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InekTpokapauorpadpuyeckme GpeHoMeHbl
npu COVID-19: ananus tene-3KI-uccneposanunia
IT-uentpa 3Kl r. MockBbi

B.10. Tackuna', A.E. [lemkuna', T.M. Mazawsunun?, A.C. LLkona?, A.B. Bnapaumupckuin®3,
C.MN. Mopo308'

! Hay4HO-NPaKTUYECKNI KIIMHUYECKUI LEHTP OWNarHOCTMKM M TeNeMeaMUMHCKIUX TeXHONOrmii [lenapTaMenTa 3apaBooXpaHeHns r. MocKBbl,
MockBa, Poccuiickan Qepgepauna

2 [opopcKan KnuHWyeckan 6onbHuua N 67 uMenn J1.A. Bopoxo6oBa [lenapTaMenTa 3apaBooxpaHeHnsa ropoga Mockssl, Mocksa,
Poccuickan ®Oepepauma

3 Mepablit MOCKOBCKMIA rocyaapCTBEHHbIA MeAULMHCKMIA yHrBepcuTeT Menn U.M. CeueHosa (CeveHoBcKuit YHuBepcuTeT), MockBa,
Poccuickan ®Oepepauma

AHHOTAUNA

0Ob6ocHoaaHue. [Mpy HoBoW KopoHaBupycHon uHdekumum (COVID-19) Hapamy ¢ JOMMHMPYIOLLMM NOpPaXeHWeM OpraHoB
[bIXaHWA B MaTONOMMYECKU NPOLIECC BOBJIEKAETCA CephevHo-cocyamucTan cuctema. 0gHako B JOCTYMHOM nuTepatype
aHaNUTMYECKME OLIEHKM 3neKTpoKapamorpapuyeckmx (3K ¢eHOMEHOB onMpaloTcA MWL Ha pe3ynbTaTbl UCCienoBaHUM
HeboNbLIMX BbIBOPOK M OMMCAHUA €OMHUYHBIX KIMHUYECKUX CAly4aeB, YTO OMpeAenfAeT akTyanbHOCTb NpoBefeHWA bonee
MacLUTabHbIX MCCNeAOBaHUI N1A YTOUHEHWA XapaKTepa M pacnpocTpaHEHHOCTU IKI-U3MeHEHUN Y UL, C NOLATBEPKAEHHOM
KOpOHaBMPYCHOW UH(EKLMEN.

Leno — ctpykTypm3auma nsmenennn 3Kl y naumentoB ¢ COVID-19, npeAcTaBnAoLWLMX HECENEKTUBHYIO NONYNALMIO
WuTenen r. MockBebl.

Mamepuanel u Memodsl. poBefEH PETPOCMEKTMBHBIN aHaNN3 MIEKTPOKApAMOrpaduUECKMX UCCiefoBaHWM, BbINON-
HeHHbIX ¥ 42 799 naumeHToB ¢ BepuduLmpoBaHHbIM auarHo3om COVID-19 B nepuop ¢ 10.03.2020 no 10.03.2021. Bee BKio-
YEHHble B UCCNeA0BaHWe NULA NPOXOAMIM CTALMOHAPHOE NeYeHWe B KTMHUYECKMX 6onbHMLAX . MOCKBbI, MOAKNIOYEHHBIX
K [T-ueHTpy 3KI. Peructpauma 3K npomssogunack B 12 cTaHAAPTHLIX OTBEEHWSAX, NOCNe Yero MyTEM UHTEpPHET-coeam-
HeHuA nHdopMauua nepenasanack Ha cepeep IT-ueHTpa 3Kl ¢ uenbio GopMyNMPOBKM COOTBETCTBYHOLLMX 3aKITIOUEHMIA.

Pesynomameoi. NaMenenna KT o6HapyeHbl y 54% naumenToB. Hanbonee yacTbiMy apuUTMUAMM Bbinv HapKenyaoY-
KoBan 3KcTpacucTonma u dubpunnauma npeacepann — y 12,6 u 12,0% naumeHToB cooTBETCTBEHHO. [pU3HaKKM neperpys-
KM NpaBbIX 0TAEN0B cepaua BoiABneHbl y 12,5% 6onbHbix, M3 Hux B 1,13% cnyyaeB — 3KI-nattepH TpomMboambonum né-
royHon aptepuu. HpapkTonogobHble nameHeHnA Ha 3K uMenu MecTo y 4,5% cybbeKkToB, B TOM Yncne 3 cyyan naTrepHa
bpyraga. Yactota BcTpeyaeMocTn usMeHenui ST-T coctaBuna 2,2% ot umcna Beex mccnegoBaiui. IKI ¢ yAIMHEHHBIM
unTepsanoM QT u QTc 3apeructpupoBaHa y 540 (1,26%) naumenToB. OTMeYeHbI eMHUYHBIE Clly4aun ¢pnOpUNNIALKMK Keny-
aouKoB, cuHapoMa Openeprka v AB-6noKkaabl pasnnMyHON CTeneHu.

3axnoyeHue. Ha ocHoBe NpoBefEHHOr0 aHanM3a NoayyeHo NpeacTaBneHne 0 YacToTe BCTPEYAEMOCTM INEKTPOKApAMO-
rpadumyecknx deHomeHoB y 6onbHbix COVID-19. MoaTBepaeHa BbICOKAA MHLUMOEHTHOCTb pUbpUANALMM Npeacepanin —
daKTopa pucka TpoMbH03IMbONMUECKMX OCNOKHEHUN. OHOBPEMEHHO YCTaHOBMIEHA 3HAYMTENbHAA PacrpOCTPAHEHHOCTb
JKI-naTTepHOB Neperpysku NpaBbiX OTAENO0B CepAua, YacTb M3 KOTOPbIX accoLMMUpoBaHa ¢ TpoMboaMbonueit NErouHom
aptepuu. [pyrve Habniofaemble uaMeHeHuA 3KIT xapaKTepu3oBanMCb 3HAYMTENIBHO MEHBLUEW PacrnpoCTPaHEHHOCTbO,
uUTO, 0QIHaKO, HE CHUMKAET UX KIIMHMYECKOro 3Ha4eHuA. CobpaHHbIN MaTepuan B NepcrekTUBE MOMET CIYHWUTb ONTUMMU3a-
LMW TaKTUKW BeJEHWA NaLMEHTOB NPW KOPOHABUPYCHON MHDEKLMN.

KnioyeBble cnoBa: anekTpokapavorpagua; COVID-19; cepneyHo-cocynmcToie 3ab601eBaHUA; apUTMUU; MUOKApPAWT; TPOM-
603mbonua néroyHon aptepuu; TIJA; Tene-3Kr.
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Electrocardiographic findings in COVID-19:
analysis of tele-ECGs in Moscow ECG IT Center
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ABSTRACT

BACKGROUND: Coronavirus disease (COVID-19) affects the cardiovascular system and the primary damage to the
respiratory system involved in the pathological process. However, in the available literature, the electrocardiography (ECG)
analyses are based only on small-sample studies and case reports, which determine the relevance of larger-scale studies to
clarify the nature and prevalence of ECG abnormalities in subjects with confirmed coronavirus infection.

AIM: To determine the distribution of ECG changes in COVID-19 patients representing a non-selective population of
Moscow residents.

MATERIALS AND METHODS: We performed a retrospective analysis of ECGs from 42,799 patients from March 10, 2020 to
March 10, 2021 with a verified diagnosis of COVID-19 was performed. The study included patients admitted to Moscow clinical
hospitals connected to the ECG IT Center. A standard 12-lead ECG was obtained and transmitted via an Internet connection to
the server of the ECG IT Center, where the ECG interpretation was performed.

RESULTS: ECG changes were detected in 54% of patients. The most common cardiac arrhythmias were supraventricular
extrasystole (12.6%) and atrial fibrillation (12.0%) reported in patients. Signs of the overloaded right heart were detected
in 12.5% of cases, of which the ECG pattern of pulmonary embolism was confirmed in 485 patients (1.13%). Infarction ECG
pattern was observed in 4.5% of patients, among which 3 cases of Brugada ECG pattern were reported. The incidence of ST-T
changes was 2.2% of all study patients. Prolonged QT and QTc intervals were recorded in 540 patients (1.26%). In addition,
individual cases of ventricular fibrillation, Frederick syndrome, and atrioventricular block of various degrees were reported.

CONCLUSION: The distribution of incidence of ECG changes in COVID-19 was shown based on the data obtained. The high
incidence of atrial fibrillation, which is a risk factor for thromboembolic complications, was confirmed. Moreover, a significant
prevalence of ECG patterns of overloaded right heart was shown, some are associated with pulmonary embolism. Other
reported ECG changes were characterized by a significantly lower prevalence, which does not reduce their clinical significance.
The data obtained may be used to improve COVID-19 patient management strategy in the future.

Keywords: electrocardiography, COVID-19; cardiovascular diseases; arrhythmias; myocarditis; pulmonary embolism; tele-ECG.
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OueHKa avaMeTpa NEro4yHOMU apTepum nNpu pasiU4YHOM
cTteneHu TaxecTu TeyeHua COVID-19 (no gaHHbIM
6eCKOHTpacTHOM KOMNbIOTEepHOU TOMOrpadpum NErkux)

A.0. Annes" ®, H.[l. Kynpasues' 2, A.B. Metpaikun?, 3.P. Aptiokosa?, A.C. Lkopa',
C.N. Mopo308?

! Mopopckan KnnHudeckan 6onbHuua N2 67 umenn J1.A. Bopoxo6osa [lenaptameHTa 3paBooxpaHeHua ropoa Mockesl, MockBa,
Poccuickan Oepepauma

2 HayuHo-NpaKTMUYECKMIA KTMHUYECKIIA LLIEHTP AMAarHOCTUKN 1 TeNeMeMLIMHCKMX TeXHoNoruit [lenaptaMenTa 3apaBooxpaHenma r. Mockssl,
MockBa, Poccuiickan Depgepauna

3 MOCKOBCKMIA FOPOJICKOIA Hay4HO-NPaKTUYECKMIA LLeHTP 60pb6bl ¢ TybepKynesom [lenapTaMenTa 3apaBooxpaHenmsa r. Mockesl, Mocksa,
Poccuickan ®Oepepauma

AHHOTAUNA

06ocHosaHue. KoMnbioTepHaa ToMorpa¢uA ABMAETCA METOAOM Bblbopa Mpu OLEHKe 06bEMa MopameHWA NErkux
MPY BUPYCHBIX MHEBMOHMSAX, B TOM uMcne accoummpoBaHHbix ¢ COVID-19. MoMuMo oueHKM 06bEMa NoparkeHUA NEFKMX,
KOMIblOTepHaA ToMorpadumA no3BonsAeT onpefenvTs pa3Mepbl MarucTpanbHbIX COCY0B FPYOHOM KNETKW. 3TO NO3BOMAO0
NpoaHanun3upoBatb CBA3b MeAay TAwecTblo TedeHna COVID-19 u HanuumeM n3MeHeHMA OMaMeTPOB NEFOYHON apTepum
¥ BOCXOAALLEN aopTbl. PaclumMpeHre néroyHom apTepum ABAETCA NPU3HAKOM NIEFOYHOM runepTeH3nn. N3ydeHne OaHHbIX
3aKOHOMEPHOCTEN MOMET UMETb KIMHWUYECKOE 3HaUeHMEe B OTHOLLEHUM ONPefeneHWA TaKTUKK JIeYeHUA 1 NPorHo3a Teve-
HuA 3aboneBaHua COVID-19.

Llens — oueHNTb 3aBUCMMOCTb MEY ANAMETPOM NEFOYHOW apTepum U cTeneHblo TAKecTM TedeHna COVID-19 y na-
LIMEHTOB pas/IM4HOro Bo3pacTa.

Mamepuanel u Memodsl. OgHOLEHTPOBOE OAHOMOMEHTHOE CMIOLIHOE HEKOHTPONIMpYyeMoe UcCrefoBaHue BbiMoMHe-
HO B rpynne naumeHToB (n=511, 267 MyxuuH, MegmnaHa 59 nert, IQR 49,0-65,0, pasamax ot 31 go 84 nert), npoxoamBLLKX
nleyeHne BO BPeMEHHOM rocnutane ana neyenua nauuento ¢ COVID-19. Mpu rocnutanmsaumum Bce nauMeHTbl NpOLLAN
KOMIbIOTEPHOE TOMorpaduyeckoe MccneoBaHMe OpraHoB rpyAHOM KNETKU C NOMOLLbI0 MobuibHOM cucteMbl Airo TruCT
(Stryker, CLUA). CteneHb nopaeHWA NEroYHOM TKaHW oueHuBanach no wkane KT 1-4. M3mepenue guamMetpa néroyHoi
apTepuu 1 BOCXOAALLEN aopThbl NPOBOAMNOCH CTaHLAPTHBIMU UHCTPYMEHTaMM paboyei CTaHLMK Bpada-peHTreHosora nep-
NEeHOUKYNAPHO ANIMHHOW OCU cocyda.

Pesynomamel. TNonyyeHbl cnegyiolime CTaTUCTUHECKM 3HAUMMble 3aKOHOMEPHOCTU: pacLUMpeHVe NEFOYHOM apTepum
W yBENMYEHWEe OTHOLLUEHUA NEOYHOM apTepuW/BOCXOMALLEN aopTbl ObINO CBA3AHO C YBENIMYEHWEM CTENEHU MOParKeHWs
nérkux npu COVID-19 (kputepui Kpackena—Yonnuca, p <0,001; meamanHbin Tect, p <0,001); omameTp BocxogALlero oT-
[ieNla aopTbl JOCTOBEPHO YBENMYMBAETCA C BO3pacToM naumeHTa (Kputepuii Kpackena-Yonnuca, p <0,001; MegmaHHbIn
Tect, p <0,001). MoKasaHbl HeLOCTOBEPHAA CBA3b MEMH/Y YBENMYEHUEM OMaMeTpa NEFOYHOM apTepMM U BO3PacToM nauu-
eHTa (Kputepui Kpackena—Yonnuca, p=0,094; MegmanHbin Tect, p=0,311) u HegoCTOBEPHaA CBA3b MEHOY M3MEHEHWEM
AvaMeTpa BOCXOAALLEN aopThl U CTeMeHblo nopaxeHua nérkmx (kputepui Kpackena—Yonnuca, p=0,061; MeguaHHbIi Tecr,
p=0,165). Bo Bcex BO3pacTHbIX Fpynnax C TAMKEMbIM Te4yeHWeM 3aboneBaHWA U 6ONbLUMM 0OBEMOM MOpaXKeHUA NETKMX
(KT-3 1 KT-4) nokasaHo JocToBepHO 60sbLUee KONM4eCTBO NaLMeHTOB C NPU3HaKaMM NErOYHOM FMNepTeH3um (paclumpeH-
HaA oT 29 MM 1 bonee NErovHas apTepus).

3aknoyeHue. [unataums NEroYHON apTepuM M YBENIYEHME OTHOLLEHUA AMAMETPOB IEFOYHON apTepum/BoCXoaALLen
aopThbl 4OCTOBEPHO CBA3AHO C yBenuyeHWeM 06bEMa nopaxenua nérkvx npu COVID-19 Bo Bcex BO3pacTHbIX rpynnax.

Kniouesble cnosa: COVID-19; néroyHan apTepus; NéroyHan runepTeH3und; aopTa; KOMMNbITEPHaA ToMorpadus.
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Changing of pulmonary artery diameter in accordance
with severity of COVID-19 (assessment based
on non-contrast computer tomography)

Alexander F. Aliev':3, Nikita D. Kudryavtsev'-2, Alexey V. Petraikin?, Zlata R. Artyukova?,
Andrey S. Shkoda', Sergey P. Morozov?

" L.A. Vorokhobov Municipal Clinical Hospital No 67 of the Moscow Health Department, Moscow, Russian Federation
2 Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation, Moscow, Russian Federation
3 The Moscow Research and Clinical Center for Tuberculosis Control of the Moscow Health Department, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Computed tomography is the method of choice for assessing the volume of lung damage in viral pneumonia,
including those associated with COVID-19. In addition, computed tomography can determine the main vessels size of the
thorax. This allowed us to analyze the relationship between the severity of COVID-19 and the changes in the diameters of the
pulmonary artery (PA) and ascending aorta (Ao). Dilation of the PA is a sign of pulmonary hypertension. The study of these
patterns may be of clinical significance in determining the treatment tactics and prognosis of the course of COVID-19 disease.

AIM: To evaluate the relationship between PA diameter and the severity of the COVID-19 course in patients of different ages.

MATERIALS AND METHODS: This study is a single-centered, cross-section, continuous, uncontrolled study performed on
a group of patients (n=511, 267 men, median 59 years, IQR 49.0-65.0, ages 31-84 years) who were treated in a temporary
hospital to treat patient with COVID-19. During hospitalization all patients were examined by CT scan of the chest. All studies
were carried out using a mobile CT scan system Airo TruCT (Stryker, USA). The degree of damage to the lung tissue was
assessed using the CT volume scale 1-4. Measurement of the LA and Ao diameters was carried out using standard instruments
of the radiologist’s CT workstation perpendicular to the long axis of the vessel.

RESULTS: The following statistically significant regularities were obtained: the detection of a dilated pulmonary artery
(PA) and an increased PA/Ao ratio correlated to an increase in the degree of lung damage in COVID-19 (Kruskal-Wallis test,
K-W p <0.001; median test, MT p <0.001), the diameter of the ascending aorta (Ao) significantly increases with the patient’s
age (K-W p <0.001; MT p <0.001). An insignificant correlation between an increase in the diameter of the pulmonary artery
(PA) and the patient’s age (K-W p=0.094; MT p=0.311) and an insignificant correlation between detection of a change in aortic
(Ao) diameter and the degree of lung damage (K-W p=0.061; MT p=0.165) were shown. In groups with a severe course of the
disease and a large volume of lung lesions (CT-3 and CT-4), a significantly greater number of patients with signs of pulmonary
hypertension (detection of the dilated pulmonary artery: 29 mm and more) was shown for all age groups.

CONCLUSION: The study showed that PA dilatation and increased PA/Ao diameter ratio were significantly associated with
increased pulmonary lesion volume in COVID-19 in all age groups.

Keywords: COVID-19; pulmonary artery; pulmonary hypertension; thoracic aorta; X-ray computed tomography.
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Habniogenua gonnepoBcKoro MepuaioLLero
apTedaKTa: 6asa AaHHbIX paAUO4aCTOTHDIX
YyNbTPa3BYKOBbIX CUrHAJIOB

[1.B. NeoHos" 2, P.B. PewetHukos' 3, H.C. Kynbbepr'-*, A.A. Hacubynnuna?, A.N. Fpomos®

! Hay4HO-NPaKTUYECKNI KIIMHWUYECKUI LEHTP OWNarHOCTUKM M TeNeMeauLUMHCKIUX TeXHoNormi [lenapTaMeHTa 30paBooxpaHeHns r. MocKBbl, MocKBa,
Poccuitckan Oegepaumn

2 HaumoHanbHbIM uccnenoBatesibckuin yHusepeutet M3W, Mockea, Poccuiickas Oegepaumsa

3 Mepablit MOCKOBCKMIA rOCYAapCTBEHHbIA MeAMLMHCKMIA yHrBepcuTeT uMenn WM. Cederosa (CeyeHoBckuin YuuBepcuTe), MockBa, Poccuiickan
Oepepauma

* DepepanbHbIn McCenoBaTesbCKUIA LieHTP «MHpopMaTiKa 1 ynpasneHue» Poccuitckolt akagemum Hayk, Mockea, Poccuitckan Qepepaums

5 MOCKOBCKMIA roCy[apCTBEHHBIM MeOWUKO-CTOMAaTONOrMYeckuin yHueepceuTteT umenn AW, EBgokmMosa, Mocksa, Poccuiickas Oegepaumsa

AHHOTALNA

06ocHosaHue. Mepuaiowmii apTedakT B [ONMEPOBCKMX PEMMMAX YNbTPa3BYKOBOr0 MCCNeOOBaHWA MPOABNAETCA
BbICTPOI Xa0TUYECKOM CMEHOM OKpaLLEHHbIX MUKCENeN Ha aKpaHe npubopa. fABneHWe, KOTOPOE MOKHO UCMONB30BaTh B Ka-
YecTBe MOJIE3HOM0 AMArHOCTUYECKOr0 NPM3HaKa, UCCe0BaHO HEA0CTaTOMHO. bONBLLMHCTBO NPeLNoNOKEHWIA 0 NPUYMHAX
apTedaKTa caenaHbl Ha 0CHOBaHWUW M306parKeHUI C 3KpaHa YNbTpa3ByKoBOro npubopa 6e3 rnyboKoro M3yyeHns CBOMCTB
MPVYHUMAEMBIX CUTrHAMOB.

Mamepuanel u Memodel. Pagno4acToTHbIe YNbTPasBYKOBLIE CUrHaMbI BbINM 3anMcaHbl NpU Uccief0BaHUU GaHTOMOB.
WccnepoBanuch Kak 06bEKTHI, NPUMBOAALLME K NOABNEHMIO MepLaloLlero apTeakTa Ha aKpaHe npubopa, TaK ¥ UMUTaLMK
COCY[0B M MATKMX TKaHel. Cbop aaHHbIx nposoamncsa ¢ uiona 2016 no Mapt 2021 r. [JaHHble noay4eHbl MpyU NOMOLLM UC-
CneaoBaTeNbCKoro ynbTpaseyKoBoro npubopa «CoHoMen-500» ¢ gatumkamm 7,5 L38 u 3,4 C60.

Codepxcumoe ba3el danHbIx. TpencTaBneHa 6asa AaHHbIX, COAepHKaLLan pafmoYacToTHble CUrHambl, NOAYYEHHbIE C BbIXO-
Aa GopMuUpoBaTens Nyda U3 NPMEMHOMO TPaKTa YNbTPasBYKOBOr0 MEAULUMHCKOrO AMarHOCTUYECKOro Npubopa B permMe Lipe-
TOBOMO [ONNEPOBCKOr0 KapTMpoBaHuA U B-perkume. lpefcTaBneHHble B 6ase AaHHbIX CUMHaNbI COAEPHKaT NPU3HaKK MepLa-
lowero apTedakTa. basa cocToMT M3 UCCNeaoBaHWi NATU Pa3nUYHbIX paHTOMOB 06wmM 06bEMoM 10,5 T'b. PaguodactoTHble
AaHHble coxpaHeHbl B 6uHapHOM Bupe. HacTpolikv ckaHupoBaHuWA, HeobxoguMble 4NA aHanM3a pagvoyacToTHbIX JaHHbIX,
cofepaTcs B TEKCTOBbIX (annax. Kawmoe uccnefoBaHue CONPOBOMAAETCA NMPUMEPOM XapaKTEpPHOW COHOrpaMMbl B rpa-
duyeckom ¢opmarte. basa gaHHbIX gocTynHa no agpecy: https://mosmed.ai/datasets/ultrasound_doppler_twinkling_artifact.

JocmynHocms Koda. [na npocMoTpa M aHanusa 6asbl JaHHbIX K apxuBy mpunaraeM paspaboTaHHyld Hamu npo-
rpammy TwinklingDatasetDisplay. [octyneH ucxogHbid Kog mporpammbl: https://github.com/Center-of-Diagnostics-and-
Telemedicine/TwinklingDatasetDisplay.git.

Ycnosus ucnone306aHuA. basa faHHbIX MOXET bbITb UCMONb30BaHa AnA paspaboTku U TECTUPOBAHMA anropuTMoB 06-
paboTKu yNbTpasBYKOBbIX CUrHanoB. [locTyn K 6a3e JaHHbIX M Kogy [/1A €€ MPOCMOTPa OTKPbIT AJ1A BCEX MENAIOLLUX.

KnioueBble cnoBa: LiBeTOBaA yNbTpa3ByKoBan Aonneporpadus; MepuamLLni apTe¢aKT; 6a3a AaHHbIX; «Cbipble» paauo-
YaCTOTHbIE [JaHHbIe; YbTPa3BYKOBbIE (AHTOMbI.
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Doppler twinkling artifact observations:
an open-access database of raw ultrasonic signals

Denis V. Leonov' 2, Roman V. Reshetnikov' 3, Nikolay S. Kulberg™*,
Anastasia A. Nasibullina?, Alexandr I. Gromov®

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation, Moscow, Russian Federation

2 National Research University Moscow Power Engineering Institute, Moscow, Russian Federation

3 The First Sechenov Moscow State Medical University (Sechenov University), Moscow, Russian Federation

“ Federal Research Center Computer Science and Control of the Russian Academy of Sciences, Moscow, Russian Federation
5 Moscow State University of Medicine and Dentistry named after A.l. Evdokimov, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Doppler twinkling artifact is a rapid change of colors seen in CFl-mode in the presence of kidney stones
and calculi. Therefore, numerous researchers use the twinkling artifact as a diagnostic sign. However, this phenomenon is
under-researched, because most assumptions concerning its causes are made based on pure visual observations of the
scanner’s screen leaving the important steps of signal transformation hidden behind the “black box” curtains of ultrasound
machines.

MATERIALS AND METHODS: Raw radiofrequency ultrasound signals were recorded in the phantom studies. The recorded
echoes were received from objects that create the Doppler twinkling artifact and artificial blood vessels and soft tissues
imitators. The data were collected between June 2016 and March 2021. Sonomed-500 with the 7.5 L38 and 3.4 C60 probes
served as the research machine for the signal capture.

Data records: We present the database containing raw radiofrequency ultrasound signals from the beam former output of
the research ultrasound machine. The dataset consists of CFl and B-mode echoes recorded from twinkling objects. Therefore,
this database can be useful for those who test, develop and study ultrasound signal processing algorithms. Furthermore, the
database is freely available online. The 10.5 GB database consists of echoes received from five phantoms. Raw radiofrequency
signals were stored in the binary files; scanning parameters were stored in text files. The database is available at:
https://mosmed.ai/datasets/ultrasound_doppler_twinkling_artifact.

Code availability: The public can visualize the database content with the specially written program TwinklingDatasetDisplay
available at: https://github.com/Center-of-Diagnostics-and-Telemedicine/TwinklingDatasetDisplay.git.

Usage notes: The database can be used to test and develop signal-processing algorithms, such as wall filtration, velocity
estimation, feature extraction, speckle reduction, etc. Furthermore, the public is free to share (copy, distribute, and transmit)
and remix (adapt and do derivative works) the dataset considering appropriate credit is given.

Keywords: ultrasonography; color flow imaging; Doppler twinkling artifact; dataset; raw radiofrequency signals; ultrasound
phantoms.
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OueHKa reoMeTpUYECKUX OTKJIOHEHUMH,
BO3HMUKAKOLWMUX NPU BOCNPOU3BEEHUU TPEXMEPHDIX
Mojienei cpeacTBaMM aAAUTUBHOrO NPOM3BOACTBA,
Nno AaHHbIM KOMNbIOTEpHOI1 ToMorpadum

A.B. Wnpwmn'-2, U.C. Menesnax', B.H. Manaxosckui', C.B. Kywnapes', H.C. FopuHa'

! BoeHHo-MeamLMHCKaA akapemna uMenn C.M. Kuposa, CankT-Metepbypr, Poccuitckan Qenepauma
2 HaumoHanbHbIn nccnefosatensckuil yHmsepcutet UTMO, Cankt-Metepbypr, Poccuiickaa ®epepauua

AHHOTAUNA

0bocHosaHue. TeXHONornM TPEXMEPHOro MOLEIMPOBAHMA M TPEXMEPHOM NeYaTh K HaCTOALLEMY BPEMEHU HaLLNWN Npu-
MeHEeHWe B pasnnyHbIX 06MacTAX KNMHUYECKOW U GyHOAMEHTANbHON MeOULMHDBI, NPEUMYLLECTBEHHO XMPYPTrUMYECKON Ha-
npaBnieHHOCTW. [0BOpPA O MpeaonepaLyMoHHOM NOArOTOBKE XMPYProB, COOTBETCTBME HameyaTaHHbIX U3LEeNWU aHaToMUM
naumeHTa MOXKeT UrpaTb BaXHYI0 posib B OLIEHKe MaToNIOrMYecKMX M3MeHeHUM U cnocobax ux Koppekumn. Onpepenexuve
OTKNOHEHWI pa3MepoB NOYyYaeMblX MOLENEN COMPAHKEHO C STUHECKUMU U TEXHUHECKUMM TPYAHOCTAMM, CBA3AHHBLIMU C He-
06X0AMMOCTbIO OMpeaeneHna 3TanoHa U NpoBefeHNUs 60NbLLIOM0 KoNMYecTBa M3MEPEHMIA COOTBETCTBEHHO. B HacToALen
paboTe npefnaralTcA UCMONb30BaHUE B KAYECTBE 3TaflOHa FreOMeTPUYECcKoN dUrypbl C 3apaHee U3BECTHBIMM pa3Mepamu
M OLEHKA IMHEWHbIX OTKNOHEHUA MPM MOMOLUM WUTEPATMBHOMO anropuTMa bGAMMKaMILMX TOUYEK ANA KaOoW M3 BepLuMH
MOJy4eHHOW cpeACcTBaMU MPOTOTMNMPOBAHUA MOIUIOHANBHOW CETKM.

Llene — oueHWUTL reoMeTpuYecKMe OTKNOHEHWUA, BO3HMKAILME NpWU BOCNPOM3BEOEHUM O06BLEKTOB, MMUTUMPYIOLLUX
KOCTHYIO TKaHb, CpefICTBaMM TPEXMEPHOIO MOAENMPOBaHMA (Ha OCHOBE AaHHbLIX KOMMbIOTEPHON TOMOrpaduu) M ananTmBe-
HOro NPOM3BOACTBA.

Mamepuanel u Memodel. [InA co3paHna ucxogHoro obbekTta mcnonb3oanu nporpammy FreeCAD, pepfaktvpoBaHue
MOJMIOHanbHLIX CETOK NPoBoAMNIM B nporpamMMax Blender n Meshmixer. 3D-neyatb Mogeneit BbINOSHANM Ha NpUHTEpe
Ender-3 u3 copepawiero yactuubl Meamn PLA-nnactvka BFCopper. CkaHvpoBaHue npoussoamnm 128-cpe3oBbiM KOMIblo-
TepHbIM ToMorpadom Philips Ingenuity CT. Cepum Tomorpaduueckux nsobpamenuin 3arpyxanu B nporpammy 3D Slicer, roe
Ha UX OCHOBE CO3[aBajiM BUPTyasibHble MOJENM MeToflaMu aBTOMaTuUyecKkoi (C noporoBbiMM 3HaveHuamu 500 HU, 0 HU,
-500 HU, -750 HU) u pyuHoi cerMeHTaumu. CpaBHeHME UCXOOHBIX M BOCTPOM3BEAEHHBIX MOJenei NPOU3BOAMIN Ha OCHOBE
UTEepaTMBHOMO anropuTMa 6amManiumx Touek B nporpamMme CloudCompare.

Pe3synomameol. B 3aBUCMMOCTM 0T MeToa cerMeHTaLmm 06bEM BOCNpoU3BeAEHHLIX MOAesel npeBbilan 06bEM cooT-
BETCTBYIOLLIMX MCXOQHBIX Moaenen Ha 1-27%. CpeHue 3HaYeHUA NIMHEMHBIX OTKIOHEHUIA MONIUIOHANBHBIX CETOK BOCMPO-
n3BefEHHbIX Modenen oT ucxogHblx coctasmnm 0,03-0,41 mMM. CpaBHeHME 3HAYEHWI MHTErpasibHbIX CYyMM JIMHEMHbIX OT-
KNOHEHUN U U3MeHeHUI 06bEMa Mofenelt ¢ UCrnoNb3oBaHNEM KO3gGULMEHTa paHroBow Koppenauum CnpMeHa noKasano
Mey HUMK 3Ha4MMYI0 KoppenALumMoHHylo ceasb (p=0,83; t,,,.=5,27, p=0,05).

3aknoyeHue. TeoMeTpU4eCKMe NapaMeTpbl BOCMPOU3BOAMMOM0 06 bEKTA HEM3OEKHO M3MEHAIOTCA, NPU 3TOM UCKaKe-
Hue 6orbLUe 3aBUCUT OT BbIBPaHHOro cnocoba cerMeHTaLmMu, YeM 0T 06LLMX MacllTaboB Mofenu unu eé vacTew. Mcnonb-
30BaHMe py4HOro crocoba CerMeHTaLMm MOMET NPUBECTM K BONbLIEMY UCKAXKEHWIO JIMHEMHBIX Pa3MepoB (M0 CPaBHEHWMIO
C aBTOMaTU4eCKMM), HO NO3BONAET COXPaHUTL BCE HEOOX0AMMble aHAaTOMMYECKME CTPYKTYPbI.

KnioueBble cnoBa: KoMnbloTepHas ToMorpagus; 3D-mogenvposanue; 3D-neyath; npefonepauMoHHbIA Nepuog; Tou-
HOCTb BOCMPOW3BEAEHMA; UTEPATUBHbIA aNrOPUTM BNIMMKALIMX TOYEK.
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Evaluation of geometric deviations in rapid
prototyped three-dimensional models created
from computed tomography data

Aleksandr V. Shirshin® 2, Igor S. Zheleznyak', Vladimir N. Malakhovsky’,
Sergey V. Kushnarev', Nataliya S. Gorina'

! Kirov Military Medical Academy, Saint-Petersburg, Russian Federation

Z ITMO University, Saint-Petersburg, Russian Federation

ABSTRACT

BACKGROUND: Computer-aided design and three-dimensional printing have been used in various clinical and fundamen-
tal medicine fields, especially in surgery. For example, in the preoperative period, the correspondence of printed products to
the anatomy can play an important role in evaluating pathological changes and correction methods. However, determining
dimensional deviations of printed models involves ethical and technical difficulties associated with defining a reference and
taking many measurements, respectively. Therefore, we propose to use a geometric object with known dimensions as a
reference and estimate linear deviations using the Iterative Closest Point algorithm for each of the vertices of the prototyped
polygonal mesh.

AIMS: To evaluate the geometric deviations associated with creation of bone-like physical objects from computed tomog-
raphy data using computer-aided design and additive manufacturing.

MATERIALS AND METHODS: The source object was created using the FreeCAD application; Blender and Meshmixer soft-
ware was used for polygon meshes correction and transformation. The 3D printing was carried out on an Ender-3 printer with
copper-impregnated polylactide plastic BFCopper. Scanning was performed using a 128-slice tomograph Philips Ingenuity CT.
A series of tomographic images were processed in 3DSlicer software to create virtual models by semiautomatic segmenta-
tion with threshold values of 500 HU, 0 HU, -500 HU, =750 HU, and manual segmentation. Reproduced and reference polygon
meshes were compared using the Iterative Closest Point algorithm in CloudCompare software.

RESULTS: The volume of reproduced models exceeded the volume of respective reference models by 1%-27%. The
average point cloud linear deviation values of reproduced models from the reference ones were 0.03-0.41 mm. A significant
correlation between integral sums of linear deviations and changes in the volume of reproduced models was shown using
Spearman’s rank correlation coefficient (p = 0.83; t,,,, = 5.27, p=0.05).

CONCLUSION: The geometry of the reproduced object changes inevitably, while the linear deviations depend more on the
chosen segmentation method than on the overall size of the model or its structures. The manual segmentation method can
lead to greater linear deviations, though it saves all the necessary anatomical structures.

Keywords: computed tomography; computer aided design; 3D printing; preoperative period; dimensional measurement
accuracy; lterative Closest Point algorithm.
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06bekTuBHbIe Kputepuu MPT-oueHKu 3¢ peKTUBHOCTH
NleYeHUA MeTacTa3oB B KOCTU Y 60/IbHbIX paKkoM
npeAcTaTe/ibHOU ¥enesbl U paKOM MONOYHOM
}enesbl: cUCTeMaTUYeCKMI 0630p U MeTaaHanus

B.0. Punn, T.[1. bepe3osckas, C.A. NBaHoB

MeOULMHCKUI paamMonormyecki HayuHbiv LeHTp umenn A.O. Lbiba — punman ¢enepanbHoOro rocyfapcTBEHHOr0 HIOHETHOMO yUperaeHMA
«HaumoHanbHbIM MEAVLMHCKUIA UCCe0BaTeNbCKUIA LIEHTP pagmonorum» MuHucTepcTBa 3apaBooxpaHenna Poccuiickoit Oepepaumm, O6HMHCK,
Poccuitckan Oepepauma

AHHOTALUA

ObocHosaHue. Bo3MoXKHOCTb NepCOHMUUMPOBAHHOIO NOAX0AA K NIEYEHUI0 METAcTaTMHECKOr0 paKa NpeacTaTeNibHoM
wenesbl (PMHK) u paka mMonouHon *enesbl (PMHK) TpebyeT 06BEKTUBHLIX MeTOLOB OLEHKM OTBETA Ha JleYeHMe 04aroB
B crenete. [lokasaHHaA Bbicokan addexTBHOCTb MPT B BbiABNEHMM MeTacTa3oB B KOCTU B COYETaHUM C OTCYTCTBMEM
MOHW3MPYIOLLEr0 U3NYYeHWA CO3AAET NPefnochbiikM ANA UCMOMb30BaHUA METOAa B MOHWTOPUPOBaHMM X0Aa NeYeHWs
Ha 0CHOBE 0OBEKTMBHBIX KPUTEPUEB OLIEHKW TepaneBTMYECKOro 3dpPeKTa.

Llenb — oUEHWTb BO3MOMKHOCTM 06EKTUBHBIX KOIMYECTBEHHBIX U MOMYKoNMYecTBeHHbIX MPT-KpuTepueB B onpege-
neHun 3QdEKTUBHOCTU NiedeHuUA (pagmo-, X MMMO-, FOPMOHO- M TapreTHasA Tepanus) MeTacTa3oB B KOCTU, NPUMEHABLUMXCA
B KIIMHUYECKUX UccnefoBaHuax y 6onbHbix PIMTHK 1 PMAK.

Mamepuanel u memodel. Mowuck B 6a3zax gaHHbix Embase, PubMed, Cochrane Central Register of Controlled trials
(CENTRAL), eLibrary ocywectenancs go 01.06.2021 no Knio4eBbIM cioBaM «magnetic resonance imaging», «MRI», «DWi»,
«treatment response», «prostate cancer», «breast cancer», «<hone metastasis» Ha aHFMMINCKOM 1 PYCCKOM fi3bIKax. B 0630p
BK/II0YaNN TONBKO MCCNEAoBaHNUA Mo 06beKTUBHOM MPT-oueHKe 3pdeKTMBHOCTU floboro TMNa nevebHoOro BO3AeNCTBUSA
(33 MCKMIOYEHWEM XMPYPrM) NpU METAcTaTMYECKOM NOPaKeHUM CKeneTa.

Pesynemamel. Ha ocHoBanuu aHanu3a 11 uccnepoBaHui, oTobpaHHbIX M3 312 WCTOYHMKOB, BbiAeneHbl 4 rpynmbl
06beKTMBHbIX MPT-KpuTEpUEB OLEHKW TepaneBTUYECKOro a¢deKTa npu MeTacTaTMHecKOM MOpaXKeHUW KOCTeM Y 60MbHbIX
P v PMM, BKnioualowmx OMHAMUKY pa3MepoB, MHTEHCMBHOCTM CUrHana Ha Au¢dysnoHHO-B3BELLEHHOM M306pareHu,
UMCNOBLIX 3Ha4eHMW M3MepAeMoro Koapduumenta anddysmm (MKM), obluen onyxoneBoin Harpysku. N3MeHeHWA 3TUX Ko-
JIMYECTBEHHBIX M MOMYKOIMYECTBEHHBIX MOKa3aTeNlel BO BCeX paboTax, 3a eAMHCTBEHHBIM UCKIIOYEHUEM, UMENW OfMHAKO-
BYIO HaNPaBNEHHOCTb, XOTA U PasfMyanmcb YACNOBLIMU 3HAYEHUAMU. YUMTLIBAA CTATUCTMHECKM 3HAYMMYIO FeTEPOreHHOCTb
(p <0,1 ona kputepua x2 v npu 12 >40%) ana sHaueHnin UKL o v nocne nedenns, AN aHannsa UCnonb3oBanack Moaenb ciy-
yanHbix 3pdexToB. N3menenne VK[ B pesynbtate neyenns B cpeaHeM coctasuno +0,35 [+0,12; +0,49] x10-° mm?/c co cpea-
HUMM 3Havenmammn UKL po neyennsa 0,83 [0,71; 1,03] x10-3 mm?/c, nocne neyenna — 1,18 [0,83; 1,49] x10-3 mm?/c.

3axnoyenue. MPT aBnAeTcA MHPOPMATMBHOM METOAMKOM ONA OOBHEKTMBHOW OLEHKM OTBETA KOCTHBIX METacTa3oB
Ha Tepanuio y 6onbHbIX PITHK 1 PMHK Ha ocHOBe KONMYECTBEHHBIX 1 MOMYKONIMYECTBEHHBIX KPUTEPUEB U UMEET 3HAUMTESIb-
HbI MOTEHLMAN B KA4eCTBE AMArHOCTUYECKOr0 UHCTPYMEHTa ANA MOHUTOPUPOBaHMA 3PDEKTUBHOCTH NeYeHUA MeTacTaTu-
YECKOro NOPaMKeHUA CKeneTa.

KnioueBble cnoBa: MarHUTHO-pe30HaHCHaA TOMOrpadua; MeTacTasbl B KOCTW; OTBET Ha NleYeHUe; MeTacTaTUYeCKMiA paK
MOJI0YHOW ene3bl; METACTaTUYECKMIA paK NpeacTaTelbHOM HKenesbl.
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Objective criteria for MRI evaluation

of the effectiveness of treatment of bone metastases
in patients with prostate cancer and breast cancer:
systematic review and meta-analysis

Vladislav O. Ripp, Tatiana P. Berezovskaya, Sergey A. Ivanov

A. Tsyb Medical Radiological Research Center — branch of the National Medical Research Radiological Center of the Ministry of Health of the Russian
Federation, Obninsk, Russian Federation

ABSTRACT

BACKGROUND: The possibility of a personalized approach to the treatment of metastatic prostate cancer and breast
cancer requires objective methods for the evaluation of the response of foci treatment in the skeleton. The proven high
efficiency of MRl in detecting bone metastases, in combination with the absence of ionizing radiation, has laid the groundwork
for using this method in monitoring the treatment course based on objective criteria for evaluation of the therapeutic outcome.

AIM: To assess the possibilities of quantitative and semi-quantitative parameters of MRI-evaluation of treatment efficacy
(radiation, chemotherapy, hormane therapy, and targeted therapy) of bone metastases that were used in prostate and breast
cancer clinical trials.

MATERIALS AND METHODS: We searched the databases Embase, PubMed, Cochrane Central Register of Controlled Trials
(CENTRAL), eLibrary until April 1, 2021, using the following keywords: magnetic resonance imaging, MRI, DWI, treatment
response, prostate or breast cancer, and bone metastasis. We only included studies related to the MRI-evaluation of treatment
efficacy of any type of therapeutic intervention (with the exception of surgery) for metastatic skeletal lesions in this review.

RESULTS: We selected and analyzed 11 out of 312 sources found as a result of the search. It allowed us to identify four
groups of objective MRI criteria for evaluating the therapeutic effect in metastatic bone lesions in patients with prostate and
breast cancer, including the dynamics of sizes, signal intensity on DWI, ADC, and tumor total diffusion volume (tDV). Changes in
these quantitative and semi-quantitative indicators, with only one exception, had the same direction, although they differed in
numerical values. A random-effects model was used for analysis considering the presence of statistically significant heterogeneity
(p <0,1 for x? test; I? >40%),. The change in ADC as a result of treatment averaged +0.35 [+0.12; +0.49] x10~° mm?/s, with average
values of ADC before treatment — 0.83 [0.71; 1.03] x1073 mm?/s, after treatment — 1.18 [0.83; 1.49] x107 mm?/s.

CONCLUSION: MRl is an informative technique for the objective evaluation of the response of bone metastases to therapy
in patients with prostate cancer and breast cancer based on quantitative and semi-quantitative parameters. It has significant
potential as a diagnostic test instrument for monitoring the effectiveness of treatment of metastatic skeletal lesions.

Keywords: magnetic resonance imaging; bone metastasis; treatment response; metastatic breast cancer; metastatic
prostate cancer.
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Ponb MarHuTHo-pe3oHaHCcHOI ToMorpadpum
B BbifIBJICHUU 3/1I0KA4YECTBEHHbIX JIEFOYHbIX Y3/10B:
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AHHOTALNA

Llens — oueHKa BO3MOXKHOCTU MeTOAA MarHUTHO-pe30HaHCHOM ToMorpaduu (MPT) opraHoB rpygHOM KNeTKu ANA Bbl-
ABNEHWUA NErOYHbIX Y3/10B, MOA03PUTENbHBIX B OTHOLIEHUM 3110KA4YECTBEHHOCTH, B CPABHEHUM C KOMMbIOTEPHOW TOMOrpa-
duen (KT).

Mamepuanel u MemodeL. NpoBenéH nouck B 6asax faHHbix PubMed u Google Scholar 3a nepuop o 7 anpena 2021 r.
BKIOYNTENBHO. B COOTBETCTBUM C KpUTEPUAMM COOTBETCTBMA ObINM 0TOBpaHbI UCCeoBaHMA, B KOTOPbIX NPOBOAMNIAch
oueHKa cnocobHocT MPT u KT K BbIABNEHWIO NErOYHbIX Y3/10B, NOA03PUTENBHBIX B OTHOLLEHUM 3/10Ka4ecTBEHHOCTM. Bbibop
MeTo[a aHanu3a W rpynnupoBKU AaHHbIX 0 YYBCTBUTENTBHOCTU U CNELUPUUHOCTM BLINOAHANN MO pe3yNibTaTaM OLeHKM re-
TEPOreHHOCTU UCCriefoBaHWA. [1NA OLEHKM CTAaTUCTUYECKOW reTeporeHHOCTM UCCefoBaHWM, BRIKOYEHHBIX B MeTaaHanms,
NpUMEHANN KpuTepnin cornacusa MpcoHa X v MHOEKC reTeporeHHocTy |2,

Pe3synomamei. Mo pe3ynbTatam noucka 6buino otobpaHo 168 pabot, B MeTaaHanus oo 21 uccnegosanue. OtobpaH-
Hble paboTbl BRAYanu 1188 nauuenTos. Mo pesynbTaTaM MeTaaHanu3a BbIABNEHO HanM4Me CTaTUCTUYECKM 3HAYMMOA
reteporeHHocTvt p <0,00001 no KpuTepmio X2 U MHOEKC reTeporeHHocTy 2=99% ans yyBCTBUTENBHOCTM M CELMGUUHOCTY.
B cBA3M c 3TMM AnA aHanu3a gaHHbIX UCMOb30Bany METOR Cly4anHbIX 3QQeKToB. 3HauYeHWA JyBCTBUTENBbHOCTM AnA MPT
Haxogunucb B avanasoHe ot 70,4 no 100%, cneungmyHoctn — ot 60,6 no 100%.

3axnoyenue. MPT obnafaeT [OCTaTOMHOM YYBCTBUTENBHOCTBIO U CNELIMGUYHOCTBIO 417 ONpefeneHnA 3/10KaYecTBeH-
HOCTM NErOYHbIX Y3N0B, 06HapyeHHbIX npy KT-auarHocTuke.
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Role of chest MRI for the diagnosis of malignant
pulmonary nodules: a systematic review
and a meta-analysis

Yuriy A. Vasilev" 2, Olga Yu. Panina" %3, Evgeniia A. Grik?, Kate A. Akhmad', Yulia N. Vasileva’

! Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies of Moscow Health Care, Moscow, Russian Federation
Z City Clinical Oncological Hospital No. 1, Moscow, Russian Federation
3 Moscow State University of Medicine and Dentistry named after A.l. Evdokimov, Moscow, Russian Federation

ABSTRACT

AIM: To evaluate the ability of magnetic resonance imaging (MRI) of the chest to detect malignant pulmonary nodules
compared to compute tomography (CT).

MATERIALS AND METHODS: We searched the following databases with the final date of search on April 7th, 2021:
PubMed, Google Scholar. We selected studies according to the inclusion and exclusion criteria that assessed the detection of
malignant lung nodules by MRI and CT and included information about sensitivity and specificity. Method of the analysis and
data grouping was chosen with regard to statistical heterogeneity of the studies included in the analysis. We used the x? test
and |2 statistic to evaluate the heterogeneity.

RESULTS: We selected 168 articles for the systematic review from the PubMed and Google Scholar databases. We in-
cluded 21 studies on 1,188 patients in the meta-analysis and revealed statistically significant heterogeneity (p<0,00001
for x2 test; 12=99%) for sensitivity and specificity. Hence, we used a random-effect model for further analysis. As a result,
values of sensitivity for detection of pulmonary nodules with MRI of 70.4%-100%, specificity — from 60.6% to 100%.

CONCLUSIONS: Thus, MRI has sufficient sensitivity and specificity for detecting malignant pulmonary nodules primarily
discovered with CT.

Keywords: MRI; solitary pulmonary nodule; lung cancer; benign; malignant.
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8 Huang [39] 2020 1,5 Magnetom Aera, Siemens UTE free-breathing
9 Koo [36] 2019 3,0 Magnetom Skyra, Siemens T2FSE
10 Koyama [37] 2008 1,5 Intera, Philips STIR
11 Koyama [38] 2015 1,5 Achieva, Philips DWI (ADC)
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Test for overall effect: Z = 7.70 (P < 0.00001)

MPT KT Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI

Both 2005 100 1 20 100 1 20 5.7% 0.00 [-0.62, 0.62] r

Bruegel 2007 0 0 28 0 0 28 Not estimable

Chang 2015 89 1.275 36 25.6 14.703 36 5.6% 6.01 [4.90, 7.12] -

Cieszanowski 2016 0 0 50 0 0 50 Not estimable

Dewes 2015 79.1  2.25 54 100 1 54 5.5% -11.92[-13.58, -10.26] -

Fatihoglu 2019 88.2 1.43 53 100 1 53 5.6%  -9.49 [-10.85, -8.14] -

Heye 2012 100 1 28 100 1 28 5.7% 0.00 [-0.52, 0.52]

Huang 2020 98.9 0.099 120 100 1 120 5.7% -1.54 [-1.83, -1.25] -

Koo 2019 70.4 2.527 68 100 1 68 5.5% -15.32[-17.19, -13.44] -

Koyama 2008 60.6 1.882 161 100 1 161 5.5% -26.08[-28.12, -24.05] —

Koyama 2015 33.3 3.926 32 100 1 32 4.7% -23.00 [-27.14,-18.86] ——

Meier-Schroers 2016 100 1 30 100 1 30 5.7% 0.00 [-0.51, 0.51]

Meier-Schroers 2019 93 0.719 82 100 1 82 5.7% -8.00 [-8.93, -7.07] -

Ohno 2017 99.6 0.055 52 99.6 0.055 52 5.7% 0.00 [-0.38, 0.38]

Regier 2011 92.3 1.589 20 100 1 20 5.6% -5.68 [-7.14, -4.23] -

Satoh 2008 61.1 3.328 51 100 1 51 5.4% -15.71[-17.95, -13.48] -

Schaefer 2006 75 3.125 36 100 1 36 5.5% -10.66 [-12.51, -8.81] -

Schroeder 2005 93.5 1.11 30 100 1 30 5.6% -6.07 [-7.31, -4.84] -

Sommer 2014 0 0 49 0 0 49 Not estimable

Vogt 2004 96.2 0.468 61 100 1 61 5.7% -4.84 [-5.55, -4.13] -

Yi 2007 67 1.962 127 100 1 127 5.5% -21.13 [-23.00, -19.26] -

Total (95% CI) 1188 1188 100.0% -8.28 [-10.45, -6.11] L 2

IZl Heterogeneity: Tau? = 21.41; Chi? = 2471.61, df = 17 (P < 0.00001); I> = 99% 7250 7{0 3 150 250

Test for overall effect: Z = 7.48 (P < 0.00001) MPT [experimental] KT [control]
MPT KT Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI

Both 2005 100 1 20 100 1 20 4.9% 0.00 [-0.62, 0.62] T

Bruegel 2007 72 3.81 28 100 1 28 4.5% -9.91[-11.89, -7.94] -

Chang 2015 84.8 1.678 36 84.8 1.678 36 4.9% 0.00 [-0.46, 0.46]

Cieszanowski 2016 100 1 50 100 1 50 4.9% 0.00 [-0.39, 0.39]

Dewes 2015 88.1 1.427 54 100 1 54 4.7% -9.59 [-10.95, -8.23] -

Fatihoglu 2019 72.2 3.684 53 100 1 53 4.7% -10.22 [-11.68, -8.77] -

Heye 2012 100 1 28 100 1 28 4.9% 0.00 [-0.52, 0.52] 1

Huang 2020 81.2 3.684 120 100 1 120 4.9% -6.94 [-7.62, -6.27] -

Koo 2019 70.4 2.527 68 100 1 68 4.5% -15.32[-17.19, -13.44] -

Koyama 2008 96.1 0.295 161 100 1 161 4.9% -5.28 [-5.74, -4.81] -

Koyama 2015 70.4 3.684 32 100 1 32 4.5% -10.83 [-12.83, -8.83] -

Meier-Schroers 2016 100 1 30 100 1 30 4.9% 0.00 [-0.51, 0.51]

Meier-Schroers 2019 87 1.249 82 100 1 82 4.7% -11.44[-12.73, -10.15] -

Ohno 2017 93 0.903 52 93.4 0.855 52 4.9% -0.45 [-0.84, -0.06] b

Regier 2011 97 0.651 20 100 1 20 4.8% -3.48 [-4.50, -2.47] -

Satoh 2008 88.9 1.382 51 100 1 51 4.7% -9.13 [-10.47, -7.80] -

Schaefer 2006 100 1 36 100 1 36 4.9% 0.00 [-0.46, 0.46]

Schroeder 2005 85.4 2.276 30 100 1 30 4.6% -8.20 [-9.80, -6.60] -

Sommer 2014 78 2.451 49 100 1 49 4.6% -11.66[-13.37,-9.95] -

Vogt 2004 93 0.834 61 100 1 61 4.8% -7.55[-8.58, -6.53] -

Yi 2007 97 0.258 127 97 0.258 127 4.9% 0.00 [-0.25, 0.25]

Total (95% CI) 1188 1188 100.0% -5.59 [-7.01, -4.16] <&

Izl Heterogeneity: Tau? = 10.70; Chi® = 2239.91, df = 20 (P < 0.00001); I* = 99% _250 _{0 ) 150 250

MPT [experimental] KT [control]

SRFFME (@) FIUSME (b)) BB AR E [40] o
ER: SMD (standardized mean difference) — FrtELFIIZE; CI (confidence interval) — BESXIHE.
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Tomorpaqmn PaKa rososbl U LWeU

B.C. Metposuues’, M.B. Hekniogosa', B.E. Cunuusin?, U.I. HUKNTUH'

! HaumoHanbHbIi MeAULMHCKUIA MCCea0BaTesbCKUN LEHTP «JledebHo-peabuinTaumonHbIi LeHTp», Mockea, Poccuitckan ®eaepaums
2 MOCKOBCKMIA rocyapcTBeHHbIN yHUBepcuTeT uMeHn M.B. NloMoHocosa, MockBa, Poccuitckan Depepauns

AHHOTAUMA

BbinonHeH 0630p nybnmKaumin No AMarHOCTMKe paka 06n1acTi rofoBbl U LWen MeTOA0M [ABYX3HEPreTUYECKON KOMbio-
TepHon ToMorpadum (A3KT); u3yyeHsl pe3ynbTaThl KAHECTBEHHOMO U KONMYECTBEHHOMO aHanW3a AaHHbIX, NOMy4eHHbIX Me-
To0M [I3KT ¢ BHYTPMBEHHBIM KOHTPACTMpOBaHWEM NpU OMYXONAX AaHHON NOKaNU3aLumm; NoKasaHa BaXHOCTb MOCTPOEHNA
VOOHBIX KapT ANA NOAyYeHUA [OMNONHUTENBHON OUArHOCTUYECKOM MHPOPMALIMK; ONMCaHbl aCNeKTbl YNyYLLEHWA BU3yanu-
3aumum opodapwvHreansHon 0bnacTu Ha GoHe apTedaKToB OT CTOMATONOrMYECKUX UMMNIAHTaToB. PAR NpuBEAEHHBIX B CTa-
Tbe Hay4HbIX paboT 0CBELLAeT COBPEMEHHOE COCTOAHWE BOMPOCA U POib MOCTMPOLIECCUHIA «ChipbiX faHHbIX» [A3KT, nony-
YeHWA [ManasoHa MOHOXPOMATUYECKMX U306ParKeHWIA OMYXOMEBbIX U UHBIX MaTONOrMYECKUX U3MEHEHWI 06N1acTy ronoBbl
u wewu, B ToM yncne cpasHuBatotcA [I3KT ¢ BHYTPMBEHHBIM KOHTPACTUPOBaHWEM W PYTUHHAA KOMMbOTEPHaA TOMorpagus
C TOYKM 3pEHMA YMEHbLUEHUA NIy4eBOM Harpy3KM Ha MALMEHTOB, B YAaCTHOCTM 3a CYET nonyyeHUsA B xofde noctobpaboTtku
BMPTYyabHbIX HAaTUBHBIX AWArHOCTUYECKUX U300parKeHnit U3 KoHTpacTHoM cepum obbéMoB [3KT. 0630p, noMmnmo nocnea-
HWX aKTyanbHbIX Hay4HbIX AaHHbIX, BKMIOYAET TaKMKe CChIKM Ha paboTbl no uctopum passutua J3KT kak Metofa. Kpatko
WU3N0MeHbI PU3MYecKMe NPUHLMNBI, Nexallme B ocHoBe [3KT, 1 nepcneKTvBbI pasBuTuA MeToda.

KnioueBble cnoBa: AByXx3HepreTUyecKas KOMNbloTepHasA ToMorpadus; cneKTpanbHas KoMnbloTepHas ToMorpagus; [JIKT;
PaK rosoBbl U LeM; NIOCKOK/ETOYHBIN paK.
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Dual-energy computed tomography for head
and neck cancer
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ABSTRACT

This study reviewed the head and neck cancer diagnosis publications using dual-energy computed tomography (DECT).
The qualitative and quantitative analysis of the data was DECT obtained using intravenous contrast enhancement for localized
tumors, which shows the importance of constructing iodine maps for obtaining additional diagnostic information. Including the
article is described aspects of improving visualization of the oropharyngeal region against the background of artifacts from
dental implants. Several research articles highlight the current state of the issue and the role of post-processing of “raw data”
DECT, obtaining a range of monochromatic images of a tumor and other pathological changes in the head and neck region in
the article. Several learned treatises were also reflected. DECT with intravenous contrast enhancement and routine computed
tomography to reduce radiation exposure to patients were compared particularly due to the possibility of obtaining virtual
native diagnostic images from a contrasting series of DECT volumes during post-processing. In addition, this review also
includes references to works that highlight the development of DECT as the method. Finally, the physical principles underlying
DECT and the prospects for the development of the method are briefly represented.

Keywords: dual energy computed tomography; spectral computed tomography; DECT; head and neck cancer; squamous
cell carcinoma; SCC.
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TRzl FIFXEE RS — AR H E RE T
1 BB 0 A B o0 i R AZ oA RL . XA LTS
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PN BEJR A, B AE I R p e W 2 R
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N8OF140T FL) FIH £ Z1HHE LI ZE 4
(MSCT; & _LHIRN120FF0) 1E Sk i 4%
P LA KRR EZS . R, DECTEE T
WSO R (14] . AR, H20104ELCK, W2
W FE 27T VP45 XS & T ML L i 2 X 46 sk )
JokJps PR 22 AT REME (15 - 251 . ME4REA. Schwahofer
AA3#126], FEDECTARA 5 Ab B ik 2 vh 3R 45 1
B A 1 A A U Dl e ) AN
4.5 TE/ R (i, EREER) B, A ARE
WD O E B . X0 R 5 B &
JUFE3EA AL, ABLERRIBEE T, & nr B
T ORI A AR S o X TR KT
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HARE EE R O10 50/ [ FRE: .
H L IRATAT LA &5, 25 R BHRIBURE 7 1Y
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26] .

M, WRIET. Weipf&EH(27], &EHE
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BA® kev {HREHLEREEEG S, TEMHH
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BRI ERD - =100 - B keV MER
SE (B CT / Wygpe: 2 (1-3) /3 (1-5),
p=0.05 . R ERE, MR
FE A RSB RTAAL (B, CT/ WM ygg,: 2 (14
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IR A . 2 A% LR IE R L2 -
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B PP E 1 B B S R (%) Bk
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K Bonpocy 06 3TMYeCKUX acneKrax BHeApeHUA CUCTEM
UCKYCCTBEHHOro UHTeNJIeKTa B 3paBO00XpPaHeHUU

[.E. LLlapoBa, B.B. 3uHueHko, E.C. AxMag, 0.A. MokueHKo, A.B. Bnagsumupckui, C.I1. Mopo3os

Hay4Ho-npaKTUYecKWi KIMHWUYECKUIA LEHTP AMArHOCTUKM U TeneMeauLIMHCKUX TexHonormi [enaptameHTa 34paBooxpaHeHua . Mockebl, Mockea,
Poccwiickan Qegepauma

AHHOTAUNMA

PaccMaTpuBaloTcA 3TMUECKME BOMPOCH! MPUMEHEHUA B XO[E MU3HEHHOTO LIMKIIA CUCTEM WCKYCCTBEHHOTO MHTENNEKTa;
npeAcTaBneHa aKTyanbHaA MHGOPMALMA 0 MUPOBLIX U OTEYECTBEHHBIX TEHAEHUMAX B 3TOM chepe. OnucaH MerayHapoa-
HbI W HaLMOHabHBIMA OMbIT B 06/1aCTV 3TUYECKUX BOMPOCOB NMPUMEHEHUA CUCTEM UCKYCCTBEHHOMO MHTEN/EKTA B 3[paBo-
OXPaHeHWW; pa3obpaHbl MerayHapOAHbIE U HaLMOHanNbHbIE CTPaTErMM Pa3BUTUA UCKYCCTBEHHOTO MHTEN/IEKTA B 34paBo-
OXpaHeHWUW, rae 0coboe BHUMaHWe yOenAeTcA HALMOHANbHOMY Pa3BUTUIO, U BbIABNEHbI OCHOBHbIE TEHAEHLUMM, CXOACTBA
W pas3nnumnaA Memxay ctpaternamu. OnucaHbl Take 3TUYECKMe COCTaBMALLME MPOLIECCa KITMHUYECKUX UCTIbITAHWIA CUCTEM
MCKYCCTBEHHOr0 MHTeNNEKTa B Poccuu, B paMKax KOTOpbIX OLEHMBAIOTCA MX 6e30MmacHOCTb M 3QPERTUBHOCTb. B paMKkax
nepesioBOro OTEYECTBEHHOMO OMbITa MO TEXHUYECKOMY PErysIMpOBaHUI0 CUCTEM MCKYCCTBEHHOMO WHTEN/IEKTa, aHanoroB
KOTOpPOMY HET B MMpE, NpeACcTaBfieHbl paboTbl N0 YHUGMKaLMK M CTaHAapTU3aLumMmM TpeboBaHMM, UCMONb3yeMble NpU pas-
paboTKe, TECTUPOBAHWM M 3KCMNTyaTaLMM CUCTEM UCKYCCTBEHHOMO MHTEMNEKTA B 3[PaBOOXPAHEHUN U YHUKANLHBINA OMbIT
Poccun B yacT cepTUGMKALMOHHBIX TPE6OBaHUI K MEAULIMHCKUM U3LENNAM, UCMOMb3YIOLMM TEXHOMOMMU UCKYCCTBEH-
HOrO UHTENMeKTa.

Ocobo nog4épKHYTa BaXKHOCTb MOCTPOEHWA YCMELIHOW CUCTEMbI 34paBO0XPaHEHMA B 0611acTU TEXHONIOMMUI UCKYCCTBEH-
HOr0 WHTEN/EKTa, KOTOpan crnocobCTBYET YKPENNEHWO OBEPUA U COBMIOAEHUIO STUUYECKUX HOPM.

KnioueBble cnoBa: KNMHUYECKAA 3TUKa; MCHYCCTBEHHbIVI MHTENNeKT, CTaHAapTU3aumA; KIMHUYEeCKUe UCNbITaHUA.
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On the issue of ethical aspects of the artificial
intelligence systems implementation in healthcare

Daria S. Sharova, Viktoria V. Zinchenko, Ekaterina S. Akhmad, Olesia A. Mokienko,
Anton V. Vladzymyrskyy, Sergey P. Morozov

Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation

ABSTRACT

This article aimed to analyze the ethical issues associated with different stages in the life-cycle of artificial intelli-
gence (Al) systems and provide up-to-date information about global and domestic trends in this subject. Described herein
are the international and national experiences with ethical issues of Al systems used in healthcare. In addition, the inter-
national and national strategies for the development of Al in healthcare are analyzed, with a focus on national develop-
ment. Moreover, the main trends, similarities, and differences between strategies are identified. Furthermore, the ethical
components of the clinical trial process are described to evaluate the safety and efficacy of Al systems in Russia. Domestic,
state-of-the-art, and globally unique experience in the technical regulation of Al systems is shown on unification papers
and standardization of requirements for the development, testing, and operation of Al systems in healthcare are presented;
finally, the unparalleled Russian experience in certification requirements for Al-based medical devices is demonstrated.
Furthermore, the article summarizes the main conclusions and emphasizes the importance of a strong successful health-
care system based on Al technologies that build trust and compliance with ethical standards.

Keywords: clinical ethics; artificial intelligence; standardization; clinical trial.
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CoBpeMeHHble TEXHOJIOrMU BU3yanusauum
U TepMoabnauuu ovaroB runepnapaTupeosa

N.0. Pymanues', A.A. By6ros? 3, M.B. [lertapes?, K.l0. Cnawyk?, C.M. 3axaposa’,
[0.10. Arn6anos?, B.10. TumoLuenko™ *

! MeayHapoaHbIit MeaMumMHCKMiA LeHTp «COMA3 MEOWLMHA», Cankr-Metepbypr, Poccuitckas Oepepaums

2 HaumoHasbHbIM MeMUMHCKMIA MCCRIe[0BaTENbCKMIA LIEHT SHOOKpUHonorm, Mockea, Poceuitckas Qepepaumsa
3 HaumoHanbHbIl UccnenoBaTenbeKkuii AepHbIit yHreepeuteT MUOU, Mockea, Poceuitckas Oepepaumsa

“ MoCKOBCKMI rocy1apcTBeHHbIN YHMBepcUTeT uMeHn M.B. JloMoHocoBa, Mockea, Poccuiickas Qenepauma

AHHOTALUA

MaTonorua OKONOLUMTOBUAHBIX HeME3 Mo YacToTe BCTPEYAEMOCTM HaXOOMUTCA Ha TPETHEM MeCTe Cpeay SHOAOKPUHHBIX
bonesHen, ycTynasa caxapHoMy AuabeTy W 3aboneBaHUAM LUUTOBUAHON Hene3bl. Ha cerofHAWHUIA AeHb B KIMHUYECKO
MPaKTUKe LUMPOKO NPUMEHAIOTCA TONTbKO [Ba METO/a JIEYEHMA rMNepnapaTMpen3a — KOHCEPBATMBHBIN U XUPYPrUYECKUN.
OpHako B nocnefHve BpeMA MOMMMO HUX MOSBMIMCH CMOCOObLI TPAHCKYTaHHOWM TepMOAecTpyKumMu (abnaumm), ocHoBaH-
Hble Ha NpULENIEHOM PU3NYECKOM BO3[EMCTBUM — Nla3epHOM, PaMoYacToTHOM, MUKPOBOJSTHOBOM, Y/bTpa3ByKoBoM. Ha-
CTOALLMIN 0630p MOCBALLEH KPUTMYECKOMY aHanM3y COBPEMEHHOr0 apceHana MeTo[0B JIOKaNbHOM TEPMOLECTPYKLMUMN TU-
nepyHKLMM OKONOLUMTOBUAHBIX HeNé3 npu runepnapatupeose. Llenb 063opa — noKasaTb BO3MOMHOCTU COBPEMEHHBIX
HEMHBA3WBHbIX M MaNOMHBa3UBHbLIX METOJOB NIEYEHWUA rMneprapaTupeo3a 6e3 NpoTMBOMOCTABAEHUA X XMPYPTrU4ECKOMY
meTody. B 0630p BKNIoYeHbl faHHble paHAOMU3MPOBaHHLIX KMHUYECKUX MCCNegoBaHuiA 3a nepuog ¢ 2012 no 2021 r.,
HanpeHHbIx B Google Scholar, Pubmed. O6wee Konuuyectso naumentos — 1938 (nasepHas abnauma — 216, paguoya-
CTOTHaA abnaumsa — 225, MMKPOBO/IHOBaA abnauma — 1467, abnauma ynbTpasByKoM BbICOKoW nnotHoct — 30). Mony-
YeHbl KpUTEPUM NPUMEHUMOCTU MeTO0B TepMoAEeCTPYKLUMKW. CocTaBneH anropuTM no JieYeHuto runeprnapatyMpeo3a. TakuMm
06pa3oM, B Ka4ecTBe anbTepPHATMBbI XMPYPrMyecKoMy BMELLATeNbCTBY NPOaHaNM3MpoBaHbl YeThipe COBPEMEHHBIX MeToaa
TEPMOLECTPYKLIMM NATONOrMYECKU U3MEHEHHBIX OKOJIOLLMTOBUIHbIX HENE3, KarKablA U3 KOTOPbIX MMEET NpenMyLLecTBa
M HeJoCTaTKK, CBOW NPoduib 3pGeKTMBHOCTM U be3onacHocTU. Kak NoKasbiBaeT aHanu3 CyLLeCTBYIOLLEN [oKa3aTeNbHOM
NPaKTUKKW, HanbonbLLE NONYNAPHOCTbIO CPEAM KIMHULMCTOB NOMb3yeTcA METOA MWUKPOBOJIHOBOW abnauuu, ofHako 60-
nee 3 $eKTMBHBEIM METOZOM TEPMOZECTPYKLUMU FUNepPYHKLMOHMPYIOLLIMX OKONOLLMTOBUAHBIX HENE3 ABNAETCA Na3epHan
abnaums.

KnioueBble cnoBa: runepnapatvMpeos; TepMOAECTPyKUMS; abnauma OKOMOLMTOBMOHBIX Menés; nasepHana abnauus;
pafiMoyacToTHaA abnauua; MUKpoBoHOBaA abnauma; HIFU-abnaums.
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Methods of medical visualization and thermal
ablation as a new approach to treatment
of hyperparathyroidism

Pavel 0. Rumyantsev', Aleksandr A. Bubnov? 3, Mikhail V. Degtyarev?, Konstantin Yu. Slashchuk?,
Svetlana M. Zakharova?, Dmitry Yu. Agibalov?, Viktor Yu. Timoshenko® *

! International Medical Center “SOGAZ", Saint-Petersburg, Russian Federation

2 Endocrinology Research Centre, Moscow, Russian Federation

3 National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Moscow, Russian Federation
“ Lomonosov Moscow State University, Moscow, Russian Federation

ABSTRACT

The pathologies of parathyroid glands are widespread among endocrine system diseases, excluding diabetes and thyroid
pathology. There are only two methods that are used to treat hyperparathyroidisms, such as surgery and conservative thera-
py. However, transracial thermal destruction methods (ablation) have recently appeared in clinical practice. The methods have
good precision and connect with physical phenomena, such as interaction laser, radiofrequency, microwave, and HIFU irradia-
tion with bio substance. The review is dedicated to critically analyze the modern methods for local thermal destruction of the
hyper-functioning parathyroid glands. The review includes data from randomized clinical trials from 2012 to 2021. The studies
were from Google Scholar and Pubmed with a total number of 1,938 patients (laser ablation — 216 patients, radiofrequency
ablation — 225, microwave ablation — 1467, high-density ultrasound ablation — 30 patients). Recommendations methods
of thermal destruction application were obtained during the review. Furthermore, we have designed some algorithms for
hyperparathyroidism treatment. Moreover, thermal destruction methods were observed. There are four modern methods of
thermal destruction which have been analyzed like alternatives to surgery. Each of them has advantages and disadvantages,
its profile of safety and effectiveness. After processing information from a proven database, the most popular among spe-
cialists is methods of microwave ablation. However, laser ablation is more effective than other ways.

Keywords: hyperparathyroidism; thermal destruction; ablation of parathyroid glands; laser ablation; radiofrequency ablation;
microwave ablation; HIFU ablation.
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Pap,MOTepaHocmua npuxoauT Ha nNoMoLlb
[1.0. PymAHUEeB

MexayHapoaHbii MeauumHckmi LeHTp «COMA3-Mepaumumnar, CaHkT-etepbypr, Poccuiickan ®efepauns

AHHOTAUNA

Cutyaumsa ¢ naHgemmenn COVID-19 He yMeHblUMMA MHTEpECA K PagMOTepPaHOCTMKE, CKopee, HaobopoT, 3anpoc Ha BU-
3yanusaumio NaTenorMyeckmx NpoLEeCCcoB C MOMOLLbIO KPOCC-CEKLMOHHBIX M FMOPUOHBIX TOMOrpadnuecKMx uccienoBaHui
(pPeHTEHOBCKOWM M MarHWTHO-Pe30HAHCHOW, 0AHO(OTOHHOW 3MMUCCMOHHOM, NMO3UTPOHHO-3MUCCUOHHOM) TOMBKO YCUITUACA.
(DaKTn4eckm 3a nocnegHue 15 Mec B MUpe HabnIoAaeTCA IKCMOHEHLMANbHDBIA POCT UHBECTULIMIA B HOBble paauodapMales-
TUYeCKUe Npenapatbl AN1A paguoTepaHocTUKK. [To Mepe BbIACHEHWA MONEKYAPHBLIX MEXaHU3MOB PErynALUM U UCMONHEHUA
METaboNMYEeCKMX NPOLLECCOB, PacLLMPAETCA NepeyveHb aHTUTEN U INraHOOoB, MEYEHHbIX «MeAULIMHCKUMUY pain0aKTUBHbI-
MM M30TOMaMK. TaKkKe pacLUMPAETCA CMEKTP AMarHOCTUYECKMX U NieYebHbIX PaaMoaKTUBHBIX M30TOMOB, YTO B KOHEYHOM
UTOre pa3BMBAET aCCOPTUMEHT M LOCTYMHOCTb PaAMOTEPAHOCTUKM B LIEHTPaX ALEPHON MeaMLMHBI BO BCeM Mupe. [InA pas3-
BUTWA PagMoTePaHOCTUKM HeobX0aMMO 0b6beguHEHME YCUMIA U3MKOB, paaModapMaLeBToOB, XMMUKOB, 610M10r0B, Bpayei
“ MaTeMaTuKoB. Mcnonb3oBaHMe M COBEPLUEHCTBOBaHME NEPCOHANM3MPOBAHHOM O3MMETPUM ANA NNAaHUPOBaHMA paamo-
HYKMIMZHOM Tepanum TaK*Ke ABAETCA NPUOPUTETHBIM HanpaBneHneM. MexayHaponHbin doHg Oncidium, HanpuMep, noMo-
raet B UHPOPMALIMOHHOM MaHe U 0OMEHY OMbITOM, @ MEHKYHapoAHoe AMarHocTuyeckoe uccnegosaune NOBLE nossonset
MOBbICUTb JOCTYMHOCTb U CHU3UTb cToMMocTb PSMA-peuienTopHoi cumMHTUrpaduu. B Lienax MHTeHCUGUKaLMK UHTerpaum-
OHHOro 06HOBNIEHMA ALEPHOM MeAMLUMHBI CO3[aHa accoumaLma pasBUTMA TeEPaHOCTUKM.

KnioyeBble cnoBa: pagMoTepaHOCTUKa; pak NpeacTaTensHoii enesbl; PSMA,
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Radiotheranostics is here to help

Pavel 0. Rumyantsev

SOGAZ International Medical Center, Saint Petersburg, Russian Federation

ABSTRACT

The COVID-19 pandemic did not diminish interest in radiotheranostics. However, the demand for visualization of patho-
logical processes using cross-sectional and hybrid imaging (CT, MRI, SPECT, and PET) is increased. Over the past 15 months,
the world has seen an exponential increase in investment in new radiopharmaceuticals for radiotheranostics. The list of
antibodies and ligands labeled with "medical" radioactive isotopes is expanding as the molecular mechanisms of regulation
and implementation of metabolic processes become clearer. The range of diagnostic and therapeutic radioactive isotopes is
also expanding, ultimately increasing the range and availability of radiotherapy in nuclear medicine centers worldwide. It is
necessary to unite the efforts of physicists, radiopharmacists, chemists, biologists, doctors, and mathematicians to develop
radio technology. Usage and improvement of personalized dosimetry for planning radionuclide therapy is also a priority. For
example, the International Foundation Oncidium helps with information and exchange of experience, while the international
diagnostic study NOBLE increases the availability and reduces the cost of PSMA receptor scintigraphy. An association for the
development of theranostics was created to intensify the integration renewal of nuclear medicine.

Keywords: radiotheranostics; prostate cancer; PSMA.
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