ISSN 2218-7332 (Print)
DOI: 10.47093/2218-7332.2022.13.1 ISSN 2658-3348 (Online)

MepBbin MOCKOBCKUI roCygapCTBEHHbIA MEOULMHCKNI yHUBepcuTeT umeHn N.M. CeuyeHoBa
(CeveHoBCKMIN YHMBEPCUTET)

CEYEHOBCKUM
seevenoy  BECTHHUK

LIS HAYUHO-MPAKTUUECKMI MEAMUMHCKIR XKYPHAT

TOPUAI MO CTATUCTUKE:
epka CTaTUCTUYECKUX rmnoTes

e OPUIMHAMNBHOE
NCCNENOBAHMVE:

Ceponotigieckuii oTBeT cpeau

MEONLINHCKMX PabOTHUKOB,

B, 'BaKUMHMPOBAHHbIX

i .. ° «ChAdOx1.nCoV-19 Corona»
(o a

. ' " : ‘..‘
KNMUHUYECKWUN CNYYAH |
DRESS cuHapom Ha doHe . [
nobaerneHnss meporneHema Z
K Tepanun kapbamasennHom



MepBbIn MOCKOBCKWIA FOCYAAPCTBEHHBIN MEAULIMHCKNIA YHUBEpCUTET MMeHmn .M. CeyeHoBa

CEYEHOBCKUM
BECTHUK

HAYYHO-MPAKTUYECKU MEAULUWHCKNI XYPHATN

Llenu m 3apgaum

(CEYEHOBCKMN YHUBEPCUTET)

Tom 13,
Ne 1, 2022

CEYEHOBCKHUM
YHUBEPCUTET
HAVYK O X)KU3HU

Sechenovskii vestnik

K OCHOBHbIM LieNsM XypHana OTHOCATCA NpeAcTaBrieHne akTyasnbHbIX Hay4YHbIX AOCTUKEHUA POCCUMCKNX U 3HPY6€‘)KHbIX YYeHbIX B obnactn meamko-6uonoruyec-
KUX HayK, hyHAAMEHTaNbHON W KIIUHUYECKOM MEAMLMHBI, YBENIMYEHNE 3HAYMMOCTM U aBTOpPUTETA POCCUIACKON MEAWLMHCKOM HayKW 3a CYET NOBLILLEHWS KayecTsa

HayuHbIX MyGnnKaLui.

Hay4HO-NpaKTU4eCKUin MeanULMHCKNA XypHan «CeYEHOBCKMIA BECTHUK» ny6nvu<yeT CTaTbl NO aKTyasnbHbIM BONpocam MeZamKo-61onornyeckmx HayK, KIMHUYECKO Meau-
LmHe. M3gaHve npegHasHaveHo Ans npoeccoHanos B obnactu 34paBoOOXpPaHEHUs.

FnaBHbIN pepakTop

N.B. Mmbibo4ko - A-p men. Hayk, npod., akag. PAH, pektop [Mepsoro MIMY um.
W.M. CeueHoa (Mocksa, Poccust); https://orcid.org/0000-0002-5541-2251, Scopus Author
ID: 26435273000

3amecTuTenb rnaBHoOro pepaKkrTopa

[.B. ByTHapy — kaHa. Meq. Hayk, AoL,., TPOPEKTOP MO Hay4HO-MccreaoBaTensCkol pabote
Mepsoro MIMY um. .M. CeueHosa (Mocksa, Poccus); https://orcid.org/0000-0003-2173-
0566, Scopus Author ID: 15758889100

PepakTop BbinycKa

A.A. CydmaHoB — A-p Mef. Hayk, npod., rMaBHbIn Bpay PeaepanbHOro LigHTpa Hewpo-
xupyprun (TiomeHb, Poceus); https://orcid.org/0000-0001-7580-0385, Scopus Author ID:
6603558501

HayuHbiV peaakTop

M.10. HaguHckas — kaHa. meq. Hayk, 4oL., pykoBoguTenb M3gatenbckoro LeHTpa Mepsoro
MIMY um. M.M. CeuyeHoBa (Mocksa, Poccus); https://orcid.org/0000-0002-1210-2528,
Scopus Author ID: 6507949442

OTBeTCTBEeHHbIN ceKpeTapb

C.C. KappaweBa — kaHa. Med. Hayk, [ou. kad. NpOneaeBTUKM BHYTPEHHUX GonesHeil, ra-
CcTpoaHTeponoruy 1 renatonorim lMepsoro MIMY um. .M. CeueHoBa (Mocksa, Poccus);
https://orcid.org/0000-0002-5116-2144, Scopus Author ID: 57212196771

PepaKkuMOHHbLIN COBeT

o E. AitkaBa - kaHa. Meqd. Hayk, [ol. MeauuUMHCKoN Wwkonbl [apBapackoro yHueepcuteta (BocToH,
CLA); https:/lorcid.org/0000-0001-7835-2135, Scopus Author ID: 55303859000 e I'.B. BensikoBuy —
O-p Med. Hayk, npod. Huwckoro yHusepcuteta (Huw, Cepbus); https://orcid.org/0000-0002-3796-
9945, Scopus Author ID: 34567603700 e 3. M'panpmoHe — g-p Mend. Hayk, npod. rocnutans Casa
Sollievo della Sofferenza (CaH-[xoBaHHu-PoTonfo, Utanus); https://orcid.org/0000-0002-8980-9783,
Scopus Author ID: 7006391091 e C. MeTaHmauc — kaHa. Med. Hayk, Hayy. COTPYAHUK YHMBEpCH-
TeTa umeHu Apuctotens B Canonukax (Canonuku, [peums); https://orcid.org/0000-0001-7482-6559,
Scopus Author ID: 55362289600 e 1. Puuuo — MD, npoceccop, YHuepcuteT Poma Top Beprata,
3aB. kadpepot akylepcTea 1 ruHekonoruu, LieHtpansHas nonuknunmuka Top Beprata (Pum, Utanus);
https://orcid.org/0000-0002-5525-4353, Scopus Author ID: 7102724281 e X.3. CaHep — f-p Meq.
Hayk, npod. bepHckoro yHusepcuteta (BepH, LUseiiuapus); https://orcid.org/0000-0002-8025-7433,
Scopus Author ID 55835032800 e A.A. CBMCTYHOB — A-p MeA. Hayk, Npod., un.-kopp. PAH, nepablit
npopektop lNepsoro MIMY um. .M. Ceuerosa (Mocksa, Poccus); Scopus Author ID: 55578030700
o A. CnannoHe - fi-p Mef. Hayk, Npod., AMPEKTOP OTAENEHIS KIMHUYECKUX HEMPOHaYK HEApOLieHTpa
Latium NCL (Pum, WUtanus); https://orcid.org/0000-0002-7017-1513, Scopus Author ID: 7005531516

WcTopua uapanusa xypHana: naaetcs ¢ 2010 .

MepuoanyHOCTb: BbIXOANT 4 pasa B roA.

Mpedomke DOI: 10.47093

CBMAeTeNnbLCTBO O PErncTpaLun cpeacTBa MaccoBoii MHdopmaumm: M Ne dC77-78884 ot 28 asry-
cra 2020 roga BblpaHo PeaepanbHoii cryx6oi no Haaaopy B chepe CBs3N, UHPOPMALIMOHHBIX TEXHONO-
WA 1 MaccoBbIX KOMMYHUKaLWit (POCKOMHaA30p).

YcnoBus pacnpocTpaHeHWUsi MaTepuanoB: KOHTEHT AOCTYNeH noA nuueHsueir Creative Commons
Attribution 4.0 License.

Yupeputens, usnatensb, peaakuus: denepansHoe rocyaapcTBeHHOE aBTOHOMHOe obpa3oBaTenibHoe Yu-
pexzeHue BbicLuero obpa3soBaHus «[Mepsblit MOCKOBCKIA rocyAapCTBEHHbI MEAMLIMHCKUA YHUBEPCUTET UME-
H1 U.M. CeyeHosa» MunuctepcTsa 3apaBooxpaHeHus Poceuiickoit ®eaepalimn (CeqeHOBCKUA YHUBEPCHTET).
Appec: 119991, r. Mocksa, yn. TpybeLkas, 4. 8, cTp. 2.

TenedoH pepakuuu: +7 (905) 517-27-99

Caiit: https://www.sechenovmed;j.com/jour

E-mail: vestnik@sechenov.ru

o B. flkoBneBunY — -p Mep. Hayk, npod., AekaH hakynbTeTa MeAMLMHCKIX Hayk YHuBepeuTeTa T. Kpa-
ryesal| (Kparyesal, Cepbus); https://orcid.org/0000-0002-0071-8376, Scopus Author ID: 56425747600

PepakuuoHHasa Konrnerus

© B.B. AHUKWH — kaHg. Mef. Hayk, npod. The Royal Brompton & Harefield NHS Foundation Trust (MoH-
nioH, Benukobputanms); Scopus Author ID: 7005592092 e O.B. Bntocc — kaHa. du3.-MaT. Hayk, Hayy.
COTPYAHUK JIoHOOHCKOro yHMBepcuTeTa koponesbl Mapun (MoHaoH, Benukobputanus); https:/iorcid.
0rg/0000-0002-0194-6389, Scopus Author ID: 56020531500 e C.B. BoneBuy — f-p Mea. Hayk, npod.,
3aB. kad. matonorum yenoseka [Nepsoro MIMY um. .M. Ceuerosa (Mocksa, Poccus); https:/iorcid.
0rg/0000-0002-1574-477X, Scopus Author ID: 6603144931 e A.A. 3anK1H — KaHp. (u3.-MaT. HayK, Ipod.
CUCTEMHOI MeaULIMHBI YHWBEpCUTETCKOrO konnemka JloHaoHa (JloHaoH, Benukobputanus); https:/iorcid.
0rg/0000-0001-7540-1130, Scopus Author ID: 7103103296 e A.B. 3opbkuHa — a-p MeA. Hayk, npod.,
3aB. kadp. ambynaTopHO-NONUKNMHNYECKON Tepaniu HalyoHansHoro uecnefosatenbckoro MopaoBcko-
ro rocyfapcTeeHHoro yHuBepcuteta (CapaHck, Poceus); https://orcid.org/0000-0003-1122-9532, Scopus
Author ID: 6508247780 e B.T. UBawkuH — a-p mea. Hayk, npod., akag. PAH, 3aB. kad. nponeaesTuky
BHYTPeHHuX GonesHel, ractpoaHTeponoriu v renatonorim Mepeoro MIMY um. .M. Ceyeroa (Mocksa,
Poccus); https://orcid.org/0000-0002- 6815-6015, Scopus Author ID: 57201595785 e A.M. Ka3apsiH — a-p
Mep. Hayk, npodb. YHusepcuteta Ocno (Ocno, Hopaerust); https://orcid.org/0000-0001-9960-0820, Scopus
Author ID: 7003922201 o A.[l. Makauapus — o-p mMeg. Hayk, npod., akaa. PAH, 3aB. kad. akywepcTsa
1 rHexonorvu Mepsoro MIMY um. .M. CeueHosa (Mocksa, Poccusi); https://orcid.org/0000-0001-7415-
4633, Scopus Author ID: 6602363216 o [l. MakcbapnaHa — fou., ABTOHOMHbIF Magpuackuii yHueep-
cutet (Mappua, Vicnawus); https://orcid.org/0000-0003-3994-4570, Scopus Author ID: 57203783686
o J1. MacTpoHapau — pyKkoBOANTENb OTAENEHNs Helpoxupyprn, BonbHila CaH-®ununno Hepu (Pum,
Wranus); https://orcid.org/0000-0003-0105-5786, Scopus Author ID 56228961100 e [.B. MyHGnut —
kaHA. mMefn. Hayk, npod. Imperial College London (MoHaoH, Benukobputanus); https://orcid.org/0000-
0001-9652-6856, Scopus Author ID: 55233686800 e [.A. HanankoB — a-p men. Hayk, npod. kad.
bakynbTetckoit Tepanum Mepsoro MIMY um. .M. CeueHosa (Mocksa, Poccus); https://orcid.org/0000-
0001-6241-2711, Scopus Author ID: 7801384884 e Y.C. MaBnoB — A-p MeA. Hayk, Npod., 3aB. kad. Te-
panuu, pykosoauTenb LieHTpa fokasatenbHol MeamumHbl Mepsoro MITMY um. .M. Ceverosa (Mocksa,
Poccusy); https://orcid.org/0000-0001-5031-9798, Scopus Author ID: 57196355076 e C.B. Mupoxkos —
O-p Mea. Hayk, npodb. kac. natodpuanonorum Mepsoro MIMY um. U.M. CeveHosa (Mocksa, Poccus);
https://orcid.org/0000-0002-7116-3398, Scopus Author ID: 7004383734 e W.B. PeweToB — a-p Mef. Hayk,
npod., akag. PAH, 3aB. kad. oHkonorun, paguoTepaniu v nnactudeckoit xupyprum Mepsoro MIMY um.
W.M. CeueHoaa (Mockea, Poccus); https://orcid.org/0000-0002-0909-6278, Scopus Author ID: 6701353127
o M.W. CekayeBa — f-p Mea. Hayk, npod., AvpekTop VHCTUTYTa NepcoHanuaupoBaHHON MeauLMHbI
Mepsoro MIMY um. .M. CeuyeHosa (Mocksa, Poccus); https://orcid.org/0000-0003-0015-7094, Scopus
Author ID: 24342526600  A.H. CTpuxakoB — f-p Meq. Hayk, npod., akaa. PAH, 3aB. kad. akyLuep-
CTBa, rMHekonorum u nepunaronoruu Mepeoro MIMY um. .M. Ceuetosa (Mocksa, Poccus); hitps://orcid.
0rg/0000-0001-7718-7465, Scopus Author ID: 7005104683 e A.A. CychuaHoB — a-p Mep. Hayk, npod.,
unen-kopp. PAH, rnasHbIit Bpay ®eaepanbHoro LeHTpa Herpoxvpyprin (Tiomerb, Pocens); https:/iorcid.
0rg/0000-0001-7580-0385, Scopus Author ID: 6603558501 e I'.T. Cyxux — a-p Mea. Hayk, npod., akag.
PAH, anpektop HMWL| akywepcTea, ruHekonorm n nepuxatonorm um. akag. B.M. Kynakosa (Mocksa,
Poccus); https:/forcid.org/0000-0003-0214-1213, Scopus Author ID: 7005776727 e A.C. Lepwesep — o-p
Meq. Hayk, npodp. CBepanosckoro 0bnacTHoro oHkonoruyeckoro aucnaxcepa (Ekateputbypr, Poccus);
https://orcid.org/0000-0002-8515-6017, Scopus Author ID: 7006207122

Bbixog B cBeT: 23.06.2022

Konupaiit: © CeyeHoBckmit BECTHUK, 2022

WHpekcupoBaHme: XypHan BXOAUT B nepedeHb 3faHuii, pekomeHaoBaHHbIx BAK, 1 Gubnuorpadmye-
ckyto 6a3y faHHbIx PUHLL.

JKypHan npeactaeneH B PeaepanbHol SNeKTPOHHON MeauLnHekoi Gubnnoteke: http://www.femb.ru
MoanuncHoii MHAeKc: B katanore areHtcTBa «pecca Poccuny — 29124

LieHa: coboaHas

3asepytowan pepakumeit: A.B. Cegosa
PepakropbI-koppektopsl: U.C. Murynesckas, J1.A. 3enekcon
Bepcrka: O.A. lOHuHa

OtneyartaHo: 000 «M3patenbcTeo "Tpuaga"s

Appec: np-T Yaikosckoro, 9, o. 514, r. Teepb, 170034, Poccus
®opmart 60x90%.

Meyatb ocpceHas. Tupax 1000 k3.

ISSN 2218-7332 (Print)
ISSN 2658-3348 (Online)



Sechenov First Moscow State Medical University (Sechenov University).

SECHENOV MEDICAL

Vol. 13,

No. 1, 2022

JOURNAL Y

SCIENTIFIC AND PRACTICAL MEDICAL JOURNAL

Focus and Scope

SECHENOV
UNIVERSITY

LIFE SCIENCES

The Sechenov Medical Journal is committed to presenting important scientific achievements in the field of biomedical sciences, fundamental and clinical medicine,
increasing the authority of the Russian medical science by improving the quality of scientific publications.

The academic and clinical Sechenov Medical Journal publishes articles related to the issues of medical and biological sciences, clinical medicine. The information
contained in Sechenov Medical Journal is intended for healthcare professionals only.

Editor-in-Chief

Editorial Board

Peter V. Glybochko — MD, PhD, DMSc, Professor, Academician of RAS, Rector of Sechenov
First Moscow State Medical University (Moscow, Russia); https://orcid.org/0000-0002-5541-
2251, Scopus Author ID: 26435273000

Deputy Editor-in-Chief
Denis V. Butnaru — MD, PhD, Associate Professor, Vice-rector (Research) of Sechenov

First Moscow State Medical University (Moscow, Russia); https://orcid.org/0000-0003-2173-
0566, Scopus Author ID: 15758889100

Editor of issue

Albert A. Sufianov — MD, PhD, DMSc, Professor, Head of Federal Center of Neurosurgery
(Tyumen, Russia); https://orcid.org/0000-0001-7580-0385, Scopus Author ID: 6603558501

Scientific Editor

Maria Yu. Nadinskaia — MD, PhD, Associate Professor, Head of Publishing Center, Seche-
nov First Moscow State Medical University (Moscow, Russia); https://orcid.org/0000-0002-
1210-2528, Scopus Author ID: 6507949442

Executive Secretary

Svetlana S. Kardasheva - MD, PhD, Associate Professor, Department of Internal Medicine Pro-
paedeutics, Gastroenterology and Hepatology, Sechenov First Moscow State Medical University
(Moscow, Russia); https:/forcid.org/0000-0002-5116-2144, Scopus Author ID: 57212196771

Editorial Council

o Elena Aikawa - MD, PhD, Associate Professor of Medicine Harvard Medical School (Boston, USA);
https://orcid.org/0000-0001-7835-2135, Scopus Author ID: 55303859000 e Goran B. Bjelakovi¢ —
MD, DMSc, Professor, University of Nis (Nis, Serbia); https://orcid.org/0000-0002-3796-9945, Scopus
Author ID: 34567603700 e Elvira Grandone — MD, PhD, Professor, Hospital Casa Sollievo della
Sofferenza (San Giovanni Rotondo, ltaly); https://orcid.org/0000-0002-8980-9783, Scopus Author
ID: 7006391091 e Savvas Petanidis — PhD, Research Assistant, Aristotle University of Thessalon-
iki (Thessaloniki, Greece); https://orcid.org/0000-0001-7482-6559, Scopus Author ID: 55362289600
® Giuseppe Rizzo - MD, Professor and Chairman, University of Rome Tor Vergata, Department
of Obstetrics and Gynecology, Fondazione Policlinico Tor Vergata (Rome, ltaly); https://orcid.
0rg/0000-0002-5525-4353, Scopus Author ID: 7102724281 e Hugo E. Saner - MD, DMSc, Profes-
sor, University of Bern (Bern, Switzerland); https://orcid.org/0000-0002-8025-7433, Scopus Author
ID: 55835032800 e Andrey A. Svistunov — MD, PhD, DMSc, Professor, Corresponding Member
of RAS, First Vice-rector, Sechenov First Moscow State Medical University (Moscow, Russia); Scopus
Author ID: 55578030700 e Aldo Spallone — MD, PhD, Professor of Neurosurgery, Department Direc-
tor, Neurological Centre of Latium NCL (Rome, lItaly); https://orcid.org/0000-0002-7017-1513, Scopus
Author ID: 7005531516 e Vladimir Jakovljevic - MD, PhD, DMSc, Professor, Dean of the Faculty of
Medical Sciences University of Kragujevac (Serbia); https://orcid.org/0000-0002-0071-8376, Scopus
Author ID: 56425747600

Founded: the journal has been published since 2010.

Frequency: quarterly

DOI Prefix: 10.47093

Mass Media Registration Certificate: P| No FS77-78884 as of 28 August 2020 issued by the Federal
Service for Supervision of Communications, Information Technology and Mass Media (Roskomnadzor).
Distribution: content is distributed under Creative Commons Attribution 4.0 License

Founder, Publisher, Editorial Office: Sechenov First Moscow State Medical University (Sechenov Uni-
versity).

Address: 8/2, Trubetskaya str., Moscow, 119991

Editorial office phone number: +7 (905) 517-27-99

Website: https://www.sechenovmedj.com/jour

E-mail: vestnik@sechenov.ru

o Vladimir B. Anikin — MD, PhD, Professor of Thoracic Surgery and Consultant Thoracic Surgeon, The
Royal Brompton & Harefield NHS Foundation Trust, Harefield Hospital (London, UK); Scopus Author
ID: 7005592092 e Oleg B. Blyuss — PhD, Research Associate, Queen Mary University of London
(London, UK); https://orcid.org/0000-0002-0194-6389, Scopus Author ID: 56020531500 e Sergey B.
Bolevich — MD, PhD, DMSc, Professor, Head of Pathology Department, Sechenov First Moscow
State Medical University (Moscow, Russia); https://orcid.org/0000-0002-1574-477X, Scopus Author ID:
6603144931 o Alexey A. Zaikin - PhD, Professor of Systems Medicine and Applied Mathematics,
University College London (London, UK); https://orcid.org/0000-0001-7540-1130, Scopus Author ID:
7103103296 e Angelina V. Zor'kina - MD, PhD, DMSc, Professor, Head of Department of Outpa-
tient Polyclinic Therapy, National Research Mordovia State University (Saransk, Russia); https://orcid.
0rg/0000-0003-1122-9532, Scopus Author ID: 6508247780 e Vladimir T. Ivashkin - MD, PhD, DMSc,
Professor, Academician of RAS, Head of Department of Internal Medicine Propaedeutics, Gastroen-
terology and Hepatology, Sechenov First Moscow State Medical University (Moscow, Russia); https:/
orcid.org/0000-0002-6815-6015, Scopus Author ID: 57201595785 e Airazat M. Kazaryan — MD, PhD,
Professor of Surgery, Oslo University Hospital (Oslo, Norway); https://orcid.org/0000-0001-9960-0820,
Scopus Author ID: 7003922201 e Alexander D. Makatsariya — MD, PhD, DMSc, Professor, Academi-
cian of RAS, Head of Obstetrics and Gynaecology Department, Sechenov First Moscow State Medical
University (Moscow, Russia); https://orcid.org/0000-0001-7415-4633, Scopus Author ID: 6602363216
o J. Mcfarland - Associate Professor, Autonomous University of Madrid (Madrid, Spain); https://orcid.
0rg/0000-0003-3994-4570, Scopus Author ID: 57203783686 e L. Mastronardi — Head of the Division of
Neurosurgery, San Filippo Neri Hospital (Roma, ltaly); https://orcid.org/0000-0003-0105-5786, Scopus
Author ID 56228961100 e Daniel B. Munblit - MD, MSc, PhD, Honorary Senior Lecturer, Imperial Col-
lege London (London, UK); https://orcid.org/0000-0001-9652-6856, Scopus Author ID: 55233686800
Dmitrii A. Napalkov — MD, PhD, DMSc, Professor, Faculty Therapy Department, Sechenov First Mos-
cow State Medical University (Moscow, Russia); https://orcid.org/0000-0001-6241-2711, Scopus Author
ID: 7801384884 o Chavdar S. Pavlov - MD, PhD, DMSc, Professor, Head of Therapy Department,
Head of Center for Evidence-Based Medicine, Sechenov First Moscow State Medical University (Mos-
cow, Russia); https://orcid.org/0000-0001-5031-9798, Scopus Author ID: 57196355076 e Sergey V.
Pirozhkov - MD, PhD, DMSc, Professor, Pathophysiology Department, Sechenov First Moscow
State Medical University (Moscow, Russia); https://orcid.org/0000-0002-7116-3398, Scopus Author ID:
7004383734 e Igor V. Reshetov - MD, PhD, DMSc, Professor, Academician of RAS, Head of Oncol-
ogy, Radiotherapy and Plastic Surgery Department, Sechenov First Moscow State Medical University
(Moscow, Russia); https://orcid.org/0000-0002-0909-6278, Scopus Author ID: 6701353127 e Marina l.
Sekacheva - MD, PhD, DMSc, Professor, Director of the Institute of Personalized Medicine of Sech-
enov First Moscow State Medical University (Moscow, Russia); https://orcid.org/0000-0003-0015-7094,
Scopus Author ID: 24342526600 e Alexander N. Strizhakov — MD, PhD, DMSc, Professor, Academi-
cian of RAS, Head of Obstetrics, Gynaecology and Perinatology Department, Sechenov First Moscow
State Medical University (Moscow, Russia); https://orcid.org/0000-0001-7718-7465, Scopus Author ID:
7005104683 e Albert A. Sufianov - MD, PhD, DMSc, Professor, Corresponding member of RAS,
Head of Federal Center of Neurosurgery (Tyumen, Russia); https://orcid.org/0000-0001-7580-0385,
Scopus Author ID: 6603558501 e Gennadiy T. Sukhikh — MD, PhD, DMSc, Professor, Academician
of RAS, Director of Kulakov Research Center for Obstetrics, Gynecology and Perinatology (Moscow,
Russia); https://orcid.org/0000-0003-0214- 1213, Scopus Author ID: 7005776727 e Alexander S.
Shershever - MD, PhD, DMSc, Professor, Sverdlovsk Regional Oncology Dispensary (Yekaterinburg,
Russia); https://orcid.org/0000-0002-8515-6017, Scopus Author ID: 7006207122

Published: 23.06.2022

Copyright: © Sechenov Medical Journal, 2022

Indexation: the Journal is included in the index of periodical publications recommended by the State
Commission for Academic Degrees and Titles, and in the Russian Science Citation Index database

The Journal is available in the Federal Electronic Medical Library: http://www.femb.ru

Subscription index in the Russian Press Agency catalog — 29124.

Price: flexible

Managing Editor: Alla V. Sedova

Editors-proofreaders: Irina S. Pigulevskaya, Lev A. Zelexon
Page layout: Olga A. Yunina

Printed by Publishing House Triada, Ltd

Address: 9, office 514, Tchaikovsky ave., Tver, 170034, Russia
Format 60x90%. Off set print. Print run 1000 copies.

ISSN 2218-7332 (Print)
ISSN 2658-3348 (Online)



COOEPXAHUE

PYKOBOOCTBO

no BMOME.CIMLIMHCKOVI CTATUCTUKE
TTIPOBEPKA CTATUCTUYECKHNX I'MITIOTE3:
OBIIME ITOAXOAbI B ITPAKTUKE MEJUITMHCKIX
HUCCJIEAOBAHUN

A.IO. Cysopos, H.M. Bynanos, A.H. Illéedosa, E.A. Tao,
/.B. Bymnapy, M.IO. Haounckas, A.A. 3aukun

COVID-19 .

CEPOJIOTMYECKKWM OTBET CPEJU MEJJULIMHCKUX
PABOTHUKOB, BAKIIMUHNPOBAHHbIX « CHADOX1
NCOV-19 CORONA» B BOJIbBHULIE TPETUYHOI'O
YPOBHA B KEPAJIE, UHAWA: TTPOCIIEKTUBHOE
KOT'OPTHOE UCCJIIEAOBAHUE

C.K. Hooxrcapexkammyeanannun, P. bxacxkapan, LLIpu Paoc B.,
II. Xoce, A.M. Pagpu, /1. Tomac, C./[»c. Huna, JI. Pagpasrne,

Y.I ¥Yunukpuwnan, I1. Padscmoxan, Y. Bancan, I1. Kymmuuupa

NMATONNIOrMYECKAA ®U3UOJI0OIN'UA
TTPEKOHIULIMOHNPOBAHWE KPEATUH ®OCDPATOM
VYMEHBITAET NIHEMUWUYECKO-PEITEP®Y3MOHHOE
TTOBPEXXIEHUE M30JIMPOBAHHOI'O CEPAIIA KPBICHI
JLA. I'noscuesa, C.b. bonesuu, B. fkoenesuu, H.A. Omapos,
X.A. Opoawes, M.K. Kapmauwiosa

MEXOANCLUUMITUHAPHBIE NMPOBJIEMBI
DRESS CUHJAPOM HA ®OHE JIOBABJIEHU
MEPOITEHEMA K TEPAITUY KAPBAMAS3EITMHOM:
KIIMHUYECKUU CIIYUAU

I10.B. Havuna, T.A. ®éooposa, C.A. Tazuna, T.H. Comnuxosa,
H.A. Cemenenxo, H.B. Jlowuu, C.A. borvuaxos,

H.B. Kucenesa, 4.C. Ilasnos

BUOMEOULIUHA

BU3YAJIM3ALUA JUCKPETHBIX HAHO®OCD®OPOB

B BUOJIOTUYECKUX CUCTEMAX C YYETOM BPEMEHHA
KM3HU ®JIYOPECHEHIIMA

A.0O. 3escunyes, A.B. FOounuyes, A. Maxenu, B.A. Booenees, A.B. 3es2un

UCIMNPABJIEHUA

WCTIPABJIEHUS K CTATBE «OCHOBHBIE ITPUHITUIIBI
[IPUMEHEHUS OIIMCATE/IbHOM CTATUCTHUKU

B MEJJUIIMHCKHUX UCCIIEJOBAHUAX>

VCTIPABJIEHUA K CTATBE «PAJIMKAJIBHOE JIEHEHHUE
OCJIOXKHEHHOU XXEJTYHOKAMEHHOU BOJIE3HU

Y MAIIMEHTOB CTAPYECKOI'O BO3PACTA:
OIIMCAHUE TPEX KIIMHUYECKUX CIIYYAEB»

VCITPABJIEHUA K CTATBE «DRESS CUHAPOM
HA ®OHE JOBABJIEHUA MEPOIIEHEMA K TEPAIIMUA
KAPBAMASEIIMHOM: KJIMHUYECKUI CITYYA»

PETPAKLUUA

OT3bIB CTATHH «K BOITPOCY CTAHJAPTU3AIIMN
AJUIEPTEHHBIX SKCTPAKTOB: ITYTU JJAJIbHEUIIIEL'O
PA3BUTH»

OT3bIB CTATbU «AE®OPMAIINA XATJIVHJA.
UCTOPUYECKASI CIIPABKA I CHCTEMATUYECKUI
OB30P JIUTEPATYPbI»

OT3bIB CTATbU «OCOBEHHOCTH KJIMHUKN .
U TEYEHUA IICOPUATUYECKOI'O APTPUTA V JETEN»

OT3bIB CTATbU «AIMUAEMUNOJIOT S — OCHOBHAS
IMPOOUJIAKTUYECKA S JTUCHUITJIMHA
COBPEMEHHOU MEJIULIVIHBI»

OT3bIB CTATBU «ITPEIIOJJABAHUE SITUAEMUOJIO MU
B IIEPBOM MI'MY M. U.M. CEYEHOBA: ITPOILIJIOE,
HACTOSIIEE U BYVILEE»

OT3bIB CTATbU «BOITPOCHI KITACCUDPUKALINN
N 3AKOHOMEPHOCTU MOP®OI'EHE3A XEJIE3 CTEHOK
IIOJIbIX BHYTPEHHUX OPTAHOB»

14

24

58

61

62

63

65

CONTENT

BIOMEDICAL STATISTICS

TUTORIA

STATISTICAL HYPOTHESIS TESTING: GENERAL
APPROACH IN MEDICAL RESEARCH

Alexander Yu. Suvorov, Nikolay M. Bulanov,

Anastasia N. Shvedova, Ekaterina A. Tao, Denis V. Butnaru,
Maria Yu. Nadinskaia, Alexey A. Zaikin

COVID-19

SEROSURVEILLANCE AMONG HEALTHCARE WORKERS
VACCINATED WITH CHADOX1 NCOV-19 CORONA
VACCINE IN A TERTIARY HOSPITAL OF KERALA, INDIA:
PROSPECTIVE COHORT STUDVY

Swathi K. Njarekkattuvalappil, Ramesh Bhaskaran, Sree Raj V.,
Ponnu Jose, Aboobacker M. Rafi, Joe Thomas, Susheela J. Innah,
Lucy Raphael, Uttumadathil G. Unnikrishnan, Priyanka Rajmohan,
Chithra Valsan, Praveenlal Kuttichira

PATHOLOGICAL PHYSIOLOGY

CREATINE PHOSPHATE PRECONDITIONING REDUCES
ISCHEMIA-REPERFUSION INJURY IN ISOLATED RAT
HEART

Luiza A. Gadjieva, Sergey B. Bolevich, Viadimir Jakovlevich,
Israpil A. Omarov, Hasan A. Ordashev, Maria K. Kartashova

INTERDISCIPLINARY PROBLEMS

DRESS SYNDROME ON THE BACKGROUND OF ADDING
MEROPENEM TO CARBAMAZEPINE THERAPY:

A CLINICAL CASE

Yulia V. llina, Tatiana A. Fedorova, Serafima Y. Tazina,

Tatiana 1. Sotnikova, Natalya A. Semenenko, Natalia V. Loshchits,
Stepan A. Bolshakov, Nataliia V. Kiseleva, Chavdar S. Paviov

BIOMEDICINE

LIFETIME IMAGING OF THE DISCRETE
NANOPHOSPHORS IN BIOLOGICAL SYSTEMS
Artyom O. Zvyagintcev, Andrey V. Yudintsev, Alireza Maleki,
Viadimir A. Vodeneev, Andrei V. Zvyagin

ERRATUM
ERRATUM FOR THE ARTICLE “BASIC PRINCIPLES OF
DESCRIPTIVE STATISTICS IN MEDICAL RESEARCH”

ERRATUM FOR THE ARTICLE “RADICAL SURGERY FOR
COMPLICATED CHOLELITHIASIS IN ELDERLY PATIENTS:
THREE CLINICAL CASES”

ERRATUM FOR THE ARTICLE “DRESS SYNDROME
ON THE BACKGROUND OF ADDING MEROPENEM TO
CARBAMAZEPINE THERAPY: A CLINICAL CASE”

RETRACTION

RETRACTION OF THE ARTICLE “ALLERGENIC
EXTRACTS STANDARDIZATION: PROSPECTS FOR THE
FUTURE”

RETRACTION OF THE ARTICLE “HAGLUND SYNDROME.
HISTORICAL AND SYSTEMATIC REVIEW”

RETRACTION OF THE ARTICLE “THE CLINICAL FEATURES
AND COURSE OF PSORIATIC ARTHRITIS IN CHILDREN”

RETRACTION OF THE ARTICLE “EPIDEMIOLOGY AS
A PROPHILACTIC DISCIPLINE IN CONTEMPORARY
MEDICINE”

RETRACTION OF THE ARTICLE “TEACHING
EPIDEMIOLOGY IN THE .M. SECHENOV FIRST MSMU:
THE PAST, THE PRESENT AND THE FUTURE”

RETRACTION OF THE ARTICLE “THE PROBLEMS OF CLASSIFICA-
TION AND SPECIFIC FEATURES OF MORPHOGENESIS OF GLANDS
LOCATED IN THE WALLS OF HOLLOW INTERNAL ORGANS”

CEYEHOBCKMI BECTHUK T. 13, Ne 1, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 1, 2022 3



BIOMEDICAL STATISTICS TUTORIAL |

https://doi.org/10.47093/2218-7332.2022.426.08 ) Chook forupaates

[@)By 20 |

Statistical hypothesis testing:
general approach in medical research

Alexander Yu. Suvorov, Nikolay M. Bulanov*, Anastasia N. Shvedova, Ekaterina A. Tao,
Denis V. Butnaru, Maria Yu. Nadinskaia, Alexey A. Zaikin
Sechenov First Moscow State Medical University (Sechenov University)
8/2, Trubetskaya str., Moscow, 119991, Russia

Abstract

Statistical hypothesis testing is one of the key steps in modern medical research. Initially, scientists formulate a research
hypothesis based on which the statistical hypothesis is then developed and statistically tested. This review provides the null
and alternative hypotheses’ compiling examples for different research questions and the general algorithm for their testing
using t-test. The authors also describe type | errors, which are necessary to interpret p-values estimated from statistical tests,
and type Il errors, which are used to assess study power. The article focuses on effect size and its calculation methods, and
the difference between statistically significant and clinically significant effects. The associations between effect size, sample
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Hypothesis testing is one of the essential steps  °

in modern medical research. Many studies aim not
only to describe the data but also to determine the
differences in study subjects’ characteristics and assess
their significance. Study subjects may be patients,
animal models or cell cultures. Any existing subjects’
observation, with or without active intervention, can be
called an experiment. In medicine, one way to conduct
an experiment is by performing a designed study [1].
Strict rules and firm conditions must be defined and
implemented before initiating a designed study:
 the aim of the study is accompanied by a specific re-
search question;
* the objectives are formulated through which the aim
can be achieved;

one or several research hypotheses are formulated

that will be tested to answer the research ques-

tion;

* the study design is determined to achieve the goal in
the most effective and valid way, and to obtain reli-
able and reproducible results by minimizing the risk
of making a mistake;

 the inclusion and exclusion criteria are formulated
without ambiguity;

 the statistical analysis methods, which are used for
achieving the objectives mentioned before and an-
swering the research question, are described in detail.
Thus, when designing an experiment, the researchers

test a model under ideal conditions which allow them

to answer the research question. In addition, designed
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studies have restricted sample size and time to perform
all the steps.

An example of a slightly different approach are
observational exploratory studies; the main goal of which
is not to confirm pre-formulated hypotheses about the
influence of certain factors on the outcome but to look
for any relationships and generate hypotheses. Thus,
observational studies focus on determining whether
there are any significant interactions between factors
within the study population. In observational studies
the restricted main research question that requires
confirmation might be missing. However, in exploratory
studies the researchers must also determine the goal, the
objectives, and the study population, which is generally
larger compared to the designed studies samples, in
advance.

The aim of this review is to explain the main aspects
of the designed research and the relationship between
the research question and its answer in terms of research
methodology, a key aspect of which is statistical
hypotheses testing.

RESEARCH AND STATISTICAL

HYPOTHESES

Every study, or experiment, begins with the for-
mulation of a hypothesis (scientific assumption). After
that, researchers try to confirm or reject the hypothesis.
For example, they can assume that a particular region’s
bad ecology affects people’s health, or that smoking is
associated with a high risk of cardiovascular events.
These assumptions are research hypotheses, that should
be distinguished from statistical hypotheses. Statistical
hypothesis represents the research hypothesis that can
be analyzed by using statistical methods through an
experiment with specific design.

A statistical hypothesis is a judgment about the
parameters that describe a statistical population (general
population), but not a sample. And the statistical
population is a homogeneous group of people, for
example, those at risk or of interest in the present study
(experiment). Such a group may be a city population
or all patients in a hospital over a certain period of
time. Initially, researchers claim two hypotheses about
the possible relationship of the observed phenomena
(potential risk factors and outcomes): null and
alternative.

The null hypothesis, commonly shown as H, claims
that observed effects, phenomena, and relationships
happen randomly; meaning they are not connected.
On the contrary, the alternative hypothesis (H, or H)
claims that observed phenomena do not occur randomly
and are connected. It should be noted that connection
here means any association, not only causal effect.
For example, a minor study assesses the differences
between mean values (u, and p,) of empirical value —
total cholesterol level — in patients with or without
a history of myocardial infarction (group 1 and 2,

respectively). The research hypothesis can state that
groups differ or do not differ. In this case, the null
hypothesis would claim that total cholesterol level is
not connected with the risk of myocardial infarction,
i.e. there is no difference between the two mean values
(observed differences are random):

Htp =u,

The alternative hypothesis claims that the observed
differences are significant and not random:

H p #u,.

The null and alternative hypotheses are mutually
exclusive, meaning that true H excludes H, being false
and otherwise. Therefore, accepting the alternative
hypothesis (existing difference between two groups)
implies rejecting the null hypothesis.

STATISTICAL TESTS

Statistical tests are statistical proof methods,
or inferential statistical analysis, which are used to
determine whether the null hypothesis (/) might be
rejected. It should be noted that statistical tests do not
formally accept the null hypothesis but only demonstrate
if we can reject it in favor of the alternative one.

Each statistical test is a mathematical function
which calculates test statistics. Test statistics show
how far an observed value differs from the expected
value distribution, given that the null hypothesis is not
rejected. The larger the test statistic value the bigger
the difference between the observed and expected
distributions.

Test statistics set evaluated from specific test follows
defined distribution law (for more on distributions see
[2]). For example, t-test evaluates ¢-statistics which
follows Student’s ¢-distribution. To reject the null
hypothesis, the test statistic distribution threshold must
be determined, and that threshold is called critical
value, and corresponding probability — significance
level.

Significance level (o) shows the probability of the
true null hypothesis being incorrectly rejected. This
probability is known as Type I error. Significance level
and corresponding critical value are initially proclaimed
in order to assess the probability of making Type I error
as the lower the a the less the risk of rejecting the true
null hypothesis. However, there is always a chance that
this might happen, thus researchers can only minimize
the risk by choosing the suitable threshold. Depending
on the field of study, various a values can be chosen, for
instance, medical researchers commonly use a = 0.05.
When it is highly crucial to avoid Type I error (i. e. two
study groups are comparable) o would be set as low as
possible (a = 0.01 or lower).

After the test statistic is determined, researchers
also obtain the p-value (p). P-value is the probability
of acquiring the same results or more extreme than
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imagined, with the null hypothesis being true. Extreme
results are generally understood to mean results which
differ greater from the expected distribution. Small
p-value means that if the null hypothesis is true, then
the chance of obtaining the same or more extreme
results is rather low, therefore it is highly likely that
the null hypothesis is false and can be rejected. If p < a,
1. e. test statistic equals critical value or exceeds it, the
result is statistically significant (Fig. 1). That is why
in the “Materials and Methods” section it is always
stated at which p-value the results are considered
to be statistically significant. The phrase “P-values
below 0.05 were considered statistically significant”
means that researchers chose Type I error threshold
a=0.05.

Let us imagine that we are conducting a parallel
study with two groups: one group is given the
antihypertensive treatment A, the other group is given
a placebo. Our null hypothesis states that the drug A
effect on blood pressure (BP) is equal to placebo if we
estimate the mean blood pressure at the end of the study
in both groups:

* W, — mean BP value in patients who received treat-
ment A;

W, — mean BP value in patients who received pla-
cebo;

‘ Ho “Marr = Mppe O Mypr = Hppe = 0;

‘ Hl * Mgy i Hprc OF Hopr = Hprc #0.

Using the Student’s #-test, we verify if we can reject
the null hypothesis claiming p .. — p,, .= 0.We can build
a graph, which demonstrates t-statistics distribution
according to the difference (Fig. 1: green lines). After
conducting the experiment, we have the difference
Her — My Which corresponds with z-statistic = 2.5,
given the null hypothesis is true (Fig. 1: Red line).
We see that the observed result exceeds critical
values, therefore the null hypothesis can be rejected.
Corresponding p-value is 0.0126, thus, if the chosen a
is equal to 0.05 the null hypothesis can be rejected, and
the differences are statistically significant.

EFFECT SIZE

Research hypotheses are most commonly generated
to identify differences or associations between certain
parameters. However, not only are the differences
essential but also their significance. For example,
one study compared the proportion of patients who
achieved therapeutic effect in the treatment group
and the placebo group, and they were 10% and 80%,
respectively. We see the remarkable difference equal to
70%. In another study, these proportions were equal to
45% and 55%. We sce that the results differ as well, but
only by 10%. In the third study, the treatment efficacy in
two groups reached 75% and 80% differing only by 5%.
Another example of the new antihypertensive treatment
illustrates this point clearly. The new treatments X, Y,
and Z lower systolic blood pressure (SBP) by 15, 8,

PYKOBOACTBO MO BMOMEANLIMHCKOW CTATUCTUKE

and 1 mmHG on average, respectively. Conventional
antihypertensive treatment lowers SBP by 1 mmHg. All
examples demonstrate that a certain effect exists, but it
is different and more or less prominent.

Effect size is a wide statistical concept that refers
to a certain statistic or parameter which shows the
quantity of differences or associations between the
distributions in different groups. In medicine, the effect
size is important as it refers not only to the statistical
significance but also to the clinical significance of the
results observed in the study. For example, we use the
average decrease in SBP as the effect size. The average
decrease in SBP by 1 mmHg, most likely, is not clinically
significant — for the patient, the treatment Z will not be
more effective than conventional therapy, thus, from
a practical point of view, its administration provides
no advantages. On the contrary, too great an effect
(treatment X) may be associated with complications
caused by hypotension. Treatment Y is probably the
best choice amongst the new drugs in clinical practice
as it has a significant but not excessive antihypertensive
effect.

It should be emphasized that we try to statistically
determine the effect size when testing statistical
hypotheses. Absolute difference rarely equals null,
however it can be small and clinically insignificant
and both positive and negative. On the other hand,
when testing statistical hypotheses, it is necessary to

Probability density /
TInotHOCTH BEPOSATHOCTH
o o o
) w ~

o
-

/ -1.98 1.96 \2.5
0.0

-4 -2 0 2 4

t-statistic / f-cratucTHKa

FIG. 1. T-distribution for 50 degrees of freedom
PUC. 1. T-pactpenenenne st 50 creneneii cBOOOIBI

Notes: green dotted lines indicate critical values of 1.96 and -1.96 cor-
responding to the 97.5th percentile and the 2.5th percentile, respectively,
i.e. two-sided significance level a = 0,05. B. Red solid line indicates t-
statistics = 2.5, which exceeds critical value of 1.96 using two-tailed t-test
(p = 0.0126 with specified a = 0.05), thus the null hypothesis can be
rejected, and we can accept the alternative one.

I'Ipmmeanvm: 3eNeHbIMU MYHKTUPHBIMA NIUHUAMWU YKa3aHbl KpUTUYe-
ckve 3Hayenms -1,96 n 1,96, cootsetcTaytowwme 2,5-my n 97,5-my npo-
LeHTUNSM — ABYCTOPOHHEMY YPOBHIO 3HauumocTn a = 0,05. KpacHoi
CNIIOLHOM NHMeN 0603HaveHa t-ctaTucTuka = 2,5, koTopas npesbIaeT
kpuTudeckoe 3HaveHue 1,96 npum gyctopoHHem t-tecte (p = 0,0126 npu
3apanHom a = 0,05). Takum obpa3som Hynesasi runote3a MOXET ObiTb
OTKIOHEHA W NpUHATA anbTepHaTUBHas.
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define the criteria for the detection of plausible clinical
effect. In the antihypertensive treatment example, an
average decrease in SBP of <2 mmHg can be defined
as the absence of the clinical effect, 3-10 mm Hg —
as a moderate effect, and >10 mm Hg — large effect.
For testing research hypothesis, we want to determine
whether the average decrease in SBP will at least reach
a moderate effect size after treatment with the drugs X,
Y, and Z.

How to measure the effect size?

Psychologist and statistician Jacob Cohen made a
significant contribution to the conceptualization of
effect size, writing in his later work: “The primary
product of a research inquiry is one or more measures
of effect size, not p values” [3]. Nowadays, there are
many statistics to measure the effect size, testing any
hypotheses.

Effect size measuring methods can be standardized
and unstandardized. Standardized methods allow
measuring the effect size for variables with both similar
and different dimensions (for example, correlation
coefficient for variables in different units), for
combining results of different studies (meta-analysis
and meta-regression), and for comparing variables
varying in metrics (e. g., g/l in one study and mmol/l in
another one) [4].

Methods to measure the effect size are the following
(Tables S1—4 in the supplementary):

» Effect size assessing connections between numeric
variables’ distributions, or how one variable’s dis-
tribution influences another (correlation coefficient,
coefficient of determination);

» Effect size assessing the difference between statis-
tics (Cohen’s d, Glass’ A, risk difference);

» Effect size assessing the connections between cat-
egorical variables (Cohen’s h, odds ratio).

Research hypotheses and the effect size

Effect size plays a crucial role in research and the
forming of statistical hypotheses. In the beginning,
researchers put a question if the observed effect
occurs randomly. For example, do total cholesterol
levels in exposed and control groups differ? Observed
differences may be random. In order to verify if the
effect is random or not, pilot studies are conducted
which aim to determine the presence or absence of the
effect. These studies are hypothesis-generating (for
more on preferred study design for different purposes
see [5]). If the effect is confirmed, pilot studies can
assess its observed or hypothetical size. However, pilot
studies are often restricted and do not consider the
effect size validly (Fig. 2).

The pilot studies are followed by confirmatory
studies that determine a certain effect size. For
example, a pilot study established that smoking in men
aged 35-45, who live in urban area, increases the risk
of cardiovascular diseases over 10 years (relative risk

Research hypothesis: Is an observable effect present? /
WccnenoBarenbckas runoresa: Ecte 1 Habaronaemslid 3¢ dext?

Pilot hypothesis-generating research /
[TunoTHOE rumoTe3000pasyromee MccieaoBaHue /

A

A

The null hypothesis: H,/
Hynesas runoresa: Hy

The alternative hypothesis: H; /
AunsrepHatuBHas runoresa: H,

No effect, observed effect is random /
D¢ dekra Het, HaOmOMAaeMbIi P PEKT
ciydacH

An effect of measurable size is present /
Oddekrt ecth, UMEETCSI HEKUI
HaOJIIOJaeMBIi pa3Mep

Estimation of the minimal sample size which is adequate to confirm the occurrence of the
effect statistically / Onpenenenre MUHUMAJILHON BBIOOPKH, JOCTATOYHOMU JJIs
CTaTUCTHYECKOTO MOATBEPIKICHHS HaIu4aus dQdexra

FIG. 2. Flowchart of the hypothesis-generating studies

PUC. 2. Cxema npoBeeHHs THIIOTE3000pasyrOIINX HCCICIOBAHHUIH
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(RR) is X). Researchers then have to question whether
this is true for men living in the rural area. To conduct
such a study, we can rely on the data from the city
group and expect that the effect size (RR) will be at
least X (Fig. 3). It is also possible that according to our
research assumptions, the effect will be n-fold less, so
we can conduct a study that will be able to detect the
effect size of at least X/n.

The concept of the effect size allows avoiding pilot
studies as the results of previous research can be used.
One of the key concepts in medical research is the effect
size threshold that should be plausible from a practical
point of view. For example, in the study of a new
drug for weight loss in patients weighing more than
200 kg, a statistically significant weight loss of 1 kg
was obtained after one year. The effect is statistically
significant but has no benefit for the patients: within
1 year, nutritionists (and patients themselves) would
likely want to achieve a more noticeable weight loss.
It would probably be more justifiable to introduce an
effect size threshold of 10 or 15 kg.

ONE-SIDED AND TWO-SIDED

STATISTICAL TESTS

Two-sided tests

Let us return to the antihypertensive treatment
example. There is a promising new treatment (TRT) that
is supposed to lower SBP; however, we do not know how

PYKOBOACTBO MO BMOMEANLIMHCKOW CTATUCTUKE

effective it will be in clinical research. The conventional
antihypertensive treatment (CTRL) is administered to
the control group. Estimated average decrease in SBP
will be p,,, and p_,.. in the treatment group and in the
control group, respectively.

If the aim of our study is to determine which
treatment is more effective, the null hypothesis asserts
H, : W, = Wy and the alternative one asserts the
opposite /| : p.. # 1 ... Hence, we can divide the latter
into two simple statements:

H :{H'TRT>“'CTRL

1 < '
l"LTRT HCTRL

In other words, we test alternative hypotheses for
two scenarios: when TRT is more effective than CTRL
and when TRT is less effective. Tests used to check both
statements are called two-sided tests. For example, if
we analyze t-statistic probability distribution (Fig. 1),
one will notice two opposite critical values of 1.96 and
-1.96 (two-sided test with a given a = 0.05). In two-sided
tests, the significance level is divided by half and critical
values of each side are o/2:

{a =a/2

right

Oy = o/2

Given a equals 0.05 (5%), the null hypothesis will
be rejected, if observed t-statistic exceeds any of the
two critical values (2.5% and 97.5%) indicated by

Research hypothesis: Does the effect have a size higher than a selected threshold? /
HccnenoBarenbckas runoresa: Mimeer au 3 ekt pazmep BhIllIe ONPeeIeHHOTo mopora?

Confirmatory study /
[ToaTBeprk aarolee UCCIICA0OBAHHE

The null hypothesis: H, /
Hynesas runoresa: H,

Effect size is less then the selected
threshold or equals it / Pazmep addekra
HWKE MTOPOTa WIH PABCH MY

The alternative hypothesis: H, /
AunsrepHaTrBHas runoresa: H,

Effect size is higher than the selected
threshold / Pasmep a¢dekra BbIe
nopora

Estimation of the minimal sample size which is adequate to confirm the occurrence of the
effect statistically / Onpenenenne MUHUMAIBLHON BEIOOPKH, JTOCTATOYHOM IS
CTaTUCTUYECKOTO MOATBEPKIeHUs pa3Mepa dddexra

FIG. 3. Flowchart of confirmatory studies

PUC. 3. Cxema npoBeieHHs MOATBEPKIAIONINX UCCIIETOBAHMI
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0.4

et
w

o
-

Probability density /
ITnotHOCTH BEPOATHOCTH
o
N

1.65 \ 25

-4 -2 0 2 4

t-statistic / --cratucTika

0.0

FIG. 4. One-sided #-test illustration
PWUC. 4. Miutroctpanust OAHOCTOPOHHETO /-TeCTa

Notes: the green line indicates critical value of 1.65 which corresponds
with one-sided significance level a = 0.05; p-value is 0.006 for t-statistic
t=2.5 (red line): the result is clinically significant, given the chose type |
error value as p < a.

MpumeYaHmsi; 3eneHas NHUS 0603HayaeT KpuTdeckoe 3HadeHme 1,65,
COOTBETCTBYIOLLEE OAHOCTOPOHHEMY YPOBHIO 3HaunmocTut a = 0,05. [ina
cTatuctukn t = 2,5 (kpacHas nuHus) p-value = 0,006: pesynbTat cTaTucTu-
YECKMW 3Ha4MM Npu BbIGPAHHOM 3Ha4eHNM oMbk | pofia, NOCKONbKY p < a.

green lines (Fig. 1). So why do researchers use two-
sided tests?

As the TRT effectiveness has yet to be discovered,
the two-sided test is appropriate for all scenarios: TRT
and CTRL have approximately the same effectiveness,
TRT is better or worse than conventional treatment.

One-sided tests

On the other hand, if the main question is whether the
new treatment is more effective than the conventional
one, the hypotheses would change. The actual goal is to
determine the significant effect size W, > W ., -

In this case, the null and alternative hypotheses
assert the following:

{HO = HTRTS l'l'CTRL.
H] = HTRT> p'CTRL

To test this hypothesis, one-sided tests are used
not only to estimate the certain effect size but also its
direction. In this case, it must be verified if the test

statistic exceeds the critical value located on the right
side of the distribution on the graph (Fig. 4).

TYPE | AND Il ERRORS

We discussed type I errors but for valid interpretation
of the results we should consider another type of errors
(Table).

Type I error (a, false-positive result) occurs when
the true null hypothesis is rejected and the false
alternative hypothesis is accepted. For example, a
researcher assumes that the differences are significant
between two groups, however in fact they are random.

TBype II error (B, false-negative result) occurs when
neither the false null hypothesis is rejected nor the
true alternative hypothesis is accepted. For example,
researchers consider the differences to be random,
however in fact they are significant and occur not
randomly.

To conduct a successful experiment, the risk of type
I and II errors should be minimized. Type I error, as
mentioned previously, is the significance level of the
test which is then compared to the p-value. The low risk
of type I error means that with high probability, the true
null hypothesis will not be rejected.

Type II error shows the probability of rejecting
the incorrect null hypothesis equal to (I — B). This
probability is known as statistical test power = 1 — p.
In medical studies, the minimal acceptable is usually
set to 80%, 1. e. the maximal type II error is 20%.

ADEQUATE SAMPLE SIZE

AND THE CONCEPT OF STATISTICAL

HYPOTHESIS TESTING

The last step in statistical hypothesis testing is to
choose the adequate sample size required for accepting
or rejecting the null hypothesis [6]. We can summarize
the statistical hypothesis testing in the flowchart shown
in Fig. 5.

After formulating the research question and
assuming the expected effect size, the researcher should
do the following:

* choose the most suitable statistical test which re-
lates with the effect size distribution law in statisti-
cal population;

Table. Type | and Il errors
Tabnuya. Ownoku | m Il popa

In statistical population / In the study / After testing H, / Probability /
B cratuctuyeckon nonynsaumum B xope nccneposanus PesynbTat npoepku H, BepostHocTb
H, true / H, BepHa H, not rejected / H, He oTknoHeHa e P=1-a
0 Y 0 0 PelueHue He OTKNOHSATL BepHOE
H, true / H, BepHa H, rejected / H, oTkroHeHa Incorrect false) rejection, Type | error / P=a
OwmboyHOe OTKNOHEHME, owmbka | poaa
H false | H. HesepHa H. not rejected / H, He oTkroHeHa Decision not to reject is incorrect (false), Type Il error / P=p
g Y g L Peluenue He oTKnoHATL owmnbo4Hoe, owmbka Il poga
H, false / H, HeBepHa H, rejected / H, oTknoHeHa Correct rejection / BepHoe 0TKnoHeHne P=1-8
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Research hypothesis / MccenoBarennckast rumoresa

The main study question / OcHOBHOI1 BOnpoc nccieI0BaHUsI

Effect size estimation / Onpenenenue pazmepa apdexra

}

Choosing the suitable statistical test /
BBI160p MOIXOSIIET0 CTaTHCTUYECKOTO TECTa

|

Determining the significance level to
control type I error / Beibop ypoBHs
3HAYUMOCTH: KOHTPOJIb omuOku I posa

}

!

Determining statistical power to control
type II error / Beibop anexBaTHO#
MOIITHOCTH: KOHTpOIIb omuOkw 11 pona

}

Adequate sample size to test the hypothesis /
OO0BeM BBIOOPKH, TPEOYEMBIid 1715l IPOBEPKHU THITOTE3BI

Conducting research and obtaining its data /
[IpoBenenue ucenenoBaHus 1 MOMYYCHUE TAHHBIX

I

Results of the statistical test /
Pe3ynbTarhl CTaTHCTHYIECKOTO TeCTa

|

Test statistic / CratucTrka TecTta ‘

|

‘ p-value / 3nauenue p

|

|

Rejecting or accepting the null hypothesis /
[puHsTHE MM OTBEPKEHUE HYJIEBOM THIIOTE3bI

Solution to the main study question /

OTBeT Ha OCHOBHOM BOIIPOC UCCJICIOBAHUA

FIG. 5. Flowchart of the statistical hypothesis testing
PUC. 5. Cxema mpoBepK# CTaTHCTHIECKUX THUIIOTES

» choose the suitable significance level and study
power;
» calculate the adequate sample size.

Only after performing all those steps, can we
conduct the statistical test. But what is the connection
between study power, significance level, effect size,
and sample size? Let us assume that we are trying to
statistically determine the effect size E with power
1 — B, significance level a (Fig. 6A), and sample size
n [7]. We note in advance that the test significance
level a must remain fixed under any circumstances. If
the researcher wants to keep the sample size the same
but to increase the power, the simplest solution is to

CEYEHOBCKMI BECTHUK T. 13, Ne 1, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 1, 2022

assume that we will observe a larger effect size, for
example, twofold (or E x 2). In this case, the power
will actually increase (Fig. 6B). However, in reality,
the researcher cannot voluntarily observe a larger or
smaller effect, moreover, the assumption of the effect
size is only a research hypothesis. In this case, the
effect size should not increase either; however, as the
sample size increases, the study power also increases
(Fig. 6C). Thus, if one wants to obtain a certain
effect size with the strict significance level, the only
way to minimize the risk of falsely accepting an
incorrect null hypothesis (B) is to increase the sample
size.
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o
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0.0
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Effect size E / Pasmep a¢pdexra E

FIG. 6. The relationship between effect size, type I and II errors, and sample size, when testing statistical hypotheses:

A. Effect size and type I and II errors.
B. Type II error changing after the effect size increasing.
C. Type Il error changing after sample size increasing.

PUC. 6. B3anmocssi3s Mex 1y pasmepoM addekra, omunbkamu I u 11 pona 1 pa3mepoM BEIOOPKH HPH MTPOBEPKE CTATHCTHYESCKHX

THIIOTE3:
A. B3aumocss13b pazmepa sddexra, omudok I u Il pona.

B. M3menenue Benuuunsbl omuoku 11 poga npu ysenudeHuu pasmepa 3¢ dexra.
C. U3menenue Bennuunbl omn6ky 11 poga npu yBenuueHuu pa3Mepa BEIOOPKH.

Note: p1 — mean in group 1, y2 — mean in group 2.
lMpumeyaHue: p1 — cpegHee B rpynne 1, Y2 — cpegHee B rpynne 2.

CONCLUSION

Formulating adequate research and statistical
hypotheses is an important skill for all medical
researchers, without which successful planning and
conducting research in medicine is almost impossible.
In addition, the concepts of effect size, type I and II
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errors are essential for interpreting the results of a
scientist’s own research, as well as those of published
studies. These ideas are universal and applicable to any
statistical tests, and moreover, they are of much greater
importance for a scientist than the skill of applying any
specific method.
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Serosurveillance among healthcare workers vaccinated
with ChAdOx1 nCoV-19 Corona vaccine in a tertiary
hospital of Kerala, India: prospective cohort study'
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Abstract

Aim. To evaluate antibody responses following two doses of ChAdOx1 nCoV-19 Corona vaccination in a tertiary care setting
and the association of host factors like age, body mass index and comorbidities in determining this antibody response.
Materials and methods. This prospective serosurveillance study was done among healthcare workers of Jubilee Mission
Medical College, vaccinated during January- April 2021. Blood samples were drawn from 170 participants after their first
dose and from 156 participants after their second dose of Covishield™ to measure the specific Iy G antibodies against the
recombinant S1 subunit of the S protein of SARS-CoV-2.

Results. The median level of anti-SARS-CoV-2 Ig G antibody 28-56 days after the first dose vaccination was 3.64 S/C
(1.33,7.24) and 11.6 S/C (8.61, 14.27) after 14 days of second dose vaccination. Protective levels of anti-SARS CoV-2 Ig G
antibodies (= 9.5 S/C) was developed by 25 participants (14.7%, 95% confidence interval: 9.8% to 20.9%) after 28-56 days
of first dose of vaccination and by 109 participants (69.9%, 95% confidence interval: 62% to 77%) after 14 days of second
dose. Health care workers in the age group below 60 years (p = 0.027) and without comorbidities (p = 0.079) showed higher
protective Ig G levels. But on multiple logistic regression only age under 60 years was found to be statistically significant.
Conclusion. After the first dose of the ChAdOx1 nCoV-19 vaccine, the formation of Ig G antibodies was observed, the level
of which increased after the second dose. Among the various associated factors studied only the age of the participants
below 60 years was found to be statistically significant for protective antibody levels. Follow up studies involving larger and
different ethnic population is key to decoding the antibody response especially in the elderly and high-risk groups.

Keywords: antibody response; ChAdOx1COVID-19 vaccine; health care workers; neutralizing antibodies; protective level;
SARS-CoV-2
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YIK [616.98:578.834.1]-085.371.015:[616-092:612.017.1:614.25]

CeponornueckKkmm oTBeT cpeav MeauLuMHCKMX
paboTHMKOB, BakuMHupoBaHHbIX «ChAdOx1 nCoV-19
Corona» B 6onbHMUe TpeTuuHoro ypoeHa B Kepane,

MHaMA: NPpOCNEeKTUBHOE KOropTHoe uccnepnosaHue

C.K. Hrxxapexkarrysajaannui, P. Bxackapan, lllpu Paxxk B., I1. Xoce™, A.M. Padu, 1. Tomac,
C.x. Uuna, JI. Padadan, Y.I. Yaaukpumnan, I1. Papkmoxan, Y. Baacan, I1. Kyrruunpa
Meoduyunckuil konnedc u uccredosamenvckuti uncmumym Jubilee Mission, Tpuccyp-680005, Kepana, Unous

AHHOTaumsa

Llenb. OueHnTb rymopanbHbi 0TBET nocne BeefeHus AByx Ao3 BakuuHbl «ChAdOx1 nCoV-19 Corona» B yupexaeHum
TPETUYHOTO 3BEHa 34PaBOOXPAHEHNS 1 OLEHUTb B3aMMOCBS3b (DaKTOPOB X035IMHA, TaKMX Kak BO3pacT, MHAEKC Macchl Tena
W conyTcTBYyIOWME 3aB0NeBaHNs, C ypOBHEM aHTUTES.

Matepuanb! u meToabl. [pocnekTuBHOE uccnenoBaHue bbiro NPoBeaeHO Cpean MeauLMHCKX paboTHUKoB MeauuymHeko-
ro konnegxa Jubilee Mission, BakLHMPOBaHHbIX B Nepuog ¢ sHeaps no anpenb 2021 roga. Obpasusl KpoBW Ans onpege-
neHus cneunduyecknx aHtuten IgG npotme pekombuHaHTHoM cybbeautnubl S1 6enka S SARS-CoV-2 Gbim B3sThl Y 170
Y4aCTHWKOB Nocne NepBom 4o3bl My 156 yuacTHMKOB nocne BTopoi fo3bl Covisield™.

PesynbTtatbl. Meanana yposHs aHtuten IgG k SARS-CoV-2 yepes 28-56 gHelt nocne BBEAEHMS NEPBOM 403bl COCTABNSET
3,64 S/C (1,33, 7,24) v yepe3 14 gHeit nocne sTopon — 11,6 S/C (8,61, 14,27). MNpoTeKkTUBHbIE YPOBHM aHTUTEN IgG NpoTMB
SARS CoV-2 (= 9,5 S/C) pocturHyTbl y 25 yyactHukos (14,7%, 95% poseputensHblit nHTepsan: ot 9,8 go 20,9%) yepes
28-56 OHelh nocne BBegeHWs Nepeoit 4o3bl BakUmHbl 1 109 yyacTHMKoB (69,9%, 95% AoBepuTenbHbI MHTepBan: oT 62 4o
77%) Yepe3 14 gHel nocne BTOPOM 403bl. Y MeauuuHcknx paboTHiko Monoxe 60 net (p = 0,027) n 6e3 conyTCTByHOLLMX
3abonesannit (p = 0,079) BhisiBneH Gonee BbICOKMI YPOBEHD 3aLMTHBIX IgG. HO npu MHOXECTBEHHOM NOTMCTNYECKON pe-
rpeccuu CTaTMCTUYECKN 3HAYMMbIM OKa3arcs TOMbKo Bo3pacT 4o 60 ner.

3akntouenue. Mocne BeeaeHNs nepeoii fo3bl BakumHbl «ChAdOx1 nCoV-19» Habmogaetcst obpasoBanue aHTuTen IgG,
YPOBEHb KOTOPbIX NOBbILIAETCS NOcre BBeAeHMs BTOpoi A03bl. Cpeau 13yyeHHbIX (hakTopoB TOMbKO BO3PACT Y4aCTHUKOB
Monoxe 60 neT okasancs CTaTUCTUYECKN 3HAYMMbIM A1 JOCTUXXEHUS NPOTEKTUBHOTO YPOBHS aHTuTenN. MocneaytoLme uc-
CcnefoBaHus € yqactuem Bonee KpynHOro 1 pasHOOBpasHOro 3THUYECKOTO HaCeneHus ABAKTCS KMYOM K paclungposke
0TBETa aHTUTeN, 0COBEHHO Y NOXUNbIX NIOAEN W rPYNN BbICOKOTO pucka.

KntoueBble cnoBa: rymopanbHein oTeeT; BakuuHa ChAdOx1 nCoV-19; meanumHckne paboTHIKW; HEMTpanu3ytoLme aHTu-
Tena; 3aLuTHbIN ypoBeHb; SARS-CoV-2
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CHADOX1 NCOV-19 - ®YAPMAKOIOIA

UMMYHUTET FYMOPAJTbHbIV — JEUCTBUE NEKAPCTBEHHbIX NMPEMAPATOB
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List of abbreviations

Cl - confidence intervals

COVID-19 — COronaVlrus Disease 2019
HCWs - healthcare workers

The COronaVIrus Disease 2019 (COVID-19)
pandemic entered a second peak in India towards early
April 0f 2021 and by June 2021 it was declining in all the
states, including Kerala. The COVID-19 pandemic caused
by Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) has already affected more than 171
million people and caused more than 3 million deaths
worldwide, as of June 04, 20212 To try to contain this,
several novel vaccines recently received an emergency
use authorization (EUA) by the U.S Food and Drug
Administration (FDA), the European Medicine Agency,
the U.K. Medicines and Healthcare Products Regulatory
Agency (MHRA) and the Indian Central Drugs Standard
Control Organization as well as the Drugs Controller
General of India. After receiving EUA, these vaccines

lg G — immunoglobulin gamma

S/C - signal/cut-off

SARS-CoV-2 — severe acute respiratory virus coronavirus-
type 2

were administered to healthcare workers (HCWs), front-
line workers, elderly, and at-risk individuals, including
people with comorbidities, in a phased roll-out.

The vaccination program in India started on January
16, 2021 after the approval of two candidate vaccines
namely Covishield™ (ChAdOx1-nCOV or AZD1222,
acquired from Oxford University and AstraZeneca,
manufactured by Serum Institute of India, Pune) and
Covaxin™ (BBV-152, manufactured by Bharat Biotech,
Hyderabad in collaboration with Indian Council of
Medical Research, India) [1].

Our institute also started the vaccination programme
with the two dose-regimen of ChAdOx1 nCoV-19
coronavirus  vaccine (Covishield™), administered
intramuscularly 4-6 weeks apart. Covishield™ is

2 World Health Organization COVID-19 dashboard:www.covid19.who.int (assessed on June 4, 2021).
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a recombinant, replication deficient, chimpanzee
adenovirus vector encoding the SARS-CoV-2 spike (S)
glycoprotein produced in genetically modified human
embryonic kidney 293 cells. It contains 5 x 10° viral
particles. Trials have shown that the vaccine induced a
clear antibody response at 28 days after the first dose,
across all age groups, including the elderly [2]. As total
antibody levels correlate with the neutralizing antibody
levels [3, 4]; we decided to measure the SARS-CoV-2
Immunoglobulin gamma (Ig G) antibody and total
antibody to estimate the immune response to the vaccine.
The immune response among individuals vaccinated
against SARS-CoV-2 is hitherto less known. In the light
of the current vaccination drive by the government with
frequently changing dosage intervals, it is imperative to
measure the antibody responses to ascertain the protection
from SARS-CoV-2 infection among individuals.

The aim of the study was to evaluate the antibody
responses among HCWs following two doses of
Covishield™ vaccination in a tertiary care setting and
the association of host factors like age, body mass index
and comorbidities in determining this antibody response.

MATERIALS AND METHODS

Jubilee Mission Medical College & Research
Institute (JMMC & RI) is a teaching hospital with 1600
beds and around 3000 staff on regular pay rolls, daily
wagers, and workers of service contractors. The institute
started vaccinating its staff with ChAdOx1 nCoV-19
coronavirus vaccine, according to the Government of
India guidelines, using the vaccine supplied by the
Kerala Health Services on 19 January 2021. Baseline
antibody levels of individuals against SARS-CoV-2,
prior to vaccination, was available as part of the
study conducted in our institute during September to
December 2020 [5]. The current study is a prospective
cohort-serological surveillance study (initiated after
obtaining the Institutional Ethics Committee approval
from January 2021 to April 2021. The study protocol was
approved by the Institutional Ethic Committee of Jubilee
Mission Medical College & Research Institute, Thrissur
(IEC study ref no: 38/21/IEC/IMMC & RI dated 18-02-
2021). Written informed consent was obtained from each
participant prior to enrolment and blood sample draw.

Participants of the study were HCWs aged > 18
years of JIMMC & RI: (a) who have provided their pre-
vaccination serum sample for SARS-CoV-2 antibody
estimation and were found negative (b) who have taken
the first dose of ChAdOx1 nCoV-19 Coronavirus vaccine
(c) with no history or test result suggestive of COVID-19
infection. Satisfaction of all the three criteria was
essential to be included in the study. Health staff on short
term contract and those who were not willing to provide
repeated blood samples were excluded from the study.
After obtaining informed consent a self-administered

COVID-19

questionnaire in Google forms was filled out by each
participant.

During our study period the recommended dosage
was two doses of Covishield™ given intramuscularly
(0.5 ml each) with an interval of 28 days. (From May
2021 the interval for second dose extended to 12-16
weeks in India. From January 2022 booster was given to
those who completed 9 months after their second dose).

Flowchart of study design and inclusion of patients is
shown in Figure 1.

On the day of the second dose of vaccination, which
ranged from 28 to 56 days after the first dose, a 5 ml
blood sample was drawn by a trained phlebotomy team.
Similarly, blood samples were also drawn 14 days after
the 2" dose from the same set of participants. A total
of 170 individuals provided their blood samples after
the first dose of vaccination. Fourteen participants were
excluded from the second analysis of the study as they
refused to provide consent for repeat blood samples.

The blood samples collected were centrifuged and
the plasma separated and frozen at -20° Celsius for batch
testing. The samples were subjected to SARS-CoV-2 Ig G
and total antibody testing using the VITROS anti-SARS
CoV-2 Ig G/Total Chemiluminescence kit manufactured
by Ortho Clinical Diagnostics, USA. Both the VITROS
anti-SARS-CoV-2 Total and Ig G assays (Ortho Clinical
Diagnostics) are based on CLIA using luminol-horseradish
peroxidase-mediated chemiluminescence. Both assays
were performed on the VITROS 3600 automated
immunoassay analyser (Ortho Clinical Diagnostics)
according to the manufacturer’s instructions. In these
assays, the specific antibodies against the recombinant
S1 subunit of the S protein of SARS-CoV-2 were
automatically analysed. Results are reported as signal/
cut-off (S/C) values and as qualitative results indicating
non-reactive (S/C < 1.0; negative) or reactive (S/C > 1.0;
positive). The VITROS anti-SARS-CoV-2 total assay
can detect total antibodies (IgA, Ig M, and Ig G) against
SARS-CoV-2 S protein. Anti-SARS-CoV-2 Ig G antibody
levels have been tested using various platforms especially
for the extraction of high titre COVID-19 convalescent
plasma. The protective levels post vaccination has not
yet been validated. The protective level for convalescent
plasma is considered to be above 9.5 S/C according to the
US FDA document published for use in the manufacture
of high titre COVID-19 Convalescent Plasma’.

Statistical analysis

Data collected was entered into Microsoft Excel
(Microsoft Corporation, USA) spread sheets and
analysed using Statistical Package for Social Sciences
(SPSS) v.25 (SPSS: An IBM Company, USA).
Categorical variables are expressed as proportions/
percentages with 95% confidence intervals (CI);
continuous variables as median and 25%, 75" percentile.

3 Table of Tests Acceptable for Use in the Manufacture of High Titre COVID-19 Convalescent Plasma. https://www.fda.gov/media/141477/

download (assessed on June 4, 2021).
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N=197

Health care workers who received the first dose of ChAdOx1 nCoV-19
coronavirus vaccine (Covishield™) /
MenuimHcKre PaGOTHHKH, TIOIy4YHBIIME MEPBYIO 103y BAKIMHBI IPOTHB
koponasupyca ChAdOx1 nCoV-19 (Covishield™)

28-56 °
days / nHeit

Exclusion:

*  SARS-CoV-2 antibody positive (n = 16)

* history or positive test result suggestive of COVID-19 infection (n = 11)
» Vckmouenue:

*  MOJIOKUTENBHBINA pe3ynbTaT Ha aHTUTena K SARS-CoV-2 (n=16)
AQHAMHE3 MM [OJIOKUTENIBHBIH Pe3yabTaT TeCTa, CBUICTEIbCTBYOLIHIA
o Hasmuun uHdekunn COVID-19 (n =11)

A 4

n=170

Met inclusion criteria / COOTBETCTBYIOT KPUTEPHSIM BKIFOUCHHS

l

n=170

Second dose of coronavirus vaccine Covishield™ /
Bropas 103a Bakuuael Covishield™

anti-SARS-CoV-2 Ig G
n=170

14 »
days / nueit

Exclusion:

refused to provide consent for repeat blood samples (n = 14)

| Mcxmoucrue:

*  OTKa3aJnCh JaTh COMIACHE HA MOBTOPHBII 3a00p kpoBu (1 = 14)

v

anti-SARS-CoV-2 Ig G
n=156

FIG. 1. Study design and patient enrollment flowchart.

PUC. 1. IIPISafIH HCCJICAOBaHUs U IOTOKOBAs JUarpaMma BKIIFOYCHHS ITAllUCHTOB.

Mann-Whitney U test was used to test the significance
of age with antibody protective level and Chi square /
Yates correction test for categorical variables. The
correlation of age and interval between the two doses
of vaccine with antibody levels were calculated using
Spearman’s rank correlation. Association of age and
comorbidities with immune response were estimated
by regression method. The p value <0.05 is considered
as statistically significant.

RESULTS

Table 1 describes baseline characteristics of 170
HCW who received Covishield™ vaccination. The
mean age of the study population was 37.09 years
(SD = 12.6). 126 (74.1%) belong to the 18—44 years
age group, 30 (17.6%) to the 45-59 years age group and
14 (8.2%) to the 60 years and above age group. Males
constituted 23.5% and females 76.5%. The body mass
index categories according to the Asian classification*
show that 21 (12.4%) are underweight, 45 (26.5%)
normal, 40 (23.5%) overweight and 64 (37.6%) obese.
23 (19.4%) participants have comorbidities like diabetes,
hypertension, bronchial asthma etc. 144 (84.7%) have a

previous history of Bacillus Calmette-Guérin vaccination
and 17 (10%) have a history of influenza vaccination.
Adverse events following vaccination were reported
by 141 (82,9%) participants. The most common symptom
was fever, which was reported in 88 (51.8%), followed
by pain at the injection site in 59 (34.7%), myalgia in 59
(34.7%), and headache in 45 (26.5%) of participants.
Protective levels of anti-SARS-CoV-2 Ig G antibodies
(>9.5 S/C) were observed in 25 (14.7%, 95% CI: 9.8% to
20.9%) from 170 participants after the first dose and in
109 (69.9%, 95% CI: 62% to 77%) from 156 individuals
after the second dose.
Figure 2 depicts the distribution of serum antibodies
28 to 56 days after first dose of vaccine. The median
level of anti-SARS-CoV-2 Ig G antibody in the serum
of 170 participants was 3.64 (1.33; 7.24). The median
antibody level after 14 days of second dose vaccination
for 156 participants was 11.6 (8.62; 14.27) S/C.
Sub-group analysis (Table 2) of the participants who
developed protective levels of Ig G following vaccination
revealed that 80% of the participants after the first dose
and 75.2% of participants following the second dose
belong to the 1844 years age group.

4 World Health Organization (WHO). International Association for the Study of Obesity (IASO) and International Obesity Task Force (IOTF).
The Asia-Pacific Perspective: Redefining Obesity and its Treatment. Geneva: World Health Organization; 2000. p. 18 https://apps.who.int/iris/

handle/10665/206936 (assessed on June 4, 2021).

18 CEYEHOBCKMI BECTHUK T. 13, Ne 1, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 1, 2022


https://apps.who.int/iris/handle/10665/206936
https://apps.who.int/iris/handle/10665/206936

COVID-19

Table 1. Baseline characteristics of study population
Tabnuua 1. UcxogHble XapakTepuCcTUKK uccnegyemoii nonynsaumu

Characteristic / XapaktepucTuka

Value / 3Ha4eHue (n = 170)

Age, years / Bospacrt, rogpl
1844
45-59
260
Sex /TMon
Male / My4uHbi
Female / XXeHLwuHbl
Body mass index (kg/m?) / UHgeke macchl Tena (kr/m?)
Underweight / flecouuut Beca (<18.5)

Normal / Hopma (18.5—22.9)

Overweight / N36biTok Macchl Tena (23.0—24.9)
Obese / OxvpeHue (= 25)

Comorbidity / KomopbugHocTb

Previous BCG vaccination / Hannuune BakumHaummn BLK
Yes / [a
No / Het
Unknown / HenssecTtHo

Previous influenza vaccination / Hannune BakuuHaLmu ot rpunna
Yes/[la
No / Het
Unknown / HenssecTHo

34 (27.75; 45)
126 (74.1%)
30 (17.7%)

14 (8.2%)

40 (23.5%)
130 (76.5%)

21 (12.4%)
45 (26.5%)
40 (23.5%)
64 (37.6%)
33 (19.4%)

144 (84.7%)
12/ (7.1%)
14 (8.2%)

17 (10%)
115 (67.6%)
38 (22.4%)

Note: BCG - Bacillus Calmette-Guérin vaccine (given against Tuberculosis).

Mpumeyanue: BLPK — bauunna Kanbmeta — [epeHa (BakuuHa npoTue Tybepkynesa).

Independent analysis of various factors for association
with serum Ig G levels of anti-SARS CoV-2 antibodies
after second dose vaccination (Table 2) showed that
HCW below 60 years of age had significant association
(» = 0.027) in building up protective antibody levels.

No significant correlation was found between age
(r=-0.19, & r = —0.13) and interval between two doses
(r=0.19) of vaccine with Anti SARS Cov-2 Ig G antibody
levels in individuals 28 to 56 days after the first dose and
14 days after the second dose of Covishield™ vaccine.

Logistic regression of age of the individuals as
well as the presence of comorbidities with protective
antibody levels after second dose of vaccination, showed
significant relation with age of the individuals only
(Table 3).

DISCUSSION

Antibody response plays a major role in developing
protective immunity during SARS-CoV-2 infection [4,
6]. Even though seropositivity based on different cut
off values of Ig G titres does not necessarily translate
into direct protection from SARS-CoV-2 infection, it
can be used as a surrogate biomarker of immunity in
assessing the human humoral response to COVID-19.
In this study, we assessed the humoral immune response
after the first and second doses of Covishield™ vaccine
in HCWs in a tertiary hospital in Kerala. The samples
were subjected to SARS-CoV-2 Ig G and total antibody
testing using the VITROS anti-SARS CoV-2 Ig G/Total

Chemi luminescence kit manufactured by Ortho Clinical
Diagnostics, USA, which has already been validated to
have a high specificity in the detection of antibodies in
convalescent plasma of COVID-19 infected patients
[7]. However, the protective levels of antibody post
vaccination have not yet been validated. Hence, we
followed the cut-off value of 9.5 S/C as hypothetical
protective level as prescribed by the manufacturer based

25
p<0.001
20
27 2 T
5
Sq
e T
o0
Q<
Z 410
O =
A<
[~
< E
Qo 5
b
<
0 I
After first dose / After second dose /
MMocne nepsoit 4O3bI [Mocne BTOPOM 403bI
n=170 n=156

FIG. 2. Anti SARS-CoV-2 Ig G antibody levels in individuals
28 to 56 days after the first dose and 14 days after the second
dose of Covishield™ vaccine

PWUC. 2. Yposuu anturen IgG nporus SARS-CoV-2 yepe3 28—
56 nHeil mocine nepBoil 1036l U yepe3 14 nHel mocie BTopoi
110361 BakuuHbl Covisield™
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Table 2. Association with host factors in individuals who developed protective Ig G levels (29.5 S/C) after vaccination
with Covisield™
Tabnuya 2. Accoumnauus ¢ hakTopamu X03sMHa Yy N, ¢ 3almuTHLIM ypoBHeM IgG (29,5 S/C) nocne BakuuHauum Covisield™

Participants with protective
antibody levels after first dose /
YYacTHUKM C NPOTEKTMBHBLIM YPOB- 3Ha4YeHUE YYACTHWKM C NPOTEKTUBHLIM YPOB- 3HauYeHue

Characteristic / XapakrepucTuka

Participants with protective

pvalue/ antibody levels after second dose/ p value /

HeM aHTMTen nocne nepeoi A03bl p HEeM aHTWTeN nocne BTOPOM A03bl p
(25/170) (109/156)
Age, years / BospacT, rogpl
1844 20 (80%) 82 (75.2%)
45-59 4 (16%) n.s. 22 (20.2%) 0.027
260 1(4%) 5 (4.6%)
Sex/Mon
Male / Myx4uHbl 3 (12%) ns 27 (24.8%) ns
Female / eHLLmHbI 22 (88%) - 82 (75.2%) o
Body mass index (kg/m?) /
WHaeke macchl Tena (kr/m?)
Underweight / flecpuuut Beca (<18.5) 4 (16%) 12 (11%)
Normal / Hopma (18.5-22.9) 3(12%) 33 (30.3%)
Overweight / n.s. n.s.
I/1361>|Ton(zJ Macchl Tena (23.0-24.9) 6 (24%) 25 (22.9%)
Obese / OxupeHue (=25) 12 (48%) 39 (35.8%)
Comorbidity / Komop6ugHocTts 5(25.0%) n.s. 17 (15.6%) 0.079
Previous BCG vaccination /
Hanuuue BakynHaummn BLPK
Yes/la 20 (80.0%) 90 (82.6%)
No / Het 3 (12.0%) n.s. 8 (7.3%) n.s.
Unknown / HenssectHo 2 (8.0%) 11 (10.1%)
Interval between two doses of vaccination /
WHTepBan Mexay ABYMS A03aM BaKLMHbI
<42 days / gHeit (n = 123) 86 (78.9%) ns

>42 days / pHen (n = 33)

23 (21.1%)

Note: BCG - Bacillus Calmette-Guérin vaccine (given against Tuberculosis); n.s. — not significant.
Mpumeyanme: BLIK — bauunna Kanbmeta — MepeHa (BakumuHa NpoTue Ty6epkynesa); n.s. — He 3Ha4MMo.

Table 3. Logistic regression of protective antibody level with different age group and presence of comorbidities
Tabnuya 3. llorucTyeckas perpeccus ypoBHS 3alLUTHBLIX aHTUTEN C Pa3HO BO3PACTHOM FPYNMOi M HanMuMeM KOMOPOUAHOCTH

— .
Variables / NepeMeHHble Kg;c(;)f(;;:::::llﬁ SE/CO ORrR/OUW 995?,/: fvll ﬁgogl_:j 2 f a:Z:I:elp
45-59 years / net 1.380 0.606 3.976 1.212-13.045 0.023
18-44 years | net 1.769 0.733 5.867 1.395-24.673 0.016
Comorbidities (No) / KomopbugHocTs (Her) 0.625 0.485 1.868 0.722-4.834 0.198

Note: OR - odds ratio, Cl — confidence interval, SE - standard error.

Mpumeyanme: OLL — oTHowweHwe waHcoB, [IA — poBepuTensHbIn nHTepean, CO — ctanaapTHas owwmbka.

on protective levels required for convalescent plasma’.
It has already been proved in various studies [8, 9] that
Ig G levels following natural infection with SARS CoV-
2 can persist for several months, including an ongoing
study on a cohort of Belgian hospital workers, which
shows persistence of Ig G till up to 199 days [10]. This
principle may also be applied for antibody response
following vaccine administration.

In a pooled analysis of four randomized trials on
immunogenicity and efficacy ofChAdOx1 nCoV-19

(AZD1222) vaccine by Voysey M. et al. [2], where
antibody responses were measured by immunoassay and
by pseudovirus neutralisation, it is already known that
individuals aged 18-55 years who received a second dose
vaccine more than 12 weeks after the first had antibody
titres more than two-fold higher than those who received
the second dose within 6 weeks of their initial vaccination.
In our study, among the 170 HCWs, protective antibody
levels were found in 14.7% after the first dose, which rose
to 69.9% after the second dose of Covishield™ vaccine.

5 Table of Tests Acceptable for Use in the Manufacture of High Titre COVID-19 Convalescent Plasma.
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Ewer K.J. et al. [11] report an increase of spike protein
specific IgG activity between day 28 and 56 after dosing.
Folegatti P.M. et al. [12] report an increase in protective
neutralizing antibody levels after second dose. Here
humoral responses at baseline and following vaccination
were assessed using a standardised total [gG enzyme-linked
immunosorbent assay (ELISA) against trimeric SARS-
CoV-2 spike protein, a muliplexed immunoassay, three
live SARS-CoV-2 neutralisation assays. Our observations
are in concordance with these two studies. However, an
Indian study by Singh A.K. et al. [13] among HCWs
reports 79.3% positivity which is higher than our findings.
The IgG antibodies directed against the spike protein
(S-antigen, both S1 and S2 protein) were measured using
chemiluminescence immunoassay (CLIA). Inclusion of
subjects with a history of COVID-19 could be a reason for
the faster high antibody level in this report. We excluded
participants with a history of COVID-19 infection from
our study. In a study by Hoque A.et al. in Bangladesh [14],
Spike-specific IgG antibody responses elicited after the
first and second doses of vaccine were 99.9% and 100%.
A study performed in Kuwait by Ali H. et al. [15] report
high levels of IgG, IgA, and neutralizing antibodies in
vaccinated subjects with previous COVID-19 infections
than in those without previous infection.

Subgroup analysis of those participants who built
up protective antibody levels in our study reveals a
preponderance of 18—44 years age group (p = 0.027). 80%
of the participants who developed IgG more than 9.5 S/C
following the first dose vaccination and 75.2% following
second dose belong to this particular age group. The
majority of the 60 years or above age group remained to be
‘low-responders’ despite two doses of vaccination. Similar
findings were reported in age-dependent immune response
studies to the BioNTech/Pfizer BNT162b2 Covid-19
vaccine and AstraZeneca vaccine by lacobucci G. et al.
and Wei J. et al. [16, 17]. Perhaps aging and resultant
immunosenescence may have a role in the decreased
response to vaccinations in the elderly population [18, 19].

In the current study, even though 73% of participants
without comorbidities like diabetes, hypertension and
bronchial asthma developed protective levels of antibody,
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it is not significant statistically (p = 0.079). The literature
shows no differences in immune responses with presence
or absence of comorbidities following natural infection
with the virus [20]. The limited studies available following
vaccination also show no significant association of
comorbidities with antibody response [14].

The time interval between the two doses of the vaccine
in our study ranges from 28 to 56 days. Even though
there is enough evidence to show that an increasing
time interval between the two doses of Covishield™
is beneficial in building up antibody response [21], we
observed no significant association (Fig. 3). This might
be a function of the small sample size of our study.

This is a prospective serosurveillance study following
up a cohort of vaccinated HCW for one year where the
antibody levels of participants at 3 months, 6 months, and
12 months following second dose of the Covishield™
vaccination will be studied. These are the preliminary
results of the study. The small sample size, especially
the small number of participants over 60 was the main
limitation of our study. We have also not investigated the
cell-mediated immune responses which could augment
responses against COVID-19 virus.

CONCLUSION
The evidence base for optimal vaccine dosage,
timings of doses, adverse events following

immunization and need for booster dose remains
scarce for COVID-19 vaccinations. The current study
observed positive antibody response to the first dose
of Covishield™ vaccine which is enhanced after the
second dose. Antibody response in younger age groups
is higher and the influence of body mass index and co-
morbidity is not significant. Given the current scenario
in India where there is scarcity of hospital beds, oxygen
and ventilators coupled with a low supply of vaccines,
an effective strategy for vaccination is needed. Our
study results provide a baseline data and supplement
the evidence for the early response to the vaccine but
further follow up studies are required to decide on
the further optimal boosting interval and dynamics of
antibody response.

BKITAQl ABTOPOB
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NMpexkoHanumoHupoBaHue KpeaTtuH cpocchaTtom
yMeHblaeT muemmuecko-penepdy3moHHoe
noBpeXaeHue N3oJNIMPOBaHHOIoO cepaua KpbiCbl
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yi. Ilywkuna, 0. 29a-31, 2. Maxauxana, 367000, Poccus
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um. U.M. Ceuenosa» Munsopasa Poccuu (Ceuenogckuti Yuusepcumem)
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AHHoTauus

Llenb. N3yunTb BNnsiHMe 0gHOKpaTHOrO BBEAEHUS KpeaTuH doctaTa (KO) HenocpeCTBEHHO Nepes UILEMUEN Ha Kapamo-
AMHaMUYeCcKe napameTpbl U MapKepbl OKUCMUTENBHOTO CTPecca B KOPOHAPHOM BEHO3HOM OTTOKE PETPOrpagHo nepdysu-
POBAHHOTO M30NUPOBAHHOIO CepAaLa KpbIChI.

Matepuanbi u metogbl. 20 kpbic nuHny Wistar albino 6binv pasaeneHbl Ha 2 rpynnbl: KOHTponbHYO (K) 1 akcnepumeHTans-
Hyto (3), no 10 B kaxaon. AOpTy N30NMPOBAHHOMO CepALa KPbIChl KAHIONMPOBANM 1 peTporpagHo nepdysunposanu pacTeo-
pom Kpebca — Xenseneiita no JlaHrepaopdyy. Obe rpynnbl nogsepranuch Mwemmniecko-penepdy3uoHHOMY NOBPEXAEHMIO,
KoTOpOe BKMtoYarno rnobanbHyto uwemmnio B TedeHne 20 MUHYT, a 3aTem penepdysnto B TeveHne 30 MuHyT. B rpynne 3
NpPOBOAMIMOCH NPEeKOHAMLMOHMpoBaHWe KO B o3e 0,2 MMonb/n B TeyeHne 5 MuH nepes uwemuen. Pernctpuposanich
KapAno4MHAMMYeCKe napameTpbl U nokaaTenn OKUCIIUTENbHOMO CTpecca B TOuKe cTabunnsaumu, Ha 1-i u 30-i MuHyTax
penepdysuu.

PesynbTartbl. B rpynne 3 no cpasHeHuto ¢ rpynnoit K Ha 30-i1 MuHyTe penepdysun OTMEYEHbl CTaTUCTUYECKU 3HAYUMO
Bonee BbICOKME 3HAYEHWS KAPANOANHAMUYECKUX NOKa3aTeneit: MakcuMasnbHOM 1 MUHUMANbHOM CKOPOCTY MOBbILLEHNS AaB-
neHus B NeBoM xenynouke (B 1,7 1 B 1,9 pa3a COOTBETCTBEHHO), CUCTONUYECKOTO U AUACTONMYECKOTO JaBfEHNs B NEBOM
xenygouke (8 1,5 1 B 1,6 pasa COOTBETCTBEHHO). BrioMapkepbl OKUCIINTENBHOTO CTpecca (MHAEKC NePEKUCHOMO OKUCTEHMS
NMNNZOB, HUTPUTI, CYNEPOKCUAHBIN aHWUOH paaukan 1 Nepekcb BOAOPOAa) Takke Obln CTaTUCTUYECKM 3HAUUMO HUKE
B rpynne 3 kak nocne 1-i MuHyTbl penepdysum (8 1,2, 1,4, 2,8 1 1,9 pasa COOTBETCTBEHHO), Tak u nocne 30-1 MUHYTLI
(81,3,2,1,1,9 12,1 pasa COOTBETCTBEHHO).

3akntoveHue. BeeaeHue KO B kopoHapHbIil KPOBOTOK 3@ 5 MUHYT [0 MHAYKUUM ULIEMUM OKa3bIBAET 3aLLMTHOE AelCTBME Ha
COKpaTUTENbHYI0 CNOCOBHOCTL M1OKapAa. B kauecTBe MexaHn3ma npoTeKTUBHOTO AencTust KO MoxeT paccmaTpuBaThes
YMEHbLUEHUE OKUCTINTENBHOTO CTPECCa U NOBPEXIEHNS.

KntoueBble cnoBa: kpeaTH ocdaT; NPeKoHAULMOHNPOBaHIE; UeMns / penepdy3noHHOE NOBPEXAEHNE; OKUCTIUTENb-
HbIA CTPeCC; KapAMoAMHAMMKA; M30NMPOBaHHOE KPbICUHOE CepaLe; TexHuka JlaHrenaopda

Py6pukn MeSH:

MWOKAPIA WLWEMWA MOCIE PEMNEP®Y3NN MUOKAPLOA — NEKAPCTBEHHAA TEPAMUA

MWOKAPIA WLEMWA MOCINE PEMEP®Y3NN MUOKAPLA — MATO®U3NONOINA

CEPALIE — AEVCTBWE NEKAPCTBEHHbIX NMPEMAPATOB

KOPOHAPHOE KPOBOOBPALLEHWE — IENCTBWE NNIEKAPCTBEHHbIX MPEMAPATOB

KPEATWH - ®APMAKOJIOTNA
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Abstract

Aim. To study the effect of simultaneous administration of creatine phosphate immediately before ischemia on cardiodynamic
parameters and biomarkers of oxidative stress in the coronary venous blood flow during retrograde perfusion in an isolated
rat heart.

Materials and methods. 20 Wistar albino rats were divided into 2 groups: group 1 (control) and group 2 (experimental),
10 rats per group. Cannulation and retrograde perfusion of aorta of an isolated rat heart with Krebs—Henseleit buffered
solution by Landendorff was performed. Both groups underwent ischemia-reperfusion injury, which included global ischemia
for 20 minutes followed by reperfusion for 30 minutes. The group 2 (experimental) was preconditioned with creatine phosphate
at a dose of 0.2 mmol/l for 5 min before ischemia. We registered cardiodynamic parameters and indicators of oxidative stress
at the point of stabilization, at the 1st and 30th minutes of reperfusion.

Results. With the impact of creatine phosphate at the 30" minute of reperfusion in the group 2 in comparison with group 1,
there was found an increase in the maximum and minimum speed of pressure elevation in the left ventricle (1.7 and 1.9 times,
respectively), and of systolic and diastolic pressure in the left ventricle (1.5 and 1.6 times, respectively). Biomarkers of
oxidative stress (lipid peroxidation index, nitrites, superoxide anion radical and hydrogen peroxide) were also statistically
significantly lower in the group 2 after the 1st minute of reperfusion (by 1.2 times, by 1.4 times, by 2.8 times and 1.9 times,
respectively), and after the 30th minute (1.3 times, 2.1 times, 1.9 times and 2.1 times, respectively).

Conclusion. The administration of creatine phosphate into the coronary flow 5 minutes before the onset of ischemia has
a protective effect on myocardial contractility. Reduction of oxidative stress and damage can be considered as a protective
effect of creatine phosphate.
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Cnucok cokpaleHuit

dp/dt max — MakcManbHasi CKOPOCTb MOBbILLIEHUS AaBne-
HUSI B NIEBOM XXENy0UKe

dp/dt min — MMHUMAnNbHast CKOPOCTb MOBLILLEHWS JABNEHNS
B NTEBOM Xenyaouke

H,0,-nepekmcs Bogopoaa

NO - okeup a3oTa

NO, —HUTpUTBI

Mmemus Muokapaa noapa3yMeBaeT CHHKEHUE CHA0-
JKEHHS CepAlla KHCIOPOAOM, YTO MOXKET BBI3BATh PSJ
(byHKIIMOHAIBHBIX, OMOXMMUYECKHX W Mopdonorude-
CKUX U3MEHEHUH. B pesynbrare uieMun HaOIOgaloTCs
CHIDKEHHE COKPaTUTENbHOW CIIOCOOHOCTH MHOKapla,
pa3BUTHE CUCTOIUYECKOM M JUACTOIMYECKON TUCHYHK-
uu, aputmuii [1, 2].

IIpn wumemuvecko-penepPy3uOHHOM  TOBPEXKIE-
HUW 3HAYUTEIHLHBIA BKJIQJ B Pa3BUTHE CEPICUYHON JHC-
(byHKIIMM BHOCHT TIOBBIIIICHUE YPOBHS OKHCIUTEIBHOTO
cTpecca 3a CYeT PEe3KOro YBEJIMYEHUs: 00pa3oBaHUsI MPo-
OKCHJAHTOB, KOTOpBI€ BBI3BIBAIOT CBOOOAHOPAAMKAIb-
Hoe moBpexieHue. [locnenHee Takke MOXET BIUATDH
Ha BOCIIAJIEHUE W, CJIEJ0BATEIbHO, elle OoblIe yCyry-
OsATH IOBpEXKICHUE MUOKapaa [3, 4].

TepMHH «HIIEMUYECKOE MPEKOHAULMOHUPOBAHUE»
ObL1 BriepBble BBeleH B 1986 romy u oTHOCHTCS K CTpa-
TErny BO3ACUCTBUS Ha Cep/iLle KPaTKOBPEMEHHBIX SITH30-
JIOB HUIIIEMUU C TIEIII0 TTOBBIMIECHUS! TOJIEPAHTHOCTH MH-
OKapZa K NPEKpaleHHI0 KPOBOCHAOXKEHHSI U TOCTaBKU

O, — CynepoKcuaHbIi aHOH-paamKan

ATO® — ageHo3nHTpudocdat

OOIMK — anactonnyeckoe faBneHue B IEBOM XKenyaouke
WMOI - uHaeKc NepeKNCHOTO OKUCIIEHNS NUMIAAOB

K® — kpeaTuH doctat

CAMK - cucTonnyeckoe AaBneHne B NEBOM XKeyaouKe
YCC - vyacToTa cepaeyHbIX COKpaLLeHuI

kuciaopona [5]. Cuuraercs, 4TO B OCHOBE MPEKOHAULIHU-
OHMPOBAHUS JIEKAT JIBa KapAUOIPOTEKTUBHBIX MEXaHU3-
Ma: TIepBbIid, KOTOPBII NPOSABISAETCS B TEUEHUE MEPBBIX
2-3 4acoB MOCIE 3MU30/1a UIIEMHUH, U BTOPOH, KOTOPBIi
HaunHaeTcs depe3 12—24 yaca u jyarces okoyo 4 HEH,
3amymas MHOKapl OT HH(papKTa, CepledyHoi Hemo-
CTaTOYHOCTH M JKEIIyAOYKOBBIX apUTMHUH, BBI3BAHHBIX
unieMueil u pernepdysuei, 3a cueT yaydlleHUs COKpa-
TUTENIHOW CHOCOOHOCTH MHOKapja, a TakKe YMEHb-
IICHUS1 HAKOTUICHHUS U aAre3ud HeUTpo(uIoB U mpeaor-
BpallleH!sl arnonTo3a MUOUUTOB [6]. OnHaKo, yUYUTHIBA,
YTO KJIMHUYECKOE MPUMEHEHHE UIIIEMUYECKOTO PEKOH-
JUIIMOHUPOBAHUS OIpaHUUYEHO, BCce Ooblliee BHUMaHNE
VYEHBIX COCPEIOTOUYEHO Ha NpPUMEHEHHH Oe30TacHBIX
(hapMaKoIOTHYECKUX BEIIECTB, KOTOPbIE OYIyT BBOAUTH-
s 10 MIIEMHUH U KOTOpBIE Obl, MOJOOHO HUILIEMUYECKOMY
MPEKOHTUIIMOHUPOBAHUIO, JOCTUTAIM KapIUOIPOTEK-
uun [7]. Umeromuecs nuTeparypHble JaHHbBIE YKa3bl-
BAaIOT Ha TO, YTO OOJIBIIOE KOJIMYECTBO BEIIECTB MOXKET
UMUTHPOBATh MPOLECCHl, BBI3BAHHBIE HIIEMUYECKUM
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MIPEKOHIUIIUOHUPOBAHUEM, U B CBSI3U C 3TUM MOXKET HC-
MOJIB30BATHCS I (PapMaKoOIOTHIECKOTO MPEKOHANUITHO-
HupoBaHus [7, 8].

VYuuteiBas, uro kpearuH ¢ocdar (KD) sBusercs
MepBOM MOJIEKYNOW, MoTpeOsIieMoi MpU HUIIEeMHHU, TH-
MTOKCHH U TOKCHYECKON KapAHMOMHOIIATHUH, U YTO B yCJIO-
BHAX TUIIOKCHHU MOTIOLIEHHE SK30I€HHO BBOAUMOro K@
yBennuuBaeTcs [9], BO3HUKaeT BOIPOC, OyAeT JIu OJHO-
KpaTHOE BBEICHUE ITOTO BELIECTBA 3aILUIIATh MHOKap.I
OT MOBpeXAeHUs. IMEHHO MO3TOMY WHeJIbI0 JAHHOIO
uce/ie10BaHusA ObUI0O M3y4YeHHE BIUSHHUS OIHOKpAT-
Horo BBeneHUs: KO HemocpeACTBEHHO Mepen HIIeMHU-
el Ha KapAMOOUHAMUYECKUE TapaMeTphl U MapaMeTpbl
OKHUCIUTENBFHOIO CTpecca B KOPOHAPHOM BEHO3HOM OT-
TOKE PETPOrpagHo nepy3upOBaHHOTO U30JIUPOBAHHOTO
cepaua KpbIChI.

MATEPUAIbl U METOAbI

JaHHOE PKCIIepUMEHTAIbHOE UCCIIEIOBAHUE MTPOBO-
JIWIOCH Ha )KUBOTHBIX B YCIOBUSX ex vivo. [Ipu skcre-
pUMEHTaIbHON pabote cobmromanuchk monoxkenus «EU
Directive for the Protection of the Vertebrate Animals
used for Experimental and other Scientific Purposes
86/609 / EES» u mpuHuunsl 3tHKH'. HcciemoBaHue
6bu10 0f100peHo KomuTeToMm mo 3amure 61aromnoayyust
71a00paTOPHBIX JKUBOTHBIX (PaKylIbTeTa MEIULMHCKHX
Hayk Kparyesamkoro yHusepcureta, pemienue Ne 01-
5722 ot 15.07.2020.

Hns uccnenoanus BiusHUs KO Ha umeMuyecko-
penepdy3uOHHOE MOBPEKACHUE CEpALla HCIOIb30BAIN
20 3p0poBbIX Kpeic Wistar albino coja My»CKoro moina
B Bo3pacte 8 Hexenb, Maccoi Tena 200-250 1. Kpric co-
JepKaJld B TIOJIUIPOIMICHOBBIX KJIETKAX, 3alIOJTHEHHBIX

MATONOIMMYECKAA dU3NONOTInA

cioeM 0enoil COCHOBOM CTPYXKH, B TOCTOSHHO KOH-
TponupyeMol cpene (temneparypa (22 £ 1 °C), pnax-
HOCTh (55 = 10%), 12/12-4acoBoii UK CBET/TEMHOTA)
B WHcTUTyTE CepAedHO-coCcynucTol ¢usuonoruu ¢a-
KyJpTe€Ta MEAULIMHCKUX HayK, KparyeBalkuil yHuBepcu-
teT, CepOusi. Bece )KUBOTHBIE UMENTH CBOOOHBINA JTOCTYII
K IulIie u Boae — ad libitum.

ITocne anecte3un keraMmuHoM (10 Mr/Kr) u Kcunasu-
HOM (5 MI/KT) >KUBOTHBIX BBIBOAMJIM M3 IKCIIEPHUMEHTA
MyTeM cMellleHus meiHpIX no3BoHkoB ([Ipunoxenue 1
K JKMBOTHBIM / Hay4dHBIM Ipoueaypam, 3akoH 1986 r.,
Benukobpurtanus). HccienoBanue QyHKIMU cepa-
La ex Vvivo MpOBOAWIOCH C HCIOJBb30BaHHUEM MOJIENN
perporpagHoi nepdy3uH H30JMPOBAHHOTO CcepALa
no Jlanrennopdy (Langendorff apparatus, Experimetria
Ltd, 1062 Budapest, Hungary). MeTtonuka uccienona-
HUS TOAPOOHO OMKCaHAa B HALIMX HPEABLAYIIUX HUCCIe-
noBanusx [10].

ITocne 20-munyTHOTO Nepuoaa cradbunuzanuu 10 cep-
Jiell, KOTopble ObUTM OTHECEHBl K KOHTPOJBHOH Tpymiie,
MOJIBEPraJIiCh UIIEMUYECKO-perneppy3HOHHOMY IOBPEX-
JEHHUIO, KOTOPOE BKIIIOYANIO II00ATIBHYIO UILIEMUIO IyTEM
MOJIHOTO 3aKpbITHS MOTOKA Ha ammapare Jlanrenmopda,
Tak 4To Kak pactBop Kpebca — Xencenelita, Tak U KHC-
JIOpOJl HE JOCTHUTAU cepALa B TeueHrne 20 MUHYT, a 3aTeM
B Teuerne 30 MUHYT TipoBoAMiack pernepdysus. [pyrue
10 cepae, KoTopble OBLIIM OTHECEHBI K AKCIIEPUMEHTAIIb-
HOW TpyIIe, MOABEpPraluch CTAOMIN3aLMU B TEUEHUE
20 muH, npexoHauIKroHnpoBanuto KO B noze 0,2 MMOJIb/1
B TEYEHUE 5 MHUHYT C MOMOIIBI0 MH(Y3MOHHOTO Hacoca
yepes cepaLe, MOCIe Yero BhI3bIBAIOCH UIIEMIYECKO-Pe-
nepdy3MOHHOE MOBPEXKAECHUE MO CIIOCO0Y, aHATOTUYHO-
My JUISl KOHTPOJIBHOM IpyIbl (puc.).

Mopnens u3onuposanHoro cepaua Jlanrennopda: 20 310poBEIX KpBIC
camuoB Wistar albino coja B Bo3pacte 8 Henenb, maccoit 200250 1/
Isolated Langendorff heart model: 20 healthy male Wistar albino coja
rats, 8 weeks old, weighing 200-250 g
N=20

\/ Crabummsanus / Stabilization ‘/
20 muH / 20 minutes

KonTpoasHas rpynna /

I[IpexonauuronupoBanue KO 0,2 mmons/i /
X Preconditioning CP 0.2 mmol/l \/
5 MuH/ 5 minutes

JKcnepuMeHTaJIbHAs rpynna /

Control group

Experimental group

n=10

\/ Memust / Ischemia ‘/
20 muH / 20 minutes

n=10

\/ Penepdysus / Reperfusion ‘/
30 muH / 30 minutes

PUC. Cxema uccienoBaHusl.
FIG. Scheme of the study.

Mpumeyarue: KO — kpeaTuH chocdar.
Note: CP — creatine phosphate.

' https://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm (nara ooparuenus: 08.06.2020).
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Cy1iecTByeT 04eHb MaJlo UCCIIEIOBAHUN, U3y4aBLINX
BnugHue BBeAeHUA KO HemocpeACTBEHHO B cepale.
B uccrnenoBaHusax mo U3y4eHUIO CUCTEMHBIX 3PQEKTOB
K® no3a mist kpeic cocTaBisieT 00bI9HO 0koJ10 200 MI/KT.
B oagHOM U3 HenaBHO OIyOIMKOBAaHHBIX HCCIIEIOBAHUN
BHYTpuBeHHO BBoAMIU K® B n0o3e 20 mmons [11]. B Ha-
meM uccienoBanuu BeiOpana B 100 pa3 MeHbIIas 103a,
YUUTBIBas HEMoOcpencTBeHHOe BBeneHue KO B kopoHap-
HBIN KPOBOTOK.

Bo Bpems skcriepruMeHTa HaOIIooalIuch U PerucTpy-
pOBaJCh CIIEAYIOIIME KapAMOIWHAMMYECKUE TMapa-
MeTphl: dp/dt max (MakcuMallbHasi CKOPOCTh Pa3BUTHS
JABJICHUS B JIEBOM JKEIIyIOYKe, MM PT. CT./C), dp/dt min
(MUHHMMAaNbHAs CKOPOCTh Pa3BUTHs JaBIIEHUS B JIEBOM
JKEeNyAouKe, MM PT. CT./C), CHUCTOIMYECKOE [aBJICHHE
B neBoM xenynouke (CIJDK, mm pt. cT.), muactonude-
CKoe JaBiieHue B JeBoM xenynouke (IIJIK, mm pT. ct.)
n yactota cepaeunblx cokpamenuit (UCC, yu./muH).
KpoBoTok uepe3 KopoHapHbIE KpPOBEHOCHBIE COCYIBI
BBIpaXKaJicsi B MII/MUH U H3Mepsuics (piayopumerpuue-
CKHM METOJIOM ITyTeM CYMMHPOBaHUSI BEHO3HOTO OTTOKA
13 KOPOHAPHBIX KPOBEHOCHBIX COCYIOB CepALa.

Juisa uzyuenus sinustHust KO Ha BBIpaOOTKY MPOOKCH-
JAHTOB B ceplue B oOpa3lax KOPOHAPHOIO BEHO3HOTO
OTTOKA CHEKTPO(HOTOMETPHUUECKIUM METOJOM Ha CHEKTPO-
toromerpe Shimadzu UV-1800 (Specord S-600 Analytik
Jena, T'epmanusi) onpenensid: KOHLIEHTPALUIO HUTPUTOB
(NO,), cynepokcuanoro anuon-paaukaia (O,) u nepe-
kucy Bogopoza (H,0,), paccunthiBani HHAEKC MEPEKUC-
Horo okucnenus munuaos (UI1OJT). OcHoBa amst uCHOIb-
30BaHUS 9THUX METOAUK M CaMi METOIUKH OIHUCAaHbl HAMHU
Oosee moapoOHO B mpeablyel myonukarmu [10].

CtaTncTtuyeckum aHanus
BO BpEeMs OKCIIEPUMEHTAJIBHOI'O IIPOTOKOJIA U3YUCH-
HBIC MMapaMETPhI ONIPEACTIAINCH BO BpEMA CTaGI/IJII/BaI_II/II/I,

a taroke Ha 1-i u 30-it MunyTax penepdysuu. Bee nomy-
YEeHHbIE Pe3yJbTaThl ISl TPYIII MPEICTaBlIeHbl B BUJIE
JIOJIeH, BBIPaKEHHBIX B MPOLIEHTAX CO CTAHIAPTHBIM OT-
KJIOHEHUEM, OTHOCUTEJIHO JAHHBIX MMOCIICAHENH MUHYThI
TOYKHM CTaOWIM3aLUK COOTBETCTBYIOIIEH IPYIIIBI, KOTO-
pas npunumanach 3a 100%. [ns cpaBHeHHA 3HaYeHUN
MEXIly YKa3aHHBIMH TOYKaMH HCIOJIb30BaJIH KpUTEpUil
Bunkokcona. [Ipu mpoBepke HyJE€BBIX TMIIOTE3 MPUHAT
ypoBeHb 3HAYUMOCTH p < 0,05.

PE3YIIbTATDI

KapavoamHamuyeckue napameTpbl

M KOPOHapHbIA KPOBOTOK

[Tony4yeHHbIe pe3ynbTaThl MPEACTaBICHBI B Ta0IU-
ne 1.

B koHTpoONBHOM rpynne, HaunHas ¢ |- MUHYTHI pe-
nepdy3un, ymeHbIaNuce: dp/dt max, dp/dt min, CAJDK,
K 30-if MUHYTE 3TH TapaMeTPhI MPOAOIKAIN CHUXKATHCS;
JJUDK yBenuuuBanocs B 1,9 paza Bo Bpems 1-it MUHYTBI
penepdy3un ¥ CHUXKAIOCh B 2 pa3a 110 CPaBHEHHUIO C I1e-
puoaom cradmimm3anuu K 30-ii MUHYyTE.

B skcnepuMenTanbHO# rpymnmne ¢ 1-if MUHYTHI pe-
nepdy3un OTMEYeHO yMeHblleHue dp/dt min, KOTO-
pas uMesa TeHACHUUIO K MoBbIIeHuI0 K 30-i1 MuHyTe.
Jpyrue kapauonruHaMU4YeCKue moka3artenu — dp/dt max
u CAJDK — noBwlmanuchk Ha 1-i muHyTe penepdy3un
u cHmxanuch k 30-if munyre. /IJDK yBennuuBanoch
B 1,2 paza Bo Bpems 1-ii MuUHYTHI penepdy3UH U CHIKA-
noch B 1,3 pasa k 30-if MUHYTE IO CPaBHEHUIO C TIEPUO-
JIOM CTaOMIM3aLHY.

Junamuka xopoHapHoro kpooToka u YCC Obuia
aHaJIoTHYHON B obeux rpynnax: YCC HauMHaiIa CHU-
Karbesad Ha 1- MHUHYTe, M TOKa3aTelu NOCTUralld MH-
HumyMa K 30-i1 MHHYyTE; KOpOHapHBI KPOBOTOK Cy-
IIECTBEHHO HE M3MEHsUICA Ha 1-i MUHyTe U CHMXKaJCs
k 30-it Mmunyre.

Tabnuya 1. KapanoamHammyeckue napameTpbl B KOHTPONbHOI M 3KCNEPUMMEHTaNLHOM rpynnax Bo Bpems penepdysuu
Table 1. Cardiodynamic parameters in the control and experimental groups during the reperfusion

1-a MuHyTa penepdy3um / 1 minute of reperfusion

30-7 muHyTa penepdysum | 30" minute of reperfusion

Mokasatens / KoHTponb- kcnepumeHTanb- YpoBeHb KoHTponb-  3kcnepumeHTanbHas YpoBeHb
Indicator Hasrpynna/ Hasarpynna/Experi- 3HauMmocTu p/ Hasrpynna/ rpynna/Experimental 3Hauumoctu p/
Control group mental group p value Control group group p value

dp/dt max (%C) 91,5+9,0 121,9+ 14,0 <0,01 55,4 £6,0 932+9,0 <0,01
dp/dt min (%C) 75,9+ 8,0 64,7+8,0 n.s. 40,9+5,0 76,5+ 8,0 <0,01
COJDK / DPLV (%C) 86,6 +9,0 124,5+ 13,0 <0,01 49,6 +5,0 748+7,0 <0,05
LODK / DPLV (%C) 188,3 £20,0 120,8 £ 11,0 <0,01 494 +6,0 77,0+ 8,0 <0,05
YCC / HR (%C) 85,8+7,0 86,8 +9,0 n.s. 71670 65,1+7,0 n.s.

KopoKapHelit kposoTok/ g7 5, 4 g 99,8 +10,0 ns. 63,070 63,0 6,0 ns.

Coronary flow (%C)

MpmeyaHue: faHHble NpeCTaBNEHbl Kak NPOLEHT OT MOCMEAHER MUHYTbI TOUKM CTabunuaaummn cooteTcTBytowwen rpynnbl (%C); dp/df max — mak-
CMMaIbHas CKOPOCTb MOBbILIEHUS AABNEHUS B NIEBOM Xenynouke; dp/df min — MUHUMarnbHas CKOPOCTb MOBbILIEHWS JABMEHNS B NEBOM XENyAO0YKE;
OAMXK - onactonuueckoe faBneHne B NeBOM xenygouke, Mm pt. cT.; COJDK — cuctonnueckoe faenenne B nesom xenynoyke; YCC — vactota cep-

AEYHbIX COKPALLEHNI; N.S. — HE 3HAYUMO.

Note: the data is presented as a percentage of the last minute stabilization point of the corresponding group (%C); dp/df max — the maximum rate of pres-
sure increase in the left ventricle; dp/dt min — the minimum rate of pressure increase in the left ventricle; DPLV — diastolic pressure in the left ventricle,
mmHg; SPLV - systolic pressure in the left ventricle; HR — heart rate; n.s.— not significant.
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3HaueHUus 0OOUX MapaMeTpoB, OTPAXKAIOIIUX CO-
KpaTUTENbHYI0 CIOCOOHOCTh MHOKapna (dp/dt max
u dp/dt min), yepe3 30 MUHYT OT mepuoaa pernepdy-
3UM OBUIM CTAaTHUCTHYECKHM 3HAYMMO BBILIE, YeM 3Ha-
YeHUs, 3aPErUCTPUPOBAHHBIE B KOHTPOJIBHON TpymIIe,
B 1,7 u B 1,9 paza coorBeTcTBeHHO. BMecTe ¢ 3TUM
u3meHenue 3HaueHunit CIJDK nmo cpaBHeHHUI0 co 3Ha-
YEHUSAMH, 3aPETUCTPUPOBAHHBIMU B TOUKE CTAOMIN3a-
MM, ObUIO CTaTUCTHYECKU 3HAUMMO BBILIE W Ha 1-H,
u Ha 30-i1 MuHyTax penepdy3un Mo cpaBHEHUIO C KOH-
TposibHOU Tpynmnoil B 1,4 u B 1,5 pa3za cooTBeTCTBEH-
HOo. OIHOBPEMEHHO Ha NEPBOM MHUHYTe penepdys3uun
sHauenus J[JIJI’)K Obuim crarucTHYeckw 3HAYUMO
Hwxke (B 1,6 pa3a) B 9KCIIEpUMEHTAJIBHON, YeM B KOH-
TPOJIbHOU Tpynne. B KOHTponbHOH rpyme Habnrona-
JIOCh BbIpaXkeHHOE cHUeHue 3HadueHuu [[JIJIK, tak
YTO B KOHILIE pernepdy3uu oHO ObLIO HUXKE B 1,6 pasa,
YeM B IKCHEPUMEHTAJIbHOHN IpyIIIe.

MapameTpbl OKUCNIUTENBHOIO CTpecca

3HavueHus MapaMeTpoB OKUCIUTEIBHOTO CTpecca
MpeJcTaBleHbl B Tabnuue 2.

B kontponbHO# rpynne Ha 1-if MuHyTe penepdy3un
MIPOUCXOUIIO MOBBIILIEHNE KOHIIEHTPALIUU TapaMeTpOB
OKUCIIMTENBHOro crpecca, K 30-i MUHYTe KOHIECH-
tpanus tpex u3 Hux (NO,, O,” u H,0,) nponomkana
yBeJIMYMBaThCS. B akcriepuMeHTanbHOU rpyime Ha 1-i
MuHyTe penepdysun ormedeno cumwkenne O, u H,0,
1 OTCYTCTBHE BbIpaeHHbIX u3MeHenuit NO, u UITOJL.
K 30-it MuHyTE B 3TOi1 IpyIIe IpOAOIKUIOCH CHIDKE-
aue NO, -, konnenrpauust H,O, u UTIOJI cymecTBeHHO
HE U3MEHWINCH, cofepkanue O, MOBBICHIOCH, HO Cy-
LIECTBEHHO HE MPEBBILIAN0 3HaYeHUIl B TOUKe cTaOu-
JU3alUY.

3uauenus UIIOJL, NO, ", O, u H,O, 6bumn cratuctu-
YECKU 3HAYUMO HIDKE B IEPHOJ penepy3uu B KCIEPHU-
MEHTAJIBHOM IpyIiIe N0 CPABHEHHUIO CO 3HAUECHUSIMH, 3a-
PErUCTPUPOBAHHBIMHU B KOHTPOJIBHOM IpyIIie KaK Mocie
1-it munyTHI (B 1,2, 1,4, 2,8 1 1,9 paza COOTBETCTBEHHO),
tak u nocne 30-i munyTs (B 1,3, 2,1, 1,9 u 2,1 pasa co-
OTBETCTBEHHO).

MATONOIMMYECKAA dU3NONOTInA

OBCYXOEHUE

Hamm pesysnbraTbl BBISIBHIM, YTO B KOHTPOJIbHOM
rpymnie KapAnOoJuHAMHUYECKUE apaMeTpbl — dp/dt max,
dp/dt min, CAJDK n UCC — cHmxanmuch Bo BpeMs penep-
(y3um Ha 1-if u 30-i MUHYTaxX IO CPaBHEHUIO C MEPHO-
oM ctabunuzanuu, a JJJIJIK 3naunTensHO yBenu4nBa-
Joch Ha 1-11 MUHYTe, a 3aTeM CHUKaJIOCh, YTO YKa3bIBaeT
Ha HapylIeHHWEe WHOTPOMHON M JIy3UTPOMHOH Ccrocob-
Hoctu wmuokapaa. Cumxenne C/JDK moarBepxknaaer,
YTO UIIEMUYECKO-penepdy3uOHHOE MOBPEXKICHUE HAPY-
[IaeT CUCTOJIMYECKYI0 (DYHKIHMIO cepAala. YMEHBIICHHE
YCC u KOpOoHapHOTO KPOBOTOKA B MOCIECAHIOI0 MUHYTY
penepdy3un NOATBEPXKIAET, YTO BOCCTAHOBIIEHHE CHA0-
JKEeHHS MUTATEeTIbHBIMU BEILIECTBAMH 1 KUCIIOPOJOM HIIIe-
MHU3UPOBAHHOTO MHOKapa NapaJZoKCalbHO YXYIIIaeT
(yHkuuto cepaua. B nuteparype onucaHo, 4To B IEpUOL
BOCCTAaHOBIICHUS Nepy3Un Yepe3 UILIEMUIECKYIO TKaHb
mpoucxoaut meperpyska Ca’’, HAKOIUICHHE BHEKJICTOY-
Horo K, 4To cHHEepreTH4ecKd yXyalaeT COKpaTUTENb-
HYIO CITIOCOOHOCTH MHOKapaa [12].

Benenne KO B no3e 0,2 MMOJIB/I HENOCPEICTBEH-
HO Tepell HAayaJoM HIIEMHH CONPOBOXKIAIOCH YBENH-
YeHHeM 3Ha4ueHUU dp/dt max U CHWKEHUeM dp/dt min
M0 CPaBHEHUIO C MEpUOJOM cTabuiau3anuu. MeHee BbI-
paskeHHbIE U3MEHEHUS TapaMeTPOB cepAeyHON (YHKINUN
YKa3bIBalOT Ha 3HAYUTEIbHYIO poiib KO B mporecce mpe-
KOHJUIIMOHUPOBaHUS cepaua. IlonoxuTensHoe BIUsSHUE
K® na auacronnueckyro (GyHKIHIO cepALa Ype3Bblyaii-
HO BaXXHO, MOTOMY 4TO (ha3za pejaKcaluu OmpeaenseT
HaIOJIHEHHUE ceplilia U, B KOHEYHOM HTOre, ero paboTy.

Kapnuonporexkropusie 3¢dexrsr KO, npomemon-
CTPUPOBaHHbIE B HAIlleM HCCIIEOBAaHHUM, COIIACYIOTCS
C MpeNbIIyIUMH UCCIIeIoBaHUAMU. B yacTHOCTH, paHee
Ha MOJIEIH KPOJHMKOB M CBUHEH HAOIIONANOChH BIUSHUE
K® na cepaua, nmoaseprumecs UiieMud. beiio orMede-
HO, 4YTO BBEJEHHME YKAa3aHHOTO areHTa MPUBOAMT K 3Ha-
YUTETbHOMY YMEHBIIEHUIO 00JacTH HeKpo3a cepala
U 3alllUTe CapKOJIEMMBbI OT HEOOPAaTUMOIO MOBpEXIe-
Hus [13]. Kpome Toro, xorna K@ BBoauiu 3a 5 MUHYT
0 uimemMud B go3e g0 200 Mr/Kr, HaOI0daI0Ch 3HAYH-
TEITHFHOE CHIDKEHUE MMOBPEXKIeHUs Muokapa [14].

Tabnuya 2. MapameTpbl OKNCNUTENILHOTO CTPecca B KOHTPONbLHOM M 3KCNepUMeHTanbHOM rpynnax Bo Bpems penepdysuu
Table 2. Oxidative stress parameters in the control and experimental groups

1-a muHyTa penepdy3um / 1% minute of reperfusion

30-a muHyTa penepdyaum / 30 minute of reperfusion

MNokasatens / KoHTtponb- JkcnepumeHTanb-  YpoBeHb 3Ha- KoHtponb-  JkcnepumeHTanbHas  YpoBeHb 3Ha-
Indicator Hasarpynna/ Hasarpynna/Experi-  uumoctu p/ Hasarpynna/ rpynna/Experimental  uumoctup/
Control group mental group p value Control group group p value
NNon/ LPI (%C) 12,3+ 12,0 96,4 + 10,0 <0,05 113,9£12,0 90,7 +9,0 <0,01
NO, (%C) 127,7+£13,0 93,1+9,0 <0,01 154,0 £ 16,0 751+38,0 <0,01
0, (%C) 163,0 + 15,0 57,8+ 6,0 <0,01 2152 +£23,0 12,9+ 12,0 <0,01
H,0, (%C) 162,1+£17,0 84,0+9,0 <0,01 181,4 £ 19,0 87,2+8,0 <0,01

MpumeyaHue: AanHHble NPEACTABMEHbI Kak MPOLEHT OT MOCTeAHe MUHYTLI ToUkK cTabunnsaumum cooteetcTaytowlein rpynnbl (%C); NO,™ = HUTpuThI;
0O, - cynepokeuaHblit aHnoH-paavkar; UMOIT - uhpexc nepekucHoro okucnenms nunngos; H,0, — nepekncs Bogopoaa.
Note: the data is presented as a percentage of the last minute stabilization point of the corresponding group (%C); NO,” - nitrites; O,” - superoxide

anion-radical; POLI - lipid peroxidation index; H,0, — hydrogen peroxide.
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Hpyras rpynma aBTOpoB IOKa3ala, 4YTO MapeHTe-
pasibHOe BBeeHne KO He3amoiro 10 UIleMUH MUOKap-
Jla BBI3BIBAJIO JIyUIIMHA COKPATUTENbHBIA OTBET MHOKap-
Jla U COXpaHsI0 ypoBeHb ajeHo3uHTpUdochara (ATD)
[0 CPAaBHEHHIO C CEepALaMH KpbIC, ONy4aBIINX (pu3Ho-
noruueckuid pactBop [9]. Kpome Toro, 6bU10 mokazaHo,
YTO NpeKOHIUIMOHUpoBaHue cepaua KO coxpanser 3a-
nacsl KO u AT®. OnHako cyliecTBeHHBIM HEJOCTaTKOM
JAHHOTO MCCJIeOBAaHUS SBISIETCS TO, YTO OHO HE OTCIIe-
JKUBAJIO COKPATUTENbHYIO (DYHKLHUIO Cepala.

Kpome Toro, aBTOpHI Hccae0BaHus, KOTOPOE OTCIIe-
s)kuBasio 3¢ ¢extsl ogHokparHo 10361 KO (100 mr/kr,
BHYTPUBEHHO), BBOOAUMOH 32 1 yac 1O MILIEMHUH cepl-
1a, TaKXKe MOAYEPKHUBAIOT KapAMO3AIIUTHBIA MOTEHLH-
aJl UCCIeNyeMOro COeAMHEHUs. B yacTHOCTH, MIeMUs
ceplua Ha >KUBOTHOM Mozeny Obula BbI3BaHA B TEUECHUE
12-MUHYTHOTO IME€pHOAa MEPEBA3KH JIEBOH mepenHeit
HUCXOAALIEH apTepuu, U U3 00pa3loB MUOKapAa ObLIN
OTIpEJICIICHBl YPOBHU clieAyromux coenuHeHnii: ATD,
angenoszunaudocoar, pocokpearus. Kak u oxxuganocs,
cHmkeHne AT® HaOmoganoch B MHTAKTHBIX CEpALaXx,
MOJBEPIIINXCS WIIEMUH, TOTAa KaK B IpPyIIe >KUBOT-
HBIX, nony4daBmnx K@, Habmonanoch yBelIMYeHUE €ro
KOHIICHTpAIMU B TKaHU cepana [15].

Cunraercs, YTO KIIOYEBBIM MATO(PU3UOIOTHYECKUM
(hakTOpOM, MPUHUMAIOIIMM YYacTHE B MPOrPEecCUpO-
BaHUM HIIEMHYECKO-perepy3uOHHOIO IMOBPEXKACHUS,
sBysieTCsl yBenuueHue ypoBus Ca’’ B pesynmsrare ero
nepexoja U3 IMUTO30Js B CAKpOIIa3MaTUYEeCKUl peTu-
kynym mocpeactBoM SERCA2a (Ca?*-AT®aza capko-
TUIa3MaTHYECKOTO peTUKYIyMa). CHIDKEHHE SKCIPECCUI
u aktTuBHOCTH SERCA2a, KoTopble ObLIM MOATBEpKIIE-
HBI BO BpeMsl HIIeMHUYeCcKO-penep(y3HOHHOTO MOBPEXK-
JEHHS U30JUPOBAHHOTO CepALIa KPBICHI, JOMOTHUTEIHHO
BiusiioT Ha Ca?! meperpysky u MOTYT OOBSCHUTH Hapy-
IICHHYI0 CUCTOIMYECKYIO U AUACTOINYECKYIO (DYyHKIIHIO
ceplua KpbIChl B KOHTPOJIBbHOM rpynme. M3-3a OTKpBITHS
MUTOXOHJPUABHBIX KaHAJIOB MOXKET ITPOU30UTH rndesh
keTok. beuto nokaszano, uro K® moxxeT HHruOUpoBaTh
OTKPBITHE MUTOXOHJPUAJIBHBIX KaHAJIOB U TaKUM O0pa-
30M MpeAoTBpaars neperpy3ky Ca’" B KapIHOMHUOIH-
Tax, YTO MOXKET OOBSICHUTh COXPAHEHUE COKPATUMOCTHU
cepaua B HameM uccnenosanuu. [loreniman KO Bnuste
Ha COKpAaTHUTEJIbHYIO CIIOCOOHOCTH cepiua Halmropan-
Csl KaK Ha XHUBOTHBIX MOJETSAX, TaK U MPU HAOMIOASHUN
3a manueHTamu ¢ uHpapkToM Muokapaa. CnocoOHOCTh
K® ob6ecneunBath nmonHoe pacciadieHue cepna BakHa
Ui TPEAOTBPAIIECHUs BO3HUKHOBEHHS perepdy3uoH-
HOI KOHTpaKTypsl [16, 17].

MexaHu3Mbl, KOTOpble MOTYT OOBSICHUTH HaOIIo-
JaeMble 3alIUTHbIE 3QQEKThl B HAIlleM HCCIEI0BaHUU,
BKIIto4atoT ydactue K@ B sHeprernyeckoM merado-
JU3Me KIIETKH, BIMSHUE HA CTAaOMIIM3ALMI0 MEeMOpaHbI
U MUKpouupKymauuio. KO crabunusupyer memOpaHy
KapIMOMHUOLIUTOB, B3aUMOJACUCTBYSI C MeMOpaHHBIMHU
(hocdonunugamu, CBA3bIBas IPOTUBOIOJIOKHO 3apsHKEH-
HYIO TPYHILy C 3apsHKeHHOM rpynmoit ¢pocdonunumos.

bnaronpusitHoe BiausitHue K® Ha MHUKpOLHPKYISALUIO
00bsICHAETCS TEHICHLUEH HMHIHOMpPOBAaTh arperamuio
TPOMOOILIUTOB IIyTeM OBICTPOTO yAaleHHs aJeHO3UHAU-
¢docdara [13, 18]. Kpome Toro, sK30reHHOE BBEICHHE
K® moxeT yMeHbIINTh HakoIuieHue Jau3odocdaruami-
XOJIMHA U Tu30QochaTuidTaHoIaMuHa B UIIEMHYECKON
KJeTKe cepAana. Takum o6pa3oM, 3HAYUTEIBHO CHUXKAET-
Cs W IpeAOTBpaIlaeTCs BOSHUKHOBEHUE IMOTEHLIUAIBHO
CMEPTENIbHBIX apuTMui [9].

B mnamem wuccnenoBaHuM B KOHTPOJIBHOW TIpyI-
ne HaOnrogancs 3HAYUTENBHBIA  CKaYOK  KOHIIEH-
tpaumn H,O0,, O, m NO, B mepuox penepdysuu
10 CPAaBHEHUIO CO 3HAUEHHUSIMHU B IIEPUOJIE CTAOMIU3AIIHY.
IIpexongunonupoBanue KO npenorspaiaio yBenanue-
HUE U3MEPAEMBIX IPOOKCUIAHTOB, TEM CaMbIM 3allUILIAs
Cepile OT OKUCIUTEIBHOTO UILIEMHYECKO-penepdy3uoH-
HOTO TIOBpexaAeHus. B nmureparype coobuiaercs, 4yTo no-
clie BO3ZCUCTBUS MILIEMHM Ha CEepALE W MOCIeayromeit
penepdysun B KapauoMuonurax odpasyrorest O, , Torna
Kak B cocynuctom pycie — O, u H,0,[19].

B Hamem uccieoBaHuM OCHOBHOE BHUMaHHE OBLIO
yIeleHO MOHUTOPUHTY YPOBHEH NPOOKCUAAHTOB U3 KO-
POHAPHOTO BEHO3HOI'O OTTOKA 0€3 yueTa aHTHOKCHIAHT-
HBIX MapKepoB, KOTOpPbIE H3y4YalHuCh, B YaCTHOCTH,
B uccinenoBanuu A. Shopit u coast. [20], mocssieH-
HOM n3y4yeHHI0 BIusHUS KO Ha OKHUCIUTENbHBINA cTaTycC
yepes ompeesieHle YPOBHEH MaJIOHOBOTO AUAJIbAETHIA,
NIyTaTUOHA, CYNEPOKCUANUCMYTA3bL in VIitro U in vivo.
ABTOpamMu OoTMe4eHo, uTo BBeneHrue KD BbI3bIBaeT 3Ha-
YUTEJIbHOE CHIKEHHE YPOBHS MAJOHOBOTO TUAJIbJETH-
Jla ¥ yBeJTMYEHUE IITyTaTHOHA U CYNIEPOKCUIANCMYTa3hbl.
Cunraercs, uro K® yBennuumBaeT aHTHOKCHUIAHTHYIO
CIOCOOHOCTh MHOKapza M BO3ICHCTBYyeT Ha CHUrHAJb-
HBIE MYTH siAEpHOTO (hakTopa TpaHckpunuuu Nrf2 [20].
Crnenyer UMeTh B BHJIY, YTO OOHApYKEHHUE MEHBIIUX
KOJIMYECTB aHTUOKCUIAHTOB TaKXKe He 00s3aTesIbHO 03-
HAYyaeT, YTO MPOU30LIIO0 OKHUCIUTEIHHOE MOBPEkKACHHUE,
HO MOXET yKa3blBaTh Ha TO, YTO aHTUOKCUIAHTHI yra-
TSI TPOOKCUAAHTHL U MPEAOTBpaLlalid MOBPEKICHNUE
TKaHEH.

Ponb suporenHoro oxcuaa azora (NO) B umemude-
CKO-pernep(y3nOHHOM TOBPEKICHUHM NPOTUBOPEUMBA,
U TPYIHO OOBSICHUTS, IJI€ TPAHULA MEXKAY 3allUTHBIMU
U MOTEHUUAIBHO BpenHbIMU d(hdekramu. B yacTtHOCTH,
CHIDKEHHE Ououcnoib3zoBaHusi NO MOXET MOCTaBUTh
oJ] yrpo3y mnpouecc pacciaableHus aprepuid 1 U3SMEHUTh
¢yukuuo sunorenus. Camwkenre xonuenrpanuu NO,
B KayecTBe KOCBeHHOro mapkepa NO B Halem ucclie-
JnoBaHuU noJ BiugHueM KD ykas3biBaeT Ha BKJa[ 3TOrO
COCMHEHHUS B YAYyYIIEHHE SHIOTEIUATbHON (yHKIUU
[21]. Pe3ynbrarhl HOATBEP)KIAIOT, YTO aKTUBALIUS HHJIO-
TenuaabHOM cuHTa3sl NO B uiieMuuecko-pernepdysu-
OHHOM MOBPEXKIEHUH MTPUBOAUT K YBEIMUYCHHUIO CUHTE3a
1 BeICBOOOXKAEHHIO NO B yCIIOBUSX HOHM)KEHHOW KOH-
LEHTpau NpooKcuaaHToB. C Opyroil CTOPOHBI, KOT-
Jla TPUCYTCTBYIOT BBICOKHE KOHLIEHTPALUU AKTUBHBIX
dbopM kuciopona, u3obITouHOE KonmmdecTBO NO Oymer
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pearuposath ¢ O,” 1 00pa30BbIBATH TOKCHYHBIH paMKal
nepokcunutpura (ONOO"), KoTOpBI yCyryOmnseT cep-
JIeYHYI0 JucyHKuuto [22].

Ha nacrodmuii MOMEHT B CTpaTeruu NPeKOHAUILINO-
HUPOBaHUsI OKUCIUTEIbHO-BOCCTAHOBUTENIbHAS TIepea-
Yya CUTHAJIOB €I1I€ HEIOCTaTOYHO HCCIeJ0BaHa H OCTaeT-
Csl IpeIMEeTOM M3ydeHus Oynymux uccienoBaHuid. Tem
HE MeHee OBbUIO MOATBEP)KIEHO, YTO BPEMEHHBIE HU3-
KH€ KOHLIEHTPAlUU MPOOKCHUAAHTOB MOTYT 3aIlyCKaTh
MEXaHU3MBI 3alIUTHl ceplla U YTO Iepenadya CUTHAJIOB
AKTUBHBIX (OPM KHCIIOPOAA BO BpeMs IIPEKOHIUIIUOHH-
poBaHus U BO BpeMs (ha3bl paHHel penepdy3un nenaer
ceplle YCTOHYMBBIM K pernepdy3MOHHOMY MOBpexIe-
Huto [23]. o cux mop He ObUIO TOYHO OOBSICHEHO, MO-
KeT Ju (HapMaKoJOrHYeCKoe MPEKOHIUIIMOHUPOBAHUE
MIOMOYb H30€KaThb MacCOBOTO MPOM3BOJCTBA AKTHBHBIX
(hopM KHCIIOpOIA U OTKPBITUS MUTOXOHAPHAIIBHBIX Ka-
HAJIOB WU MPOCTO CMATYUTH ATH Ipoliecchl. PaHee omu-
caHHoe BiausgHue K@ Ha MUTOXOHIpHUANbHbBIE KaHAJbI,
BEPOATHO, TAKXKE OTPAXKAETCS HAa OKUCIUTENbHO-BOCCTa-
HOBHUTEJBLHOM CTaTyce ceplua, HabarogaeMoM B HallleM
HCCIIEIOBAaHUH.

PesynbraTsl ucciaenqoBaHUN CBUIETENLCTBYIOT O 3a-
muTHOM 3¢ dexTte BBeaeHus KO B kopoHapHOe pycio

BKIIAQl ABTOPOB

JI.A. TamxueBa BHeCIa 3HAUUTEIBHBIN BKIAA B pa3pabOTKy KOH-
LETIIN WAEH, IPOBEACHNE UCCIENOBaHNS 1 00pabOTKy JTaHHBIX,
noarorosky pykonucu. C.b. boneBud BHec OCHOBHOM BKIanx B
pa3paboTKy KOHIENINH UASH W METOMOJOTUH IIPOBEIEHHS JKC-
MEPUMEHTA, a TAKKe HAlMCaHHE TEKCTa CTaTbU, OKOHYATENIbHO
YTBEpAWI MyOINKYEMYIO BEPCHIO CTAaThH M COIVIACEH NPHHATH Ha
ce0sl OTBETCTBEHHOCTH 32 BCE ACNEKTHl paboTsl. B. SIkoBmeBma
BHEC OCHOBHOH BKJIQJl B pa3pabOTKy KOHIETIIUH UAEH U METOMO-
JIOTHU IIpoBeJeHus dkcnepuMenta. M.A. OmapoB IpoBogui cTa-
THCTHYECKYI0 00pabOTKy pe3ysIbTaToOB HCCIENO0BAHUS U YIaCTBO-
BaJI B pa3pabOTKe METOJOJIOTHH NIPOBEACHHUS HCCIEOBAHNS U pe-
JakTupoBaHuu Tekcra crarbu. X.A. Opnames u M.K. Kapramosa
y4JacTBOBAJIH B 0Opa0OTKe MAaHHBIX M PEJaKTHPOBAHUM TEKCTa
cTaThy. Bee aBTOpEI yTBEpAUIN OKOHYATEIbHYIO BEPCUIO CTAThU.
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DRESS cuHpgpom Ha choHe pobaBneHus meponeHema
K Tepanmum Kap6amasenmHoOM: KNIMHUYECKMM crnyuyam

10.B. Habuna'™, T.A. ®énoposa’, C.5. Tasuna', T.A. Cornukona', H.A. CemeHenko',
H.B. Jlomui?, C.A. Boanmakos?, H.B. Kucenesa!, U.C. [1aBJioB!
!DIAOY BO «Ilepsbiii Mockosckuil 20Cy0apcmeeHHblil MEOUYUHCKULL YHUBEPCUMEm
um. U M. Ceuenosa» Munzopasa Poccuu (Ceuenoscruii Ynueepcumem)
ya. Tpybeykas, 0. 8, cmp. 2, 2. Mockea, 119991, Poccus
’I'BY3 «l'opoockas kaunuueckas 6onvruya um. C.I1. Bomxuna
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AHHOTauusa

DRESS cuHApOM — KU3HEYTpOXalOLLEe OCROXHEHWE, PEAKO BCTPEYAIOLLEECS B KIMHNYECKOM npakTuke. MocTaHoBKy npa-
BUIBHOTO AWarHo3a 3aTpyOHSIET CXOXKECTb KIMHUYECKMX MPOSIBIIEHWUA C PSAOM APYTMX COCTOSIHUIA, a Takke OTCPOYEHHas
BO BPEMEHM 0T Hayarna npuema «npu4YuHHOMO» Npenapata KnuHudeckas maHudectaums. Hapsgy ¢ 3TUM CBOEBPEMEHHbIE
ANarHoCTUKa 1 paHHee Havarno NeYeHNs CHAXKAOT PUCK TSKENOro TEYEHUSI U OCTIOXHEHWI CMHOPOMA.

Onucanue cnyyas. MaupeHTka 29 neT rocnutanu3npoBaHa no NoBOAY reHeparnu3oBaHHbIX Makyno-nanynesHbiX BbiCbina-
HWIA, NNXOpaaKK, reHepanu3oBaHHON NuMd)ageHonatuu, cnabocTt, cnneHoMeranui, NOSIBUBLLMXCA Ha dhoHe 106aBneHus
MeponeHeMa Kk Tepanim kapbamasenuHom. B aHanuaax kposu o6HapyxeH nenkountos — 33,6x10%n, runepaosnHocunms —
7,9%x10%n, NoBblLIEHME NMEYEHOYHbIX TPaHCaMMHA3. Ilocne UCKMIYEHNS ayTOUMMYHHBIX, MHKDEKLMOHHBIX U OHKOremaTo-
nornyeckux 3abonesanuin yctaHoeneH DRESS cuHapom. Ha choHe Tepanuu meTunnpegHu3onoHoM B fose 1 mr/kr Beca
OTMeYeHa BbICTpas HopManuaaLms TemnepaTtypbl Tena, UCYE3HOBEHME ChiNK, YMEHbLUEHWUE 303UHONIIOB.

O6cyxaeHne. OcobGEHHOCTbIO JaHHOTO KrMHUYeCKoro cnyvas ssnsetcs passutine DRESS cuHgpoma Ha dhoHe npuco-
eMHEHNS aHTMBMOTIKA K MPOTUBOCYAOPOXKHOMY Npenaparty (C KoTopbiM Haubonee YacTo accoLumpyeTcst 3TOT CUHAPOM),
4TO 3aTPYAHWUIO AMArHOCTUKY. MoBbILLEHNE UHGOPMUPOBAHHOCTYW Bpayei 0 BO3MOXHOCTU PasBUTUS Takoi HexenaTenbHo
peakuun BCNeLCTBME aHTUBMOTUKOTEpanUM NPeACTaBNSETCA KpaiHe BaxHbIM Ans yyylleHUs NporHo3a JaHHOW rpynnbl
NavLy1eHToB.

KntoueBble cnoBa: DRESS cuHapom; kapbamasenuH; MeponeHeMm; nekapCTBEHHas anneprus; repnecampycHas nHgekums
Py6puku MeSH:

NEKAPCTBEHHOW MMNEPCEHCUBUIN3ALIA CUHAPOM — AVATHOCTUKA

NEKAPCTBEHHOW MMNEPCEHCUBMIN3ALIM CUHAPOM — NEKAPCTBEHHASA TEPAMNSA

NEKAPCTBEHHOW M’MNEPCEHCUBMIN3ALIM CUHAPOM — STUONOI A

KAPBAMASEMWH - BPE[HbIE BO3[ENCTBSA

MEPOMEHEM - BPE[JHbIE BO3AENCTBUA

IMOKOKOPTWKOWMAbBI - TEPANEBTUYECKOE NPUMEHEHWE
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DRESS syndrome on the background of adding
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Abstract

DRESS syndrome is a life-threatening complication rarely encountered in clinical practice. Making a correct diagnosis is
complicated not only by the similarity of the clinical manifestation with several other conditions but also delayed in time
onset of the first symptoms from the “causative” drug. Along with that, timely diagnosis and early treatment reduce the risk
of severe course and complications of the syndrome.

Clinical case. A 29-year-old female patient was admitted to the hospital due to generalized maculopapular rash, fever,
generalized lymphadenopathy, fatigue, splenomegaly appeared after adding meropenem to carbamazepine therapy.
Blood tests showed leukocytosis — 33.6x10°%1, hypereosinophilia — 7.9x10%1, elevated liver transaminases. After exclusion
of autoimmune, infectious and oncohematological diseases the diagnose of DRESS syndrome was established. On the
background of methylprednisolone therapy at the dose of 1 mg/kg fast normalization of body temperature, disappearance of
rash, decrease in eosinophils were observed.

Discussion. The specific feature of this clinical case is the development of DRESS syndrome after adding antibiotic to
anticonvulsant drug (with which this syndrome is commonly associated). This fact complicated the diagnosis. Raising
doctors’ awareness about the possibility of developing such an adverse reaction to antibiotic therapy seems to be extremely
important to improve the prognosis of this group of patients.

Keywords: DRESS syndrome; carbamazepine; meropenem; drug allergy; herpes virus infection
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CnMCOK COKpaLLeHMWiA:

DIHS - drug-induced hypersensitivity syndrome, nekap-
CTBEHHO-MHAYLMPOBAHHbIA CUHOPOM  MUNEpYyBCTBUTENb-
HOCTH

DRESS - drug reaction with eosinophilia and systemic
symptoms, peakuus Ha NekapCTBEHHbIV Npenapar ¢ pas-
BUTMEM 303MHOUINN 1 CUCTEMHBIX CUMMTOMOB

TsoKenbIM HeKeJaTeNbHbIM SABJICHHEM Ha JieKap-
CTBEHHBIE ITPETapaThl SIBISETCS PeaKiysl THIIePYyBCTBHU-
TEIBHOCTH C Pa3BUTUEM DSO3MHO(UIMKA M CUCTEMHBIX
nposiBiienuii — DRESS cunapom (drug reaction with
eosinophilia and systemic symptoms) [1] win «cuH-
IpoMm runepuysctButenbHocTH» — DIHS (drug-induced
hypersensitivity syndrome) [2]. Yacrora BcTpeuaemo-
ctu DIHS/DRESS cunznpoma HaxoguTcs B MHTEpBaje
ot 1:1000 mo 1:10 000 B pa3nuuHbIX OmMyIsnusx |3, 4],
JIETANBHOCTH cocTaBiseT okoio 10% [5].

ITo xnaccudpukanuu J[xeana um KymbOca, DIHS/
DRESS cuHIpoM OTHOCHUTCS K MMMYHOOIOCPEIOBaH-
HBIM peakuusMm [Vb Ttuma. JlaHHas peakiusi Xapakre-
pusyetcs npeobnaganueM T-xenmnepoB 2-ro THIA U Ha-
JUYMEM 303WHO(DUINKM Ha paHHEH cTaguu, Korjga pas-
BUBAIOTCSl KOXKHBIE MOpa)KEHUsl, a Ha MO3AHEH CTaguu
BaXHEHUIYIO poiib urpator T-xenmeps! 1-ro Tuma u uu-
TOTOKCHYEeCKUe T-KJIETKH, Y4acTBYIOLIHE B MOBPEXkKIE-
HUU BHYTPEHHUX OPIaHOB.

Bnepsrsie DRESS cunapom onucan B 1938 r. y 6071b-
HBIX, TOJy4aBIIMX MPOTUBOCYJOPOXKHBIE Mpenaparbl
[6]. Hau6onee uacto pazsutue DIHS/DRESS cunapoma
omnucaHo Ha (poHe puema kapbamasenuHa, EeHUTONHA,
(henobapOuTaNa, MancoHa, MEKCUJIECTHHA, MUHOIIMKIIN-
Ha, aJutonypuHona. ccienoBarenu cuutarot, yto DIHS/
DRESS cunmpom — myinstudaktopHoe 3aboieBaHHE,
pa3BUTHE KOTOPOTO OOYCIIOBIEHO T'€HETHYECKOW Mpes-
PAacCIOJIOKEHHOCTBIO,  JIEKAPCTBEHHBIMH ~ B3aUMOJECH-
CTBUSIMHU, aKTUBalMel BUpyca npocroro repreca (BIID)
6-ro tumna [4, 7].

Knunnueckue npossienus DIHS/DRESS cunapoma
XapaKTepU3YyIOTCA PaclpOCTPAHEHHBIMU BBICHIITAHUAMU
Ha KOXKe, JIMXOPaJKOH, MOpakKeHUEM BHYTPEHHHUX Opra-
HOB: BCE ATH CUMIITOMBI UMEIOT CBSI3b C IPHEMOM IIPOBO-
IUpYIOILero npenapara. JluarHo3 MoxkeT ObITh 3aTpya-
HEH BCIIEACTBUE PA3HOOOPA3HOI0 XapakTepa KOXKHBIX
BBICHIIAHUNA U CHUCTEMHOCTH BOBJICUEHHS] BHYTPEHHUX
OpraHoB, 4To TpeOyeT MpoBeaeHus auddepeHIans-
HOTO JIMarHo3a ¢ JIpyruMu 3a0oneBaHUAMU. SMOHCKOM

RegiSCAR - European Registry of Severe Cutaneous
Adverse Reactions, EBponeickuin pernctp TSXenbIX KOX-
HbIX NOGOYHBIX peakLui

ANT — anaH1MHammHoTpaHchepasa

ACT - acnapTaTtamunHoTpaHcdepasa

BII — Bupyc npocToro repreca

LIMB - uutomeranosupyc

KOHCEHCYCHOM rpymmoil 1 EBponeiickuM perucTpom Tsi-
JKEJIbIX KOXKHBIX M000YHBIX peakiuii (European Registry
of Severe Cutaneous Adverse Reactions, RegiSCAR)
npemioxkensl kputepuu DIHS/DRESS cunapoma [8, 9]
(Tabm.).

Jleuenue BKiIO4YaeT B ce0s OTMEHY Iperapara, Bbl-
3BaBmiero DIHS/DRESS cunapom. OnHako 3T0 MOXET
HE TIPUBOJUTH K OBICTPOMY MOJIOKUTETBHOMY KIIMHUYE-
ckoMy 3(pekTy, Tak Kak B OCHOBE CUHAPOMA JIEKHUT KIle-
TOYHast UMMYHHas peakuus. [Ipenaparamu BeiOOpa B Te-
panuu SBIAOTCA TitokokopTukouas! [10]. Hauanbnas
no3a mpenHusonoHa coctammser 0,5-1,0 mr/xr Beca
C MOCTENEHHBIM CHUKEHUEM JI03bl B T€UeHHE 2—3 Me-
caues [11]. B nmuteparype umerorcs gansble 00 s¢dex-
TUBHOCTH IUIa3Madepe3a B JIEUEHHUH NAHHON TPYIIIBI
naruenToB. Tak, M. Higuchi u coasr. [12] mpogemMoH-
ctpupoBain 3()(HEeKTUBHOCTh NMPUMEHEHUs Iuia3Made-
pe3a y nanumenta ¢ DIHS. JlanHple KIMHUYECKHUX pa-
00T MO NPUMEHEHHUIO BHYTPUBEHHOTO HMMYHOIIOOY-
muHa (immunoglobulin) mpoTHBOpPEeYHBBI U COOOIIAIOT
Kak 00 ycriexe nqanHoi Tepanuu [ 13—15], Tak 1 06 oTCyT-
CTBUH TOJIOKUTETHHOTO 3(h(ekra U pa3BUTHH Cepbe3-
HBIX M000UHBIX 3 dekToB [16].

Juarnoz DIHS/DRESS cunzmpoMa B yCIOBHSX pe-
aJbHON KIIMHUYECKOW MPAaKTUKU CTaBUTCS KpaiiHe pen-
KO, OTYACTH 3TO CBSA3aHO C HU3KOW MH()POPMUPOBAHHO-
CTBIO Bpaueil 0 BO3MOXXHOCTU Pa3BUTHUS TaKOTO OCJIOXK-
HEHUsI JIEKapCTBEHHON Tepanuu U OObSICHEHUEM CHMII-
TOMAaTHKH JIpyruMu 3aboneBanusmu. Llupokoe mpume-
HEHHE AaHTUOAKTEPUAIbHOW TEeparmuu acCOLUHPOBAHO
HE TOJIBKO C aHTHOMOTUKOPE3UCTEHTHOCTHIO, HO U C pa3-
BHUTHEM peJKUX ocnokHenuid, Takux kak DIHS/DRESS
CHUHJIPOM, YTO IEMOHCTPUPYET NPEACTABICHHOE KINHU-
YeCcKoe HaOIoIeHHeE.

OMUCAHUE CNYYAA

[ManmenTka 29 net Opuramoil CKOpor MEAUITMHCKON
nomomu pocraeiena 01.11.2020 B Topoackyio kiu-
Hudeckyto OonpHuily uMm. C.II. borkuHa c xamoGamu
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Tabnuya. AnarHoctnyeckme kputepun DiIHS/DRESS cuHapoma
Table. Diagnostic criteria of DIHS/DRESS syndrome

Duarnoctuyeckme kputepuun DRESS ot RegiSCAR /
Diagnostic criteria for DRESS by the RegiSCAR [8]

NuarHoctnyeckue kputepum DIHS, ycTaHOBNEHHbIE ANOHCKON
KoHceHcycHom rpynno# / Diagnostic criteria for DiHS
established by a Japanese consensus group [9]

1. Octpas cbinb / Acute rush

2. Peakuus obycnosneHa npuemom nekapcts / Drug-related reaction

3. llnxopagka > 38 °C / Fever > 38 °C

4. Boeneyerue Honee 1 BHyTpeHHero opraxa /
Involvement of more than 1 organ

—_

. Makyno-nanynesHas cbinb, pa3suBaroLLascs bonee Yem yepes
3 Heaenv nocne Hayana npuema nekapcrs, Hanbonee YacTo ac-
COLMMpOBaHHbIX ¢ cuHapomoM / Maculopapular rash developing
> 3 weeks after starting therapy with a limited number of drugs

2. CoxpaHeHne CUMNTOMOB B TeYeHe 2 Heenb Nocne OTMeHbI

NeKapCcTBEHHOTO CPEACTBa, ABASIOLIErOCs NPUYNHON peakLmnn /
Prolonged clinical symptoms 2 weeks after discontinuation of the
causative drug

3. llnxopagka > 38 °C / Fever > 38 °C

4. MopaxeHue neyenu (AJTT > 100 Eg/n), (MoxeT BbITb NopaxeHue

Apyroro oprata, Hanpumep noyex) / Liver injury (ALT > 100 U/L)

or other organ dysfunction, for example kidney injury

5. 3meHeHusi B 06LLem aHanuae KpoBW (MMHUMYM NpUCYTCTBYET 1 MpuaHak) / 5. ViaMeHeHust NeikoLmToB (MMHUMYM NpUCyTCTBYeT 1 npuaHak) /

Laboratory abnormalities (at least 1 present):

a. MmdoLnTbI BbiLLe Uiv HUXe HopMbl / lymphocyte above or below normal

b. TpomboumToneHus / low platelet
C. 9031Hodmnus / eosinophilia

6. YBenunueHHble numdatinyeckme yansl 6onee yem B 2 rpynnax /
Enlarged lymph nodes > 2 sites

7. Focnutanuaauws / Hospitalization

Leucocyte abnormalities (at least one present):
a. neitkounto3 > 11x10%n / leukocytosis (>11x10°/L)
b. atunnynbIn numdoumTos > 5% / atypical lymphocytosis > 5%
C. 303uHocmnms > 1,5x10%n / eosinophilia > 1,5x10% L
6. 'umcpapieHonatns / Lymphadenopathy

7. PeaktuBaums BIT-6 / HHV-6 reactivation

Mpumeyanue: ANT — anaHuHamuHoTpaHcdepasa, BINI — Bupyc npoctoro repneca.
DIHS - drug-induced hypersensitivity syndrome, nekapcTBeHHO-MHAYLMPOBaHHbIN CUHAPOM runepuyBcTBuTensHOCTU. RegiSCAR — European Registry
of Severe Cutaneous Adverse Reactions, EBponefickuit peructp TsKenblx KoXHbIX NOOOYHbIX peaKLuit.

Note: ALT - alanine aminotransferase, HSV — herpes simplex virus.

Ha BBICBIIAHUS II0 BCEMY Teily, YBEIWYECHHE MICHHBIX
TUMQOy3IoB, TX0paaKy 10 38,5 °C, oburyto cnabocTs.

W3 anamue3a u3BecTHO, yTO B HtoHe 2020 roga Boep-
BBIC BO3ZHHUKJIO CYOBEKTHBHOE OIIYIICHUE «OHEMCHHS»
NpaBOi ITOJIOBMHBI JIMIA, 1O MOBOAY YEro BBHITOIHEHA
MarHUTHO-PE30HAHCHAs! ToMorpadus TOJOBHOTO MO3ra.
OO6HapyxeHo 00beMHOE O0OpazoBaHHE B OOJIACTH IICH-
TPaJIbHOM OOPO3MBI C BBIPAKEHHBIM MEPUPOKATEHBIM
OTCKOM.

C Hauyanma ceHTIOPS MOSBWINCH (hOKAIBHBIE HEMO-
TOPHBIE SMUJICITHUCCKUE MPUCTYIHI (TeMUIapecTe3nn
B TPaBBIX KOHEYHOCTAX C MOCTIPHUCTYIHOH C1aboCThIO
B HMX) 0e3 HapyIIeHUs OCO3HAaHHOCTH, C IIETBbI0 KOH-
TpoJIsL HaJl KOTOPBIMU Ha3HaueH kapbamaszenud 100 mr
B CYTKH.

B xon1e centsiops 2020 roma oTMETHIIA YBEINUCHHE
MICHHBIX JIUM(OY3IOB.

B oxTs16pe 2020 roga BeIMONHEHA MapiuaibHas Ou-
orcusi 0OBEMHOTO 00Pa30BAaHUS: BBISIBICHBI «HEKPOTHU-
YeCKHe M3MCHEHUS, XPOHWYECKOEe HEaKTHBHOE BOCHA-
JIeHHEe ¢ Makpo(araJbHO-THCTHOIUTAPHON peakIueii.
C yueroM maToMOp(OJIOrHIECKOr0 3aKJIIOUCHHS B IIO-
CJICOTICPAIIMIOHHOM IIepHO/Ie Ha3HAYCH MEPOIIEHEM B CY-
TOYHOH 103¢ 6 T (2 T 3 pa3a B JIeHb BHYTPUBEHHO) C pe-
KOMCHIALUSIMH TIPOAOJDKUTH BBEICHHUE B aMOYIaTOPHBIX
YCIIOBUSIX.

Coycrst 8 mHelt OT Havajga aHTHOMOTHUKOTEPAIHH
HOSBIJIACh 3yAdllas CHIIb HAa JIMIE, KOTOpas 3areM

pacIpoCTpaHmUIACh Ha TYJIOBHUINE X KOHEYHOCTH, TOBBICH-
nack Temneparypa 10 38,5 °C (puc. 1). KoncynsrupoBana
aNJIepProIoroM, COCTOSHHE PACLEHEHO KaK OCTpasi Kpa-
NUBHHUIA, OOYCJIOBJICHHAs NPUMEHCHHEM MEpOIeHe-
Ma. AHTHOMOTHK OTMEHEH, Ha3HAYCHHas Tepamus: Io-
mucopO (6 T B JIeHb MEpopabHO), JeKcameTa3oH (8§ mr
YTpOM BHYTPHUMBIIIICYHO), TUOCYIbpar Hartpus (3 T
YTPOM BHYTPHBEHHO) — OKa3ajiach He3(h(heKTUBHOM.

CeMeliHblll aHaMHE3: MaTh U OTELl 370POBBL, 3aMy-
KeM, paboTaeT MEHEeIXepoM I0 Toadopy MepcoHaa.
DHIUAEMUOIOrHYECKUA aHaMHe3: 3a 2 Mecsia 10 3a00-
neBaHus 3a npenensl PO He Bble3kana, KOHTAKT C MH-
(heKIMOHHBIMH OOJBHBIMH OTPHIIACT.

IIpu moctynieHuu: COCTOSIHUE CPEIHEN TAKECTHU.
Temneparypa tena 37,8 °C. Poct 167 cm, Bec 60 kr
(uamexc maccsl Tena — 21,2 kr/m?). O4aroBoii HEBpO-
JIOTUYECKOW M MEHHUHT€aJbHOM CHUMITOMATHKU HET.
Ha nuie u mo BceMy Tely Makyio-Hamyle3Hasi, Me-
CTaMHM CJIMBHas Chinb (puc. 2). [laxpnupoBanuch 3Ha-
YUTEJIBHO YBEJIMYCHHBIE MHOXECTBCHHBIE IJIOTHBIE
0c3001e3HEHHBIC HE CIAasHHBIE C OKpYXKarolen TKa-
HBIO TIOJTYETIOCTHBIE U MaXOBbIe JTUM(OY3IBI 10 2 CM.
YacTora cepledHbIX cokpauieHud 92 yn. B MUH., ap-
TepuansHoe aaBnenue 120/80 mwm pr. cT. [ledyeHp BbI-
CTyHaeT U3-T1oJ Kpasi pedepHoi nyru Ha 2 cM, 6e300-
JIe3HEHHAs MPH MaJbIalHH.

B otnenennu cdopMynupoBaH HpeABapUTEIBHBIA
JUArHO3: TOKCHAEPMHS, OOyCIOBJIEHHAs IPHEMOM
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Kap6amaszenun / Carbamazepine |
Mepomnenem /
Meropenem
iJ-[HMq)a,HCHOHaTI/[}I /
‘Lymphadenopathy
3 KoxHast cbimb /
Skin rash i
Jluxopajka / |
Fever ;
Jlekcamera3on® /
|Dexamethasone®
HeﬁKOHHTOij&, 203uHO(UIHS /
Leukocytosis, eosinophilia
.1 AJT, ACT/
| 1 ALT, AST
Ipenuusonon B/B Mr/kr/cyt / Prednisolone IV mg/kg/day
0,5—1 0,7
PeaKTI/IBaI_H/:lS{ BIIT" 6-ro Tuna u [IM
HSV-6 and/CMV reactivation ‘
04.@9.20 07.10.20 15‘130.20 01.11.20 10.131.20 30.1%1.20 12.12.20
6 Hen. / 6 wks 4 uen. /4 wks 3men./ 2 Hen. / ‘
“—  JlarentHsrii mepuon / Latency | Cumnromsl / Symptoms nd e 3 wks 2 wks

PUC. 1. Teuenne DRESS cungpoma y )KCHIIUHBI 29 JIET.

FIG. 1. The course of DRESS syndrome in a 29-year-old woman.

Mpumeyanue: AJTT — anaHuHamuHoTpaHcdepasa, ACT — acnapTatamuHoTpaHcdepasa, B/B — BHyTpuBeHHo, BII — Bupyc npoctoro repneca, LIMB —
LTOMerarnoBsupyc.

2 0[IHOKPATHO BHYTPUMBILLEYHO 8 M.

Uepes 6 Hepenb OT Havyana npuema kapbamasenuHa 1 Hefento nprema MeporneHema NosiBUINKCh: KOXHas Chifb HA NULE, koTopast BbicTpo pacnpo-
CTpaHunach no BCeMy Tery; reHepanu3oBaHHas numdageHonatus; nuxopagka. OfHOKpaTHOE BREAEHIE AEKCAMETA30Ha HE UMENO KITMHUYECKOrO 3h-
hekTa. B aHanmsax KpoBM BbISIBNEH IERKOLIMTO3 U rUNEP303MHODUNNS, ABEHAALATUKPATHOE NOBbILIEHWE NEYEHOYHBIX aMUHOTPaHChepa3s. CUMNTOMbI
ObICTPO perpeccupoBany Nocne HasHayeHus npeaHu3onoHa B aose 1 mr/kr/cyt. Yepes 3 Hepenu otmMeyeHa peaktusauus BT v LIMB.

Note: ALT - alanine aminotransferase, AST — aspartate aminotransferase, IV — intravenously, HSV — herpes simplex virus, CMV - cytomegalovirus.

2 single dose 8 mg intramuscularly.

After 6 weeks from the beginning of taking carbamazepine and after the week of starting to take meropenem appeared following symptoms: rash on the
face, which quickly spread throughout the body; generalized lymphadenopathy; fever. A single administration of dexamethasone had no clinical effect.
Blood tests revealed leukocytosis and hypereosinophilia, elevation of hepatic aminotransferases up to 12 norms. Symptoms quickly regressed after

prescribing prednisone at a dose of 1 mg / kg / day. After 3 weeks the reactivation of HSV and CMV was noted.

meporienema (L27.9). Haznauen metunnpeanun3onon 32
Mr/cyTKH BHyTpuBeHHO (0,5 MI/KT Beca).

01.11.2020 r. B KNMHAYECKOM aHAIHU3E KPOBU BBI-
sBJIeH Jiefikormro3 — 33,6x10°n, rumep3o3uHO(pH-
must — 23,7% (abcomtotHoe yncno — 7,9%x10%m). B 6uo-
XIMHYECKOM aHaJH3e¢ KPOBH OOHApPYKEHO ITOBEHIIICHHE
AKTUBHOCTH aJlaHMHOBOW TpaHcamuHa3zbl (AJIT) — 186
En/n (HOpMa <50 En/i), acmaparnHoBO# TpaHCaMHHA3bI
(ACT) — 114 En/n (<32 En/n) , C-peakTUBHBIN OCIIOK —
33,8 mr/n (HopMma 0-2).

CKpUHHUHT-MapKepbl
B u C orpunarensHbie.

PentreHorpadus opraHoB TpyIHOW KIETKH MaTOJO-
THH HE BBIABWIA. YNBTPa3BYKOBOE HCCIEIOBAHUE Opra-
HOB OPIONTHOM MOJIOCTH M MOYEK OOHAPYKUIIO YMEpPCH-
HYIO CIZICHOMETAJIHIO.

BUPYCHBIX T€NaTUTOB A,

Hanuune BbIpaXeHHOW 303MHO(DWINH, CHHIPOMA
[IUTONN3a, JTAM(AICHONATHH ¥ CIUICHOMETAJINH, CBSI3b
YKa3aHHBIX CHMIITOMOB C TIPHEMOM KapOaMa3eruHa CBH-
JICTENbCTBOBAIM 0 Bo3MoykHOM paszButiu DIHS/DRESS
CUHJpOMa (KapOama3eliH OTMEHEH ), a TaKXkKe TpeOoBaTn
JaTbHEHIIEero 00CICIOBAHNS I MCKIIOUCHHS CHCTEM-
HOMW KpacHOH BOJTYaHKH, cericuca, MH()EKIMOHHBIX, Mapa-
3UTApHBIX U OHKOT€MATOJIOTHIECKIX 3a00IeBaHHH.

05.11.2020 ormeueHO [manbHEWIIEE YBEIWYCHUE
nedeHouHbIX TpaHcamuHas: AJIT mo 495 Enm/n, ACT
no 491 En/n, moBelieHWe ImeNoYHOW Qocdarasblr —
231 En/n (Hopma 35-105), mpokansironud — 0,01 (Hop-
Ma <0,1 ur/mi) (puc. 1). AHTUTENa K HATUBHOM JIE30KCH-
prOOHYKIIEHHOM KucioTe U LE-KIIeTKH He BBISBIICHBI.

BrisBnensr IgG x Bupycy npocroro repreca (BIID)
1-ro u 2-ro THIoB W nuromeranosupycy (LIMB). IgM
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MEXONCUUMITTMHAPHBIE NMPOBJITEMbI

PUC. 2. Koxusle BbIChIaHus npH noctyiuieHnn (A, B) u depe3 5 aHel mociie Ha3HAYSHHsT METHINPEIHU30JI0Ha B 103¢ 60 Mr

B cytk (C, D).

FIG. 2. Skin rashes at admission (A, B) and 5 days after administration of methylprednisolone at a dose of 60 mg per

day (C, D).

K 3THM BHpyCaM W BHPYCY KopH, kK Oakrepuu Borrelia
burgdorferi ne obHapyxxeHbl. CKpUHHHIOBOE 00CIIENO0-
BaHue Ha renbMuHTO3bI (1gG K Opisthorchis, Trichinella,
Echinococcus) n namonuos (I1gG x Lamblia intestinalis,
Giardia Lamblia) matonorun He BBISIBUIIO.

Onekrpodope3 OEIKOB MaTOIOTHUECKUX TPATUEHTOB
He 00HAPYKWIJI, CEKPEINH MapanpoTenHa He BBISIBICHO.
Mopdonorudeckoe ¥ IMTOTEHETHIECKOE HCCIIEHI0Ba-
HHUE TPEMaHOOMONTaTa HE BBIIBHIIO MEPBUYHOTO MOpa-
JKEHHSI KOCTHOTO MO3Ta M IIEpECTpOeK JIOKycoB (4ql2)
(FIP1L1,CHIC2,PDFGRA), (59q32)(PDGFRB).

06.11.2020 mpoBeAeH KOHCHWINYM, Ha KOTOPOM
chopmynmupoBan kimHu4eckuid auarHos: DIHS/DRESS
cuHapoMm (Hanmaue Bcex 7 kpurepueB 1o RegiSCAR)
1 CKOPPEKTHPOBAHO JICUCHHE: 71032 METHINPEIHU30JI0HA
yBenmdeHa 1o 60 mr/cytku (1 mr/kr Beca). Uepes 5 nHei
OTMEUYCHA HOPMAJIM3aLUs TEMIIEPaTyphl Tela, HCUe3HO-
BEHHUE chIlK (pUC. 2), YMEHBIICHHE KOJIIMYECTBa JICHKO-
uToB 110 5,9%10%/1 1 303uHOGIIOB 10 2,7% (abcomroT-
noe yucio — 0,16x10°%/1).

Brimucana nomoii ¢ peKOMEeHIaMsIMU JTaJbHENIIero
npreMa METHIINPETHU30JI0HA CO CHIYKEHHEM JI03bI B Te-
YyeHHe 3 MECSIIEB.

B xon1e HOs0ps pa3BUilach repreTnveckas HHpek-
IUSl CIIM3KUCTHIX HOca U T'y0. OOBEKTHUBHBINA CTaTyC —
0e3 ocobenHoctel. [1o JaHHBIM TOMMEPa3HOH IEITHOM
peaknuu B kpoBu BbisiBieH BIIT 6-ro tuma u [IMB.
B ximHMYEcKOM M OMOXMMHUYECKOM aHAIHU3aX KPOBH IMa-
TOJIOTHUECKUX M3MeHeHuH He BoisiBiIeHO (AJIT 23 En/m,
ACT 12 Eg/m). K neuenuro jno0aBiieH BaJalUKIOBHP
500 mr 2 pa3a B AeHb B T€UEHHUE 5 NHEU, MPOJOIKEHO
JIeYeHUE METHIITIPEAHU30JIOHOM CO CHUKEHUEM JIO3BI.

OBCYXOEHUE

DRESS cunapom sBnsieTcs penKkuM, HO TSKEIBIM
OCIIO)KHEHHEM JICKapCTBEHHOH Tepamnuy, KOTOPOe UMEET
0COOCHHOCTH KJIMHWYECKOTO TEUCHHMS, 3aTPyAHSIOMNE
CBOEBPEMEHHYIO THATHOCTHKY.

IlpencraBneHHbIl  KIMHWYECKUH TPUMEDP  COOT-
BeTcTByeT BceM kputepusim DIHS/DRESS curnpoma:
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MaKyJ10-TamyJie3Has Chllb, TMxXopajaka Boiue 38 °C, Hanu-
YK€ YBEJIIMYEHHBIX TUM(aTUIeCKHX y37I0B B 2-X 00IacTIX
(weiiHple W MaxoBBIE), TOBBIIICHUE TE€YEHOYHBIX TPaHC-
aMHHa3 U 303WHOpMWINS, IpreM KapOaMasenuHa U Mepo-
neHeMa B aHamHe3se. [lanueHTka moiydajia kapOamase-
MUH 32 6 Helellb M aHTUOMOTHUK KapOarneHeMOBOIo psija
3a 8 qHeH nepern pa3BUTUEM KOXKHOM CBIMTU U JIUXOPAJIKU —
nepBeix cumnromoB DIHS/DRESS cunapoma.
Hecmotpss Ha Hanmuuue BceX KpUTEpUEB, JAMATHO3
DIHS/DRESS cunapoma ObUT OCTaBIEH TOJIBKO MOCIIE
oOmupHOro o6cneoBaHusA, YTO OOYCIIOBIEHO PSAAOM
MPUYUH: MaKyJo-TIanyJie3Has ChIITb MOXKET BCTPEUAThCs
IIPU IPYTHX JIEKApPCTBEHHBIX pEeakLUsIX, a TaKXKe PU UH-
(hekuMOHHBIX 3a00JI€BaHUAX; U3MEHEHUs B J1aboparop-
HBIX aHAJIM3aX U NOPaKe€HHUsI BHYTPEHHUX OPraHOB CXO-
KU C TeMaTOJIOTUYECKUMU, HH(PEKIIUOHHBIMU U ayTOUM-
MYHHBIMH 3a00JIeBaHUSIMH, YTO TpeOyeT NpoBeneHUs
muddepennmansHoro auar€osa. Kpome Toro, ciemyer
OTMETHUTb, YTO TOKCUIECPMHUH B KIIMHUYECKON MPAKTUKE
peructpupytorcs vame (3 cinyuas va 1000), wem DIHS/
DRESS cunmpom, 4to, 6€3yCcIOoBHO, CTalo MPUIUHOU
JUISL yCTaHOBIIEHUS TAHHOTO TMarHo3a Ha IepBOM dTarie.
OCOOEHHOCTBIO HAIIETO CIIy4asi SIBISIETCS NeOI0T
DIHS/DRESS cungpoma ¢ mieliHON JmMdaneHonaTuu
yepes 3 HeJeNu OT Havalia mpueMa kapbamasenua 1 no-
SBJICHHE Pa3BEPHYTON KIIMHUKO-1a00paTOPHOM KapTHHBI
CHUHIpOMa CIIyCTd eule 3 Henenu Ha GoHe JoOaBIEeHUS
K Tepanuu MeporneHema. Ham mnpencraBnsercss Bo3-
MOYHBIM, YTO UIMEHHO COYETaHHE 3TUX MpernapaTroB 00-
YCIIOBHIIO OypHOE pa3BUTHE CUMIITOMOB. B nuteparype
DIHS/DRESS cunapom yacTo acCOUMUPYIOT ¢ KapOama-
3eMMHOM KaK «IIPUYMHHBIM» mpenaparoM. B Oasze nan-
Heix Medline HaMm BcTpetmiiock 3 ciydyas JaHHOTO OcC-
JIO)KHEHUS Ha (OoHe MpHeMa MepoIeHeMa, BO BCEX CIIy-
yasxX 3aperucTPUPOBAHO MOPaKEHHE IMEUYeHH, OTMEYEH
KOPOTKUH JIATEHTHBIA NEepuoj] OT Haudaja MPUMEHEHUs
mpernapara 10 MosiBIeHus: cuMnToMoB [17]. Onucanuit
pa3sutusi DIHS/DRESS cunapoma mpu codeTaHHOM
nmpueMe kapOamasenuHa 1 MepolieHeMa He HailIeHo.
IIpencraBnseT UHTEpEC BONPOC O MPUUYHHE MOSABIIE-
HUS TePIETUYECKUX BBICHINAHUI y Hamieil marueHTKU.
[IpennokeHO MHOXKECTBO MEXaHU3MOB HJsl OOBsICHE-
HUS TOTO, MOYEMY BHpPYCHas PEaKTUBALUS IPOUCXO-
mut npu DIHS/DRESS cunapome. B octpoii daze Ha-
OmonaeTcsi OTHOCHUTENBHO OCHAONEeHHBI HMMYHHUTET

BKNAQ ABTOPOB

10.B. UnpuHa BHecTa OCHOBHOW BKJIAX B pa3pabOTKy KOHIEII-
UM CTaThH, MOJATOTOBMIIA TEKCT M COIVIACHA TPHHATH Ha ceOs
OTBETCTBEHHOCTh 3a BCE ACIHEKTHI KIMHHUYECKOTO HAOIIOICHUSI.
UY.C. [1aBnos, T.A. ®enoposa, H.A. Cemenenxko, T.J. CorHukoBa,
C.51. TazuHa yyacTBOBAJH B pa3pab0TKe KOHIICIIIHY CTAThH U TIOJI-
roroBke Tekcra. C.A. bonsmakos, H.B. Kucenera, H.B. Jlommig
MIPUHUMAJIM aKTUBHOE Y4YaCTHUE B JICUEHUU MAllUEHTKH, IIOATOTOB-
K€ MaTepHaJoB M ONHCAHUH KIMHUYECKOTO HaOmoneHus. Bee aB-
TOPBI ONOOPHIIA OKOHYATEIBHYIO BEPCHUIO ITyOIIUKAIINH.

C OBICTpBIM YBEJIMYEHHEM HMMYHOCYIPECCUBHBIX
T-peryasTopHbIX KJIETOK W COMYTCTBYIOLUIUM CHHKE-
HUEM YPOBHS MUMMYHOIJIOOYJIMHOB U Tepudepruueckux
B-knetok [18, 19]. BeicTphiii pocT ypOBHA UMMYHOCY-
MIPECCUBHBIX KIETOK MPUBOAUT K CHIKEHHUIO (PYHKLIUU
MPOTUBOBUPYCHBIX T-TUMQOLUTOB, CIOCOOCTBYS peax-
TuBanu Bupyca. Y. Ushigome 1 coaBT. IpeAnonaraor,
YTO peakTUBalUi BUPYCa MOXKET ObITh BbI3BaHA UMMY-
HOCyIpeccueil B pesynbTare JieueHHs KOPTUKOCTEpO-
ungamu [20]. Ognako M. Tohyama u coaBT. mokasanu,
yro peaktuBauus BIIT'-6 npoucxonuiia vamie y nanueH-
TOB, HE MOJYYaBIIUX CTEPOUbI, IO CPABHEHUIO C IPYII-
MaMu, TIOJY4YaBITUMU BBICOKHE JJO3BI CTEPOUIOB [21].

[Iporuo3 npu DIHS/DRESS cunapome onpenenurs
cinoxkHo. EcTb cooOmieHuss 0 TOM, YTO KIMHUYECKUE
MposiBIeHUs] OONIE3HW MOTYT PELUIUBUPOBATH JaXKe
yepe3 Heckojdbko MecsueB. CooOmiaercs 0 pa3BUTUU
ayTOMMMYHHBIX 3a00JieBaHMl IOCIIe TePEeHEeCEHHOTO
DIHS/DRESS cungpoma: Gone3nu IpeiiBca, Oone3Hu
XamuMoTo, ayTOMMMYHHOTO THPEOMAMTA, CaxapHOIro
nuabeta 1-ro Tuma, peBMaroMgHOIO apTpUTa, CUCTEM-
HOM KpacCHOU BOJTYAaHKHU, aJONELNH, BUTHINIO. Y TMalu-
EHTOB C TPEACYIIECTBYIONIEH MOUYeUHON nuchyHKIneH
DIHS/DRESS B psine ciayuaeB mpuBOAUI K TpOrpec-
CHUPOBaHMIO TMOYEYHON HEJOCTATOUHOCTH, Tpebyromeit
IpoBeieHus remoaunanusa [16].

3AKINMIOYEHUE

Juarnoctuka DIHS/DRESS cunapoma, nHecmotrps
Ha HAJIMYHME YETKUX KPUTEPUEB, B PeabHOW KIMHHYE-
CKOH MpaKTHUKE MPECTaBIsET OIpelesieHHbIE TPYIHO-
CTH, 4TO OOYCJIOBJICHO B IEPBYIO OHepelb HaJIUYUEM
CXOXEW CHUMITOMATHKH C PSIOM APYTHX 3a0oieBaHuil
(remaruToM, CUCTEMHON KpaCHON BOJITYAHKOM, CEIICUCOM,
WH(PEKIUOHHBIMA U OHKOT'€MaTOJIOTHYeCKHUMH 3abolie-
BaHUAMHU) U TpeOyeT auddepeHunanbHON TMarHOCTUKI
JUTSL UX UCKITFOUEHHUS.

CBoeBpeMeHHbIE quarHoctuka u jedenue DIHS/
DRESS cunapomMa no3BoIsIIOT 100UTHCA BBI3IOPOBIIE-
HUA nanueHToB. OAHAKO, YYUTHIBas UMEIOILIHUECS CO-
001eHnust 00 OTCPOYEHHOM Pa3BUTUU ayTOMMMYHHBIX
3aboneBanuit nocie nepeHecennoro DRESS cunapo-
Ma, BOIIPOCHI TUCIIAHCEPHOrO HAaOMIONEeHUs B OTHOLIE-
HUU STOH rpynmbl OONBHBIX TPeOYIOT AanbHEHIIEero
U3YUYEHUS.
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Lifetime imaging of the discrete nanophosphors
in biological systems
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Abstract

The aim. Demonstrate a novel modality of laser-scanning multiphoton microscopy suitable for rapid acquisition of images
of samples labelled with phosphorescent materials characterised by long emission lifetime measured in microseconds.
The reported microscopy represents an advancement over the existing laser-scanning modalities, where the acquisition
of images of phosphorescent materials takes unpractically long time.

Materials and methods. The reported method is based on rapid scanning of the focussed excitation beam across
a sample while continuously recording the photoluminescent (PL) signal. The resultant images of discrete phosphorescent
nanoparticles appeared blurred. The diffraction-limited image was reconstructed by using a deconvolution algorithm,
where the PL lifetime was the key input parameter. To test the method, two types of upconversion nanoparticles (UCNP)
were synthesised, NaYF,:Yb*+:Er*/NaYF, (E-UCNP), B-NaYF,:Yb*, Tm*/NaYF, (T-UCNP) and used to test a possibility
of demultiplexing the two types of UCNPs ex vivo taken up in the mouse liver.

Results. The resultant images of E-UCNP, T-UCNP on the background of the liver were fully reconstructed and exhibited
the enhanced signal-to-noise ratio. Besides, the method allowed rapid (at the scale of seconds) acquisition of the UCNP PL
lifetime and clear discrimination of the two types of UCNPs.

Conclusion. We demonstrated a new approach for rapid PL image acquisition of samples containing PL materials, such as
biological specimens labelled with discrete UCNPs. Blurred images were shown to be reconstructed at the post-processing
stage by applying a deconvolution procedure. This enabled demonstration of multiplexing/demultiplexing using lifetime
imaging mode, where the lifetime was engineered by the UCNP synthesis and reconstructed during multiphoton image
acquisition using the deconvolution algorithm. The power of this method was demonstrated by the identification of two types
of UCNPs accumulated in the liver of a laboratory animal. We believe that the demonstrated method can be useful for rapid
lifetime imaging where several molecular specific labelling agents are required.

Keywords: biophotonics; lifetime imaging; phosphorous materials; upconversion nanoparticles photoluminescence;
multiphoton microscopy
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Busyanusauua guckKkpetTHbiX HaHodocdcdopoB
B OMonornyeckKkmx cucremax C y4eTomM BPpEeMeHM XXU3HU

cnyopecueHuumn

A.O. 3Barunues’, A.B. IOmnnues?, A. Makean’, B.A. Boaenees?, A.B. 3parun®>"
! @HUI] «Kpucmannoepagus u pomonuxay Poccutickoil akademuu HayK
Jlenunckuti npocnexkm, 0. 59, &. Mockea, 119333, Poccus
2@I'AY BO «Hayuonanvhuiil uccneoosamensckuii Hudicecopoockuii 2ocyoapcemeentbiil
yHugepcumem um. H.U. Jlobauescrkocon (HHI'Y)
np. L'aeapuna, 0. 23, kopn. 2, Husxxcuuii Hoszopoo, 603022, Poccusa
 Vuueepcumem Marxxyopu
banaxnascxas oopoea, Hopm-Paiio, Hoswiii IOxcuwiti Yanoc, Cuoneti, 2109, Ascmpanus

AHHOTauusa

Llenb. MpogemoHCTpupoBaTh HOBbIM METOL Na3epHON CKaHWPYIOLLEA MHOMOGOTOHHON MMKPOCKOMUM, NOAXOAALWMA Ans
ObicTporo nonyyeHus usobpaxeHuin 06pasLoB, MeYeHHbIX (HOCHOPECLMPYIOLLMMU MaTepuanamm, XapakTepuayoLwmxcs
ANUTENbHLIM BPEMEHEM XM3HW U3MYYeHUs, U3MEPSIEMbIM B MUKpOCeKyHaax. [peactaBneHHas MUKPOCKONWUS NpeacTas-
nseT cobon Nporpecc No CPaBHEHWID C CYLLECTBYIOLMMM METOAAMM NA3epHOrO CKaHMPOBAHWS, B KOTOPbIX MOMyyYeHue
n3obpaxeHuin hocqopecLmpyoLLmMx MaTepUanos 3aHNMaeT HEeMPaKTUYHO JONM0e BPEMS.

Matepuan n metoabl. OnucaHHbIn METOL OCHOBAH Ha BbICTPOM CKaHUPOBaHMM CHOKYCUPOBAHHOMO Nyya BO3GYXOEHNS
no obpasLy Npu HenpepbIBHON perucTpaun gotontoMuHecyeHTHOro (PL) curHana. lMonyyeHHble n300paxeHns anuckpet-
HbIX hOCCHOPECLMPYIOLLMX HAHOYACTUL, BbIrNSAENU pasMbiTbiMu. 3oBpaxeHne ¢ audpakuMOHHbIM paspeLueHnemM Bbino
BOCCTAHOBIIEHO C UCMOMb30BaHWEM anropuTMa AEKOHBOMIOLMK, rae Bpems xu3HM PL Gbino KnoueBbIM BXOAHBIM Napame-
Tpom. [ins TecTpoBaHUs MeToa Gbini CMHTE3MPOBaHbI fjBa TvNa ankoHBepcioHHbIX YacTuy (UCNP): NaYF,:Yb* Er®/
NaYF, (E-UCNP), B-NaYF,.Yb*, Tm*/NaYF, (T-UCNP) 1 ucnonb3oBaHbl ins NpoBEpKN BO3MOXHOCTM €My NbTUANMEKCHPO-
BaHus aByx TMnoB UCNP ex vivo, BoCTaBneHHbIX B neYeHb NabopaTopHOiA MbIL.

Pesynbratbl. [lonyyeHHble uobpaxeHnss E-UCNP, T-UCNP Ha choHe neveHn Oblnn MOMHOCTBHO PEKOHCTPYMPOBaHbI
11 noKasanu yrnyuLeHHOe OTHOLLEHME curHan/wym. Kpome Toro, Metog no3sonsn GeiCTpo (B Maciutabe cekyHa) nonyyatb Bpems
xu3Hn PL UCNP 1 yetko pasnnyatb aga Tuna UCNP.

3akntoueHme. Mbl NpogeMOHCTPUPOBANM HOBLIN MOAX0Z A4S BbICTPOro nomnyyeHns usobpaxeruin PL-0Bpa3sLios, copepalumx dy-
OpecLMpytoLLVe BeLLecTBa, Hanpumep Brorormyeckix 06pasLoB, MeyeHHbIX auckpeTHeIM UCNP. Bbino nokasaHo, 4To pasMbiTbie
130BpaXeHs BOCCTAHABNMBAKOTCS Ha 3Tane noctobpaboTky myTem npuMeHeHUs npoLeaypb! AEKOHBOMOLMIA. STO NO3BOMNMO Mpo-
[EMOHCTPMPOBATL MyMbTUMIEKCMPOBaHWE/AEMYNBTUNIIEKCMPOBAHNE B PEXIME BU3yarn3aLim BPEMEHM XU3HW, T BPEMS XU3HM
onpegensnock cuHTe3om UCNP 1 BocCTaHaBnMBarnoch BO BPEMS MOSTy4EHWS MHOMODOTOHHOTO M300paxeHns C NOMOLLBIO anro-
pUTMa AEKOHBOSHOLW. BO3MOXHOCTM 3TOM0 MeToAa Bblniv MPOAEMOHCTPUPOBaHBI Ha Npumepe waeHTudmKaLmm asyx Tunos UCNP,
HaKOMIEHHbIX B NeYeHN NabopaTopHOro MBOTHOTO. Mbl CuMTaeM, YTO NPOAEMOHCTPUPOBAHHBIA METOA MOXET ObITb NoneseH
ANs BbICTPON NPUKU3HEHHON BU3yanu3aLmn, koraa TpebyeTcs HECKOMBbKO MONEKYSPHO-CNIELMAUYECKX MEYEHBIX areHTOB.
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List of abbreviations
MPM - multi-photon microscopy
PL - photoluminescence

Optical imaging assisted by molecular-specific fluo-
rescent labelling is one of the main tools of the life sci-
ences, which is commonly implemented with fluorescent
organic dyes [1]. However, many molecular fluorophores
are susceptible to their biochemical surroundings, exhib-
it unwanted properties, such as broad photoluminescent
(PL) emission spectra, transient (blinking) and irrevers-
ible (photobleaching) light-induced transitions to dark
electronic states [2], which limit their applicability [3].
Photostability is critical in many applications, including
stimulated emission depletion microscopy [4].

PL nanoparticles typically exhibit excellent photo-
stability [5], narrow and tunable spectra, [6], mild cy-
totoxicity [7]. Upconversion nanoparticles (UCNPs)
represent promising PL nanomaterials, which meet
the stringent requirements for ultrahigh-sensitivity
optical imaging [8]. The list of merits includes virtually
unlimited photostability; unique photochemical struc-
ture enables “upconversion” of near-infrared excitation
light (975 nm) of the modest intensity (1-100 W/cm?)
to the higher energy visible/near-infrared emission
(450-850 nm), as shown in Fig. 1A [9]. In addi-
tion, the exceptionally long (sub-ms) PL lifetimes of

PSF - point spread function
UCNP - upconversion nanoparticle
TCSPC - time-correlated single-photon counting module

UCNPs (Fig. 1B) allow the realisation of time-gated
detection schemes that can completely suppress the
residual back-scattered excitation light [10].

To achieve the maximum PL efficiency of UCNPs [9],
the excitation laser beam is focussed and raster-scanned
across a specimen acquiring an image pixel-by-pixel,
as schematically shown in Fig. 2A. Since the UCNP PL
lifetime (t,.) is exceptionally long measured in sub-
milliseconds (Fig. 1B), it takes about 30 min to acquire an
image sized 512x512 by dwelling at every pixel for several
milliseconds [11]. If the pixel dwell time during the scan is
less than T, the PL signal will persist while being recorded
and appear stretched along the scan-axis [12]. The demand
of the high excitation intensity and exceptionally T
precludes in vivo imaging.

Later works [12] have demonstrated an approach
to solve this problem, where the low excitation
power was employed by using a femtosecond laser in
a multiphoton imaging modality; and the fast scan speed
was determined by the same pixel dwell time as during
traditional multiphoton imaging (about 10 ps). To remove
the streaking, C.F. Gainer et al. [12] have proposed
to apply a deconvolution procedure to the blurred
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images. This approach was refined by D.V. Pominova
et al. [13], where the authors reported the evaluation of

T, Even though the application of the deconvolution
procedure allowed visualising UCNPs with a resolution
close to the diffraction limit, the proposed method had

the excitation of UCNPs, and hence the image contrast
was compromised. Continuous-mode laser excitation
can improve the contrast [14], as well as the use of
UCNP of the formula B-NaYF,:Yb**, Tm*/NaYF, with
the enhanced conversion efficiency (n,.) [15]. These

several shortcomings. The femtosecond laser tuned advances have the potential for image multiplexing

to 975 nm excited endogenous fluorescence alongside  and demultiplexing throught . [16], which can be
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FIG. 1. Fluorescence characteristics and appearance of upconversion nanoparticles.

A. Photoluminescence spectrum and transmission electron microscopy image and photograph of colloidal UCNPs structured as
NaYF,:Yb: Er. The excitation laser at a wavelength of 975 nm was used to acquire the spectrum. An inset shows the photograph,
where the laser path was visualised as a green strip, corresponding to the emission wavelengths at 522 nm, 541 nm.

B. A theoretically simulated plot of the PL signal versus time, PL lifetimet . = 0.8 ms was used as a parameter.

C. Spectra of the B-NaYF,:Yb*', Tm*/NaYF, with 975-nm laser excitation.

D. Scanning electron microscopy images of B-NaYF,: Yb**, Tm*/NaYF, T-UCNPs.

PUC. 1. XapakreprcTiku (IyopecieHIMH i BHEIIHUI BH/l ATKOHBEPCHOHHBIX HAHOYACTHII.

A. Crextp (hOTONIOMHHECLCHIIMH, H300payKeHHE C MPOCBEYMBAIONIEIO 3JIEKTPOHHOTO MHUKPOCKOIa M (oTorpadus KOJUIOMIHBIX
UCNPs — NaYF,:Yb:Er. [lna nomy4enns CrekTpa UCMosib30BajICsa BO30yKIalomuid asep ¢ AuHoH BosHbl 975 Hm. Ha BeTapke mo-
KkazaHa Qororpadus, Tae MyTh J1a3epa BU3yaIn3UPOBaH B BUJIE 3€ICHOM MOJIOCHI, COOTBETCTBYIOIIECH JTTMHAM BOJIH H3ITydeHUs 522 HM,
541 am.

B. Teoperuuecku cMozenupoBaHHbli rpaduk 3aBucumoctu curtana PL ot Bpemenu, Bpemst xu3au PL UC = 0,8 mc.

C. Cuextpsl B-NaYF,:Yb*, Tm*/NaYF, npu nasepHom Bo30yxnenuu 975 Hm.

D. M300paenus co CKaHUPYIOIIETo 3IeKTpoHHoro Mukpockona B-NaYF,: Yb**, Tm*/NaYF, T-UCNPs.

Note: PL - photoluminescence, UCNPs — upconversion nanoparticles.
Mpumeyanme: PL — photoluminescence, doTontommuHecueHuus, UCNPs — upconversion nanoparticles, ankoHBepCHOHHbIE YacTuLbl.
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purpose engineered within a substantial tuning range
from 1 to 2000 ps. The demultiplexing can be realised
by the lifetime imaging using laser-scanning microscopy
by dwelling over the UCNP-labelled regions for periods
required to acquire the time trajectories sufficient
to extract 7. This method suffers from instrumental
complexity and slow acquisition time.

We propose an approach, which relies on rapid
raster-scanning of an UCNP-labelled specimen, while its
persistent PL signal is continuously acquired from the
entire scan area, as it is schematically presented in Fig. 2.
The resultant blurred image can be reconstructed
by performing an image post-processing procedure based
on the image deconvolution with a temporal point-spread
function of the single UCNP, where its 7. represents the
key fitting parameter. As a result, the detection sensitivity
of the PL signals was not compromised, despite the rapid
pixel-by-pixel acquisition rate, and 7. was determined and

PMT

IR
laser

Scan 4 UCNP

FIG. 2. Schematic diagram of a laser-scanning imaging system.

BNOMEONLINHA

can be used for image multiplexing/demultiplexing [16].
Although this approach has been described in Refs [12]
and [13], the multiplexing/demultiplexing capability
of this method has not been reported. Our study aimed
to demonstrate the ability of the method to visualise
two types of UCNPs in animal tissue.

MATERIALS AND METHODS

Synthesis of upconversion nanoparticles

We used two types of UCNPs of the structure NaYF,: Yb:
Er and NaYF,:Yb:Er@NaYF,, termed E1- and E2-UCNP,
respectively. The synthesis of NaYF,:Yb, Er@NaYF,
nanoparticles was based on the Ostwald ripening-mediated
method with some modification [17]. First, cubic NaYF,
nanocrystals were prepared by mixing I mmol YCI,, 6 mL
oleic acid and 10 mL of octadecene in a 50-mL flask. The
resulting mixture was heated to 150 °C under airflow
under constant stirring for 30 min to form a light-yellow

A near-infrared laser (IR laser) reflected off a dichroic mirror (DM) illuminates a sample containing discrete UCNPs and the
sample is horizontally scanned. The emitted photoluminescence is detected by a photomultiplier (PMT).

PUC. 2. Cxema cucTeMbl Ta3epHON CKaHUPYIOLIEH BU3yaTn3allnu.

Jlyu nazepa OnmxHero uHppakpacHoro auana3ona (IR laser), orpaxeHHslit ot auxponvHoro 3epkana (DM), ocsemraer obpaser,
coaeprkammuii muckperabie UCNPs. O0paser; ckaHupyeTcsl B TOpU30HTAIBHOM HarpaBieHun. M3nydaemas (OTOMFOMUHECIICHIHS

perucrpupyetcs poroymHoxkuresnem (PMT).

Note: UCNPs — upconversion nanoparticles.

Mpumeyarmne: UCNPs — upconversion nanoparticles, ankoHBEpPCHOHHbIE YacTuLibI.
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solution that was cooled down to room temperature. Then
10 mL of methanol solution with 1.6 mmol of NH,F and
1 mmol of NaOH was added and stirred for 30 min. After
heating to remove methanol, the solution was cooled.
The solution was heated to 290 °C under argon flow
using vigorous stirring for 45 min and cooled to room
temperature. NaYF, nanoparticles obtained were collected
and resuspended in a solution of 5-mL oleic acid, 8-mL
octadecene. 0.2 mmol core UCNPs in 15-mL cyclohexane
were added to a 100-mL flask, mixed with 10-mL oleic acid
and 16 mL octadecene. The resultant core-shell NaYF :Yb,
Er@NaYF, nanoparticles were collected and washed with
centrifugation and dispersed in cyclohexane. Note that E1-
UCNP is characterised by a much shorter emission lifetime
in comparison with that of E2-UCNP.

Another type of UCNP, B-NaYF,:Yb*", Tm**/NaYF,,
here termed T-UCNP, were synthesised using a procedure
similar to that described above and reported in detail in [18].

Measurement of conversion coefficient

of upconversion nanoparticles

The conversion coefficient of NaYF,:Yb:Er @ NaYF,
(n,) was evaluated to be about 2%. To improve it, we
synthesised core-shell UCNP of the structure B-NaYF,: Yb*,
Tm*/NaYF, termed T-UCNP, as reported in detail in [17].
The conversion coefficient of T-UCNP was measured to be
as high as 11 % (Fig. 3B) and is much greater than ordinary
two-photon absorption [13]. The distinct spectral bands of
these particles are shown in the Fig. 1C.

The conversation efficiency of UCNPs is presented
in Fig. 3B [17].

Animal experiments

All experiments with animals were performed us-
ing general anaesthesia (Zoletil mixture, 40 mg/kg of the
animal's weight and 2% Rometar, 10 puL, 10 mg/kg) using
intraperitoneal injection following the “Guide for the Care
and Use of Laboratory Animals”. The research was ap-
proved by the Ethics Committee of N.I. Lobachevsky State
University of Nizhny Novgorod from 03.03.2021, protocol
Ne 50. Two mice were housed in a single cage on a 12-h
light/dark cycle under normal lighting conditions in trans-
parent polycarbonate cages with an international standard
stainless steel grid with ad libitum access to food and water
using full-fat extruded feed for laboratory animals “Chara”
and filtered (“Aquafor”, Russia) water with complete re-
placement of water in drinking bottles 2 times a week.

Professional autoclavable material REHOFIX MK
2000 (granules from the core part of corn cobs) was used
as bedding material, which was replaced every two days
during the preparation and conduction of the experiment.
Cleaning of the cages (washing the plastic base) was also
performed once every two days. The air temperature was
maintained within the range of 2024 °C, with a relative
humidity of 50 + 20. To administer two types of UCNPs
in live anaesthetised animals, we used 2 males at 8 weeks
of age BALB/c mice weighing 20-25 g to examine the

biodistribution of these particles after a single intravenous
injection. The fur around the chest, abdomen and back ar-
eas of the animals was shaved to reduce scattering of the
PL signal. 100 puL 0.05% wt. PA-UCNPs/PA colloidal so-
lution (1 mg/kg) of phosphate buffer solutions, pH 7.2 was
injected in a lateral tail vein. The detection of the PL was
carried out on either the ventral or dorsal sides of the ani-
mals. The animals were euthanized 2 h after PA-UCNPs/
PA injection by cervical spine dislocation. The liver was
extracted and used for the imaging experiments.

RESULTS

Theoretical modelling

To demonstrate the advantages and limitations of the
proposed lifetime imaging, we developed a simplified
theoretical approach [15].

Consider a one-dimensional case of the laser-
scanning PL imaging configuration, as shown in Fig. 2.
A PL signal at the photomultiplier S(z) is modelled using
the following expression:

S(t) « O dtT() [* dxG(x —vt)P(x), (1)

G represents the intensity distribution of the excitation laser
at 975 nm. G depends on the space and time variables, x,
t, respectively, which are functionally dependent as x—v,
and describe a travelling wave propagating in the positive
x-direction with the speed v. P(x) represents the UCNP
sample profile. The UCNP PL versus time is described by
I1®) [19], with the time trajectory shown in Fig. 1B. This
time trajectory features the PL signal rise and is explained
by the complex upconversion energy transfer processes.
The second phase of decay is determined primarily by the

UCNP PL lifetime Ty
function intensity distribution (x —vt) = exp[—(

Assume I'=ewr, and a Gaussian
X—vt\2
2w ) ]’
with the beam waist, w equal to the focussed beam diameter.

Consider the sample as a discrete set of UCNPs with
diameters << w. A single UCNP is modelled as a delta-
function positioned at=0, i.e. P(x)=0(0). If T is comparable
with the scanning time, i.e. Ty T, the expression (1) is
transformed to:

£, t—t
S(t) ocf dt expexp (—) exp[—
—0o0 Tph
efﬁ v W2
£ - , 2
o< — {1+ erf[\/zwe vzrph)]} 2

where erf — the error function, where (x,y) — T-UCNP
coordinates, 4, — the relative amplitude of the signal.
Evaluation of the expression (2) leads to the conclusion
that this is a convolution of the surface profile of UCNP
with the time-decay function of UCNP, ie. temporary
function I'(t). One can think of S as the impulse function,
which can be used for deconvolution, where two parameters
need to be adjusted for the best results: © and w. PL signal
can be acquired by rapidly scanning through the sample,
and the surface distribution of UCNP is reconstructed at the

1 vt

7 )

48 CEYEHOBCKMI BECTHUK T. 13, Ne 1, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 1, 2022



BNOMEONLINHA

Sample
A -
Collection
N Objective
Excitation laser - 63x 1.2 NAW
975 nm
) v
[ il
h\-\ ,'L "\ Galvanometer
\/
Chopper . A
Dichroic mirror
»
PC
446-486 nm
TCseC [P Ll |y
Mirror
Bandpass filter
B C

P

Scan axis /| Ock CKAHMPOBAHMWA

N
L

Conversion efficiency, %
JdrpekTMBHOCTL KOHBEpcUM, %
© B
L

0 5 10 15 20 25 30 35 40
Excitation intensity, W/cm?
WHTeHCcMBHOCTL BO36YxaeHus, Br/cm?

FIG. 3. Setup for obtaining photoluminescence spectra, photoluminescence lifetime and imaging. Results obtained with this system.
A. Schematic of the setup for the acquisition of the PL emission time trajectories of UCNP:B-NaYF,:Yb**, Tm*'/NaYF,.

B. Plot of the integral conversion coefficient of UCNPs as a function of the excitation intensity at 975 nm measured using
an integrating sphere. The PL saturation was achieved at ~20 W cm-2.

C. Image of T-UCNP discrete particles on a coverslip obtained in wavelength-scan mode. The image size, 137 mmx137 mm. Numbers
1-6 indicate individual UCNPs.

D. T-UCNP images were obtained using a laser-scanning multiphoton microscopy setup with a laser beam pixel Dwell Time of 12.61 ps.
PUC. 3. YcranoBka 11t ONy4eHHs CIIEKTPOB (hOTOMIOMUHECIICHIIMH, BPEMEHH KU3HH (DOTOMIOMUHECIICHIINH ¥ BU3YaIH3aLUH.
Pe3ynbrarhl, I0Iy4eHHBIE C TIOMOLIbIO 3TON CUCTEMBI.

A. Cxema yCTaHOBKH JIsl IOJTyYeHHs BpEMEHHEIX TpaekTopuii PL-smuccuu UCNP:B-NaYF,:Yb*' , Tm*/NaYF,.

B. I'paduk nnTerpansHoro koddgduurenta kousepcud UCNP B 3aBUCHMOCTH OT HHTEHCUBHOCTHU BO30YX/IeHUs npu 975 HM,
M3MEpEHHBIN ¢ MOMOLIBI0 HHTerpupytowei chepsl. Hacoimenue ®JI 610 qocturayro npu ~20 Bt em2.

C. N3o6paxenue auckpeTrHsix gacTul T-UCNP Ha MOKPOBHOM CTEKIIE, OITyYCHHOE B PEXKUME CKAHUPOBAHMUS 110 JIMHE BOJIHBL.
Pazmep uzobpaskenus 137x137 mm. [udpamu 1-6 o6o3nauens! ornensusie UCNP.

D. N3zo6paxkenust T-UCNP, nonyueHHbIE ¢ IOMOLIBIO YCTAHOBKHM MHOTO()OTOHHOM MHKPOCKOIHU C JIA3€PHBIM CKaHHUPOBAaHUEM
U BpEMEHEM IpeObIBaHUs TUKCENIS J1a3epHoro ty4a 12,61 Mxc.

Note: PL — photoluminescence, UCNP — upconversion nanoparticle, PMT — photomultiplier, TCSPC - time-correlated single photon counting.
Mpumeyanue: PL - photoluminescence, oTontomunecyeHums, UCNP — upconversion nanoparticle, ankoHeepcuoHHas yactuua, PMT — photomultiplier,
toTtoymHoxutens, TCSPC - time correlated single photon counting, c4eT 0AMHOYHbIX (HOTOHOB C KOPPENSLMEN N0 BPEMEHN.

post-processing stage. It was straightforward to generalise
the 1D-case to 2D-case.

To restore an undistorted T"-UCNP image, we used the
Lucy — Richardson algorithm. Fig. 4 (right panel) represents

The theoretical modelling of single-particle T-UCNP
was carried out using the following formula, where vt is
replaced by the time-dependent coordinate x:

1 —yi)* i~
Sy) & 3EIL Aexp[ =2 Texp[ 01 (14
+ erf[—==]} + Noise 3)

X—Xj
\VZw

Where (x,y) is T-UCNP coordinates, 4, — is the
relative amplitude of the signal.

an image processed using the Lucy — Richardson algorithm,
in which expression (3) was used as the point spread
function (PSF) input function under the summation sign.

Deconvolution of discrete upconversion

nanoparticles with known 1

The result of the numerical simulation of a 2D PL image
of a set of UCNPs randomly distributed in the field of view
is shown in Fig. 4A randomly distributed noise was also
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FIG. 4. A 2D photoluminescence image of a set of upconversion nanoparticles simulated numerically.
Insets show zoomed-in images of the areas demarcated by white-colour circles.

A. Original image. B. Reconstructed image.

PWUC. 4. JIsymepHoe (OTOTIOMUHECHICHTHOE H300paXkeHHe HabOpa alTKOHBEPCHOHHBIX HAHOYACTHLI, CMOZCIIMPOBAHHBIX YHCIICHHO.
BcTaBKY MOKa3bIBAIOT yBEIMYCHHBIC H300paXKCHHUs 001acTei, BBIACICHHBIX KPY)KKaMH OEJI0T0 [IBeTa.
A. Ucxonnoe nzobpaxkenue. B. PekoHcTpyrpoBaHHOE H300pakeHHE.

added to test the robustness of the image reconstructions
procedure. Note the significant reduction of the original
image size. We emphasis a significant improvement of the
signal-to-noise ratio evident by visual examination of the
salt-and-pepper noise (Fig. 4A). This noise is unobservable
in the reconstructed image (Fig. 4B).

Rapid image acquisition was realised by setting the
excitation intensity to a value higher than the saturation
power density of E2-UCNPs (>0.1 Jcm?) easily
achievable at the typical settings of the laser-scanning
microscope. The focussed laser beam was scanned
at a speed of 10 cm/s and dwelled about 10 pus at
each pixel. The specimen represented a thin slice
of the liver tissue extracted from a mouse 3-h post-
injection of E2-UCNPs prepared in phosphate buffer
saline. Fig. 5A shows an overlay of the bright-field
image of the liver tissue and PL image of E2-UCNPs
accumulated in this tissue. Comet-like PL signals from
single or clustered UCNPs are readily observable.
Fig. 5B presents these signals as a surface plot. The
image deconvolution procedure was applied, and the
result is presented in Fig. 5C. The blurred PL image
was converted into a set of intense narrow discrete
peaks of about 1.5-pm in diameter comparable to the
diffraction-limited spots. The E2-UCNP PL lifetime
was determined to be 0.8 ms in good agreement with
the expected value (Fig. 1B).

T-UCNP photoluminescence kinetics

measurements

PL lifetime of UCNPs (rph) represents an important
configuration parameter for the deconvolution procedure.
We measured 7| using an alternative method employing
a setup equipped with an optical modulator (chopper)
and time-correlated single-photon counting module
(TCSPC) by processing images of the sample scan. For

each particle shown in Fig. 3C, PL attenuation curves in
the spectral range of 446486 nm were recorded using
the scheme shown in Fig. 3A. The obtained curves were
approximated by a dependence of the form

f@) = ale'% + aze'%, “)

with the lifetimes of the exponential components 1, and
the amplitudes of the exponential components a.

The parameters T, and ¢, were calculated to determine
the average lifetime of the studied T-UCNP:

t, — the average lifetime of the components of
a multi-exponential decay weighted by their amplitude
coefficients (a,,a,etc.). For a two-exponential decay, t
is defined as expression (5):

T =0Ty + a7y ag +a; = 1. %)

t,— the average lifetime of the decreasing components
weighted by their integral intensities. The intensity-
weighted value of ¢, for a two-exponential decay is defined
as expression (6): , ,

_ 4177 +a,ts
i a;t1+azty ’ (6)

The mean lifetime 7, is more sensitive to changes in the
slow component of the lifetime, while the mean lifetime t_
is more sensitive to changes in the fast component.

Then, without changing the position of the sample, the
sample was scanned at the scanning speed corresponding
to the pixel dwell value of 12.61 ps. The resulting image
is shown in Fig. 3D.

The PL signal profile of each particle was extracted
for subsequent deconvolution using the view function
[expression (6)]:

I—Aexp(—)—Bexp(t0 t)+C @)

where I is the intensity of the nanopartlcle s PL signal;
t, and ¢ are the sample scanning time (7)) is the time
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FIG. 5. Deconvolution of the blurred image of upconversion nanoparticles in a mouse liver tissue sample.
A. An overlaid bright-field image of the mouse liver tissue (grey) and PL image of E2-UCNPs (green) deposited in the liver post-

intravenous injection. Scale bar, 50 um.
B. Surface plot of originally acquired and

C. deconvolved PL images of UCNPs in the liver slice, as in (A).

PUC. 5. JlekoHBOMIOLHSI pa3MBITOTO H300PaKCHHS alIKOHBEPCHOHHBIX HAHOYACTHIL B 00pa3ie TKAH! ICYCHH MBIIIIH.
A. HanoxeHHOE IpKO-TI0JIeBOE N300paskeHNE TKaHH MeueHH MbIIH (cepbiii) u PL uzoopakenue E2-UCNPs (3enenslit), 0CaxIeHHBIX

B IICYCHH NIOCJIC BHYTPUBEHHOW MHBEKIIUH. Maciirad — 50 MKM.

B. TToBepXHOCTHBIN rpadvik U3HAYAILHO MOdy4eHHOTO n300pakerus PL UCNP (A).
C. IToBepxuocTtHbIH rpaduk u3o0paxenus PL UCNP (A) mocie npoueaypbl AEKOHBOIOIHH.

Note: PL — photoluminescence, UCNPs — upconversion nanoparticles.

Mpumeyanme: PL — photoluminescence, dotontommHecueHums, UCNPs — upconversion nanoparticles, ankoHBepCMOHHbIE YacTULb.

corresponding to the moment of the beginning of PL
signal growth when the scanner passes through the
sample area in which the particle is located); since
the PL signal profile obtained from the microscope
is a dependence of the PL signal on the scanner
position (in pixels), to convert the abscissa scale
from x (pixels) to ¢ (pus), the initial values of x were
multiplied by the scanning time of one pixel (Pixel
Dwell); T, — parameter corresponding to the UCNP PL
signal decline time; 1, — parameter corresponding to
the T-UCNP PL signal rise time; A and B — amplitude
factors; C — the background signal value (noise level).

1. The value of t, was chosen as the value
corresponding to the time during which the PL signal
increases by approximately 1/3 of the intensity at the
maximum,;

2. t, was fixed as a value of time corresponding
to the moment of the beginning of the growth of the
UCNP signal.

1, of T-UCNP measured by the multi-photon microscopy
(MPM) method, as well as T_and ¢, values obtained using
TCSPC, are shown in Fig. 6.

One can see that the deconvolution method provides an
underestimate of 7. in comparison with the more reliable
method based on the chopper/TCSPC module.

Lifetime imaging using multiplexing/

demultiplexing from two types of upconversion

nanoparticles

To demonstrate the capability of multiplexing/demulti-
plexing, we carried out lifetime imaging using 2 types of
UCNPs embedded in excised animal tissue. As the long

and short emission lifetime UCNPs we selected T- and E1-
UCNPs, respectively. A cocktail of UCNPs was adminis-
tered in a live laboratory animal, and the extracted liver was
sliced and examined (see M&M for details). Fig. 7A shows
a photograph of a mouse liver containing two types of par-
ticles, obtained using a raster scan with a long dwell time
in the laser beam per pixel (177 ps). By measuring the PL
spectra of each pixel as shown in Fig. 7C by measurements

800
700 }
600
500
400

300

Time, us/ Bpewmsi, Mkc

200

100

0

Tm t; 12.61
Pixel dwell, us/ Bpemsi 3agepxku B nukcene, MKC

FIG. 6. Comparison of the photoluminescence lifetimes of
T-UCNPs in the 446-486 nm range obtained by different methods.
PUC. 6. CpaBHenue BpeMeHH XU3HH (OTONOMUHECLICHIIMI
T-UCNPs B nuanazone 446—486 HM, oIy4yeHHOE pa3InYHbI-
MH METOaMH.
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FIG. 7. Experiments with a mouse liver slice containing two types of particles.

A. A multiphoton microscopy image of the mouse liver slice containing T- (blue) and E1- (yellow) UCNPs acquired by raster
scanning with the fully open aperture, image size 424x424 pm, Pixel Dwell: 177 ps.

B. T-UCNP (denoted UCNP-Tm) shows a pronounced streak pattern, whereas E1-UCNP (denoted UCNP-Er) shows almost

unobservable streaking.

C. Particle PL spectra taken at points [1] and [2] marked in Fig. 7A. Fast scanned MPM image of the same sample, image size

424%424 um, Pixel Dwell: 12.6 ps.

PWUC. 7. DxcrieprMeHTHI CO CPe30M IIEUCHH MBIILH, COCPIKAILNM J(BA THIIA YACTHLI.
A. MynbTnd0oTOHHOE MUKPOCKOIIMYECKOe U300paXKeHne cpesa IMeUYeHr MbIIIH, conepxaiero T- (cunuit) u E1- (kentsiif) UCNPs,
MOJIy4E€HHOE METOIOM PACTPOBOIO CKAHUPOBAHMUS C MOJIHOCTBIO OTKPBITON IuadparMoi, pasmep nzodpaxenus 424x424 mxm, Pixel

Dwell: 177 Mkc.

B. T-UCNP (o603naueno UCNP-Tm) 1eMOHCTPHUPYET APKO BEIPAXKEHHBIH M0I0CaThIi prcyHOK, Torna kak E1-UCNP (o6o3HaueHo

UCNP-Er) neMOHCTpHpYET MOYTH HEHAOIIAAEMOE Pa3MbITHE.

C. Cnextps! PL wactun, cusaTble B Toukax (1) u (2), oTMeueHHBIX Ha puc. 7A. bricTpoe ckanupoBanne MPM n3o0pakeHus: TOro
xe o0pasua, pazmep nzodpakenus 424x424 mxM, Pixel Dwell: 12,6 mkc.

Note: MPM — multi-photon microscopy, PL — photoluminescence, UCNP — upconversion nanoparticle.
Mpumeyanne: MPM — multi-photon microscopy, MHorodhotoHHas mukpockonus, PL — photoluminescence, dpoTontomutectenuyms, UCNP — upconversion

nanoparticle, ankoHBepCUOHHas YacTuLa.

at points (1) and (2) of Fig. 7A, we were able to identify
T- and E1-UCNPs, since the PL spectrum of the T-UCNP
particles was distinguished by pronounced peaks in the
450-508 nm (blue) region, whereas E1-UCNP featured
characteristic spectral bands in green and red.

Next, the same sample was scanned using the MPM
system (Fig. 7B). In the region where we were able to iden-
tify T"-UCNP from the previous experiment, we observed
a blurring of the point in a line along the scan-axis, which
was absent in the region where the short-lived E1-UCNP
was located. This was due to the much longer lifetime of
T-UCNP compared to EI-UCNP. Thus, it became pos-
sible to distinguish, identify particles in the sample by the
character of the observed comet-like blurring of the point.
Besides, 1. can be evaluated.

DISCUSSION

We demonstrated a method to rapidly acquire images
of discrete photoluminescent nanomaterials by operating
a commercial nonlinear optical microscopy in a non-
descanned detection mode. The resultant blurred patterns
produced by discrete PL nanoparticles such as UCNPs
were processed by a deconvolution algorithm to achieve an
almost diffraction-limited PSF. Besides, we demonstrated
the reconstruction of 7. Since it is possible to engineer

1, of UCNP, we produced 2 types of UCNP with long and
short _ to demonstrate multiplexing and demultiplexing
to identify both types of UCNPs. This capacity was useful to
discriminate different UCNPs in turbid biological tissue [16].

Among the shortcomings of the reported method, the
accuracy of determination of 7. is limited by the signal-
to-noise ratio — the method tends to underestimate T, as it
was the case shown in Fig. 3D. Secondly, the increased
excitation intensity leads to the broadening of PSF of UCNPs
and can compromise the resolution. For example, Fig. 7
shows discrete nanoparticles sized several micrometres
in diameter. This limitation can be circumvented by using
unique types of T-UCNP [20], but this limits the repertoire
of available PL nanomaterials. Thirdly, the multiplexing
capacity is limited by the image size and laser-scanning rate,
which can accommodate the longest t , while the shortest
T, may remain undetectable. This scenario is demonstrated
in Fig. 7B, where EI-UCNP featuring short 7 showed
negligible streaking, while T-UCNP showed the streaking of
the length comparable with the image size.

CONCLUSION

In this communication, we demonstrated a new
approach for rapid PL (phosphorescence) image
acquisition of samples containing PL materials,
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such as biological specimens labelled with discrete
UCNPs using laser scanning multiphoton microscopy.
The comet-like blurred images of discrete UCNPs
obtained as a result of the rapid scanning were
reconstructed by applying the deconvolution
procedure. The contrast of discrete UCNP images
was enhanced, and the UCNP emission lifetimes
were determined. This enabled demonstration of
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https://doi.org/10.47093/2218-7332.2022.13.1.55-55 ) ook forupaates.

(@)Y 20 |

McnpaBsneHus K ctaTtbe
«OCHOBHbIE NMPUHLUUMNbI NPUMEHEHUS onucaTesibHOM
CTaTUCTUKU B MeAUMLIMHCKUX UCCrNeaoBaHUAX»

YBaxaemble yutatenu!

B ctatbe «OCHOBHbIE MPUHLMMBI MPUMEHEHUS OMUCATENBHON CTATUCTUKM B MEAULMHCKUX ccneaoBaHusx» (bynavos H.M.,
Cysopos A.10., bntocc O.B., Mynbnut [1.6., BytHapy [.B., HaguHckas M.IO., 3aukuH A.A.), onyGnunkoBaHHOM B XypHane
CeueHoBckuit BecTHUK. 2021; 12(3): 4-16. https://doi.org/10.47093/2218-7332.2021.12.3.4-16, ponyLieHa owwmbka B nepe-
BOZe Ha aHTTIMICKUIA A3bIK TEPMUHA «KOMMYECTBEHHBIX» B NOAMMCH K PUCYHKY 9 Ha cTp. 13.

Bwmecro: Cnepyer unTath:
B noanucu k pucyHky

Graphical representation of the qualitative data Graphical representation of the quantitative data

MCI'IpaBJ'IEHVIFI He NOBNNANKM Ha cAenaHHble BbIBObI. I/IcnpaBneva ObInn BHECEHbI B OHJ'IaI7IH-BepCIMO XypHana. |_|pI/|HOCVIM
M3BUHEHUA 3a NPUYNHEHHbIE Hey,El,06CTBa.

Mocne BHeceHMs UcnpaBneHwit cTaTbio cnepayeT uutuposatb: bynaHos H.M., Cysopos A.lO., bniocc O.B., Myh-
6rut [O.B., BytHapy [.B., HaguHckas M.IO., 3ankuH A.A. OCHOBHbIE NPUHLMMLI MPUMEHEHUS ONUCATENBHON CTAaTUCTUKM
B MeauumMHCKuX uccnepoarmsix. CeyeHoBekuin BecTHIK. 2021; 12(3): 4-16. https://doi.org/10.47093/2218-7332.2021.12.3.4-
16. Erratum in: CeyeHoBckui BecTHUK. 2022; 13(1): 55-55. https://doi.org/10.47093/2218-7332.2022.13.1.55-55

Erratum for the article “Basic principles of descriptive
statistics in medical research”

Dear Readers!

In the article “Basic principles of descriptive statistics in medical research” (Bulanov N.M., Suvorov A.Yu.,
Blyuss O.B., Munblit D.B., Butnaru D.V., Nadinskaia M.Yu., Zaikin A.A.), Sechenov Medical Journal. 2021; 12(3): 4-16.
https://doi.org/10.47093/2218-7332.2021.12.3.4-16, an error was made in the translation into English of the term «konuue-
CTBEHHbIX» in the caption to Figure 9 on page 13.

Instead of: Should read:

In the caption to Figure

Graphical representation of the qualitative data Graphical representation of the quantitative data

The corrections did not affect the authors’ conclusions. Corrections have been made to the online version of the journal. We
apologize for any inconvenience caused.

After correction, the article should be cited as: Bulanov N.M., Suvorov A.Yu., Blyuss O.B., Munblit D.B., Butnaru D.V.,
Nadinskaia M.Yu., Zaikin A.A. Basic principles of descriptive statistics in medical research. Sechenov Medical Journal.
2021; 12(3): 4-16. https://doi.org/10.47093/2218-7332.2021.12.3.4-16. Erratum in: Sechenov Medical Journal. 2022; 13(1):
55-55. https://doi.org/10.47093/2218-7332.2022.13.1.55-55
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https://doi.org/10.47093/2218-7332.2022.13.1.56-57 ) Chook forupaates

[@)By 20 |

MUcnpaBneHus K crtarbe
«PapgukanbHoe ne4YyeHMe OCrIoOXXHEHHOM
XKenyHoKaMeHHoU 6one3HM y NauMeHToOB CTap4yecKoro
BO3pacTa: onMcaHve Tpex KNIMHUYEeCKUX crnyvyaeB»

YBaxaemble untatenu!

B cTatbe «PagukanbHoe neyeHne OCNOXHEHHOM KENYHOKAMEHHOW BONesHn y MaumMeHTOB CTapyeckoro Bo3pacTta: Oni-
caHue Tpex knmHnyeckux cnydvaeBy (Kycto A.E., XpynkuH B.U., Topbauesa W.B., BopotbiHues A.C., EmenbsHos A.KO.),
onybnmkoBaHHON B xypHane CeyeHoBckuin BeCTHUK. 2021; 12(3): 76-84. https://doi.org/10.47093/2218-7332.2021.249.06,
[0NyLLEHbl HETOYHOCTM B NEPEBOAE HA aHTMACKNIN A3bIK TEPMUHOB: HAPYKHOE APEHNPOBaHNE OBLLErO ENYHOro NPOTOKa
no Kepy» — B Tabnnue Ha cTp. 79, «hopMUPOBaHME renaTMkoetoHoaHacToOMO3a Ha BIKIKOYEHHOM No Py neTne ¢ coxpaHeHu-
€M XONaHMMOCTOMbI», «XONEA0X0EOHOaHAaCTOMO3 Ha BbIKIHOYEHHOM No Py netney, «(hopmM1poBaHne XoneyncTo-xonegoxo-
SHTEpOaHacToMO3a Ha BbIKIKOYeHHoM Nno Py netne» — B Tabnuue Ha cTp. 80 1 onevaTtka B TEPMUHE «CBSA3KA» Ha CTp. 82.

Bmecro: Cnepyer untatb:

B Tabnuue

Cholecystectomy, choledocholithotomy, external drainage of the common  Cholecystectomy, choledocholithotomy, T-tube drainage of the common
bile duct by Kehr bile duct

laparotomy, choledocholitotomy, formation of hepaticoejunoanastomosis  laparotomy, choledocholithotomy, Roux-en-Y hepaticojejunostomy with
on a disabled loop by Ru with preservation of cholangiostomy preservation of cholangiostomy

Laparotomy, gallbladder resection, suturing of a defect in the wall of the  Laparotomy, gallbladder resection, suturing of a defect in the wall of the
duodenum, choledochotomy, choledochoscopy, choledochoejunoanasto-  duodenum, choledochotomy, choledochoscopy, Roux-en-Y hepaticojeju-
mosis on a disabled loop by Ru nostomy

laparotomy, the formation of cholecystcholedocho-enteroanastomosis on  laparotomy, Roux-en-Y cholecystcholedochoenterostomy
a disabled loop by Ru

B TekcTe

0BHapyXeHHbIN kamMeHb AucTanbHee CBs3n Tpeiila cTan onepaLmoHHO  0BHApYXEHHBIN KaMeHb AucTanbHee CBs3kM Tpeiua cTan onepavyoH-
Haxoakown HOW HaxoaKom

WcnpaeneHus He NOBNMSNKW Ha cenaHHble BblBOAb!. MicnpaBneHus bl BHECEHbI B OHMAIH-BEPCHIO XypHana. MpuHocum
WN3BUHEHWS 3a NPUYMHEHHbIE HeYA0BCTRA.

Mocne BHeceHMa ucnpaBneHU cTatbio cnepyeT uutupoBatb: Kyctos A.E., Xpynkud B.U., Topbauesa W.B., BopotbiH-
ues A.C., EmenbsHoB A.lO. PagykanbHoe neveHne OCROMHEHHON Xen4YHOKaMeHHOW ©OonesHM y MauueHTOB CTapyeckoro
BO3pacTa: OnucaHMe TpeX KnuHuYeckux cryvaes. CeueHoBckii BeCTHUK. 2021; 12(3): 76-84. https://doi.org/10.47093/2218-
7332.2021.249.06. Erratum in: CeyeHoBckui BecTHuK. 2022; 13(1): 56-57. https://doi.org/10.47093/2218-7332.2022.13.1.56-57

Erratum for the article “Radical surgery for complicated
cholelithiasis in elderly patients: three clinical cases”

Dear Readers!

In the article “Radical surgery for complicated cholelithiasis in elderly patients: three clinical cases” (Kustov A.E., Khrup-
kin V.I., Gorbacheva 1.V., Vorotyntsev A.S., Emelyanov A.Y.), Sechenov Medical Journal. 2021; 12(3): 76-84. https://doi.
0rg/10.47093/2218-7332.2021.249.06 an inaccuracies were made in the translation into English of the terms “T-tube drain-
age of the common bile duct” in the Table on page 79, “Roux-en-Y hepaticojejunostomy with preservation of cholangiostomy”,

56 CEYEHOBCKMI BECTHUK T. 13, Ne 1, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 1, 2022


https://doi.org/10.47093/2218-7332.2021.249.06
https://doi.org/10.47093/2218-7332.2021.249.06
https://crossmark.crossref.org/dialog/?doi=10.47093/2218-7332.2022.13.1.56�57&domain=pdf&date_stamp=2022-06-23

____________________________________________________________________| WCMNPABNEHWSA

“Roux-en-Y hepaticojejunostomy”, “Roux-en-Y cholecystcholedochoenterostomy” — in the Table on page 80, and a typo in
the Russian-language part of the article on page 82.

Instead of: Should read:

In the Table

Cholecystectomy, choledocholithotomy, external drainage of the common  Cholecystectomy, choledocholithotomy, T-tube drainage of the common
bile duct by Kehr bile duct

laparotomy, choledocholitotomy, formation of hepaticoejunoanastomosis  laparotomy, choledocholithotomy, Roux-en-Y hepaticojejunostomy with
on a disabled loop by Ru with preservation of cholangiostomy preservation of cholangiostomy

Laparotomy, gallbladder resection, suturing of a defect in the wall of the  Laparotomy, gallbladder resection, suturing of a defect in the wall of the
duodenum, choledochotomy, choledochoscopy, choledochoejunoanasto-  duodenum, choledochotomy, choledochoscopy, Roux-en-Y hepaticojeju-
mosis on a disabled loop by Ru nostomy

laparotomy, the formation of cholecystcholedocho-enteroanastomosis on  laparotomy, Roux-en-Y cholecystcholedochoenterostomy
a disabled loop by Ru

In the text

0BHapyxeHHbIN kKamMeHb AucTanbHee CBA3W Tpeiila cTan onepaumoHHON  0BHapYXEHHbIN kKaMeHb AucTanbHee CBA3kM TpelLa cTan onepavyoH-
HaxoaKou HOI HaxoaKoM

The corrections did not affect the authors’ conclusions. Corrections have been made to the online version of the journal. We
apologize for any inconvenience caused.

After correction, the article should be cited as: Kustov A.E., Khrupkin V.., Gorbacheva L.V., Vorotyntsev A.S., Emelya-
nov A.Y. Radical surgery for complicated cholelithiasis in elderly patients: three clinical cases. Sechenov Medical Journal.
2021; 12(3): 76-84. https://doi.org/10.47093/2218-7332.2021.249.06. Erratum in; Sechenov Medical Journal. 2022; 13(1):
56-57. https://doi.org/10.47093/2218-7332.2022.13.1.56-57
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MUcnpaBneHus K crtarbe
«DRESS cuHpgpom Ha chboHe nobaBneHusa meponeHema
K Tepanum Kap6amasenMHOM: KNMMHUYECKMM criyyan»

YBaxaeMble yntatenu!

B cratbe «DRESS cuHgpom Ha ¢oHe AobaBneHus meponeHema K Tepannu kapb6amasenuHOM: KMWMHUYECKWn cry-
vat» (UnbuHa HO.B., ®énoposa T.A., TasuHa C.A., CotHukosa T.U., Cemenenko H.A., Jlowwy H.B., Bonblwakos C.A.,
Kucenesa H.B., Maenos Y.C.), onybnukoBaHHo! B xypHane CeyeHoBCKMIA BecTHWK. [ybnnkaums onnanH 20.06.2022.

https://doi.org/10.47093/2218-7332.2022.407.09, He ykasaHa LoNonHWUTeNbHas adpdunuaums psga aBTopos.

Bmecro:

CnepyeT untath:

B cnucke aBTopoB

t0.B. Unbura'™, T.A. ®énoposa’, C.A. TasuHa', T.U. CoTHuKoBa',
H.A. CemeHeHko', H.B. Jlowmw?, C.A. borbLuakos?, H.B. Kucenesa',
Y.C. Nasnos'

B uHdopmauum 06 aBTopax

CotHukoBa TaTbsiHa iBaHOBHa, kaHa. Mef. Hayk, [IOLEHT kadeapbl
Tepanuu ®FAQY BO «Mepsblit MTMY um. .M. CeueHoBa» MuH3apasa
Poccun (CeueHOBCKMiA yHUBEPCHTET).

ORCID: https://orcid/0000-0003-4118-4646

t0.B. UnbuHa'™, T.A. ®énoposa’, C.A1. Tasuna', T.W. CoTHukosa'?,
H.A. CemeHeHko'?, H.B. Nowww?, C.A. Bonbluakos?, H.B. Kucenesa',
Y.C. Maenos'2

CotHukoa TaTbsHa MBaHOBHa, kaHa. MeA. HayK, [OLEHT kadeaps!
Tepanun ®rAQY BO «[epabiit MTMY um. .M. CeueHoa» MuH3apasa
Poccuu (CeueHoBckmii yHueepeuteT); Bpad MbY3 «TKB um. C.MM. Botku-
Ha A3M».

ORCID: https://orcid/0000-0003-4118-4646

CemeHeHko Hatanbst AnekcaHapoBHa, kaHa. Mefl. Hayk, AOLEHT kade-
apbl Tepanin ®FAQY BO «[Mepsbit MTMY um. .M. CeyeHosa» Muh-
3apaBa Poccum (CeyeHOBCKNI YHUBEPCUTET).

ORCID: https://orcid/0000-0002-7884-8955

CemeHeHko Hatanbst AnekcaHapoBHa, kaHA. Med. HayK, AOLEHT Ka-
tenps! Tepanun rAQY BO «Mepsbii MTMY um. .M. CeuyeHoBa»
Mwun3gpasa Poccun (CeueHoBckuin yHuBepeuTteT); Bpay [BY3 « KB um.
C.MN. boTkuHa A3M».

ORCID: https://orcid/0000-0002-7884-8955

Maenos Yaeaap CaBos, 4-p Mea. Hayk, npodheccop, 3aB. kadeLpon
Tepanuu MMNO ®rAQY BO «[Mep.biit MTMY um. .M. CeueHoBay Mun-
3apaea Poccum (CeyeHOBCKNI YHUBEPCUTET).

ORCID: https://orcid/0000-0001-5031-9798

Maenos Yaeaap CaBos, A-p Mes. Hayk, npodheccop, 3aB. kaeapon
Tepanuu UMO ®rAQY BO «Mepsbin MTMY um. .M. CeuyeHoBa» Mun-
3apasa Poccun (CeyeHOBCKMIA YHUBEPCUTET); BELYLUMA HAYYHbIN CO-
TpyaHuk FBY3 « KB um. C.MM. BoTkuHa [3M>».

ORCID: https://orcid/0000-0001-5031-9798

Tarkke gonyLieHa onevatka B Hanucanun cnosa «INFORMATION» Ha cTp. 9.

Bwmecro:

Cne,qyeT YuTaTtb:

B Ha3BaHuM pa3aena cTaTbu
INFORNATION ABOUT THE AUTHORS

INFORMATION ABOUT THE AUTHORS

WcnpaBneHus He NOBNMSNW Ha cenaHHble BblBogb!. MicnpaBneHns Gbinv BHECEHbI B OHMaiiH-BEPCHI0 XypHana. MpuHocum
N3BUHEHWS 3a NPUYNHEHHbIE HeyaoBCTRa.

Mocne BHeceHUsi McnpaBneHuiA CTaTbio cneayeT uuTupoBathb: VnbuHa K0.B., ®égoposa T.A., TasuHa C.A., CoTHuKo-
Ba T./., Cemenenko H.A., Nlowuy H.B., bonblakos C.A., Kucenesa H.B., Maenos Y.C. DRESS cuHapom Ha oHe fo-
BaBneHns MeponeHema K Tepanuu kapbamasenumHOM: KiuHUYeckuin cnyyain. Ce4eHoOBCKMIA BECTHUMK. MMybnmukaums oHnaitH
20.06.2022. https://doi.org/10.47093/2218-7332.2022.407.09. Erratum in: CeuyeHoBckuit BeCTHMK. 2022; 13(1): 58-59.
https://doi.org/10.47093/2218-7332.2022.13.1.58-59
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Erratum for the article “DRESS syndrome
on the background of adding meropenem
to carbamazepine therapy: a clinical case”

Dear Readers!

In the article “DRESS syndrome on the background of adding meropenem to carbamazepine therapy: a clinical case”
(llina Y.V., Fedorova TA., Tazina S.Y., Sotnikova T.I., Semenenko N.A., Loshchits N.V., Bolshakov S.A., Kiseleva N.V.,
Pavlov Ch.S.), Sechenov Medical Journal. Epub ahead of print 20.06.2022. https://doi.org/10.47093/2218-7332.2022.407.09,

an additional affiliation of some authors was inadvertently omitted.

Instead of:

Should read :

Authors

Yulia V. llina"*, Tatiana A. Fedorova', Serafima Y. Tazina', Tatiana I.
Sotnikova', Natalya A. Semenenko', Natalia V. Loshchits?, Stepan A.
Bolshakov?, Nataliia V. Kiseleva', Chavdar S. Pavlov'

Information about the authors

Tatiana I. Sotnikova, Cand. of Sci. (Medicine), Associate Professor,
Therapy Department, Sechenov First Moscow State Medical University
(Sechenov University).

ORCID: https://orcid/0000-0003-4118-4646

Yulia V. llina"*, Tatiana A. Fedorova', Serafima Y. Tazina', Tatiana I.
Sotnikova'?, Natalya A. Semenenko'?, Natalia V. Loshchits?, Stepan A.
Bolshakov?, Nataliia V. Kiseleva', Chavdar S. Pavlov'?

Tatiana . Sotnikova, Cand. of Sci. (Medicine), Associate Professor,
Therapy Department, Sechenov First Moscow State Medical University
(Sechenov University), doctor City Clinical Hospital named after S.P. Bot-
kin of the Moscow Healthcare Department.

ORCID: https://orcid/0000-0003-4118-4646

Natalya A. Semenenko, Cand. of Sci. (Medicine), Associate Professor,
Therapy Department, Sechenov First Moscow State Medical University
(Sechenov University).

Natalya A. Semenenko, Cand. of Sci. (Medicine), Associate Professor,
Therapy Department, Sechenov First Moscow State Medical University
(Sechenov University), doctor City Clinical Hospital named after S.P. Bot-

ORCID: https://orcid/0000-0002-7884-8955 kin of the Moscow Healthcare Department.

ORCID: https://orcid/0000-0002-7884-8955

Chavdar S. Pavlov, Dr. of Sci. (Medicine), Professor, Head of Therapy
Department, Institute of Professional Education, Sechenov First Moscow
State Medical University (Sechenov University), leading researcher City
Clinical Hospital named after S.P. Botkin of the Moscow Healthcare De-
partment.

ORCID: https://orcid.org/0000-0001-5031-9798

Chavdar S. Pavlov, Dr. of Sci. (Medicine), Professor, Head of Therapy
Department, Institute of Professional Education, Sechenov First Moscow
State Medical University (Sechenov University).

ORCID: https://orcid.org/0000-0001-5031-9798

There is also a misspelling of the word “INFORMATION” on the page 9.

Instead of: Should read:

In the title of the article section

INFORNATION ABOUT THE AUTHORS INFORMATION ABOUT THE AUTHORS

The corrections did not affect the authors’ conclusions. Corrections have been made to the online version of the journal. We
apologize for any inconvenience caused.

After correction, the article should be cited as: llina Y.V., Fedorova T.A., Tazina S.Y., Sotnikova T.I., Semenen-
ko N.A., Loshchits N.V., Bolshakov S.A., Kiseleva N.V., Paviov Ch.S. DRESS syndrome on the background of add-
ing meropenem to carbamazepine therapy: a clinical case. Sechenov Medical Journal. Epub ahead of print 20.06.2022.

https://doi.org/10.47093/2218-7332.2022.407.09. Erratum in: Sechenov Medical Journal. 2022; 13(1): 58-59.
https://doi.org/10.47093/2218-7332.2022.13.1.58-59
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OT3bIB CTaTbhU
«K Bonpocy ctaHgapTu3saumum ansfepreHHbIX 3KCTPaKTOB:
nyTv ganbHeMwero pa3BuTusa»

Onsa uutnposanusa: OT3biB cTaTbi «K BONPOCY CTaHAAPTU3aLMM annepreHHbIX SKCTPAKTOB: NYTH AanbHENLLEro pasBuTus».
CeueHosckuit BecTHUK. 2022; 13(1): 60-60. https://doi.org/10.47093/2218-7332.2022.13.1.60-60

Retraction of the article
“Allergenic extracts standardization: prospects
for the future”

For citation: Retraction of the article “Allergenic extracts standardization: prospects for the future”. Sechenov Medical Jour-
nal. 2022; 13(1): 60-60. https://doi.org/10.47093/2218-7332.2022.13.1.60-60

PeTtpakumsa ctatbn «K BONpOCYy CTaHAApTM3aLMK annepreHHbiX SKCTPakToB: NyTu ganbHenwero passutusy» (bokos [.0.,
CmupHos B.B.), onybnnkosaHHo# B xypHarne «CeveHoBckuin BeCTHUK» 2013; 4(14): 39-47. https://www.sechenov.ru/upload/
iblock/3f9/140206_sechenovskij_vestnik_4_14_2013.pdf odhopmneHa no nHnLmaTBe peaakuuy B CBA3M C HanMynem ay-
Grmpytowen nybnukaumm « CoBepLUEHCTBOBaHIWE METOLOB CTaHLAPTU3aLMM SKCTPAKTOB nevebHbIx annepreqos: o1 PNU go
LC-MS» (Bokos [1.0., CmupHos B.B.), onybrnkoaHHoM B xypHane «/MMyHONaTonorvs, annepronorus, MHEKTonorns»
2013; 4: 31-41.

https://doi.org/10.14427/jipai.2013.4.31

Cornacve aBTOpOB Ha PETPAKLYIO NOMY4EHO.
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https://doi.org/10.47093/2218-7332.2022.13.1.61-61 ) ook forupaates.

(@)Y 20 |

OT3bIB CTaTbM
«Aecdopmaumua XarnyHpa. Uctopuueckasa cnpaBska
M cucrtemaruvyeckum ob63op nureparypbi»

Onsa umtupoBanua: OT3biB cTathk «[edopmaums XarnyHaa. Mictopuyeckas cnpaBka U cuctemaTiyeckuin 063op nutepa-
Typbl». CeyeHoBckuin BeCTHUK. 2022; 13(1): 61-61. https://doi.org/10.47093/2218-7332.2022.13.1.61-61

Retraction of the article
“Haglund syndrome. Historical and systematic review”

For citation: Retraction of the article “Haglund syndrome. Historical and systematic review”. Sechenov Medical Journal.
2022; 13(1): 61-61. https://doi.org/10.47093/2218-7332.2022.13.1.61-61

Petpakums ctatbk «[Jedopmaums XarnyHaa. ictopuyeckas cnpaBka 1 cucteMatuyeckuin 063op nutepartypel» (KaBanep-
ckun .M., Cepepa A.T.), onybnmkoBaHHo B xypHane «CeueHoBckuii BeCTHUK» 2014; 1(15): 30-39. https://www.sechenov.
ru/upload/iblock/596/140338_sechenovskij_vestnik_1_15_2014_maket.pdf ochopmneHa no peLLeHn0 peaakumm B CBA3M
C OT3bIBOM CTaTbi aBTOPaMM MO NpuunHeE Aybnmpytowein nybnvkaumm « CHApPOM XarnyHaa: UCTopuyeckas cnpaska U cuc-
Tematnyeckuit 063op» (Cepepa A.M., KaBanepckuir I.M.), ony6nukoBaHHON B XypHane «TpaBMaTonorus u optoneaus

Poccumy, 2014; 1: 122-132. https://journal.riito.org/jour/article/view/54

Cornacue aBTOpOB Ha PETPAKLIO NOMy4EHO.
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https://doi.org/10.47093/2218-7332.2022.13.1.62-62 ) Chook forupaates

[@)By 20 |

OT3bIB CTAaTbM
«0OCO6EHHOCTU KITMHUKM U TEYEeHMA NCopuaTUYecKoro
apTputa y petem»

Ansa untuposanua: OT3biB cTaTbit « OCOBEHHOCTY KIMHUKN M TEYEHWUS NICopUaT4eckoro apTputa y Aeteity. CeveHoBCKMi
BecTHUK. 2022; 13(1): 62-62. https://doi.org/10.47093/2218-7332.2022.13.1.62-62

Retraction of the article
“The clinical features and course of psoriatic arthritis
in children”

For citation: Retraction of the article “The clinical features and course of psoriatic arthritis in children”. Sechenov Medical
Journal. 2022; 13(1): 62-62. https://doi.org/10.47093/2218-7332.2022.13.1.62-62

Petpakuunsa ctatbit «OCOBEHHOCTU KIMHUKA 1 TEYEHWS ncopuaTinyeckoro aptputa y geten» (Yebbiwesa C.H., Menewwku-
Ha A.B., Xonobosa E.C., l'enne H.A.), onybnukosaHHo# B xypHane «CeveHoBckui BecTHUK» 2014; 2(16): 59-64

https://lwww.sechenov.ru/upload/iblock/8d6/140703_sechenovskij_vestnik_2_16_2014_maket.pdf odpopmnera no mHuyna-
TMBE pedakuwn B CBA3M C Hanmuynem aybrvipyiowen nybnukauum «[uarHocTuka, KruHuka 1 Tepanus NcopuaTnyeckoro
aptputa y geteit» (Yebbiwesa C.H., MenewkuHa A.B., XXonobosa E.C.), onybnukosaHHom B xypHane «[oktop.Py», 2012;

9(77): 32-36. https://elibrary.ru/item.asp?id=18292410

Cornacve aBTOpOB Ha PETPAKLYIO NOMY4EHO.
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https:/doi.org/10.47093/2218-7332.2022.13.1.63-63 ) ook forupaates.

(@)Y 20 |

OT3bIB CTATbM
«dnuaemMmornormsa — oCHoBHasa npodmnaKkTrmueckas
AUCLUMNIIMHA COBPEeMEeHHOM MeaAULUMHbI»

[ns umtupoBaHmsa: OT3bIB CTaTbi «ONUAEMMONONNS — OCHOBHAs NPoUnakTUieckas AMCLMNAHA COBPEMEHHOMN MeanLm-
Hbl». CeyeHoBckui BecTHUK. 2022; 13(1): 63-63. https://doi.org/10.47093/2218-7332.2022.13.1.63-63

Retraction of the article
“Epidemiology as a prophilactic discipline
in contemporary medicine”

For citation: Retraction of the article “Epidemiology as a prophilactic discipline in contemporary medicine”. Sechenov Medi-
cal Journal. 2022; 13(1): 63-63. https://doi.org/10.47093/2218-7332.2022.13.1.63-63

PeTpakuna ctatbt «3nUOEeMUONOrUsS — OCHOBHAas MpOUnakTUYeckas AWUCLMNAMHA COBPEMEHHOW MeauuuHbly (Bpu-
ko H.W., Mokposckuit B.A., MuHanuHa A.A.), onybnukosaHHoi B xypHane «CeveHoBckuin BeCTHUK». 2011; 1(3)-2(4): 5-9.
31 C Hanuuem gybnupytowwen nybnukauum «nMaeMMonorMs — OCHOBHAs NMpodunakTuieckas AMCUMNINHA COBPEMEH-
HOW MeanuuHbl: Kk 80-neTuio Kadheapbl SNMAEMMONOTMM U gokasaTenbHoi meguumukel» (Bpuko H.W., Mokposckuin B.U.,
MunanuHa A.A.), onybrikoaHHoW B xypHane «MepuumHckuin Andpasuty. 2011; 13: 5-8. https://www.elibrary.ru/item.
asp?id=17696144

Cornacve aBTOpOB Ha PETPAKLYIO NOMY4EHO.
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https://doi.org/10.47093/2218-7332.2022.13.1.64-64 ) Chook forupaates

[@)By 20 |

OT3bIB CTAaTbM
«MpenopasaHme anmpemuonorum B Nepsom MIrMy
um. U.M. CeueHoBa: npownoe, Hacrosuwee m 6yayuwee»

Ona uutupoBaHua: OT3biB ctaTbk «[lpenogasanue anugemuonorum B [Mepsom MIMY wum. U.M. CeueHoga:
npowunoe, Hactoswee u byaywee». Sechenov Medical Journal. 2022; 13(1): 64-64. https://doi.org/10.47093/2218-
7332.2022.13.1.64-64

Retraction of the article
“Teaching epidemiology in the I.M. Sechenov First
MSMU: the past, the present and the future”

For citation: Retraction of the article “Teaching epidemiology in the |.M. Sechenov First MSMU: the past, the present and
the future”. Sechenov Medical Journal. 2022; 13(1): 64—64. https://doi.org/10.47093/2218-7332.2022.13.1.64-64

Petpakuna cratbu «[penogasaque anugemuonorum B lMepsom MIMY um. U.M. CeveHoBa: npolunoe, HacTosiee
n Bypywee» (bpuko H.W.), onybnnkoBaHHo B xypHarne «CeveHoBCkuiA BeCTHUKY. 2014; 4(18): 68-74.
https://www.sechenov.ru/upload/iblock/fh9/150222_sechenovskij_vestnik_4_18_2014_for_bibliotec.pdf odopmneHa no uhm-
LmaTvBe peaakLym B CBA3N C Hanuumem AybnupytoLumx nybnukaLmit:

1. «B. W. ToKpOBCKWA M MHHOBALMOHHbIE HaMpaBIeHNs B OEATENbHOCTW Kadeapbl 3nUAEeMUONorin U 4oKas3aTeNbHOM
MeaumumHbl IMepsoro Mockosckoro ocygapctaeHHoro MeauunHekoro YHusepeuteta um. .M. Ceyerosa» (Bpuko H.W.),
OnyBMKOBaHHOM B XypHane «3nuWAeMuonons U WHPeKUMoHHble GonesHn. AkTyanbHble Bonpockl». 2014; 2. 16-20.
https://www.elibrary.ru/item.asp?id=21340781

2. «130 net npenogasanua anugemuonorin B lepom MockoBckom [ocydapcTBeHHOM MeguumHCKoM YHuBepcute-
Te um. .M. CeyeroBa» (Bpuko H.W.), onybrukoBaHHoW B xypHane «MeguumHckuin anbmanax». 2014; 4(34): 14-19.
https://www.elibrary.ru/item.asp?id=22475821

Cornacve aBTopa Ha peTpakLyio NoMy4eHo.

64 CEYEHOBCKMI BECTHUK T. 13, Ne 1, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 1, 2022


https://crossmark.crossref.org/dialog/?doi=10.47093/2218-7332.2022.13.1.64�64&domain=pdf&date_stamp=2022-06-23

____________________________________________________________________| PETPAKLI/SA

https://doi.org/10.47093/2218-7332.2022.13.1.65-65 ) ook forupaates.

(@)Y 20 |

OT3bIB CTaTbM
«Bonpocsbl knaccudpmKkaumm 1 3aKOHOMEpPHOCTH
MopdoreHe3a xenes3 CTeHOK NosnbiX BHYTPEHHUX
OpraHoB»

Ona uutupoBaHua: OT3biB CTaThW «Bonpockl Knaccudukauyuy n 3akOHOMEPHOCTH MOpPhoreHesa Kenes3 CTEHOK Morbix
BHYTpeHHWX opraHoBy. 2022; 13(1): 65-65. https://doi.org/10.47093/2218-7332.2022.13.1.65-65

Retraction of the article
“The problems of classification and specific features of
morphogenesis of glands located in the walls of hollow
internal organs”

For citation: Retraction of the article “The problems of classification and specific features of morphogenesis of glands
located in the walls of hollow internal organs”. Sechenov Medical Journal. 2022; 13(1): 65-65. https://doi.org/10.47093/2218-
7332.2022.13.1.65-65

Petpakumst ctatbu «Bonpocbl knaccudukaumm u 3aKOHOMEPHOCTM MOpdhoreHesa Xene3 CTEHOK MOSMblX BHYTPEH-
Hux opraHoB» (CanuH M.P., Hukonenko B.H., Hukutiok [O.B., Yaea C.B.), onybnukoeaHHo# B xypHane «CeyeHoB-
ckum BecTHuk» 2012, 4(10): 62-69. https://www.sechenov.ru/upload/iblock/8e0/sechenovskij_vestnik_4_10_2012.pdf
odopmIieHa MO MHMUMATMBE pedakuMm B CBS3W C Hanuumem aybnvpyrowein nybnmkaumm «Bonpocbkl knaccudmka-
U n mopdoreHes Marnbix xenes CTEHOK NOMbiX BHYTPEHHWX opraHoBy» (CanuH M.P., Hukonenko B.H., Hukutiok [.B.,
Anekceeea H.T., Yaea C.B.), onybnukoBaHHON B ypHane «XypHan aHatomun u ructonatonorim». 2013. 1(2): 10-17.

https://elibrary.ru/item.asp?id=19047639

Cornacue aBTOpOB Ha PETPaKLIO NOMy4EHO.
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