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OPUMHATTBHBIE MCCIEJOBAHA T 4,N°2 2023 Digital Diagnostics
DOI: https://doi.org/10.17816/DD321423

[lBoViHOM NpOCMOTpP pe3ynbTaToB MaMMorpagum

C NPUMEHEHUEM TEXHOIOrMA UCKYCCTBEHHOIO
WHTENJIeKTa: HOBasi MOAENb OpraHM3aLuM MaccoBbIX
npodpunakTUYECKUX UCCnea0BaHUM

10.A. Bacunbes', U.A. Toipos?, A.B. Bnagaumupckuin', K.M. Apsamacos',
WM. Wynbkuu', 0.0, Koxxuxuna', 11,10, Mectperm’

! Hay4HO-NpaKTMYECKWIA KIMHUYECKUA LEHTP AMArHOCTUKM W TENeMeANLIMHCKIMX TexHosormii, Mockea, Poccuitckas ®epepaums
2 [lenaptameHT 34paBooxpaHeHns ropoaa Mockssl, Mocksa, Poccwiickas ®epnepaumsa

AHHOTALUA

06ocHoBaHue. [locTynHOCTb HabOPOB MEAMUMHCKUX LaHHbIX M TEXHONOMMIA pa3paboTKU NMporpaMMHOro obecneyeHns Ha ocHoBe
WMCKYCCTBEHHOIO WHTENNEKTa B NOC/EeAHUe rofbl NPUBENA K YBENMYEHMI0 KONMYECTBA PeLLeHUid AN MeAULMHCKON AMarHOCTUKY
W MaMMorpaduu B YacTHOCTW. 3T0 nporpamMMHoe obecneyeHue, 3aperucTpUpoBaHHOE KaK MeAMLMHCKOE M3Aenmne, MOXKET BbiTb
MCMONb30BaHO A1 ONMcaHus LUQPOBLIX MaMMorpacdmii, 4TO MO3BOJUT B 3HAUUTENBHON Mepe C3KOHOMMTb BPEMEHHbIE, MaTepualb-
Hble M KafipoBble PECYpCbl B 3[paBOOXPaHEHMM NPU rapaHTUPOBAHHOM COXPaHEHUUM KayecTBa NpOGMNAKTUYECKUX MCCIef0BaHUIA
MOJIOYHbIX ENE3.

Lenb — obocHoBaTb BO3MOXHOCTb M 3(GEKTUBHOCTL NPUMEHEHUSI NPOrpaMMHOr0 obecrieqeHnst Ha 0CHOBE TEXHOMOTUM UCKYC-
CTBEHHOr0 MHTENNEKTa A1 NepBOi MHTepNpeTaLmMn LIMGPOBBIX MaMMOrPaMM MU COXPaHEHUW MPAKTUKKU BTOPOTO OMUCaHUSA PEHT-
FeHOBCKWX 1306paeHuii BpaioM-PEHTTEHONOMOM.

Matepuanbl u MeTogpbl. Habop aaHHbix 3 100 umdpoBbix MaMMorpapuyeckux uccnefoBaHuid, u3 Hux 50 — «OtcyTcTBme uene-
BOM natonoruu», 50 — «[lpucyTcTBIE LeneBoi naTonoruu» (C NpM3HaKaMu 3/10Ka4ECTBEHHBIX HOBOOOpa3oBaHmit), bbin 0bpaboTaH
nporpaMMHbIM obecrneyeHneM Ha OCHOBE TEXHOMOMWIA UCKYCCTBEHHOO MHTENNIEKTA, 3aperucTpupoBaHHbiM B Poccuiickoii Depepa-
UMM Kak MeauumnHcKoe usgenue. BeinonHeH ROC-aHanus. OrpaHnyeHns uccnesoBaHus: 3Ha4YeHUA METPUK AMArHOCTUYECKOM TOYHO-
CTV NONyYeHsI A5 BEPCUiA NporpaMMHOro o0becneyeHns Ha 0CHOBE TEXHOJOTUIA UCKYCCTBEHHOIO MHTENNEKTA, aKTyalbHbIX Ha KOHeL|
2022 ropa.

Pesynbtartsl. [pyu HacTpoiike Ha 80,0% YyBCTBUTENBHOCTb CNELMGBMYHOCTL UCKYCCTBEHHOIO MHTENNeKTa cocTasuna 90,0% (95% AN
81,7-98,3), TouHoctb — 85,0% (95% AU 78,0-92,0). Mpu HacTporike Ha 100% cneundrUUHOCTb UCKYCCTBEHHBINM MHTEINEKT NOKa3an
uyBcTBUTENbHOCTL 56,0% (95% [N 42,2-69,8), TouHocte — 78,0% (95% AN 69,9-86,1). Mpu HacTpoiike Ha 100% uyBcTBUTEND-
HOCTb CNeLMdUYHOCTb UCKYCCTBEHHOIO MHTENNEKTa cocTaBuna 54,0% (95% [N 40,2—-67,8), TouHocte — 77,0% (95% [IM 68,8-85,2).
MpeAnoxeHsl ABa NOAX0AA, NPeLyCMaTpMBaloLLMe aBTOHOMHYIO NEPBYI0 MHTepNpeTaumio LndpoBoi MaMMorpaum nocpescTBoM
WMCKYCCTBEHHOIO MHTeNNeKTa. [epBbiii NOAX0[, 3aK/TI04aeTCs B OLEHKE PEHTTEHOBCKOr0 M300paKeHNs C NOMOLLbIO UCKYCCTBEHHOMO
WHTENNeKTa ¢ bonee BLICOKON YYBCTBUTENBHOCTLIO, YEM Y ABOHOTO OMMCaHWUA MaMMorpaduu BpadyaMuU-peHTreHoNnoraMm, Npu co-
MoCTaBUMOM YpoBHe cneumduyHocTU. BTopoit noaxos nogpasymeBaet, 4To nporpamMMHoe obecrieyeHue Ha OCHOBE TEXHOMOrUiA
WMCKYCCTBEHHOIO MHTEN/EKTa byaeT onpefensTb Kateropuio Mammorpagun («0TcyTcTBme LieneBon natonoruv» unn «MpucytcTeme
LiesIeBOM NaToNOMMW») C YKa3aHMEM CTEMEHW CBOEH «yBEPEHHOCTU» B MOJYYEHHOM pe3ysibTaTe B 3aBUCMMOCTM OT «KOpUZO0pa»,
B KOTOPbIM nonagaeT npeAckasaHHoe 3HayeHue.

3aknouenue. 06a NpenoxeHHbIX CLIEHApKSA UCMOb30BaHMA NMPOrpaMMHOro 0becneyeHus Ha 0CHOBE TEXHOJIOMWI MCKYCCTBEHHOTO
WHTENNEKTa C Lienblo aBTOHOMHOIO NEepBOro OMUCaHWS LMbpPOBbIX MaMMOrpaMM CrnocobHbl 06ecneunTb KauecTBo AMAarHOCTUKY,
He ycTynaioliee [BOAHOMY OMUCAHWID CHUMKOB BPa4aMWU-PEHTIEHONOraMU U Jaxe MpeBbllLalollee ero. IKOHOMMYECKas BbIrofa
OT NPaKTUYECKOW peann3aumMm AaHHOro noaxoa B Maclitabax cTpaHbl MoxeT coctaBnsTb ot 0,6 1o 5,5 Mipp pybneii exerofHo.

Kniouesbie cnopa: npodmnakmqecume nccnenoBaHus; MaMMorpa(bvm; VICKYCCTBEHHI:IVI WHTENINEeKT; AUarHoCTn4yecKasa TOYHOCTb.
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Double-reading mammograms using artificial
intelligence technologies: A new model of mass
preventive examination organization

Yuriy A. Vasilev', llya A. Tyrov?, Anton V. Vladzymyrskyy', Kirill M. Arzamasov',
lgor M. Shulkin', Daria D. Kozhikhina', Lev D. Pestrenin'

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 Moscow Health Care Department, Moscow, Russian Federation

ABSTRACT

BACKGROUND: In recent years, the availability of medical datasets and technologies for software development based on
artificial intelligence technology has resulted in a growth in the number of solutions for medical diagnostics, particularly
mammography. Registered as a medical device, this program can interpret digital mammaography, significantly saving time,
material, and human resources in healthcare while ensuring the quality of mammary gland preventive studies.

AIM: This study aims to justify the possibility and effectiveness of artificial intelligence-based software for the first interpretation
of digital mammograms while maintaining the practice of a radiologist's second description of X-ray images.

MATERIALS AND METHODS: A dataset of 100 digital mammography studies (50 — “absence of target pathology” and 50 —
“presence of target pathology,” with signs of malignant neoplasms) was processed by software based on artificial intelligence
technology that was registered as a medical device in the Russian Federation. Receiver operating characteristic analysis was
performed. Limitations of the study include the values of diagnostic accuracy metrics obtained for software based on artificial
intelligence technology versions, relevant at the end of 2022.

RESULTS: When set to 80.0% sensitivity, artificial intelligence specificity was 90.0% (95% Cl, 81.7-98.3), and accuracy was
85.0% (95% Cl, 78.0-92.0). When set to 100% specificity, artificial intelligence demonstrated 56.0% sensitivity (95% Cl, 42.2—
69.8) and 78.0% accuracy (95% Cl, 69.9-86.1). When the sensitivity was set to 100%, the artificial intelligence specificity was
54.0% (95% Cl, 40.2—67.8), and the accuracy was 77.0% (95% Cl, 68.8—-85.2). Two approaches have been proposed, providing an
autonomous first interpretation of digital mammography using artificial intelligence. The first approach is to evaluate the X-ray
image using artificial intelligence with a higher sensitivity than that of the double-reading mammogram by radiologists, with
a comparable level of specificity. The second approach implies that artificial intelligence-based software will determine the
mammogram category (“absence of target pathology” or “presence of target pathology”), indicating the degree of “confidence”
in the obtained result, depending on the corridor into which the predicted value falls.

CONCLUSIONS: Both proposed approaches for using artificial intelligence-based software for the autonomous first
interpretation of digital mammograms can provide diagnostic quality comparable to, if not superior to, double-image reading
by radiologists. The economic benefit from the practical implementation of this approach nationwide can range from 0.6 to
5.5 billion rubles annually.

Keywords: artificial intelligence; diagnostic accuracy; mammography; preventive medicine.
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HaXxo0A0K MO0 AaHHbIM KOMNbIOTEpHOW TOMorpacumu opraHoB
rPYAHON KNETKM
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AHHOTALMA

060cHoBaHue. TexHONOMMM MCKYCCTBEHHOrO MHTESJIEKTAa MPU3BaHbl NOMOraTh B pelleHMM NpobieMbl MPOMycKa HaxofoK NpyW Jly4eBbX
uccnefoBaHusX. BaxHbIM BoNpocoM sBNSETCS OLEHKA S3KOHOMUYECKOM MOMb3bl OT BHEJPEHWs TEXHOOMMIA UCKYCCTBEHHOTO MHTEN/EKTa.
Llenb — oueHUTb YacToTy BbISBNIEHNS NATONOMMYECKUX HAXOAO0K M S3KOHOMUYECKUIN MOTEHLMaN MPUMEHEHUS KOMMIIEKCHOTO UCKYCCTBEH-
HOro MHTEN/EKTA [ KOMMbIOTEPHOK TOMOrpadui opraHoB rPyAHON KNETKW, BaNMAMPOBAHHOTO 3KCMepTaMu, N0 CPABHEHMIO C PEHTTEHO-
noramu 6e3 [OCTyNa K TEXHONIOMMAM B YCIIOBUSIX YaCTHOrO Me[IMLIMHCKOIO LieHTpa.

Matepuansl u MeToabl. lpoBesieHo obcepBaLMOHHOE OAHOLIEHTPOBOE PETPOCMEKTUBHOE UCCNeAoBaHMe. B nccnepoBaHme BKIKOYanMCch
KOMMbIOTEPHbIE TOMOrPaMMbl OpraHoB MPYAHON KIETKN Be3 BHYTPMBEHHOIO KOHTpAcTMpoBaHus, BbinonHeHHble B 000 «KnuHudeckuii ro-
cnuTansb Ha fyse» (Mocksa) B nepuog ¢ 01.06.2022 no 31.07.2022. KoMnbtoTepHble ToMorpamMMbl 06paboTaHbl KOMMIEKCHBIM anroputMoM
MCKYCCTBEHHOTO MHTEJINEKTa 1S AeCATU NaToNOrui: UHOUNLTPATUBHBIE U3MEHEHUS B NETKUX, XapaKTepHble 1S BUPYCHON MHEBMOHUM
(COVID-19 B ycnoBusix naHAeMMM); NEroyHbIe Y3Mbl; CBOBOAHASN MUAKOCTb B NeBpabHbIX MOMOCTSX; IMPM3EMa NErKUX; YBEMYEHWe Ana-
MeTpa rpyaHOM aopThl; YBENUYEHME [UAMETpa CTBOMA NIEFOYHOM apTepun; KOpPOHapHbINA KalbLMHO3; OLLEHKa TOMLLUMHbI HaJN0YeYHUKOB;
OLiEHKa BbICOTbI U MJIOTHOCTM TeN MO3BOHKOB. [IBa 3KCnepTa aHanM3vpoBaiM KOMMbHTEPHbIE TOMOTPaMMbl U CPaBHWUBaNM Pe3ynbTathl
C aHanM30M MCKYCCTBEHHOrO MHTENNeKTa. [Ins Bcex HaxoAoK, BbISBMIEHHbIX WU He BbISIBEHHbIX BpadyaMu KIMHUKY, ONPefenvin Aanb-
HeliLUyl0 MapLUpyTM3aLMio B COOTBETCTBUM C KJIMHWUYECKUMM peKoMeHAaumamu. [ng Kawporo nauveHTa bbina paccumtaHa CTOMMOCTb
HEOKa3aHHbIX MeULMHCKUX YCIYT N0 NPaic-MCTy KITMHUKW.

Pe3synbTartbl. Mtorosyio rpynny coctaBunm 160 KOMNbOTEPHBIX TOMOTPaMM OpraHoB FPYLHOM KIETKW € onucaHusaMm. C noMoLLblio MCKycC-
CTBEHHOr0 MHTenNeKTa BbisBsieHo 90 (56%) uccnepoBanuii ¢ natonorusamm, u3 Hux B 81 (51%) npotokone Gbina nponyLieHa xoTa Obl 04Ha
natonorus. 06LLas CTOMMOCTb HEOKa3aHHbIX MEAMLMHCKUX YCNYr «BTOPOro 3Tana» Afs BCex natonoruii oT 81 nauuexTa bbina oLeHeHa
B 2 847 760 py6. (37 250,99 ponnapos unu 256 217,95 kutaiickux toaHeit). CTOMMOCTb HEOKa3aHHbIX MEAMLIMHCKUX YCIYT TONbKO AN Tex
NaTosoruii, KOTOpbIE MPOMYLLIEHbI BpaiaMu, HO BbISIBNIEHbI UCKYCCTBEHHBIM MHTENNEKTOM, cocTaBuna 2 065 360 pyb. (27 016,57 ponnapos
unu 185 824,05 kuTancKux toaHen).

3akniouenue. [puMeHeHMe UCKYCCTBEHHOMO MHTESJIEKTA ANS aHanW3a [aHHbIX KOMMbIOTEPHOW TOMOrpaduu opraHoB rpyAHON KIETKU
B KayecTBe MOMOLLHWKA PEHTIeHOmOora No3BOJISET CyLIECTBEHHO YMEHbLUUTL YUCIO C/y4aeB Nporycka natonoruii. Mcnonb3oBaHue uc-
KYCCTBEHHOIO MHTEJIIEKTa MOXET NPUHECTU B 3,6 pa3a bofblle CTOMMOCTU 33 MEULIMHCKME YCIYrW N0 CPaBHEHWUIO CO CTaHAAPTHON Mo-
[Lenbio paboTbl peHTreHo0roB 6e3 NpUMeHEHNS TaKUX TEXHONIOMUM, U, TaKUM 06pa3oM, bbITb peHTabenbHbIM As NPUMEHEHMS B YCIOBUSX
YaCTHOT0 MeAMLMHCKOrO LieHTpa.

KnioueBble cnoBa: KOMNbIOTEPHAs TOMOrPadus; UCKYCCTBEHHbINA MHTENNEKT; TPYAHAsA KNETKa; CNyyailHble HaX04KM.
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ABSTRACT

BACKGROUND: Artificial intelligence technology can help solve the significant problem of missed findings in radiology studies.
An important issue is assessing the economic benefits of implementing artificial intelligence.

AIM: To evaluate the frequency of missed pathologies detection and the economic potential of artificial intelligence technology
for chest computed tomography compared and validated by experienced radiologists.

MATERIALS AND METHODS: This was an observational, single-center retrospective study. The study included chest computed
tomography without IV contrast from June 1to July 31, 2022, in Clinical Hospital in Yauza, Moscow. The computed tomography
was processed using a complex artificial intelligence algorithm for 10 pathologies: pulmonary infiltrates, typical for viral
pneumonia (COVID-19 in pandemic conditions); lung nodules; pleural effusion; pulmonary emphysema; thoracic aortic dilatation;
pulmonary trunk dilatation; coronary artery calcification; adrenal hyperplasia; and osteoporosis (vertebral body height and
density changes). Two experts analyzed computed tomography and compared results with artificial intelligence. Further routing
was determined according to clinical guidelines for all findings initially detected and missed by radiologists. The hospital price
list determined the potential revenue loss for each patient.

RESULTS: From the final 160 computed tomographies, the artificial intelligence identified 90 studies (56%) with pathologies, of
which 81 (51%) were missing at least one pathology in the report. The “second-stage” lost potential revenue for all pathologies
from 81 patients was RUB 2,847,760 ($37,251 or CNY 256,218). Lost potential revenue only for those pathologies missed by
radiologists but detected by artificial intelligence was RUB 2,065,360 ($27,017 or CNY 185,824).

CONCLUSION: Using artificial intelligence as an “assistant” to the radiologist for chest computed tomography can dramatically
minimize the number of missed abnormalities. Compared with the normal model without artificial intelligence, using artificial
intelligence can provide 3.6 times more benefits. Using advanced artificial intelligence for chest computed tomography can
save money.

Keywords: artificial intelligence; chest; computed tomography; incidental findings.
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Co3paHue Habopa AaHHbIX ¢ AUCNO3ULMEN
U TPaHCNO3ULMEeN HaN0XKEeHUS
3NleKTpoKapauorpamuecKux 3N1IeKTpoa 0B
Npy 3anucKu 3NeKTPOKapAUOrpaMMbl

B 12 oTtBepgeHusax

T.M. Fazawsunu', [1.B. ipo3nos?, [1.B. Lytos?, A.C. LLkoaa'

' Topozckan KMHnuecKas 6onbHuua N° 67 umenn J1.A. Bopoxobosa, Mockea, Poccuitckan Mepepaums
2 HaumoHanbHbI MeMLMHCKWIA UCCNe10BaTeNbCKUI LIEHTP Kapamonorin uMenn akafemuka E.N. Yasosa, Mocksa, Poccuitckan Mepepaumsa
3 HayuHO-NPaKTUYECKMI KITMHUYECKWIA LIEHTP AIMarHOCTUKM 1 TeneMeaMUMHCKUX TexHonorui, Mocksa, Poccuiickas ®eepauns

AHHOTALIMA

06ocHoBaHMe. JneKTpoKapauorpadms — ofiHa U3 Havbonee MPoCTbIX, LUMPOKO PacnpoCTPaHEHHBIX, HELOPOruX U UHOp-
MaTUBHBIX METOAMK B (YHKUMOHAMbHOW AMarHOCTUKE, OJHAKO €€ AMAarHOCTUYECKas LIEHHOCTb Pe3K0 CHUXAETCs Npu Henpa-
BW/IbHOM NpoBegeHuu. [penpyHAMaNUCh NOMLITKM CUCTEMATU3UPOBATh OLIMOKM M OTKIOHEHWSA NPU HANOXEHUW 3EKTPOL0B,
HO BCE OHM Kacanucb Hambonee YacTblX BapuUaHTOB (MepecTaHOBKa 3MIEKTPOL0B KPAcHOO W JKENTOro, KEMTOro U 3eNEHOro,
TPYAHBIX — BbILLIE UM HUME CTaHAAPTHOW CXEMbI.

Llenb — co3patb Habop AaHHbIX 3NEKTPOKApPAMOrpaMM C pa3HbIMU BapUaHTaMu TPaHCMO3WLMIA U AMCNO3ULMIA 3NEKTPOSOB
Mpy perucTpaLmu 3NeKTpOKapaMorpaMMbl Ans 06y4eHns U TECTUPOBAHMSA CUCTEM MaLUMHHOTO 06y4eHus.

Matepuanbl U Metogpbl. B uccnefoBaHue BKITIOYEHb! NauMeHTbl B Bo3pacTe oT 18 no 75 net, 27 MyXuYnuH M 22 XKEeHLMHbI.
Bce naumeHTsl faBanu fobpoBonibHOE UHPOPMUPOBAHHOE COrNlacue Ha NPOBEJEHWE PErucTpaLuK 31IeKTPOKapAUOrpaMMbl.
KapavorpamMmy peructpupoBanu Ha npubope «MoaynbHas cucTeMa Anst perucTpaumy 1 AMCTaHUMOHHOM Nepesiayu aNeKTpo-
Kapavorpammbl «EASY ECG»». KaxpoMy naumeHTy Bo BpeMsi 04HOr0 BM3MTa MOCef0BaTeNlbHO PErUCTPUPOBANU AMEKTPO-
KapAvorpamMMmbl C KOPPEKTHBIM HaNOXEHUEM 3MIEKTPOAOB U Pa3fINyHbIMKU BapuaHTaMM AUC- WU TPAHCMO3ULMIA.

Pesynbtatbl. Bcero 3apeructpuposaHo 488 anekTpokapanorpamm y 49 naumeHToB. [lofiyyeHHble pe3ynbTaTbl CBUAETESb-
CTBYHT O 3HAUMUTESILHOW BapuaTUBHOCTU KapTWHbI 3NIEKTPOKapAMOrpamMMml. Mpu BU3yanbHOM aHanu3e 3aperncTpupoBaHHbIX
3M1EKTPOKApAMOrpaMM onpejenieHne TPaHCMO3MLIMK, CBS3aHHOM C NEPECTAHOBKOM OTBEAEHMIA HA pyKaXx U B IPYLHbIX 3NEKTPo-
pax C1-C2, He BbI3biBano 3aTpyAHeHWW. Pexke HaAEXHO onpejensanach YCTaHOBKA IPyAHbIX 3MEKTPOAOB B KOHTaKTe Apyr
C ApYroM, AWCMO3MLMKM C NMEPEHOCOM IPYAHBIX OTBEAEHWN BbILE MM HUXE Ha 2 Mexpebepbs MO CpaBHEHMIO CO CXeMOM
Wilson. TpaHcno3uumm EnToro v 3eNIEHOr0 KOHEYHOCTHbIX 3/IEKTPOLL0B, U3MEHEHME NOMOXKEHUS MPYAHbIX 3NEKTPOAOB, KOraa
X «BbICTPaUBAOT» MO NPAMON IMHUK, «3aaMPaloT» N0 Mexpebepbto, NyTalT MecTamn C5—C6, 3aTpyLHUTENBHO ONpeaensTb
La¥e Npu CONOCTaBNEHUW PSAOM JBYX KapLmMorpaMMm — C MPaBWibHBIM M TPAHCMO3WULMOHHBIM HaNOXEHUEM 3NEKTPOL0B.
BeposATHO, 3T0 3aBMCMT KaK OT UCXOAHBIX U3MEHEHWN Ha 3/IEKTPOKapAMOrpaMMe, Tak U OT TMNa TENOCNOMEHUS, pa3MepoB
MOJI04HOM eNe3bl UM HaJIMuna UMMJIaHTaTa.

3akuitouenme. [MonyyeH Habop AaHHbIX 3IEKTPOKApAMOrpaMM C pasfMuHbIMW BapuaHTaMW OMUCNOKaumiA aneKTpoaoB. Habop
AaHHBIX COCTOMT U3 CEpUM 3NEKTPOKApPAMOrpaMM, 3apervcTpUpoBaHHbIX Y KaX/10ro NaumeHTa ¢ pas/iniHbIMU BapuaHTaMu Ha-
NOXeHUA 3NEeKTPOAOB (B Habope NpeAcTaBneHbl He TONBKO HOPMasIbHbIE 3/IEKTPOKAPAUOrPaMMbl, HO U PasfiiHbIE BapUaHTHI
3M1eKTPOKapAMOrpadnMUECKUX OTKIIOHEHUIA).

Kniouesble cnoBa: anekTpokapavorpamma; IKI; nedekTbl perucTpaLmm aneKTpoKapAMOrpaMMbl; UCKYCCTBEHHDI MHTENIEKT;
anropuTMbl; GYHKUMOHa bHas AMArHOCTUKa.
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Creation of a training and test dataset

with the disposition and transposition of overlaying
electrocardiographic electrodes when recording
electrocardiograms-12

Tamara M. Gazashvili', Dmitry V. Drozdov?, Dmitry V. Shutov®, Andrey S. Shkoda'

! City Clinical Hospital No. 67 named after L.A. Vorokhobov, Moscow, Russian Federation
Z National Medical Research Centre of Cardiology Named After Academician E.I. Chazov, Moscow, Russian Federation
3 Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Electrocardiography is one of the simplest, most widely used, inexpensive, and informative methods in
functional diagnostics; yet, if performed poorly, its diagnostic value is sharply reduced. Several attempts were made to
systematize errors and deviations in electrode application, but all concerned the most common options (rearrangement of red
and yellow electrodes, yellow and green electrodes, and chest electrodes — above or below the standard scheme).

AIM: To create an electrocardiogram dataset with different options for transpositions and dispositions of electrodes during
electrocardiogram recording.

MATERIALS AND METHODS: The study included patients aged 18-75 years (27 males and 22 females). All patients provided
informed consent for electrocardiogram registration. During one visit, the cardiogram was recorded on the device “Modular
system for recording and remote transmission of electrocardiograms (EASY ECG)” for each patient.

RESULTS: In all, 488 electrocardiograms were recorded in 49 patients. The results obtained indicate a significant variability of
the electrocardiogram pattern. Visual analysis of the electrocardiograms revealed no difficulties in determining the transposition
associated with rearranging the leads on the arms (RY) in the thoracic C1-C2. The placement of thoracic electrodes in contact
cheek-to-cheek dispositions with the transfer of thoracic leads above or below two intercostals was reliably determined
compared with the Wilson scheme. The transpositions of the yellow and green limb electrodes and the change in the position
of the thoracic ones when they are “lined up” in a straight line, “bullied” between the ribs (curved), and confused in places C5
and Cé are difficult to determine even when comparing two cardiograms next to each other, with the correct and transpositional
superposition of the electrodes. The initial changes on the electrocardiograms, physique type, breast size, or the presence of
an implant most likely determine it.

CONCLUSION: An electrocardiography dataset was obtained using various electrode dislocation variants. The dataset consists
of a series of electrocardiograms obtained for each patient with several electrode placement options and contains both normal
and pathological electrocardiograms.

Keywords: electrocardiogram; ECG; defects in the registration of the electrocardiogram; artificial intelligence; algorithms;
functional diagnostics.
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1] spaces above R LGRS B V1, V2, V3, V4, V5, V6
the standard e
arrangement
Precordial
electrodes’
N o . MR YR I AR FRAE AR /R
X 1 s PR 1 t: ™.
E@Egﬁgﬁ\ pp e dis 2 Tw, (H ki, I8 L. I1. III. aVR. aVL. aVF
il intercostal spaces - X A2 5 L AR S fi¥%: V1, V2, V3, V4, V5, V6
down the standard E
arrangement
g
ﬁ%ﬁg Reversal of the trns. ry Bk B%. T, T1. II1. aVR. aVL. aVF
= {1 o two arm electrodes - A IER: V1. V2, V3, V4, V5, V6
e (L) fgtt Reversal of the o
(F)E,(JEE*&}HE?‘?‘ left arm and left trns vg %ﬂﬂ%ﬁhiﬁ %EWE: I. II. III. aVR. aVL. aVF
= leg electrodes 1ERf: V1. V2. V3. V4, V5, V6
All chest
FrA AN electrodes are : e Effy: 1. 11 HIV\I aVR. aVL. aVF,
C1-C6R—H %k placed at the same trns_In BN~ .
line Ei%: V2, V3, V4, V5, V6
1ERfA: I. II. III. aVR. aVL. aVF.
C1-C2/2& AL iizegalefitigze? trns 12¢ B I i V3. V4. V5. V6
fiim: V1, V2
Effi: I II. II1. aVR. aVL. aVF.
C5-C62 - HL I iisez‘zalel‘;i t;gzegf’ trns-56¢ B IR V1. V2, V3. V4
HiR: V5, V6
The C4, Cb, C6
H%C4. C5. C6 electrodes are 1WEffg: I, II. III. aVR. aVL. aVF.
E|sfee placed too close trns_cls BN V1. V2. V3
N7 D) to each other i%: V4, V5, V6
(cheek to cheek)
The C4, Cb, C6
Hf%C4. C5. C6  electrodes are
VS oy 1) B 22 i misplaced along 1Effg: I, II. III. aVR. aVL. aVF.
B (AEW/KTF  the intercostal trns_crv BINAER V1. V2. V3

2, TRl AR
=D

space (not at a
horizontal line,
but curved upwards)

BiR: V4, V5, V6
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ArE XA
PUEERARAIE | PEEREARALAL | DUBRREE | M HaREE Bit

O BRI 24
1E & O L 10 20 20 49 99
VR W N e o i sy 5 d
e S BRI 0 L 9 18 18 45 90
H R AL SBHAF RO L 6 12 12 30 60
ST (=) Bt EAR O FE ] 9 18 18 43 88
ST (+) B4R 0 L 7 14 14 35 70
AT RS MO RO R 8 15 16 40 79
Mt 49 97 98 242 486
B1. BERLAFRSmEEL.
“EL” BIEANC5-CORS, MERRAMRAIAR, BME I DLRRTS e PR B0 B Ay e O L R G 57 Bl 3 4R

FFELEPITR L], AT BRI BB,
IRMERAE « IX P REREI R LR O L IR AR,
WA (IEF . SRR, 33D « 3
B K/ANBGEAEA . 29K, A5 &R
FEATAERSAEY . AR S5 TR R AT 45 0o v 22
WHEATFTREMITEAR, DL IR R A 5 B3l
TP AT SR R A5 )l 5 2 — DI
JEAFAE CRNIBR L, (E 5 RE B 1)l 1 2 2

DAl https://doiorg/10.17816/DD201870

YRR, WRE T AP IRCVE AT UE A7 U AT Pk A5
OIS, IR T 5E A 30 B B B R 5
P el E U E ALY NIAR

BT IR R PR

TEX B BT, AR S B B 1
G, REAAR (KR . %S &
fl S A 2 PR ST M



https://doi.org/10.17816/DD

DATASETS Vol. 4 (2) 2023 Digital Diagnostics 2
1

B2, AikC4-CoMB L.

3. HLHCA-CoIFELT .

DAl https://doiorg/10.17816/DD201870



https://doi.org/10.17816/DD

140

DATASETS

&

ARAT T AN[R] AR A AR A O L B B SR . 1%
Hes 48 B AL B E 1T S AN [R] AR A AR A O
B R AR 2B RS R ORI,
AL FL AL B AN R AR A

ADDITIONAL INFORMATION

Funding source. This article was not supported by any external
sources of funding.

Competing interests. The authors declare that they have no
competing interests.

Authors’ contribution. All authors made a substantial
contribution to the conception of the work, acquisition, analysis,

CMUCOK JIUTEPATYPbI

1. Rosen AV., Koppikar S., Shaw C., Baranchuk A. Common ECG
lead placement errors. Part I: Limb lead reversals // Int J Med
Students. 2014. Vol. 2, N 3. P. 92-98. doi: 10.5195/ijms.2014.95
2. Rosen AV, Koppikar S., Shaw C., Baranchuk A. Common ECG
lead placement errors. Part II: precordial misplacements // Int J Med
Students. 2014. Vol. 2, N 3. P. 99-103. doi: 10.5195/ijms.2014.96

3. Jekova I., Krasteva V., Leberet R, et al. Inter-lead correlation
analysis for automated detection of cable reversals in 12/16-lead
ECG // Comput Methods Programs Biomed. 2016. N 134. P. 31-41.
doi: 10.1016/j.cmpb.2016.06.003

4. Kania M, Rix H., Fereniec M, et al. The effect of precordial
lead displacement on ECG morphology // Med Biological
Engineering Computing. 2014. Vol. 52, N 2. P. 109-119.
doi: 10.1007/s11517-013-1115-9

5. Wenger W., Kligfield P. Variability of precordial electrode
placement during routine electrocardiography // J Electrocardiol.
1996. Vol. 29, N 3. P. 179-184. doi: 10.1016/s0022-0736(96)80080-x

REFERENCES

1. Rosen AV, Koppikar S, Shaw C, Baranchuk A. Common ECG lead
placement errors. Part I: Limb lead reversals. Int J Med Students.
2014;2(3):92-98. doi: 10.5195/ijms.2014.95

2. Rosen AV, Koppikar S, Shaw C, Baranchuk A. Common ECG
lead placement errors. Part II: precordial misplacements. Int J Med
Students. 2014;2(3):99-103. doi: 10.5195/ijms.2014.96

3. Jekova |, Krasteva V, Leberet R, et al. Inter-lead correlation
analysis for automated detection of cable reversals in 12/16-
lead ECG. Comput Methods Programs Biomed. 2016;(134):31-41.
doi: 10.1016/j.cmpb.2016.06.003

4. Kania M, Rix H, Fereniec M, et al. The effect of precordial lead
displacement on ECG morphology. Med Biological Engineering
Computing. 2014;52(2):109-119. doi: 10.1007/s11517-013-1115-9.
5. Wenger W, Kligfield P. Variability of precordial electrode
placement during routine electrocardiography. J Electrocardiol.
1996;29(3):179-184. doi: 10.1016/s0022-0736(96)80080-x

Vol. 4 (2) 2023

DAl https://doiorg/10.17816/DD201870

Digital Diagnostics

interpretation of data for the work, drafting and revising the
work, final approval of the version to be published and agree
to be accountable for all aspects of the work. D.V. Drozdov —
concept development, organization of annotation process,
thesaurus development, author supervision; T.M. Gazashvili —
organization of ECG registration, depersonalization and transfer
of records; D.V. Shutov — concept development, organization
of depersonalization, transfer, annotation, author supervision;
AS. Skoda — general management, organization of the work of
the center for instrumental diagnostics.

Acknowledgments. The authors express their gratitude to Medical
Computer Systems LLC, personally to the director of the company
Prilutsky Dmitry Anatolyevich and all employees of the platform
ECG.ru. Meshcherina Tatiana Evgenievna and Shalmonova Elena
Gennadievna for highly qualified ECG registration.

6. Garcia-Niebla J., Llontop-Garcia P., Valle-Racero J.I,
et al. Technical mistakes during the acquisition of the
electrocardiogram // Ann Noninvasive Electrocardiol. 2009. Vol. 14,
N 4. P. 389-403. doi: 10.1111/}.1542-474X.2009.00328.x

7. Peberdy MA, Ornato J.P. Recognition of electrocardiographic
lead misplacements // Am J Emergency Med. 1993. Vol. 11, N 4.
P. 403-405. doi: 10.1016/0735-6757(93)90177-d

8. Kemp B. Olivan J. European data format ‘plus’ (EDF+), an
EDF alike standard format for the exchange of physiological
data // Clin Neurophysiol. 2003. Vol. 114, N 9. P. 1755-1761.
doi: 10.1016/51388-2457(03)00123-8

9. [posgos [1.B., Wytos [1.B., Mazawsmmm T.M., u ap. CornacosaHune
BpayebHbix onmcaHuin 3K ¢ npumeHeHneM Tesaypyca (cnucka
TMNOoBbIX hpa3) 3akmoyeHnn // MeauumHekmin andasur. 2022. N° 10.
C. 19-26. doi: 10.33667/2078-5631-2022-11-19-26

6. Garcia-Niebla J, Llontop-Garcia P, Valle-Racero JI, et al.
Technical mistakes during the acquisition of the electrocardiogram.
Ann  Noninvasive  Electrocardiol. ~ 2009;14(4):389-403.
doi: 10.1111/}.1542-474X.2009.00328.x

7. Peberdy MA, Ornato JP. Recognition of electrocardiographic
lead misplacements. Am J Emergency Med. 1993;11(4):403-405.
doi: 10.1016/0735-6757(93)90177-d

8. Kemp B, Olivan J. European data format ‘plus’
(EDF+), an EDF alike standard format for the exchange of
physiological data. Clin Neurophysiol. 2003;114(9):1755-1761.
doi: 10.1016/51388-2457(03)00123-8

9. Drozdov DV, Shutov DV, Gazashvili TM, et al. Coordination of
medical ECG descriptions using a thesaurus (list of standard phrases)
of conclusions. Medical Alphabet. 2022;(10):19-26. (In Russ).
doi: 10.33667/2078-5631-2022-11-19-26



https://doi.org/10.17816/DD
https://doi.org/10.33667/2078-5631-2022-11-19-26

DATASETS

AUTHORS' INFO

* Dmitry V. Shutov, MD, Dr. Sci. (Med);

address: 24/1 Petrovka street, 127051 Moscow, Russia;
ORCID: 0000-0003-1836-3689;

eLibrary SPIN: 9381-2456;

e-mail: ShutovDV@zdrav.mos.ru

Dmitry V. Drozdov, MD, Cand. Sci. (Med);
ORCID: 0000-0001-7374-3604;

eLibrary SPIN: 2279-9657;

e-mail: cardioexp@gmail.com

Tamara M. Gazashvili;

ORCID: 0000-0002-5875-9699;
eLibrary SPIN: 4208-2303;

e-mail: Tamaradoc24@gmail.com
Andrey S. Shkoda, MD, Dr. Sci. (Med);
ORCID: 0000-0002-9783-1796;
eLibrary SPIN: 4520-2141;

e-mail: a.shkoda@67gkb.ru

* Corresponding author / ABTop, 0TBETCTBEHHBIM 3a NEPENUCKY

Vol. 4 (2) 2023

DAl https://doiorg/10.17816/DD201870

Digital Diagnostics

0b ABTOPAX

* LLlytoB iMuTpuii BanepbeBuy, 4-p Med. HayK;

agpec: Poccus, 127051, Mockea, yn. MNetpoeka, 4. 24, cTp. 1;
ORCID: 0000-0003-1836-3689;

eLibrary SPIN: 9381-2456;

e-mail: ShutovDV@zdrav.mos.ru

Dlpo3poB [iMutpuit BnaguMmnpoBuy, KaHa. Mes. Hayk;
ORCID: 0000-0001-7374-3604;

eLibrary SPIN: 2279-9657;

e-mail: cardioexp@gmail.com

laszawsunu Tamapa MuxainoBHa;

ORCID: 0000-0002-5875-9699;

eLibrary SPIN: 4208-2303;

e-mail: Tamaradoc24@gmail.com

Wkopa AHapeit CepreeBuy, A-p Mef. Hayk;
ORCID: 0000-0002-9783-1796;

eLibrary SPIN: 4520-2141;

e-mail: a.shkoda@67gkb.ru

141


https://doi.org/10.17816/DD
https://orcid.org/0000-0003-1836-3689
https://www.elibrary.ru/author_profile.asp?spin=9381-2456
mailto:ShutovDV@zdrav.mos.ru
https://orcid.org/0000-0001-7374-3604
https://www.elibrary.ru/author_profile.asp?spin=2279-9657
https://orcid.org/0000-0002-5875-9699
https://www.elibrary.ru/author_profile.asp?spin=4208-2303
mailto:Tamaradoc24@gmail.com
https://orcid.org/0000-0002-9783-1796
https://www.elibrary.ru/author_profile.asp?spin=4520-2141
https://orcid.org/0000-0003-1836-3689
https://www.elibrary.ru/author_profile.asp?spin=9381-2456
mailto:ShutovDV@zdrav.mos.ru
https://orcid.org/0000-0001-7374-3604
https://www.elibrary.ru/author_profile.asp?spin=2279-9657
https://orcid.org/0000-0002-5875-9699
https://www.elibrary.ru/author_profile.asp?spin=4208-2303
mailto:Tamaradoc24@gmail.com
https://orcid.org/0000-0002-9783-1796
https://www.elibrary.ru/author_profile.asp?spin=4520-2141

TEXHAHECKME OTHETHI T 4,N°2 2023 Digital Diagnostics )
14

DOI: https://doi.org/10.17816/DD375327

lpo6neMbl 06nyyeHus nepcoHana
B COBpPeMEHHbIX MEeAULUHCKUX TEeXHOJIOrUAX

C.A. Poixkun™ 7, 10.B. [pysunmnna® 2, 3.A. Nlantyx?, U.B. Conpatos?, B.H. JlecHsr®,
0.N. Nebepes?, [1.H. Camouatos*, M.M. CemeHoBa®, B.A. Cyxos®, C.E. Oxpumerko'

! Poccuiickan MeMUMHCKan akafeMus HenpepbiBHOro npodeccroHansHoro obpasosaHns, Mocksa, Poccuiickas ®epepaums

2 Hay4Ho-NPaKTM4ECKMIA KIMHUHECKWIA LIEHTP ANArHOCTUKN M TeNEMEANLIMHCKUX TexHonorui, Mocksa, Poccuiickas ®epepaums

3 (DepepasnbHbIN HaYYHO-KIIMHUYECKVIA LEHTP CMIELMaM3upoBaHHbIX BUAOB MeMLMHCKOA MOMOLLM 1 MEAMLIMHCKUX TEXHONOM VA,
Mocksa, Poccuiickas Qepepauvs

“ T'opofickan KMHMYeckas Bonbuua N 67 umenn J1.A. BopoxoBosa, Mocksa, Poccuiickan Deaepaums

5 TocynapcTBeHHblit HayuHbIl LieHTp Poccuitckoit ®eaepaumn — DeepanbHblit MEAMUMHCKUA BMOdUM3MYecKui LeHTp uMenn AN, BypHasaHa,
Mocksa, Poccuiickas Qepepauvs

¢ MepBblin MOCKOBCKMIA roCYAapCTBEHHbIN MeAULMHCKHIA yHuBepcuTeT umeHn WM. Ceuerosa (CeueHoBCKvit YHuBepcuTeT),
Mocksa, Poccuiickas Qepepauvs

7 KasaHcKuii rocynapcTBeHHbIN MeaMLIMHCKWIA yHuBepcuTeT, KasaHb, Poccuiickas Qepnepauns

AHHOTALIMA

06ocHoBaHue. LLIpoKoe NpMMeEHeHWE UCTOYHWUKOB MOHW3WPYIOLLETO U3NYYEHUS B MEAULMHCKOM NpaKTUKe (Kapavo3HAoBa-
CKYNSPHOW XMpYPruu, 3HA0CKONUM, TPaBMATONOMMK, YPOSIOTUM, HEMPOXMPYPrUM, CTOMATOSIOMMM, OTAENIEHUSAX PafUOU30TOMNHO
AMArHOCTUKM) NPUBOAMT K 00JTyHEHMIO XpyCTanMKa riasa U KOXM pyK PacCesHHbIM MU3y4YeHUEM HU3KOW MHTEHCUBHOCTY. Bae-
AeHne MATAT3 HoBbIX peKOMeHLALMIA N0 CHUMEHWUIO Npejena roA0BOI 3KBMBANIEHTHON 03bl Ha xpycTanuk (20 M3B) npu-
BEJI0 K TOMY, YTO OLIEHKa A03bl N0 XPYCTaNMKy Ha 0CHOBE 3P (QEeKTUBHOM J03bl CTana HEKOPPEKTHOM.

Lienb — aHanu3 noaxo[0B U OLEHKa 3KBMBANEHTHbIX 4,03 061y4eHUs XpyCTanuKa rnasa U KoXu pyK MeULIMHCKOro nepco-
Hana npu NPoBeJEHUN PasfINYHbIX AMarHOCTUYECKUX UCCNEe0BaHMIA NoJ, BO3AENCTBUEM PEHTTEHOBCKOTO U3JTy4eHUs U raM-
Ma-u3y4eHus pagmodapMrpenapara, a TakiKe CPaBHEHME NMONYYEHHBIX PE3YNbTATOB C paHee OMybBAMKOBAHHBIMU LaHHBIMU.
Matepuanbl u MeTogpl. [puMeHaNcA MeTod, TepMOSIIOMUHECLIEHTHOW A03uMeTpun. OLeHKa 403 NpoBOAMIACck Y NepcoHana
KapAvO03HA0BACKYIAPHON XUPYPTUK, 3HA0CKONMM, U30TOMHOM AUArHOCTUKM, CTOMATONIOMMK, YpOsioruu.

Pe3ynbTathl. PacuéTHble rogoBbie 3KBMBANIEHTHbIE A03bl HA XPYCTANMK [1a3a y Bpayeli 0TeNeHUI KapAM03HL0BacKyNSPHO
XMPYPIrvW Haxoaunuck B ananasoHe ot 35 go 90 M3B, cpeHero MeanLMHCKOro nepcoHana — ot 6 Ao 19 M3B (B 0TAEMbHbIX
cyyasx y Bpaya — [0 225 M3B, y MeauumHcKoi cectpbl — 10 180 M3B); nepcoHana OTAeNeHUs pafuon30TOMNHOI auarHo-
CTUKM — 0T 4,5 oo 9 M3B. lo0BbIE pacyETHbIE IKBMBANEHTHbIE [103bl HA KOXY PYK Y NepcoHana KapamnosHL0BacKyIAPHO
xupyprum coctasunm ot 17 o 100 M3, a npu pabote ¢ pagmodapmnpenapatamu — ot 24 no 220 mM3s. lokasaHo, YTo wUc-
Mnosib30BaHMe OLEHKM YCPeAHEHHOM [,03bl 33 OHY OMepaLMio y Bpayeil Kapano3HA0BaCcKyIPHON XMPYPriv, Kak Npasuno, He-
M30EKHO MPMBOJMT K NPEBbILIEHMI0 3KBMBANIEHTHOM [03bl HA XPYCTaUK rNa3a yepe3 OnpeAeSiEHHOE KOMYECTBO OMepaLyii.
3akntoueHue. pu npesbiLeHNK onpeaenéHHoro konnyectsa onepaumi (ot 100 go 200) y Bpayeii KapamMo3HLOBACKYIAPHO
XMpypruv MoryT hopMMUpOBaThCA SKBUBANEHTHbIE [103bl HA XpYCTanuK rnasa bonee 20 M3B B rof. YcTaHoOBNEHO Mopae-
HWe XpycTanuKa rnasa npu CyLLecTBYHLUMX YPOBHAX 00yYeHWs y Bpaya KapAvO3HAOBAcKYNAPHOW xupypruu. MonyyeHHble
pe3ynbTaThl CBUAETENLCTBYIOT 0 HEOOXOAMMOCTU AaNbHENLMX AO3UMETPUHECKUX U3MEPEHWUN W 3NWUAEMUOIOTUYECKUX UC-
Ccnef0BaHuiA, Ha 0CHOBAHUW KOTOPbIX MOYT BbITh pa3paboTaHbl peKoMeHAaLMM N0 pafuaLMOHHOM 3alLuMTe XpycTanuKa rnasa
M KOXM PYK MeVLMHCKOro NepcoHana, ocyLecTBAsoLero paboTy B nosie paccesHHOro, raMMa- U peHTTeHOBCKOr0 U3fyye-
HWS HU3KON UHTEHCUBHOCTM.

KnioueBble cnoBa: MCTOYHWKK MOHU3NPYOLWEro nsny4yeHna; nepcoHan; KapaAno3HAoBacKynApHaa XUpyprua; oTaeneHue
pa,D,VIOVI30T0I'IHOI7I OUNArHOCTUKKU; XPYCTaJIUK T1a3a; KOXa pPYK; pacCeAHHOe U3JlyyeHue HW3KON MHTEHCMBHOCTK; rof0Bas
JKBUBAJIeHTHaA [003a; TePMOJIIOMUHECLIEHTHAA NO03UMETPUS,; I'IpOCI)ECCMOHaJ'IbHOE rnoeeaeHue.
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Problems of personnel irradiation
in modern medical technologies
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ABSTRACT

BACKGROUND: The widespread use of radiation sources in medical practice (cardio-endovascular surgery, endoscopy,
traumatology, urology, neurosurgery, dentistry, and radioisotope diagnostics departments) leads to irradiation of the lens
of the eye and the skin of the hands. The introduction of new recommendations by the IAEA to reduce the limit of the annual
equivalent dose to the lens (20 mSv) has led to an inaccurate dose assessment based on the effective dose.

AIM: To analyze approaches and assess equivalent doses of irradiation of the lens of the eye and skin of the hands of medical
personnel during various diagnostic studies under the influence of X-rays and radiopharmaceuticals studies and to compare
the results obtained with previously published data.

MATERIALS AND METHODS: Thermo-luminescent dosimetry was used. Dose assessment was performed by cardio-
endovascular surgery, endoscopy, isotope diagnostics, dentistry, and urology personnel.

RESULTS: The estimated annual equivalent doses to the lens of the eye for doctors of cardio-endovascular surgery departments,
in most cases, ranging 35-90 mSv, 6—19 mSv for the average medical staff (in some cases, the doctor [<225 mSv] and the
nurse [<180 mSv]) and 4.5-9 mSv for the staff of the department of radioisotope diagnostics. The annual calculated equivalent
doses to the skin of the hands for cardio-endovascular surgery personnel were 17-100 and 24-220 mSv for the staff working
with radiopharmaceuticals. It is shown that the use of an estimate of the average dose per operation by cardio-endovascular
surgery doctors, as a rule, inevitably leads to an excess of the equivalent dose to the lens of the eye after a certain number of
operations.

CONCLUSION: When a certain number of operations are exceeded (100-200), equivalent doses to the eye’s lens in cardio-
endovascular surgery doctors above 20 mSv per year can be formed. At current radiation levels, a lesion of the eye’s lens
was found in a cardio-endovascular surgery doctor. The results indicate the need for further dosimetric measurements and
epidemiological studies, based on which recommendations for radiation protection of the eye's lens and the skin of the hands
of medical personnel working in low-intensity, scattered, gamma X-ray radiation can be developed.

Keywords: annual equivalent dose; cardio-endovascular surgery; eye lens; hand skin; low-intensity scattered radiation;
professional behavior; radiation sources; radioisotope diagnostics department; staff; thermo-luminescent dosimetry.
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MopaxxeHnue cepaua npu COVID-19:
BONPOCHI NaToreHesa U AUarHOCTUKK

N.A. ®unarosa', E.A. Mepiumna' 2, B.E. CuHuwpiH" 2

" MoCKOBCHMIA roCyAapCTBEHHbIN yHUBEPCUTET MMeHn M.B. JloMoHOCOBa, haKyNbTeT GyHAAMEHTaNbHON MeULMHLI,
MockBa, Poccuitckas Qepepauvs

2 MeAMUMHCKMIA Hay4HO-06pa30BaTesbHbIA LieHTp MOCKOBCKOrO rocyAapcTBeHHoro yHusepcuteta uMenn M.B. NoMoHocosa,
MockBa, Poccuitckas Qepepauus

AHHOTALIMA

Tema KopoHaBMpYCHOW MHGDEKUMM [0 HACTOSALLEro BPeMeHU He TepseT CBOEM aKTyanbHOCTU B MeAuuMHCKOM cpefe. Cpe-
LM TeTeporeHHbIX KIMHUYECKUX NPOSIBNIEHUA 3TOro 3abosieBaHMsA BbIAENSAIOT NOpaXKeHWe CTPYKTYp CepAua, raBHbIM obpa-
30M BOCManMTeNLHOrO XapakTepa. [loMMMO M1OKapaKTa, NpY KOPOHaBUPYCHON UHEKLIMM BO3MOEH LIENbI CNEKTP OCTPbIX
UMW OTCPOYEHHBIX MOPaXKEHUI CepALA, B YaCTHOCTM OCTPbIA KOPOHAPHbLIA CUHAPOM, TpOMBoIMBonnyeckue cobbiTus, cepaey-
Hasl He[0CTaTOYHOCTb, HapYLUEHNUs pUTMa cepaua. M3BecTHo, YTo NpoOrHo3 Ans NaUMEHTOB C MOPaXeHMEM ceppua 3HauMMo
yxyawaetcs. CBoeBpeMeHHbIe NOCTaHOBKA AMAarHo3a 1 Hayasno JieyeHus UrpatoT NpUHLMNUANBHO BaXKHYH Posib AN1S NpefoT-
BPALLIEHNSA TSKENbIX OCI0MHEHUN.

B 0630pe npuBoAATCA COBPEMEHHbIE IMTEPATYPHbIE LaHHbIE 0 NaToreHe3e nopaxeHus cepaua npu COVID-19, obeyxpatotca
BOMPOCHI pPaLMOHabHOW AMArHOCTUKM AaHHOW NaTonoruv ¢ MoMOLLbI0 COBPEMEHHBIX METOAMK (NabopaTopHbIX, (yHKLMO-
HaMbHbIX, BU3YaIU3UPYIOLLMX), B TOM YMCIE MHBa3MBHBIX. [NaBHYI0 poib Cpeay BU3Yanu3upyoLLmMX METOAOB UrpaeT MarHuT-
HO-pe30HaHcHas ToMorpadus cepAaLa ¢ KOHTpacTUpoBaHueM. B HacToslLee BpeMs Npu3HaHo, YTO AMarHOCTUKA MUOKapaMTa,
accouMMpOBaHHOMO C KOPOHABUPYCHOM MHGBEKUMEN, UMeeT AL NPUHLMIUANBHBIX OTAIMYWIA OT AMArHOCTUKW MUOKapaWTa Lpy-
roi npupogbl. KpoMe Toro, oTpaxeHbl OCHOBHbIE aCMEKTbI BOCTIANIMTENBHOMO MOpaXeHWs cepALa, acCoLMMPOBAHHONO C BaK-
unHauuen npotus COVID-19, nocKonbKy Takoe 0CNOXHEHUE BO3HMKAET Yallle, YEM NPUHATO cumuTaTh. HepeaKo OHO sBNseTcA
MOBOAOM NS 0TKa3a 0T BaKLMHALMK, YTO MOXET MOBJeYb 33 CODOMN TSKENbIE NOCNEACTBUA KaK A1 OTAENBHOM0 Ye0BeKa,
TaK 1 MONyNsaUMM B LIENIOM.

KnioueBblie cnoBa: COVID-19; MuOKapaWT; OCTpbli KOPOHApHLIM CUMHAPOM; HAapYyLUEHWS pUTMa CepALa; MarHUTHO-
pe3oHaHcHasa ToMorpadus; BaKLMHaLMS.

Kak uutnpoBatb
Ounatosa [1.A., MepwuHa EA., CunnubiH B.E. Mopaxerue cepaua npu COVID-19: Bonpocs! natoreHesa u anartoctvku // Digital Diagnostics. 2023.7. 4, N° 2.
C. 156-169. DOI: https://doi.org/10.17816/DD284706

Pykonucb nonyyena: 25.02.2023 Pykonucb opo6peHa: 31.03.2023 Ony6nukoBaHa: 14.04.2023
5
SKO®BEKTOP Cratba goctynHa no nuuer3un CC BY-NC-ND 4.0 International

© 3Ko-BekTop, 2023


https://doi.org/10.17816/DD123559
https://doi.org/10.17816/DD284706
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru

157

SYSTEMATIC REVIEWS Vol. 4 (2) 2023 Digital Diagnostics

DOI: https://doi.org/10.17816/DD284706

COVID-19-related cardiac lesion:
The questions of pathogenesis and diagnostics

Daria A. Filatova', Elena A. Mershina' 2, Valentin E. Sinitsyn?

! Faculty of Fundamental Medicine of Lomonosov Moscow State University, Moscow, Russian Federation
2 Medical Research and Education Center of Lomonosov Moscow State University, Moscow, Russian Federation

ABSTRACT

Coronavirus infection s still a topic of interest in the medical community today. Among the heterogeneous clinical manifestations
of this disease, lesions of cardiac structures often occur. They are mainly inflammatory in nature and can be acute or delayed.
Aside from myocarditis, coronavirus infection can induce cardiac injuries, including acute coronary syndrome, thromboembolic
events, heart failure, and heart rhythm disturbances. It is well known that the prognosis for patients with cardiac lesions
significantly worsens; timely diagnosis and treatment initiation play an important role in preventing severe complications.
This review presents the most recent literature data on the pathogenesis of cardiac lesions in COVID-19 patients and discusses
the rational diagnosis of this pathology using modern techniques, such as laboratory, functional imaging (cardiac magnetic
resonance is the most important of these), and invasive ones. It is now established that diagnosing myocarditis caused by
coronavirus infection differs fundamentally from diagnosing other types of myocarditis. Furthermore, the main aspects of
inflammatory heart lesions associated with COVID-19 vaccination are discussed, as this complication occurs more frequently
than is commonly believed. It is often used as a rationale for refusing vaccination; however, this decision may severely affect
the individual and the population.

Keywords: acute coronary syndrome; COVID-19; heart rhythm disturbances; magnetic resonance imaging; myocarditis;
vaccination.
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FEKPFES, MERERBEZ[13]. BE R
) ik PH 2 125 G2 10 M et IR 30 ik 2 A Ak 9 451 B AR 5
W, R, S.BangaloreZE NHIHFFE[14], Xt
18f51COVID-1940 L H ST B 46 v 1 B & b 4T T W
o 44% 00 B E B2 Wi o T 200 IR BE ) S0t e
IR B bk AR T 5. 56% 10955 49 R B T 3F 7 1R 3
Jk o LA AT o O UL 28 T AE SRR S PR DA R =2 0
g%%ﬁ\@ﬂﬁﬁﬂ%%ﬁﬁ%%ﬁﬂﬁﬁ%
T DR 2

70 e IR 5 B YL 5 i i o MR,
HAER B R R R OIE . fERRIEOILR
i, ORI ThAe &Gl N, @y, XRh
500 R TR XU il 2 43 1 = N R AR . "l RER A
DR, EESSBOLHHE., A5 =921
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B SRAEODIEMERT . FETIRL N26%.
s, PR a G T P A
RG] HEMIZENE, 2R
B MHRRET, BEERRMEONLLI M
ANEL T e PR 75 B R e ml e Fho T, 1 = B R
TR BAAE G M [15] .

DAL O Z IR GRIERRIZ —.
X P B SEBR R A AR R Jn . (HAEYE R
B, 7E44. A%RPRGI, O E R NN B
Wsdr s iR R [16] . COVID-19 0o 2 i Al fig
R TURET SR, ATRe i A O RELRER
B, WATREEOALR BRI I17] . &2 B1 T 5
B EL IR MERf 5 « HRARG. Peretto®E NS #R (18],
TET8. T2 oL B 3 v W 5% 31— F g o7 —
R O=EFaREL. RO EFEOME, R
L 7 B AR B 2E R Bk T O LR A% IR B, TR
S LA I TG IR UL 28 R 3 IR O O B
AER AR

COVID-19F O R EL A AT RENLHI B 4G AL
R E AR, RS R SR 2 RIRIR; O
LGN K R 40 B G S B AR 9 A
SRS, OV S BRI ODERE [ER
WA T ROVEFI[19, 201 Ja— L ) S A A2 4 20
MulE 7, JCHREgfAER-6 (1L-6) , {iMrkitR
FAIRER SR (O WL E R AL [21] . X AT RE
S SEOEREL, BN ATAKN, TR0 RS
BAOARRKEN T, SURgaE, S
FET-RIBE J5 A 4Edl . ML AR (2R TH 3R I8 Db 9
A A o 2R O UL ) 2 ML 2 — [22] 6
HIUFHE R, COVID-19 5 (I s IL-63K & I+
2310 TL-67KF55 H a5 185 ™ 502 FEE A 5%
Rk, COVID-19mRe= SR B AN O ZEEL. G
HE Y B A AL ma . EERENLE, =
b 175 450 A8 AT A A TE 35 sh MO L2 R 0 R A
B 1M 5 P 7 000 U T 6 R AR 7R 18 1 B LR 1
DR EEY .

HEN S, wIREEFERE S S —HIRES)
P EODILR. X — SO RRIEsSE. sadk,
ODHVRAEIE Bh T O EYE R FE R R L e
FEANER . Eah i nl G2 51 R fa LA a0
il Bah AT R IIREE M. TP
Baha] LNGE e I . M, RIZLEsh &k
KEEAR AL S N [24] o A0 LA BB PR BRI R
DRl o IR LA PR 5245 . 2 i ) LR S 30
PRI T . RO T, O LEF4E
{2 FEARIE X I8 TE ire—entry &, MW S EM
DERE . R, BRI R @ WTEfiZ LR G
FI3E)6N H P BRHIAK S35 3 [25]

765 R 99 B S L 5 0 ULAE BB 195 1 2L A .
P IF AR R A TLF AT BEFIHLE], ELFE 5
ALENE R B SO 2T 2R B B o, SR
S, BT RO LT AR AT At A Al T 5 kR 2 7Y
ODHESE . A NIAK, 55 IR0 55 B 5
PRI AR TE BOIR S 2 O WU ZE I R R HLEE 2 —,
XA BE 2 T 205 B ks AR AR AL BE B AN AR AE DG 1Y
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1RSI R A 26] . REMM, HiFEE
A, 5 A DR S S50 EEORE il 48 A3 B FR A AR EE,
TEER IR B B BB B S R E AP, IX R B
f AL AT REES A [27] 6

O 7 32 ) PR e A 3B s el RS B R G T B0
AR EE R . AT RE R R AL 590 B O LA B4
. RMHA . HEEME R AT, L
BEHRAN RS 2 5 250 2 ik o R s A T A T2 e84 o
WREE A O, IRKRI ST ™E, BT
T E 28],

FE DRI B I WO R BT, DL E
TEMR B Sk . WS & . NT-proBNP (fi
Wk FhE, O E BT B B AISTE A =,
AR AR B O B AL R IS 3E . EEK
&, K Takotsubo O I A 258 & & S EOUL
ZMy e RS TR R 77, XA RIRAT I IS L R
FEABIL[17],

B LR gh 7 O IR 25 M) 2 30 10 3 LA & L 5k
Il IR R A -

LRLIE, BIECOVID-19FE<HLALR

TEm PR SE B i, O UL B2 T & — TR 4
PIAES . 20134, MR R 2% 4 (European
Society of Cardiology, ESC) U»JLFICHELEIR
TAEA B 1 O ILA IHE € A2 Wi bR . %E
L L 28 BOR T IR R R COAEESALER ) « O
R (STRIGE) « LI =EHE (il E
FKEF R D) FRAG AR GEE R O 3l B TR L 4R
Mg (MRID O [29]. #R% #0212 i R F8
AR 1 A R [30] .

¥ELake Louisebniff, WEILIREAZEISWIL
WA E BTk IXEFRAER Y] KA T 20094,
i AR HEELAEPEAS T2 MBS (T2-WI) FAETL
SR E A EE T m R . AR IR B Ak &
ORI AEIR R AE[31] . T IR E AT 2 14
PRAS I 30, R 7 E A R dfLake  Louisefs
HERIA R, K, 20184EM iZtnrdE# 4T 715
1, FHUSERGHAR . XM G A st
o JJLT TARIT2 ) DX 33 RN B AR A 5t B 1] DA A2 41 i 41 2%
1 (extracellular volume, ECV) #HA4TE &
it. 20184E K Lake LouisefbrifE B A5 5 & i) R A
FERVER S ME (459 88%A196%) [32]. WIHRLLTF
PR — R D — DA AEAFE, T AT 7EMRT
IO ARSI H R AR AT: T2-WI B FO LK
i g (T2-WI B lE % el T2{E ) [33] A1
TL-WI_ L (o WA 52 5 (HESR I A 18 1 i A 5
e TIA/BECVIE) [34]. fEHH —Miric¥m)
THOLT, R & e R A/ B G = R I, ))
Al R WAL IR AR . SR, FEIX G
N REFEIR G R R AR . AN (EAZ b
U ISR T RERERS (GRINIZ B D) RE I
BEENEARE) FAOEL RIS (RIS
) o BACAE, WA TEIRRMREEA 2808 O I 52 2
FIE OGS 7 0] DAE X S br i, A BER HAE N
TR NI I R . eAbh, RESEIR AE o v
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BLo FEIRIP B T BRI Co TS5 44 52 408 10 = LA K L 51 A e PR B

RIAEA ORI EER R, W UE RS .
X HE -5 FFRE ] e 2 B I s %Ak [35] .

2 W B — A E 5 1 A2 T ELHE R R B ik 5
i lm IR R IA GeHEBR AR BT I, X —
AU NEE[36]. Ak, BIMEHERR T &R s k4
i, FRATHAGE A #ATE H I ARORE IR A2 H 0o VL 28 5
. Beah, EF V2 3E OO WL F R
A, B T AT O WO LTS A .
KA T e B2, X T
Ao 7 38 vy A/ B 2K L B 1 B R, R D
HATIER . IR — IR AR . R FE
SE 2Bk MWRAEEEL.OMEY 2 (American
Heart Association, AHA) HEImIGARIETE,
DO R = N LB Wy B3 1 = 11| ) A R e O = Bt
FRUL, DAATIRH AR A, DAHERR B 40 HE Ek
WE TR A K 40 IR T A7 A, IX P A8 75 B IR IR
J7; WRAATIRYT, WEEEAE37],

WRYEIE R rbritE (Dallas, 19854F) , CMIFNE
A0 7RSSR AT O UL 28 2 2R 2 B Al 2 SO0 L
Hh 55 SR I O JULAH A 72 1 BER AR O 1 498k W
TR ZE R 2 UEYE [38] . SRAG vk 2 41 B v v H. S
WHE, WEAWEsh OIS . SR, TR a0l
REVHEFI, EXPEARAEFEA S22 P
T, TE50% IR SEAF 7R AR I tb 2 g vpr, o0
LR IR HE T AFAE39] . i, s HALSSE
WP N IS T WiAR e s AL RHAE SR VK 7
KA AFAES [EAE N [36] o BLAh, 1B LAF
FEAEGR R LAH B AR TR T IR 5

EEA U EATERIE N T, IEEOHLE
A HE LR AEIRIE [40] o O LR FE H RAER T
BB 8 MR e VLA R B BB 2R 4, R4 i
Z T ERAMD FONIATERIAAAE e . AR A

DOl https://doi.org/10.17816/DD284706

I RSCHREE , B O L2 o ARGt (7 AE 5256
SRR A0 AR FFE R e CANAF A S 56 =
WERIR R R EEHEA . BT ARG LR
IAETE,  ANATTGE 2 A5 R O LTS AR SR 2 W0 UL 98
PEH T igE. HET, XMW AHE TS
W%, B35 5COVID-19AHC L ALE s 2 W K
%?E%ﬁ%,mﬁ%@@@ﬁmﬁﬁmﬁmﬁ
#41],

— kUL, COVID-19La UL 48 12 Wibm it R F5 A
AF, A, LRGSR T RE S HAR R 5] E O
WA FTAFE . X FEEE BT/ ERPET AR
G2 R

5COVID-194H % Ao L 4% B2 Wi vl e A i —
BE S 00 S PR BR R A 2 1. 38R T Bk B 4 i Ok
b (ZIES3%HPHRBD , FERZEVERGR A H G,
RAETRFRME (D-Z Bk, BER. CRNEH) £
T [42] . WUES 8 (A /K P T e B AT RE 0 UL AR
i, FEETRETR 2P ONL% . WS & R E T,
[F] B 98 R i b KTy, 3R BHARAE = SO IR S A
LA EINRE W [43] . LA, NT-proBNP/KF-FF
/5 1] REFURNEE I3 7] 2t fef i 5 [44] .

OGS 0 v BRI FR FR ) AN R o UL 48 1 2R
b SO B s B STE A B A TR (8] B 25 4%
P = A [44]

T tEfa gt e A RE I EE, WRIGRK
PREE A ONLA, M CBh B 2 IR RS
Bk (B2, ZEALKONLE T HBE R
P im0 E IhRE S A AT AE H 22 R A B o
s AR P DR 51, RO VL 28 B R FE AR 5
o B EE WA REHERR O FIAFAE [45] -

— ek, O WUV B A KSE TS AT O
WESZAR: SCHRIRIE, COVID-19E:% th4518-28%H!
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PLiXFhE L (28], tn EATIR, COVID-198 4 iR
DRIONLAE . — TR EICOVID-19TMAE T 1K) H
O I2TTH S (22T 78D 1R B 273k
SORT, M2 57, 8%, AR, 5% A
I PR HeAth 2H 2955 B 22 R LN A 12, 6% H 9
HOR LT e O USRS SE R I JORE VR, 13, TR
B R BT BRSO AT B B i 345, 4. TR
Bl RBL T 2 OISR [46] . RO LA
RAREAL, X5 CEACOVID-19 5 & H & widt
IR MG O L5 1 R A2 R 2416 0% T A e B 5 L . 7F
— T} 1544 B RFEEREIR ) COVID-19FE & g
FIREFT AR, B8% AP 5 7E R LR A% 3 4 v B s
OHERG ORI, 4640, O=IhRERFD K
F47] o =TI RBIE R R R T, 78%M 5
B EAE IR RAG T RILONUERGIE R, T5%H9%
LA & KT (48] X ULRF LB T, HP
e RS — B Al g, OS2 40 5B Je O = I B
IR ) RS SR AFAE

HAr, O HFRE SR G I A B RE TR O L 28
FIME B, UAZ TR 4 R A0 X 5 AR 1E =)
R . BTk ARBONE b, Kk
ANEVGHEAT OILER . EXFEN T, BER
MIEEREFHREW OV R k. Hh
— WA R B B T A 17 PR AR R AR R R A%
F2 (microRNA) M7k, BATTR &vE 80 fL
RS 5%, WOy 580 LR
RIBWSERE R, RN RN RBER -
TSEME B S e DL R AR RO B
LRI T —FAERNOHLR AR EYHIFHTmicroRNA
M H KRR . HEr 2, FHXFRIEY
AT LU 4300 UL A RO LA 2E . SR, ) RLATS AR
ZT&E. B, H S A E 2 W g B X f
microRNAZK-FHIEE KA M, PLNE 2T Rk
BEREREREE, ERA X0 IL % A
Bk B0 LI SR [49] . 781X — 5 T bk
— B TR RATTRE S K — A e A2 0

WL HIHA

B R R, fELLAr B IR e AR
Ml EMEATHR T, BAEA RN
O LR CFESARSH Y, B A
B H Sk (FEMERSH) [50, 51]. AT O WL4H
MR HACE2 2 AR R IA A L, COVID-199 J5 A%
O ULGH B [ W PR FE T G . X S 4 AN I
Tl ¥ L B, COVID-19-5 B0 WLAR 45 (1) B 42 )5
IR A R R LA ] S G
JoR R A7 RN LAt R BE G S WL [46] 0 DRk, 18
N ER, RO HEE R P E A MmN
TR Bk IE DO PR 2 A AE T RE R O L 1
VAR R R 2 —[52] o 3 RO L 48 5 e ft i
AH IO WU A S M R Bk SE B A (T2 2
RMEONLRD FER AT S 52

COVID-19%E B M5 KO LA
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RO T B R RAE TR . 25 Nk, &R
NNBIEE A : AstraZeneca/Oxford. Johnson
and Johnson. Moderna. Pfizer/BioNTech.
Sinopharm. Sinovac. Sputnik V. HEiGH Xk
HE U P F R JE U], B JE T RNAMIDNA () il
FA] e P %% 5 RIRNA B DNA K 7= A ] 5| /S G s
SN F 7R R T IE 8RR
—MASEUREAE AR R E AT &
M2z 4 e, PAODRAZERMND 3 KIEEE (f
F—Frgg et sk A e N 5 BT HEE
PRI T (A AR ALCOV ID—1 995 JE A fi 22 4= B 1 B
EERFBE, UEERERRND o EEIER G E
IR B AR RS IEHIDNARE:  AstraZeneca/
Oxford. Johnson and JohnsonflSputnik V
EH M. ModernaflPfizer/BioNTechiZ
T ) S Al 2 mRNAH R A B 40 K B0k 38 1% R
4:[53-56] . S5 TmRNARIE T —FE, R Tig#
A2 PR % 1 R ) S B I SARS—CoV-21 7= 4, TS
B A AR A G B P AR B R AR 1)
FEHFR.

TERERP R AR, AR R 2 SCHRARE 7% 1 1
BIEH . #EINN, fERELefEhl N, XL Bn] g
2SN/ NRRE SR, AR R R AE. —Ff
TEAE BIHLH AT RE 2 2 T BTt X B AR 4 L TR B T Ui
BRI REH, XL AR SACE2Z/AH
HAEMI57].

PafliE, HEMCOVID-199% s (KZKE
E6/NIF ARG H BT O WL J RO A 58 95
% [58, 597, F R ATEHFIE T mRNAK)
T (PfizerfIModerna) M) ANEEH . PLEFINT 4%
MPfizery i B NFEHEAT 1 P9 0K A [l ot 14 At
o Hp—IiFRAESI0Z IS 5ETRIT
13641 Lo i ol (28— R B M2l KRG, &
TR EEANIOKIE ) 5 95% I I FE R
—HEBIAET[60] o BEFLFRH T, XEER &
WRAETFEREMS L. B—TFREE LG
TR 12502 FHPLizer & i (1d
3, RILONEW RN T nrz2.3, He
1629 5 FER BRI ENT T 022100611,
A IEHE R, COVID-19%R R AR B ge 3 O L4
[k XU P R AR L (1) 18,28 fis, EPAEGL
R B TR G CPI R R M
3. 24F%) [62]. RE @& BTABEFCH B0
YIRS H I AE B P e R R B T, HAE
HERR T HA vl BERO TR A CRIBERI % B g A A 2O
WLR IR RD) , AHIX — B G 9 B AR B 22T AN 58
EERE. AR NIX A g2 BT HERE R T
P0E N B 23R 51 RS B HTAAR AE X P B
%?%%E%%ﬁ%ﬁﬁﬁﬁ%ﬁ%%%iﬁ%
B [58],

5
COVID-197] FHUR M ISLT- &, WA L
FEI R 8 o SR T, AT R m LA 47 o 22 L
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b ESARS-CoV-24H % B Co L R 4 N A = 2L
No SR, ARYESCHR, FERGIS IR 2 e B
F L AIE 5T FR AR D B B O LR MR AR . IR A
BRI AR R, AREFELN
R, TR AR R E A . FE O L R B
MK Z AR ek REIR . 5 R iX B s,
O A B O WU A ABLF-AS N4 32 F F-COVID-191)
LR Z W

BEREE T (FE R ToRNARE ) A RES
FOON AR, XFhIERIEEFER NP N
Mo RZHEN NERR . BHEMSEOL
2 BT T 2 95 2R AN B s A BE e b g T 1 A B
B, XHEREAZu.
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AHHOTALIMA

06ocHoBaHue. OTCYTCTBME B OTEUECTBEHHON MPAKTUKE YTBEPKAEHHBIX METOAMK pacyéTa U CUCTEMATU3UPOBAHHBIX AaHHbIX
B OTHOLLEHMM [103 00/1y4eHUs NNOAA NpU PEHTTEHOPAAMONOrNYECKUX UCCNIEA0BAHUAX Y DepeMEHHBIX 3aTPYLHAET UX NPaKTH-
yeckoe npuMeHeHue. [laHHas npobnema ocobeHHO aKTyanbHa 1A KOMMbIOTEPHO TOMOrpaduM KaK LUMPOKO pacnpoCcTpaHEH-
HOro BbICOKOMH(OPMATUBHOrO MeToAa Sy4EBON AMarHOCTUKM, aCCOLMMPOBAHHOMO CO 3HAYMUTESIbHBIMU YPOBHAMM 00MTy4eHNs
NaLMeHTOB.

Llenb — cucteMatnanpoBaTh CyLlecTByIoLME AaHHbIE O NOTOLEHHBIX [03aX B N0AE Npy NPOBEAEHUM KOMMbIOTEPHOI TO-
Morpaguu.

Marepuans! u MeToabl. [IpoBeAeHbI NOUCK W aHaNW3 NybMKaLMiA Ha PYCCKOM W aHINIMIACKOM Ai3blKax. Mouck ocyLuecTensmncs
B cucteMax PubMed/Medline, Google Scholar v eLibrary. B okoH4aTenbHbI aHanus BKOYEHO 12 nybnmMKaumiA, B TOM uucne
8 uccnepoBaHM € MCNOMb30BaHUEM aHTPONOMOPGdHbLIX GaHTOMOB, 3 PETPOCNEKTUBHBLIX U 1 MPOCMEKTMBHOE KIIMHMYECKOE
uccnegoBaHue.

Pesynbtathbl. Hanbonee BbiCOKME 3HayeHMs NOTOLEHHBIX 03 B N04E NONYyYeHbl NpKU NPOBELEHUNM KOMMBHTEPHBIX CKa-
HWUpOBaHWI OPIOLLHOW MOMOCTM W Maroro Tasa, a TakKe CKaHMpOBaHWM Bcero Tena. Bo BKIOYEHHBIX B 0630p nybnukaumsx
He 3adUKCMpPOBaHO MPEBBILLEHNSA NPeAeSbHO A0MYCTUMON [103bl 00/Ty4eHNs Nnoaa.

3aksnitoueHue. [py NpoBeseHUN OLHOKPATHBIX 0AHO(A3HbIX KOMMbIOTEPHBIX CKAHUPOBaHWIA Y BepeMEHHBIX NPeBLILLEHWE [0-
MycTMMOro nopora nornoLuéHHon fo3el 100 MIp B nnoae ManoBepoATHO HE3aBMCUMMO OT 30HbI CKaHUPOBaHMS, YTO NO3BONIAET
Ha3HayaTb UccnefoBaHMe MPU HaNMYUW KIMHUYECKUX NOKa3aHuii. O4HaKo 3TOT NOPor MOXET ObiTb NPEBbLILLEH MPU MHOM0-
KpaTHbIX UM MHOrohasHbIX UCCef0BaHUSAX METOAOM KOMMbOTEpPHOM ToMorpadum bpIoLLHOI NONOCTU M Manoro Tasa, a Tak-
e BCero Tena npu TpaeMe. B Takux cryyasx MynbTUAMCLMMNAMHAPHOW KOMaHAO0M CMeLManicToB No paguauvoHHoi beso-
MacHOCTY (Bpauu-pPEHTrEHONOM M KIIMHUYECKME CMELMaNnUCTbI) A0MKHA ObiTb NpoBeEHa AONONHUTENbHAA OLEHKA PUCKOB.

KnioueBble cno.a: 6€peMGHHOCTb; pa,ﬂ,VIaLl,VIUHHbIVI PUCK; O03a OﬁﬂyLIEHVIH OpraHoB; OuMarHoCTu4yecKaa BuU3yanusauus;
PUCK Anda nnoaa Bo BpeMA 6ep9MEHHOCTM; oﬁnyquMe; KOMMbKOTEPHaA TOMOFpaq)MFI; MOrNOLLEHHBIE 103bl B NNOAE.
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Evaluation of fetal absorbed doses from computed
tomography examinations of pregnant patients:
A systematic review

Alexander V. Vodovatov', Olga A. Golchenko?, Irina A. Mashchenko?,
Daria V. Alekseeva?, Larisa A. Chipiga"®, Ivan V. Khutornoy*, Polina V. Kozlova’,
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3 Almazov National Medical Research Centre, Saint Petersburg, Russian Federation

* Lomonosov Moscow State University, Moscow, Russian Federation

5 Research and Practice Center of Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Currently, no systematic data are available on fetal radiation exposure as a result of radiographic studies
during pregnancy. Consequently, there are no approved methods of its calculation that can be used in clinical practice. It is
especially relevant for computed tomography scans as it is a widely used and highly informative method of diagnostic imaging
associated with high exposure levels.

AIM: to systematize currently available data on radiation dose absorbed by the fetus from computed tomography scans in
pregnant women.

MATERIALS AND METHODS: The search for publications in Russian and English was conducted in PubMed/Medline, Google
Scholar and eLibrary. The final analysis included 12 papers including 8 studies using human body phantoms, 3 retrospective
studies and one prospective clinical study.

RESULTS: Abdominal and pelvic computed tomography scans as well as whole-body scans were found to be associated with
the highest fetal radiation exposure. However, in none of the publications the fetal exposure limit was exceeded.
CONCLUSION: Clinically indicated non-contrast-enhanced computed tomography scans in pregnant women are not likely to be
associated with the fetal absorbed doses that exceed the limit of 100 mGy regardless of the scanned area. However, this limit
might be exceeded in case of performing multiple studies or if multiphase abdominal or pelvic computed tomography scans, or
whole-body computed tomography scans are performed in patients with multiple trauma. In these cases, a decision regarding
the need for these investigations should be made by a multi-disciplinary team (including radiation safety specialists, diagnostic
radiologists and clinicians) based on the results of additional risk assessment.

Keywords: computed tomography scans; pregnancy; radiation risk; organ dose; diagnostic imaging; fetal absorbed dose;
fetal risks pregnancy radiation.
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TexHonorus pacnosHaBaHUA peyu
B Jly4eBOM AMarHoCTUKe

H.I. Kynpssues', K.A. Bapnacosa?, A.H. Xopyas'

! HayuHO-NpaKTUYECKNiA KIMHUYECKUA LIEHTP AMarHOCTUKM W TeNleMeINLIMHCKIX TexHonoruii, Mockea, Poccuitckas Mepepauma
2 YparbCKuii rocyAapCTBeHHbIA MedULMHCKuIA yHuBepeuTeT, Exatepunbypr, Poceuiickas ®epepauns

AHHOTALMA

YcTpoicTBa, cnocobHble pacnosHaBaTb peyb, ABNSAIOTCA NEPCMNeKTUBHLIM MHCTPYMEHTOM ANA CUCTEMbl 3ApaBOOXpaHEHMA.
TexHomorus pacrno3HaBaHuUa peyn UMEeT L0BOSbHO LUTMHHYI0 UCTOPUIO NPUMEHEHMA B 3anafHbIX CUCTEMAX 3[paBOOXPaHeHus
(c 1970-x roaoB), 0AHAKO LUMPOKOE pacrpocTpaHeHWe OHa NoaydMna b B Havane XX Beka, 3aMeHNB MeAULIMHCKUX TpaHC-
KpUNLUMOHKCTOB. [lns 0TeUeCTBEHHOIO 3[1paBOOXPAHEHMA laHHast TEXHONOMMA OTHOCUTENbHO HoBasl. E€ akTUBHas paspaboTka
Ha4anacb /mwb B Havane 2010-x ronos, a NoBceMecTHOe BHeApEHWE B 3ApaBooxpaHeHne — B KoHue 2010-x ropos. Ta-
Kasl 3a[epIKKa CBA3aHa C 0COOEHHOCTAMM PYCCKOr0 A3bIKA M OFPAHNYEHNEM BbIYMCIIMTESIbHBIX MOLLHOCTEN, MPUCYTCTBYHOLLMX
B Hauane XX| BeKa.

B HacTosiLLee BpeMsl KOMMEKChI YCTPOICTB M NPOrpaMMHOro 00ecrneyeHms s pacno3HaBaHWs peyn UCMosb3yTCA B rofo-
COBOM 3aMOJIHEHUN MeAMLIMHCKON LOKYMEHTALMM M NO3BONSIOT COKPATUTL BpEMS NOATrOTOBKM NPOTOKOJI0B PEHTIEHOJOMMYe-
CKUX MCCNEeL0BaHWI NpU CPaBHEHWM C TPALMULMOHHBIM (KNaBUaTYpHLIM) BBOAOM TEKCTA.

B nutepatypHoM 0630pe oTpaxeHa KpaTKas UCTOpUS pasBUTUS U MPUMEHEHUS TEXHOOTUM Pacno3HaBaHWA Peym B Jly4eBOM
AvarHoctuke. OTpaeHbl KIoYeBble HayyHble UCCNef0BaHMA, MOATBEPXAALME 3PHEKTUBHOCTL €€ UCMO/b30BaHNA B 3a-
nagHbIX cUCTEMax 3ApaBooXpaHeHus. [IpoaeMOHCTPUPOBAH 0TEYECTBEHHLIM OMbIT NMPUMEHEHN TEXHONOMMW pacno3HaBaHMs
peun M oueHeHa e€ apdeKTMBHOCTL. OnucaHbl NepcneKTMBbI AaNbHEMILEr0 pPa3BUTUA LAHHOW TEXHONOMMM B POCCUMCKOM
3[1paBOOXPaHEHMM.

KnioueBble cnoBa: Hay‘{HbIVI 0630p; TeXHONI0OrnMA pacno3HaBaHUA peyu; rosiocoBoi BBOA; JiyyeBaAa [AWArHOCTUKa;
PeHTreHonoruna; 3anojiHeHne MeULIMHCKOW DOKYMEHTaUun.
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Speech recognition technology in radiology
Nikita D. Kudryavtsev', Kristina A. Bardasova?, Anna N. Khoruzhaya'

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 Ural State Medical University, Ekaterinburg, Russian Federation

ABSTRACT

Speech recognition devices are promising tools for the healthcare system. Speech recognition technology has had a relatively
long history of use in Western healthcare systems since the 1970s. However, it became widely used at the beginning of the 21!
century, replacing medical transcriptionists. This technology is relatively new in home healthcare. Its active development began
only in the early 2010s, and its implementation in healthcare started in late 2010. This delay is due to the idiosyncrasies of the
Russian language and the limited computational power present at the beginning of the 21 century.

Currently, complexes of devices and software for speech recognition are used in the voice filling of medical records and can
reduce the time for preparing reports for radiological examinations compared with traditional (keyboard) text input.

The literature review provides a brief history of speech recognition technology development and application in radiography.
Key scientific studies showing its efficacy in Western healthcare systems are reflected. Voice recognition technology in the
home is demonstrated, and its effectiveness is evaluated. The prospects for further development of this technology in Russian
healthcare are described.

Keywords: medical records; radiation diagnostics; radiology; speech recognition software; voice input.
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Ponb aBYX3HepreTuueckou KOMNbIOTEpHOM
ToMorpadumu B AUArHOCTUKE NoAaarpbl

W APYruX KpUCTaJJIMYECKUX apTponaTUM:
0630p nuTepartypbl

M.B. OHoMko, E.A. Mepwuna, 0.A. l'eopruHosa, M.J1. [noTHMKOBa,
A.B. MaHiokoBa, B.E. CuHMLBIH

MocKOBCKUI rocyaapcTBeHHbI yHuBepcuTeT uMeHu M.B. JloMoHocoBa, MockBa, Poccuiickas ®epepaums

AHHOTALIMA

B cratbe obcyxpaeTca npuHLMn paboTbl ABYX3HEPreTUHECKON KOMMBIOTEPHON TOMOrpadum, e€é AMarHoCTMYECKas TOHHOCTb,
Haubonee yacTo BCTpeyaeMble BUABI apTedakTo. PaccMaTpuBaeTcs BO3MOXHas 3aBUCMMOCTb HanMuWs 4eno3nuToB MOHOypa-
Ta HaTpusa NpU BbIMOJHEHUM ABYX3HEPreTMHECKON KOMMbIOTEPHON TOMOrpaduy 0T APYrUX KIIMHUYECKUX AaHHbIX, 3HAYEHUE
LBYX3HEPreTUYecKoi KOMMbIOTEPHO/ ToMorpadmm B OUarHoCTMKe Mojarpbl, €€ ponb B auddepeHLManbHoi AMarHoCTUKe
KPUCTaIMYECKMX apTponaThil.

MeToA [ABYX3HEpreTMYECKOW KOMMbHOTEPHOW TOMOrpauu UMeeT pag NpPeuMyLLecTB M0 CPaBHEHUIO C AMArHOCTUYECKUM
apTpOLLEHTE30M, ABMAKOLLMMCA 30/10TbIM CTaHAAPTOM B AMarHOCTMKE MOAArpbl: HEMHBA3MBHOCTb, CKOPOCTb BbIMOHEHNS,
MHOrOKPaTHOE CHUKEHWE PUCKA ATPOTeHHbIX OCMOXHEHWI. BbiseneHne nogarpel, KOHTPONb 3QOEKTUBHOCTU NeYeHus, BO3-
MOHOCTb NpoBeAeHus AuddepeHUManbHON MarHoCTUKU — BCe 3T 3afa4W MOTyT peann3oBaThCs C MOMOLLbH0 ABYX3HEp-
reTMYECKON KOMIMbKTEPHOI ToMorpadum.

KnioueBble cnoBa: [ByXaHepreTWyeckas KomnbloTepHas Tomorpadus; [3KT, noparpa; nupodocdat Kanbuus;
KpUCTanau4eckue apTponaTuu; AMarHoCTUYecKas BU3yannsaums.
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The role of dual-energy computed tomography
in the diagnosis of gout and other crystalline
arthropathies: A review

Maria V. Onoyko, Elena A. Mershina, Olga A. Georginova, Maria L. Plotnikova,
Aleksandra V. Panyukova, Valentin E. Sinitsyn

Lomonosov Moscow State University, Moscow, Russian Federation

ABSTRACT

The importance of dual-energy computed tomography in the diagnosis of gout, the principles of dual-energy computed
tomography, the accuracy of the methodology, and the types of artifacts are discussed in this study. The possible dependence
of the presence of deposits of sodium monourate on other clinical data and the role of dual-energy computed tomography in
the differential diagnosis of other crystalline arthropathies are considered.

The dual-energy computed tomography has several advantages, including noninvasiveness, speed of execution, and a
significant reduction in the risk of iatrogenic consequences compared with diagnostic arthrocentesis, which is the gold standard
in diagnosing gout. Dual-energy computed tomography can accomplish gout detection, treatment, and differential diagnosis.

Keywords: calcium pyrophosphate, crystal arthropathies, diagnostic imaging, dual-energy computed tomography, gout
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I R — P B RS KGR, HH T L PR R K
b GRRERIMLAE) S REREN i (A TTRRAE 5%
TOEEE. PR B R AR R AR
R, T HE 2 IR KU ST 2RI XU Y R
PR A

X —Fpd B PR XA R

et T, caetl R 7T RENETE, X
SR A8 FRATTANN BEWE w5 PR R I E A Sy i A
JRAGE AR IbREY . AP R, &R MUAE LR
— S AR R IV B0 7 S 5 1) R AR RN R
HEEEH, XERHARFEAREEME. BP0
JIEE . SR ShKORFEREL . LA 28 F b
Ko BE RS

FEEHRNIBH¥2 (American College of
Rheumatology, ACR) FIRK N XL K P < Bk
83 (European Alliance of Associations for
Rheumatology, EULAR) HJ%rZtnilE (20154)
B T2 Wi X, AR AERLFEIRIR . SE56 % X
FRPRUE 1] o BT i) g b v 1) 2R 508 R R S 2 40 )
N92%FN89%[1]

WREEE “WIWHMEIR” « 20H—RINE
AT BT FEM S FNE M, nT DR A IX A
#E o S W XU 78 20 A o A2 T8 0 4R B B AR T
B A A L CHRLRBREN I 72 MR Ak, A
FELA R ZE I 1 9RE ) A R BB B R IR fm ik . A
o, XM ER AN AR . W RE A R b
#E, A ER I Im IR bR E CIRg XU 32 PRORE
R TR BRI AR [RRRAED SRR
PR CHLE RERZK T RS AU AR 12 T
I (AT AR A WREE T EHLNZ
B [1]. WERRENEE, GO MERA
—EMIME . HHEACR/EULAR-2015%> 28F5uE, 7E
HEAT X R R T FEALT Z T B PR R SR TR 1 38
F RN AL T A4 230 F I8 & LLIG iE
ORIz . AL, XEERE LI E
AL SIS W 1) B )

b H O T VR ) % 2 IR S — Fh AR N1 AR
w TR, RXFTTEA — R0 )R BRI R,
(R A b B2 3 4R HAth 2 W 7 Sk i T SE RIS
Wrl2, 3]. XEE=E TH & HLWZ 334 ] ge 2 —
FhAERAYE S W 7, 0¥ IR IR Eh Ui A ) M S
§?§$ﬁ%ﬁﬁyﬁﬁﬁﬁﬁiﬁﬁﬂ%ﬁ
(4],

FRBRIAE . SRR A

SR — i A R XU P AR S A
PREGIN SR ETRUE S AL, (RBE, TS
SRIERI/ 0P DR 35, o R IR A 1) 28 % P 2
H S (5]

AT AT AT, RS SRR —Fh
W BRI BEN (6] o L AR PRRRIAE, I3 — i
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1B R FAEIE420 pmol /LEGEE L6 mg/dLIFE R
B R TR S AR PRI AR [7] &

R 40 I R S 56 =5 AU B B, i R R v 49
VAN E S B, {HIX S B B A —AS
MrEBCR R — B B (1) T6d9m KUE IR BUR
S TCRIRER SRV SRR UAE s (2) FIR
PR 5 AR DORUAEA B TCREIR R BR I s (3D I
PP 265 98 IEAE KA 8 2 R AF 1 i R TR I 9E 5
(4) FRAER AT« 18 M5 KRR it 52 &
) v PR R IILE [5] o

WREEEYMFIRR B RT, Wi
K. —Hah, IR SR R EK, 18
S I B, JRECGR T IR AR . LR ER
BNAESTC CAE PR TP AR NT  mg/dl (416
Hmol/L) , SR IE R A B R BREN ok B 3G hn, L
B J5 it S DURRTE SR R, FE3E— DR
BB E FET8]. Xm&ALSIRIEE
BRE YA, BR RN S AR LE S TR K A AN 2 S5
B PR IR AN 2 DR T 1, I Se T AR iz ) 25
PERIE XA BE9]. efl&HEys TS
FERARMEMNAHLS CGTRE., EWRE. WA
B A, HEEEE HHXTER D) HIEL RS E
PP, FBIRFRENTUR 5 2 i 2 4 s N B A 18
PNE N AL, S RN G2 R N S s B 2
5717 XMxM[10].

TEIS I KR IS LR, RAERISR ., Frak
N [) R B R A 38 n, WA IR TE R, &
ML EA MG, ERIER 2 .

S 4 50T W AT W 22 70, v PR R ILE 7
B N R R R IEE IR B . AE BRI
FEE, 0.68-3. 9% ] 2 H Bl IR R 7K ~F FF
B, MAETE A — e X, SRS KFE T L
B N6, 4-21.04%[11] . EMRZP Hr, X—$BE N
16.8%[7], 5-8%HI NKIATCIEIR. PTAAI, &
PRIR MURE 238 hnte ik B i . JERE. 2 ZUpEJR
Jog~ O MU B ABE TSR RS [12, 137

WO X5

I RIS W EOR 2 DA — ORI RORAE (B —
FRBESCHT . BRORHTEUH ) BURRIER . WED
WITFR 2 — A 78 70 b e A I 5 LA PR IR KT AL 36
RRATRITEI,  BE AR S B MR 5 4L
R AT BRI A [14] . FF2WiE Y, &1
FRIART] A SVEII A A [ AT I, (HFEE
BT, LR KIS A SRR ER YT Y
A8 FIFESELEAE DL T P RE SR I8 (0 T SE A B PR R
BRI 5 VAR R A [15] o B e AU
AL PR R A 18T 2 oS3 T v, (EL30% K iy SR IR
AL B F B A R XU A It R AR i
k[16]. BElk, I RIS W AN S I PRI K
o AR IREPEIRATIR IR AR REAN LAY, il
AR AR 7% ST 2IRAAR . AR
AN AE R FHLBRIED RISWoRI, fE
A, BLUERIZERIS W H i, RS 3EAT
TR R S B A L T
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Bll, —Apa2 v KU FE BRI (Bulk B 5
BHELSL K2R A HE W ORI A D

S AR SR E GO i FL” E AR, B
BRI R FI B S 0 %%, AN “R
w7 oEk “RYE” 2 (KD .

FEEMEIR T, AT DL IR A3 R B 2H 2R sz AR
T2 B S 8 Xf . R KU BV Je 4 &
DU AR, X SR ] B A Bh T 78 595 M
KHEZWT[16, 17].

LRI AT R
BRI 5 — i

R R PR AL RE BT SN LI 2 X
SIS W) o0 — Rk, EATFe Ve I B PR IR £
O A AR

R, IR IO AT A KT
B AR T LAy (e 7 ) Bk U T AR B, AS
AR OO BRI 5 BORAE R L
FEBI v [ P S B L A B Yy, 8 g
JE” AR AR Al AR ST A] e B DL [
ReEnE a2 r (18],

XURE BT SALIT = 3138 78 355032 W 5 1 A
e, G, RIS LA 5% 6 B JRR AN AR
REEWRA TR (B R BR 85 5 JUEE )
ZIA[19, 20]. XEEE ML= 46 fevF g
e 70 %A R ) X3, A ARG PR IR
an A TTRA [21-23] .

X Re BT LTRSS R TR R

XRE R THR LR i —Rh AR A ik 3l
AR B 59 o IXTP T VA AE T8 P e e B AN IR 1Y
XSRS ERAR SR NAR I — X35, IR o ik
LI 7o ERFEAET, PR EAAAFKE
SRS AR K, IXHE AT PA AL S O R R X
Tk XSS FRRAE T (2050 kV) , X
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SHRER ST S e AR GG 5 E S
L) 5 EREHIET (50-150 kV) , HEEHHELGT
i ERHAL, XU S =24, 25]. JH
S80I A 3 41 20K 2 %o s A A A 420 PR S i 3 T4
JR T2 BRI T [24, 26]: JRF AU
M. RS (. AL B 0, B
ST B A NP1 S o A = R - =1
Mo (s &~ 2 O W SE AR T 5 i %
N[24]. fERL. 85, Pl cEF, n A3
K-edge (BPRIE(ES5) MHIL, ZE52ETH
VR K 7E 2 106 F - & S i R R iR 1X — IR
FIERXN R T EHLMW EHEE %O E. BT
Sl n KRR B fK-edge, #EHTFIT R R AE
AFEREE FRICRBE 2 M ZE RS, M
TAS X 7 o AT e

MEE R IF LW R A — kA, AR
HAB RO CIR AR &S OCIERNEE RE (7R
BRI —ERXWLIEMNZ ERE
RN [26]. N7 AEEHE, ERH =R
v£ (three—material decomposition analysis)
O R o vk (two-material decomposition
analysis) o WISRAEN K Z Wi 7 A 4 H XU i
3R, W4y i DA R T RN 5 b i 20 Al . B
HLAR “2HER” , RIBREANSHE G, ERBH
T A A X9 A A A TR B IR IR AN . (R,
AR E— A E K] (material  density
map, MD-map) . FEIXFhilE b, R ERE
—Eta gL . (EPET TR R E AL E
Roh, KENER, AT, BRI
BN AR RO 2 . HL A ) R ) AL B R AR T R A
AR o br

B e PEVPAG A1, 3w AH A 22 i i3 AT E
PFli. Dual Energy GoutfEyr<HshitFHARE
FLRBRANDTIR IR AR AR (23] . T EE R A&,
SARREFEDN RS, Rk T AR OS2 SR BRI T BE 1Y
ENRCONEE . MHBY TR LR S A
XFRLF e X . ARG, K A E
THE R ERERUTAR P (1) AR A

EAFE R, DB AT =4 H
2 (Volume Rendering Technique, VRT image)
M AN EEEE, EEWT T REA A
Pt (E2)

XA W7 EM N, W EEE TR L E
P EARALE T ANFESL: o DLl AP e E K
SERR R e PR A gy, R H T BAXT A
KA AT B VPl . ToaIPE. Rk,
TolR YR IF & RE AR & R BT E AL Z o n]
R IN ALV

H—MREIN N, N ERRHNEN &3
ReEAMM2fE. A, KEHAREREKH, N
AR TSN E R A R aE = T E L E T
AT EAEME R EMA S [27-29] . XA
WA AR &, FFHA55T R R 5 7R =
Pk, XYy ML W B R . iE
RE B AT L. FHNCE®G (Virtual
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B2, =4dd, RERBMEBEREMGER CEBRRTHLHMANRTTXE) « BEO——EE: hi——~m
s R O——RRIRNGE CEEE Rk B SR E LR 2 B2 A W TP D X RE R TSI R 38D

Non—-Contrast image) . ¥FOV (field of
view) K/NPREIFEEIERX N30, 311,

15 FH X AE = v E AL Z 4 mT DL AT R fUL R
1% (Virtual Monochromatic Image, VMC
image) EEL{., IXUL PG4 AR o HE gt AT B
WHERY . ZET A TSR, b
& @ A s R Rz (321

Hok S AFs: MEeE BRI (FOV, field
of view) BN, ANFEERPIEIEHFHIINIS E

BAUN33-35 cm; ATRE BB FHERVE M, =2
XHE g (— AR RS RS R S — AR
SeF AR ES ) [33, 34]. XEEH AREHSS
;HEHEELR (K3, a) .

XY RE B HENLET R4 i MR

MRAEA.N. BaersE N[35], XUAER T FMLEIZ
F 9 xR A R AU R AR O 100% X G
A IR AR R B 9 64% . HRFEA. OgdiesE A

2]

4]

B3, XURE R H LI 2 4 R T i 5

o—— T E EMA LM F B E K b——HIREND

5 c—— ISR AR AR SR RGN O R s d—— 2D RV RE (B R B S RHE SRR R A A T O

IR THEALBE AR .
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FIZZE T (201, WEEETHEALWEE T #1
T R S A0 I 8T AI84% . X L A A Ky
B FEZ$. 7ET. Bongartz%E N7 [36]
W, RS RS A3 N 90% FI83% . Wik &%
A. HuppertzZE NHIRFREER[37], BT RE
%, OURE & 1T B AL JZ 34 10 R BB AT A ik
FERIAT) (100%EL84. 6%)

M ERERT LA, XNEEsE1H ST E R
BR AR BB RS2 WEm E. AFRBF A
Z g R Rl ie 2 B T HRMX AR (X
Al RE SR R 1 T VEME I BB R 25D Je— Lt
T BRI N TR A A [ B i 174 38 o

SR, HHAWK & E R, B EEAERBHE
AT . TEH IR R R X 35k m] DAAS: I
B RN AR ik (LS, b) o 1XAp
RFAME R BT AEEA N AEETE S (dual-energy
index) RN AERSGEAAA, XA
o DU R B gm i 2 s [39] . (B RE A2,
S LT S A 2 IR e 52 (39, 40]. Bk
A T 1) B BRI A 2 B RO .

SIREEM . BB U X A 2 1 R S R
N s, EATATREMRIA N B R BR BN TR
Yl40]. WEET, fEfHZ AENHT,
YRS (beam hardening) <¥hn. Kk, fiE
ARG T IRSCE R, BE & 1 T IR
X SR B REE A . BEE GRS IR
fifl, FRSTRIERS RN, BRI ES L
e Bk, el th 2k 5 E AR dh 28 A .
T0&, DA UG TR 3R IR 1 % FE AR 2 18] T M1
FeaAnmE Ty L3, o .

F{EMaLl (signal-to—noise ratio, SNR) %
MRAIE AT, AT A 2R IR A B PR BN S R I 43 £
AN COLES, d) , fER, G SR PR S A 4
PN B B SR A /N R, USR5 RS B OE (1 R IR FR BN UT

H[39],
AFEERNT2  omf SRRV AA . 5

FR IR AR J5E ALK (KA AR B R 3R S B i
BN, aIRex OB TE. A, iz
HMAWIR, F£RZHEELT, AEKKK
SRR ZE AR BEAR U s iR X S8 O R . I BR DN SZ 1Y
TR RATAER) . Bilhn, AR B AR

7, WA, BANAE AR BIEf i E FGE S
¥, 0 “Air Distance” . “Resolution” .

“Minimum [HU]” . “Ratio” (#FFSyngo.via
VB20A HF06#f4Dual Energy GoutZ).

Wiz (HEEREEZS) &2—FMHTEER IR
HLWT = f B G 5k (4] .

i “Air Distance” Z% (H.JRERHN M A
TEMESLWER, DARRNBEALD) RV H
PRANEZ BRI Ik D 52 o BB 0 M i Bz k3 T 4
FEAETEE NPT A SR e R . (H R S8 i 5% 45
) HBE B AN I % e B B T R BRIk .

“Ratio” ZHFERMAERELLFE (dual energy
ratio) . BT UlHoundsfield®f; (HU) F~
FREEEV R ZE S mEe BV R E 2 .

Vol. 4 (2) 2023

DOl: https://doiorg/1017816/DD322758

Digital Diagnostics

FH XU 53 b AL BRBAR B, 12 S 806 T X 085
FRBREE B REE, W0 “Ratio” [HEFEE X
RE T EATLITJZ 3 3 A 7 6] PR R R it A2k 1 2R
B, (e PRARHAR R RE[39].

“Minimum [HU]” 8 BR A KEIE -
Houndsfiel d¥ A7 i RAE KT, VREGKIGRA 55
[F]F-3E47 B R N 120 KV FIHER S5 1 % [42] .
WRN R EE/NTHEME, A THEN G
=R, ENIEMDE Lo H BN “0” HU
&, KA AEANTHE B EgmiE[39] .

“Resolution” fahnE L4k A% 2 1 e /ML
. WS BIX —HEN AR IRERTTARY . W
RZX G R E > T RoEE, Mitikins.

AN RN 2 B T U)W EE & LT, W
RS R B GRS

Egﬁﬁ'—?ﬂﬁﬁiﬁﬁiﬂﬁ%ﬂﬁ%ﬁm

fE].S. LeeZE NIWEFE (431, AhATI(N & T &
A AT RE TN XN fE S v E AL Z 3 e A R
JREZAN TR IO TR 2R 03X 6 2 3000 45 137 JR 88 7K
T B IhREN A IAEAE N B A . R, fn R
MR R AE T R DT 28 1) BB AT e 1T
ML ZE e A, Hi2WiEmE 2 AR, £ Jia
SN[44VKB T, HRAEBK, XREEITFHEYLEE
P R B . RIS, WEEE T EL
b 2 4 4 ) R M35, T%, X TR KRR AR A B
PRI — LR, XA 1T Z 3 10 R
FEN61. 5%, XF T8 Xk R AR B 2, RURE
EIEVLWTZ A0 REUE N2, 9%, HRAE H A%
Y5, TE15-24% JoRE IR 1 PR R MUAE B35 J% 32, 8% 1)
I AU T 98 B RORAE B 3 HR AE X RE = T S ALIT
EH A BRI [43] o X —F52n] DU
R IR U DG R IRORAE B 1 B R TIR NS =
MR EA R LLE R [45] . B, 7T BLACH SRS &
THENLITZ AR AR Y T 3047 3h 00 %2 b gt
FRATHCEG R L. R, B E IXAER
B, B anaea A

PP B I RN X R ACRE . B EHETIE DD RE
NS SEURIRE WG RE AR . X 38 0 5 PR R 4
R TE ST A AR A Syt AR T REME . S — T
M, fEJ.ShangZE AR 7T [46]H, TEWAEE T
S E A LS Dhie N4 5 R RERANTTR & 2
8] 75 BH s Bk

I3 PR IR i 5 W e v B LT Z A A &
BH P A S AR B F AN B BRI . SEsE b, iy
SRR FE £ 25 % PR & IfIUE 14 VA )7 T PR A . 30
2 S ECR SRR TR I A . IR AE RS 2
Y ) ) o PN HEAT A 2, it R REAE IR R IR 2
BEAR B 0 B o AR VE A 0 R TR dn ik . [
b, Al X EE R TR E WS R R Eh TR
(P AU 150 Se VR VPR VR o7 A ke . shAS B B
B TREEERRITRME. b, ANEefERT
H I PR IR KT [ RE v 1) BB 5 AR 21 5 R
FRANUTA Y, K, 184 Hopth IR 25 2 06 XA & it
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%?%EE%W%FE%W,Wﬁ%%@ﬁﬂE
w477,

7ES. BayatZE NHIWF AL (2317, &F X 52 52
FIHAL CEPZ#IX ) Rk T —Fh 2 & R
TR AR DT PEA 248 (DECT  urate scoring
system) o REEXIKH AL B BlEk
Ty R R A ST L R DL K R A A R A
WU . ARIE VAR BRI T, 451X SE A 3T
9o SRIER BRI . 15 4E A B T e
RHIAFAE, I MDA R R IS P V6 7 1A 20 .
5 AT, X BOR R RN DTS PR AR
F B ARFERS S5, o 5 T 70 I & IR s Y X4
fEo A, XA RS R aed T 2 8 =55

a5,

7EJ. ShangZs NFIWF 7L (461, A ERH T —
FhdE T 7vE  “DECT urate scoring system” o
WA RIBLVE5r 5 I35 R BRI E 2 (B A7 A5 AH M
HEFFRAESE T, AP RIRRIN S 2S5 KR
FE BEREFE XA AFAE 2 A AFAE A oo . XURE
I EAW Z 45 R 5 R RAKF 2 B 2 71
JR R AT RE IS ST A ) A G . R, g
F1 98 RAFT R A R BRHE MR i 1) S sz 215 3
UESE[48] 6

Ak, WEBFRIUESE T, & RRK TSN EE
EIFEALWTZH D AFTE 8 SRR TR 2 (8] 47
TEAHSEME. #tn, N.DalbethZE A\ [49]4k45 ik,
7£90. 0% 1L 7R B8 7K "F =360 mmol/1 H 7] fit 1%
KA EET, RILTIRREETOR . TE A fil &2
SR A Haem S/ ad BRI EE T, (UF
46. 9% 9 P BE T B B R R AN DR . EASER
B2, RS 5EMERHI00 mgoi bl L5
B RIMES I, XTI FLIA R T, 5HAR &
FAALL, IMRERZKFE =360 mmol/1 H A fik A2 98 X
1 B3 2 P R PR R S AR AR R R, BERE A
BEHBEZL,

AL RS R e S48 ST 3%
IR TR L RS W IKBE

Baedr AUPE ST 846, TSR 8 1 I I L 6 AR T IR
B RS SRR 5 A 27T %%

A T TR B it AR O RUG A — Fb = R AT AT R
% IR TR AR B R (R B AR AS ) MR
oo PR R AIEER . TG #4Ee DL I
BRUER R RRSIRTh e ok . KB
JiE AR 6 I AE 455973 [ 507

FE TR S i AR ORI 5 i 5 S Ath 2 995 AR B
XA 1555 = AT ) & AR MR 2 W . IXRPR
I3 AT BE 5 HAD AOEME ST R A IR Blan, BEE
BRI 1 D5 98 1 B 3 RRO B R R A5 A4 T
BRI R R % S [51]. BT FiRER, 3 —
Fh A& 2 W 7 VR AT S N2 Wit O T — b

TR L, 5 BT TR - 1 S
Ik 5 6 15 96 IR T I A (1 2 2 o
HIBL. W — (1 [X 3 T FFS0ReF 1) . e R 5 9
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ﬁ?ﬁ%?ﬁ%%ﬁ%%%ﬁ%ﬁﬁ%%%ﬁ
HI[52, 53].

SRR IR UURA D% B8 1 5l A P S Y 8 T
RIUUNIBBHERTTR, AP TR,
5T ES UURAE J< H SV T IR PR L v
RAE[52] . FRIAIETT. o8 RIS = F 4RI I
RS B 32 B [52-54] .

FE T IR A & 1k AT BE I 6 AXHE 1 = ) 5 1 7 1)
TR, RICNVIRR N 22 &1L (crowned dens
syndrome) . IGIRFTI TR FM, 362D
S ORI FESHULA SR BELAIRL S SR [55]). fE
XFET, AT SRR . E4nfushik g . R
T R AT SN2

R, 5B S TR A I R AR e T 4%
AJRER N Z RATR, b 5 XIB M7 % A0
o SRR KA, 16 R X BTE T
FRAEG &8 i SR T MR 2 sy, BHAIA
XFR53]. 2RI, KFEX—IRKSEZH W8
o 5HAEBERRES DU O B T 2 A AT FEAEL X
T, T BRI . IR At . T
g%%&%ﬁ&%%%%#@ﬁ%%%@%m%

5,

T SEBRRES TR AE R K2k, M
WS HE B RO . SR Im R 6 2k
GRS A RO 25 . A N S AL 2 i S g
JHEE R K

T A A BB A A H Al B B B 2 Wy
ho FEBERRES AR UTRR I 0912 Wit 2 AR 38 1 F A
A . AR BRI X 05 Bh 2 B B (EULAR)D
IR, TR ARG A 2 2 i . W AT
@ﬁ,ﬁﬁﬁ&ﬁﬁﬁﬁﬁﬁﬁﬁ,ﬁﬁﬁﬁﬁ
=k,

TE TS A A R, AR RS AR AR R )
BAERRHEEN. AR, =AFEREES
A B = A R VLB B A B i 2 B ARCE S
oM. BCE B RIUN S B R R H AT IR
WX, BRI HCE S AR A, B R4S BR
R OTR [56] o IXFh 5 12 B A AT A AR
A, GRETLENE. BRI ARE . A
A . S UCERE, US55 5 T B IR S
PRITARIF AN — P vy 2 50558 A 48 6 AR5 S B 1
%, BFUNEKCE IR A S TR AR AT e B R
LTS L [50] . HRHEK. A. LeeZE AR 5T (571,
V2V 7 B AN R AU 53 ) 296, 9%F144. 2%.

T TR 2 A B AR MR SR B RR S DU 5 | A 1
KT R GRS T R XK. B 531
ZWIES A RAART . S R2 Wi iE 5 a4 5 &
I E RIS N R, BN, AR e SR 28
SEMIGRZEIN[50, 53, 54, 58]. SRR
FHRHE T RALL, IBARMEE T R B R
KT PRI MBI T[63]. fESEBMRE A<
(PR ST 48 Hp B i WS BB 3w T FE b Fn B I
(P A LARER [54] o DY Sk ATURRR AR R gt P 85 4 5 1
BHHESTUEE N RAESERN,; XIBERHE
RIS AR TR 2 T (56 .
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HTRAMK. &BatamE g THEH, &
FE RS AR SZ XG0 . B, Fredianis A [59] 44
TR RRAS AR TTRUR B E P =R R AR R . —
b e H B SR R T AT B v el s iR A . X R
BMG TE 325 R 0 IO AR T FR S DR PR N . )
— PP AE B2 £ 4k TR AR B ER A DR (KRR AL 1 %
o EEREERE HSUE R B SR s
AR, fERTET, BAE L& F R/
YA (52 2 B Tl TR A 8 2 TR AR AR 1) 5 [l 75 B
Yr. WRIEK. A LeeZE AR [57], BAEKEN
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JlyyeBblie MeToAbl B AUArHOCTUKE NEepPBUYHOM
U peuUAMBHOMN 3/10Ka4eCTBEHHOU CTPYMbl AMYHUKOB:
KIMHUYECKUH cnyyvai

H.B. HyaHos, C.B. UBawwuHa, C.[1. AkceHoBa

Poccuiickuit HayuHbI LIeHTp peHTreHopaauonorumi, Mocksa, Poceuitckas ®epepauus

AHHOTALINA

MpencTaBneHo pefKoe KIMHUKO-AMArHOCTMYecKoe HabmogeHne NepBuYHON U PELIMAMBHOW 3/10Ka4eCTBEHHOW CTPYMbl kY-
HWKOB.

3noKayecTBeHHas CTpyMa MpaBoro AMYHWKA BbiSIBNEHA Yepe3 2 rofa Mocnie XMpypruyeckoro fiedeHus nepeuyHoi fobpo-
KauyecTBEHHOM CTPYMbl JIEBOr0 SiMUHKKA. CrycTs NOAroAa y NauMeHTKM BbISBNEH PeLMAMB 3aboseBaHus, BU3yanm3npyeMbii
UCKIIOUMTENBHO MO JAHHBIM PafMOM30TOMHbIX METOAOB MUCCnefoBaHus. Busyanusauus peumamvBHbIX 04aroB no bprowwuHe
Ha YNbTPa3BYKOBOM MCCiei0BaHNM bblna 0TMeYeHa Ha YeTBEPTOM oAy NPOTUBOOMYXONEBOr0 feveHus. Mo AaHHbIM ynbTpa-
3BYKOBOI0 MCC/ef0BaHus, Mo BpIoLLIMHE Manioro Tasa Ha BCEM MPOTSAXKEHUM BU3YaNnN3WUpOBanuCh MHOXECTBEHHbIE CONUAHbIE
OnyXosieBble 0Yaru M30-rMNo3X0reHHONM CTPYKTYPbI C HAJIMYMEM JIOKYCOB HU3KO- M YMEPEHHO CKOPOCTHOTO KPOBOTOKA Ade
B MeJIKUX Oyarax: CKOpoCTb KpoBoToKa (peak systolic velocity, PS) bbina B ananasoHe ot 2 Ao 9 cM/ceK, MaKcUMarbHbIi
MHIEKC cocyamcToro conpoTuBnenus (resistivity index, RI max) — 0,53. Ha npoTsxkeHun 4 neT naumeHTKe NpoBoAMnach
paguoitoaTepanus "' aktuHocTbio 6,0 TBK. CocTosHME NaLMEHTKN Ha GOHe MPOBOANMONO JIeYeHNA YA0BETBOPUTENBHOE.

KnioueBble cnoBa: ynbTpasByKOBOE MCCNefoBaHMe; TpEXMepHas aHruorpadms; ynbTpasByKoBas ToMorpagus;
3HEepreTMYecKoe AOMMNIepOBCKOe KapTupoBaHue; MPT; peunaus; 3n0KayecTBEeHHas CTpyMa AUYHWMKA; MepuUTOHeanbHbli
CTPyMO3.
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Radiation methods in the diagnosis
of primary and recurrent malignant ovarian struma:
A case report

Nikolai V. Nudnov, Svetlana V. Ivashina, Svetlana P. Aksenova

Russian Scientific Center of Roentgenoradiology, Moscow, Russian Federation

ABSTRACT

We provide a rare clinical and diagnostic observation of primary and recurring malignant ovarian struma.

Malignant struma of the right ovary was detected 2 years after surgical treatment of primary benign struma of the left ovary.
Six months later, the patient was diagnosed with a disease relapse, visualized exclusively according to radioisotope research
methods. In the fourth year of anticancer treatment, ultrasonography revealed recurring foci along the peritoneum. According
to the ultrasound data on the pelvic peritoneum and the projection of the removed right ovary, multiple solid nodes with high
blood flow were visualized. Peak systolic velocity ranged from 2 to 9 cm/s in minor lesions from 4 to 12 mm, with an RI max of
0.53. For 4 years, the patient underwent radioiodine therapy with '*'l with an activity of 6.0 GBg; the patient’s condition during
the treatment was satisfactory.

Keywords: 3D angiography; magnetic resonance imaging; malignant struma ovarii; peritoneal strumosis; power Doppler
mapping; relapse; ultrasound; ultrasound tomography.
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Manbdopmauus AbepHeTU: KNMHUYECKUN Clyyait

A.B. Naniokosa', B.E. Cunmupiv', E.A. Mepiumna', H.A. PyubéBa?

! MocKOBCKMiA rocyaapCTBEHHbIN yHUBepcuTeT MMeHn M.B. NloMoHocosa, MeanuUMHCKII HayyHO-06pa30BaTeNbHbIN LIEHTP,
Mocksa, Poccuiickas Pepepaums

2 HaumoHanbHblit MeMLIMHCKUA UCCNe[10BaTeNbCKIMIA LIeHTP TPAHCMAIAHTONOMM W UCKYCCTBEHHBIX OpraHoB
“MeHu akazeMuka B.W. LLlymakoBa, MockBa, Poccuiickas ®epepaums

AHHOTALIUA

BpoAEéHHble NOPTOKaBaNbHbIE LIYHTHI — PEAKWUe COCYAMCTbIE aHOManuM, CBA3aHHbIE C YaCTUYHBIM WM MOJHBIM OTBE-
AEHWeM MOpTabHONW KPOBU B CUCTEMHBIN KPOBOTOK. BpoXAEHHbIE BHEMEUEHOUHbIE MOPTOKaBasbHbIE LUYHTHI Ha3blBaAKTCA
Manbhopmaumeidt AbepHeTn. BBuay HWU3KOW YacToThl BCTPEYAEMOCTM M pa3HO06pasust KIMHUYECKUX MPOSBIIEHMIA BbISBNIEHWE
AaHHOI NaTonorMm NpefcTaBifeT AUarHoCTUYEeCKyto npobnemy.

B cTaTbe onucaH KnMHUYeckuid ciyyan Manbdopmaumm AbepHetu Tuna Ib y 15-neTHero nauueHTa ¢ AnMTeNbHBIM aHaMHE30M
MOBLILIEHHOTO apTepPUaNbHOMO AaBMEHMS, PELMAVBUPYIOLIMMU HOCOBBIMUM KPOBOTEUEHUAIMM, DOMBIO B IPYAM, FOJIOBOKPYHE-
HWEM, OJbILLKOM, HU3KOW TONEPAHTHOCTBLID K QU3NYECKOI Harpy3Ke, 3NM304aMM KpoBM B CTyNe, B0Mbl0 B 3nuracTpanbHoi
obnacTu, TOLLHOTOM U 3yf0M. B pesynbTate NpoBeAEHHOTO KOMMIEKCHOTO 06CNeA0BaHUS y NaumMeHTa bbina AnarHocTMpoBaHa
aHoManus pa3BUTUS NOPTaNIbHON CUCTEMbI: PACLUMPEHHBI KOHAYUT BOPOTHOW BEHbI, BiafatoLLmii HENMOCPEeACTBEHHO B HUK-
HI0I0 MoTyto BeHy. BbisIBNEHbI TakKe MHOXECTBEHHbIE Y3/1bl B TAPEHXVIME MeYeHH, pacluMpeHre Kamep cepaua, runeptpodus
MWOKapAa U NEroYHas rnepTeH3mns. YUnTbiBas BbIPaXKEHHOCTb CUMMTOMOB, Pa3Mepbl M TUM LLYHTA, MEXAUCLMMIMHAPHBIM
KOHCU/IMYMOM PEKOMEH/0BaHa TPAHCMNAHTALMUA NEYEHU.

B cratbe paccMaTpuBaloTCA anropUTMbl AUArHOCTUKW U Apyrvue BO3MOXHbIE BapuaHTbl NIeYeHUs aHOManuii passuTha nop-
TaNnbHOW CUCTEMBI.

KntoueBble cnoBa: KIMHUYECKUI CiyYaid; COCYAUCTbIE ManbpOpMaLnK; BPOXKAEHHbIE BHEMEYEHOUYHbIE MOPTOCUCTEMHbIE
LWYHTBI; ManbgopMaumsa AbepHeTu; KT-aHruorpadus.
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Abernethy malformation: A case report

Alexandra V. Panyukova', Valentin E. Sinitsyn', Elena A. Mershina', Natalia A. Rucheva?

! Lomonosov Moscow State University, Medical Research and Educational Center, Moscow, Russian Federation
2 V.|, Shumakov National Medical Research Center of Transplantology and Artificial Organs, Moscow, Russian Federation

ABSTRACT

Congenital portosystemic shunts are rare congenital vascular anomalies associated with partial or complete portal blood
diversion into the systemic circulation. Congenital extrahepatic portosystemic shunts, termed Abernethy malformation, are
a diagnostic challenge owing to its low incidence and clinical presentations. We report a case of Abernethy malformation
type |b in a 15-year-old male with a history of chronic epigastric pain and nausea, high arterial blood pressure, recurrent
nose bleeds, chest pain, dizziness, dyspnea, low exercise tolerance, hematochezia, and itching. Imaging studies revealed a
dilated portal vein conduit flowing into the inferior vena cava, bypassing the porta hepatis. Other findings included multiple
liver nodules, heart chamber dilatation, myocardial hypertrophy, and pulmonary hypertension. Because of the severity of the
patient’s symptoms and shunt anatomy, liver transplantation was recommended after multidisciplinary panel consultations.
Further, diagnostic algorithms and other treatment options are discussed.

Keywords: Case report; vascular malformations; congenital extrahepatic portosystemic shunt; Abernethy malformation;
computed tomography angiography.
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Hypothesis testing using R
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ABSTRACT

Competencies in statistical data processing are becoming increasingly important for modern scientists. The apparent
advantages of open-source software for statistical analysis are its accessibility and adaptability. The programming language
and the corresponding software R, available as a minimalistic console interface or a complete development environment
RStudio/Posit, have the widest possibilities among free solutions.

We present a practical guide for comparing two groups using the software R. This study compares the effective doses of
standard computed tomography with low-dose computed tomography for COVID-19 patients. The practical guide summarizes
theoretical approaches to medical data processing and recommendations for correctly formulating research tasks and selecting
optimal statistical analysis methods.

The main goal of the practical guide is to introduce the reader to the Posit interface and the basic functionality of the R language
by using a practical example of treating a real medical problem. The presented material can be useful as an introduction to
statistical analysis using the programming language R.

Keywords: medical data, Posit, R, RStudio, statistical analysis, tutorial
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