earth region and Middle Volga were
starving because of bad harvest, and Anton Pavlovich
started an active campaign to help the starving people; for
the collection ‘Relief Aid, he prepared a chapter from his
future book about Sakhalin. Being impressed by severe
Sakhalin conditions, for two years he could write only
about Sakhalin; “saturated with Sakhalin”, as he used to
say. The trip to Sakhalin damaged the health of Anton
Pavlovich: now he had arrhythmia.

After Sakhalin, the meaning of life became the cen-
trepiece of his work. In his diary, he made a record: “To
save his life, a Moslem digs a well. It would be great if every
one of us left a school, a well or anything like this after
them, so that the life goes on and does not pass without a
trace” [2]. Apparently, purchase of a mansion near Moscow
is associated with the implementation of this idea.

Melikhovo (1892-1898)

In 1892, Chekhov bought an abandoned mansion in
Melikhovo, near Serpukhov, 70 km away from Moscow, he
brought his parents and his sister there and got very active.

Anton Pavlovich started his acquaintance with Melik-
hovo serfs by asking them not to call him Master, because
he was a doctor and would treat them. In a separate wing,
they organised a medical station, and a flag was hoisted, so
that villagers could see when doctor Chekhov was there.
On such days, there was a queue of wagons and people,
both adults and children. The only assistant to Chekhov

was his sister Maria: she recorded patients, dispensed
medications, applied bandages and other simple manipu-
lations. All medical assistance, including medications, was
free. Very soon, Chekhov gained the trust and love of the
locals. Villagers used to say, “Our doctor is even better
than in Moscow...” [2].

Anton Pavlovich advocated the interests of villagers in
the country council, and it is only due to his involvement
that the construction of the tanning enterprise on river
Luytorka, where the locals were getting their water from,
was banned. The abandoned mansion in Melikhovo soon
became a garden; Chekhov planted one thousand of fruit
trees, apple and cherry trees.

In summer 1892, the southern regions of Russia were
battling an outbreak of cholera, and Chekhov felt com-
pelled to step in as a district doctor in Melikhovo, refusing
to be paid for it.

It is worth explaining that, similar to plague and Sibe-
rian plague, cholera is an extremely dangerous infection.
The previous cholera epidemics in Russia in the 1850s
killed over one million people. In 1883, the cholera bac-
terium was discovered, and it was established that the
cause of infection was an ill person; the disease spreads
with infected water and food. The high mortality rates
of cholera were due to diarrhoea and severe dehydra-
tion: vomiting and diarrhoea caused the daily loss of up
to 20 litres of fluid, so that the death could occur within
days. Antibiotics and infusion therapy were essential, but
in the XIX century both were absent; in other words, there
was hardly any therapy, the most common treatment tech-
niques of that time — blood-letting and emetics — made
the patients’ condition even worse.

Fighting epidemics was primarily the task of dis-
trict doctors, whose job was tough; one doctor had up
to 20-30 thousand people to attend to, who lived within
20 km.

The jurisdiction of district doctor Cheknov included
25 villages, four schools, and one monastery. Chekhov
notified his publisher that he would be writing again
only when there is no more threat of cholera epidemics,
although it meant empty pockets for him. He procured
disinfectants from manufacturers, went around the vil-
lages in his jurisdiction and controlled the sanitary condi-
tion there; he arranged for construction of barracks for ill
people, visited patients, sometimes 4-5 times a day; in one
year, he attended to approximately one thousand patients.

If in 1848 cholera epidemics in Serpukhov district
killed over 4,000 people, this time there were only 14 cases
of the disease, including 4 deaths. There were no cholera
patients in the area serviced by Chekhov. In 1894, when
the risk of epidemics passed, Chekhov retired as a district
doctor and started writing again, but he still treated every-
one who came to him for help: he always kept his stetho-
scope and tendon hammer on his table [1, 5-7].

His extensive medical experience and knowledge
helped Chekhov professionally depict the clinical presen-
tation of a disease in his works. For instance, The Black
Monk, Gusev, and Late-Blooming Flowers describe tuber-
culosis. His story Typhus details the clinical manifestation
of spotted fever, The Bishop — of typhoid fever, A Doctor’s
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Figure 3. A.P. Chekhov (1893)

Visit — of depressive disorder, and Ward No. 6 — of per-
secution complex. Chekhov’s works are full of description
of doctors and other medical staff and give a true idea of
conditions in medical institutions.

Besides writing, Anton Pavlovich focused on social
work. He was an active member of the anti-alcoholism
committee in Russia, which was formed under the aus-
pices of the Public Health Protection Association. In 1895,
he was elected a district councillor and focused on the
organisation of medial help and public education. The
same year, Chekhov was approached by his colleagues,
who mentioned lack of funds to publish The Annals of
Surgery. At that time, Chekhov was building a school in
Melikhovo and was unable to provide funds, but he did his
best to save the medical journal, and he succeeded.

During his life in the rural area, Anton Pavlovich used
his own money to build four schools, fire depot, post
office, bell tower, and a road to the Lopasnya station (it
was named the Chekhov station in 1965). He established
a public library in Melikhovo. The same year, he sent two
thousand books to his home city, Taganrog. Chekhov
dreamt of building a hospital in Melikhovo, but he did not
have time.

In 1897, during a meeting with his publisher, Chek-
hov had a severe pulmonary bleeding, which could not be
stopped until morning, and he was admitted to the hospi-
tal. To stop the bleeding, ice was applied to his chest and
was taken orally; the patient was recommended to rest as
much as possible. To improve the blood values, high calo-
rie diet and subcutaneous arsenic were used. Chest pain
was treated with applications, rubs, iodine tincture, oral
codeine, and morphine [1, 2, 8, 9].

After the therapy, Chekhov’s condition improved sig-
nificantly, and two weeks later he insisted on being dis-
charged. One year later, in 1899, he followed the doctor’s
recommendations and relocated to Yalta.

‘Exile’ to Yalta (1899-1904)

Once in Yalta, Chekhov dived into the social life.
He was elected a member of the board of trustees of Yalta
gymnasium, a member of Yalta Red Cross Committee; he
participated in the organisation of jubilee Pushkin festivi-
ties; organised collection of funds for starving children in
the Samara Province.

In summer 1901, Anton Pavlovich was treated with
kumiss in Bashkiria, near Ufa, at Andreevsky resort, which
was one of the best resorts in the Ufa Province. The same
year, he got married to an actress Olga Leonidovna Knip-
per; after the church wedding, they moved to Bashkiria.
Kumiss-cure resort was 40 houses in a birch grove. Fresh
air, wild strawberry openings, June warmth, the pictur-
esque view of steppes, fishing on Dema, where occasion-
ally trout could be fished out, attention and care of Doctor
Varavka, calorie-rich food, and four kumiss bottles daily.
There, Anton Pavlovich gained over five kilograms, for the
first time in many years; however, he has never become a
fan of kumiss. One month later, despite persuasion by the
doctor, Chekhov started his journey to Yalta.

In remembrance of the writer, in 1904, Chekhov’s
Garden House was installed on Chekhov’s Hill, a place
across the resort, where Anton Pavlovich enjoyed watch-
ing the surrounding landscape for hours. In the 1920s,
Andreevsky resort was renamed A. P. Chekhov Resort,
and the house, where Anton Pavlovich lived, became a
museum.

In Yalta, Chekhov created his famous plays. However,
he did not quit medicine. He still helped everyone, who
came to him for medical assistance. The local doctors
invited Chekhov to take part in discussion of complicated
cases. While living in Yalta, Chekhov wrote an appeal to
help poor TB patients, which was published in numer-
ous newspapers and journals, and a lot of donations were
received. He organised construction of Yauzlar resort in
Yalta (now it is A. P. Chekhov resort) for TB patients and
contributed five thousand roubles. Chekhov was always
asked for help, advice or money, and tried not to refuse.
He arranged for placement of patients to clinics, paid for
their treatment, donated money for patients.

In his letter to his editor and friend Aleksey Suvorin,
Anton Pavlovich wrote, “The universe is fine. The only bad
thing is us. We lack justice...” [11]. All his life, Chekhov
was an advocate of justice. In 1902, his protest to the so-
called academician incident had a public response. The
point is that in 1902 Maksim Gorky was elected an hon-
orary academician in literature®, but the Academy of Sci-
ence cancelled its decision as directed by the higher-level
authorities. As a response to it, Chekhov, who was an hon-
orary academician from 1900, quit his title.

¢ The title “Honorary Academician in Belles-lettres of the Russian Language and Literature of the Imperial Academy of Science” appeared in 1899; in
1900, Chekhov, Lev Tolstoy, Vladimir Korolenko and others were named honorary academicians.
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In January 1902, the VIII Pirogov Conference of Doc-
tors organised by Pirogov Society, the most established
medical association in Russia, was held in Moscow. Anton
Pavlovich was going to take part in the conference, but due
to his poor health he could not leave Yalta [12, 13].

Despite the southern sun and sea being beneficial
for his health, in Yalta Chekhov was separated from his
usual company and creative atmosphere, from active
social life; he missed bubbling Moscow, his house near
Moscow, where he often hosted friends and acquain-
tances. In summer, Yalta was full of summer residents, and
in winter it looked deserted; also, his wife was not beside
him, she preferred theatres; the cold house was not suitable
for life in winter. Chekhov called Yalta exile. His condition
deteriorated. As a conclusion to his death wish addressed
to his sister, Anton Pavlovich wrote, “Help those who are
poor. Take care of our mother. Live in peace” [1, p. 741).

Badenweiler resort — Moscow
(June—July 1904)

In spring 1904, Chekhov’s condition deteriorated;
he suffered from shortness of breath and cough, he had
to take narcotics to kill pain. Somebody recommended
bringing Chekhov to Badenweiler resort in Germany, and
his wife followed the recommendation. A German doctor
examined Chekhov upon arrival to Badenweiler and left
speechless. He could not understand how the patient
managed to travel in such poor condition; especially that
Chekhov was a doctor and realised the situation. Chekhov
understood the situation perfectly; before his departure,
he said to one of his acquaintances, “This is where I will
die” [1, p. 810]. Probably, he wanted to spare his griev-
ing family and give them hope. One month later, on the
2 July 1904, Chekhov died... The coffin with the writer’s
body was transferred to Moscow, and on the 9 July he was
buried in the Novo-Devitchi Convent cemetery (now it is
the Novo-Dyevitchiye cemetery).

One day, talking to Ivan Bunin, Anton Pavlovich
mentioned that he would be remembered, and his works
would be read somewhere seven years after his death. Asa
matter of fact, Chekhov remains one of the most popular
writers world-wide, even one hundred and fifty years later.
As for his contribution to medicine, Chekhov was a won-
derful doctor and managed to do a lot despite his short
life. He helped a lot of people, selflessly battled cholera,
travelled to Sakhalin and created a scientific work about
the life on the island, engaged in charity and executive
activities, created a portrait gallery of doctors and clinical
portraits of patients. Chekhov’s works are considered one
of the most useful sources of psychotherapy, and the role
of doctor Chekhov is immeasurable.
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Abstract

Current treatment of hemorrhagic fever with renal syndrome (HFRS) is primarily based on expert opinion and data from small observational studies,
the results of which are not always confirmed in clinical practice. Due to the lack of effective antiviral agents for the treatment of HFRS, the search
for optimal supportive therapy continues. The clinical course of HFRS is characterized by the sequential development of phases of fever, hypotension,
oliguria, polyuria and convalescence; each of these phases is characterized by certain pathophysiological mechanisms, knowledge of which is necessary
for the correct management of patients with HFRS. This narrative review provides the pathophysilogic rationale and practical experience of using
treatment methods for HFRS, such as anti-inflammatory therapy, correction of fluid, electrolyte, hemodynamic and hemocoagulation disorders, as
well as, renal replacement therapy and symptomatic therapy.

Key words: hemorrhagic fever with renal syndrome, hantavirus, pathogenesis, treatment
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Introduction

Hemorrhagic fever with renal syndrome (HEFRS),
widespread in Eurasia, along with hantavirus pulmonary
syndrome (HPS), endemic to North and South America,
is a clinical manifestation of human hantavirus infec-
tions and is characterized by severe progression with fre-
quent life-threatening complications.

Annually, an average of approximately 23,500 cases
of HFRS are reported, with one-third occurring in the
Russian Federation. The case fatality rate, which varies
depending on the pathogen strain, endemic region, and
detection rate of mild disease forms, ranges from 0.1%
in Puumala-virus infections in Northwestern Europe to
14% in Dobrava/Belgrade-virus infections in Southwest-
ern Russia [1, 2].

HEFRS is an acute, self-limiting viral disease that typi-
cally resolves with complete recovery in mild cases without
therapeutic intervention. However, in severe disease pro-
gression — observed in 20-25% of hospitalized patients —
lack of treatment, delayed initiation, inadequate therapy,
or overtreatment may result in adverse clinical outcomes.

The potential for specific prophylaxis of HFRS
caused by hantaviruses circulating in Russia remains
limited. Culture-derived inactivated bivalent and poly-
valent HFRS vaccines, developed by researchers at the
M.P.Chumakov Federal Scientific Center for Research
and Development of Immunobiological Preparations
under the direction of E.A.Tkachenko, have successfully
completed preclinical studies and are currently in prepa-
ration for clinical trials [3].

Current management of HFRS is based on expert
opinion and data from small observational studies, the
results of which are not always reproducible in clinical
practice. To date, only four randomized clinical trials
have been published: two evaluating ribavirin for HFRS
[4,5], one assessing ribavirin for HPS [6], and one inves-
tigating glucocorticoids for HPS [7]. Treatment often
employs syndromic management approaches developed
for bacterial sepsis that fail to account for HFRS-specific
pathogenesis. Some pharmacologic agents traditionally
used in HFRS, such as nonsteroidal anti-inflammatory
drugs, may pose safety concerns [8]. Given these limi-
tations, a critical review of therapeutic approaches to

HEFRS is warranted, incorporating emerging pathophysi-
ological insights and available clinical observations.

Pathophysiological rationale
for the treatment of HFRS

HEFRS has been divided into six stages (incubation,
febrile, hypotensive, oliguric, diuretic, and convales-
cent). Each stage exhibiting distinct pathophysiological
mechanisms and corresponding therapeutic opportuni-
ties. This periodicity is most pronounced in severe cases,
though during the acute phase, key clinical and patho-
genetic features of HFRS stages may overlap (Figure 1).

Incubation period. Following exposure to a suffi-
cient infectious dose of viral particles that enter through
the respiratory and/or digestive tract mucosa, hantavi-
ruses first interact with antigen-presenting cells before
contacting microvascular endothelial cells whose surface
receptors serve as viral targets [9,10]. Viral entry into
endothelial cells and subsequent replication with release
of new virions occurs without significant cytopathic
effects [9,10]. While hantaviruses may be detected within
or on other cell types (dendritic cells, macrophages, epi-
thelial cells, etc.), this likely reflects their phagocytic and
adhesive functions rather than active viral replication.
The prevailing hypothesis suggests preferential infection
of venous microvascular endothelium — renal in HFRS
and pulmonary in HPS.

The incubation period typically lasts 1-2 weeks.
Reported extensions to 6 weeks may represent post-expo-
sure infections from contaminated fomites after leaving
endemic areas. Both the number of infected endothe-
lial cells and viremia levels likely peak at the end of the
incubation period, declining with the onset of neutral-
izing antibody production and subsequent inflammatory
responses [9,10].

The ability to diagnose HFRS during the incuba-
tion period by detecting viremia in individuals at risk of
infection has provided the rationale for exploring post-
exposure passive immunization and antiviral chemo-
prophylaxis [11, 12]. However, the likelihood of imple-
menting these therapeutic approaches in clinical practice
appears remote.
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Figure 1. Proposed framework for clinical timeline, pathogenesis and management of HFRS

Febrile stage. The acute onset of high fever marks
the initiation of an inflammatory response aimed at
suppressing viral replication. Antibody binding to viral
particles on the surface of infected endothelium serves
as a signal for the activation of cytotoxic immune effec-
tor cells (polymorphonuclear leukocytes, monocytes/
macrophages, and cytotoxic T-lymphocytes) [13, 14].
By attacking infected endothelial cells, these effector
cells generate proinflammatory cytokines and cytotoxic
mediators (including phagocyte-derived hydrolases and
atomic oxygen) [15, 16]. Inflammatory activity peaks at
the end of the febrile period and remains elevated during
the next hypotensive stage [17].

Endothelial damage in the microcirculatory vessels,
corresponding to the degree of inflammatory activity,
manifests as increased vascular permeability with plasma
extravasation and interstitial edema (so-called “capillary
leak”), along with vasodilation and thrombus formation
predominantly observed in the venous segment of the
microvasculature [18, 19].

Clinical manifestations of inflammatory microcir-
culatory disturbances may become apparent during the
latter half of the febrile period, presenting as: erythema
and pufty edema of the facial, cervical, and shoulder skin
regions, conjunctival edema and injection, decreased
visual acuity (resulting from edema of ocular structures),
nausea, vomiting, and diarrhea (secondary to gastro-
intestinal microcirculatory dysfunction), lumbar and
abdominal pain (due to renal edema), headache (indicat-
ing developing cerebral edema), non-productive cough
(suggesting incipient pulmonary interstitial edema).

The main therapeutic approaches during the febrile
period should include antiviral and anti-inflammatory
medications, along with maintenance of normal fluid
balance.

Hypotensive stage. The hypotensive phase, a hall-
mark of severe HFRS, represents the most critical stage
of the disease. This phase is driven by generalized endo-
thelial dysfunction secondary to a hyperergic inflam-
matory response, which precipitates hypovolemia (due
to plasma extravasation from increased vascular per-
meability and dehydration caused by persistent high-
grade fever) and venodilation with subsequent blood
pooling in the venous compartment. These pathophysi-
ological changes may culminate in shock. Notably, in a
subset of HFRS patients with predominant pulmonary
capillary and venular endothelial involvement, shock
may be preceded by acute respiratory distress syn-
drome (ARDS). Both shock and ARDS constitute the
most severe, life-threatening complications of HFRS
and serve as the primary contributors to disease-related
mortality [18].

Extensive damage to the microvascular endothelial
lining, accompanied by concurrent thrombosis and fibri-
nolysis, can lead to disseminated intravascular coagula-
tion (DIC) when the balance between these processes is
disrupted. DIC may manifest with either thrombotic or
hemorrhagic complications. In the most severe cases of
HEFRS, thrombotic-hemorrhagic pituitary involvement
may occur. In less severe disease, microcirculatory dis-
turbances during the hypotensive phase are predomi-
nantly localized to the kidneys, initially presenting as
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prerenal (ischemic) acute kidney injury (AKI). However,
prolonged renal ischemia rapidly progresses to intrinsic
renal AKI due to acute tubular necrosis.

The intense inflammatory response mediates viral
clearance, as evidenced by multiple studies demonstrat-
ing rapid reduction in viral load coinciding with the
hypotensive phase [5,20-22]. This decline in antigenic
load is subsequently followed by marked attenuation of
inflammatory activity. By the onset of the oliguric phase,
this is clinically manifested by resolution of high-grade
fever and disappearance of microvascular inflammatory
signs.

Pathophysiologically-guided management during
the hypotensive phase should include: continued anti-
inflammatory and antiviral therapy, maintenance of nor-
movolemia, vasopressor support when indicated, and
respiratory support as clinically warranted.

The precarious balance between concurrent throm-
bosis and fibrinolysis [19,23] renders the following
interventions particularly hazardous: anticoagulants,
anti-platelet agents, fibrinolytic inhibitors, blood prod-
ucts and coagulation factors. For the same reason, extra-
corporeal detoxification methods should be avoided
during active inflammation, as they may precipitate
decompensation of existing DIC [24,25]. The toxemia in
HFRS is mediated by short-lived inflammatory media-
tors (cytokines) and ischemic byproducts (lactate).
Consequently, effective detoxification can be achieved
through anti-inflammatory therapy and restoration of
tissue perfusion.

Oliguric stage. The oliguric phase of HFRS repre-
sents the clinical manifestation of acute tubular necrosis,
which develops secondary to renal hypoperfusion during
the febrile and hypotensive phases due to inflammatory
microcirculatory disturbances. Renal ischemia leading
to tubular epithelial necrosis results from both systemic
hypovolemia (due to capillary leak syndrome and dehy-
dration) and renal-specific microcirculatory dysfunction
(characterized by venular thrombosis, increased vascu-
lar permeability, and interstitial edema that collectively
impair hemodynamics and urinary flow).

While some studies have characterized HFRS-asso-
ciated renal pathology as interstitial or tubulointerstitial
nephritis based on biopsy findings from convalescent
patients [26,27], we contend this classification may not
fully capture the disease’s pathophysiological complexity.
During the oliguric phase of HFRS, renal histopathology
does not meet diagnostic criteria for interstitial/tubu-
lointerstitial nephritis. Rather, the findings are consistent
with acute tubular necrosis secondary to inflammatory
microcirculatory disturbances [18,28].

During the oliguric phase, following resolution of
active inflammation, vascular endothelial repair com-
mences. The disease transitions to the polyuric phase
as vascular permeability normalizes and microthrom-
bosis ceases within the renal microvasculature. The oli-
guric phase in HFRS is typically short-lived. However,

prolonged oliguria may occur in patients who experi-
enced sustained shock during the acute phase. Prolon-
gation of the oliguric phase may also result from either
renal microvascular re-thrombosis (triggered by extra-
corporeal therapies or transfusion of coagulation fac-
tors/platelets), or fluid imbalance, particularly iatrogenic
hyperhydration that impairs resolution of renal intersti-
tial edema.

Volume overload represents a critical iatrogenic com-
plication during the oliguric phase, potentially leading to
hydrostatic pulmonary edema, cerebral edema and spon-
taneous renal rupture as a result of severe renal paren-
chymal edema. These life-threatening complications
arise from combined effects of increased intravascular
hydrostatic pressure and compromised tissue integrity
due to inflammatory-mediated vascular leakage.

Optimal fluid management constitutes the cor-
nerstone of oliguric phase treatment and is typically
sufficient when properly implemented. This requires
strict monitoring of intake/output balances and precise
volume titration to maintain euvolemia. With meticu-
lous management, most patients (including those with
anuria) avoid renal replacement therapy (RRT) which
remains high-risk until endothelial integrity is restored
and hemostatic stability is achieved.

Poliuric stage. The polyuric phase of HFRS reflects
gradual recovery of glomerular filtration alongside
slower restoration of tubular reabsorptive capacity [26,
27]. At the onset of the polyuric phase, the glomeru-
lar filtration rate may be as low as a few milliliters per
minute, with excreted urine essentially representing
plasma ultrafiltrate that has bypassed tubular reabsorp-
tion. Consequently, this phase can be marked by pro-
gressive azotemia, hyperkalemia, and acidosis. In rare
cases of HFRS, uremic encephalopathy or pericarditis
may develop. A hallmark feature of this stage is arte-
rial hypertension (potentially escalating to hyperten-
sive crisis with encephalopathy and seizure syndrome),
resulting from prior renal ischemia and persistent
endothelial dysfunction. Additionally, due to preceding
microcirculatory disturbances in the gastrointestinal
system, patients frequently exhibit gastric and intestinal
paresis.

Management during the polyuric phase should focus
on maintaining fluid and electrolyte balance. When
pharmacological management fails to correct hyper-
hydration, hyperkalemia, or acidosis, RRT may be
required. In HFRS patients, azotemia — even with serum
creatinine levels elevated 10-fold or higher — typically
resolves without uremic toxicity or long-term sequelae.

Convalescent stage. The convalescent stage, com-
mencing with the resolution of polyuria, typically lasts
one to several months, during which nearly all HFRS
patients achieve complete recovery. The asthenia and
laboratory evidence of renal dysfunction observed
during convalescence generally require no pharmaco-
logical intervention.
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Patient Management

A presumptive diagnosis of HFRS should be consid-
ered in patients presenting with otherwise unexplained
high-grade fever and a history of exposure to endemic
areas during the incubation period. The clinical diagnosis
is established based on recognition of the characteristic
disease course with pathognomonic symptoms appearing
in each disease phase. Definitive diagnosis requires sero-
logical confirmation through detection of anti-hantavirus
IgM antibodies and demonstration of rising anti-hantavi-
rus IgG titers during the course of illness. The diagnos-
tic workup for HFRS must include exclusion of clinically
similar conditions requiring specific diagnostic evalua-
tion and treatment, such as systemic bacterial infections,
tropical malaria and systemic vasculitides.

Patients with HFRS typically require hospitaliza-
tion between days 3-4 of illness. Admission to a facil-
ity equipped with RRT capabilities is strongly recom-
mended. In severe cases, appropriate stabilization
measures must be implemented prior to transfer to pre-
vent clinical deterioration during transportation. Given
the risk of rapid clinical deterioration (including shock,
ARDS, overt DIC, and AKI with pulmonary or cerebral
edema), patients with severe HFRS require intensive care
unit admission under the supervision of clinicians expe-
rienced in managing this disease [29].

Patients may be discharged for outpatient follow-up
during the polyuric phase when the following conditions
are met: subjective well-being is satisfactory, and there is
a consistent trend toward normalization of renal func-
tion parameters.

Antiviral therapy

No targeted antiviral therapy for hantavirus infec-
tions has been established to date [1]. The clinical util-
ity of ribavirin, proposed nearly 40 years ago for HFRS
treatment based on in vitro activity, remains uncertain.
While one randomized controlled trial (RCT) demon-
strated therapeutic benefit [4], subsequent RCT failed
to replicate these findings [5]. Moreover, a separate RCT
conducted in HPS showed no clinical effect [6]. In cur-
rent HFRS treatment guidelines, ribavirin — when con-
sidered at all — is categorized as an optional rather than
essential therapeutic agent [30].

Preclinical studies utilizing cell cultures and animal
models have identified several compounds capable of
inhibiting hantavirus replication [31, 32]. However, none
of these agents have progressed to clinical application for
human treatment.

The potential utility of antiviral therapy in HFRS is
constrained by the brief window of active viral replica-
tion. Viral loads typically declines following symptom
onset, and by the time of hospitalization, viral replica-
tion may have already been terminated by the adaptive
immune response.

The hyperergic immune response characteristic of
HERS raises significant concerns regarding the potential
efficacy of passive immunization strategies — whether
through donor immunoglobulins or antiviral monoclo-
nal antibodies. Low antibody titers observed in patients
during early disease stages likely reflect active immuno-
globulin binding to virion surfaces rather than impaired
antibody production.

The therapeutic use of interferons or interferon
inducers in HFRS may pose significant safety risks due
to their potential to exacerbate inflammatory responses.

Anti-inflammatory therapy

Glucocorticoids currently represent the treatment of
choice for HFRS-associated inflammation [30]. The pri-
mary therapeutic effect of these agents involves suppres-
sion of polymorphonuclear leukocyte and monocyte/
macrophage activity. This results in decreased synthesis
and secretion of inflammatory mediators responsible for
increased vascular permeability (“capillary leak”), patho-
logical vasodilation, endothelial structural integrity dis-
ruption, and microcirculatory thrombosis secondary to
endothelial damage.

Glucocorticoid therapy in HFRS was first proposed
seventy years ago [33], yet specific indications, optimal
dosing regimens, and treatment duration remain poorly
defined to date.

According to the Chinese Medical Association’s con-
sensus guidelines [30] — which reflect the most exten-
sive clinical experience with HFRS management — glu-
cocorticoids are recommended for febrile-phase patients
with marked exudative manifestations (facial/conjunc-
tival hyperemia/edema, serous cavity effusions, hemo-
concentration, proteinuria, etc.), and hypotensive-phase
patients developing shock. Chinese clinical guidelines
recommend short-course intravenous glucocorticoid
therapy (typically 3-5 days, not exceeding 7 days) using
one of the following protocols: hydrocortisone (100 mg
once or twice daily), or dexamethasone (5-10 mg once
or twice daily), or methylprednisolone (20-40 mg once
or twice daily).

In our clinical view, indications for glucocorti-
coid therapy in HFRS align with those for intravenous
fluid resuscitation during both febrile and hypotensive
phases. Critically, the initial glucocorticoid dose should
be administered prior to fluid infusion to mitigate vas-
cular permeability. Glucocorticoid dosing and admin-
istration frequency should be individualized, guided by
anti-inflammatory response criteria including resolution
of high-grade fever and prevention of febrile recurrence.
Notably, anti-inflammatory therapy becomes unneces-
sary upon transition to the oliguric phase, necessitating
immediate glucocorticoid withdrawal.

The lack of mortality benefit with glucocorticoid
therapy, demonstrated in an RCT of 60 HPS patients
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(30 treated with methylprednisolone versus 30 receiv-
ing placebo) [7], has often been interpreted as conclusive
evidence against their efficacy in hantavirus infections.
This analysis importantly overlooks that the investigated
methylprednisolone pulse therapy (16 mg/kg/day for
3 days) was initiated during the cardiopulmonary phase
of HPS — that is, after establishment of the hyperergic
inflammatory response. Furthermore, the study authors
themselves note the insufficient statistical power of this
RCT to adequately assess between-group mortality dif-
ferences (8 fatalities in the methylprednisolone group
versus 12 in the placebo group).

Other therapeutic options for anti-inflammatory
management in HFRS remain constrained. Notably,
administration of non-steroidal anti-inflammatory
drugs — which impair compensatory mechanisms
maintaining renal blood flow — results in exacerbated
renal injury in HFRS patients [8,30]. Several studies
have investigated targeted modulation of specific inflam-
matory mediators in HFRS management. Initial case
reports described successful use of icatibant (a selective
bradykinin B2 receptor antagonist) in two patients with
severe HFRS [34,35]. However, subsequent observa-
tions failed to confirm consistent therapeutic efficacy of
this high-cost agent. Further clinical trials are required
to establish evidence-based recommendations for its
incorporation into routine practice [36]. The use of
long-acting anti-inflammatory medications (e.g., anti-
cytokine monoclonal antibodies) or agents with delayed
onset of action (e.g., JAK inhibitors, aminoquinoline
derivatives) appears clinically unwarranted in HFRS
given the transient nature of inflammatory activation in
this condition.

Management of Fluid-
Electrolyte, Hemodynamic,
and Hemostatic Disorders

Maintaining normal fluid balance is an essential com-
ponent of HFRS therapy. Measures to normalize fluid
status should be implemented in two stages: replenishing
the water deficit within the first 3-6 hours of therapy ini-
tiation, followed by maintaining the equilibrium of fluid
intake and excretion [30].

Hospitalization of HFRS patients is typically pre-
ceded by 2-4 days of high fever, with daily fluid loss
amounting to approximately 1% of the patient’s body
weight. Oral fluid rehydration is often impeded by the
lack of pronounced thirst (due to the iso- or hypotonic
dehydration typical in early-stage HFRS) and frequent
concomitant nausea and vomiting. Compounding this,
dehydration coincides with hypovolemia resulting from
capillary leak syndrome and vasodilation. Notably, the
external signs of these processes (e.g., facial edema and
flushing) may mask the underlying fluid deficit, creating
a false impression of euvolemia.

Intravenous fluid therapy should be initiated with
isotonic polyionic crystalloids or 0.9% sodium chloride.
The initial infusion volume and rate must be tailored
to the estimated fluid deficit and adjusted according to
hemodynamic status. Close clinical monitoring is essen-
tial during the initial resuscitation phase.

In patients without arterial hypotension, the initial
infusion rate during the first 1-2 hours of therapy should
be approximately 500 mL/hour (or ~8 mL/kg/hour),
followed by isotonic crystalloid administration at
250 mL/hour for the subsequent 2-4 hours. A total ini-
tial fluid volume of 1500-2000 mL is typically sufficient,
provided there is marked clinical improvement in the
patient’s condition and the ability to resume oral intake.

In patients with systolic blood pressure (SBP) below
90 mm Hg or mean arterial pressure (MAP) below
65 mm Hg, intravenous fluid therapy should be initiated
in the prehospital setting (concurrently with glucocor-
ticoid administration). During the first hour of treat-
ment, a minimum of 1000 mL (approximately 15 mL/kg)
should be infused. If target hemodynamic parameters
are achieved (SBP >90 mm Hg and MAP >65 mm Hg),
the infusion rate should be reduced to 500 mL/hour for
the next 2 hours, followed by 250 mL/hour for 4 hours,
and may be discontinued after 6 hours of sustained blood
pressure stabilization. The total initial fluid volume typi-
cally amounts to approximately 3 liters.

For persistent hypotension during the first hour
of therapy, the infusion rate should be increased. If no
clinical improvement is observed after administration of
approximately 30 mL/kg of isotonic crystalloids, vaso-
pressors and albumin solution should be initiated. Nota-
bly, in HFRS patients, dehydration rarely exceeds 5% of
total body weight. Fluid replacement should therefore
not exceed 50 mL/kg, after which ongoing fluid therapy
must be strictly matched to measured fluid losses.

A frequent management error in HFRS is the contin-
ued administration of large-volume fluids to correct cen-
tral venous pressure (CVP). Importantly, the observed
CVP reduction results primarily from inflammatory
vasodilation in the venous microcirculation rather than
significant hypovolemia.

The infusion rate should be reduced upon clini-
cal signs of incipient inflammatory pulmonary edema
(unproductive cough, dyspnea). If ARDS develops, stan-
dard management (including lung-protective ventilation
and dexamethasone) should be initiated while continu-
ing slow fluid replacement over 12-18 hours to address
the estimated minimal fluid deficit.

In cases of progressive ARDS with refractory hypox-
emia, venoarterial extracorporeal membrane oxygenation
(ECMO) should be considered [1]. While venovenous
ECMO is the recommended modality for sepsis-associ-
ated ARDS [37], this approach may be contraindicated in
HFRS-related ARDS due to the disease-specific propen-
sity for pulmonary microvascular thrombosis.
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In HFRS patients with ARDS who receive inappro-
priate fluid therapy (excessive volume and/or rate), con-
tinuous RRT may be required to eliminate fluid overload
[38,39]. When considering RRT during the hypotensive
phase of HFRS — particularly in the context of persistent
inflammatory activity and unstable hemostasis — a care-
ful risk-benefit assessment is essential.

Current HFRS treatment guidelines recommend
vasopressor therapy only when fluid resuscitation fails
(defined as persistent hypotension in adults after infu-
sion of 3000 mL over 2-3 hours) or if hypotension recurs
after initially successful fluid administration [30].

The dose of vasopressors — preferably norepineph-
rine — should target a MAP of 65-75 mm Hg. Higher
doses may exacerbate microcirculatory dysfunction.
In HFRS, assessing vasopressor efficacy based on urine
output restoration is misguided, as oliguria is only par-
tially attributable to hypotension. Similarly, initiating
vasopressors concurrently with fluid resuscitation —
a strategy sometimes advocated in bacterial sepsis
[37] — is inappropriate in HFRS. Sepsis-induced hypo-
tension (typically observed in surgical or nosocomial
infections) is primarily distributive in nature and, unlike
in HFRS, frequently occurs in patients without signifi-
cant hypovolemia.

If vasopressor therapy proves ineffective, clinicians
should assess for potential pituitary hemorrhage with
acute adrenal insufficiency (requiring hydrocortisone
replacement) [40] and consider venoarterial ECMO for
hemodynamic support [1].

After initial volume status correction, the majority of
patients require only sustained anti-inflammatory treat-
ment and careful fluid balance management. Failure to
maintain proper fluid balance (with daily fluid intake
exceeding losses by >750 mL) is particularly hazard-
ous during the oliguric phase, potentially precipitating
hydrostatic pulmonary and/or cerebral edema. Fluid
overload results in dilutional hyponatremia, which may
prompt inappropriate sodium-containing fluid adminis-
tration, thereby exacerbating iatrogenic volume overload.

In HFRS patients with clinical signs of volume
overload during the oliguric phase, loop diuretics may
be considered. According to guidelines from the Chi-
nese Medical Association, furosemide is the diuretic of
choice, initiated at 20-40 mg IV, with dose escalation
(if no response occurs within 2-4 hours) to 100-200 mg
administered 2-4 times daily, up to a maximum daily
dose of 800 mg [30]. For refractory cases with pulmo-
nary or cerebral edema, RRT should be initiated. Impor-
tantly, oligo(an)uria without hypervolemia should not be
considered an indication for diuretic therapy.

After volume overload, hyperkalemia unresponsive
to medical management represents the second most
frequent indication for RRT in HFRS, with onset typi-
cally occurring during the polyuric stage. Pharmaco-
logical intervention for “asymptomatic” hyperkalemia

is warranted when serum potassium levels exceed
6.5 mmol/L, whereas neuromuscular or electrocardio-
graphic manifestations necessitate treatment at levels
above 5.5 mmol/L. Management of hyperkalemia in
HERS patients typically involves infusion of an insulin-
glucose solution. In cases with ECG abnormalities, intra-
venous calcium chloride or gluconate administration is
additionally required. For refractory cases, adjunctive
therapies may include furosemide, potassium-binding
cation-exchange resins (e.g., Kalimate), or beta-2 adren-
ergic agonists (e.g., salbutamol). In hyperkalemia com-
plicated by metabolic acidosis, intravenous sodium
bicarbonate (50-100 mmol as a 4% solution, 50-100 mL
infusion) should be administered.

In patients with HFRS, metabolic acidosis primar-
ily develops due to lactate accumulation resulting from
inflammatory microcirculatory disturbances. Acidosis
correction is typically achieved through tissue perfusion
restoration with anti-inflammatory and infusion therapy.
Attempts to correct lactic acidosis through RRT during
active inflammation (febrile phase, hypotensive phase, or
early oliguric stage) may lead to further microcirculatory
thrombosis and prove both ineffective and potentially
hazardous. In rare cases of HFRS with prolonged oligu-
ria, acidosis may progress due to impaired renal excre-
tory function. When pharmacological management fails,
this may necessitate RRT.

Uremic intoxication requiring RRT is an exception-
ally rare manifestation of AKI in HFRS. Typically, diag-
noses of uremic encephalopathy and/or pericarditis in
HEFRS patients are misattributed to either hypervolemia-
related complications (cerebral edema, serous cavity
transudation) or hypertensive encephalopathy.

In HERS patients, anuria and azotemia are typically
reversible. In the absence of progressive hypervolemia,
hyperkalemia, or acidosis, these findings alone should
not be considered absolute indications for RRT.

Arterial hypertension (with potential progression to
hypertensive encephalopathy and seizure activity) is a
hallmark feature of the polyuric phase in HFRS. In most
cases, a short-term course of combination therapy with
an angiotensin-converting enzyme inhibitor and calcium
channel blocker proves sufficiently effective. Hyperten-
sive crisis requires emergent vasodilator therapy (sodium
nitroprusside or nitroglycerin) or alpha-adrenergic
blockade (urapidil), with mandatory continuous medical
supervision during administration.

Sinus bradycardia, which may occur during any
phase of HFRS, typically follows a benign course. How-
ever, cardiac monitoring is essential, with preparedness
to administer atropine or initiate temporary pacing in
cases of hemodynamic instability [41].

Correction of hemostatic abnormalities in HFRS
is indicated only in cases of active bleeding. Over 97%
of HFRS cases in Russia are caused by Puumala virus
infection [42], which typically presents without overt
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clinical signs of hemorrhagic syndrome. In Puumala
virus infections, overt DIC manifestations (thrombotic
or hemorrhagic events) typically occur following inter-
ventions that disrupt the thrombo-fibrinolytic balance,
such as platelet/plasma transfusions (for laboratory
parameter correction), antifibrinolytic administration,
or RRT [18].

Notably, thrombocytopenia in HFRS (often consid-
ered an indication for platelet transfusion) likely reflects
not a true platelet deficiency, but rather reversible aggre-
gation and sequestration in the microvasculature. This is
supported by the rapid, substantial platelet count increase
during the oliguric phase: following resolution of active
inflammation, levels typically rise from 20-40x10°/pL to
200-400x10°/uL or higher within 2-3 days.

In our view, prophylactic anticoagulation in HFRS
should also be considered potentially harmful. The char-
acteristic microvascular thrombotic activation in this
disease reflects inflammatory mechanisms (so-called
‘immunothrombosis’) [19]. We posit that appropriately
administered glucocorticoid therapy — targeting the
underlying inflammation — should suffice for thrombo-
prophylaxis in HFRS.

Adjunctive Symptomatic
Management

For pain management — typically resulting from
combined inflammatory and hydrostatic renal edema —
opioid analgesics may be warranted in select cases after
excluding emergent conditions (renal rupture, renal
vessel thrombosis, urinary obstruction, mesenteric
thrombosis, pancreatitis, or acute coronary syndrome).

Gastrointestinal dysfunction in HFRS, resulting from
inflammatory microcirculatory disturbances, may cause
elevated intra-abdominal pressure. This can exacerbate
renal impairment and compromise respiratory function.
In severe cases, nasogastric/intestinal decompression is
required, while milder presentations may be managed
with cleansing enemas.

Vasopressor therapy may exacerbate gastrointestinal
hypoperfusion, potentially leading to erosive-hemor-
rhagic mucosal injury [43, 44]. Therefore, when vaso-
pressors are required in HFRS patients, concomitant
acid-suppressive therapy (e.g., proton pump inhibitors)
should be initiated.

Nausea, vomiting, and hiccups — frequent and dis-
tressing symptoms in HFRS — may arise from either gas-
tropathy or metabolic disturbances. For persistent cases,
central dopamine and serotonin receptor antagonists
(e.g., metoclopramide, domperidone, ondansetron) can
be employed as antiemetic therapy.

Other pharmacologic agents frequently recom-
mended in HFRS management include vitamins, angio-
and cardiocytoprotective drugs, and antiplatelet agents,
though their clinical utility remains unestablished.

Conclusion
The infectious and pathological processes in HFRS

are self-limiting, and well-structured supportive care
is generally sufficient to ensure patient recovery. The
distinct pathophysiological features of HFRS that dif-
ferentiate it from bacterial sepsis must be considered
when managing syndrome-based complications such
as shock, ARDS, DIC, and AKI. The lack of consensus
in HFRS management guidelines reflects both limited
high-quality evidence and inconsistent research meth-
odologies in existing studies. Multicenter clinical trials
could help establish optimal therapeutic approaches for
this disease.
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Nonalcoholic Fatty Liver Disease

in Patients with Normal Body Weight:
Epidemiology, Current Issues of Screening
and Diagnosis, Approaches to Therapy

Pesiome

HeankoronbHas xuposas 601e3Hb neveHn (HAXKBIT) B HacTOAWMIA MOMEHT BpeMeHM NpeACTaBAfeT CO60I CepbesHyo MeAMKO-coLManbHyto npobe-
MYy AnA 06LeCTBEHHbIX CUCTEM 3/1paBOOXPaHEHNS B CBA3M C ee LIMPOKUM PacrpoCTpaHeHVeM, NMOTeHLMabHbIM PUCKOM Pa3BUTUA LIMPPO3a NeYveHn
(L) v renaTouenntonspHoit KapumHomsl (ILK). Kpome Toro, Hanmume HAXKBI B cOMaTUHECKOM KOHTMHYYMe MaLMeHTa COMpSKEHO C JOCTOBEp-
HO 60/IbLUEN YACTOTOM PasBUTUA CepAEYHO-COCYANCTBIX COBbITUI U caxapHoro avabeta Tuna 2 (CA2). Hanbonee yacto HAXKBI peructpupyercs
Y NaLUMeHTOB C U36bITOYHOM Maccoi Tena. OTAe/IbHOro BHUMaHUA UCCaeA0BaTe e U KAMHWULMCTOB 3acyMBaloT naumerTsl ¢ HAXKBI, umetowwve
HOpMasibHYto Maccy Tesia. HecMoTpA Ha, Ka3anock 6bl, 0THOCMTE/IbHO 61aroNpUATHBIN NPOPU/IL «MeTaboIMYECKOrO 3/J0POBbA» PUCK NPOrpeccmpo-
BaHua HAXKBI B LM 1 TLK, a Takke conpAXeHHOCTb C CepAe4HO-COCYANCTbIMU COBLITUAMK B 06CYXAaeMol rpyrne naLMeHToB HUYYTb He MeHblle,
yeM B rpynne naumeHToB ¢ HAXKBI 1 BbICOKMM MHAEKCOM Macchl Tena (MIMT). OTCcyTCTBME paHHUX CUMMTOMOB M HapyLUEHW CO CTOPOHbI HEKO-
TOPbIX MOKasaTe/el, XapaKTepusytolWnx «MeTabomyeckoe 340poBbe» Yy naymeHtTos ¢ HAXKBI 1 HopMasibHOM Maccoi Tena, cnocobCTBYeT No3s-
Hell 1 HeCBOeBpeMeHHOW AMarHoCTMKe 3aboneBaHNA NeYeHn 1, KaK Ce/CTBUe, ero NpPOrpeccMpoBaHNi0 U GOPMUPOBAHUIO TAXKE/bIX COCYANCTbIX
1 MeTabo/IM4eCKUX HapyLUeHWiA B noc/iesytouleM. B npeactaBneHHOM 0630pe aBTOPbI Npej/iaraloT HEKOTOPbIe 3MUAEMUO/IOrMYecKMe AaHHble O pac-
npoctpaHeHHocT HAXKBI y naumeHTOB ¢ HOpMasibHOW Maccoi Tena, BapuaHTax KanmHudeckoro TedyeHna HAXKBI y obcyxgaemoli rpynnbl nauueH-
TOB U MpeA/iaraloT cAenaTbh 0Cobblil aKLLEHT Ha O4YeBU/AHYIO HEOBXOAUMOCTL 3HAaUUTE/IbHO 60/1ee LWMPOKOro BOB/I@YEHMA NALMEHTOB C HOPMa/lbHOW
Maccovi Tena B KAMHWYECKME 1 Hay4Hble MCCNe0BaHNsA, NOCBALLEHHbIE AeTa/lbHOMY M3y4eHMIO NaToreHesa, BONMPOCOB OPraHM3aunn MeAULUHCKOM
nomouym n nevenna HAXKBIM.

KnroyeBbie cn0Ba: HeanxozobHas #uposas 60/e3Hb neYeHu, UHCYNUHOPEe3UCMEHMHOCMb, UHOEKC MacCbl mena, caxapHbili duabem 2, yuppo3
neyeHu

KoH$AMKT nHTepecos

CoaBTop cTaTbn HUKMTUH W.T. sBNsieTCA Y4N€HOM pefaKLMOHHON KONEernm XypHana «ApxuBb BHYTPeHHelN MeANnLMHbI». CTaTbA MpoLW/Ia NPUHATYIO
B )XypHasie npoueAypy peLleH3npoBaHus. HUKUTUH W.T. He yyacTBOBas B MPUHATUM pPeLLeHUs O Ny6avKaLMmM 3TOMN CTaTby.

CoaBTop cTaTbu MnbueHko J1.HO. ABAAETCA rNaBHbIM PeAaKTOPOM XypHana «ApXUBb BHYTPeHHeW MeAnLMHbI». CTaTba MpoLU/ia NPUHATYIO B XypHae
npoleaypy peLeH3nMpoBaHus. PewweHne o ny6avKaumMm ctaTby 66110 MPUHATO PeAaKLMOHHON Koanerven 6e3 yyacTus rnaBHOro pegaktopa.
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Abstract

Nonalcoholic fatty liver disease (NAFLD) is currently a serious medical and social problem for public health systems due to its high prevalence,
potential development of liver cirrhosis (LC) and hepatocellular carcinoma (HCC). In addition, the presence of NAFLD in the patient’s somatic
continuum is associated with a significantly higher incidence of cardiovascular events and type 2 diabetes mellitus (T2DM). The most frequent
NAFLD is registered in patients with excessive body weight. Patients with normal body weight deserve special attention of researchers and clinicians.
Despite the seemingly relatively favorable profile of “metabolic health”, the risk of progression of NAFLD to CKD and HCC, as well as conjugation with
cardiovascular events in this group of patients is no less than in the group of patients with NAFLD and high body mass index (BMI). The absence of
early symptoms and abnormalities of some indicators characterizing “metabolic health” in patients with NAFLD and normal body weight contributes
to late and untimely diagnosis of liver disease and, as a consequence, its progression and the formation of severe vascular and metabolic disorders in
the future. In the presented review the authors offer some epidemiological data on the prevalence of NAFLD in patients with normal body weight,
variants of the clinical course of NAFLD in the discussed group of patients and propose to make a special emphasis on the obvious need for a much
wider involvement of patients with normal body weight in clinical and scientific studies devoted to a detailed study of the pathogenesis, issues of
organization of medical care and treatment of NAFLD

Key words: non-alcoholic fatty liver disease, insulin resistance, body mass index, diabetes mellitus, liver cirrhosis
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NAFLD is a chronic, progressive disease, the cause
of which is fat accumulation in hepatic cells and sub-
sequent pericellular inflammation, triggering universal
fibrogenesis processes facilitating HC and HCC [1-3].
Of note, NAFLD is a diagnosis by exclusion: while
searching for the final diagnostic concept, it is necessary
to rule out a number of monogenetic causes — viral,
autoimmune, other metabolic liver disorders, which
morphologically manifest as steatosis; some drug-
induced injuries to the liver, excessive drinking. Since
the first description of NAFLD in the late 1990s [1-3],
this clinical-morphological hepatic disorder has taken
the lead in terms of the incidence and the number of
associated HC and transplantation cases in the corre-
sponding statistical reports in Europe and the USA [3].
Moreover, numerous epidemiological experimental
development models of some chronic non-infectious

disease clearly show that NAFLD morbidity will
rise [4, 5]; it means a significant increase in the detec-
tion rate of DM2 and cardiovascular conditions as well
as associated chronic cardiac failure (CCF).

1. Overweight is currently seen as the main cause
and trigger of NAFLD, which is confirmed by the data
from large-scale population studies: the incidence of
NAFLD grows in parallel with an increase in BMI [1, 4].
At the same time, clinicians can clearly identify two spe-
cial categories among their patients: first — overweight
individuals with normal fat content in their hepatic
tissue; second — individuals with normal BMI, no insu-
lin resistance and DM2 and with clinical-morphological
signs of NAFLD. Data from previous epidemiological
studies (Dionysos study in Europe) show that the inci-
dence of NAFLD among individuals with normal BMI
can be 16-18% [1, 4, 6]. Asian epidemiological studies
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among subjects with chronic non-infectious diseases
reported NAFLD in 20-22% of population with normal
weight; in the analysed cohort, the most common fac-
tors of metabolic disorders were hyperuricemia, high
pro-inflammatory cytokine levels, age over 50 years
old, male sex [3, 7, 8]. The data summarised until
now allowed a number of researchers to introduce a
new definitive term into clinical practice — “NAFLD
in slim individuals/NAFLD in patients with normal
body weight” (initially, this phenotype was described as
NAFLD in individuals with BMI of < 30 kg/m? how-
ever, since the body weight is not a diagnostic crite-
rion of NAFLD, the term “NAFLD in slim individuals/
NAFLD in patients with normal body weight” was pro-
posed [1, 4]. In this regard, it is advisable to remind
obesity classification depending on BMI:

o Deficient body weight: BMI of 18.5 kg/m? or less.

» Normal body weight: BMI varies from 18.5 to

25 kg/m?.

o Pre-obesity: BMI of 25 to 30 kg/m?.

o Stage 1 obesity: BMI of 30 to 35 kg/m?

o Stage 2 obesity: BMI of 36 to 40 kg/m?

o Stage 3 obesity: BMI of over 40 kg/m? and obe-

sity is usually associated with a pathology.

Despite the fact that NAFLD in individuals with
normal body weight is not a rare phenotype of this
disease, pathophysiologic mechanisms of its develop-
ment are still far from being clear. It is obvious that not
all people with normal body weight and NAFLD have
metabolic disorders, which would made them suscep-
tible to hepatic dysfunction. Therefore, a thorough
study of the causes and detailed explanation of the
pathophysiologic mechanisms of NAFLD in patients
with normal body weight become an important task
for future researches and clinical practice. The evalua-
tion of environmental factors, occupational character-
istics, genetic status, lifestyle becomes the benchmark
in the thorough study of this population. Assuming
various causes and possible mechanisms of NAFLD in
patients with normal body weight, the disease is likely
to develop similar to patients with a higher BMI. This
fact can evidence that excessive fat tissue in a patient
is not a mandatory condition for non-alcoholic steato-
hepatitis (NASH), progressive fibrosis, HC and HCC.
Moreover, some clinical and pathomorphological stud-
ies show both higher severity of liver involvement and
higher mortality rates among patients with normal
body weight or even lean patients with NAFLD vs.
patients with excessive BMI [9].

Given relatively few symptoms of NAFLD and the
absence of marked changes in laboratory results and
almost normal anthropometric measurements, it is
quite challenging for a clinician to suspect a hepatic
disorder in individuals with normal body weight.

NAFLD epidemiology in patients
with normal body weight

Traditionally, the incidence of NAFLD in the pop-
ulation was nearly always evaluated with the use of a
single criterion — BMI, with the normal value being
below 25 kg/m? This BMI value us used mostly in
European or North American epidemiological popula-
tion-based studies, whereas in numerous similar stud-
ies conducted in Asia or Pacific, the normal BMI value
is below 23 kg/m? [4]. Anyway, when these values are
used separately for various populations with normal
BMI, the incidence of NAFLD varies greatly and makes
5-34% (Figure 1).

A number of factors significantly impacted this
marked difference in the NAFLD incidence rates in
patients with normal body weight: study design; diag-
nostic methods used for NAFLD patients; study loca-
tion; sample uniformity and size; and groups selected
for a comparative analysis. Some studies used very
thorough and objective methods for NAFLD diagno-
sis; e.g., fine-needle aspiration of the liver, which used
to be the golden diagnostic standard for this disease.
In other patients, other methods were used: magnetic
resonance imaging with the use of specific applications
for processing and interpretation of the data; computer
tomography; controlled signal attenuation parameter;
traditional ultrasonic examination of the abdominal
cavity; and in a number of cases, the diagnosis was
based mostly on laboratory result interpretation (trans-
aminase, bilirubin, protein synthesis ability of the
liver). As shown in Figure 1, the highest NAFLD inci-
dence rates were recorded in India (mostly in males),
in people, who look healthy and do not smoke and have
sedentary lifestyle. Overall, ethnic population-based
studies showed that in Asian males, the insulin resis-
tance rates are almost 3.5 times higher than in African
American and Caucasian males. Besides, fat content
in the liver of Asian males is almost two times higher
than in other ethnic populations [4, 10]. Thus, it can
be assumed that this population (males of the Indo-
Asian origin) is the most susceptible to NAFLD. One
published meta-analysis, which comprises data from
84 studies with the total number of subjects exceeding
ten million people, demonstrated that among patients
with NAFLD, about 20% of the total number of analysed
subjects had normal body weight or were lean (95% CI;
15.9-23.0) [11]. An analysis of the general population
in 23 studies, comprising over 113,000 patients irre-
spective of the presence or absence of NAFLD, dem-
onstrated that just 5.1% of subjects (95% CI; 3.7-7.0)
had NAFLD with a normal BMI. At the same time, in
19 studies with over 45,000 of subjects with a normal
BMI value, included in the analysis, 11% (95% CI; 7.8-
14.1) had NAFLD. It is quire obvious that the data are
significantly non-homogenous; however, in Europe in
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general, the incidence of NAFLD in individuals with
the normal body weight was higher than in other loca-
tions. Interesting data were reported in the Global
NAFLD/NASH Registry from 18 countries, which
demonstrated that approximately 8% of all patients
had normal BMI, fewer individual diagnostic signs of
metabolic syndrome and a lower rate of hepatic cir-
rhosis (the sign was evaluated at the first visit to the
doctor, taking into account the assumed disease dura-
tion) [4, 12].

Current epidemiological data demonstrate growing
incidence of NAFLD not only among obese patients, but
also in individuals with the normal body weight. Recent
studies showed that over the past 15 years, NAFLD
morbidity almost doubled: from 5.6% in 2000 to 12.6%
in 2023, respectively [11, 12]. Individual population-
based studies demonstrate different NAFLD rates in
various geographic regions and ethnic groups with
overweight, but not obesity (BMI < 30 kg/m? for Euro-
peans and < 25 kg/m? for Asians). A Hong Kong study
in 911 subjects, who met the analysis inclusion criteria
and were selected from census databases, showed that
the incidence of NAFLD in this population was 19.4%,
in Japan — 15.2%, in Belgium — 2.8% [11, 13]. In this
regard, the question “How reliable is the use of BMI
as a screening benchmark in patients with suspected
NAFLD?” remains highly disputable.

Clinical features and laboratory
attributes of NAFLD in patients
with the normal body weight;
outcomes and mortality rates

The results of recent published studies show a ten-
dency that non-obese patients with diagnosed NAFLD
have better metabolic health background (Table 1).

For instance, fasting plasma triglyceride and glucose
levels, high density lipoprotein, adiponectin, Homeosta-
sis Model Assessment of Insulin Resistance (HOMA-IR),
and waist circumference in the mentioned population
are very often intermediary. The sex and age distribution
demonstrates that younger men are the most numerous
cohort of patients with NAFLD and normal body weight
vs. overweight patients, where women prevail. Besides,
according to the results of a multifactor analysis of the
aggregate data from the National Health and Nutri-
tion Examination Survey (NHANES III) in the USA,
DM2 and arterial hypertension are more common for
overweight individuals with NAFLD; in terms of eth-
nicity, this group included mostly Latin Americans [11,
13]. Nevertheless, a lot of researchers point to the simi-
larity of pathogenetic links of NAFLD development in
patients with normal body weight and obese individu-
als, and emphasise a similarly higher risk of metabolic
disorders in both groups vs. general population.
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Table 1. Clinical characteristics and mortality associated with NAFLD in non-obese patients

The patient’s metabolic profile

Mortality rate

The predominance of young men, normal blood pres-
sure, higher hemoglobin levels, lower prevalence of
metabolic syndrome, less pronounced liver fibrosis

The obvious prevalence of men, higher levels of fast-
ing plasma glucose, insulin, HOMA-IR, uric acid; no
differences in metabolic parameters compared with

The predominance of males, mostly of non-Caucasian
origin, a lower prevalence of T2DM, lower levels of
cytolysis enzymes and HOMA-IR, a lower degree of
steatosis with a morphologically greater severity of

Waist circumference, levels of liver enzymes — AST,
ALT, GGTP, levels of the main parameters of the ath-
erogenic fraction of the lipidogram, fasting plasma
glucose, HOMA-IR had intermediate values between
those in healthy people and in patients with NAFLD

Less pronounced arterial hypertension and thinner

Older age, lower levels of transaminases, and lower
representation of NASH as a form of NAFLD at the

The Average
author of age of Region BMI
the study | patients
Akyuz [8] 41.2+11.8 Turky 23.6+1.3
Kim [7 ] 51.6+9.7 Korea 23.4+1.3
overweight patients
Cruz[9] 42.4+8.4 USA 23.141.7
inflammation
Feldmann  56.7+12.9 Austria 23.6+1.8
(10]
and obesity
Francan- 45.7+412.9 Italy 23.0+1.2
zani [5 ] intima media in the carotid arteries
Hagstrom  51.4+13.4 Sveden 23.1+2.7
(12]
monitoring initiation stage,
Lee [13] 43.4+6.6 China 20,2+ 1.4

Predominance of males, lower expression of transam-
inases, intermediate values of fasting plasma glucose

Mortality is similar in patients with
NAFLD and obesity

Higher risk of mortality from cardio-
vascular events and overall mortality
compared to patients with normal
body weight without NAFLD

Higher overall mortality compared to
patients without NAFLD

Higher overall mortality compared to
patients without NAFLD

No long-term mortality study has been
conducted

Similar overall mortality with patients
with NAFLD without obesity, higher
mortality from cardiovascular events

No long-term mortality study has been
conducted

and HOMA-IR

Fascinating and sometimes very ambiguous are
the published data on outcomes and mortality rates in
patients with normal body weight and lean patients with
NAFLD. For example, studies in the Swedish cohort of
patients with NAFLD and normal body weight, despite
a relatively favourable prognosis at the beginning of
the observation period (during the first three years of
the follow-up, there was a lower incidence of an active
parenchymal process — steatohepatitis and marked
fibrosis), later demonstrated a significantly higher risk
of hepatic disorders vs. patients with a higher or even
high BMI, including adjustment for age and fibro-
sis stage by the start of the observation [4, 11]. The
obtained data supported significantly higher rates of
NAFLD progression in patients with the normal body
weight and lean patients. Another cohort-based study
conducted among lean patients with NAFLD in Italy,
UK, Australia, and Spain, where the total number of
subjects was 1,339, with the follow-up period of eight
years, showed potential development of diabetes, acute
cardiovascular diseases, HCC and other intrahepatic
cancer in 8.9% of cases [11, 13]. Even of more interest

are the data from the National Health and Nutrition
Examination Survey III (NHANES III) registry, with
the average dynamic follow-up and periodic exami-
nation of patients during 18 years. It has been shown
that, for instance, the weighted unadjusted all-cause
mortality was higher in patients with NAFLD vs. lean
subjects without NAFLD (40.9% vs. 17.9%; p < 0.001).
The adjusted risk factor of all-cause mortality (HR)
in non-obese patients with NAFLD was 2.44 (95% CI;
1.77-3.37) and remained statistically significant even
after adjustment for comorbidity, metabolic factors, sex
and age, and other demographic parameters. A separate
adjustment for demographic variables demonstrated
that the cardiovascular mortality was significantly
higher in lean patients with NAFLD (15.1% vs. 3.7%;
p < 0.001). Thus, the cardiovascular mortality in this
population grew by 240%! The most common causes
of death in patients with the normal body weight and
NAFLD were malignancies (25.7%), cardiovascular dis-
eases (21.6%) and infections (13.5%). Another recent
study [13], which is of utmost interest, demonstrated
that the aggregate all-cause mortality in lean patients




Apxusb BHyTpeHHEe MepAuunHbL ® Ne 4 o 2025

OB3OPHBIE CTATbHU

with NAFLD was significantly higher (76.3%) than
in patients with NAFLD and normal BMI (51.7%),
patients with NAFLD and higher BMI (27.2%) and
patients without NAFLD (20.7%) over the ten-year fol-
low-up period. A separate adjustment, which showed
the development of cardiovascular conditions in this
study, demonstrated in the long-term follow-up the
following: 16.9% in lean patients with NAFLD, 5.6% in
patients with NAFLD and normal BMI, 8.8% in patients
with NAFLD and high BMI; p < 0.001.

Of interest are the studies, which show significantly
lower serum phosphatidylcholine and lysophospati-
dylcholine levels and higher glutamate concentrations
in patients with NAFLD with normal body weight and
lean patients vs. a similar population without NAFLD.
Glucose tolerance impairment in patients with NAFLD
and normal body weight was similar to that in obese
patients with NAFLD; DM2 rates were almost the same
(approx. 30%). This proves the idea that fat accumu-
lation in the liver can play a vital role in the develop-
ment of insulin resistance and DM2 even without obe-
sity [14, 15].

Based on the mentioned studies, the following con-
clusion can be made: despite less body fat, less marked
dyslipidemia, lower transaminase levels, the risk of
cardiovascular disease, progressive hepatic conditions,
malignancies and all-cause mortality associated with
NAFLD in patients with the normal body weight and
lean patients is the same or higher than in individu-
als with a higher BMI. The causes of such an increased
risk are still unclear; this phenomenon can be associ-
ated with specific NAFLD pathogenesis in non-obese
patients.

Hypothesised causes of NAFLD
in patients with the normal body
weight

Numerous recent clinical and epidemiological stud-
ies show a number of important factors facilitating
development of NAFLD in patients without excessive
body weight. These key factors include environmen-
tal factors (diet and eating behaviour), genetic factors,
endocrine dysfunction. No doubt, these factors inter-
act and impact the possibility of NAFLD development,
often if there is more visceral fat, irrespective of BMI.
It allows making an assumption about a “common met-
abolic pathway” underlying NAFLD, irrespective of the
body build.

Environmental factors:
diet and eating behaviour

Excessive consumption of saturated fats and animal
protein, sucrose and highly refined carbohydrates is

the main component in the development of NAFLD
[1, 4]. Regular consumption, e.g. of sugar-containing
beverages, is closely associated with the development of
NAFLD in children and adults. It has been shown that
individuals with NAFLD consume three times as many
sugared beverages as individuals without NAFLD [16-
19]. Fructose is a simple sugar, which, together with
glucose, forms sucrose, i.e. table sugar. Experiments
and clinical practice have demonstrated that regular
fructose consumption significantly boosts steatogenesis
de novo in the liver, causing mitochondrial disorienta-
tion, marked endoplastic reticulum stress, and reduces
fatty acid oxidation, leading to significant shifts in bio-
coenosis of gut microflora, the most active component
of a number of metabolic processes in the body. Such
shifts facilitate the development of parenchymatous
hepatic inflammation and create conditions for insu-
lin resistance [17]. Regular consumption of fructose
and NAFLD development are the subject of numerous
studies [4, 16]. For example, correlation between regu-
lar fructose consumption and a more advanced stage
of fibrosis in patients with NAFLD and higher rates of
its active form (steatohepatitis) has been demonstrated;
this correlation is clearly observed in children [17].
Until now, the main dietary recommendations for
patients with NAFLD were related mostly to individu-
als with a high body weight. When comparing, for
instance, diets with restricted consumption of facts
and carbohydrates in obese patients with NAFLD, only
restricted consumption of carbohydrates allowed to
significantly reduce fat deposits in the liver, together
with a reduction in insulin resistance, abdominal obe-
sity and total fat weight [20, 21]. Eight to ten weeks of
restricted consumption of highly refined carbohydrates
(fructose, glucose) in young men with NAFLD signifi-
cantly reduced fat deposits in the liver and body weight
values and completely normalised liver transaminase,
gamma glutamine transpeptidase and total cholesterol.
At the same time, liver fat reduction did not depend on
changes in the body weight or obesity [22]. Isocaloric
sugar replacement with starch for ten days (!) resulted
in decrease in visceral fat, total fat in the liver, reduc-
tion in insulin resistance and steatogenesis de novo
in obese children, who previously reported high daily
consumption of sugar (over 50 g daily) [22]. Favour-
able impact of the diet with low fructose content, low
glycaemic load and glycaemic index on the metabo-
lism parameters was observed in children with NASH,
who previously consumed significantly more fructose
vs. children in general population [17]. Taking into
account the mentioned data, the European Association
for the Study of the Liver (EASL) recommends that
people living with NAFLD follow the Mediterranean
diet and exclude fructose and ultra-processed food
from their diet [2, 4]. For patients with NAFLD and
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the normal body weight, some components of the diet
become extremely important. For example, choline
deficit in volunteer males caused a significant increase
in transaminase levels and fat accumulation in the liver
tissue [20]. Other studies in NASH Clinical Research
Network [20, 21] demonstrated that choline deficit in
the diet of postmenopausal women for a month and
a half resulted in significant shift in the liver func-
tion tests and was associated with marked hepatic
inflammation. Adequate daily choline consumption is
550 mg for men and 425 mg for women; however, the
majority of people often fail to consume the required
amount of choline [15]. Since choline is a compound
found mostly in animal-derived products, the chance
of NAFLD in vegans and vegetarians is significantly
higher [14, 15, 20, 21].

Choline biosynthesis is actively facilitated by phos-
phatidylethanolamine N-methyl transferase (PEMT),
which catalyses phosphatidylcholine synthesis. Phos-
phatidylcholine is an integral component of the lipo-
protein secretion system, particularly that of low den-
sity lipoprotein (LDL), in the liver [15]. Studies show
that in individuals with NASH, PEMT expression was
lower than in patients with simple steatosis; also, PEMT
expression correlated with the platelet levels in the
course of fibrosis progression in patients with NASH.
It is interesting to note that numerous studies demon-
strated a remarkable pattern: lower PEMT expression
in lean patients and individuals with normal BMI [23,
24]; in animal models, it has been reported that PEMT
-/- mice were protected against obesity, despite fat rich
diet. PEMT gene is regulated by oestrogen, that is why
choline deficit can be most obvious during menopause,
manifesting as body weight gain, a higher risk of insulin
resistance and development of NAFLD. To sum up the
analysed results, we can conclude that choline deficit,
caused by low PEMT expression or insufficient con-
sumption with food, can be associated with potential
development of NAFLD and is a condition for condi-
tion progression, especially in individuals with normal
body weight.

Extremely important environmental factors
impacting NAFLD development are smoking and alco-
hol consumption. Strictly speaking, the diagnostic
criteria for NAFLD suggest absence of any significant
alcohol consumption; however, currently, significant
alcohol consumption has a very broad interpretation.
For example, in the USA, the acceptable weekly alcohol
consumption for men and women is 294 g and 196 g,
respectively; in Europe, these values are lower: 210 g
and 140 g, respectively. Values for the Asians are even
lower: 140 g for men and 70 g for women [24, 25].
Currently, numerous epidemiological studies evalu-
ate the impact of alcohol consumption on the course
of NAFLD. For instance, a detailed examination of the

French cohort with NAFLD demonstrated significantly
higher mortality rates in patients, who consumed
7 units of alcohol a day (i.e., 56 g of absolute ethanol),
while consumption of less than one unit per week was
associated with higher survival rates [26, 27]. The
impact of alcohol on liver diseases is especially obvious
in obese individuals: with BMI > 30 kg/m?, the liver
toxicity of alcohol doubles and significantly increased
the chance of HCC [27, 28].

Smoking is another significant factor in NAFLD
progression. Large-scale Asian studies demonstrated
that fibrosis progression rates in smokers with NAFLD
were almost two times higher than in non-smokers in
the same cohort [29].

Genetic factors

There is no doubt that obesity is the most significant
independent risk factor of NAFLD, even with adjust-
ments to sex, arterial hypertension, age, and metabolic
health markers (homocysteine, lipid profile, trans-
aminase, uric acid, fasting plasma glucose levels). It is
obvious that there is a specific cohort of patients, who
do not develop NAFLD even with obesity and chronic
excessive calorie consumption. At the same time, it is
well-known that there is J-shape correlation between
NAFLD and BMLI. It is worth noting that the risk of liver
disorders is also significantly higher in individuals with
BMI below 19 kg/m? [1, 5, 6, 9]. All this evidences the
presence of a genetic component in the development of
NAFLD — candidate genes, the activity of which can be
associated both with NAFLD development and a pro-
tective role in its prevention.

The studies of gene PNLPA3 polymorphisms in
the development and progression of NAFLD are well-
known [23, 30, 31]. For example, the single nucleo-
tide polymorphism, associated with 1148M (rs738409)
replacement in gene PNPLA3, is the key genetic risk
factor of NAFLD, while identification of this polymor-
phism is an advisable component of examination of
patients with NAFLD in numerous clinical guidelines
in the European Union and USA [23]. Close associa-
tion between NAFLD development and progression
and polymorphisms of genes MBOAT7 (membrane of
domain O-acyltransferase 7) and TM6SF2 (antigen 2 of
transporter 6 transmembrane family) has been iden-
tified. It is worth noting that all these studies were
conducted only in obese or overweight individuals,
whereas in patients with NAFLD with the normal body
weight or lean patients, the study of genetic polymor-
phism of a number of candidate genes is described in
very disorganised and sporadic publications [1, 4, 23].
Therefore, of note is a study of Japanese researchers [4],
who evaluated the incidence of NAFLD in various com-
munities of obese and overweight patients and patients
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with the normal body weight. The authors conclude
that genotype PNLPA3 rs738409 (GG, homozygotic
variant) doubles the risk of NAFLD in patients with the
normal body weight vs. obese and overweight patients,
who did not have mutation in this gene. At the same
time, using the BMI-based classification, there were
no differences in the incidence of genetic variants of
genes MBOAT7 and TM6SF2 in the mentioned groups
of patients. One European study [4] in 187 Austrian
citizens showed a higher incidence of the risk allele
(rs738409) of gene PNLPA3 in individuals with NAFLD
and the normal body weight vs. obese and overweight
patients: patients with the normal body weight had the
risk allele in 4% of cases, whereas other patients had
this allele only in 0.3% of cases. Similar rare studies in
patients with the normal body weight and NAFLD, con-
ducted in various geographic locations (Europe, South
and Southeast Asia, Japan), demonstrated the same pat-
tern: the incidence of the risk allele rs738409 of gene
PNLPA3 was significantly higher in patients with the
normal body weight and lean patients with NAFLD vs.
obese and overweight individuals [4, 23].

The risk allele AA of variant V175M (rs7946) in
gene PEMT, causing the loss of its activity, was reported
1.7 times more often in the group of patients with
NAFLD vs. controls [23]. Other genetic polymorphisms
of PEMT (rs4646343, rs3761088, rs12325817) were
associated with intensive triglyceride accumulation in
hepatic cells because of restricted choline diet [4, 23];
allele variants rs 4646365 and 1531100 were associated
with higher rates of NAFLD diagnosis in menopausal
women. Detailed exome sequencing in pooled results
from two patients with NAFLD and six healthy indi-
viduals showed that only allele variant rs7946 in gene
PEMT and rs2290532 in the gene associated with oxy-
sterole (OSBPL10) were closely related to NAFLD [23],
whereas another study [32], where the close associa-
tion between allele rs7946 of PEMT gene and the risk
of NAFLD was shown, did not observe any association
between variants of gene OSBPL10 with NAFLD.

Another group of very diverse genetic disorders
is lipodystrophies. This group is characterised by a
common phenotype: adipose tissue deficit without
obvious nutritional deficiency and active metabolism
[33, 34]. A typical pattern of these conditions is NAFLD,
the pathogenetic mechanisms of which are based on the
inability of the body to accumulate lipids in the form
of fats. For these conditions, typical pathogenic vari-
ants of genetic mutations have been identified, which
are often family-related: genes encoding hormone sen-
sitive lipase (LIPE), perilipin 1 (PLINI), peroxisome
proliferator-activated receptor gamma (PPARG), lamin
A/C (LMNA1), v-akt murine thymoma viral oncogene
homolog (AKT2), and cell death-inducing DFFA-like
effector (CIDEC) [4, 33]. Hepatic steatosis in such

patients is observed almost in 100% of cases, thus
assuming that NAFLD in lean individuals can be a spe-
cific type of ectopic fat accumulation, the mechanisms
of which are similar to lipodystrophy. Later, the defini-
tion was given to the concept of polygene risk, related
to insulin resistance and marked reduction in fat mass
in the lower limbs, which are the integral signs of lipo-
dystrophy. Later researches showed that the polygene
index of the risk of lipodystrophy is closely associated
with NAFLD, severe fibrosis and reduction in fat mass
in the lower limbs [34].

Endocrine and other factors
of NAFLD development

in patients with the normal
body weight

Endocrine disbalance is another factor of NAFLD.
It is well known that the risk of NAFLD is significantly
higher in postmenopausal women [4, 35]. This fact
can be explained by the loss of oestrogen protection
together with increasing body weight, dyslipidaemia
and impaired glucose tolerance. Another known hor-
monal factor of NAFLD and NASH is hyperandrogen-
ism, irrespective of resistance and obesity. An increased
circulating testosterone level was associated with
a higher degree of steatosis, higher levels of pro-
inflammatory cytokines and fibrosis stage in middle-
aged women [35]. A completely separate form of liver
damage is NAFLD in patients with hypothyroidism.
Hormone replacement therapy has obvious favourable
effect on steatosis regression, reduction of fibrosis, and
biochemistry normalisation [36]. Currently, there are
no proper studies of the characteristics of the endo-
crine profile in patients with NAFLD and normal body
weight.

When thinking about possible pathophysiological
components of NAFLD development in individuals with
the normal body weight, it is essential to mention the
studies, which demonstrated synergetic effects of fats
and fructose on oestrogen deficit development, which
causes damage to hepatic cell functions [35]; similar
correlation was found between choline deficit and oes-
trogen levels, which can be associated with a higher
risk of NAFLD in the population under discussion. For
instance, the average hepatic fibrosis score in postmeno-
pausal women with NAFLD was significantly higher vs.
premenopausal women with NAFLD, despite almost the
same level of choline consumption with food. Besides,
it should be remembered that oestrogens are a potent
PEMT expression regulator: reduced oestrogen produc-
tion is associated with lower PEMT expression, which
is one of the most important pathophysiological mech-
anisms of NAFLD development in postmenopausal
women caused by chronic choline deficit [4, 15, 16, 20].
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Key considerations of NAFLD
screening and therapy in patients
with the normal body weight

Currently, there are no generally recognised and
accepted recommendations for patients with NAFLD
and normal body weight, despite high incidence of
NAFLD and unfavourable outcomes in the population
in question; none of the professional medical commu-
nities currently recommends screening among patients
with NAFLD and normal body weight. For example,
the practical guidelines of the American Association
for the Study of Liver Diseases (AASLD) do not rec-
ommend regular NAFLD screening even in high risk
groups (DM2, obesity) due to the lack of scientific
evidence, which could prove the efficiency of vari-
ous diagnostic approaches, therapy regimens and, as
a result, economic justification and adequate advan-
tages of the screening. There are various, sometimes
completely opposite, opinions in this regard. Some
specialists still recommend examination of patients
with an obvious risk of hepatic disorders: individuals
with DM2 or metabolic syndrome (MS); patients over
50 years of age. It is possible to use relatively simple
laboratory and imaging devices, forecasting algorithms
(complete blood count, blood biochemistry, abdomi-
nal ultrasound examination, various scales) to form an
idea of the degree of fibrosis and to forecast the rates
of its progression [37, 38]. However, to the contrary,
the European and Asian guidelines propose screening
among patients at the highest risk of NAFLD, including
patients with DM2 and obesity [38]. At the same time,
numerous local clinical guidelines and recommenda-
tions admit the presence of NAFLD in individuals with
the normal body weight and lean patients, especially
in those who show the signs of metabolic syndrome or
belong to the Asian population. It is obvious that the
development of consensus guidelines for the screening,
therapy, forecast, and evaluation of long-term risks is
essential for the optimal management of all patients
with NAFLD.

Currently, there are no direct indication of the
screening and therapy of NAFLD in patients with
the normal body weight in many guidelines. A lot of
important and fundamental questions arise: e.g., Is the
visceral fat, and not the total body fat content, a more
significant factor of NAFLD in patients with the normal
body weight vs. obese patients? If the answer is “yes”,
then are there currently more efficient alternatives to
the use of BMI as an obesity marker for the NAFLD
screening? There are a number of published studies
promoting the idea that waist circumference is a more
accurate indicator of adipose tissue distribution in the
body, meaning that this is a better method for iden-
tification of a cohort with a significantly higher risk
of cardiovascular diseases [1-3, 38, 39]. However, the

widespread introduction of this simple and inexpensive
diagnostic approach as a standard measure of obesity,
especially in primary case settings, requires complete
transformation of the diagnostic process. Waist circum-
ference measurement will be an important component
of obesity diagnosis, especially in patients with normal
BMI. The fundamental question can sound as follows:
“Is NAFLD in individuals with the normal body weight
a separate clinical entity, which requires specific diag-
nostic and therapeutic approaches, or is it a subtype
of the classic obesity-related NAFLD, responding to
weight management, management of hyperlipidemia,
arterial hypertension and insulin resistance?”. Even
in patients with the normal body weight with clinical
and morphological signs of NAFLD, many metabolic
health parameters are significantly altered: there are
differences in triglyceride levels, waist circumference,
log HOMA-IR, age, waist circumference vs. patients
with the normal body weight, who does not suffer from
NAFLD [38]. This fact allows drawing a conclusion that
NAFLD in individuals with the normal body weight is
a form of liver damage similar to that in obese patients
[3]. At the same time, individuals with the normal body
weight and NAFLD have a higher risk of hypertriglyc-
eridemia, insulin resistance, central obesity and hyper-
uricemia vs. obese patients [3, 39].

We believe that this is essential to emphasise the
attitude of the cohort under discussion to the diet and
exercises. Numerous studies demonstrated that in over-
weight and obese patients with NAFLD, loss of 5% of the
baseline weight is associated with clinical and labora-
tory stabilisation of NAFLD in 75% of cases [40]. It was
found out later that a similar pattern can be observed in
patients with NAFLD and normal body weight: after the
loss of some weight (no more than 5% of the baseline
value) and exercises, 57% of patients with the normal
body weight showed repression of clinical and labora-
tory signs of NASH [22]. It is believed that the results can
evidence that weight management and controlled exer-
cises are useful and universal therapeutic approaches in
the management of all patients with NAFLD.

Recently, drug management of NAFLD has been
changing rapidly, and new approaches have been
appearing; at the same time, it is essential to understand
whether medicinal products developed for drug man-
agement of classical obesity-related NAFLD, are equally
efficient for NAFLD patients with the normal body
weight, which requires large-scale clinical trials. Such
clinical trials should be conducted without delay, and
potential efficacy of some drugs should be evaluated,
e.g., of sodium-glucose linked transporter 2 (SGLT2)
inhibitors, glucagon-like peptide 1 (GLP1) agonists,
obeticholic acid, pioglitazone and saroglitazar, a fixed
combination of antagonists of glucose-dependent insu-
linotropic peptide/glucagon-like peptide 1.
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Despite a lot of common pathophysiological com-
ponents of NAFLD in individuals with various body
weight, it is necessary to clearly define the key aetiologi-
cal and pathophysiological factors, environmental fac-
tors, genetic characteristics in order to shape an indi-
vidualised approach to the selection of the therapy and
management of NAFLD patients with the normal body
weight. The role of various diet factors and a specific
nutrition composition have hardly been studied and
compared to other significant risk factors of NAFLD in
patients with the normal body weight. Numerous stud-
ies consistently prove the correlation between hepatic
dysfunction and choline deficit, which is known to have
a specific phenotype of diet-mediated obesity resistance.
But are there any other nutrient factors, which might
facilitate NAFLD development; and if there are any such
factors, then how do they interact with functional genetic
variants, as it can be observed, e.g., between choline and
PEMT? Also, it is highly possible that there are other, yet
unknown, environmental factors, for instance, biologi-
cal or herbal supplements, promoting NAFLD develop-
ment in individuals with the normal body weight.

Recent attempts to use cluster analysis turned out
to be very interesting; it allows identifying five vari-
ous diabetes subtypes, each of which is very specific in
terms of patient characteristics and the risk of compli-
cations [39, 41]. It is obvious that the use of this clas-
sification model for patients with non-homogenous
disease brings about more targeted therapy and man-
agement approaches as compared to a universal prin-
ciple, which is currently applied. It is quite possible that
a similar cluster analysis could be used also to charac-
terise NAFLD progression: from the group of patients
with relatively benign disease progression to patients
with severe and progressive condition, which allows
developing various therapeutic strategies for the patient
management. Besides, studies in the group of NAFLD
patients with the normal body weight should continue
in order to evaluate the incidence of this form of disease
in various geographical locations and ethnicities and to
thoroughly analyse eating habits. An objective idea of
the long-term sequelae of NAFLD in individuals with
the normal body weight, characteristics of this disease
variant, its progression rates and progression-promot-
ing factors is the essential condition for the develop-
ment of an adequate therapeutic strategy in the patient
population in questions.

Other environmental factors such as intestinal dys-
biosis, malnutrition, long-term drug therapy, paren-
teral feeding are the subject of a separate discussion and
analysis of other, very versatile mechanisms of NAFLD
development, including patients with the normal body
weight [42, 43].

Therefore, NAFLD in patients with the normal body
weight is a frequent clinical condition. The phenotype

of these patients does not demonstrate (at least exter-
nally) any signs of metabolic illness as compared, e.g.,
to patients with NAFLD and obesity. It can be assumed
that NAFLD developing in patients with the normal
body weight and in lean patients is a clinical situation
promoted by a composition of several conditions: diet,
geographical location and ethnicity, genetic factors,
age, and eating habits. At the same time, like with many
things in life, a patient with the normal body weight is
not the primary target of an attending physician trying
to diagnose NAFLD and the rate of disease progression.
Diet, choline consumption, alcohol consumption, men-
strual function, age, ethnicity and geographical loca-
tion, as well as hormone status evaluation are the sub-
ject of a separate examination in NAFLD patient with
the normal body weight. In order to lower the NAFLD
incidence in the population under discussion, a thor-
ough development of screening for such patients, which
is not tied to BMI values, is required. This patient cohort
needs further thorough study; a therapeutic strategy
should be actively developed, and patients should take
more active part in clinical trials to evaluate the value
and significance of diagnostic approaches and planned
therapy.

Bknap asTopoB:

Bce aBTOpbI BHEC/IM CYLLECTBEHHBIV BKAA/ B NOArOTOBKY paboThl, Npou-
2V 1 0A06puAn GrHaNbHYIO BEpCUIO CTaTby Nepey, nybavkauuei
HukntuH W.T.: oKoH4YaTenbHOe yTBepXAeHMe My6AMKyeMol cTaTby,
cornacue NPUHATL Ha ce6a OTBETCTBEHHOCTb 3a BCe acMeKTbl paboThl
1 rapaHTUA TOro, YTO BCe BOMPOChI, CBA3aHHble C TOYHOCTbIO U J06po-
COBECTHOCTbIO /II060W YacTh paboTbl, MOTYT 6bITb HajnexaluM obpa-
30M UCC/Ie/J0BaHbI U YPeryIMpoBaHbl

Crapoay6oBa A.B.: cylecTBeHHbIV BKAaj B pa3paboTKy KOHUENuMu
WA NNaHMPOBaHUKM Hay4HOW paboTbl, MM60 NosyyeHue, aHanus uan
MHTeprpeTaLmio paboTbl
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Tauuto paboTbl
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Cystic Fibrosis: New Trends in Therapy Methods

Pestome

HecMoTpA Ha yBe/iIM4eHMe NPOAOMKNTEILHOCTM 1 3aMeTHOE Y/yHlleHNe Ka4yecTBa XU3HU 60/bHbIX, Ha CEroAHALIHUIA AeHb MyKOBUCLM/A03 OCTaeTcA
O/IHVM 13 TAXEeNbIX My/IbMOHO/IOrNYeCKMX 3aboneBaHnin, BegylMM K UHBaAUAMU3auun. B cBA3M C akTyanbHOCTbIO Npo6/eMbl Tepanum AaHHOro 3a-
60/1eBaHMA, XKerojHO CTapTyIOT pa3paboTKM HOBbIX MpenapaToB ANA e4eHUs MyKOBUCLMA03a.

JlaHHbI 0630p ONMCbIBaeT HoBeLLIME JOCTVKEHMA B /IRHEHUM MYKOBUCLIMA03a, TaKXKe NPe/CTaB/1eHbl POMEXYTOUHbIE Pe3y/ibTaTbl BeAYILMXCA K-
HUYECKMX UCCNe0BaHUIA. B npoLiecce NoAroToBku 0630pa 6bl/I MCMO/b30BaHbI pa3/inyHble 6a3bl Hay4HbIX AaHHbIX: Scopus, Web of Science, EMBASE.

OnwcaHbl pe3y/bTaTbl MCCeA0BaHWI HOBbIX NPenapaToB, Npe/Ha3Ha4yeHHbIX A7 NPOTUBOBOCNA/MTE/IbHOM Tepanun JaHHOro 3aboneBaHna —
auebunycrara, npenapata LAU-7b, JBT-101.

PaccMoTpeHbl pe3y/ibTaThl UCCe0BaHNA anbrHaTa OIMrocaxapyja, CHUXaloLWLero BA3KOCTb MOKPOTbI y 60/1bHbIX MyKOBUCLIA030M. DddeKT
npenapata 6bl/1 NPOAEMOHCTPMPOBAH Ha NpUMepe YCWUeHUA AeNCTBUA aHTUBMOTUKa a3TpeoHaMa, 3¢ dekTmBHOro npotus Burkholderia cepacia
complex — rpynnbl NaToOreHHbIX MKPOOPraHW3MOB, HaCTO NOPaXKaloLLMX AblXaTe/IbHYH0 CUCTeMY 60/1bHbIX MYKOBUCLA030M.

OnucaHbl UCCneaoBaHNA PasANyYHbIX NMpenapaToB FeHHONW Tepanuu Mykosucumugosa — Belectea ABO401, npenapata SP-101, npeactaBneHsb!
pe3y/bTaTbl KIMHUYECKUX NCCAe0BaHUIA aJeHOacCcoLMMPOBaHHOro BekTopa 4D-710, /MNOCOMHbIX HaHOYaCTUL, B TOM Yncae npenapatos MRT5005,
RCT2100, TapreTHol Tepanuu KoppekTopa rannkadrTopa, KoMbrHaLmin nBakapTop+aymMakadTop, TezakadpTop+mBakapTop, uBakadpTop+TesakadpTop
+3n1ekcakapTop 1 BaH3akapTOp+TesakadpTop+aeyTuBakadTop.

OcobeHHoe BHUMaHWe B 0630pe 6bI/10 y/e/1eHO JoCTaBKe TPaHCreHa Mpy NoMOLLY BEKTOPOB, OMUCaHbI MPenMyLecTBa U HeA0CTaTKN JaHHOro
MeToAa. OnmcaHbl OCHOBHbIE COBPEMEHHbIE METO/bl FEHOMHOIO PeAaKTUPOBaHUA, X BO3MOXHOCTY, MPeMMyLLeCTBa U HeAOCTaTKN.

Moka3saHa po/ib TapreTHoON Tepanum Kak ¢pakTopa, CoCO6HOro 3HauMTe/IbHO YMeHbLIaTh TAXeCTb TedeHna 3abonesaHus. MpenapaTtbl TapreTHoM
Tepanum cnocobHbl YaCTUYHO BOCCTaHaBAMBATh GYHKLMIO aHOMaNbHOMO 6enka y 60/1bHbIX MyKOBUCLIMAO30M, @ 3HAUYNT CHMXKATb CTeneHb NposB/ie-
HUA CUMNTOMOB M 3Ha4YMTENbHO MOBbILIATL Ka4eCTBO XM3HU NauueHTa. OnncaHa Heo6X0AMMOCTb Aa/bHelllel pa3paboTKN AaHHOTO HanpaB/ieHNs.
KnroyeBbie cnoBa: myxosucyudos, 0630p, mapzemHas mepanus, npomuBoBoCNanUMe bHas Mepanus, 2eHHas Mepanus, 2eHOMHoe pedakmupo-
BaHUue, BUPYCHbIL BEKMOP, namo2eHemuy4ecKas mepanus

KoH$paukT nHTepecos
ABTOPpbI 3aAB/IAOT, YTO AaHHas paboTa, eé TeMa, NPeAMET U COAEPIKaHMe He 3aTPar1BaloT KOHKYPUPYHOLLUX MHTEPECOB
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Abstract
This review provides information on recent advancements in the treatment of cystic fibrosis and presents interim results from ongoing clinical trials.
Various scientific databases, including Scopus, Web of Science, and EMBASE, were utilized during the preparation of this review.
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The results of studies on new drugs such as acebilustat, LAU-7b, JBT-101 designed for anti-inflammatory therapy of this disease are also pre-

sented.

The review describes various approaches to cystic fibrosis therapy — substance ABO401, SP-101. It includes clinical trial results for the ad-
eno-associated vector 4D-710, liposomal nanoparticles, including the drugs MRT5005, RCT2100, the corrector galicaftor, as well as the drugs

lumacaftor+ivacaftor, tezacaftor+ivacaftor, tezacaftor+ivacaftor+elexacaftor u tezacaftor+vanzacaftor+deutivacaftor.

Special attention is given to transgene delivery using vectors with a detailed discussion of the advantages and disadvantages of this method. The
main modern genome editing techniques, their capabilities, advantages and disadvantages are also described.

The results of the study on the oligosaccharide structures, which reduces sputum viscosity in patients with cystic fibrosis, are presented. This

reduction in viscosity enhances the effectiveness of the antibiotic aztreonam, which is active against the Burkholderia cepacia complex — a group of
pathogens, which is often responsible for inflammation in cystic fibrosis patients.

The role of targeted therapy as a factor capable of significantly reducing disease severity was highlighted. Targeted therapy drugs can partially

restore the function of the abnormal protein in cystic fibrosis patients, thereby reducing symptom severity and significantly improving the patient's
quality of life. The necessity of further development in this field was emphasized.

Key words: cystic fibrosis, review, targeted therapy, genetic therapy, gene editing, genetic vector
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DNA — deoxyribonucleic acid, CFTR — cystic fibrosis transmembrane conductance regulator

Introduction

One of the most common genetic diseases globally
is cystic fibrosis; its manifestations deteriorate the qual-
ity of patients’ lives, forcing them to fight for preser-
vation of their usual functions. The therapy of cystic
fibrosis is currently one of the burning topics in health-
care. The importance of this problem for the healthcare
system is that, despite early diagnosis of cystic fibro-
sis, this disease is associated with short patient life and
results in early disablement. This article discusses the
key areas of therapy development for the treatment of
cystic fibrosis and presents results of recent studies in
this area. This literature review analyses articles from
Scopus, PubMed, Free Medical Journals, eJournals for
the past five years.

Cystic fibrosis is a systemic,
genetically determined disease

Cystic fibrosis is a genetically determined, autosomal-
recessive disease, which is characterised by the involve-
ment of all exocrine glands [1]. An initial defect in the
cystic fibrosis transmembrane conductance regulator
(CFTR) causes dysfunction of a number of organs and
systems, including pathologies of the respiratory system,
intestine and reproductive system. This is a systemic
disorder, requiring a specific therapeutic approach [2].
On the average, one child in every 4,500-6,000 new-
borns has cystic fibrosis, and the mean life expectancy in
patients with cystic fibrosis varies from 28 to 47.7 years

old [3].

This disease is monogenetic: the gene of cystic fibro-
sis is located on the long arm of the 7th chromosome
(the most common mutation in this gene is F508del) and
encodes CFTR protein. This protein participates in the
active transport of chlorine ions. Currently, mutations in
the gene of CFTR protein are divided into seven groups;
however, gene therapy can be used for correction of sev-
eral of them. A mutation results in CFTR protein dys-
function, causing changes in ion transport processes: the
number of chlorine ions and water molecules excreted
via CFTR protein drops. In turn, it results in changes in
the composition and viscosity of exocrine gland secre-
tory product. Thus, one of the most important patho-
genetic links in cystic fibrosis development is impaired
transportation of a thick secretory product: its move-
ment slows down [4]. A comprehensive therapy of cystic
fibrosis should include genetic, pathogenetic (target) and
symptomatic therapy.

Genetic therapy of this condition is a subject to wide
discussions. Recent studies bring hope that in the future
this therapy will contribute to the treatment of cystic
fibrosis; however, currently the backbone is targeted
therapy [5].

Anti-inflammatory therapy

As of today, anti-inflammatory therapy is one of the
most important components in the therapy of cystic
fibrosis. This is due to the severity of the intoxication
syndrome, which significantly affects the quality of
patients’ life.
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Acebilustat is a synthetic low-molecular leukotriene
A4 hydrolase inhibitor; it inhibits leukotriene B4 pro-
duction, which participates in the pathogenesis of
cystic fibrosis as a result of attracting neutrophils to the
inflammation site. A randomised, double-blind study
of acebilustat demonstrated that, although the drug did
not impact the forced expiratory volume over the first
second, it delayed and reduced pulmonary exacerba-
tion in subjects [6].

LAU-7b is a synthetic fenretinide analogue of reti-
nol, which targets cell membrane lipids by affecting pro-
tein transport and inflammation. LAU-7b can trigger
immune-mediated neutrophilic reaction, which blocks
bacterial elimination from the site and slows down
inflammation. A randomised, double-blind phase II
study of LAU-7b demonstrated favourable effect on
respiratory function preservation in subjects [7].

JBT-101 is mentioned as an anti-inflammatory drug,
which is a type II non-immunosupressive cannabis-
receptor agonist, stimulating inflammation elimination
due to an increase in the production of special media-
tors and reduction in inflammatory molecule concen-
tration. The drug demonstrated positive results in the
study of its effects in cystic fibrosis patients: inflamma-
tion subsided, and patients noted reduction in disease-
related pain [8].

One of the most significant factors affecting the
quality of life and life expectancy of cystic fibro-
sis patients is efficient management of bacterial lung
damage. One of the most common pathogens observed
in cystic fibrosis patients is closely related gram-nega-
tive bacteria Burkholderia cepacia [9].

In a randomised, double-blind study, Fischer R.,
et al. (Journal of Cystic Fibrosis, 2022) evaluated algi-
nate oligosaccharide, which makes mucous in cystic
fibrosis patients less viscous. It proved to be efficient
in enhancement of the action of aztreonam: the study
analysed the reduction rate of microbial load of Bur-
kholderia cepacia complex after the use of a combi-
nation of alginate oligosaccharide and aztreonam vs.
aztreonam and placebo. The effect was demonstrated
with the combined use of alginate oligosaccharide
solution for inhalation and aztreonam. Six out of
twelve quality criteria in study subjects showed relative
improvement after the use of alginate oligosaccharide
vs. placebo [10].

Gene therapy

Since the CFTR gene was discovered, over
2,000 genetic variants of the gene have been identified.
This finding brought hope for possible correction of
this erroneous variant and insertion of a normal copy
of the gene. However, CFTR sensibility to modulators
is far from 100%. Approximately 10% of cystic fibrosis
patients have mutations, where CFTR protein either is
not synthesised at all or is synthesised in insufficient

amounts, making patients insensitive to CFTR modifi-
ers. Also, there are reports on individual intolerance of
these products, which is observed in 10-20% of cystic
fibrosis patients [11].

One gene therapy involves transgene delivery by
adenovirus-associated vectors. Studies of this therapy
report absence of any favourable or side effects. Later,
studies in this field aimed to boost tropism of adenovi-
rus-associated vectors; find unknown vector serotypes;
search for new promotors; enhance expression levels
of a required protein; and find it in the lungs. Also, an
important component of studies was attempts to lower
the immunological potency of these vectors [12].

Studies in this area are conducted by several large
companies. Abeona Therapeutics has completed pre-
clinical trials of ABO401. This product is a capsid of an
adenovirus-associated vector, serotype 204, and con-
tains a functional copy of human mini-CFTR gene. Its
potential benefits include high specificity as regards the
lung epithelium and possible transduction of bronchial
cells and nasal epithelial cells [13].

Spirovant Sciences is developing SP-101. It uses an
adenovirus-associated vector capsid with high tropism
towards lung epithelium cells. In 2020, the US Food and
Drug Administration (FDA) assigned this product the
status of an orphan medicinal product [12].

4D Molecular Therapeutics is conducting phase
1/2 clinical trials of 4D-710. The results of lung biopsy
material of subjects sampled on week 4-8 after ther-
apy initiation show absence of any signs of pulmonary
inflammation, as well as approx. 400% increase in CFTR
protein expression vs. materials sampled from healthy
subjects. Also, there were no reports of safety concerns
of the product [14].

Another gene therapy is transgene delivery by len-
tivirus vectors. The benefits of these vectors include
relatively long duration of expression and possible
preservation of the required transgene in cells even if
they divide. It is achieved due to low immunological
potency, possible integration of various populations in
cells, and their integration in their genome. Drawbacks
of these genes are potential potentiation of insertion
mutagenesis and higher risks of neoplastic aberration
of cells. Currently, trials in this area are in the pre-clin-
ical phase [12].

A separate group of gene therapies of cystic fibrosis
includes non-virus transgene delivery using liposomes
and polymer nanoparticles. The benefits of using lipo-
somes to deliver transgene are simplicity of scaling and
high informational capacity, making them safe and effi-
cient, as demonstrated by clinical trials [15].

When comparing liposome nanoparticles for the
packing and delivery of chemically modified messen-
ger RNA of CFTR protein to ivacaftor, both these prod-
ucts demonstrate comparable efficiency, evidencing the
possibility of using the former in the therapy of cystic
fibrosis [16].
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Currently, an inhalation product, which could
deliver intact messenger RNA of CFTR protein to
the lung tissue, has been actively developed. The first
clinical study of the inhalation delivery by liposome
nanoparticles in cystic fibrosis patients was conducted
using MRT5005. The study show that the forced expi-
ratory volume per 1 second remained stable, with no
improvements for the patients; however, the product
demonstrated safety and relatively good tolerability
[17]. Despite completed phase 1 and 2 clinical trials of
MRT5005, there is no official information on the tran-
sition to phase 3, or project completion.

ReCode Therapeutics has been conducting phase 1b
clinical trials to evaluate the safety of RCT2100, an
inhalation gene therapy using liposome nanoparticles
[18].

In pre-clinical studies, CFTR messenger RNA deliv-
ered by a liposome nanoparticle, selectively target-
ing the organs, restored CFTR protein function in the
lung cells, sampled from cystic fibrosis patients. These
results demonstrate potential efficacy of the product in
cystic fibrosis patients, who do not respond to the exist-
ing target therapy [19].

Results of studies of the use of polymers have been
published. One study demonstrated the possibil-
ity to improve the quantity of liposome nanoparticles
penetrating mucous layers due to particle covering
with polyethylene glycol at the molecular level. This
approach allowed boosting the efficacy of nucleic acid
administered to murine lung cells in vivo [12].

Of note, one of the crucial tasks of the gene therapy
is improving the method of gene structure delivery to
epithelial cells because of mucous present on the epithe-
lial surface, mucociliary clearance, and deeper location
of the epithelial stem cells. Due to the constant cellular
turnover, this therapy faces the need for repeated gene
structure delivery, and it is associated with a higher
risk of spontaneous cell mutagenesis. Also, there is a
risk of immune response to the vector protein. In addi-
tion, currently, there is no comprehensive information
regarding the types of cells, which should be the pri-
mary target of the therapy in order to ensure the high-
est treatment efficacy; and there are no reports on the
possible action of the product on several target cells at
a time [20-22].

Genome editing

This method allows correcting a gene mutation and,
basically, saving the individual from their disease, i.e.
cystic fibrosis in this case. Several techniques can be
used for genome editing.

CRISPR/Cas9: this method is based on generation
of a breakage defect in deoxyribonucleic acid (DNA)
using CRISPR-associated endonucleases (proteins Cas),
which are specifically programmed. The accuracy of this
method is a result of the action of a specific directing

ribonucleic acid, which is complementary to the target
chain of the DNA section. The method is highly effi-
cient, since a specific target gene can be selected, and
several aberrant genes can be edited at once. Gene cor-
rection with the CRISPR/Cas9 system is possible using
only one protein; and ribonucleic acid, which directs
the gene editing process, can be purchased or synthe-
sised in the laboratory over a short period of time,
making this technique not only an accurate, but also
an inexpensive method. The drawback of the method
is the large size of protein Cas9, which cannot fit in the
adenovirus-associated vector [23].

ZFN — zinc finger nucleases. These are protein
domains, the composition of which includes zinc and
the structure of which resembles a finger. Each domain
can form a unique link only with its specific three-
nucleotide DNA section. The benefit of the method is
its low immunological potency and small protein size;
however, drawbacks are superior: the method can cause
numerous damages to the integrity of DNA strands,
which are initially not a target of a specific ZFN com-
plex. Also, the costs of reproducing a specific ZFN type
in laboratory settings are high, and this process is tech-
nologically challenging [24].

TALEN is a technology based on the operation of
domain structures, which are complementary not to
the three-, but one-nucleotide sequence. This method
is associated with fewer cytotoxic effects, but it is sensi-
tive to DNA methylation and is less efficient [25].

Base editing is a method of genome editing based on
transformation of a specific letter in the DNA text. Base
editors can edit only specific types of single base change
(C>T, G>A, A>G, T>C), but cannot correct other spe-
cific mutations (e.g., C>A or G>T). At the same time,
unlike CRISPR/Cas9, no double-stranded breakages are
created. The efficacy of this method is high, since there
are no random insertions and deletions because DNK
remains intact. Still, this system is too large to be deliv-
ered by adenovirus-associated vectors, and it is quite
challenging to edit a DNA sequence, where several A or
C residues are close to one another [26].

Prime editing is a genome editing, using a modified
enzyme Cas9, which cuts a non-complementary DNA
chain and builds a new chain with the help of reverse
transcriptase and specific pgRNA (prime editing guide
RNA). The method is quite efficient as it can correct
various types of mutations (insertions, deletions, single
base changes); however, the system is still too big for
adenovirus-associated vectors and bears a risk of
adverse effects for a non-target DNA sequence, as well
as mutagenesis for the target sequence [27].

At the moment, the outlooks of wide application of
this genome editing method are quite vague, because
the number of successfully corrected mutations is
low. However, genome editing using the prime editing
method in cystic fibrosis patients is promising for the
future genetic engineering studies.
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Target therapy

There are molecules, which can partially restore the
function of abnormal CFTR protein, making its struc-
ture close to normal. A therapeutic approach depends
on the class of mutation.

At the moment, the most current therapy is the use
of CFTR modifiers, i.e. products, which directly restore
protein functions. These products include potentiators,
correctors, amplifiers, stabilisers [28].

Potentiators target class III mutations, where regula-
tory CFTR domains function incorrectly, causing pro-
duction of a normal amount of non-functional CFTR
protein on the cell membrane; and class IV mutations,
where chloride transport via the ion channel decreases
due to its very fast closure. Potentiators, including iva-
caftor (VX-770) and genistin, affect the mutated CFRT
protein located in the apical cell membrane, triggering
the ion channel and promoting its opening.

Lumacaftor (VX-809), curcumin, 4-phenylbutyr-
ate/genistin, sildenafil analogue (KM11060), tezacaftor
(VX-661) are correctors. They target class IT mutations,
since correctors create conditions, where mutant CFTR
protein moves to the apical membrane, where the pro-
tein takes the correct configuration [28].

At the moment, patients with class I mutations are
treated with products, which stimulate stop codon read-
ing in messenger RNA, ensuring continued translation
of CFTR protein. They include, for instance, ataluren,
a product used for the treatment of Duchenne muscu-
lar dystrophy. Currently, there is not enough evidence
to determine the efficacy of ataluren in the therapy of
cystic fibrosis patients with class I mutations. An ear-
lier study reported favourable results of the use of ata-
luren in a post hoc analysis in subgroups of subjects,
who were not treated with inhalation aminoglycosides
for a long time; however, these results were not repro-
duced in a later study, suggesting that the earlier results
could have been random [29].

Two other groups of products — amplifiers and
stabilisers — are currently studied and are not used in
clinical settings. Amplifiers reconstruct protein transla-
tion during ribosome movement along the messenger
RNA; this is how PTI-428 works. Stabilisers prolong
the period, during which CFTR remains in membrane
plasma.

First generation CFTR modifiers should be dis-
cussed separately. The first potentiator, which was used
in clinical settings, is ivacaftor (VX-770). Ivacaftor is
used mostly for patients with mutation G551D. This
pathological mutation causes delayed CFTR channel
opening. Therefore, its efficacy in patients with the
most common CFTR mutation — F508del — increases
if it is used in a combination with a corrector (luma-
caftor or tezacaftor) [30, 31].

These conclusions underlie the development of a
new product — lumacaftor+ivacaftor, a second CFTR

modifier, which has dual action on the pathogenetic
target. This product is the first CFTR modifier regis-
tered in the Russian Federation in December 2020.
Lumacaftor+ivacaftor combination is associated with the
following side effects: high blood pressure, worsening
of short-term respiratory symptoms [32, 33]. However,
despite the correlation with the identified side effects, the
product is very efficient regarding the bronchopulmo-
nary system and the rate of exacerbations. This combina-
tion is safe, and the majority of side effects are not side
reactions, but complications of the disease, and resolve
within two weeks with therapy. Also, if the starter dose
is reduced for the first two weeks of the therapy, the rate
and severity of side effects can be corrected [34].

The third first generation CFTR modifier (tezacaf-
tor+ivacaftor) is used in children over six years of age,
who have heterozygous mutation F508del or homozy-
gotic mutation F508del/F508del; this combination has
demonstrated better results and safety in clinical set-
tings vs. lumacaftor+ivacaftor [35].

Galicaftor (ABBV-2222, previously known as
GLPG2222) is a new corrector developed by AbbVie.
The use of this product in a study resulted in signifi-
cantly reduced chloride levels in sweat. While the
product was well tolerated, it did not demonstrate any
clinically significant increase in forced vital capac-
ity values in cystic fibrosis patients. At the same time,
high doses of galicaftor, used as a monotherapy in
heterozygous patients with mutation F508del, as well
as galicaftor+ivacaftor, used in homozygotic patients
with mutation F508del, demonstrated a higher percent
of estimated forced expiratory volume over the first
second and reduced sweat chloride levels [36, 37].

Let’s discuss second generation CFTR modifiers. Iva
caftor+tezacaftor+elexacaftor is the first second gener-
ation modifier for the therapy of patients over six years
of age. This product, developed by Vertex Pharmaceuti-
cals and combining triple therapy, which can be used in
children with cystic fibrosis, has proven safety. A one-
year follow-up of children treated with this product
showed positive dynamics in functional capacities and
functional resistance [38].

Ivacaftor+tezacaftor+elexacaftor, combining a
CFTR corrector and CFTR potentiator, demonstrates
high efficacy among target therapy products for the
therapy of cystic fibrosis. This combination makes it
possible to boost CFTR functions on the cell surface,
resulting in higher CFTR activity, i.e. the genetic defect
is corrected, if the patient has a respective mutation in
their genome. Study results show weight and height
gain, better body mass index, and normal sweat test
results in cystic fibrosis patients (in 28.5% of subjects).
Also, there are reports on significantly improved pul-
monary functions: higher forced vital capacity and
forced expiratory volume over the first second [39].

It is known that the product is efficient not only
for its primary objectives, it has favourable effects on
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chronic rhinosinusitis progression in cystic fibrosis
patients: nasal polyps disappear, and paranasal sinus
pneumatisation significantly improves [40].

Vertex Pharmaceuticals is currently developing a
product with a novel triple combination as a next gen-
eration successor of ivacaftor+tezacaftor+elexacaftor.
The product contains tezacaftor, one of the three modi-
fiers, used in ivacaftor+tezacaftor+elexacaftor, together
with two novel modifiers — vanzacaftor (VX-121) and
deutivacaftor (VX-561). Deutivacaftor is an ivacaftor
analogue, where one of tert-butyl groups was substi-
tuted with a deuterated group. This modified version
of ivacaftor demonstrated comparable pharmacologi-
cal activity in pilot studies. Also, deutivacaftor is more
stable in the body, so it could be taken once daily. That
is why tezacaftor+vanzacaftor+deutivacaftor was ini-
tially developed to improve compliance of patients with
cystic fibrosis therapy, because, unlike ivacaftor+tezaca
ftor+elexacaftor, it would be taken once instead of twice
daily [36].

In 2025, Vertex reported results of three phase
3 clinical trials, where itezacaftor+vanzacaftor+deuti
vacaftor was studied vs. ivacaftor+tezacaftor+elexaca
ftor in cystic fibrosis patients with responsive muta-
tions: SKYLINE 102 and SKYLINE 103 studies, evalu-
ating over 1,000 adults and young people over 12 years
of age [41].

At the same time, a third study, RIDGELINE 105,
was conducted, where vanzacaftor+tezacaftor+deutiv
acaftor was tested in children between 6 and 11 years
of age. Results demonstrated that patients had stable
respiratory function both with ivacaftor+tezacaftor+
elexacaftor and the novel therapy; however, the novel
therapy turned out to be more efficient in reduction
of sweat chloride ion levels, indirectly proving higher
CFTR protein levels [42].

Conclusion

Cystic fibrosis is a genetic condition, where exo-
crine glands and body systems function incorrectly.
The main cause of the disease is CFTR gene mutation,
resulting in dysfunction of the protein responsible for
chloride ion and water transport. As a consequence,
secret viscosity increases, and its transport slows down.
The main therapy as of today is target therapy.

Anti-inflammatory therapy is essential for the man-
agement of cystic fibrosis. Acebilustat allowed delaying
and mitigating pulmonary exacerbations in patients,
despite no effect for the forced expiratory volume over
the first second. LAU-7b preserved pulmonary func-
tion in subjects in a randomised, double-blind study.
JBT-101 demonstrated inflammation reduction, and
patients reported improvement in their pain syndrome.
Unlike the mentioned products, alginate oligosaccha-
ride demonstrated efficiency due to reduced mucous
viscosity.

Gene therapy of cystic fibrosis is very promising.
Adenovirus and adenovirus-associated vectors are
being actively studied in order to reduce their immu-
nological potency and boost CFTR protein expres-
sion. Adenovirus-associated products ABO401 and
SP-101 have promising benefits of high specificity in
relation to epithelial cells, while 4D-710 significantly
increases CFTR protein production. The benefits of
lentivirus vectors are long-term gene expression, but
there is also a risk of oncogenic cell transformation.
Non-viral methods of transgene delivery using lipo-
somes demonstrated their efficacy and safety. Unlike
MRT5005, RCT2100 restored CFTR protein function
in pulmonary cells of patients. Currently, studies are
ongoing to evaluate promising delivery methods using
polymer nanoparticles, and possible solutions to the
objectives of the gene therapy are studied.

Genome editing methods make it possible to target
CFTR gene mutations. CRISPR/Cas9 is the most precise
technique; however, it requires modifications because
of the protein Cas9 size. ZFN and TALEN are less effi-
cient and more expensive methods. Base editing and
prime editing allow editing DNA without two-strand
breakages, but they have limitations due to the system
size and side effects. Genome editing cannot be used in
clinical settings, but is being actively studied.

Target therapy is the main therapy for cystic fibrosis;
its objective is partial restoration of CFTR protein func-
tion. At the moment, the most common therapy is the
use of CFTR modifiers. These are potentiators, correc-
tors, amplifiers, and stabilisers. Potentiators (ivacaftor)
facilitate ion channel opening and are usually used in
a combination with other classes of modulators. Cor-
rectors assist CFTR protein in reaching the apical cell
membrane and are used in combinations with other
products Two other groups of products (amplifiers and
stabilisers) are being studied.

Despite good tolerability of galicaftor, it did not
demonstrate any efficacy in improving the forced vital
capacity. Nevertheless, a combination of galicaftor and
ivacaftor in homozygotics carriers of mutation 508del
resulted in a higher percent of estimated forced expi-
ratory volume over the first second and reduced sweat
chloride levels.

Lumacaftor+ivacaftor, a combined CFTR modifier,
demonstrated efficacy and is the first CFTR modifier
registered in the Russian Federation. Associated side
effects are merely a complication of the underlying
disease and are corrected with the starter dose reduc-
tion. Tezacaftor+ivacaftor, another first generation
CFTR modifier, demonstrated even better results and
safety. Ivacaftor+tezacaftor+elexacaftor demonstrates
high efficacy among target therapy products in patients
with cystic fibrosis. The product boosts patients’ func-
tions and improves their quality of life. Ivacaftor+tezac
aftor+elexacaftor has favourable effects for the associ-
ated otorhinolaryngologic pathology. Modified tezacaf
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tor+vanzacaftor+deutivacaftor combination gives high
hopes. This product has been studied, and results show
reduced sweat chloride levels, indirectly pointing out to
higher CFTR protein levels. Also, the product is more
efficient as compared to ivacaftor+tezacaftor+elexacaft
or; it is associated with better compliance as it is taken
only once daily.

Bknap aBTOpoOB:

Bce aBTOpbI BHEC/IN CYLECTBEHHbIN BKAAZ, B MOATOTOBKY paboTbl, pO4/n
1 0406pUV GUHaNBLHYIO BEPCUIO CTaTbi Nepes ny6anKaumeit

CyukoBa MN.A.: cbop, aHanM3 ¥ MHTeprpeTaLns AaHHbIX O MPOTUBOBOC-
NasuTeNbHON U FeHHOW Tepanuu, 0630p AnTepaTypbl, NOAGOP U aHanu3
NITepaTypHbIX MCTOYHUKOB, NMOArOTOBKA U HanucaHne TeKCTa, peAaKTu-
poBaHue cTaTby

MNaHoBa C.A.: cbop, aHa/M3 U MHTeprpeTaLuus AaHHbIX O FEHHON 1 Tap-
reTHo Tepanuu, reHOMHOM pefaKTUpPOBaHWUK, 0630p INTepaTypsbl, aHa-
/I3 IMTepaTypPHbIX UCTOYHMKOB, MOATOTOBKA M HaMMUcaHWe TeKCTa, pe-
[aKTUpOBaHWe CTaTby

JluceHko O.fl.: aHanu3 1 MHTeprnpeTaums AaHHbIX 06 obLieM npeacTas-
NeHnn o npobaemMax MyKOBUCLMA03a, 0630p AUTepaTypbl, aHaNuU3 AuTe-
PaTYPHbIX UCTOYHUKOB, MOArOTOBKA M HaNMWcaHWe TeKCTa, peJakTUpoBa-
HUWe cTaTbu

PaeBckuit K.IM.: aHanun3 1 MHTepnpeTauus AaHHbIX 06 0bleM npescTas-
NeHnn o npobaemMax MyKOBUCLMA03a, 0630p AUTepaTypbl, aHaiU3 AuTe-
PaTYpPHbIX UCTOYHWUKOB, MOATOTOBKA M HaNMUCaHWe TEKCTa, pejakTUpoBa-

HUe CTaTbKn
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Features of the State of the Collagenolysis System
and risk factors of Its Changes in Patients
with Long-Term Post-COVID Syndrome

PeslomMe
Ll,enb: OUEHUTb COCTOAHUE CUCTEMBI KOJ1/1areHo/in3a y nauneHToB I'IPVI ANNTEe/IbHOM NOCTKOBNAHOM cvmp,pome, OI'Ipeﬂ,EIWITb OCOGGHHOCTVI n q)aKTO-

pbl p1CKa ee U3MeHeHUI. MaTepuasibl U MeTOAbI UCCeA0BaHUA. B ncciepoBaHme 6bi10 BKAOYeHO 178 nauueHToB (MyxunH — 59, weHiwymH — 119;
Bo3pacT 57,15+12,4 neT) noc/e nepeHeceHHOM HOBOM KOpOHaBUpycHoM uHdekummn (HKBN) 12 n 6onee Hegenb Hasag. B 3aBUCUMOCTM OT Hannuus
VN OTCYTCTBUA CUMMTOMOB A/IMTE/IbHOTO NMOCTKOBUAHOIO CMHAPOMa NauueHThbl, nepeHeciive HKBN 12 n 6onee Hegenb Hasaj, 6binm pasgeneHsl
Ha 2 rpynnbl: NepByto rpynny coctaBuau 88 nauueHToB ¢ cuMnToMamu «Long-covid»; BTopyto rpynny — 90 o6cneayeMbix 6e3 Kakux-116o cumnTo-
MoB «Long-covid». PesynbTaTbl. CpesHuii nepuog nocae nepeHecenHolt HKBU coctasun 8,5[3,6;12,4] Mecaues. Y BCex NauMeHTOB, NepeHecmnx
HKBW, TKaHeBbI UHTMEUTOP MAaTPUKCHbIX MeTasnonpoTenHas 1 1una (TIMP1) 6bin Bbilwe pedepeHcHOro 3Havenus (135 nr/ma). Y naymeHToB nep-
Bo¥i rpynnbl TIMPT 6bin1 HYXKe, Yem Bo BTOpoi rpynne: 315,5 [145,0;410,0] nr/mn npotue 513,5 [415,0; 865,0] nr/ma (p <0,001). ChegoBatensHo,
npv ANNTE/IbHOM NOCTKOBUAHOM CUHAPOME pPa3BMBAETCA KONNAreHOIMTUYECKNIA NaTTepH Ha GOoHe yBeNNYeHUA prUcKka $opMUpoBaHUA Prbpo3a.
3akmoyeHue. Y naumeHTos, nepeHeciunx HKBU, ¢ AnnTenbHbIM NOCTKOBUAHBIM CUHAPOMOM COCTOAHME CUCTEMbI KO/IIareHo/IM3a xapakTepusyer-
CA pa3BUTUEM KON/areHOIMTMYECKOro naTTepHa Ha ¢poHe npeob/iazarolimx NpoLLeCCOB KONNAreHo06pa3oBaHNA B CPaBHEHUM C 6@CCUMNTOMHBIMY
nauveHTamm, nepeHeciunmmn HKBM 12 Heaenb Hazaa 1 6onee, KOTOPLIN MOXeET BbITh PACCMOTPEH Kak NaToreHeTUYeCKUin MexaHn3M GopMMpoBaHUs
«Long Covid».
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Abstract

Objective: to assess the state of the collagenolysis system in patients with long-term post-COVID syndrome, to determine the features and risk
factors of its changes. Materials and methods. The study included 178 patients who had had a new coronavirus infection (NCVI) 12 weeks or more
ago, depending on the presence or absence of symptoms of long-term post-COVID syndrome, patients who had NCVI 12 or more weeks ago were
divided into 2 groups: the first group consisted of 88 patients with Long-covid symptoms; the second group consisted of 90 subjects without any
symptoms of Long-covid. Results. The median period after NCVI was 8.5 [3.6; 12.4] months. In all patients who underwent NCVI, tissue inhibitor
of matrix metalloproteinase type 1 (TIMP1) was higher than the reference value (135 pg/ml). In the patients of the first group, TIMP1 was lower
than in the second group: 315.5 [145.0; 620.0] pg/mL vs. 513.5 [220.0; 865.0] pg/mL (p<0.001). Therefore, in long-term post-COVID syndrome,
a collagenolytic pattern develops against the background of an increased risk of fibrosis. Conclusion. In patients who have undergone NCVI with
a long-term post-COVID syndrome, the state of the collagenolysis system is characterized by the development of a collagenolytic pattern against
the background of the prevailing processes of collagen formation in comparison with asymptomatic patients who had NCVI 12 weeks ago or more,
which can be considered as a pathogenetic mechanism for the formation of “Long Covid".

Key words: collagenolysis system, long-term post-COVID syndrome
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TIMP1 — tissue inhibitor of matrix metalloprotease, type 1, ILAV — indexed left atrium volume, LVMMI — left ventricle myocardium mass index,
LVMM — left ventricle myocardium mass, NCVI — novel coronavirus infection, MMP — matrix metalloproteinase, PCR test — polymerase chain reaction,
GFR — glomerular filtration rate, CKD — chronic kidney disease, LV EF — left ventricle ejection fraction, LV — left ventricle, echoCG — echocardiography,
AUC — Area Under Curve, ROC — Receiver Operating Characteristic, cSPAP — calculated value of systolic pulmonary arterial pressure, WC — waist
circumference, OR — odds ratio, RR — relative risk, PW Vcf — carotid-femoral pulse wave velocity, CAVI — cardio-ankle vascular index, TNF-a — tumour
necrosis factor alpha
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Introduction basis of the ratio between matrix metalloproteinases

The long-lasting post-COVID syndrome is a real
challenge to the healthcare system [1]. According to
various estimates, two (2) to 86% of patients suffer
from the long-lasting post-COVID syndrome [2, 3].
There are more and more evidences of new risk fac-
tors and pathogenic mechanisms of the so-called long
COVID.

The main pathophysiological hypotheses to explain
persistent post-COVID-19 symptoms are direct viral
toxicity, endothelial damage, dysregulated immune
response, hyperinflammation, hypercoagulation and
poor adaptation of angiotensin converting enzyme [4].

One of the most speculative areas pertaining to the
pathological pathways of development of long-lasting
post-COVID syndrome, is the state of the collagen dis-
organisation system and its changes, determined on the

(MMPs) and their inhibitors. There are two contrary
hypotheses: some researchers present evidences of
profibrotic process progression, while others mention
collagen disorganisation activation and an increase in
MMPs [5, 6].

In this study, we attempted to demonstrate the col-
lagen disorganisation status of post-NCVI patients,
who have long-lasting post-COVID syndrome, and
asymptomatic patients, using the concentration of an
integrated index, i.e., tissue inhibitor of matrix metal-
loprotease, type 1.

Objective of the study is to evaluate the collagen
disorganisation status of patients with post-COVID
syndrome; to identify the features and risk factors of
its changes.
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Materials and Methods

Before commencement, the study was approved by
the Ethics Committee, and all informed consent forms
were signed by all patients.

An observational, cross-sectional clinical study was
conducted for a period from 2021 to 2024 in outpa-
tient settings. Out of 802 patients, who needed medi-
cal attention, 178 patients were enrolled in the study
(59 males, 119 females; age: 57.15 + 12.40 years old);
they had NCVT at least 12 weeks before enrolment, met
the inclusion criteria and did not have any of the non-
inclusion criteria.

Inclusion criteria: outpatient patients aged 18+ years
old, who had NCVI confirmed with polymerase chain
reaction test (PCR test) and smear test for SARS-CoV-2.

Non-inclusion criteria were any acute infections;
pneumonia; exacerbation of chronic bronchopul-
monary diseases; myocardial infarction or unstable
angina, pulmonary embolism, acute decompensated
cardiac insufficiency within three months before the
enrolment; congenital and acquired cardiac defects;
severe renal conditions; chronic kidney disease (CKD),
stage 4-5; haematologic and rheumatologic diseases;
history of malignancies and active tumours; acute
inflammation; cognitive disorders and mental condi-
tions; refusal to sign the informed consent form.

Depending on the presence or absence of the symp-
toms of long-lasting post-COVID syndrome, patients,
who had NCVT at least 12 weeks ago, were divided
into two groups: the first group were 88 patients with
the long COVID symptoms (30 males, 58 females;
age: 56.39 + 12.8 years old); the second group com-
prised 90 subjects without any long COVID symptoms
(29 males, 61 females; age: 55.69 + 10.97 years old).

The long-lasting post-COVID syndrome (long
COVID) was verified in accordance with the recom-
mendations of the World Health Organisation [7].

In addition to the routine clinical, laboratory and
instrumental examinations, all patients underwent iron
exchange assessment.

All patients underwent echocardiography (echoCG)
using Vivid S5 device (General Electric, USA), and
the following parameters were measured: Simpson’s
left ventricle ejection fraction (LV EF); the ratio of
E mean (the highest velocity of early LV filling) to ¢
mean (early diastolic velocity of fibrous ring) based
on tissue Doppler sonography; LV myocardial mass
index (LVMMI) for individuals with the normal body
weight (LVMM/body surface area) and obese indi-
viduals (LVMM/height*?); indexed left atrium volume
(ILAV); calculated value of systolic pulmonary arterial

pressure (cSPAP); tricuspid annular plane systolic
excursion (TAPSE); right atrium arterial interference
(RAAI) as TAPSE to cSPAP ratio.

All patients underwent 3D sphygmoplethysmog-
raphy using VaSeraVS-1000 device (Fucuda Denshi,
Japan), and the following parameters were measured:
mean cardio-ankle vascular index (CAVI1); pulse
wave velocity (PWV) in the carotid-femoral segment
(PWVcf) (right and left); PWYV in the shoulder-ankle
segment (right and left) (R-PWV and L-PWV); B-PWV
in the brachial artery (B-PWV); PWV in the aorta
(PWVa); C-PWV in the carotid (C-PWV); augmenta-
tion index (R-AI).

In order to evaluate the calculated renal filtration
function, blood creatinine and cystatin C levels were
measured; glomerular filtration rate (CKD-EPIcre and
CKD-EPIcys using an online calculator) and morning
urine albumin/protein to creatinine ratio were calcu-
lated [8]. Serum cystatin C concentration was deter-
mined by ELISA using Expert Plus Microplate reader
(Biochrom Ltd., UK) and Vector-Best reagent Kkit
(Novosibirsk, Russia).

The inflammatory process was evaluated by mea-
suring tumour necrosis factor alpha (TNF-a) and
interleukin-1p by ELISA using Vector-Best reagent
kit (Novosibirsk, Russia) and Lazurite reader (Dynex
Technologies Inc., USA).

The collagen disorganisation status was assessed by
measuring the concentration of the integrated index,
i.e., tissue inhibitor of matrix metalloprotease, type 1
(TIMP1), by ELISA using SEA 552Hu kit from Cloud-
Clone Corp. (USA/China) and Stat Fax 2100 photom-
eter (Awareness Technology, USA).

STATISTICA 10.0 (v.10.0.1011) was used for sta-
tistical processing of results. For the quantitative
attributes, the arithmetic mean value (M) + standard
deviation (SD) or the median value with the lower and
upper quartile (Me [LQ; UQ]) were calculated, depend-
ing on their degree of normality of distribution. The
type of distribution was analysed using Shapiro-Wilk
and Kolmogorov-Smirnov tests. For the qualitative
attributes, the absolute frequency and percentage (%)
were calculated. For the comparison of data in both
groups depending on their distribution, both paramet-
ric and non-parametric statistical methods were used:
for quantitative attributes — Student t-test or Mann-
Whitney test; for qualitative attributes — x? test. The
significance level of the zero statistic hypothesis was p
< 0.05. In order to analyse the relationship between the
quantitative attributes outside the normal distribution,
Spearman’s rank correlation was used; for qualitative
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Table 1. Characteristics of patients included in the study (n=178)

| Indicator Significance
Sex (total included in the study, n — 178), men 56/31,5
n (%) female 122/68,5
Age (total included in the study, n — 178), men 55 [45,75:62,25]
ages, MS+D female 60 [48,0;66,75]
Sex (with the symptoms of «Long-covid», men 30/34,1
n —88),n (%) female 58/65,9
Age (with the symptoms of «Long-covid», men 57 [46,25;65,5]
n — 88), ages, Me[LQ; UQ] female 60 [47,25;67,75]
Sex (without the symptoms of «Long-covid», men 26/32,2
n —90), n (%) female 64/67,8
Age (without the symptoms of «Long-covid», men 54 [45,5:61,0]
n — 90), ages, Me[LQ; UQ] female 59 [48,0566,0]
GD + BA, abs./% 24/13,5
Comorbid pathologies: GD + BA + type 2 DM, abs./% 9/5,1
GD + BA + COPD, abs./% 8/4,5
I degree, abs./% 54/30,3
Obesity: II degree, abs./% 26/14,6
III degree, abs./% 10/5,6
quantity, abs./% 40/22,5
Smoking:
seniority, ages, Me[LQ; UQ] 12 [7;22,5]
Have been immunized against COVID-19, 22/12.4
abs./%
Therapies received by patients
Beta-adrenoblockers, abs./% 61/34,3
Thiazides / thiazide-like/loop diuretics, abs./% 28/15,7
iACE, abs./% 26/14,6
ARBs, abs./% 52/29,2

Note. GD — hypertensive disease, BA — bronchial asthma, type 2 DM — type 2 diabetes mellitus, COPD — chronic obstructive pulmonary disease, iACE — angiotensin-converting

enzyme inhibitors, ARBs — angiotensin receptor blockers

attributes, the mutual contingency coefficient devel-
oped by A. A. Chuprov was used [9]. The significance
level of the zero statistic hypotheses in the evalua-
tion of relationships was p < 0.05. In order to select a
TIMP-1 value as a parameter representing the collagen
disorganisation status, to identify the risk factors of its
changes in patients with long post-COVID syndrome,
the cutoff point was identified using the ROC curve for
all values, with the calculation of the area under curve
(AUC) of > 0.5 at p < 0.05 and operational character-
istics of sensitivity and specificity. To determine odds
ratios (OR), relative risk (RR) and 95% CI for OR and
RR, 2x2 contingency tables were made; x* value was
calculated with determination of the achieved signifi-
cance level with Yates’ correction for continuity.

Results and Discussion

The mean period after the past NCVI was 8.5
[3.6;12.4] months. Evaluation of the integrated index
TIMP1 demonstrated compromised collagen disorgan-
isation status in all post-NCVI patients, manifesting
mostly as its transformation towards collagen produc-
tion with respective TIMP1 levels above the reference
threshold (135 pg/mL). However,in group 1 patients with
long-lasting post-COVID syndrome, TIMP1 exceeded
the reference values, still it was lower than in group 2,
i.e., asymptomatic patients: 315.5 [145.0;410.0] pg/mL
vs. 513.5 [415.0; 865.0] pg/mL (p < 0.001). The data
show that patients with long-lasting COVID-syndrome
develop a collagenolytic pattern caused by an increased
risk of fibrosis.
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In order to further analyse fibrotic processes in
patients with long post-COVID syndrome, a decision
was made to find a cut-off point for all TIMP1 values
by plotting a ROC curve and to perform classification
depending on the presence of long-lasting post-COVID
syndrome (Fig. 1).

For TIMP1 values in all post-NCVI patients, the
obtained cut-off point was between < 410 pg/mL and
> 135 pg/mL, with sensitivity of 78.3% and specific-
ity of 73.7% (AUC=0.786, p=0.001). In group 1, 57
(64.8%) patients had TIPM1 value between < 410 pg/
mL and > 135 pg/mL, in group 2 — 18 (20.0%) patients
(p < 0.001). Thus, if TIPM1 is between < 410 pg/mL
and > 135 pg/mL, OR of long-lasting post-COVID
syndrome increases 7.4 times (OR=7.355, 95%
CI=3.555;15.382), RR — 3.2 times (RR=3.234, 95%
CI=2.093;5.154).

In order to identify the risk factors of collageno-
lytic pattern development due to prevailing fibrotic
processes in patients with long-lasting post-COVID
syndrome, group 1 patients were divided into two
subgroups: subgroup 1 included 57 patients with
135 < TIMP1 < 410 pg/mL, subgroup 2 comprised
31 patients with TIMP1 > 410 pg/mL.

The clinical and anamnestic characteristic of patient
subgroups with long-lasting post-COVID syndrome is
presented in Table 2.

The correlation analysis did not reveal any correla-
tion between waist circumference (WC) and body mass
index (BMI) with TIMP1 concentrations.

The course of NCVI and long-lasting post-COVID
syndrome in subgroups of patients is presented in
Table 3.

The correlation analysis demonstrated medium
inverse correlation for long COVID in any variants:
weakness (r=-0.315, p=0.031), feeling generally unwell
(r=-0.315, p=0.022), fatigue, impaired attention con-
centration and memory (r=-0.315, p=0.045), short-
ness of breath (r=-0.344, p=0.021), lower quality of
life (r=-0.364, p=0.001), with TIMP1 concentrations
(r=-0.298, p=0.005); and strong direct correlation
between NCVI vaccination and TIMP1 concentration
(r=0.538, p=0.038).

OR and RR values for long COVID were calculated
for the following variants: presence of weakness, feel-
ing generally unwell, fatigue, shortness of breath, lower
quality of life with the development of the collageno-
lytic pattern due to prevailing fibrotic processes. It is
reported that OR was 5.3 (OR=5.334, 95% CI=1.726;
17.216, p=0.035), RR — 2.9 (RR=2.901, (95% CI=1.379;
7.168 p=0.015). OR for long COVID in the vari-
ant of impaired attention concentration and memory
is 6.3 (OR=6.314, 95% CI=1.562; 29.600, p=0.023),
RR — 4.2 (RR=4.170, 95% CI=1.378; 16.960 p=0.025).

TIMP

100

80

60

Sensitivity: 78,3
Specificity: 73,7
Criterion : <=410

40

Sensitivity

BAESE (T & e Rk Basr g8 o8
\ I

20fd -

’
’

LI

0 'IAA.L‘..n.Allll.LA.Ln

0O 20 40 60 80

100

100-Specificity

Figure 1. ROC curve for 135< tissue inhibitor of matrix metalloproteinase type 1(TIMP1) <410 pg/mL in new coronavirus
infection patients as an integral index reflecting the state of the collagenolysis system
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Table 2. General clinical characteristics by subgroups of patients with long-term post-COVID syndrome (n=88)

First subgroup Second subgroup
Indicator (135<TIMP1 < 410 ur/mi, (TIMP1> 410 nr/m, P
n=>57) n=31)
Sex, abs, m/w, abs. /% 17 (29,8)/ 40 (70,2) 13 (41,9)/ 18 (58,1) 0,566/ 0,729
Age, years Me[LQ; UQ] 57,11+12,92 55,10+12,56 0,485
Smoking, abs. /% 9/15,8 8/25,8 0,516
Body circumference, sm Me[LQ; UQ] 88 [70,0;105,0] 67 [67,0;95,0] 0,034
BMI > 30 kg/m?, a6c. /% 6/10,5 11/35,5 0,045
BMI, kg/m? 27,2+6,10 29,02+5,21 0,123
AH, abs. /% 26/45,6 8/25,8 0,305
Angina pectoris, abs. /% 8/14,0 1/3,2 0,219
ACS history, abs. /% 5/8,8 0/0,0 0,497
PCI/CB history, abs. /% 3/5,3 0/0,0 0,494
Stable CHF, abs. /% 7/12,3 1/3,2 0,307
FP, abs. /% 5/8,8 1/3,2 0,587
VRD, abs. /% 11/19,3 6/19,4 0,997
Stroke/TIA, abs. /% 2/3,5 0/0,0 0,729
type 2 DM, abs. /% 6/10,5 0/0,0 0,184
BA, abs. /% 9/15,8 0/0,0 0,075
COPD, abs. /% 2/3,5 0/0,0 0,776
iACE/ARA/ARNTI, abs. /% 22/38,6 12/38,7 0,838
Aldosterone antagonists, abs. /% 3/5,3 0/0,0 0,494
Beta-adrenoblockers, abs. /% 17/29,8 5/16,1 0,388
Thiazides / thiazide-like/loop diuretics, abs. /% 8/14,0 2/6,5 0,540
AC, abs. /% 11/19,3 7/22,6 0,931
Statins, abs. /% 11/19,3 5/16,1 0,938
Antiagregants/anticoagulants, abs. /% 12/21,1 3/9,7 0,291
Sugar-reducing medications, abs. /% 6/10,5 0/0,0 0,154
Inhalation HCs, abs. /% 6/10,5 0/0,0 0,154

Abbreviations: TIMP — Tissue Inhibitor of Matrix Metalloproteinases, BMI — body mass index, AH — arterial hypertension, ACS — acute coronary syndrome, PCI — percutaneous
coronary intervention, CB — coronary bypass, CHF — chronic heart failure, FP — atrial fibrillation, VRD — ventricular rhythm disturbances, TIA — transient ischemic attack,

DM — diabetes, BA — bronchial asthma, COPD — chronic obstructive pulmonary disease, iACE — angiotensin-converting enzyme inhibitors, ARA — angiotensin receptor
antagonists, ARNT — angiotensin IT receptor antagonists and neprilysin inhibitors, AC — calcium antagonists, HCs — glucocorticoids

Table 3. Variants of the course of Covid-19 and long-term post-COVID syndrome by subgroups of patients (n = 88)

First subgroup Second subgroup
Indicator (135<TIMP1 < 410 ur/mi, (TIMP1> 410 nx/m, P
n=>57) n=31)
Covid-19 without hospitalization, abs. /% 33/57,9 12/38,7 0,422
Covid-19 + pneumonia, abs. /% 32/56,1 5/16,1 0,776
Covid-19 + pneumonia + hospitalization, abs. /% 24/42,1 19/61,3 0,424
Covid-19 + pneumonia+PIT, abs. /% 6/10,5 0/0,0 0,184
Covid-19 + other hospital complications, abs. /% 1/1,7 0/0,0 0,749
Vaccination from Covid-19, abs. /% 6/10,5 19/61,3 <0,001
«Long Covid» (weakness), abs. /% 32/56,1 6/19,4 0,047
«Long Covid» (general malaise), abs. /% 32/56,1 6/19,4 0,047
«Long Covid» (fatigue), abs. /% 32/56,1 6/19,4 0,047
«Long Covid» (impaired concentration and memory), abs. /% 23/40,4 3/9,7 0,038
«Long Covid» (dyspnea), abs. /% abs 32/56,1 6/19,4 0,003
«Long Covid» (reduced quality of life), ab¢c. /% 32/56,1 6/19,4 0,047
Pulmonary fibrosis by CT, % Me[LQ; UQ] 41,0 [10,0;64,0] 19,0 [10,0,0;30,0] 0,076

Abbreviations: TIMP — TxaneBbIit HHTH61TOP MaTpuKcHbIX MeTamnonporenHas (Tissue Inhibitor of Matrix Metalloproteinases), Covid-19 — new coronavirus infection,
PIT — intensive care room, CT- computed tomography
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NCVT vaccination reduces OR of development of the
collagenolytic pattern due to prevailing fibrotic pro-
cesses in post-NCVI patients, thus, of long-lasting
post-COVID syndrome, by 92.5% (OR=0.075, 95%
CI=0.021; 0.254 p=0.013), RR — by 82.8% (RR=0.172,
95% CI=0.070; 0.391, p=0.005).

An analysis of laboratory parameters demonstrated
that subgroup 1 patients have lower platelet concen-
trations (p=0.040) within the normal range, a higher
lymphocyte count (p=0.029) and higher D-dimer levels
(p=0.048). There were no statistically significant corre-
lations with TIMP1 levels for all parameters (complete
blood count: WBC; ESR; blood biochemistry: CRP,
fasting plasma glucose, HbAlc, total cholesterol, LDL,
HDL, TG, uric acid, potassium, sodium, urea, NT-
proBNP) between subgroups.

In echoCG, statistically significant differences
between subgroups were obtained only for TAPSE;
however, there was no correlation between this param-
eter and TIMPI levels.

The renal filtration function in subgroups was
evaluated. Cystatin C levels were significantly higher
in subgroup 1 vs. subgroup 2 (0.84 [0.71;0.99] vs. 0.72
[0.58;0.89], p=0.025). There were no differences in eGFR
based on CKD-EPI creatinine (group 1 77.0 [66.3;85.9],
group 2 85.0 [72.3;92.8], p=0.533), and eGFR based

on CKD-EPI (cystatin C) (group 1 71.0[56.5;88.75],
group 2 78.0[67.0;88.0], p=0.329).

The correlation analysis made it possible to identify
medium direct correlation between TIMP1 levels and
cystatin C concentrations in blood (r=0.297, p=0.025).
ROC curve plotting for all cystatin C concentrations
allowed obtaining a cut-off point of > 0.736 mg/L,
which makes it possible to treat this parameter as a
risk factor of collagenolytic pattern due to prevailing
fibrotic processes in patients with long post-COVID
syndrome, with sensitivity of 52.6% and specificity of
71.0% (AUC=0.633, p=0.034) (Fig. 2).

Cystatin C values of >0.74 mg/L increase OR of col-
lagenolytic pattern due to prevailing fibrotic processes
in patients with long-lasting post-COVID syndrome by
3.2 times (OR=3.245, 95% CI=2.317; 7.343, p=0.019),
RR — by 2.0 times (RR=2.045, 95% CI=1.501; 13.412,
p=0.03).

An analysis of 3D sphygmoplethysmography results
demonstrated higher PWVcf (p=0.044) and CAVI1
index (p=0.037) in subgroup 1 (13.40[10.35;15.7])
vs. subgroup 2 (12.3[10.23;13.7]).

A correlation analysis demonstrated medium
reverse correlation between TIMPI levels and PWVcf
(r=-0.355, p=0.027). ROC curve plotting for all PWVcf
values allowed obtaining a cut-off point of > 11.6 m/s,
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Figure 2. ROC curve for cystatin C>0.736 mg/l in patients with long-term post-COVID syndrome as a risk factor of the
development of a collagenolytic pattern against the background of predominant fibrosis processes
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which makes it possible to treat this parameter as
a risk factor of collagenolytic pattern due to prevailing
fibrotic processes in patients with long post-COVID
syndrome, with sensitivity of 46.9% and specificity of
85.2% (AUC=0.640, p=0.027) (Fig. 3).

Also, there is medium reverse correlation between
CAVIl and TIMP1 levels (r=-0.360, p=0.03). ROC
curve plotting for all CAVI1 values allowed obtain-
ing a cut-off point of > 7.1, which makes it possible to
treat this parameter as a risk factor of collagenolytic
pattern due to prevailing fibrotic processes in patients
with long post-COVID syndrome, with sensitivity of
34.7% and specificity of 92.6% (AUC=0.667, p=0.009)
(Fig. 3).

PWVcf value of > 11.6 m/s increases OR of colla-
genolytic pattern due to prevailing fibrotic processes in
patients with long-lasting post-COVID syndrome by
3.5 times (OR=3.543, 95% CI=2.589; 11.203, p=0.04),
RR — by 2.4 times (RR=2.411, 95% CI=1.827; 9.673,
p=0.001). CAVI value of >7.1 increases OR of colla-
genolytic pattern due to prevailing fibrotic processes
in patients with long-lasting post-COVID syndrome
by 3.0 times (OR=3.002, 95% CI=2.267; 8.406, p=0.02),
RR — by 2.1 times (RR=2.146, 95% CI=1.622; 10.157,
p=0.04).

Ferrokinetics, apoptosis and inflammation bio-
markers were analysed in patients with long-lasting
post-COVID syndrome (see Table 4).
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Figure 3. ROC curves for pulse wave velosity (PWVcf) >11.6 m/s and cardio-ankle vascular index (CAVII) >7.1 in patients
with long-term post-COVID syndrome as risk factors of the development of a collagenolytic pattern against the background

of predominant fibrosis processes

Table 4. Ferrokinetics and biomarker indicators for groups of patients with long-term post-COVID syndrome (n=88)

Indicator First subgroup Second subgroup (TIMP1> p
Me[LQ; UQ] (135<TIMP1 < 410 ur/mi, n = 57) 410 r/mn, n = 31)
Serum iron, pmol/L 19,0[13,8;20,1] 19,0[13,42;24,47] 0,884
OJSS, umol/L 58,0[47,47;71,97] 52,0[44,72;58,57] 0,033
Ferritin, ng/mL 416,0[66,0;675,0] 240,0[75,0;347,0] 0,005
CNTJ, % 30,8[19,2;56,1] 36,8[21,4;59,6] <0,001
Transferrin, mg/mL 3,04[2,06;4,26] 3,08[1,99;3,30] 0,726
Alpha-FNO, pg/mL 4,9 [0,0056,35] 0,16 [0,00;1,00] 0,002
Interleukin-6, pg/mL 2,04[1,18;3,83] 2,00[0,76;4,06] 0,826

Abbreviations: TIMP1 — Tissue Inhibitor of Matrix Metalloproteinases 1, OJSS — total iron-binding capacity of serum, CNT] — iron saturation factor of transferrin,

Alpha-FNO — tumor necrosis factor alpha
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Figure 4. ROC curves for ferritin >77.76 ng/ml and tumor necrosis factor alpha (alpha -FNO) >0.374 pg/ml in patients
with prolonged post-COVID syndrome as risk factors of collagenolytic pattern development against the background of

predominant fibrosis processes

A correlation analysis demonstrated medium
reverse correlation between TIMPI level and ferritin
concentration (r=-0.280, p=0.01). ROC curve plot-
ting for all ferritin values allowed obtaining a cut-off
point of > 77.76 ng/mL, which makes it possible to
treat this parameter as a risk factor of collagenolytic
pattern due to prevailing fibrotic processes in patients
with long post-COVID syndrome, with sensitivity of
33.3% and specificity of 99.0% (AUC=0.707, p=0.002)
(Fig. 4).

Also, there is medium reverse correlation between
TNF-a and TIMP1 levels (r=-0.325, p=0.008). ROC
curve plotting for all TNF-a values allowed obtaining a
cut-off point of > 0.374 ng/mL, which makes it possible
to treat this parameter as a risk factor of collagenolytic
pattern due to prevailing fibrotic processes in patients
with long post-COVID syndrome, with sensitivity of
93.0% and specificity of 38.7% (AUC=0.652, p=0.005)
(Fig. 4).

Ferritin value of > 77.76 ng/mL increases OR of col-
lagenolytic pattern due to prevailing fibrotic processes
in patients with long-lasting post-COVID syndrome by
1.9 times (OR=1.904, 95% CI=1.438; 8.659, p=0.015),
RR — by 1.5 times (RR=1.504, 95% CI=1.256; 7.238,
p=0.023). TNF-a value of > 0.374 pg/mL increases OR
of collagenolytic pattern due to prevailing fibrotic pro-
cesses in patients with long-lasting post-COVID syn-
drome by 3.5 times (OR=3.518, 95% CI=1.922; 5.361,

p=0.038), RR — by 2.3 times (RR=2.344, 95% CI=1.482;
11.006, p=0.02).

Our data on the development of the collagenolytic
pattern due to prevailing fibrotic processes in patients
with long-lasting post-COVID syndrome correlate
with results of a study conducted by Zingaropoli M.A.,
et al. (2023), reporting that, three months after dis-
charge, patients with COVID19-pneumonia experi-
ence reduction in plasma TIMP-1 levels (p < 0.0001),
while plasma MMP-9 concentration rises (p=0.0088)
[6]. Moreover, the authors found positive correlation
between plasma TIMP-1 levels and chest CT results
(p=0.2302, p=0.0160), emphasising its potential use
as a fibrotic load biomarker. The authors conclude
that increased MMP-9 levels and decreased plasma
TIMP-1 concentration show ongoing inflammation and
fibrosis three months after NCVI.

An evidence of ongoing inflammation in this study
in patients with long COVID and specific collagen dis-
organisation status was determination of TNF-a values.
After reporting long COVID in 67.8% of 333 patients
eight months after NCVI, Schultheifl C. et al. (2022)
identified a number of inflammatory markers and con-
cluded that long COVID is associated not with autoanti-
bodies, but with increased plasma IL-1, IL-6 and TNF-a
values [10]. The authors assume induction by COVID-
19 of these cytokines in pro-inflammatory macrophages
of lungs, which creates self-sustained reverse correlation.
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Another study reported data, which do not correlate
with our results on the presence of a collagenolytic pat-
tern due to prevailing fibrotic processes in patients with
long-lasting post-COVID syndrome [11]. Significantly
lower MMP-10 and TIMP-1 values were found in both
groups of patients with knee osteoarthritis nine months
after COVID-19 vs. healthy subjects. It is assumed that
reduced, and not increased MMP values are associ-
ated with pathogenetic immunosuppressive therapy of
arthritis.

In our study, cystatin C is a risk factor of collagen
disorganisation system transformation, which demon-
strates persistent inflammation in long-lasting post-
COVID syndrome. These data correlate with results of
the study by Medori M.C. et al. (2023), where patients
with long COVID had their serum profiled using mass
spectrometry [12]. A multivatiate ROC analysis identi-
fied a biomarker panel of 11 proteins, including cystatin
C. The authors conclude that the identified biomarkers
are associated with inflammatory processes, confirm-
ing literature evidences that patients with long COVID
develop an inflammation, which damages many tissues,
including glomerules, on subclinical level. It is advis-
able to make clarifications, given that the use of cys-
tatin C as a biomarker to calculate GFR is limited by
chronic inflammation (according to Russian guidelines
and KDIGO 2024 recommendations).

In this study, risk factors of collagenolytic pattern
development due to prevailing fibrotic processes, asso-
ciated with ongoing inflammatory processes, in patients
with long-lasting post-COVID syndrome were arterial
stiffness parameters: PVWcf and CAVIL. It is a well
known fact that vascular physiology remains impaired
for at least 12 months after onset of SARS-CoV-2, even
in healthy adults [13, 14]. One recent observational
study confirmed evidences of positive linear correla-
tion between C-reactive protein levels and increased
arterial stiffness [15].

The results show that long COVID-19 is associ-
ated with a number of persistent haematological
changes, including altered RBC, anaemia, lympho-
penia and increased levels of inflammation markers,
such as ferritin, D-dimer and IL-6 [16, 17]. These
changes can help understand the pathophysiology
of long COVID-19 and associated symptoms better
[18]. In this study, increased ferritin levels recorded
in patients with long COVID-19 are associated with
reduced TIMP1 within higher concentration range,
representing more severe inflammation processes,
and can have a role in persistence and progression of
long COVID-19.

Thus, it has been established that risk factors of
collagenolytic pattern development due to prevailing
fibrotic processes in patients with long-lasting post-
COVID syndrome were higher concentrations of cys-
tatin C, PWVcf, CAVT, ferritin and TNF-a.

Conclusions

In post-NCVI patients with long-lasting post-
COVID syndrome, collagen disorganisation status is
characterised by the development of collagenolytic
pattern due to prevailing fibrotic processes vs. asymp-
tomatic patients, who had NCVT at least 12 weeks ago,
which can be seen as a pathogenetic mechanism of
long COVID development. In the presence of such a
transformation in the collagen disorganisation system
in post-NCVI patients, OR of long-lasting post-
COVID syndrome increases 7.4-fold, RR — 3.2-fold
in any variants of the course of the disease. Risk fac-
tors of the development of collagenolytic pattern due
to prevailing fibrotic processes in patients with long-
lasting post-COVID syndrome were an increase on
cyststin C levels to > 0.736 mg/L, PWVcf to > 11.6 m/
sc, CAVIto > 7.1, ferritin to > 77.76 ng/mL and TNF-a
to > 0.374.
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U3MEHEHUE COCTABA HEHACBIIIEHHBIX
JKUPHBIX KUCAOT ITAA3MBI KPOBI Y MYJKUYIH,
IMPOKUBAIOIIMX B CEABCKUX PAMOHAX
HOBOCUBUPCKOV OBAACTH, B 3ABUCUMOCTU
OT YIIOTPEBAEHU ST AAKOTOASI

V.S. Shramko, E.M. Stakhneva, E.V. Kashtanova,
L.V. Shcherbakova, Ya.V. Polonskaya, Yu.l. Ragino

Research Institute of Internal and Preventive Medicine — Branch of the Institute
of Cytology and Genetics, Siberian Branch of Russian Academy of Sciences, Novosibirsk, Russia

Changes In the Composition of Unsaturated
Fatty Acids in The Blood Plasma In Men
Living in Rural Areas of the Novosibirsk
Region, Depending on Alcohol Consumption

Pestome

Lienb nccnefoBaHnA — U3YYnTb Pasanyms B COAEPKAHUM HEHAChIWEHHBIX XUPHbIX KucnoT (HHXK) B naasme KpoBU y MYXUMH, MPOXUBatOWMX
B Ce/IbCKUX paitoHax HoBocnbupckolt 061acTu, B 3aBUCMMOCTM OT UX a/IKOro/IbHOro ctatyca. MaTepuanbl M MeToAbl: B paMKax OHOMOMEHTHO-
ro 3MMAEMUONOTUYECKOrO UCCie0BaHus Mo HoBocu6UpCKol 061acTv 6biim 06CeA0BaHbI MUTENN CEeIbCKMX PaioHOB (My»K4MHbI) B BO3pacTe
60,04+10,55 (oT 35 A0 74 neT). AZIKOro/bHbINM CTATyC YY4aCTHUKOB OMpeAens/iv C NMOMOLLbIO aHKeTUPOBaHMA. KONMYECTBO pasHbIX a/KOro/bHbIX
HanMTKOB 6bl/I0 NepecynTaHo B J03bl YNCTOrO aNKoronA. Bce yqacTHUMKM uccaefoBaHUA 6biN pasgeneHbl Ha TPU Fpynnbl Mo ynoTpe6aeHnio 403
ankorons B Hegento: 1 rpynna — manoe notpebnerune ankorons (MM); 2 rpynna — ymepeHHoe notpe6aerune ankorons (YM); 3 rpynna — Bbico-
Koe noTpebsieHne ankorons (BM). MeTogoM BbICOKO3DGEKTUBHOMN KUAKOCTHOM XpoMaTorpadum B niasMe KpOBU OMpeAensiv ypoBHU oMera-3,
-6 1 -9 HHXXK. Pe3ynbTaTbl. YCTaHOB/EHO, YTO B rpynne MyxuuH ¢ Bl ankorons 6oee BbICOKME YPOBHM anbda-nnHoneHoBoi omera-3 (p=0,041)
1 AUroMo-ramMma-anHoneHosoi (p=0,002), gokosateTpaeHosoii (p=0,017), sokosaneHTaeHoBoi (p=0,023) omera-6 HHXK B KpoBu, no cpaBHeHWO
C rpynnoii My»unH ¢ Ml ankorons. BeieoAbl. MonyyeHbl CTaTUCTUYECKM 3HAUUMbIE PA3/INYKA KOHLEHTPaLMi B KpOBU asibda-IMHONEHOBOW, AUrOMO-
ramMmma-/IMHO/NIGHOBOMW, J0KO3aTeTPaeHOBOW, ,0KO3anNeHTaeHOBON HEHACILEHHbIX XUPHbIX KUCNOT Y MYXUYUH 35-74 1eT, NPOXKMBAIOLLMX B CEbCKUX
paltoHax HoBocnbupcKoii 061acTu, B 3aBUCUMOCTM OT yNoTpebIeHNA anKoros.

KnroyeBble CN10Ba: supHbie KUCAOMBbI, KpOBb, aNK020/b, HaKMOpPsI pucka

KoH)AMKT nHTepecos
ABTOpr 3aABNAKOT, YTO AaHHaA pa60Ta, eé TeMa, npeaMeT U cogepxaHue He 3aTparMBaloT KOHKYPUPYOWNX UHTEpeCcoB

McTOYHMKN PUHAHCUpOBaHUA
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Abstract

The aim of the study was to investigate differences in the content of unsaturated fatty acids (UFA) in blood plasma in men living of rural areas of
the Novosibirsk region, depending on their alcohol status. Materials and methods: as part of a single-stage epidemiological study in the Novosibirsk
region, rural residents (men) aged 60.04+10.55 (from 35 to 74 years) were examined. The alcohol status of the participants was determined by
means of a questionnaire. The number of different alcoholic beverages was recalculated in doses of pure alcohol. All study participants were divided
into three groups based on alcohol consumption per week: group 1— low alcohol consumption (LC); group 2 — moderate alcohol consumption (MC);
group 3 — high alcohol consumption (HC). The levels of omega-3, -6, and -9 UFA in blood plasma were determined by high-performance liquid
chromatography. Results: It was found that the group of men with HC had higher concentrations of omega-3 alpha-linolenic acid (p=0,041) and
omega-6 digomo-gamma-linolenic (p=0,002), docosatetraenoic (p=0,017), docosapentaenoic (p=0,023) UFA in blood, compared with group of men
with LC. Conclusions: In the study, we found statistically significant differences in blood concentrations of alpha-linolenic acid, digomo-gamma-
linolenic acid, docosathetraenoic acid, and docosapentaenoic acid unsaturated fatty acids were obtained in men aged 35-74 years living in rural areas
of the Novosibirsk region, depending on alcohol consumption.

Key words: fatty acids, blood, alcohol, risk factors
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IHD — ischaemic heart disease, MI — myocardial infarction, CCF — chronic cardiac failure, CVD — cardiovascular diseases, TC — total cholesterol,
LDL cholesterol — low-density lipoprotein cholesterol, HDL cholesterol — high-density lipoprotein cholesterol, TG — triglycerides, NAFLD — non-
alcoholic fatty liver disease, FA — fatty acids, UFA — unsaturated fatty acids, ALA — a-linolenic fatty acid, EPA — eicosapentaenoic fatty acid, DHA —
docosahexaenoic fatty acid, LA — linoleic fatty acid, GLA — gamma-linolenic fatty acid, DHGLA — dihomo-gamma-linolenic fatty acid, AA — arachidonic
fatty acid, DTA — docosatetraenoic fatty acid, DPA — docosapentaenoic fatty acid, GEX — hexadecenoic fatty acid, OL — oleinic fatty acid, MID — mead
fatty acid, SEL — selacholeic fatty acid

Introduction studies of the correlation between alcohol consumption

Globally, three million people (5.3% of all deaths)
die of alcohol abuse annually. The share of men is 7.7%,
while women account for 2.6% of all alcohol-related
deaths. Among people aged 20 to 39 years old, alcohol-
related mortality is approximately 13.5% [1].

Alcohol abuse and problem drinking are associated
with a higher risk of cardiovascular diseases (CVD).
However, the dose/reaction correlation between the
amount of alcohol consumed and the risk of ischaemic
heart disease (IHD) varies a lot between those regularly
consuming alcohol and those drinking alcohol from
time to time [2]. An increase in the average daily etha-
nol consumption positively correlates with the risk of
arterial hypertension, hypercholesterolemia, including
higher levels of low-density lipoprotein cholesterol (LDL
cholesterol), smoking, physical inactivity [3]. However,

and the risk of CVD show contradicting results [4, 5].
A combination of various effects leads to U-shape or
J-shape dose-dependent correlation between alcohol
and IHD [2, 6, 7]. The Northern European and Northern
American population consume beers and spirits, usually
on weekends, while episodic consumption of spirits is
typical for the Eastern European population [8].

The study of fatty acids (FA), including unsaturated
fatty acids (UFA), is gaining more attention, with the
emphasis on the amount and type of consumed acids.
However, FAs possess various physiological functions
even within one class [9]. The association between
omega-3 UFA and alcohol consumption [10] has been
actively discussed. A number of studies established
that the prognostic value in CVD belongs to lower
concentrations of blood omega-3 (eicosapentanoic,
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docosahexaenic) and increased levels of omega-6 (lino-
lic, gamma-linolenic, dihomo-gamma-linolenic, ara-
chidonic, docosatetraenoic, docosapentaenoic) UFAs.
A study of the omega-3/omega-6 UFA ratio showed
higher blood concentrations of omega-6 UFA in decom-
pensated chronic cardiac insufficiency. However, after
fluid retention was managed, this ratio changed, and
omega-3 UFA levels rose [11]. LURIC study demon-
strated direct associations between docosatetraenoic
and docosatetraenoic omega-6 UFA concentrations and
inflammation markers (C-reactive protein, interleu-
kin-6, fibrinogen and VCAM-1), as well as association
with a higher risk of CVDs [9].

Alcohol abuse is an established risk factor of CVD
[1-3]. As compared to non-drinkers, alcohol abuse is
associated with a high risk of hypercholesterolemia (OR
1.76; CI: 1.12-2.75), hypertriglyceridemia (OR 2.69; CI:
1.52-4.77), overweight (OR 1.68; CI: 1.04-2.71), smok-
ing (OR 2.24; CI: 1.48-3.41). An increase in the aver-
age daily dose of ethanol is related to the risk of arterial
hypertension (OR 1.04; CI: 1.11-2.75) [3].

The objective of this study was to evaluate the differ-
ences in plasma omega-3, omega-6 and omega-9 UFA
concentrations in male subjects living in rural area of
the Novosibirsk Region, depending on their drinking
status.

Materials and Methods

Subjects were examined during the cross-sectional,
epidemiological study titled Epidemiology of Cardiovas-
cular Diseases and Their Risk Factors in the Novosibirsk
Region, in 2022-2023. Within the scope of this study,
physicians at the Scientific Research Institute of the Ther-
apy and Preventive Medicine, a branch of the Federal
State Budgetary Scientific Institution Federal Research
Centre, Cytology and Genetics Institute of the Siberian
Section of the Russian Academy of Science examined
300 male subjects living in rural area of the Novosibirsk
Region, aged 60.04+10.55 (35 to 74 years of age). Key
inclusion criteria: correctly completed questionnaire,
including data on alcohol consumption. Exclusion crite-
ria for all subjects: incomplete questionnaire or missing
data on alcohol consumption in the questionnaire. The
study was approved by the Local Ethics Committee at the
Scientific Research Institute of the Therapy and Preven-
tive Medicine, a branch of the Federal State Budgetary
Scientific Institution Federal Research Centre, Cytology
and Genetics Institute of the Siberian Section of the Rus-
sian Academy of Science (Minutes No. 69 dated Septem-
ber 29, 2020). Each subject signed the informed consent
form.

According to the WHO data, a standard alcohol unit
is an amount of an alcoholic beverage, containing ethyl
alcohol, the amount of which equals to 10 g of absolute
alcohol (12.7 mL). One unit is: for beer (5%) — 250 mL,

red strong wine (18%) — 70 mL, dry wine/champagne
(13%) — 100 mL, vodka (40%) — 30 mL [1].

All subjects underwent an analysis of their alcohol
consumption status: amount of alcohol consumed (daily/
weekly/monthly/yearly alcohol consumption; amount
of alcohol consumed at a time); type of alcoholic bev-
erages (beer, dry wine/champagne, strong wine, home-
made strong tinctures, vodka, cognac, and other spirits).
Alcohol consumption at a time (a short period of time,
e.g., one evening) was evaluated: strong spirits > 200 mL,
strong wine > 500 mL, dry wine = 700 mL, beer > 2 litres.
The study questionnaire was adopted from the ESSE-RF
project questionnaire [12].

In order to analyse alcohol data, all data from the
questionnaire were converted to absolute alcohol units
(various alcoholic beverages) for each subject. Units
were added together, and all subjects were divided into
three groups, depending on weekly alcohol consumption
(Table 1). Group 1 (mild alcohol consumption (MC)):
< 8 units for men; group 2 (moderate alcohol consump-
tion (ModC)): = 8 units to < 16 units for men; group 3
(high alcohol consumption (HC)): = 16 units for men
[1, 13]. The groups were comparable in terms of their
clinical-biochemical attributes.

All subjects underwent plasma UFA spectrum exami-
nation. Blood was drawn from the ulnar vein following
12 hours of fasting. Laboratory tests included measure-
ment of plasma levels of the following FAs: a-linolenic (C
18:3, omega-3, ALA), eicosapentanoic (C 20:5, omega-3,
EPA), docosahexaenic (C 22:6, omega-3, DHA),
linolic(C 18:2, omega-6, LA), gamma-linolenic (C 18:3,
omega-6, GLA), dihomo-gamma-linolenic (C 20:3,
omega-6, DHGLA), arachidonic (C 20:4, omega-6, AA),
docosatetraenoic (C 22:4, omega-6, DTA), docosapen-
taenoic (C 22:5, omega-6, DPA), hexadecenoic (C 16:1,
omega-9, GEX), oleinic (C 18:1, omega-9, OL), mead
(C 20:3, omega-9, MID), selacholeic (C 24:1, omega-9,
SEL) using high-performance liquid chromatography.
Serum lipid profile (total cholesterol (TC), high-density
lipoprotein cholesterol (HDL cholesterol), triglycerides
(TG)) was measured using Konelab Prime 30i analyser
(Thermo Fisher Scientific, Finland) and DiaSys kit (Ger-
many). Friedewald formula was used to calculate LDL
cholesterol levels.

For statistical processing of the results, SPSS (version
23.0) (Statistical Package for the Social Sciences, USA)
was used. The normality of parameter distribution was
assessed using Kolmogorov-Smirnov test. The data are
presented as a median value or percentiles [25%; 75%].
The Kruskal-Wallis non-parametric test was used to
compare several groups, while independent groups were
compared with the help of the Mann-Whitney test. Dif-
ferences in quality attributes were identified using Pear-
son’s test (x?). Presence of the correlation between FA and
alcohol units was determined using correlation analysis
(Spearman’s rank correlation (r)). Differences were sta-
tistically significant at p < 0.05.
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Results

The questionnaire completed by the subjects allowed
obtaining information on the eating habits, chronic
disease status (Table 1). There were no statistically sig-
nificant differences in dietary preferences, such as con-
sumption of fish, meat, seafood, butter and vegetable
oil, vegetables, fruit, dairy products among subjects.
In terms of serum lipid profile, groups differed in TC and
HDL cholesterol levels (Table 1).

We established statistically significant differences
between high alcohol consumption and mild alcohol

consumption groups in a-linolenic, dihomo-gamma-
linolenic, docosatetraenoic and docosapentaenoic FA
(Table 2).

A correlation analysis was performed in order to
identify possible correlations between FAs and alcohol
units. The following correlations were found: gamma-
linolenic FA (r=0.293; p=0.006), docosapentaenoic FA
(r=0.308; p=0.004) and beer consumption. Also, there is
moderate correlation between arachidonic FA (r=0.401;
p=0.034) and wine consumption, as well as weak corre-
lation between dihomo-gamma-linolenic FA (r=0.206;
p=0.016) and vodka consumption.

Tablel. Clinical and biochemical characteristics of the study participants, Me [25%; 75%]

Parameters GroILEZlG(oMC) Gr0u1:1 i 2(1;’IodC) Grm:lp= ?1, 5(HC) p*
Age, years 63,0 [55,0; 68,0] 56,0 [45,0; 62,0] 50,0 [42,0; 65,0] 0,001
BMI, kg/m? 29,3 [26,2; 33,6] 29,4 [22,4; 33,8] 27,7 [22,7; 35,9] 0,692
SAD, mmHg 146,5 [135,5; 164,5] 151,5 [134,0; 166,25] 148,0 [135,0; 165,0] 0,867
DAD, mmHg 94,0 [86,5; 102,5] 100,0 [89,25; 113,5] 90,0 [85,0; 101,0] 0,108
Total cholesterol, mmol/l 5,0 [4,3; 5,8] 5,7 [5,4; 6,2] 5,5 [4,5; 5,7] 0,022
Triglycerides, mmol/l 1,5 [1,1; 2,1] 1,4 (1,05 1,8] 1,4 [0,8; 2,1] 0,348
HDL-C, mmol/l 1,2 [1,0; 1,5] 1,4 [1,1; 1,8] 1,2[0,9; 1,7] 0,029
LDL-C, mmol/l 3,0 [2,3; 3,7] 3,5 3,05 4,0] 2,9 (2,7;3,4] 0,124
Liver diseases (including NAFLD), n (%) 13 (5%) 3 (12%) 1(7%) 0,666
Stomach ulcer or duodenal ulcer, n (%) 30 (11%) 3 (12%) 2 (13%) 0,737
Cardiovascular diseases (including coronary 99 (38%) 4.(16%) 3 (20%) 0,035

heart disease, M1, CHF), n (%)

Note: BMI — body mass index, NAFLD — a non-alcoholic fatty liver disease, SAD — systolic blood pressure, DAD — diastolic blood pressure, HDL-C — high-density lipoprotein

cholesterol, LDL-C — low-density lipoprotein cholesterol, n % — number of respondents in the group (%of the total number of respondents in the group).
* — Kruskal-Wallis criterion for comparing three groups, Pearson criterion for comparing qualitative characteristics

Table 2. Concentration of plasma fatty acids in groups depending on the status of alcohol consumption, Me [25%; 75%]

FA, nmol/ml Gr°:£;6(0MC) Grou}; 2 élglodC) Grot;p: i 5(Hc) .
ALA 105,5 [80,0; 127,0] 96,0 [74,5; 127,0] 116,0 [103,0; 139,0] 0,041
EPA 55,0 [37,0; 71,0] 50,0 [33,5; 66,0] 63,0 [58,05 79,0] 0,136
DHA 178,0 [131,7; 222,5] 159.0 [108,0; 206,5] 196,0 [155,0; 265,0] 0,090
LA 3488,5 [3217,5; 3745,7] 3517,0 [3309,5; 3733,0] 3374,0 [3052,0; 3759,0] 0,224
GLA 85,0 [64,0; 102,0] 97,0 [58,5; 111,5] 89,0 [74,0; 114,0] 0,261
DHGLA 199,5 [132,7; 269,0] 200,0 [120,0; 307,0] 282,0 [253,0; 324,0] 0,002
AA 1229,5 [1044,5; 1334,0] 1154,0 [922,0; 1310,5] 1279,47 [1233,0; 1342,0] 0,110
DTA 31,0 [26,0; 34,2] 29,0 [22,0; 36,5] 33,0 [31,0; 37,0] 0,017
DPA 34,0 27,0;44,0] 35,0 [25,5; 43,0] 42,0 [33,05 50,0] 0,023
GEX 70,0 [60,0; 80,0] 68,0 [62,0; 78,0] 78,0 [61,0; 84,0] 0,431
OL 1993,5 [1544,2; 2462,0] 1677,0 [1237,5; 2457,0] 2130,0 [1761,0; 2676,0] 0,243
MID 24,0 [20,0; 28,0] 23,0 [18,5; 27,5] 23,0 [21,05 29,0] 0,741
SEL 87,0 [74,0; 104,2] 91,0 [80,5; 108,0] 101,0 [80,0; 115,0] 0,157

Ilpumevanne: p — cpaBHeHne MeX/y 1 u 3 rpynmamu
Note: p — is a comparison between groups 1 and 3
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Discussion

Some studies evaluate the association between
omega-3 FA and alcohol [3, 13, 14]. In the body,
a-linolenic FA is a biochemical basis for long-chain
omega-3 UFA. The levels of long-chain polyunsatu-
rated omega-3 UFAs, including eicosapentanoic and
docosahexaenic acids, are associated with susceptibil-
ity to alcohol in vertebrate and invertebrate models
[15, 16]. Long-chain polyunsaturated FAs inhibit
development of acute functional alcohol tolerance, i.e.,
omega-3 UFA, particularly eicosapentanoic acid, is
essential for the normal response to alcohol [15, 16].
In humans, acute ethanol tolerance is closely associ-
ated with susceptibility to alcohol abuse. It has been
established that three weeks of supplements containing
eicosapentanoic and docosahexaenic UFAs significantly
reduced the stress level and cortisone concentrations in
alcohol-dependent individuals abstaining from alcohol
[17]. Impact of FAs on the response to ethanol can be
a result of genetic factors. There is considerable genetic
contribution to alcohol response variability in humans
[15, 18]. Understanding genetic factors is essential for
establishing susceptibility to alcohol and development
of an efficient therapy [15].

In this study, we found statistically significant
increase in blood concentrations of a-linolenic
omega-3 UFA in the group of high alcohol consump-
tion vs. mild alcohol consumption group. The concen-
tration of the long-chain eicosapentanoic and docosa-
hexaenic omega-3 UFAs was also higher in this group,
however not statistically significant.

Dihomo-gamma-linolenic UFA is a product of
elongation of omega-6 gamma-linolenic acid using
delta-6-desaturase, which is a product of linoleic acid
desaturation (18:2, omega-6) [19]. Alcohol is known to
inhibit delta-6 and delta-5-desaturases, which partici-
pate in conversion of omega-6 UFA. Alcohol directly
affects cell membrane composition, increasing the
level of omega-6 polyunsaturated FA in membranes,
thus boosting their flowability and damage to the cells.
This pathological effect can be partially mitigated by
changing the omega-6/omega-3 FA ratio by adding
omega-3 UFA [19].Also, in the CHS study (a study of
the cardiovascular health), dihomo-gamma-linolenic
UFA is proposed as a potential biomarker in the devel-
opment of unfavourable events, such as stroke [20].

We established an increase in blood concentrations
of dihomo-gamma-linolenic FA by 29% in the high
alcohol consumption group. Gamma-linolenic and ara-
chidonic FA concentrations tended to rise in the high
alcohol consumption group; however, the increase was
not statistically significant. Concentrations of doco-
satetraenoic and docosapentaenoic omega-6 UFAs,
products of arachidonic FA metabolism, varied consid-
erably in mild and high alcohol consumption groups,
p=0.017 and p=0.023, respectively. This study design

does not allow making assumptions as to the mecha-
nisms of these changes.

Study Limitation

The study enrolled a small sample size; subjects were
divided into groups unevenly; and there was no control
group (non-drinkers). Also, the questionnaire did not
take into account omega-3 FA supplements. The study
was cross-sectional, so no follow-up is used.

Conclusion

This study demonstrated that alcohol consump-
tion changes UFA spectrum. It has been shown that
in male subjects aged 35-74 years old, living in rural
areas of the Novosibirsk Region, from the high alcohol
consumption group, the concentrations of a-linolenic
omega-3 UFA and dihomo-gamma-linolenic, doco-
satetraenoic, docosapentaenoic omega-6 UFA were
higher than in the mild alcohol consumption group.
Therefore, identification of any changes in the unsat-
urated fatty acid profile can be used as an additional
prognostic biomarker, allowing to assess the risk of
CVD and their complications in male subjects consum-
ing high amounts of alcohol.
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IOEPEBPAABHASI MACKA CMHAPOMA TAKOLIYBO
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Cerebral Mask of Takotsubo Syndrome

Pesiome

CuHapom Takouy6o (CT) — 3To oCTpo pasBuBatoLLasAcs 1 06bIYHO o6paTMan ANCHYHKLMA MUOKApPAA NPENMYLLECTBEHHO JIEBOTO XKey/0uKa, Kan-
HUYECKU 1 3NeKTPOoKapAnorpaduyeckm HarnoMmnHarowas oCTpblii KOPOHapHbIA CHAPOM. Cpesu NPUYKH pa3sBUTUA AaHHOW NaTON0MUM YKa3bIBaKOT TA-
Ke/ible NCUXO3MOLMOHA/bHbIE MOTPACEHNA U GUBUYECKME COCTOAHNSA, B YUC/IE KOTOPbIX TAXKe/ble 3a60/1eBaHWA rOJI0BHOro Mo3ra. CaMbIMy 4acTbIMK
cMnToMaMu 3a60/1eBaHMA B OCTPbIN Nepuoy, ABAAIOTCA 60/1b 3a FPYAMHON U OAbILLKa, pexxe — cepALebueHmne, CMHKONabHble COCTOAHUA. Taxenoe
TeyeHne CT MOXKeT OC/IOKHATLCA KapANOTreHHbIM LLIOKOM, OTEKOM JIerKMX, OCTPbIM HapyLueHMeM MO3roBoro KpoBoO6pallleHNA, OCTaHOBKOM cepAaLia.
MpeacTaBieHHOe KAMHMYECKOe Hab/Il0AeHNe 4eMOHCTPUPYeT HeobbluHoe TedeHre CT, Npyu KOTOPOM TAXECTb COCTOAHMA NalMeHTa onpejensiach
ropa)keHMeM LeHTPa/IbHOW HEPBHOW CUCTEMBbI.

My>umnHa 68 N1eT rocNUTaNU3NpPOBaH B TAXE/IOM COCTOAHUM B peaHUMaLIMOHHOE OT/Ae/IeHMne: MOC/Ie TAXEN0ro NCMXO3MOLMOHA/IbHOTO Hanpsxe-
HUA 06HapyxeH AoMa 6e3 co3HaHwA. MpU 0CMOTpe KOHCTaTUPOBaHbI COMOP, MPaBOCTOPOHHWIA Nape3 B30pa, OMyLeHWe NPaBoro yraa pra, TAXe bl
HeBposIormyecknii gepuumnt no wkane NIHSS. Mpn KOMMbIOTEPHO TOMOrpaduK roJI0BHOFO MO3ra HEOTHET/IMBO ONPeAeNANCA NEMUYECKUI oYar
B 6acceliHe /1eBOV CpesHelt MO3roBol apTepun. Ha anekTpokapavorpamMme 3apuKcMpoBaH AByxdasHbill U oTpulaTesbHbiit 3ybel, T B AVL, V3-V6.
Mpu 3xoKapanorpadum BbIBNEHO CHIKeHWe $paKLMK BbIGpOCa S1IeBOro xenyao4Kka 40 32 %, BblpaXeHHbIe HapyLUeHWA /10Ka/NbHON COKPaTUMOCTH,
B TOM 4MC/Ie UMpKyfapHble. OTMEYeHO NoBbILIeH e MapKepOB HeKPO3a MUOKapAa. BeicTaB/ieH AnarHo3 coyeTaHHOro MLIEMMYECKOTO NOBPeXAeHNs
roNI0BHOrO MO3ra 1 cepALia, HayaTo /ledeHne. Ha cneayroluii AeHb 3Ha4YMMan NOOKUTEIbHAA AVHAMMKa — NaLMEHT B CO3HAHWMKN, HEBPOOTMYECKUIA
aedpuumnt oTcyTCTBYeT. MPU MarHUTHO-PE30HAHCHON TOMOrpadumn roI0BHOO MO3ra JaHHbIX 3a ULWEMUYECKUI MHCY/IbT He Nosly4YeHo. Ha anekTpo-
KapauorpaMmMe B MHaMUKe OTCYTCTBYIOT OTpuLaTe/IbHble U ABYXdasHble 3y6Lbl T, N0 AaHHBIM 3XOKapauorpadpum — HopManusauma GpakLum Bbl-
6poca S1IeBOr0 ey 04Ka, OTCYTCTBME 30H FUMOKUHE3NM.

CBAa3b Havana 3a60/1eBaHNA C TAXKENbIM IMOLVOHA/IbHBIM HaNPAXeHeM, HeCOOTBETCTBME 30H HapyLUIEHWA I0Ka/IbHON COKPaTUMOCTM BacceiHy
0/1HOV KOPOHAPHOW apTepuN C LIPKYNAPHBLIM NOPaXXeHeM IEBOTO XeNy04Ka, OTCYTCTBME MOpdOoNornyeckoro cybcrpata, 06bACHAIOLLErO CTONb
BbIPaXKeHHbI HEBPO/IOTMYECKUIA AepULIMT B OCTPOM Neproje, 6bICTpoe NONHOe BOCCTaHOB/IEHNE KapANOIOrMYeCKOM N HEBPONOTNYeCKON ANCHYHK-
LMK NO3BO/IMAN CAeNaTh BbiBOZ O nepauyHol popme CT. KaTexonaMUHOBBIN BbIGPOC BbI3Bas OCTPYHO AUCPYHKLMIO 1IEBOTO Xe/yAouKa, KoTopas
OC/IOXHMNACh runonepdysmneit Mo3ra C MPOrpeccUpyHOLLM €ro OTEKOM.

Takum ob6pasom, CT B OCTPOM Neproze MOXKeT MMUTUPOBATb He TO/IbKO TUMNYHY!IO, aHTMHaNbHYIO GpOpMY MHapKTa MUOKapAa, HO U LiepebpanbHyto.

Knro4deBbie cnoBa: Cundpom maroyy6o, uweMuyeckull UHCyAbm, UHpapkm Muokapoa

KoHbAnKT nHTepecos
ABTOPbI 3aABNAKOT, YTO AaHHaA pa607a, eé Tema, npeaMeT u cogepxaHue He 3aTparmBatoT KOHKYpPUPYHOLWKUX MHTepecoB
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Abstract

Takotsubo Syndrome (TS) is an acutely developing and typically reversible myocardial dysfunction, predominantly affecting the left ventricle, which
clinically and electrocardiographically resembles acute coronary syndrome. Among the etiological factors of this pathology, severe emotional
stress and physical conditions, including severe brain diseases, are noted. The most common symptoms in the acute phase include chest pain and
dyspnea, while palpitations and syncope occur less frequently. Severe cases of TS may be complicated by cardiogenic shock, pulmonary edema, acute
cerebrovascular accident, cardiac arrest. The presented clinical case demonstrates an atypical course of TS, in which the severity of the patient's
condition was determined by central nervous system involvement

A 68-year-old man was admitted in critical condition to the intensive care unit: after experiencing severe emotional stress, he was found
unconscious at home. Upon examination, the patient was in a state of sopor with right-sided gaze paresis, right-sided mouth corner drooping, and
severe neurological deficit, as assessed by NIHSS.

Computed tomography of the brain revealed a poorly defined ischemic lesion in the vascular territory of the left middle cerebral artery.
Electrocardiography showed biphasic and negative T waves in AVL, V3-V6. Echocardiography revealed a reduction in left ventricular ejection fraction
to 32 % and the regional walls motion abnormality including circular hypokinesis. Elevated levels of myocardial necrosis markers were observed.
A diagnosis of combined ischemic brain and myocardial injury was established, and treatment was initiated. The following day, significant positive
dynamics were observed—the patient regained consciousness, had no neurological deficit. Magnetic resonance imaging of the brain did not reveal
evidence of stroke. There are no negative and biphasic T waves on the electrocardiogram, echocardiography demonstrated normalization of left
ventricular ejection fraction and the absence of hypokinetic zones.

The correlation between disease onset and severe emotional stress, the discrepancy between the regional walls motion abnormality and the
vascular territory of a single coronary artery with circular involvement of the left ventricle, the absence of a morphological substrate explaining the
pronounced neurological deficit in the acute phase, and the quick, complete recovery of cardiac and neurological function led to the conclusion of a
primary form of TS. A catecholamine surge induced acute left ventricular dysfunction, which was further complicated by cerebral hypoperfusion with
progressive brain edema.

So, in the acute phase TS may mimic not only the typical anginal form of myocardial infarction but also a cerebral event.

Key words: Takotsubo Syndrome, acute ischemic stroke, myocardial infarction
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Qo
Takotsubo cardiomyopathy (TC) is an acute and usu- ~ haemorrhage, cerebrocranial accidents), thyrotoxicosis,
ally reversible myocardial dysfunction, mostly in the left ~ pheochromocytoma, severe pain (pneumothorax, renal
ventricle, which is associated with circular reduction in  or biliary colic), abstinence symptom (alcohol, opiates),
myocardial contractility, seen clinically and on ECG as  {2-adrenoceptor agonist overdose, etc. Since the physical

acute coronary syndrome (ACS) [1]. In Japanese, takot- factors, which can trigger acute ballooning of myocar-
subo means an octopus trap, a ceramic pot with around  dium sections, are numerous, it was suggested to identify
basis and narrow neck. This is the form of the left ventri-  all variants of TC, caused by physical factors, as second-
cle at the end of the systole due to transient ball-shaped  ary TC, whereas the classical disease progression under
widening of apical segments and midsegments. the influence of psychoemotional stress is called primary

N. Sato et al. were the first to describe TC in 1990.  TC [2]. It is assumed that the main pathogenetic causes
Publications emphasised the correlation between this  are direct cardiotoxic action of catecholamines, myocar-
syndrome and negative psychoemotional factors. For  dial stupor (hybernation), coronary artery spasm, oxi-
this reason, TC is called the broken heart syndrome,  dative stress, vegetative imbalance, inflammatory and
stress-induced cardiomyopathy. However, results of  metabolic conditions of the myocardium [1, 2].

later studies demonstrate that physical factors are more The accurate incidence of TC is currently unknown.
often the cause of TC than emotional [1]. Physical trig-  According to the 2018 global consensus, the incidence
gers include GI bleeding, surgery, severe brain condi-  of the syndrome is 1-3% of all patients hospitalised with

tions (acute cerebrovascular accidents, subarachnoid  suspected acute myocardial infarction with elevated ST,
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and in women the rate of TC can reach 5-6%. Patients
are mostly postmenopausal women; however, recently
the disease is reported in men of 50-75 years of age [3].

Clinical presentation of acute TC is often similar to
ACS, with or without elevated ST. The most common
symptoms of this disease during the acute phase are
retrosternal pain (up to 75% of cases) and shortness of
breath (up to 52% of cases). Palpitations (up to 12%) and
syncope (up to 9%) are less common. The main clinical
manifestations of TC caused by physical triggers are the
symptoms of the underlying physical illness. Severe TC
can be complicated by cardiovascular shock, pulmonary
oedema, acute cerebrovascular accident (ACVA), cardiac
arrest [3].

The presented clinical case demonstrates atypical TC
progression, where the main clinical manifestations and
patient’s condition severity depended on the rate of cen-
tral nervous system involvement.

Male, 68 years old, was admitted to the A&E of Sara-
tov Regional Clinical Hospital at 3.00 pm on April 15,
2024. Upon admission, he did not have any complaints
due to his severe condition. Past medical history was
presented by his relatives. The patient was the head of a
farm business, where a large fire occurred recently, the
roof collapsed and people died. He lived alone, called
his relatives at around 8.00 am, and did not complain
of anything. At 11.00 am he was found at home uncon-
scious. The past history shows that he did not have any
bad habits and known cardiovascular diseases; he had no
family history of cardiovascular pathologies. The patient
underwent regular medical examinations and led an
active life.

Upon admission, his condition was serious. His con-
sciousness was close to semi-consciousness; Glasgo Coma
Score: 10 points. When painful stimulus and loud call
were used, the patient opened his eyes for a short time;
he did not follow instructions. The skin was of normal
colour. Overweight (body mass index: 27.7 kg/m?). Car-
diac sounds were muflled, rhythmic. The pulse was of
equal volume and exertion, 96 beats per minute. Blood
pressure: 130/80 mm Hg. Vesicular respiration, without
rale, 19/min. Right gaze palsy. The face is asymmetrical:
the right angle of mouth is lower than the normal level.
Sensorimotor aphasia. 24 points on the NIHSS, which
corresponded to severe neurologic impairment.

Brain computer tomography: projection of the left
parietal region with an unclear area of lower density,
13x11x12 mm, 26 HU, which was interpreted as a sign
of possible ischaemic stroke in the left medial cerebral
artery system (Figure 1). The quantification scale of
early ischaemic changes in brain substance based on
ASPECTS CT results: 9 points, i.e. a small ischaemic
site. Duplex scanning of brachiocephalic arteries showed
hemodynamically insignificant stenosis (10-15%) in the
bifurcation of the left common carotid artery.

Electrocardiography (ECG) showed sinus tachy-
cardia with heart rate of 100 beats per minute, signs of

blocked anterior branch of the left bundle of atrioven-
tricular bundle, two-phase and negative T wave in the
septal-apical-side area of the left ventricle (Figure 2).
Echocardiography (eco-CG) showed a drop in ejec-
tion fraction to 32% (Simpson). Insignificantly widened
left atrium cavity (index left atrial volume: 36 mL/m?),
grade2 mitral, tricuspid regurgitation; marked hypo-
kinesia of lower, lower lateral segments at the apical,
middle, basal levels; lower septal, anterior septal seg-
ments at the middle and basal levels of the left ventricle;
grade 1 pulmonary hypertension (systolic pressure in the
pulmonary artery: 43 mm Hg).

Laboratory test results showed leucocytosis, hyper-
glycaemia, dyslipidemia, minor hyperazotemia, high
myocardial necrosis markers, high natriuretic peptides.
The most important laboratory parameters upon hospi-
tal admission and their changes are presented in Table 1.

A preliminary diagnosis was determined. Primary
diseases: 1. Brain infarction (unknown origin) in the left
medial cerebral artery system, dated April 15, 2024. Sen-
sorimotor aphasia. Central right facial palsy. Right gaze
palsy. 2. Ischaemic heart disease. Acute non-Q septal-
apical-lateral myocardial infarction without elevated ST,
dated April 15, 2024. Atherosclerosis of aorta and carotid
arteries without hemodynamically significant stenosis.
Relative mitral valve insufficiency, grade 2; tricuspid
valve insufficient, grade 2. Grade 1 pulmonary hyperten-
sion. Overweight (body mass index: 27.7 kg/m?). Dys-
lipidemia. Complications: Brain swelling. ITA circulation
failure with reduced ejection fraction (32%).

Figure 1. Computer tomography of the brain, first day

of illness

Note. A zone of low-density measuring 13x11x12 mm with density characteristics
of 26 HU is extremely indistinctly defined on the left parietal lobe
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Figure 2. ECG of the patient upon admission, first day of illness

Note. Sinus tachycardia. Incomplete right bundle brunch block, biphasic and negative T wave in AVL, V3-V6

Table 1. Laboratory tests of the patient upon admission to hospital and during dynamic observation

Test, units of measurement Upr:;i‘;:::li on oo?l:(l)l::i::{:ztzii? Reference values
Leukocytes, 10”1 11,2 4,6 4-9
Glucose, mmol/l 10,5 5,1 <6,1
Total cholesterol, mmol/1 5,6 43 -
LDLs, mmol/l 3,9 2,4 -
Creatinine, mmol/l 130 103 56-115
GFR (CKD-EPI) / ml/min/1,73 m?, 48 64 >60
Troponin-I hs, ng/ml 1,7 0,4 <0,5
CPK tot, Ed/1 517 251 <200
CPK-MB, Ed/1 69,5 24 <25
NT-proBNP, rir/mn / pg/ml 824 561 <125

Note. LDLs — low-density lipoproteins, GFR (CKD-EPI) — glomerular filtration rate calculated by the CKD-EPI, Troponin-I hs — Troponin-I, high sensitivity,
CPK tot — Creatine Phosphokinase total, CPK-MB — Creatine Phosphokinase MB, NT-proBNP — N-terminal prohormone of brain natriuretic peptide
Reference values for total cholesterol and LDLs are not given because target values for these parameters are calculated individually.

According to the studies, acute myocardial infarc-
tion increases the risk of ACVA and vice versa. In 2010,
Omar et al. suggested a concept of acute cardiocerebral
infarction. Despite its low incidence (1-6% of cases),
this combination worsens prognosis for patients and
limits the therapy of each individual condition [4].
Clinically, there are three forms of this pathology,
depending on the timing of the damage [5]. Type one:
simultaneous myocardial and cerebral infarction. This
is possible in embolism from the left heart in atrial
fibrillation; in crossed embolism from the central cir-
culatory system because of the open foramen ovale; and

in aortic dissection, if the affected area includes both
coronary and carotid arteries. Type two: primary heart
involvement. In acute myocardial infarction, strokes
are usually cardioembolic due to the development of
such complications as atrial fibrillation and ventricular
cavity thrombosis. Also, acute reduction in myocardial
contractility in some myocardial infarction patients
causes brain hypoperfusion, progressive brain swell-
ing, and neurological symptoms. Type three: primary
brain involvement. Cardiac changes during acute cra-
niocerebral accident are associated with vegetative ner-
vous system dysfunction and increased catecholamine
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production, which can cause TC and decompensation
of existing ischaemic heart disease. Therefore, the
examination and follow-up in this patient were per-
formed to clarify the origin of the ischaemic myocardial
and cerebral damage.

The patient was treated with cerebral protectants
(ethylmethylhydroxypyridine succinate, Cerebrolysin),
antiedemics (magnesium sulphate), double disaggrega-
tion (acetylsalicylic acid, clopidogrel), lipid-lowering
(atorvastatin), cardiotropic drugs (metoprolol suc-
cinate, enalapril), and gastroprotectors (esomepra-
zole). Anticoagulants were prescribed for preventive
purposes because of early severe stroke (enoxaparin).
Given that the patient was in semiconscious state, he
was put on artificial lung ventilation in order to ensure
clear airways and prevent secondary hypoxic damage
to the brain. No thrombolytic therapy for the stroke
was performed because the patient was admitted to the
hospital more than 4.5 hours after disease onset. It was
decided not to perform coronary angiography and pos-
sible percutaenous coronarography intervention due to
suspected large brain damage and serious condition of
the patient.

The therapy resulted in significant improvement
of the patient’s condition and neurological status. The
next day after admission, the patient is conscious, lucid,
knows who he is, knows the place and time, is reason-
able, answers questions asked, fully follows instruc-
tions, does not have any complaints. NIHSS score is
0 points, no neurological deficit. In order to assess the
nature and extent of the brain damage, brain magnetic
resonance imaging (MRI) was performed 24 hours after

the previous imaging (T1, T2W and diffusion). There
were no areas of high magnetic resonance signal in the
brain and cerebellum matter, i.e. there were no signs of
ACVA (Figure 3).

ECG results (April 17, 2024): no tachycardia; no signs
of impaired repolarization in the form of negative and
two-phase T waves (Figure 4).

Figure 3. Magnetic resonance imaging of the brain,
second day of illness. Stroke not detected.

Figure 4. ECG of the patient, third days of illness. Tachycardia has been stopped, there are no repolarization disorders

307



308

ANALYSIS OF CLINICAL CASES

The Russian Archives of Internal Medicine ® Ne 4 e 2025

ECG results (April 17, 2024) show significant favour-
able changes: ejection fraction normalised (61%, Simp-
son) and no signs of impaired local contractility. Labo-
ratory test results showed normal WBC count, normal
levels of creatinine, serum glucose, and markers of myo-
cardial necrosis (Table 1). Glicated haemoglobin value
was 5.2%, and it was concluded that hyperglycaemia
observed upon admission was a stress reaction and not
a sign of long-lasting carbohydrate metabolism impair-
ment. Holter ECG monitoring results (April 17, 2024):
sinus rhythm with an average rate of 60 beats per minute,
individual auricular extrasystoles; no QT elongation, ST
excursions, irregular repolarization processes.

Complete correction of neurological deficit within
24 hours without any MRI changes allowed to rule out
stroke and diagnose transient ischaemic attack. Fast nor-
malisation of ECG manifestations and echoCG param-
eters, absence of the typical clinical signs caused some
doubts about the diagnosis of acute ischaemic myocar-
dial damage. Given the correlation of disease onset with
emotional stress, mismatch between areas of impaired
local contractility and one coronary artery with circular
damage to the left ventricle, significantly higher levels of
N-terminal pro brain natriuretic peptide with insignifi-
cant increase in troponin concentrations, higher labora-
tory parameters, which indirectly point out to hypercat-
echolaminemia, TC was suggested.

The international diagnostic criteria for TC (Inter-
TAK Diagnostic Criteria) were proposed in 2018 [3]. The
patient had the following criteria of this pathology: tran-
sient signs of left ventricle dysfunction, regional abnor-
mality of left ventricle wall movement beyond the blood
flow in one coronary artery, prior emotional trigger,
changes seen on ECG (including inverted T wave), mod-
erately elevated cardiospecific markers, higher levels of
natriuretic peptide. There was no solid clinical evidence
of infectious myocarditis; heart MRI was not performed
due to technical reasons. Once his condition stabilised,
the patient was offered coronary angiography, but he
refused. Of note, according to this document [3], even
obstructive lesion of the coronary system did not rule
out TC. The international diagnostic criteria emphasise
that acute neurological disorders can trigger Takotsubo
cardiomyopathy.

This clinical situation brought up a question: What
occurred first? Did acute neurological accident trigger
Takotsubo cardiomyopathy, or vice versa? Clear cor-
relation of disease onset with psychoemotional stress,
absence of morphologic substrate (extensive ischaemic
stoke, head injury), which could explain marked neuro-
logical deficit during the acute phase, fast and complete
restoration of the cardiological and neurological func-
tion allowed concluding the presence of the primary
form of Takotsubo cardiomyopathy. Acute left ventricle
dysfunction in this patient was likely to be complicated
by cerebral hypoperfusion and progressive brain swell-
ing, which caused these marked neurological symptoms.

The same pathogenetic mechanism underlies cerebral
clinical form of acute myocardial infarction. The main
difference is that in ischaemic necrosis of the myocar-
dium, the damage is persistent, while in this patient the
left ventricle function recovered quickly, and neurologi-
cal deficit completely disappeared.

The patient’s therapy was adjusted: disaggregants,
blood thinners, cerebral and GI protectants were can-
celled. The recommended therapy in outpatient settings:
lipid-lowering drugs (rosuvastatin 20 mg + ezetemibe
10 mg), low doses of angiotensin-converting enzyme
inhibitors (perindopril 2.5 mg daily). Beta-blockers were
not prescribed since the patient was susceptible to bra-
dycardia. Two and six months after discharge from the
hospital, the patient’s state of health was satisfactory; he
had good exercise tolerance; no complaints, kept active
lifestyle without bad habits, and followed recommenda-
tions. With the therapy, blood pressure is normotensive
(110-120/70-79 mm Hg); low-density lipoproteins two
months later: 1.36 mmol/L, which is a target value for
patients with a very high cardiovascular risk.

Therefore, during the acute phase, Takotsubo cardio-
myopathy can look similar not only to the typical, angi-
nal form of myocardial infarction, but also to the cerebral
form. Fast recovery of the left ventricle function in this
patient resulted in complete disappearance of neurologi-
cal deficit and favourable outcome, despite severe clinical
manifestations during the acute phase. Physicians should
be made aware of this pathology; it will allow avoiding
overdiagnosing acute ischaemic heart disease and exces-
sive drug load.

Bknapg aBTopoB:

Bce aBTOpbI BHEC/IW CYLLECTBEHHbIV BK/1aZ, B MOArOTOBKY paboThl, MpOU/IMN
1 0406puNK GUHALHYIO BEPCUIO CTaTbk Nepes nybankauuen

TankuHa M.A.: cbop, aHanu3, WHTepnpeTauus AaHHbIX, paspaboTka
obleii KOHLeNuMM 1 AMsaiiHa CTaTby, HanMcaHue pyKOMWCK, NpoBep-
Ka KPUTUYECKM BaXKHOTO WHTE//IEKTYa/IbHOrO COAEPKaHWA, MpUHATHE
OKOHYaTe/IbHOrO PeLleHUs O FOTOBHOCTU PYKOMUCK K MyBauKaumm, co-
raacue 6bITb OTBETCTBEHHBIM 3a BCE aCNeKTbl paboTbl.

OpaskoBa A.A.: cbop, aHann3, MHTeprpeTaLua AaHHbIX, pa3paboTka
obLueit KOHLENUWM 1 A13aiiHa CTaTby, HanucaHue pyKoOnucK, NpoBepKa
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Guillain-Barre Syndrome in A Patient
with Infectious Endocarditis:
Clinical Observation and Literature Review

Pestome

CuHgpom lniteHa-bappe (CMB) — 370 TsKes0e ayTOMMMYHHOe 3a60/1eBaHNe nepudpepryecKoii HepBHOW CUCTEMbI, MpeAcTaBasAowWee co60i Hanbo-
Nlee 4acTyto NMPUYMHY Pa3BUTWA OCTPOro BAIOrO TeTpanapesa, KOTOpoe MOXET NPUBOAUTL NMPU OTCYTCTBUM afieKBaTHOW Tepanum K XU3HEeYr poxato-
Leli AbIXaTeIbHOM HeA0CTaTOYHOCTM. B3anmocsasb CIb M MHPEKLMOHHOMO 3HAOKapAUTa U3YYeHa HeJ0CTaToOuHO.

Y nauueHTa 54 neT yepes 2 HeAenu nocsie NepeHeceHHoW OCTPO Pecrn1paToOpHON BUPYCHOW MHPEKLMM B TedeHue 2 AHel HapOC/aU OHeMe-
HUe M CNaboCTb B HUKHUX KOHEYHOCTAX, rOCMMTANN3UPOBaH C NOAO3PEHUEM HA WLIEMUYECKUIA UHCY/bT. pU KoMrbloTepHoi ToMorpadum (KT)
rO/IOBHOMO MO3ra — AaHHbIX 338 OCTPYIO OYaroByto MaTO/OMMIO He MOJYYEHO, BbIAIB/IEHbI IEBOCTOPOHHMIA FaMOPUT 1 3TMOUAUT. B aHanu3e Ank-
Bopa — 6enok — 0,8 r/n (Hopma — go 0,2 r/n), uuTO3 B Npeaenax HopMmbl. MposepuHoBas npoba oTpulaTtenbHas. KAMHUKO-UHCTPYMeHTaibHas
KapTWHa pacueHeHa Kak Crb. Mpu sxokapaMorpapuyeckoM UCCAe[0BaHUM BbISB/IEHbI BEreTaLmMmn Ha CTBOPKax MUTpasibHOro kaanaHa (MK), otpbis
XOP/, €ro nepejHeit CTBOPKM — «MOJIOTALLAA CTBOPKa», MUTpa/bHas peryprutaums 3 creneHn. HecMoTps Ha NpOBOAMMYIO aHTUGAKTEpUaA/bHYIO,
MMMYHOMOAY/IMPYIOLLYIO U AP. TEPANuI0, 0TMEYaN0Ch COXpaHeHNe HeBPOIOrMYeCKOW CUMMTOMATHKM, pa3BUTHEe TPOME03ME0NMM /IErOYHO apTepum,
BHYTPMEO/IbHUYHOW BYCTOPOHHEN MOAMUCErMEHTapHOW MHEBMOHMM, CENCUCa C IeTabHbIM UCXOAOM. [pU ayToNCuUmn NOATBEPKAEH MHPEKLIMOHHBI
3HAOKapPAWT C oTpbiBOM Xopg, MK, 06ubHbIM pocToM Pseudomonas aeruginosa, ckyaHbiM poctom Klebsiella pneumoniae n Acinetobacter baumannii,
TPOM603 NpaBoro npeacepAvsa. MaToNornyecknx U3MeHeHW B TKaHW rOJIOBHOTO MO3ra He O6HapYeHo.

TakuM o6pa3oM, cMHAPOM M1iteHa-bappe B peAKNX CyHanx MOXET COYeTaTbCA C MHPEKLMOHHBIM SHAOKAPANTOM 1 OKasbiBaTb HEraTUBHOE B/IN-
fHMe Ha TeYyeHWe 1 NPOrHo3 3a6osieBaHNs.

Knro4deBbie cnoBa: cu+dpom luiiena-bappe, uHgekyuoHHbIl 3HOoKkapdum, demuenuHusayus, Heliponamus
KoH)AUKT nHTepecos
ABTOpbI 3aABASAIOT, YTO AaHHas paboTa, eé TeMa, MPeAMET U COAEPKaHMe He 3aTparuBaloT KOHKYpPUPYHOLWMUX UHTEPECOB

NcTouHnKkM puHaHcupoBaHus
ABTOPpbI 3aABAAOT 06 OTCYTCTBUM GUHAHCUPOBAHWA MPU NPOBEAEHUN UCCEA0BAHUSA
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Abstract

Guillain-Barré Syndrome is a severe autoimmune disease of the peripheral nervous system, representing the most common cause of acute flaccid
tetraparesis, which can lead to life-threatening respiratory failure in the absence of adequate therapy. The relationship between GBS and infective
endocarditis is not well studied.

A 54-year-old patient experienced increasing numbness and weakness in the lower extremities two weeks after an acute respiratory viral
infection, and was hospitalized with suspected ischemic stroke. Brain computed tomography revealed no data for acute focal pathology but showed
left-sided sinusitis and ethmoiditis. Cerebrospinal fluid analysis showed protein at 0.8 g/L (normal up to 0.2 g/L), with cytosis within normal limits.
The neostigmine test was negative. The clinical and instrumental picture was assessed as Guillain-Barré Syndrome. Echocardiography revealed
vegetations on the mitral valve (MV) leaflets, rupture of the anterior leaflet chordae (“flail leaflet” of the MV), and grade 3 mitral regurgitation. Despite
ongoing therapy, including antibacterial and immunomodulatory treatment, the patient continued to exhibit neurological symptoms, developed
pulmonary artery thromboembolism, nosocomial bilateral polysegmental pneumonia, and sepsis, leading to a fatal outcome. Autopsy confirmed
infective endocarditis with rupture of the MV chordae, abundant growth of Pseudomonas aeruginosa, scant growth of Klebsiella pneumoniae and
Acinetobacter baumannii, and right atrial thrombosis. No pathological changes were found in the brain substance.

Thus, Guillain-Barré Syndrome in rare cases can be associated with infective endocarditis and negatively impact the course and prognosis of the disease.
Key words: Guillain-Barré syndrome, infective endocarditis, demyelination, neuropathy
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BP — blood pressure, ALT — alanine aminotransferase, AST — aspartate aminotransferase, IV immunoglobulin — intravenous immunoglobulin, ALV —
artificial lung ventilation, CT — computer tomography, MV — mitral valve, GBS — Guillain — Barre syndrome, US — ultrasound examination

Introduction 6) Isolated sensor (< 1%);

7) Miller Fisher syndrome (5-25%);
8) Bickerstaff’s brainstem encephalitis (< 5%).

Guillain-Barre syndrome (GBS) is a severe autoim-
mune disease of the peripheral neural system, the most
common cause of acute flaccid quadriparesis, which, if
left untreated, can result in life-threatening respiratory
distress [1].

GBS is the most common form of acute polyneuropa-

Aetiology and Pathogenesis

The aetiology of GBS is still unclear; however, its

thy. Annually, the global incidence of this disease varies
from 0.6 to 2.4 per 100,000 people. GBS is diagnosed
more often in men than in women; the incidence grows
with the age [2].

There are the following clinical forms of GBS
(Figure 1) [2]:

1) Classical sensorimotor (30-85%);

2) Isolated motor (10-70%);

3) Paraparetic (5-10%);

4) Oesophageal-cervicobrachial (< 5%);

5) Facial diplegia with paresthesia (< 5%);

development is assumed to be related to a past infection,
primarily to Campylobacter jejuni, zika virus, flu, and
SARS-CoV-2 virus (after 2020) [3, 4].

Patients with GBS caused by an infectious disease
produce anti-gangliosides antibodies by molecular mim-
icry. Bacterial cross-reactive antigen identified by mac-
rophages and T cells induces B cells for the development
of anti-gangliosides response. These antibodies bind
both to nerve fibre gangliosides and microbial antigens.
Activated endoneural macrophages release cytokines
and free radicals, penetrate compact myelin, periaxonal
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space and sometimes block nervous conductivity or
cause axonal degeneration. Activated T cells release
pro-inflammatory cytokines, fix complement, damage
Schwann cells, and cause myelin dissolution.

In acute inflammatory demyelinating polyradicu-
loneuropathy, immune damage occurs mostly in the
myelin sheath and associated components of Schwann
cells, whereas in acute motor axonal neuropathy, the key
target is neural axon membranes (axilemma).

The clinical signs of GBS are caused by interruption
of ascending and descending neuroanatomic pathways
in the transverse plane of the spinal cord. Despite the
proven relationship between GBS and infectious agents,
in a number of cases the disease is identified as idio-

pathic [5].

Clinical presentation
of Guillain-Barre syndrome

Patients with the classical sensomotor form of GBS
have distal paresthesia or loss of sensation with weak-
ness, which starts from lower limbs and progresses to the
upper limbs and cranial nerves. A typical sign is weaken-
ing or diminishment of tendon reflexes in the majority
of patients during the first days of the disease. Vegetative
nervous system impairments are a common sign and can
include unstable blood pressure, arrhythmias, pupil dys-
function, and gut or urinary bladder dysfunction. Often
patients report pain syndrome, which can be muscular,
radicular or neuropathic. The disease can have acute or
subacute onset; patients can become disabled within two
weeks. However, if the peak clinical signs appear within
the first 24 hours or four weeks after disease onset, GBS

is unlikely. GBS is characterised by monophasic clini-
cal progression, however, some patients can have recur-
rences [6].

Atypical clinical presentation

GBS can have atypical clinical presentation. In the
majority of cases, weakness and sensor signs are bilat-
eral; however, they can be asymmetrical, mostly proxi-
mal or distal, they can start from lower, upper limbs or
simultaneously in all limbs. Weakness can be preceded
by severe diffuse pain or isolated dysfunction of cra-
nial nerves. Children under six years of age often have
non-specific or atypical clinical manifestations, such as
pain without clean localisation, irritability, meningism
or unsteady gait. Inability to identify these signs as early
onset of GBS can result in delayed diagnosis. In some
patients with atypical GBS, especially with isolated
motor form, electromyographic examination can show
normal or even enhanced reflexes over the entire period
of disease duration [7].

Specific Forms of Guillain-
Barre Syndrome Depending
on the Symptoms

Some patients demonstrate a clear and persistent
clinical variant of GBS, which does not progress to the
classical pattern of loss of sensation and weakness. These
variants include: weakness without sensor signs (iso-
lated motor variant); weakness restricted to the cere-
bral nerves (bilateral facial nerve palsy with paresthe-
sia), upper limbs (oesophageal-cervicobrachial form) or
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Fig.1. Clinical forms of Guillain-Barré syndrome [2]
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lower limbs (paraparetic variant); and Miller Fisher syn-
drome, which in its full manifestation includes ophthal-
moplegia, areflexia and ataxia [8]. GBS variants are rarely
straightforward, they partially coincide with the classi-
cal syndrome or demonstrate characteristics typical for
other forms. In addition to the mentioned variants, GBS
often includes Bickerstaff’s brainstem encephalitis and
isolated sensor variant, since they have common clinical
or pathophysiological signs. However, inclusion of these
clinical variants is a subject of discussions, because they
do not meet the diagnostic criteria for GBS [9].

Diagnostics of Guillain-Barre
Syndrome

In the absence of adequately sensitive and specific
biomarkers of the disease, the diagnosis of GBS is based
on the clinical manifestation and test results and is con-
firmed with additional data, such as cerebrospinal fluid
examination and electromyographic study. The two most
commonly used sets of diagnostic criteria of GBS devel-
oped by the National Institute of Neurological Disorders
and Stroke in 1978 (revised in 1990) andBrighton Col-
laboration in 2011 [10] are still relevant today.

Cerebrospinal fluid examinations are used mostly to
rule out other causes of weakness, other than GBS, and
should be performed during initial patient examination.
A classical sign of GBS is a combination of higher pro-
tein levels and normal cell count in cerebrospinal fluid
(known as albuminocytologic dissociation). However,
protein levels can remain within the normal range in
30% to 50% of patients during the first week after disease
onset and in 10% to 30% of patient during the second
week. Marked pleocytosis (> 50 cells/pL) is not typical
of GBS and is possible, e.g., in leptomeningeal malignan-
cies, infectious or inflammatory conditions of the spinal
cord or nerve roots. Moderate pleocytosis (10-50 cells/
uL) is likely to be observed in GBS patients, but clini-
cians should consider alternative diagnoses, e.g., infec-
tious causes of polyradiculitis [11].

Diagnostic Criteria of
Guillain-Barre Syndrome [2, 12]

Criteria essential for the diagnosis:

1. Progressive bilateral weakness in the upper and
lower limbs (initially only lower limbs can be
affected).

2. Reduced or absent tendon reflexes in affected
limbs (at a certain time point during disease
progression).

Symptoms confirming the diagnosis:
o Progressive phase lasts for a period of up to four
weeks (usually less than two weeks).

o Relatively symmetrical symptoms and signs.

« Relatively mild sensor symptoms and signs (ab-
sent in isolated motor variant).

o Cranial nerve involvement, especially facial nerve
palsy.

o Vegetative dysfunction.

o Muscle or root pain in the back or limbs.

o Increased protein levels in cerebrospinal fluid.
Normal protein levels do not rule out the diagnosis.

o Electromyographic signs of motor or sensorimo-
tor neuropathy. Normal electrophysiological
characteristics at early stages of the disease do not
rule out the diagnosis.

Symptoms placing the diagnosis in question:

« Increased levels of mononuclear cells or polymor-
phonuclear cells in spinal fluid (> 50x10°/L).

o Marked, persistent asymmetric weakness.

« Gut or urinary bladder dysfunction at early stages
of the disease, or persistent dysfunction over the
disease duration.

o Severe respiratory dysfunction with limited limb
weakness at the onset of the disease.

o Sensor symptoms with limited weakness during
the course of the disease.

o Fever at the onset of the disease.

o Significantly increased sensitivity, pointing to a
spinal cord trauma.

o Hyperreflexia or clonic seizures.

« Extension plantar reflexes.

o Abdominal pain.

o Slow progression with limited weakness, no dam-
age to breathing muscles.

» Continuous progression for over four weeks after
symptom manifestation.

o Alteration of consciousness (except for Bicker-
staft’s brainstem encephalitis).

Therapy of Guillain-Barre
Syndrome

The therapy should be initiated if a patient is unable
to walk ten metres. Evidence of therapy efficacy in ambu-
latory patients is limited; however, treatment should be
considered, especially if patients experience rapidly pro-
gressive weakness or other serious symptoms, such as
vegetative dysfunction, bulbar or respiratory distress.
Clinical trials demonstrated efficacy of intravenous (IV)
immunoglobulin, if started within two weeks after the
onset of weakness, and of plasma separation, if started
within four weeks. No evidence of the efficacy outside
these windows has been reported [13].

IV immunoglobulin (0.4 g/kg of body weight daily for
five days) and plasma separation (200-250 mL of plasma/
kg of body weight, five sessions) are equally efficient
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in the management of GBS. IV immunoglobulin and
plasma separation have similar risks of side effects. Since
IV immunoglobulin is more accessible and easy to use
than plasma separation, it is used more often. It is worth
noting that plasma separation followed by IV immuno-
globulin did not demonstrate superior efficacy vs. both
methods used separately. In clinical settings, where
resources are limited, small-scale plasma separation can
be a cost-effective and relatively safe alternative to tradi-
tional plasma separation; however, this approach cannot
be recommended for wide use until its efficacy is proven
in future studies [14].

Besides IV immunoglobulin and plasma separation,
other therapies did not demonstrate any efficacy in the
management of GBS. Eight randomised, controlled clini-
cal trials did not identify any significant benefits of using
corticosteroids in GBS patients, and oral corticosteroids
even had unfavourable impact on the prognosis [14].

In the presence of clinical signs of an infection, anti-
bacterial or antiviral therapy can be initiated in patients
with GBS [15].

The relationship between GBS and infective endocar-
ditis has not been sufficiently studied.

Case Study

A 54-year-old patient suddenly developed weakness
and numbness in his lower limbs, more marked on the
left side. Two days later, he fell on the stairs because of
increasing weakness in his lower limbs. The patient was
hospitalised with suspected ischaemic stroke in the bed
of the right medial cerebral artery. His past medical his-
tory shows that he did not control his BP; two weeks
before the incident, he had acute respiratory virus infec-
tion, his body temperature rose to 37.3 °C, but he did not
call for medical assistance. The patient denies chronic
conditions, nicotine and drug addiction.

Upon admission, he was in serious condition. The
skin was unremarkable, with bruises all over his lower
and upper limbs, sustained at various times. Ausculta-
tion findings: harsh breathing, large bubbling rales over
the whole surface of the lungs. Respiratory rate: 25 res-
pirations per minute. BP: 170/105 mm Hg. Auscultation
findings: muffled heart tones, systolic murmurs at the
apex, irradiating to the left axillary region. Heart rate:
78 beats per minute. No signs of congestion in the cen-
tral circulatory system. Neurological status upon admis-
sion: lucid, Glasgow coma scale: 15 points. Meningeal
signs are not observed. Fields of vision are normal; no
gaze palsy; pupils are round; OD=0S; photoreactions
are preserved. Horizontal end-position nystagmus when
looking to the left; asymmetric nasolabial folds because
of the left part of the face (preclinical sings); the tongue
is on the midline; swallowing, voice set and articulation
are preserved. Motor functions: quadriparesis up to four

points; Barre test on the upper and lower limbs show
more quick lowering movement of the left limbs. Weaker
tendon reflexes, D=S. No pathological foot reactions.
Sensitivity is normal. Coordination tests: the patient
misses targets because of weakness in his limbs.

Brain CT: no signs of acute cerebrovascular accident;
left-sided acute maxillary sinusitis and ethmoiditis were
diagnosed.

During the 12 hours spent in the inpatient clinic, the
patient’s neurological status changed negatively: quadri-
paresis reached three points in the upper limbs and two
points in the lower limbs. Mild dysphagia and dysarthria
appeared. The patient was consulted by a neurologist
once again. To rule out ischaemic stroke in the vertebro-
basilar system, brain CT was performed; no focal pathol-
ogy was observed. CT angiography of brachiocephalic
arteries, intracranial section of brachiocephalic arteries,
and the circle of Willis did not show any hemodynami-
cally significant stenosis and acute pathologies.

A clinical analysis of spinal fluid showed an increase
in protein concentrations to 0.8 g/L (normal range:
0.22-0.33 g/L). Electroneuromyography was not per-
formed due to technical difficulties. Taking into account
past medical history, clinical presentation, no CT signs
of ischaemia, no CT angiography signs of occlusion, GBS
or generalised myasthenia were suspected. To rule out
myasthenia, a proserine test was performed, which came
back negative.

Echocardiography showed signs of mucoid degenera-
tion and detached anterior mitral leaflet chords — flail
leaflet. Hypoechogenic and isoechoic overlaps along
the leaflet edge, most likely vegetations, were observed.
Stage 3 mitral insufficiency. Transesophageal echocardiog-
raphy confirmed infectious endocarditis, once vegetation
on the anterior leaflet of MV were found (Figure 2). Also,
a blood clot was found in the right atrial cavity, which
was attached to the wall (Figure 3).

A comprehensive examination was undertaken:
ultrasound examination (US) of brachiocephalic arteries
and radial arteries with rotating tests; ultrasound exami-
nation of lower limb veins; ultrasound examination of kid-
neys, adrenals, retroperitoneal space; no pathologies were
identified. Abdominal ultrasound: signs of chronic calcu-
lous cholecystitis, moderate diffuse changes in the liver.

One major and one minor Modified Duke Criteria
(2015) were used to make a diagnosis for the patient:

Primary disease: Subacute primary infectious endo-
carditis of the anterior leaflet of the intact mitral valve.

Concurrent disease: Guillain-Barre syndrome.

Background disease: Mucoid degeneration of mitral
leaflets.

Primary disease complications: Detached ante-
rior mitral leaflet chords. Stage 3 mitral insufficiency.
Chronic cardiac insufficiency with preserved ejection
fraction, stage IIA, NYHA functional class II.
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Fig. 2. Transesophageal echocardiography. Two vegetations
on the anterior leaflet of the mitral valve are 0.34%0.39 cm
and 1.04%0.9 cm in diameter (indicated by an arrow)

Comorbidities: Stage IT hypertensive disease, uncon-
trolled. Target BP values: 120-130/70-79 mm Hg. A very
high risk of cardiovascular complications. Right atrium
thrombosis. Gallstone disease: chronic calculous chole-
cystitis, remission. Acute maxillary sinusitis (left side).
Acute ethmoiditis.

Multiple blood culture for sterility: no flora growth
was observed. Laboratory test results are presented in
Table 1.

Antibacterial therapy was initiated (meropenem tri-
hydrate 1 g IV three times daily; linezolid 600 mg IV two
times daily). Several thromboconcentrate transfusions
were performed because of persistent low platelet count.
Once low platelet count was corrected, anticoagulant
therapy was initiated. Because of aggravated respiratory
insufficiency, the patient was connected to ventilatory
support. On day 3, tracheostomy was performed.

Table 1. Results of laboratory research methods.

Fig. 3. Transesophageal echocardiography. Thrombus
in the cavity of the right atrium (indicated by an arrow),
fixed to the wall

On day 3 after hospital admission, quadriparesis was
one point; no tendon reflexes were observed. Immu-
nomodulating therapy was initiated (human plasma
proteins with immunoglobulin G content of no less
than 98%, 400 mg/kg/day), and the neurological status
improved: muscle strength in the upper and lower limbs
rose from one to three points in proximal sections and
from one to two points in distal sections. The patient was
transferred to unassisted breathing with oxygen insuftla-
tion of 5 L/min.

ndicators Day of hospitalization Riiell;leensce 3 ” 10 12 14
Hemoglobin, g/1 130-160 134 119 112 87 91 90
Tpom6oruTsl, x10°/1 150-400 82 226 275 438 454
Platelets, x10°/1 4-9 9,2 10,1 17,6 11,67 21,79 25,7
Band neutrophils, % 1-6 - 7 - 4 8
Segmented neutrophils, % 47-72 80,9 81,2 78 - 91 85
Creatinine, mmol/l 70-120 75,5 73 90,1 83,6 109,3 284,8
Urea, mmol/l 2,5-8,3 6,2 5,55 13,4 16,69 20,54 49,93
Total protein, g/l 65-85 61,1 68 72,6 63,5 62,7 60,4
Albumin, g/l 35-52 39,7 33,7 311 27,5 27,6 25,7
Alanine aminotransferase (ALT), U/l 10-41 19,7 25,4 38,5 362 341 1060,8
Aspartate aminotransferase (AST), U/l 11-41 37,9 27,9 27,2 292 178 1699,6
Alkaline phosphatase, U/l 30-120 82,8 86,7 72,4 88,1 108,8 124,8
Potassium, mmol/l 3,5-5,1 3,89 4,6 3,8 3,9 4,2 7,7
Procalcitonin, ng/ml < 0,05 - 0,1 0,47 - 6,3 30,15
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Despite the therapy, on day 12 after hospital admis-
sion, the patient’s condition deteriorated: body tempera-
ture rose to 38.0 °C, respiratory distress worsened, the
patient was again connected to a lung ventilator.

Inoculation of intratracheal tube discharge showed the
presence of Pseudomonas aeruginosa (10° CFU/mL),
Acinetobacter baumannii (10’ CFU/mL).

Chest CT revealed signs of bilateral multisegmental
pneumonia; when IV bolus contrast medium was used —
signs of thromboembolism of the left lower lobe artery.

Fig. 4. Vegetations (marked with a circle)
on the endocardium of the mitral valve

Fig. 5. Vegetations (marked with a circle)
on the endocardium of the mitral valve.
Mitral valve leaflet rupture (arrow)

Antibacterial therapy was adjusted: meropenem trihy-
drate was cancelled; polymyxin B 100 mg IV two times
daily was initiated; linezolid 600 mg IV two times daily.

Despite the therapy, the patient’s condition kept dete-
riorating: on day 13 after hospital admission, multiple
organ failure progressed (acute kidney injury, hyperka-
lemia) due to sepsis, cytolytic syndrome; ECG results
showed atrial fibrillation paroxysm with tendency to
hypotonia, which required inotropic support initiation.

On day 14, the monitor showed asystole. Resuscita-
tion was unsuccessful. Natural death was recorded.

Postmortem examination results confirmed infec-
tious endocarditis (pink vegetations on MV endocar-
dium (Figures 4, 6), detached MV chords (Figure 5),
excessive growth of Pseudomonas aeruginosa, poor
growth of Klebsiella pneumoniae and Acinetobacter
baumannii); blood clot was found in the right atrial
cavity. No pathological changes were found in the brain
substance.

Final postmortem diagnosis:

Primary diagnosis: Infectious endocarditis of the
mitral valve (microbiological examination of the heart
valve No. 46518: excessive growth of Pseudomonas aeru-
ginosa, poor growth of Klebsiella pneumoniae and Aci-
netobacter baumannii).

Primary diagnosis complications: Sepsis: bone
marrow hyperplasis, enlarged spleen (190 g), bilateral
multisegmental pneumonia (microbiological examina-
tion of the heart valve No. 46518: excessive growth of
Pseudomonas aeruginosa, poor growth of Klebsiella
pneumoniae and Acinetobacter baumannii). Critical ill-
ness polyneuropathy. Detached mitral leaflets. Blood clot
in the right atrial appendage. Thromboembolism of seg-
mental branches of the left pulmonary artery. Pulmonary
oedema. Brain swelling.

Fig. 6. Acute endocarditis with bacterial colonies
(indicated by arrows). Staining with hematoxylin and
eosin, magnification x200
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Secondary diagnosis: Arterial hypertension (heart
weight: 360 g, left ventricle myocardial thickness: 1.6 cm,
artery-arteriolar nephrosclerosis). Atherosclerosis of
aorta (stage 4, grade 3), atherosclerosis of arteries in the
base of brain (stage 1, grade 1), atherosclerosis of coro-
nary arteries (stage 3, grade 3, 25% stenosis). Nodular
prostatic hyperplasia.

Clinical Case Discussion

Often GBS develops one to three weeks after a past
infectious disease caused by cytomegalovirus, influenza
viruses, zika virus, etc., or a bacterial infection, such as
Campylobacter jejuni and Mycoplasma pneumoniae [12].
Since 2020, the provoking infection list includes SARS-
CoV-2 [4]. In 2023, an overview was published on the
development of GBS in patients after varicella-zoster
virus infection [16]. There are individual reports on
GBS in patients with acute infectious endocarditis of the
intact [17] or prothetic [18] valves.

According to the patient, two weeks prior to hospi-
talisation, he had acute respiratory virus infection, when
his body temperature rose to 37.3 °C, which was com-
plicated by acute left-sided maxillary sinusitis and eth-
moiditis (seen on brain CT upon admission).

In classical GBS, symptoms progress within two to
four weeks, starting from the feet and progressing to
hip muscles, hands, shoulder girdle, body and, in severe
cases, throat muscles [2, 6]. In this patient, the symptoms
developed much faster: for the first time, he experienced
weakness in his lower limbs two days prior to hospitali-
sation; neurologist diagnosed motor dysfunction, more
on the left side, weak reflexes on both sides; 12 hours
later, mild dysphagia and dysarthria developed. Bowel
and bladder functions were intact.

The severity of patient’s condition was promoted by
infectious endocarditis, diagnosed with the help of trans-
thoracic echocardiography and confirmed with the help
of transesophageal echocardiography. It is quite difficult
to identify the time when the vegetation formed, because
the patient denied body temperature hikes above 38 °C,
Lukin spots or Janeway lesions or other signs of the dis-
ease before hospitalisation.

Infectious endocarditis can trigger various systemic
complications. Septic embolism of vital organs, includ-
ing brain, can develop approximately in 25% of cases. The
risk of embolic complications is higher in staphylococcal
infectious endocarditis, when vegetations are located on
MYV and/or if vegetation size exceeds 10 mm [17]. In this
patient, vegetations were found on the anterior leaflet of
the mitral valve, and they were larger than 10 mm. How-
ever, tests and examinations performed upon admission
(brain CT and CT angiography of the intracranial section
of brachiocephalic arteries) ruled out vascular embo-
lism in the brain. Progressive weakness in the limbs,

weak and then absent tendon reflexes, development of
dysphagia and dysarthria, absence of CT signs of isch-
aemia, negative proserine test, analysis of the clinical
analysis of spinal fluid (albuminocytologic dissociation),
allowed diagnosing GBS and initiating successful immu-
nomodulating therapy. In this case, the primary disease
is more likely to be infectious endocarditis, which devel-
oped after a past acute respiratory virus infection with
maxillary sinusitis and ethmoiditis; GBS is a concurrent
disease. However, given the complex aetiopathogenesis
mechanisms, GBS cannot be ruled out as one of the com-
plex immune complications of acute/subacute infectious
endocarditis.

In the majority of patients (approximately 75% of all
cases), GBS is relatively asymptomatic, and its symp-
toms regress even without therapy. This patient benefited
from immunomodulating therapy for the management
of GBS. However, despite the antibacterial therapy, the
patient developed sepsis with multiple organ failure and

died.

Conclusion

Therefore, this is a clinical case study of a patient with
infectious endocarditis of the mitral valve after a recent
acute respiratory virus infection, complicated with left-
sided maxillary sinusitis and ethmoiditis and Guillain-
Barre syndrome. Clinical pathogenetic correlations and
management of patients with the two severe conditions
require further studies.
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