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ABSTRACT

BACKGROUND: The incidence of circulatory system diseases in the Russian Federation has been steadily increasing during
the last two decades, growing 2,047 times between 2000 and 2019. Vascular calcification involves the deposition of calcium
salts in the artery wall, which leads to vascular wall remodeling. X-ray imaging is the gold standard for diagnosing of vascular
calcification. However, because of the need to process an increasing amount of data in a shorter period of time, the number
of diagnostic errors inevitably increases, and work efficiency inevitably decreases. The active development and introduction of
artificial intelligence into clinical practice have created opportunities for specialists to address these issues.

AIM: To analyze the national and international literature on the use of artificial intelligence in the diagnosis of various vascular
calcifications, summarize the prognostic value of vascular calcification, and evaluate aspects that prevent the diagnosis of
vascular calcification without using artificial intelligence.

MATERIALS AND METHODS: A search was performed in PubMed, Web of Science, Google Scholar, and eLibrary. The search was
conducted using the following keywords: artificial intelligence, machine learning, vascular calcification, and their analogues in
Russian. The search covered the period from inception till July 2023.

RESULTS: The studies included in the review compared the diagnostic abilities of clinicians and artificial intelligence using the
same images , with subsequent assessment of the accuracy, speed, and other parameters. The sites of vascular calcification
varied, resulting in differences in their prognostic value.

CONCLUSION: Artificial intelligence has proven to be effective in the diagnosis of vascular calcification. In addition to improved
accuracy and efficiency, the level of detail is superior to manual diagnosis methods. Artificial intelligence has advanced to
the point that imaging specialists can automatically detect vascular calcification. Artificial intelligence can contribute to the
successful development of X-ray imaging in the future.
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AHHOTALMA

060cHoBaHue. lNokasaTtenu 3aboseBaeMocTi Hacenenust Poccuiickon ®eaepaumn NaTonorvsiMM CUCTeMbl KpoBOODpaLLieHUs
3a npoLuefLumne ABa LeCATUNETUS NOCTOAHHO NoBblwanuc, U ¢ 2000 r. go 2019 r. ysenmumnucs B 2,047 pasa. Mpouecc Kanb-
UMPUMKALMKM COCYLOB BKIOYAET OT/IOKEHME CONEN KanbLmMsi B CTEHKE apTePWM, YTO NPUBOAMT K PEMOAENIMPOBaHUI0 COCYau-
CTOW CTeHKM. Jly4eBble METOAbI MCCNeA0BaHNA — 30/10TOW CTaHAAPT AMArHOCTUKM KanbLmduKaumm cocynos. 0fHaKo B CBS3N
C BO3pacTaloLLMM 00BEMOM AaHHbIX U He0bX0AMMOCTbI0 COKpaLLIEHWS BpeMeHU NOCTaHOBKM IMarH03a Hen3bexHo CHUKaeTcs
3(heKTMBHOCTb paboThl. AKTUBHOE pPasBUTME M BHEAPEHWE B KIIMHUYECKYIO NPAKTUKY UCKYCCTBEHHOTO MHTENEKTA OTKpPLIIO
nepef creuuanncTami BO3MOXHOCTU ANs PeLLeHns 3TuX npobem.

Lenb — npoaHanuanpoBaTb OTEHECTBEHHYIO W 3apybexHyl ITepaTypy, NOCBALLEHHYIO UCMOJb30BaHMI0 MCKYCCTBEHHOMO
WHTENINIEKTa B AMArHOCTMKE Pa3fiMYHbIX TUMOB KasbLM(UKaLMM COCYA0B, a TakkKe 0600LUMTL NPOrHOCTUHECKYHD LIEHHOCTb
KanbumduKauum COCyAO0B W OLEHWUTb acneKTbl, NpenaTcTBYOLLME AMArHOCTUKE KanbLM@UKaLMM cocynoB 6e3 npuMeHeHus
MCKYCCTBEHHOO MHTEJIIEKTA.

Marepuansb! n MeToabl. ABTOpbI MPOBEU NOUCK NYOMKaLMIA B 3NIEKTPOHHBIX 6a3ax faHHbIx PubMed, Web of Science, Google
Scholar u eLibrary. Mouck npoBoauncsa no crenylolwmM KoyeBbiM cnosaM: «artificial intelligence», «machine learning,
«vascular calcification», «MCKYCCTBEHHBIA UHTEIEKT», «MaLLMHHOE 0byYeHne», «KanbuMuKaumsa cocynos». Mouck nposo-
LWICA BO BPEMEHHOM MHTEpBaJe C MOMEHTa OCHOBaHWSA COOTBETCTBYHoLLei 6a3bl AaHHbIX Ao uionsa 2023 ropa.

Pe3ynbratbl. OcHOBHasi METOAONOMMA BKIIOYEHHLIX B 0030p MCClef0BaHUA 3aK/loyanacb B CPaBHEHUM AMArHOCTUYECKUX
CMOCOBHOCTEN KIMHULMCTOB M UCKYCCTBEHHOTO UHTENIEKTA C MPUMEHEHNEM OJIHWX U TeX e U300paxKeHuii n nocneaywoLlein
OLLEHKOM TOYHOCTM, CKOPOCTU W APYruX NOKasaTesiel. Y4acTKM BO3HUKHOBEHWUA COCYAMCTbIX KanbUMpMKaLMiA BeCbMa pasHo-
06pasHbl, YTO 00YCNOBNMBAET MX PA3NIMYHYID NPOrHOCTUYECKYIO LIEHHOCTb.

3aknoueHune. VIcKycCTBEHHBIA MHTENNEKT OT/IMYHO 3apeKoMeH[0Bas cebs B AMarHoCTMKe COCYAMUCTON KanbLmdukaumm. Mo-
MUMO MOBBILIEHWS TOYHOCTM U 3QPEKTMBHOCTM, CMOCOBHOCTU K AeTanM3aumn NpeBOCXOAAT BO3MOXHOCTM pPy4HOro MeTona
AVarHoCTUKM. VICKYCCTBEHHBIN MHTENEKT JOCTU YPOBHSA, NO3BONSAIOLLErO NOMOraTh BpaiyaM MHCTPYMEHTAIbHOW AWMArHOCTUKM
B aBTOMATM4ECKOM BbISIBJIEHUM KanbUMUKaLMmM cocynoB. Bo3MOKHOCTM MCKYCCTBEHHOMO MHTEJIIEKTa MOMYT CNOCODCTBOBaTL
3(peKTMBHOMY Pa3BUTMIO PEHTIEHONOMMK B byayLLeM.

KnioueBble cnoea: MCKYCCTBEHHbIVI WHTEJUIEeKT, MalunHHOe 06y’-IEHVIe; KaJ'IbLI,VId)VIKaLI,VIFI COCyn0B; peHTreHonoruns;
OUarHoCcTn4yecKaa susyanusauma.

Kak uutmpoBartb:

Tpycos H.A., YynaxuHa B.C., Hypkaesa A.C., fikoseHko H.A., Abnenuta W.B., Natbinosa P.O0., Mutke AN, A30Bckux A.A., NBaHos A.C., Boratbipesa [.C., Mo-
nosa Y.A, t03nexbaes A.O. MprMeHeHMe MCKYCCTBEHHOrO UHTENNEKTA B iMarHOCTUKe KanbUndukaumm aptepuid // Digital Diagnostics. 2024. T. 5, N° 1.
C. 85-100. DOI: https://doi.org/10.17816/DD623196

Pykonucb nonyyena: 10.11.2023 Pykonucb opno6peHa: 10.01.2024 Ony6nukoBaHa online: 29.01.2024
5
SKO®BEKTOP Cratba goctynHa no nuuer3un CC BY-NC-ND 4.0 International

© 3xo-BekTop, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/DD623196
https://doi.org/10.17816/DD623196

SYSTEMATIC REVIEWS Vol 5 (1) 2024 Digital Diagnostics

DOI: https://doi.org/10.17816/DD623196

AL EEEEDBKESHIZERRYR A

Yuri A. Trusov', Victoria S. Chupakhina?, Adilya S. Nurkaeva®, Natalia A. Yakovenko®,
Irina V. Ablenina®, Roksana F. Latypova®, Aleksandra P. Pitke®, Anastasiya A. Yazovskih?,
Artem S. Ivanov?, Darya S. Bogatyreva®, Ulyana A. Popova’, Azat F. Yuzlekbaev®

! Samara State Medical University, Samara, Russia;

2 Rostov State Medical University, Rostov-on-Don, Russia;

3 Bashkir State Medical University, Ufa, Russia;

“ Sechenov First Moscow State Medical University, Moscow, Russia;

5 Orenburg State Medical University, Orenburg, Russia;

¢ Russian National Research Medical University named after N.I. Pirogov, Moscow, Russia;
7 Russian University of Medicine, Moscow, Russia

WHE

Wik, T =4k, 5 Wi R R R G 50% 1R R F 2 BT . M20004E F|20194,
R BIR A EIG N 172, 04715 . I EFS A AR FEES SAE MK BE PR, X S BUME BEE
W UM R B TR RS W VB ES A I e Abn i o SR, il 5 ER i B 0 3 0 A2 W I TR ) 7R
B, TARRCER ATt SR, A TR BRI AR R A L T 1 PR N T 5 i 28 [ @ 2 it
THlZ.

BB ABFFNHE B 5HE N AT H N TR GE S WA R 2R A AL Sclk, B,
MG ME A BUSIE,  FEPEASAEANE N T8 Be 0015 40 T BELAS I A 85 A0 12 W i 7 TG
MRS s, 7R 7 EdE FEPubMed, Web of Science. Google ScholarflleLibrary™ 48 & TAIZEH
R, ¥ RZBHME A 7L R A “artificial intelligence”, “machine learning”, “vascular
calcification”, “uckyccTBeHHEB I vurtennerkt” (NTHEE) . “MamiuuHO €
o6ydenune” (FLEHD | “xanbuundbuxanua  cocynoB” (MEFL) KRR
RBHR PR L 220234 TH

SR SRR R T TR 3 B R LR R I AR R0 N T R A IR B R iz e
SNV ERYE . AN HAR R bR . M R AR AL R OR, XM R TUS HEAFE
) B A

. FLEW, N TEEEIZWMESA T mRIE 6. By T IRt Eee s,
AR RE S N T2 Wi k. N LEGECEER] 1B 2 W 2= A48 B SR i & 4510
7K. Aok, N TRBERIRE 10T LU RO S A UK &

REEAE: N TERE; PLas2es]; MM, BURY: 2Risig.

Sl FAC:

Trusov YuA, Chupakhina VS, Nurkaeva AS, Yakovenko NA, Ablenina IV, Latypova RF, Pitke AP, Yazovskih AA, Ivanov AS, Bogatyreva DS, Popova UA,
Yuzlekbaev AF. A\ T BEAESN KA 1Li2 Wi k132 . Digital Diagnostics. 2024;5(1):85-100. DOI: https://doi.org/10.17816/DD623196

W : 10.11.2023 #5%:10.01.2024 RAGHY: 29.01.2024
&
ECOeVECTOR Article can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2024

87


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/DD623196
https://doi.org/10.17816/DD623196

88

SYSTEMATIC REVIEWS

Wik

R R, P IO R SR I
RIRFFFLE L TE, 20004EF20194E 1 hin 172,047
(1] M 8540 1 7 A 45 85 shAE S Ik BE VAN, 3
Bl BE H (2] WIEES A2 R Ak MR, 53k
SR RERE AL AT 0, T rPBEES £b S TR g R Y, S B PR
T~ AN BRI RS B DI S PR I AR AL
PRELA (3]0 B AS & 5 k2 2 W IS A5 AL B AR
HEL4]o ORI, - Hicdls f AN B AN 4 R 2 et
I 5 22, TARRCR AT et o TR [5] . IX LB 1%
DU AR AT 3 458 ) 5 T R 32 i AX AR 12 W A DA
TAER .

N LA B RIRWICR AN S NI RSE B N Lo
X R AL T L2 [6] . HRHE ST SCRR BRI 4
M1, &4k, N TR AT 5 s 85 4b i Xt
LW ARG AL B T AIRKEG AL IR BBk ES
. BTSN FL A SHITKES 1L .

BHFFURI BB AT E NS TN TR RE S
i AN RIS I A A A SR, (RIS 5 T A5 A 9
JEYME FATAFEAE N T REFI 5L T BHAG I
PSS 7T .

LS 7k

YEZ AW T3 IE EPubMed. Web of
Science. Google ScholarflleLibrary 42 T4H
KR # R T LU R S8R “artificial
intelligence” . “machine learning” . “vascular
calcification” . “uckKkyccTBeHHB
vutennext” (ANTHEE). “Mamuuuoe
obyuenune” (PlEg>D . “xanbuudburanud
cocynoB” (M) « KZRIT R WAH I E I 2E
AL ZHIZR 20234 TH o AEFH ML TS ER bR

Rl A FREAME LTS MHE

Vol 5 (1) 2024

Digital Diagnostics

HHHEEL, SRIGHEICT AR AL 43 BLAh, 3853 #r
TSR T 226 SO H %o

ZR

WFFCHEN NS 1 BT R PREE AR R
TR MR E R LIRS 1, SR AR,
SRR SR

L B 5 R R, S v AT R R
EE%@@%&%TﬁE%&@%@%%ﬁE%
TERBh Bk E54L

70 R T4 O A SR T T B
R R AR R b A L R B
VPAE 7)o BRI, —TUN 746 B K00 I 7 2 3
R, BT AL R I (D) B
AR B IS H Tl 2 el 3 (54 P 9 7 WD 0D 3 43
75 LB R T 46 3o ML H. Cr i qui S A E—T g
H7. 6 4F BV e rb 22 T, 36T Ok BRI
PR 0 SEEAR A5 4,7 28 75 B DA AT ELUF O BUR
18], TEARBIBKEG (LA RS L RN 5 EA
S, TsREIRERES L0 W A S,

I B SRR A TR B U AT A bR 3
KA A R FE SRR B0 AL R R AN 5
S LA SR, AN g, 4 N R L
B B Sy NTBEL]. SR, — TUATL2. SEE RO 32
U1 7, EDRETEEAR SO IKAS AL ARG, SRR F 6% 2
1 )T A L Lol T BTG T R s o)
S BRI AL S R T, TN TAT L,
SR B A SRR EAER & ST LR 4L
R T LA R B R U . 22251
%igﬁm%%wﬁgsxa@ RV

B EH4E R

HEHHE

TEIRBI K G 1E

TR IR BN BRI FEAE £ 7™ B A JEE A A5

AR A8 o R B DR PP 70X o LB PR RO VA5
PRI Ao R R A 3% 5

J IR AT A IE R R 7

= BRI o IS XURS: 3 0 R 5

i E 2 ik £ 4k -
- R SE KU AT

FIB0 S S S o DXL A 5

- TR ARAE LR PR R A o JIFE TR ARSI

R E B ES1E -

I AE o HFE S TR I R Y I 5

- Feil kL 13 R bR

-SRI SRR AL AR

SR Bk 51 - RS R ASE 5

- SRR I AN RS U ) T

FLA B ES AL

- AR A A KOS B AS N
- SRR R RSO . BE BRI A R AR

DOl https://doi.org/10.17816/DD623196



https://doi.org/10.17816/DD623196

SYSTEMATIC REVIEWS

i% TR AR B IKES AR FE 55 AN R o L T X 22 1] £

Vol 5 (1) 2024

RN BRSP4l AN
0 wWH
1-10 ik
11 - 100 H
101 - 400 T A K
>401 [
£ 3k 54k

AT, BRI VAT i R
NBEH10], BEAbh, B0 =E B BKES Ab -5 R o g5 A
FET XS 18 N2 [B] ) 5% Rt —F A 7~ (10, 11 4R
PE—TFE261S NRIUREFT, Y. TtaniZE N RIL T, M
SIS A TPk A i ZE XSG A 28R B [12] . R. Lee®s
NAEXTA A FAGTE NRE R B8 A T ORI 7 2
75 X BB AR FIARATCTH A TACHT R 515
XSG X 3k, FEAE =Bk ZERR XM [13]. (R,
160 = B S A FORE BEANS ] AT ot A AU
A BT B I A7 A5

MR E 3Rk

—IEF X584 B E BRI 1, AR CTIEAY
(1 RE =5 B KA AL VP 235 e WK 3 RS 44 1 1 B AR
K. RIER, WHREA KIS, Th L
HeRR B AR O [14] o 4k, BFRIERH T,
& =5 B KBS Ak AT A S Je e IR e I 4 40 AT 9 1 251 411
W T, 27 i O 77 3 v kAR I ST XU
K& [15, 16]. AATFA, MEEIBETH R
GHAEENTEMNE. V. Z. BaggerZE AT T
— IR 526624 425 Jo i L AR IRE AL . WFFL 4
REWH T, XK E BB B AA T
BRI N 5 (171 . BE4ah, P. Szulc®E NI
FWIESL T, BEINKEUAAEEZET AR
BB RS G AR 5C (18],

FF K5

S0 PR A LA T 3 0L P . B4R R [19] 0
FEANFIRIRAEAAR T, PPN ST S0 AR S A A P A f P )
HERRE, SRR DR 09-21] EAERER
&, —IEAEZ120004 BE BT RS 1, NS
BNIKES AR NP AR WL SRT, RANTE 2B AR et
IS A BT T3 58 I R AL R AL AREL,
NI TS REHE AN AR TRV XU [22] o

L ABI R4

I FE213 2 B HI A, Z.HuangZe N I
T, FLNBIIKES 15 bR SRS A AR A OOl
HAEEFFI (23], E.V.BochkarevaZs N7 7427441
40-93% I FIEX LB B EHE R T, i
HIER 5 FLN S ES L A TE 2 [AAEE G Y
R EZETRAEICE[24] . E.V.BochkarevaZE A\ 1) H A

DOl https://doi.org/10.17816/DD623196

Digital Diagnostics

WHRREMEN] T, FLNBIIK AL 518 B I
PRI i 0L 500 AN B 0 o o P 2R LK R B
R [25-27] 0 BRI, 2P EBH RO ME SR HTIAIR
ANAE T IR 7 7 PR 2 A e ™ L (I 2
— (28] PRIk, ST AL BIRKES AT A BT AT I A
S R I DA A2 W (8L, A RS2 s A
FEIr AKX (AL

B F5AK FIAX 2512 W7 PR A

T3k B R 20142019 U SHA IR S5 % e 14y
MraRA T, 7 G B E REAEIE K, X2
BRI TR A7 /NI 1 A H P AF 3- A0 Bt B A sk
—REME[29] . —THXT4044 XL W B XK TAE R G &
AR B~ T, TAE— KRG, EESHEAE
b, BRI SRR AN EE[30] . HEHRAE, TH%HX L+
FEIS TR 52 MER A < [31,

R W I S B AL AR B e —UOR B AT S5 51k
JERITEAR 2 AR, 25 PRI M. B, SAPCTI
RE AR H T2 Wil R sk s [32], (B EA 17 240
ANEIBERS, XN T MU 55 T, s
(PR S R Cn SRS R AR D7 vE AT 12 I, ] 98
EESHARD o BUA, U RHE A AR G
S5 B ) I A A TR AT DA, T A S A0 R i T T
PP R SR ES AL, 18 S hnrE 2 B B e A X
WA CERIZECTI33, 341,

N T ReAEsh Bk 546 vPAG o IR F

RSBk B4

20074F, EIRFIHN TR 8E H s e T bR shlik
EEALTERE . NEAMELLE B TR T4 ERE, SR 5K
FHIE AR 2K, 1X & —FH T Hahx G452 sk [\
(R B B, MR 2RI 3] 73.8%[35] . Bl J5 JLAE, fudE
2 [ R AT 77 YRR N B S AR RS 17 115 31 TR
WeiR 2 [36-38]. I T-EAEXTELCT G ik 5t R 2>
&R AR R, R CTEUE SRS 1S B 5 7R
SHKES A I HEA T B HE C A — RO RAT B 5
[39-41]. JHf e e iR sh ik Es 4k, 8w 4 A O r )
HBORIREET sk G, ARG IE R “ PR G T
g S RE A BN EE RO IA 3198, 9%, il
DIMEIL 294 8%[42] . IXFPHL a8 24 I FIEIE20164E 2
HI—ELRE AR A, (E T 752N L3, How A7
E—E MR E[42]

HNT = BIRECR, MLEF T EHIREY:S]
TIRERIN LA N AR BT &R [43]. #H], IR
25 SR RE AN N0 =, (HIE X N A2 %
PIA BT, W A LA ReR, SR, B
4y [44-51].

B.D.de VosZENSE—T T e R SRS ALl 2 (1
W RIL T, A VR 2 SRS S R 5N T HE
(4B TLPARTR], TiiAgatstonFg% (PR 51T
BHIEPRUECT J7v2) FIEAE]0. 370 [52] .

U-Net B2 25 N TARL LR 1P e, BERIFH T
ARSI R 21 (53] N.GoginSE ATERF AT
FRIESE T 36 FU-Ne t 3R TR BB 2 S A 2, Hobk
BeE s e HAR B [46] . 7ESG%IKITEAL N, U-Netfié

89


https://doi.org/10.17816/DD623196

90

SYSTEMATIC REVIEWS

IR A KU HE4T 42 (EASVE RS2, [ U-Net
AL E SN EUE, ASERG ZEE149].

IO ECTAREL, O R CTHI BRI AR
K[54 f 5 H v 70 O L R TR IR Bh Bk A Ak A5 S K T
SEME, A AR CTAS 25 AR B, AT PR 4207
AR RN S 7R (55 o KT AN IAFE R
Eg[miiﬁﬁ%ﬁ%IZICTAIWIH%Eﬁiiﬂ%’%m@?ﬁﬁﬁa
% [56],

N TR GEAEAE F T O F ECTIZ Wb R sk s 4k 7
R AE T EE/E. 1. Isgun NFE10 2451 5t K BN
7, A AR E A C T TAgat stoni P47, HLEs )
BV I 2 ] 1A82. 2% [57] . YF 2 WFFT N Bk K 4
KT, HE DI 7 GZ20) e
WERIRZ M o At TR TR P 2 ) SRt i TR A
BN E S, 59) s Z. SunZENIFSE T, TR Byl
IR CTHMEME LR = 1727.7%, TR TIh R,
ARSI AS I 4 e B i T41%[60] BB,
ToU HL E CTR R IE R R A N T0%; AR17T, N T8
REAIN AT 25 51 22 1A] R AH 5 R 500,923 [56]

7EB. YacoubfE N BT B A — TR 78 BoR T, TEEXT
EUARERCT_EAS I IR Sh kS A B, 4 F N TR REFRAS
HREBUE S R AN ZR R TR (AUC) M TN &5
R X R, N LRGN T I OB BECTRIERE AT FE
TN LI [34] 0 bk, —TUF FAEANAS R R
WESE T SO H ECTRIN TR BRI 2. 7EAT
HREAT, YIS TR R TE,
MHE VAR R E (61, NMiZfaHrE, Har,
FTF T OB ECTHI IR B kS 2 Wi v N T
AE & — Pl SRR VA T vk

HAERENE, TR A RETFEEN TR GEThEE
I FH T AR & e R SRS A2 B, 451 2 b
1 (621 P. 1. Kame IS5 NI FHIAR FE N A28 X 28 %t i
Fr ERAS B ET T2, AERT AT LIS — e H
FICTAE FH[63] . TEIXIHREFUHT, A8 Ttk Sh kS AL 1
H S LA #2545 BIAUC /) 5ilik 3]0, 734107, 1t
Ab, —TUF S TR 2R N 2%, AT 7EEURD N HT
HOIR Bk & FER SRS IS, FHLLO0. 802[IF 1R
BRI H e IR B kS 1k [64] .

4 =30 Bk 1k

5ER SRS, CTRS IR = 2 ik 5 A4 ff v
W2 5O 4E 5 B e O [65] . I, T. Tsgums
A5 B k=3 AT A W 19 7. 9% i = B k4G 4k, X5 A
TR 25 SRR [65]) o ITEER, VR 5 > 11 i A
P e IR SRS A AR =E 2 KA 10 ARSI 75 DATR] B 32t
47066]). S.G.M.van VelzenZE ARSI A, Al
W HT iR 775 N FASF R R CTH 6 (R FE R 2l
PG ASE I I C T AT B CT R E FE TR BFCT) 5 28
AHIE 220, 68%1)0. 98 ANEE[67] . (EAR T E IS,
TE— T FH A R 28 o 28 A 80 = 20 ik 5 40 PO AR 9
o, REUEILF) 198.4%, AMUATLAX 43 T sk B
R B DA R =E BBk 5 Ao E S kS 4L, 3B AT DARR 5 X
S B AR B [68] . R, 1N T Be H Bl PRl e
IR BNKES A AR 3= B KA A2 U RBHE A TAEHAS
AT EER 550

Vol 5 (1) 2024

DOl https://doi.org/10.17816/DD623196

Digital Diagnostics

B ) A

H TR IHED, I 3Rkt B ahs il rn]
RetEC &S, FEEM IR SR 15 2UESE[69, 70,
RURE X e R ST & 925 & — P VP Ak B 3 RS B2 W
o P ITIERE R Z, 8 EBVEAL IR 330
FRES A ER I T AT e, (HE THoR LA, Bk
F T8 FUE =30 k5 I, S. Reid S NAE AL T
S G R G A A 2 X 24 56 i = B ik A Ak ot
1T T3, SR ENTHB LR EE—2 Kappa
PF2rM0.71169] . (EFFE R AR, 5 XUEE X2yl
VAL, CTAE FBNIKES1b e & VP4l 77 T B A B
3, PM.GraffyZE A ARG ECTR T *T9000%2 44
B AT TR B AL B A, A AT RS TR
[K/&Mask Region—-based Convolutional Neural
Network ) FH[70]. 3T € &5, 20 70 I8 PEAH
éﬁé%ﬂ%%%%%%ﬁ$, M TN TR e

Az, PRI R RE X B8 sk es 1t 17 B
B VAL, (H AT FHEGRE EE A TR,

FSh K54

55 N & BERICT AT A2 W 23 A s0 fik pid &7 MR i A
A RIASALT1, 72, 73]. G.BortsovaZE NAERF ST
F T4 S5 ML T U-Ne t IRTR B 2% ST X265, LAy 23
PR Bl R A I P R A 6 v TN VP A, RN
83.8%, FRIME A88%[73]. N T 1Tt fii Py 25 A 51 ik 45
TG EAT AT, 255 AR, T HAS 5 HI R 45 1)

C B M) FIRRE. PRI, RS SRR B

R R AT N L

T 3 41 B AG R ASE DN 350 3 kR A 5 A i A
P54k 2 B e R 2 R [71] . AR e e,
A5 FH R iR RGOS I 5 4 R VR i R B 71 o 2R
Ifl, SNAP (simultaneous non—contrast angiography
and intraplaque hemorrhage) Ff FHHE S T AR
TR AR AL BE T (4 FISNAPRY, FrE {5542
FH SO R s %, ARG HEATTUINMBUR R 2, 4%
R TR AT o5 P A A3 4, I AE Pt A I
B RNZIME RS 7 TSR AL (74] « BLSRSNAPRE R DA
MESA, (e 2E 3P R2HI 52, 1 AT A
FEATEEK o A8 FHGoal-SNAPFHILEHSNAPA] AR X — 1]
f[75, 6] FEABTTIH, BEALARMIE SN 2 I Ik
FEFSALRSIN 7 T 5 N AR M2 ARALL, (IR 2 S
ARG 53 E 5 T AT RESE A, IX Tt — P9t

ARk

NS TEFL XL e A 2, (1LY
KIFEART AT BATAT A Y. S, #il, 0
WAAMFE[77]. XFE M N TN E
A R A

L5 B AT — P T FL IR 5 A 0 U2
J7¥2:, E1201 255 DA 40 N T A P A2 G A0 g JEAS: 25 )
YR o AR YE MR B T e R P AR BRI I, XA G A 1)
ARG ERLEE N (78]

KT XA, 1R %535 AR 25 FE I IR B 24 ST N
o BNV R EXLE R Vs T35y BT HE



https://doi.org/10.17816/DD623196

SYSTEMATIC REVIEWS

3o N LR RELESI ML E5 4012 Wy 10 187 FH 45 R LA

Vol 5 (1) 2024

Digital Diagnostics

SERBH

T e

BrRE

BT AL
Wi
KA

RS -
ek WRBEE S WO

TR B EG 1L

W Z K A g e
2 E T
AT, A RS

FLABIKEG1E g

1 thEs]

{8 3R A B i IR BE 7 21 5

AP AR S 5, T

DU IG5, AT e IR

K ESAL 3 1Al B INAR

E,#ﬂﬁﬁiﬁﬁﬂ%%
-L\/

BRI 51 ] R 3
WK (LRI, M\
DA K R4
HER DB U0 8 5
P2 o) Ty MR RN
S5 e T B
FHRATIEE BB AT
s A
PRI ST MR LT B
B OIHNCR, SEAE A
fie )y, AR T REEAR R R
Bk
U-Net, SCU-Net. DU-Net#l

oA Fedt MR 5 5] R G4
B 2L A Bl S A A

BT

BH

BT

B: SCU-Net——f#j B F TR SLUMZE; DU-Net——IR UM% ,

PN B BAR K, X— AR L EE (53], —/ M2
JZ I R A 2 IR 2550 7L PN I S AR T 5 3 S — A
2R [28]. AR E RERINIX A3 AEEFL N Bl
54k, (B R =P S R 28] . 1bAh, B
T 5 B T A ERARE AN A, BCE A3 HT R A 3 SE A
218, B, FRN R RS EIRE S, e
WX 28047 T et $2 H A R 8T R SCUM 4% (SCU-
Net) FIVEEEUMZE (DU-Net) [33, 53], SCU-Netj&
U-Netfaib i, & v AL N BIKES 16 H o R A
F1%, M rEAE KR EE . 52 R G0 SOk
it o DU-Net tH 8 G ixX —n) i, KORPE AR EE N 2%
HIRCR, HERRZRIAF91.47%, REEEIAFI91. 22%(53]

B2, T FLNsh et B s il FR g2 S 2
29K B TIRE /KT, (B4R IR — AT e vl FE A
FFa] S —BE4E, S BRIy [T itk —
SR

Wie

1 TR, AT AT O AT P e R
e L e T e VLTINS e
IR T

TR R TR W IR 5 A TR
A A . WA 22 ST IR 2 5 B g
ST 5, o BT i B R A 2
VI B AR T P R BT, i
SHA W HERE = T BRELI. N T RERE ) S5 5T
o R R R P AR ETEE , St B A TF AT

DOl https://doi.org/10.17816/DD623196

OB R B 0 FRIIE, ARSR AR PR A=
ARYE N TR REEIEA S MEE B, 250k R N L
BEZWIRE ST

AT R A, BIRN TR REAES AR A M
PR AN RIROR, (HEAE Sk %
R A B AT VEAEOE 10 Sk ES 10X 2h ik
e L AR PR 3R A EL AR BIESE [79] o [,
B VR IR LSRRG SRR S AL IR TR AR
/b, TG N EAT T RO B N TR BE 2
BRI RCR EE L33

G

N LEREAE MUEFS 2 Wy TR I . B T 42
T ER R AR SN, A B e ) i A\ T2
Wik, N TERECLIA R T RES PIER 2 A i
B Sk I B SRR Ak, N LEBERE AT RE
SRR A RO e

ADDITIONAL INFORMATION

Funding source. This study 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, interpretation
of data for the work, drafting and revising the work, final approval

91


https://doi.org/10.17816/DD623196

92

SYSTEMATIC REVIEWS

of the version to be published and agree to be accountable for all
aspects of the work. Yu.A. Trusov, V.S. Chupakhina — development
of the concept and design of the study, scientific revision of the
manuscript; A.S. Nurkaeva — data analysis and search, writing
the manuscript; N.A. Yakovenko — data analysis, writing the
manuscript; V. Ablenina — data analysis, editing the text of the
manuscript; R.F. Latypova — data analysis, verification and approval

REFERENCES

1. Sharapova 0V, Kicha DI, Gerasimova LI, et al. Map analysis of
morbidity and mortality from blood circulatory system diseases
of the population of the Russian federation (2010-2019). Complex
Issues of Cardiovascular Diseases. 2022;11(1):56—68. EDN: ZUQVNA
doi: 10.17802/2306-1278-2022-11-1-56-68

2. Mal'kov 0A, Govorukhina AA, Burykin YuG, Afineevskaya AYu. The
Role of Calcification in the Pathogenesis of Inflammatory Reaction in
the Arterial Wall (Exemplified by the Vessels of the Neck and Head in
Adults). Journal of Medical and Biological Research. 2021;9(4):435—
443. EDN: FTSKDS doi: 10.37482/2687-1491-2081

3. Archakova TV, Nedosugova LV. Factors of vascular
calcification in patients with type 2 diabetes mellitus on long-
term dialysis. Diabetes mellitus. 2020;23(2):125-131. EDN: KPXIVL
doi: 10.14341/DM10145

4. Mori H, Torii S, Kutyna M, et al. Coronary Artery Calcification
and its Progression: What Does it Really Mean? JACC Cardiovasc
Imaging. 2018;11(1):127-142. doi: 10.1016/}.jcmg.2017.10.012

5. Yeo KK. Artificial intelligence in cardiology: did it take off? Russian
Journal for Personalized Medicine. 2022;2(6):16—22. EDN: UIENOT
doi: 10.18705/2782-3806-2022-2-6-16-22

6. Karpov OE, Andrikov DA, Maksimenko VA, Hramov AE.
Explainable artificial intelligence for medicine. Medical Doctor and
IT. 2022;(2):4-11. EDN: DTCAWX doi: 10.25881/18110193_2022_2_4
7. Greenland P, LaBree L, Azen SP, et al. Coronary artery calcium
score combined with Framingham score for risk prediction
in asymptomatic individuals. JAMA. 2004;291(2):210-215.
doi: 10.1001/jama.291.2.210

8. Criqui MH, Denenberg JO, Ix JH, et al. Calcium density of
coronary artery plaque and risk of incident cardiovascular events.
JAMA. 2014;311(3):271-278. doi: 10.1001/jama.2013.282535

9. Carr JJ, Jacobs DR Jr, Terry JG, et al. Association of Coronary
Artery Calcium in Adults Aged 32 to 46 Years With Incident Coronary
Heart Disease and Death. JAMA Cardiol. 2017;2(4):391-399.
doi: 10.1001/jamacardio.2016.5493

10. Khalikov AA, Kuznetsov KO, Iskuzhina LR, Khalikova LV.
Forensic aspects of sudden autopsy-negative cardiac death.
Sudebno-Meditsinskaya  Ekspertisa. ~ 2021;64(3):59-63.
doi: 10.17116/sudmed20216403159

11. Eisen A, Tenenbaum A, Koren-Morag N, et al. Calcification of the
thoracic aorta as detected by spiral computed tomography among
stable angina pectoris patients: association with cardiovascular
events and death. Circulation. 2008;118(13):1328-1334.
doi: 10.1161/CIRCULATIONAHA.107.712141

12. Itani Y, Watanabe S, Masuda Y. Relationship between aortic
calcification and stroke in a mass screening program using a mobile
helical computed tomography unit. Circ J. 2006;70(6):733-736.
doi: 10.1253/circj.70.733

Vol 5 (1) 2024

DOl https://doi.org/10.17816/DD623196

Digital Diagnostics

of the text; A.P. Pitke — writing a manuscript, obtaining factual
data; AA. Yazovskikh — editing the text of the article, analyzing
data; AS. Ivanov — obtaining data, writing the text of the article;
D.S. Bogatyreva — approval of the final version of the manuscript,
editing of the text of the article; U.A. Popova — data analysis,
participation in the writing of the article; A.F. Yuzlekbayev — analysis
and data acquisition.

13. Lee R, Matsutani N, Polimenakos AC, et al. Preoperative noncontrast
chest computed tomography identifies potential aortic emboli. Ann
Thorac Surg. 2007;84(1):38-42. doi: 10.1016/j.athoracsur.2007.03.025
14. Zweig BM, Sheth M, Simpson S, Al-Mallah MH. Association
of abdominal aortic calcium with coronary artery calcium and
obstructive coronary artery disease: a pilot study. Int J Cardiovasc
Imaging. 2012;28(2):399-404. doi: 10.1007/510554-011-9818-1
15.An C, Lee HJ, Lee HS, et al. CT-based abdominal aortic
calcification score as a surrogate marker for predicting the
presence of asymptomatic coronary artery disease. Eur Radiol.
2014;24(10):2491-2498. doi: 10.1007/s00330-014-3298-3

16. Melnikov MV, Zelinskiy VA, Zhorina AS, Chuglova DA. An
abdominal aortic calcification in peripheral arterial occlusive
disease: risk factors and markers. Journal of atherosclerosis and
dyslipidemias. 2014;(3):33-38. EDN: SISNRZ

17. Bagger YZ, Tanké LB, Alexandersen P, et al. Radiographic
measure of aorta calcification is a site-specific predictor of bone
loss and fracture risk at the hip. J Intern Med. 2006;259(6):598-605.
doi: 10.1111/}.1365-2796.2006.01640.x

18. Szulc P, Blackwell T, Schoushoe JT, et al. High hip fracture risk in
men with severe aortic calcification: MrQS study. J Bone Miner Res.
2014;29(4):968-975. doi: 10.1002/jbmr.2085

19. Lobanova NI, Chicherina EN, Malchikova SV, Maksimchuk-
Kolobova NS. Fluid shear stress on the endothelium of the carotid artery
wall and coronary artery calcinosis in patients with arterial hypertension.
South Russian Journal of Therapeutic Practice. 2022;3(3):60-67.
EDN: QWCOCH doi: 10.21886/2712-8156-2022-3-3-60-67

20. Kim JT, Yoo SH, Kwon JH, et al. Subtyping of ischemic stroke based
on vascular imaging: analysis of 1,167 acute, consecutive patients. J
Clin Neurol. 2006;2(4):225-230. doi: 10.3988/jcn.2006.2.4.225

21. Wong LK. Global burden of intracranial atherosclerosis. Int J
Stroke. 2006;1(3):158-159. doi: 10.1111/}.1747-4949.2006.00045.x
22. Kockelkoren R, De Vis JB, de Jong PA, et al. Intracranial Carotid
Artery Calcification From Infancy to Old Age. J Am Coll Cardiol
2018;72(5):582-584. doi: 10.1016/j.jacc.2018.05.021

23. Huang Z, Xiao J, Xie Y, et al. The correlation of deep learning-
based CAD-RADS evaluated by coronary computed tomography
angiography with breast arterial calcification on mammography. Sci
Rep. 2020;10(1):11532. doi: 10.1038/s41598-020-68378-4

24, Bochkareva EV, Butina EK, Bayramkulova EKh, et al. Prevalence
and Severity of Breast Arterial Calcification on Routine Mammography.
Rational Pharmacotherapy in Cardiology. 2022;18(5):530-535.
EDN: HUFTZE doi: 10.20996/1819-6446-2022-09-01

25. Bochkareva EV, Butina EK, Bayramkulova NKh, Drapkina OM.
Mammary artery calcinosis and diabetes mellitus: case report and
brief literature review. Profilakticheskaya Meditsina. 2021;24(9):97-
101. EDN: QPQDLT doi: 10.17116/profmed20212409197



https://doi.org/10.17816/DD623196
https://elibrary.ru/zuqvna
https://doi.org/10.17802/2306-1278-2022-11-1-56-68
https://elibrary.ru/ftskds
https://doi.org/10.37482/2687-1491-Z081
https://elibrary.ru/kpxivl
https://doi.org/10.14341/DM10145
https://doi.org/10.1016/j.jcmg.2017.10.012
https://elibrary.ru/uienot
https://doi.org/10.18705/2782-3806-2022-2-6-16-22
https://elibrary.ru/dtcawx
https://doi.org/10.25881/18110193_2022_2_4
https://doi.org/10.1001/jama.291.2.210
https://doi.org/10.1001/jama.2013.282535
https://doi.org/10.1001/jamacardio.2016.5493
https://doi.org/10.17116/sudmed20216403159
https://doi.org/10.1161/CIRCULATIONAHA.107.712141
https://doi.org/10.1253/circj.70.733
https://doi.org/10.1016/j.athoracsur.2007.03.025
https://doi.org/10.1007/s10554-011-9818-1
https://doi.org/10.1007/s00330-014-3298-3
https://elibrary.ru/sisnrz
https://doi.org/10.1111/j.1365-2796.2006.01640.x
https://doi.org/10.1002/jbmr.2085
https://elibrary.ru/qwcoch
https://doi.org/10.21886/2712-8156-2022-3-3-60-67
https://doi.org/10.3988/jcn.2006.2.4.225
https://doi.org/10.1111/j.1747-4949.2006.00045.x
https://doi.org/10.1016/j.jacc.2018.05.021
https://doi.org/10.1038/s41598-020-68378-4
https://elibrary.ru/huftze
https://doi.org/10.20996/1819-6446-2022-09-01
https://elibrary.ru/qpqdlt
https://doi.org/10.17116/profmed20212409197

SYSTEMATIC REVIEWS

26. Bochkareva EV, Butina EK, Savin AS, et al. Breast arteries
calcification: a potential surrogate marker for cerebrovascular
disease. Profilakticheskaya Meditsina. 2020;23(5):164-169.
EDN: IRHLDZ doi: 10.17116/profmed202023051164

27. Bochkareva EV, Butina EK, Savin AS, Drapkina OM. Breast
artery calcification and osteoporosis in postmenopausal woman:
a case report and opinion on the problem. Cardiovascular
Therapy and Prevention. 2020;19(4):2574. EDN: RTDDQG
doi: 10.15829/1728-8800-2020-2574

28. Wang J, Ding H, Bidgoli FA, et al. Detecting Cardiovascular
Disease from Mammograms With Deep Learning. IEEE Trans Med
Imaging. 2017;36(5):1172—-1181. doi: 10.1109/TMI.2017.2655486

29. Golubev NA, Ogryzko EV, Tyurina EM, Shelepova EA,
Shelekhov PV. Features of the development of the radiation
diagnostics service in the Russian Federation for 2014-2019. Current
problems of health care and medical statistics. 2021;(2):356-376.
EDN: EHSADW doi: 10.24412/2312-2935-2021-2-356-376

30. Krupinski EA, Berbaum KS, Caldwell RT, et al. Long radiology
workdays reduce detection and accommodation accuracy. J Am Coll
Radiol. 2010;7(9):698—704. doi: 10.1016/j.,jacr.2010.03.004

31. Lee CS, Nagy PG, Weaver SJ, Newman-Toker DE. Cognitive and
system factors contributing to diagnostic errors in radiology. AJR
Am J Roentgenol. 2013;201(3):611-617. doi: 10.2214/AJR.12.10375
32. Nikolaev AE, Shapiev AN, Blokhin IA, et al. New approaches
for assessing coronary changes in multi-layer spiral computed
tomography. Russian Journal of Cardiology. 2019;(12):124-130.
EDN: VHYAYK doi: 10.15829/1560-4071-2019-12-124-130

33. Guo X, O'Neill WC, Vey B, et al. SCU-Net: A deep learning
method for segmentation and quantification of breast arterial
calcifications on mammograms. Med Phys. 2021;48(10):5851-
5861. doi: 10.1002/mp.15017

34. Yacoub B, Kabakus IM, Schoepf UJ, et al. Performance of an
Artificial Intelligence-Based Platform Against Clinical Radiology
Reports for the Evaluation of Noncontrast Chest CT. Acad Radiol
2022;29(2):108-117. doi: 10.1016/j.acra.2021.02.007

35. Isgum |, Rutten A, Prokop M, van Ginneken B. Detection of
coronary calcifications from computed tomography scans for
automated risk assessment of coronary artery disease. Med Phys.
2007;34(4):1450-1461. doi: 10.1118/1.2710548

36. Kurkure U, Chittajallu DR, Brunner G, et al. A supervised
classification-based method for coronary calcium detection in
non-contrast CT. Int J Cardiovasc Imaging. 2010;26(7):817-828.
doi: 10.1007/510554-010-9607-2

37. Brunner G, Chittajallu DR, Kurkure U, Kakadiaris IA. Toward
the automatic detection of coronary artery calcification in non-
contrast computed tomography data. Int J Cardiovasc Imaging.
2010;26(7):829-838. doi: 10.1007/510554-010-9608-1

38. Brunner G, Kurkure U, Chittajallu DR, et al. Toward
unsupervised classification of calcified arterial lesions. Med
Image Comput Comput Assist Interv. 2008;11(1):144-152.
doi: 10.1007/978-3-540-85988-8_18

39. Takx RA, de Jong PA, Leiner T, et al. Automated coronary artery
calcification scoring in non-gated chest CT: agreement and reliability.
PLoS One. 2014;9(3):€91239. doi: 10.1371/journal.pone.0091239

40. Wolterink JM, Leiner T, Takx RA, et al. Automatic Coronary
Calcium Scoring in  Non-Contrast-Enhanced ECG-Triggered
Cardiac CT With Ambiguity Detection. IEEE Trans Med Imaging.
2015;34(9):1867-1878. doi: 10.1109/TMI.2015.2412651

Vol 5 (1) 2024

DOl https://doi.org/10.17816/DD623196

Digital Diagnostics

41. Saur SC, Alkadhi H, Desbiolles L, et al. Automatic detection
of calcified coronary plaques in computed tomography data sets.
Med Image Comput Comput Assist Interv. 2008;11(1):170-177.
doi: 10.1007/978-3-540-85988-8_21

42.Yang G, Chen Y, Ning X, et al. Automatic coronary calcium
scoring using noncontrast and contrast CT images. Med Phys.
2016;43(5):2174. doi: 10.1118/1.4945045

43. Jiang B, Guo N, Ge Y, et al. Development and application of artificial
intelligence in cardiac imaging. Br J Radiol. 2020;93(1113):20190812.
doi: 10.1259/bjr.20190812

44, Shahzad R, van Walsum T, Schaap M, et al. Vessel specific
coronary artery calcium scoring: an automatic system. Acad Radiol
2013;20(1):1-9. doi: 10.1016/j.acra.2012.07.018

45. Cano-Espinosa C, Gonzélez G, Washko GR, et al. Automated
Agatston Score Computation in non-ECG Gated CT Scans Using
Deep Learning. Proc SPIE Int Soc Opt Eng. 2018;10574:105742K.
doi: 10.1117/12.2293681

46. Gogin N, Viti M, Nicodéme L, et al. Automatic coronary artery calcium
scoring from unenhanced-ECG-gated CT using deep learning. Diagn
Interv Imaging. 2021;102(11):683-690. doi: 10.1016/}.diii.2021.05.004
47. Wolterink JM, Leiner T, de Vos BD, et al. Automatic coronary
artery calcium scoring in cardiac CT angiography using paired
convolutional neural networks. Med Image Anal. 2016;34:123-136.
doi: 10.1016/j.media.2016.04.004

48. Wang W, Wang H, Chen Q, et al. Coronary artery calcium
score quantification using a deep-learning algorithm. Clin Radiol.
2020;75(3):237.e11-237.16. doi: 10.1016/j.crad.2019.10.012

49. Singh G, Al'Aref SJ, Lee BC, et al. End-to-End, Pixel-Wise
Vessel-Specific Coronary and Aortic Calcium Detection and
Scoring Using Deep Learning. Diagnostics (Basel). 2021;11(2):215.
doi: 10.3390/diagnostics11020215

50. Martin SS, van Assen M, Rapaka S, et al. Evaluation of a
Deep Learning-Based Automated CT Coronary Artery Calcium
Scoring Algorithm. JACC Cardiovasc Imaging. 2020;13(1):524-526.
doi: 10.1016/}.jcmg.2019.09.015

51. Zhang N, Yang G, Zhang W, et al. Fully automatic framework
for comprehensive coronary artery calcium scores analysis
on non-contrast cardiac-gated CT scan: Total and vessel-
specific quantifications. Eur J Radiol. 2021;134:109420.
doi: 10.1016/j.ejrad.2020.109420

52. de Vos BD, Wolterink JM, Leiner T, et al. Direct Automatic
Coronary Calcium Scoring in Cardiac and Chest CT. IEEE Trans Med
Imaging. 2019;38(9):2127-2138. doi: 10.1109/TM1.2019.2899534

53. AlGhamdi M, Abdel-Mottaleb M, Collado-Mesa F. DU-Net:
Convolutional Network for the Detection of Arterial Calcifications in
Mammaograms. IEEE Trans Med Imaging. 2020;39(10):3240-3249.
doi: 10.1109/TMI.2020.2989737

54. Nikolaev AE, Korkunova OA, Khutornoy 1V, et al. Comparability
of coronary risk assessment methods with chest ultra-LDCT and
CT coronography with ECG synchronization. Medical Visualization.
2021;25(4):75-92. EDN: CMSGAX doi: 10.24835/1607-0763-1047
55.van Assen M, Martin SS, Varga-Szemes A, et al. Automatic
coronary calcium scoring in chest CT using a deep neural
network in direct comparison with non-contrast cardiac
CT: A validation study. Eur J Radiol. 2021;134:109428.
doi: 10.1016/j.ejrad.2020.109428

56. Nikolaev AE, Shapiev AN, Blokhin IA. Standardization of
coronary artery calcification assessment on contrast-free computed

93


https://doi.org/10.17816/DD623196
https://elibrary.ru/irhldz
https://doi.org/10.17116/profmed202023051164
https://elibrary.ru/rtddqg
https://doi.org/10.15829/1728-8800-2020-2574
https://doi.org/10.1109/TMI.2017.2655486
https://elibrary.ru/ehsadw
https://doi.org/10.24412/2312-2935-2021-2-356-376
https://doi.org/10.1016/j.jacr.2010.03.004
https://doi.org/10.2214/AJR.12.10375
https://elibrary.ru/vhyayk
https://doi.org/10.15829/1560-4071-2019-12-124-130
https://doi.org/10.1002/mp.15017
https://doi.org/10.1016/j.acra.2021.02.007
https://doi.org/10.1118/1.2710548
https://doi.org/10.1007/s10554-010-9607-2
https://doi.org/10.1007/s10554-010-9608-1
https://doi.org/10.1007/978-3-540-85988-8_18
https://doi.org/10.1371/journal.pone.0091239
https://doi.org/10.1109/TMI.2015.2412651
https://doi.org/10.1007/978-3-540-85988-8_21
https://doi.org/10.1118/1.4945045
https://doi.org/10.1259/bjr.20190812
https://doi.org/10.1016/j.acra.2012.07.018
https://doi.org/10.1117/12.2293681
https://doi.org/10.1016/j.diii.2021.05.004
https://doi.org/10.1016/j.media.2016.04.004
https://doi.org/10.1016/j.crad.2019.10.012
https://doi.org/10.3390/diagnostics11020215
https://doi.org/10.1016/j.jcmg.2019.09.015
https://doi.org/10.1016/j.ejrad.2020.109420
https://doi.org/10.1109/TMI.2019.2899534
https://doi.org/10.1109/TMI.2020.2989737
https://elibrary.ru/cmsgax
https://doi.org/10.24835/1607-0763-1047
https://doi.org/10.1016/j.ejrad.2020.109428

94

SYSTEMATIC REVIEWS

tomograms without ECG synchronization. Radiology Study.
2020;3(2):45-52. EDN: VVGXBI

57. Isgum |, Prokop M, Niemeijer M, et al. Automatic coronary calcium
scoring in low-dose chest computed tomography. /EEE Trans Med
Imaging. 2012;31(12):2322-2334. doi: 10.1109/TM1.2012.2216889
58. Wolterink JM, Leiner T, Viergever MA, Isgum |. Generative
Adversarial Networks for Noise Reduction in Low-Dose CT. IEEE Trans
Med Imaging. 2017;36(12):2536—2545. doi: 10.1109/TM1.2017.2708987
59. Klug M, Shemesh J, Green M, et al. A deep-learning method
for the denoising of ultra-low dose chest CT in coronary artery
calcium score evaluation. Clin Radiol. 2022;77(7):509-517.
doi: 10.1016/j.crad.2022.03.005

60. Sun Z, Ng CKC. Artificial Intelligence (Enhanced Super-Resolution
Generative Adversarial Network) for Calcium Deblooming in Coronary
Computed Tomography Angiography: A Feasibility Study. Diagnostics
(Basel). 2022;12(4):991. doi: 10.3390/diagnostics12040991

61. Eng D, Chute C, Khandwala N, et al. Automated coronary calcium
scoring using deep learning with multicenter external validation. NP.J
Digit Med. 2021;4(1):88. doi: 10.1038/s41746-021-00460-1

62. Morozov SP, Kokina DYu, Pavlov NA, et al. Clinical aspects
of using artificial intelligence for the interpretation of chest
X-rays. Tuberculosis and Lung Diseases. 2021;99(4):58-64.
doi: 10.21292/2075-1230-2021-99-4-58-64

63. Kamel PI, Yi PH, Sair HI, Lin CT. Prediction of Coronary Artery
Calcium and Cardiovascular Risk on Chest Radiographs Using
Deep Learning. Radiol Cardiothorac Imaging. 2021;3(3):e200486.
doi: 10.1148/ryct.2021200486

64.Du T, Xie L, Zhang H, et al. Training and validation of
a deep learning architecture for the automatic analysis of
coronary angiography. Eurolntervention. 2021;17(1):32-40.
doi: 10.4244/E1J-D-20-00570

65. Isgum |, Rutten A, Prokop M, et al. Automated aortic calcium
scoring on low-dose chest computed tomography. Med Phys.
2010;37(2):714-723. doi: 10.1118/1.3284211

66. de Vos BD, Lessmann N, de Jong PA, I1Sgum |. Deep Learning-
Quantified Calcium Scores for Automatic Cardiovascular Mortality
Prediction at Lung Screening Low-Dose CT. Radiol Cardiothorac
Imaging. 2021;3(2):¢190219. doi: 10.1148/ryct.2021190219

67. van Velzen SGM, Lessmann N, Velthuis BK, et al. Deep Learning
for Automatic Calcium Scoring in CT: Validation Using Multiple
Cardiac CT and Chest CT Protocols. Radiology. 2020;295(1):66-79.
doi: 10.1148/radiol.2020191621

68. Guilenea FN, Casciaro ME, Pascaner AF, et al. Thoracic
Aorta Calcium Detection and Quantification Using Convolutional

CMUCOK JIUTEPATYPbI

1. Wapanosa 0.B., Knua .M., Tepacumosa J1.U., n ap. Kaptorpa-
(UYeCKUI aHanM3 NokasaTenei 3aboneBaeMoCT! 1 CMepPTHOCTU OT
bonesHeit cucTeMbl KPOBOOGPaLLEHMs Hacenenns Poccuiickoin Pe-
nepauum (2010-2019 rr.) // KoMnnekcHble npobneMsl cepaeyHo-co-
cyamctelx 3abonesanunit. 2022. T. 11, N2 1. C. 56-68. EDN: ZUQVNA
doi: 10.17802/2306-1278-2022-11-1-56-68

2. ManbkoB 0.A, ToeopyxuHa AA., Bypbikun 10.I., AduHees-
ckan Al0. Ponb kanbUMduKaumm B naToreHe3e BOCMANMTENbHOM
peaKkumn apTepuanbHOM CTEHKM (Ha MpUMepe COCYLOB LUeW W ro-
noBbl B3pOCnoro Hacenenust) // XypHan Menwmko-buonornye-

Vol 5 (1) 2024

DOl https://doi.org/10.17816/DD623196

Digital Diagnostics

Neural Networks in a Large Cohort of Intermediate-Risk Patients.
Tomography. 2021;7(4):636—649. doi: 10.3390/tomagraphy7040054
69. Reid S, Schousboe JT, Kimelman D, et al. Machine learning for
automated abdominal aortic calcification scoring of DXA vertebral
fracture assessment images: A pilot study. Bone. 2021;148:115943.
doi: 10.1016/j.bone.2021.115943

70. Graffy PM, Liu J, 0'Connor S, et al. Automated segmentation
and quantification of aortic calcification at abdominal CT:
application of a deep learning-based algorithm to a longitudinal
screening cohort. Abdom Radiol (NY). 2019;44(8):2921-2928.
doi: 10.1007/s00261-019-02014-2

71. van Engelen A, Niessen WJ, Klein S, et al. Atherosclerotic plague
component segmentation in combined carotid MRI and CTA data
incorporating class label uncertainty. PLoS One. 2014;9(4):e94840.
doi: 10.1371/journal.pone.0094840

72. Onishchenko PS, Klyshnikov KYu, Ovcharenko EA. Artificial
neural networks in cardiology: analysis of graphic data. Bulletin
of Siberian Medicine. 2021;20(4):193-204. EDN: XVBERA
doi: 10.20538/1682-0363-2021-4-193-204

73. Bortsova G, Bos D, Dubost F, et al. Automated Segmentation
and Volume Measurement of Intracranial Internal Carotid Artery
Calcification at Noncontrast CT. Radiol Artif Intell. 2021;3(5):e200226.
doi: 10.1148/ryai.2021200226

74. LiD, Qiao H, Han Y, et al. Histological validation of simultaneous
non-contrast angiography and intraplague hemorrhage imaging
(SNAP) for characterizing carotid intraplaque hemorrhage. Eur
Radiol. 2021;31(5):3106-3115. doi: 10.1007/s00330-020-07352-0
75. Chen S, Ning J, Zhao X, et al. Fast simultaneous noncontrast
angiography and intraplague hemorrhage (fSNAP) sequence for
carotid artery imaging. Magn Reson Med. 2017;77(2):753-758.
doi: 10.1002/mrm.26111

76. Qi H, Sun J, Qiao H, et al. Carotid Intraplaque Hemorrhage
Imaging with Quantitative Vessel Wall T1 Mapping: Technical
Development and Initial Experience. Radiology. 2018;287(1):276—284.
doi: 10.1148/radiol.2017170526

77. Cheng JZ, Cole EB, Pisano ED, Shen D. Detection of arterial
calcification in mammograms by random walks. Inf Process Med
Imaging. 2009;21:713-724. doi: 10.1007/978-3-642-02498-6_59
78. Lomakov SYu. Volumes of mammographic studies in modern
conditions of providing preventive measures. Profilakticheskaya Meditsina.
2020;23(4):41-44. EDN: OUUINQ doi: 10.17116/profmed20202304141
79. Roseman DA, Hwang SJ, Manders ES, et al. Renal artery calcium,
cardiovascular risk factors, and indexes of renal function. Am J
Cardiol. 2014;113(1):156—161. doi: 10.1016/j.amjcard.2013.09.036

cKux uccneposanuin. 2021. T. 9, N2 4. C. 435-443. EDN: FTSKDS
doi: 10.37482/2687-1491-2081

3. ApuakoBa T.B., Hepocyrosa J1.B. ®aktopbl Kanbuudu-
KallMW cocydoB Yy MalLMEHTOB C caxapHbiM AuabeTom 2 Tuna,
MoAyYaloLLMX NleyeHWe MporpaMMHbIM reMogmanusoM // Ca-
XapHbln amabet. 2020. T. 23, N® 2. C. 125-131. EDN: KPXIVL
doi: 10.14341/DM10145

4. MoriH, Torii S, Kutyna M, et al. Coronary Artery Calcification and its
Progression: What Does it Really Mean? // JACC Cardiovasc Imaging.
2018. Vol. 11, N 1. P. 127-142. doi: 10.1016/j.jcmg.2017.10.012



https://doi.org/10.17816/DD623196
https://elibrary.ru/vvgxbi
https://doi.org/10.1109/TMI.2012.2216889
https://doi.org/10.1109/TMI.2017.2708987
https://doi.org/10.1016/j.crad.2022.03.005
https://doi.org/10.3390/diagnostics12040991
https://doi.org/10.1038/s41746-021-00460-1
https://doi.org/10.21292/2075-1230-2021-99-4-58-64
https://doi.org/10.1148/ryct.2021200486
https://doi.org/10.4244/EIJ-D-20-00570
https://doi.org/10.1118/1.3284211
https://doi.org/10.1148/ryct.2021190219
https://doi.org/10.1148/radiol.2020191621
https://doi.org/10.3390/tomography7040054
https://doi.org/10.1016/j.bone.2021.115943
https://doi.org/10.1007/s00261-019-02014-2
https://doi.org/10.1371/journal.pone.0094840
https://elibrary.ru/xvbera
https://doi.org/10.20538/1682-0363-2021-4-193-204
https://doi.org/10.1148/ryai.2021200226
https://doi.org/10.1007/s00330-020-07352-0
https://doi.org/10.1002/mrm.26111
https://doi.org/10.1148/radiol.2017170526
https://doi.org/10.1007/978-3-642-02498-6_59
https://elibrary.ru/ouuinq
https://doi.org/10.17116/profmed20202304141
https://doi.org/10.1016/j.amjcard.2013.09.036
https://elibrary.ru/zuqvna
https://doi.org/10.17802/2306-1278-2022-11-1-56-68
https://elibrary.ru/ftskds
https://doi.org/10.37482/2687-1491-Z081
https://elibrary.ru/kpxivl
https://doi.org/10.14341/DM10145
https://doi.org/10.1016/j.jcmg.2017.10.012

SYSTEMATIC REVIEWS

5. Meo KK. McKycCTBeHHbIt WMHTENNEKT B KapaMonoruu:
cpabotan nm oH? // POCCUICKMIA JKypHan nepcoHanu3upo-
BaHHOM MeauuuHbl. 2022. T. 2, N® 6. C. 16-22. EDN: UIENOT
doi: 10.18705/2782-3806-2022-2-6-16-22

6. Kapnos 0.3., Augpukos [1.A., Makcumenko B.A., Xpamos AE.
Mpo3payHbIA UCKYCCTBEHHBIA MHTENMEKT ANS MeauumHbl // Bpau
¥ MHpopMaLmoHHble TexHonorum. 2022. N° 2. C. 4-11. EDN: DTCAWX
doi: 10.25881/18110193_2022_2_4

7. Greenland P., LaBree L., Azen S.P., et al. Coronary artery calcium
score combined with Framingham score for risk prediction in
asymptomatic individuals // JAMA. 2004. Vol. 291, N 2. P. 210-215.
doi: 10.1001/jama.291.2.210

8. Criqui M.H. Denenberg J.0, Ix JH, et al Calcium
density of coronary artery plague and risk of incident
cardiovascular events // JAMA. 2014. Vol. 311, N 3. P. 271-278.
doi: 10.1001/jama.2013.282535

9. CarrJ.J., Jacobs D.R. Jr, Terry J.G,, et al. Association of Coronary
Artery Calcium in Adults Aged 32 to 46 Years With Incident Coronary
Heart Disease and Death // JAMA Cardiol. 2017. Vol. 2, N 4. P. 391-
399. doi: 10.1001/jamacardio.2016.5493

10. XanmkoB AA., Kysneuos K.O., VickywwnHa JI.P., n gp. Cyne6-
HO-MEeMLMHCKME acreKTbl BHE3aMHOM ayTomCUs-0TpULLATeNIbHOM
cepaeyHon cmeptu // CynebHo-mMeamumHcKas akcneptvsa. 2021
T. 64, N° 3. C. 59-63. doi: 10.17116/sudmed20216403159

11. Eisen A,, Tenenbaum A., Koren-Morag N., et al. Calcification of
the thoracic aorta as detected by spiral computed tomography among
stable angina pectoris patients: association with cardiovascular
events and death // Circulation. 2008. Vol. 118, N 13. P. 1328-1334.
doi: 10.1161/CIRCULATIONAHA.107.712141

12. Itani Y., Watanabe S., Masuda Y. Relationship between aortic
calcification and stroke in a mass screening program using a
mobile helical computed tomography unit // Circ J. 2006. Vol. 70,
N 6. P. 733-736. doi: 10.1253/circ.70.733

13. Lee R, Matsutani N., Polimenakos A.C., et al. Preoperative
noncontrast chest computed tomography identifies potential
aortic emboli // Ann Thorac Surg. 2007. Vol. 84, N 1. P. 38-42.
doi: 10.1016/j.athoracsur.2007.03.025

14. Zweig BM,, Sheth M., Simpson S., Al-Mallah M.H. Association of
abdominal aortic calcium with coronary artery calcium and obstructive
coronary artery disease: a pilot study // Int J Cardiovasc Imaging. 2012.
Vol. 28, N 2. P. 399-404. doi: 10.1007/s10554-011-9818-1

15. An C,, Lee HJ., Lee HS, et al. CT-based abdominal aortic
calcification score as a surrogate marker for predicting the presence
of asymptomatic coronary artery disease // Eur Radiol. 2014. Vol. 24,
N 10. P. 2491-2498. doi: 10.1007/s00330-014-3298-3

16. MenbHukos M.B., 3enuHckwmin B.A., XopwHa A.C., Yyrnosa [1.A.
KanbumduKaums abioMuHanbHoM aopTsl Mpu NepudepuyeckoM
aTepocksiepo3e: hakTopbl pucKa U Mapkepbl // ATepocknepos u auc-
nvnnpemun. 2014 N2 3. C. 33-38. EDN: SISNRZ

17. Bagger Y.Z, Tankd L.B., Alexandersen P., et al. Radiographic
measure of aorta calcification is a site-specific predictor of bone
loss and fracture risk at the hip // J Intern Med. 2006. Vol. 259, N 6.
P. 598-605. doi: 10.1111/j.1365-2796.2006.01640.x

18. Szulc P., Blackwell T., Schousboe J.T., et al. High hip fracture risk
in men with severe aortic calcification: MrOS study // J Bone Miner
Res. 2014. Vol. 29, N 4. P. 968-975. doi: 10.1002/jbmr.2085

19. NlobaHoBa H.H0., YnuepmHa EH., Manbuvkosa C.B., Makcum-
uyk-Konoboea H.C. HanpsikeHue capura Ha 3HOOTENMM CTEHKM

Vol 5 (1) 2024

DOl https://doi.org/10.17816/DD623196

Digital Diagnostics

COHHOM apTepuu W KambLMHO3 KOPOHAPHBIX apTepui Y NaLMeHToB
C rMNepToHnYeckon bonesHbio // KxHo-Poccuiickuin xypHan Te-
paneBTuyecKo npakTuku. 2022. T. 3, N° 3. C. 60-67. EDN: QWCOCH
doi: 10.21886/2712-8156-2022-3-3-60-67

20. Kim J.T, Yoo S.H., Kwon JH., et al. Subtyping of ischemic
stroke based on vascular imaging: analysis of 1,167 acute,
consecutive patients // J Clin Neurol. 2006. Vol. 2, N 4. P. 225-230.
doi: 10.3988/jcn.2006.2.4.225

21. Wong LK. Global burden of intracranial atherosclerosis // Int J Stroke.
2006. Vol. 1, N 3. P. 158-159. doi: 10.1111/j.1747-4949.2006.00045.x
22. Kockelkoren R., De Vis J.B., de Jong P.A, et al. Intracranial
Carotid Artery Calcification From Infancy to Old Age // J Am Coll
Cardiol. 2018. Vol. 72, N 5. P. 582-584. doi: 10.1016/].jacc.2018.05.021
23. Huang Z, Xiao J,, Xie Y., et al. The correlation of deep learning-
based CAD-RADS evaluated by coronary computed tomography
angiography with breast arterial calcification on mammography // Sci
Rep. 2020. Vol. 10, N 1. P. 11532. doi: 10.1038/s41598-020-68378-4
24, boukapesa E.B., BytuHa EK., baipamkynosa HX., u gp.
PacnpocTpaHeHHOCTb M CTeMeHb TAXECTU KanbLWHO3a apTe-
PV MOMOYHOM Kene3bl — HOBOTO MapKépa CepAeyHO-CoCy-
LMCTOr0 PUCKA Y eHLWH // PaumoHanbHas ®apMakoTtepanus
8 Kapavonorun. 2022. T.18, N 5. C. 530-535. EDN: HUFTZE
doi: 10.20996/1819-6446-2022-09-01

25. boukapesa E.B. bytwHa EK. banpamkynosa H.X., [panku-
Ha O.M. KanbLm1HO3 apTepuin MOSIOYHOM enesbl 1 CaxapHbii aua-
BeT: KNMHUYECKMI NpYUMep U KpaTKuiA 0630p nutepatypsl // Mpodu-
naKkTu4eckas Meamumna. 2021. T. 24, N2 9. C. 97-101. EDN: QPQDLT
doi: 10.17116/profmed20212409197

26. boukapesa E.B., bBytvna EK., Casun AC, n gp. Kambum-
HO3 apTepuii MOMOYHOM JKeNe3bl: MOTEHUMANBbHBIN CyppOraTHBIN
MapKEp LiepebpoBackynsipHbIx 3abonesaHui // TpodmnakTtu-
yeckas MeguumHa. 2020. T. 23, Ne 5. C. 164-169. EDN: IRHLDZ
doi: 10.17116/profmed202023051164

27. boukapesa E.B., bytnHa EK., Caun A.C., Ipankuna O.M. Kanb-
LLMHO3 apTepUIn MOJIOYHOW JKene3bl 1 OCTEOMOPO3 Y JKEHLUMHBI
B MOCTMeHoNay3e (KIMHUYECKUI Cyyall U MHeHWe mo npobne-
me) // KapamoBackynsipHas Tepanus 1 npodunaktvka. 2020. T. 19,
N2 4. C. 2574. EDN: RTDDQG doi: 10.15829/1728-8800-2020-2574
28. Wang J., Ding H., Bidgoli F.A,, et al. Detecting Cardiovascular
Disease from Mammograms With Deep Learning // IEEE
Trans Med Imaging. 2017. Vol. 36, N 5. P. 1172-1181.
doi: 10.1109/TMI.2017.2655486

29. lonybes HA., Orpbisko E.B., Tiopuna EM., LLlenenosa EA.,, Lle-
nexoB M.B. OcobeHHOCTM pasBUTUS CyKObl JIy4eBOM [MArHOCTUKM
B Poccuitckoi ®enepauym 3a 2014-2019 ropa // CoBpeMeHHble Mpo-
briembl 34paBOOXPaHEHMS U MeaMUMHCKON cTatncTuku. 2021, N2 2.
C. 356-376. EDN: EHSADW doi: 10.24412/2312-2935-2021-2-356-376
30. Krupinski E.A., Berbaum K.S., Caldwell R.T., et al. Long radiology
workdays reduce detection and accommeodation accuracy // J Am Coll
Radiol. 2010. Vol. 7, N 9. P. 698-704. doi: 10.1016/j.jacr.2010.03.004
31. Lee CS. Nagy P.G., Weaver S.J., Newman-Toker D.E. Cognitive and
system factors contributing to diagnostic errors in radiology // AJR Am
JRoentgenol. 2013. Vol. 201, N 3. P. 611-617. doi: 10.2214/AJR.12.10375
32. Hukonaes AE., Wanues AH., bnoxun WA, v ap. Hosble noa-
XOfbl K OLEHKE W3MEHEHW KOPOHApHbIX apTepuit NMpu MynbTW-
CcnuparnbHoi KoMnbloTepHol Tomorpadmm // Poccuiickuin Kap-
avonormndeckmid xypHan. 2019. Ne 12. C. 124-130. EDN: VHYAYK
doi: 10.15829/1560-4071-2019-12-124-130

95


https://doi.org/10.17816/DD623196
https://elibrary.ru/uienot
https://doi.org/10.18705/2782-3806-2022-2-6-16-22
https://elibrary.ru/dtcawx
https://doi.org/10.25881/18110193_2022_2_4
https://doi.org/10.1001/jama.291.2.210
https://doi.org/10.1001/jama.2013.282535
https://doi.org/10.1001/jamacardio.2016.5493
https://doi.org/10.17116/sudmed20216403159
https://doi.org/10.1161/CIRCULATIONAHA.107.712141
https://doi.org/10.1253/circj.70.733
https://doi.org/10.1016/j.athoracsur.2007.03.025
https://doi.org/10.1007/s10554-011-9818-1
https://doi.org/10.1007/s00330-014-3298-3
https://elibrary.ru/sisnrz
https://doi.org/10.1111/j.1365-2796.2006.01640.x
https://doi.org/10.1002/jbmr.2085
https://elibrary.ru/qwcoch
https://doi.org/10.21886/2712-8156-2022-3-3-60-67
https://doi.org/10.3988/jcn.2006.2.4.225
https://doi.org/10.1111/j.1747-4949.2006.00045.x
https://doi.org/10.1016/j.jacc.2018.05.021
https://doi.org/10.1038/s41598-020-68378-4
https://elibrary.ru/huftze
https://doi.org/10.20996/1819-6446-2022-09-01
https://elibrary.ru/qpqdlt
https://doi.org/10.17116/profmed20212409197
https://elibrary.ru/irhldz
https://doi.org/10.17116/profmed202023051164
https://elibrary.ru/rtddqg
https://doi.org/10.15829/1728-8800-2020-2574
https://doi.org/10.1109/TMI.2017.2655486
https://elibrary.ru/ehsadw
https://doi.org/10.24412/2312-2935-2021-2-356-376
https://doi.org/10.1016/j.jacr.2010.03.004
https://doi.org/10.2214/AJR.12.10375
https://elibrary.ru/vhyayk
https://doi.org/10.15829/1560-4071-2019-12-124-130

96

SYSTEMATIC REVIEWS

33. Guo X, O'Neill W.C., Vey B., et al. SCU-Net: A deep learning
method for segmentation and quantification of breast arterial
calcifications on mammograms // Med Phys. 2021. Vol. 48, N 10.
P. 5851-5861. doi: 10.1002/mp.15017

34. Yacoub B., Kabakus .M., Schoepf U.J., et al. Performance
of an Artificial Intelligence-Based Platform Against Clinical
Radiology Reports for the Evaluation of Noncontrast
Chest CT // Acad Radiol. 2022. Vol. 29, N 2. P. 108-117.
doi: 10.1016/j.acra.2021.02.007

35. Isgum |, Rutten A, Prokop M. van Ginneken B. Detection
of coronary calcifications from computed tomography scans for
automated risk assessment of coronary artery disease // Med Phys.
2007. Vol. 34, N 4. P. 1450-1461. doi: 10.1118/1.2710548

36. Kurkure U., Chittajallu D.R., Brunner G., et al. A supervised
classification-based method for coronary calcium detection in non-
contrast CT // Int J Cardiovasc Imaging. 2010. Vol. 26, N 7. P. 817-
828. doi: 10.1007/s10554-010-9607-2

37. Brunner G., Chittajallu D.R., Kurkure U., Kakadiaris I.A. Toward
the automatic detection of coronary artery calcification in non-
contrast computed tomography data // Int J Cardiovasc Imaging.
2010. Vol. 26, N 7. P. 829-838. doi: 10.1007/510554-010-9608-1

38. Brunner G., Kurkure U., Chittajallu D.R, et al. Toward
unsupervised classification of calcified arterial lesions // Med
Image Comput Comput Assist Interv. 2008. Vol. 11, N 1. P. 144-152.
doi: 10.1007/978-3-540-85988-8_18

39. Takx RA., de Jong P.A, Leiner T, et al. Automated coronary
artery calcification scoring in non-gated chest CT: agreement
and reliability // PLoS One. 2014. Vol. 9, N 3. P. €91239.
doi: 10.1371/journal.pone.0091239

40. Wolterink JM,, Leiner T, Takx RA, et al. Automatic Coronary
Calcium Scoring in Non-Contrast-Enhanced ECG-Triggered Cardiac
CT With Ambiguity Detection // IEEE Trans Med Imaging. 2015.
Vol. 34, N 9. P. 1867-1878. doi: 10.1109/TMI.2015.2412651

41. Saur S.C., Alkadhi H., Desbiolles L., et al. Automatic detection of
calcified coronary plagues in computed tomography data sets // Med
Image Comput Comput Assist Interv. 2008. Vol. 11, N 1. P. 170-177.
doi: 10.1007/978-3-540-85988-8_21

42.Yang G., Chen Y., Ning X, et al. Automatic coronary calcium
scoring using noncontrast and contrast CT images // Med Phys.
2016. Vol. 43, N 5. P. 2174. doi: 10.1118/1.4945045

43. Jiang B., Guo N., Ge Y., et al. Development and application of
artificial intelligence in cardiac imaging // Br J Radiol. 2020. Vol. 93,
N 1113. P. 20190812. doi: 10.1259/bjr.20190812

44, Shahzad R., van Walsum T., Schaap M., et al. Vessel specific
coronary artery calcium scoring: an automatic system // Acad Radiol.
2013. Vol. 20, N 1. P. 1-9. doi: 10.1016/j.acra.2012.07.018

45. Cano-Espinosa C., Gonzalez G., Washko G.R,, et al. Automated
Agatston Score Computation in non-ECG Gated CT Scans Using Deep
Learning // Proc SPIE Int Soc Opt Eng. 2018. Vol. 10574. P. 105742K.
doi: 10.1117/12.2293681

46. Gogin N., Viti M., Nicodeme L., et al. Automatic coronary artery
calcium scoring from unenhanced-ECG-gated CT using deep
learning // Diagn Interv Imaging. 2021. Vol. 102, N 11. P. 683-690.
doi: 10.1016/}.diii.2021.05.004

47. Wolterink JM., Leiner T., de Vos B.D., et al. Automatic coronary
artery calcium scoring in cardiac CT angiography using paired
convolutional neural networks // Med Image Anal. 2016. Vol. 34.
P. 123-136. doi: 10.1016/j.media.2016.04.004

Vol 5 (1) 2024

DOl https://doi.org/10.17816/DD623196

Digital Diagnostics

48. Wang W., Wang H., Chen Q., et al. Coronary artery calcium score
quantification using a deep-learning algorithm // Clin Radiol. 2020.
Vol. 75, N 3. P. 237.e11-237.e16. doi: 10.1016/j.crad.2019.10.012
49. Singh G., AUAref S.J,, Lee B.C,, et al. End-to-End, Pixel-Wise
Vessel-Specific Coronary and Aortic Calcium Detection and Scoring
Using Deep Learning // Diagnostics (Basel). 2021. Vol. 11, N 2.
P. 215. doi: 10.3390/diagnostics11020215

50. Martin S.S., van Assen M., Rapaka S., et al. Evaluation of a Deep
Learning-Based Automated CT Coronary Artery Calcium Scoring
Algorithm // JACC Cardiovasc Imaging. 2020. Vol. 13, N 1. P. 524-
526. doi: 10.1016/j.jcmg.2019.09.015

51. Zhang N, Yang G., Zhang W., et al. Fully automatic framework
for comprehensive coronary artery calcium scores analysis on
non-contrast cardiac-gated CT scan: Total and vessel-specific
quantifications // Eur J Radiol. 2021. Vol. 134. P. 109420.
doi: 10.1016/j.ejrad.2020.109420

52. de Vos B.D., Wolterink J.M,, Leiner T., et al. Direct Automatic Coronary
Calcium Scoring in Cardiac and Chest CT // IEEE Trans Med Imaging.
2019. Vol. 38, N 9. P. 2127-2138. doi: 10.1109/TM1.2019.2899534

53. AlGhamdi M., Abdel-Mottaleb M., Collado-Mesa F. DU-Net:
Convolutional Network for the Detection of Arterial Calcifications
in Mammograms // IEEE Trans Med Imaging. 2020. Vol. 39, N 10.
P. 3240-3249. doi: 10.1109/TMI.2020.2989737

54. Hukonaes A.E., KopkyHoea O.A., XyTopHon W.B., n gp. Cono-
CTaBMMOCTb METOAMK OLEHKM KOPOHApHbIX PUCKOB MO AaHHbIM
ynbtpa-HOKT rpyaHon knetkn wn KT-kopoHaporpadmm ¢ 3KI-
CMHXPOHM3aUMen // MeauumnHckas Buayanmsaums. 2021. T, 25, N2 4,
C. 75-92. EDN: CMSGAX doi: 10.24835/1607-0763-1047

55. van Assen M., Martin S.S., Varga-Szemes A, et al. Automatic
coronary calcium scoring in chest CT using a deep neural
network in direct comparison with non-contrast cardiac CT:
A validation study // Eur J Radiol. 2021. Vol. 134. P. 109428.
doi: 10.1016/j.ejrad.2020.109428

56. Hvkonaes AE., Wannes AH., BrnoxuH W.A. Crangaptnsaums
OLIEHKM KanbLMdMKaLWMM KOPOHapHbIX apTepuid Ha BECKOHTPACTHbIX
KOMMbOTEPHBIX TOMorpaMMax 6e3 KT -cuHxpoHusaumm // Radiology
Study. 2020. T. 3, N2 2. C. 45-52. EDN: VVGXBI

57. Isgum |, Prokop M., Niemeijer M., et al. Automatic coronary
calcium scoring in low-dose chest computed tomography // IEEE
Trans Med Imaging. 2012. Vol. 31, N 12. P. 2322-2334.
doi: 10.1109/TMI.2012.2216889

58. Wolterink J.M., Leiner T., Viergever M.A,, Isgum |. Generative
Adversarial Networks for Noise Reduction in Low-Dose
CT // IEEE Trans Med Imaging. 2017. Vol. 36, N 12. P. 2536-2545.
doi: 10.1109/TMI.2017.2708987

59. Klug M., Shemesh J., Green M,, et al. A deep-learning method for
the denoising of ultra-low dose chest CT in coronary artery calcium
score evaluation // Clin Radiol. 2022. Vol. 77, N 7. P. 509-517.
doi: 10.1016/j.crad.2022.03.005

60. Sun Z, Ng CK.C. Artificial Intelligence (Enhanced Super-
Resolution Generative Adversarial Network) for Calcium
Deblooming in Coronary Computed Tomography Angiography:
A Feasibility Study // Diagnostics (Basel). 2022. Vol. 12, N 4. P. 991.
doi: 10.3390/diagnostics12040991

61. Eng D, Chute C, Khandwala N., et al. Automated coronary
calcium scoring using deep learning with multicenter



https://doi.org/10.17816/DD623196
https://doi.org/10.1002/mp.15017
https://doi.org/10.1016/j.acra.2021.02.007
https://doi.org/10.1118/1.2710548
https://doi.org/10.1007/s10554-010-9607-2
https://doi.org/10.1007/s10554-010-9608-1
https://doi.org/10.1007/978-3-540-85988-8_18
https://doi.org/10.1371/journal.pone.0091239
https://doi.org/10.1109/TMI.2015.2412651
https://doi.org/10.1007/978-3-540-85988-8_21
https://doi.org/10.1118/1.4945045
https://doi.org/10.1259/bjr.20190812
https://doi.org/10.1016/j.acra.2012.07.018
https://doi.org/10.1117/12.2293681
https://doi.org/10.1016/j.diii.2021.05.004
https://doi.org/10.1016/j.media.2016.04.004
https://doi.org/10.1016/j.crad.2019.10.012
https://doi.org/10.3390/diagnostics11020215
https://doi.org/10.1016/j.jcmg.2019.09.015
https://doi.org/10.1016/j.ejrad.2020.109420
https://doi.org/10.1109/TMI.2019.2899534
https://doi.org/10.1109/TMI.2020.2989737
https://elibrary.ru/cmsgax
https://doi.org/10.24835/1607-0763-1047
https://doi.org/10.1016/j.ejrad.2020.109428
https://elibrary.ru/vvgxbi
https://doi.org/10.1109/TMI.2012.2216889
https://doi.org/10.1109/TMI.2017.2708987
https://doi.org/10.1016/j.crad.2022.03.005
https://doi.org/10.3390/diagnostics12040991

SYSTEMATIC REVIEWS

external validation // NPJ Digit Med. 2021. Vol. 4, N 1. P. 88.
doi: 10.1038/s41746-021-00460-1

62. Moposos C.l, Kokmna [.10., Masnos H.A, u ap. KnuHu-
YECKWMe acneKTbl MPUMEHEHUS WCKYCCTBEHHOMO WHTENfEKTa
LNl UHTEPMpeTaLmMu PEeHTreHorpaMM OpraHoB TPyAHON KieT-
Kku // Tybepkynes u bonesnu nerkux. 2021. T. 99, N2 4. C. 58-64.
doi: 10.21292/2075-1230-2021-99-4-58-64

63. Kamel P.I, Yi P.H., Sair H.I, Lin C.T. Prediction of Coronary
Artery Calcium and Cardiovascular Risk on Chest Radiographs Using
Deep Learning // Radiol Cardiothorac Imaging. 2021. Vol. 3, N 3.
P. £200486. doi: 10.1148/ryct.2021200486

64.Du T, Xie L, Zhang H., et al. Training and validation of a
deep learning architecture for the automatic analysis of coronary
angiography // Eurolntervention. 2021. Vol. 17, N 1. P. 32-40.
doi: 10.4244/E1J-D-20-00570

65. Isgum I, Rutten A., Prokop M, et al. Automated aortic calcium
scoring on low-dose chest computed tomography // Med Phys. 2010.
Vol. 37, N 2. P. 714-723. doi: 10.1118/1.3284211

66.de Vos B.D., Lessmann N. de Jong P.A., ISgum I|. Deep
Learning-Quantified Calcium Scores for Automatic Cardiovascular
Mortality Prediction at Lung Screening Low-Dose CT // Radiol
Cardiothorac Imaging. 2021. Vol. 3, N 2. P. e190219.
doi: 10.1148/ryct.2021190219

67. van Velzen SGM, Lessmann N., Velthuis B.K., et al. Deep
Learning for Automatic Calcium Scoring in CT: Validation Using
Multiple Cardiac CT and Chest CT Protocols // Radiology. 2020.
Vol. 295, N 1. P. 66-79. doi: 10.1148/radiol.2020191621

68. Guilenea F.N., Casciaro M.E., Pascaner AF., et al. Thoracic
Aorta Calcium Detection and Quantification Using Convolutional
Neural Networks in a Large Cohort of Intermediate-Risk
Patients // Tomography. 2021. Vol. 7, N 4. P. 636-649.
doi: 10.3390/tomography7040054

69. Reid S., Schousboe J.T., Kimelman D., et al. Machine learning for
automated abdominal aortic calcification scoring of DXA vertebral
fracture assessment images: A pilot study // Bone. 2021. Vol. 148.
P. 115943. doi: 10.1016/}.bone.2021.115943

70. Graffy P.M,, Liu J., O'Connor S., et al. Automated segmentation
and quantification of aortic calcification at abdominal CT: application
of a deep learning-based algorithm to a longitudinal screening

AUTHORS' INFO

* Adilya S. Nurkaeva;

address: 45a Zaki Validi str. 450008, Ufa, Russia;
ORCID: 0009-0006-8621-5580;
eLibrary SPIN: 3307-5546;
e-mail: vkomissiya@inbox.ru
Yuri A. Trusov;

ORCID: 0000-0001-6407-3880;
eLibrary SPIN: 3203-5314;
e-mail: yu.a.trusov@samsmu.ru
Victoria S. Chupakhina;

ORCID: 0009-0003-8318-3673;
eLibrary SPIN: 4402-7476;
e-mail: chupalhina@bk.ru

* Corresponding author / ABTop, OTBETCTBEHHLIV 3@ Nepenmcky

Vol 5 (1) 2024

DOl https://doi.org/10.17816/DD623196

Digital Diagnostics

cohort // Abdom Radiol (NY). 2019. Vol. 44, N 8. P. 2921-2928.
doi: 10.1007/s00261-019-02014-2

71. van Engelen A, Niessen W.J, Klein S., et al. Atherosclerotic
plague component segmentation in combined carotid MRI and CTA
data incorporating class label uncertainty // PLoS One. 2014. Vol. 9,
N 4. P. 94840. doi: 10.1371/journal.pone.0094840

72. Onvwenko MN.C., Knbiwnmkos K H0., OB4apeHko E.A. UckyccTeeH-
Hble HEMPOHHbIE CETW B KapAMOMOrMMW: aHanu3 rpaduyeckux faH-
Hblx // BronneTeHb cubupckoi Meanumbbl. 2021.T. 20, N2 4. C. 193-
204. EDN: XVBERA doi: 10.20538/1682-0363-2021-4-193-204

73. Bortsova G., Bos D., Dubost F., et al. Automated Segmentation
and Volume Measurement of Intracranial Internal Carotid Artery
Calcification at Noncontrast CT // Radiol Artif Intell. 2021. Vol. 3, N 5.
P. £200226. doi: 10.1148/ryai.2021200226

74.1Li D, Qiao H, Han Y., et al. Histological validation of
simultaneous non-contrast angiography and intraplaque
hemorrhage imaging (SNAP) for characterizing carotid intraplaque
hemorrhage // Eur Radiol. 2021. Vol. 31, N 5. P. 3106-3115.
doi: 10.1007/s00330-020-07352-0

75. Chen S., Ning J., Zhao X, et al. Fast simultaneous noncontrast
angiography and intraplaque hemorrhage (fSNAP) sequence for
carotid artery imaging // Magn Reson Med. 2017. Vol. 77, N 2.
P. 753-758. doi: 10.1002/mrm.26111

76. Qi H., Sun J, Qiao H., et al. Carotid Intraplaque Hemorrhage
Imaging with Quantitative Vessel Wall T1 Mapping: Technical
Development and Initial Experience // Radiology. 2018. Vol. 287, N 1.
P. 276-284. doi: 10.1148/radiol.2017170526

77. Cheng J.Z., Cole E.B. Pisano E.D. Shen D. Detection
of arterial calcification in  mammograms by random
walks // Inf Process Med Imaging. 2009. Vol. 21. P. 713-724.
doi: 10.1007/978-3-642-02498-6_59

78. Nomakos C.H). 06BbEMBI MaMMorpadmyeckmx UCCefoBaHWiA B
COBPEMEHHBIX YCOBMAX NPOBEAEHUS MPOQUNAKTUHECKUX MepOnpH-
atuin // Mpodmnaktndeckas Meanumna. 2020. T. 23, N° 4. C. 41-44.
EDN: OUUINQ doi: 10.17116/profmed20202304141

79. Roseman D.A, Hwang S.J., Manders ES. et al. Renal
artery calcium, cardiovascular risk factors, and indexes of
renal function // Am J Cardiol. 2014. Vol. 113, N 1. P. 156-161.
doi: 10.1016/j.amjcard.2013.09.036

0b ABTOPAX

* HypkaeBa Aauns CanaBatoBHa;

agpec: Poccua 450008, Yda, yn. yn. 3akun Banuaw, 45a;
ORCID: 0009-0006-8621-5580;

eLibrary SPIN: 3307-5546;

e-mail: vkomissiya@inbox.ru

Tpycos H0puit AnekcaHapoBsuy;
ORCID: 0000-0001-6407-3880;
eLibrary SPIN: 3203-5314;

e-mail: yu.a.trusov@samsmu.ru
YynaxuHa Buktopus CepreeBHa;
ORCID: 0009-0003-8318-3673;
eLibrary SPIN: 4402-7476;

e-mail: chupalhina@bk.ru

97


https://doi.org/10.17816/DD623196
https://doi.org/10.1038/s41746-021-00460-1
https://doi.org/10.21292/2075-1230-2021-99-4-58-64
https://doi.org/10.1148/ryct.2021200486
https://doi.org/10.4244/EIJ-D-20-00570
https://doi.org/10.1118/1.3284211
https://doi.org/10.1148/ryct.2021190219
https://doi.org/10.1148/radiol.2020191621
https://doi.org/10.3390/tomography7040054
https://doi.org/10.1016/j.bone.2021.115943
https://doi.org/10.1007/s00261-019-02014-2
https://doi.org/10.1371/journal.pone.0094840
https://elibrary.ru/xvbera
https://doi.org/10.20538/1682-0363-2021-4-193-204
https://doi.org/10.1148/ryai.2021200226
https://doi.org/10.1007/s00330-020-07352-0
https://doi.org/10.1002/mrm.26111
https://doi.org/10.1148/radiol.2017170526
https://doi.org/10.1007/978-3-642-02498-6_59
https://elibrary.ru/ouuinq
https://doi.org/10.17116/profmed20202304141
https://doi.org/10.1016/j.amjcard.2013.09.036
https://orcid.org/0009-0006-8621-5580
https://www.elibrary.ru/author_profile.asp?spin=3307-5546
mailto:vkomissiya@inbox.ru
https://orcid.org/0000-0001-6407-3880
https://www.elibrary.ru/author_profile.asp?spin=3203-5314
mailto:yu.a.trusov@samsmu.ru
https://orcid.org/0009-0003-8318-3673
https://www.elibrary.ru/author_profile.asp?spin=4402-7476
mailto:chupalhina@bk.ru
https://orcid.org/0009-0006-8621-5580
https://www.elibrary.ru/author_profile.asp?spin=3307-5546
mailto:vkomissiya@inbox.ru
https://orcid.org/0000-0001-6407-3880
https://www.elibrary.ru/author_profile.asp?spin=3203-5314
mailto:yu.a.trusov@samsmu.ru
https://orcid.org/0009-0003-8318-3673
https://www.elibrary.ru/author_profile.asp?spin=4402-7476
mailto:chupalhina@bk.ru

98

SYSTEMATIC REVIEWS

Natalia A. Yakovenko;
ORCID: 0009-0005-6726-9623;
eLibrary SPIN: 4415-2236;
e-mail: tigris2011@yandex.ru

Irina V. Ablenina;

ORCID: 0009-0006-6222-9339;
eLibrary SPIN: 4123-3336;
e-mail: aninelba@gmail.com

Roksana F. Latypova;

ORCID: 0009-0004-5057-6451;
eLibrary SPIN: 3542-3376;
e-mail: roxevansss@gmail.com

Aleksandra P. Pitke;

ORCID: 0009-0002-1111-759X;
eLibrary SPIN: 3726-4213;
e-mail: pitkeaD0@gmail.com

Anastasiya A. Yazovskih;
ORCID: 0000-0002-3955-0830;
eLibrary SPIN: 3543-5323;
e-mail: anyaz.bgmu@yandex.ru

Artem S. Ivanov;

ORCID: 0009-0000-3562-8293;
eLibrary SPIN: 4834-5324;

e-mail: artem.ivanové56@yandex.ru

Darya S. Bogatyreva;

ORCID: 0009-0004-5055-8819;
eLibrary SPIN: 3331-3421;
e-mail: diria1012@yandex.ru

Ulyana A. Popova;

ORCID: 0009-0002-7994-5631;

eLibrary SPIN: 3452-2543;

e-mail: ulyanka.popova.2000@gmail.com
Azat F. Yuzlekbaev;

ORCID: 0009-0002-8799-4732;

eLibrary SPIN: 4812-3213;

e-mail: zt5@rambler.ru

DOl https://doi.org/10.17816/DD623196

Vol 5 (1) 2024

AxoBeHko Hatanba AnekcaHapoBHa;
ORCID: 0009-0005-6726-9623;
eLibrary SPIN: 4415-2236;

e-mail: tigris2011@yandex.ru

AbnexnHa UpuHa ButanbesHa;
ORCID: 0009-0006-6222-9339;
eLibrary SPIN: 4123-3336;
e-mail: aninelba@gmail.com

JlatbinoBa PokcaHa ®aHunesHa;
ORCID: 0009-0004-5057-6451;
eLibrary SPIN: 3542-3376;

e-mail: roxevansss@gmail.com

Mutke Anekcangpa lNeTpoBHa;
ORCID: 0009-0002-1111-759X;
eLibrary SPIN: 3726-4213;
e-mail: pitkea00@gmail.com

fA3oBckux AHacTacua AnekceeBHa;
ORCID: 0000-0002-3955-0830;
eLibrary SPIN: 3543-5323;

e-mail: anyaz.bgmu@yandex.ru

WBaHoB Aptém CepreeBuy;

ORCID: 0009-0000-3562-8293;
eLibrary SPIN: 4834-5324;

e-mail: artem.ivanov656@yandex.ru

BoratbipeBa [lapbsi CepreeBHa;
ORCID: 0009-0004-5055-8819;
eLibrary SPIN: 3331-3421;
e-mail: diria1012@yandex.ru

MonoBa YnbsaHa AHgpeeBHa;

ORCID: 0009-0002-7994-5631;

eLibrary SPIN: 3452-2543;

e-mail: ulyanka.popova.2000@gmail.com
l03nek6aB Asat ®niopoBuy;

ORCID: 0009-0002-8799-4732;

eLibrary SPIN: 4812-3213;

e-mail: ztl5@rambler.ru

Digital Diagnostics



https://doi.org/10.17816/DD623196
https://orcid.org/0009-0005-6726-9623
https://www.elibrary.ru/author_profile.asp?spin=4415-2236
mailto:tigris2011@yandex.ru
https://orcid.org/0009-0006-6222-9339
https://www.elibrary.ru/author_profile.asp?spin=4123-3336
mailto:aninelba@gmail.com
https://orcid.org/0009-0004-5057-6451
https://www.elibrary.ru/author_profile.asp?spin=3542-3376
mailto:roxevansss@gmail.com
https://orcid.org/0009-0002-1111-759X
https://www.elibrary.ru/author_profile.asp?spin=3726-4213
mailto:pitkea00@gmail.com
https://orcid.org/0000-0002-3955-0830
https://www.elibrary.ru/author_profile.asp?spin=3543-5323
mailto:anyaz.bgmu@yandex.ru
https://orcid.org/0009-0000-3562-8293
https://www.elibrary.ru/author_profile.asp?spin=4834-5324
mailto:artem.ivanov656@yandex.ru
https://orcid.org/0009-0004-5055-8819
https://www.elibrary.ru/author_profile.asp?spin=3331-3421
mailto:diria1012@yandex.ru
https://orcid.org/0009-0002-7994-5631
https://www.elibrary.ru/author_profile.asp?spin=3452-2543
mailto:ulyanka.popova.2000@gmail.com
https://orcid.org/0009-0002-8799-4732
https://www.elibrary.ru/author_profile.asp?spin=4812-3213
mailto:ztl5@rambler.ru
https://orcid.org/0009-0005-6726-9623
https://www.elibrary.ru/author_profile.asp?spin=4415-2236
mailto:tigris2011@yandex.ru
https://orcid.org/0009-0006-6222-9339
https://www.elibrary.ru/author_profile.asp?spin=4123-3336
mailto:aninelba@gmail.com
https://orcid.org/0009-0004-5057-6451
https://www.elibrary.ru/author_profile.asp?spin=3542-3376
mailto:roxevansss@gmail.com
https://orcid.org/0009-0002-1111-759X
https://www.elibrary.ru/author_profile.asp?spin=3726-4213
mailto:pitkea00@gmail.com
https://orcid.org/0000-0002-3955-0830
https://www.elibrary.ru/author_profile.asp?spin=3543-5323
mailto:anyaz.bgmu@yandex.ru
https://orcid.org/0009-0000-3562-8293
https://www.elibrary.ru/author_profile.asp?spin=4834-5324
mailto:artem.ivanov656@yandex.ru
https://orcid.org/0009-0004-5055-8819
https://www.elibrary.ru/author_profile.asp?spin=3331-3421
mailto:diria1012@yandex.ru
https://orcid.org/0009-0002-7994-5631
https://www.elibrary.ru/author_profile.asp?spin=3452-2543
mailto:ulyanka.popova.2000@gmail.com
https://orcid.org/0009-0002-8799-4732
https://www.elibrary.ru/author_profile.asp?spin=4812-3213
mailto:ztl5@rambler.ru

	_Hlk57797256
	_Hlk57797256
	_Hlk57797256
	_Hlk57797256
	_Hlk57797256
	_Hlk57797256

