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CpaBHeHUe U3MepeHus IMHeilHOro pasMepa

U 06bEMa NIEroYHbIX 04aroB Mo AaHHbIM CKPUHUHra
paKa NIErkux ¢ NoMoLLbi0 HU3KOA03HOU KOMMbIOTEPHOM
ToMorpagum

M.M. Cyuunosa', U.A. Bnoxun', 0.0. Anewmna?, B.A. Tombonesckuit®, P.B. PewetHnkos',
B.10. Bocun', 0.B. Omensuckas', A.B. Bnagaumupckmi®*

! HayyHO-NPaKTUYECKMIA KITMHUYECKWIA LIEHTP AMAarHOCTUKM 1 TeNleMeAMUMHCKUX TexHonoruid, MockBa, Poccuiickas Qeaepauns

2 [ocynapcTBeHHan KMHnyeckan 6onbHuLa No 13, Mocksa, Poceuiickas ®Oenepauus

3 MHCTUTYT MeKyccTBEHHOTO MHTeeKTa, Mockea, Poccuitckas ®epepaumsa

“MepBbIit MOCKOBCKUIA roCyNAPCTBEHHbIA MeNLIMHCKWIA yHuBepcuTeT uMeHn U.M. CeueHoBa (CeueHOBCKMI YHUBEpCHTET),
Mocksa, Poccuiickas Depepaums

AHHOTALMA

06ocHoeanue. CornacHo pe3ynbTaTtaM rofaHAcKo-6enbruickoro uccnefoBaHns CKpuHuHra paka nérkux NELSON, nsme-
peHre 06bEMa (BONKOMETPISA) 04aroB NO3BOSIAET CHU3UTL PACNPOCTPAHEHHOCTb JIOXKHOMOMOXMUTENBHBIX pe3ynbTaTtoB Ao 2,1%.

Llesns — cpaBHeHMe AMArHOCTUYECKOM TOYHOCTW W COrNIaCOBAHHOCTM Pe3yNbTaToB PYYHOr0 U3MEPEHUS JIMHEMHOTO pas-
Mepa C MoslyaBTOMaTUYecKUM U3MepeHueM obbEMa 04aroB MO [LaHHBIM MWUOTHOTO MPOeKTa «MOCKOBCKUIA CKPUHUHT paKa
NErKoro» ¢ UCNoSib30BaHWEM HU3KOA03HOW KOMMbIOTEPHON TOMOrpaduu.

Mamepuanel u Memodei. B nporpamMmy cKpuHWHra obiv BKKOYeHbI 293 naumneHTa 6e3 BepudmumposarHoro Ao 2020 roga
AMarHo3a paka NErkoro, y KOTOPbIX Ha MepBUYHON HW3KOAO3HOM KOMMbIOTEPHOW TOMOrpadui, BbIMONHEHHOW B Nepuoa
¢ despansa 2017 no ¢espanb 2018 roaa, bbin BbIABNEH 04ar B NErKOM pasMepoM He MeHee 4 MM. JlydeBas Harpy3ka nog-
bupanacb MHaMBMAYanbHO M He npesbiwana 1 M3B. Bce n3obpaxkeHus HU3KOA03HOW KOMMbIOTEPHOW ToMOrpadum He3aBu-
CMMO OLeHMBaNUChb TpeMsl 3KCMepTaMu L1 M3MEePEeHUs [ANMHHOW OCW 0Yara, a TakKe 3KCTPanonmpoBaHHoro obbéma. B ka-
yecTBe pedpepeHCHOro 3Ha4eHUs pasmepa M 00bEMa bpanu cpefiHee, MofyYeHHOE MO UTOraM M3MepeHW akcneptoB. Ouar
<6 MM/<100 MM? NpuU3HaBan NOXHOMONOMKMTE TbHBIM Pe3yNbTaToM, ouar =6 MM/>100 MM? — NOXHOOTPULLATENbHBIM.

Pe3ynemamel. B uccneposahue bbinn BrtoveHbl 293 naumenta (166 MyxumH; 56%; cpenHuii BospacT 64,6+5,3 ropa).
JIéroubix ouaro <6 MM/<100 mm? 6bino 199. Ikcnepramm 1, 2 1 3 npu M3MepeHUn 06bEMa 3adMKCUPOBaHbI OTIMUNA OT pe-
depeHcHoro cTaHaapta no 32 [10,9%; 4 noxHononoxutenbHelx, 28 noxHooTpuuatensHbix], 29 [9,9%; 17 noxHononoxu-
TenbHblX, 12 noxuootpuuatenbHbix] U 30 [10,2%; 6 NOXHONONOKMTENbHBIX, 24 NOXHOOTPULIATENbHBIX] 04araM, a TaKxe
PACXOXKLAEHUS NPU U3MEPEHUM NIMHENHOrO pa3Mepa no 92 [65,5%; 107 noxHononoxuTenbHbIX, 85 NOXHOOTPULIATENBHBIX],
146 [49,8%; 58 noxHononoxutenbHblX, 88 noxHootpuuatensHbix] U 102 [34,8%; 23 NOXKHONONOXKMTENbHLIX, 79 NOXHOOTPU-
LlaTesNbHbIX] 04araM COOTBETCTBEHHO.

3arnoyenue. Vicnonb3oBaHne BOMOMETPUN JIEFOYHBIX 04AroB 3HAUUTENBHO CHUIKAET KOIMUECTBO JI0XKHOMONIOMUTENBHbIX
W JIOXKHOOTPULATENbHBIX Pe3yNbTaToB B CPAaBHEHUM C U3MEPEHUEM JIMHEMHOTO pa3Mepa 04aroB B NPOrpaMMe CKPUHUHIa paKa
NETKUX METOJ,0M HU3KOA03HON KOMMbIOTEPHOH ToMorpadum.

KnioueBble cnoBa: KOMMbHTEPHaA TOMOFpad)VIFI; CKPUHWHI paKa NErKoro; NEroyHble Y3Jbl.
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Volumetry versus linear diameter lung nodule
measurement: an ultra-low-dose computed
tomography lung cancer screening study
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ABSTRACT

BACKGROUND: The Dutch—Belgian Randomized Lung Cancer Screening Trial (NELSON) used a volume-based protocol and
significantly reduced the prevalence of false-positive results (2.1%).

AIM: To compare the performance of manual linear diameter and semi-automated volumetric nodule measurement in the
pilot project “Moscow Lung Cancer Screening” ultra-low-dose computed tomography pilot study.

MATERIALS AND METHODS: The study included individuals with a lung nodule of at least 4 mm on baseline-computed
tomography of the Moscow lung cancer screening between February 2017 and February 2018, without verified lung cancer
diagnosis until 2020. The radiation dose was selected individually and did not exceed 1 mSv. All scans were assessed by three
blinded readers to measure the maximum and minimum transversal nodule diameter and extrapolated volume. As a reference
value of size and volume, the average value from the results of expert measurements was obtained. A false-positive nodule
was defined as a nodule <6 mm/<100 mm? and a false-negative nodule as a nodule 6 mm/>100 mm?.

RESULTS: Overall, 293 patients were included (166 men; mean age, 64.6 + 5.3years); 199 lung nodules were <6 mm/<100 mm®
and 94 were =6 mm/>100 mm?. Regarding volumetric measurements, 32 [10.9%; & false-positive, 28 false-negative], 29 [9.9%;
17 false-positive, 12 false-negative], and 30 [10.2%; 6 false-positive, 24 false-negative] nodule discrepancies were reported
by readers 1, 2, and 3 respectively. For linear diameter measurement, 92 [65.5%; 107 false-positive, 85 false-negativel],
146 [49.8%; 58 false-positive, 88 false-negative], and 102 [34.8%; 23 false-positive, 79 false-negative] nodule discrepancies
were reported by readers 1, 2, and 3 respectively.

CONCLUSIONS: The use of lung nodule volumetry strongly reduces the number of false-positive and false-negative nodules
compared with nodule diameter measurements, in an ultra-low-dose computed tomography lung cancer screening program.

Keywords: tomography X-Ray compute, early detection of cancer, lung neoplasms.
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TeneynbTpa3ByKoBbie UCC/Ie0BAHUA
C UCNOJIb30BaHMEM CMapPT(OHOB U OAHONNATHBIX
KOMNbIOTEPOB

K.M. Ap3amacos', B.A. [lporoso3?, T.M. Bobposckas’', A.B. Bnagsummpckmit'3

! Hay4HO-NPaKTUYECKMIA KITMHUYECKWIA LIEHTP AMAarHOCTUKM 1 TeNleMeAMUMHCKUX TexHonorui, MockBa, Poccuiickas Qeaepauns

2 Hay4HO-NpON3BOACTBEHHOE 06beanHeHMe «PyccKue 6asoBble MHGOPMaLMOHHBIE TexHoorMM», Mocksa, Poccuitckas Mepepaums

3 MNepBbIit MOCKOBCKMIA roCYAaPCTBEHHBII MEANLMHCKMA YHuBepcuTeT uMeHn WM. CeueHoBa (CeueHoBCKuit YHuBepcuTe),
Mockga, Poccuiickas Depepaums

AHHOTALNA

06ocHosaHue. PocT [OCTYMHOCTM W BBIYMCIUTENBHON MOLLHOCTM MOBMIIbHBIX YCTPOICTB NPUBOAMT K pacLMpeHuio ux ob-
NacTv npumeHenns. MeguuuHa He cTana UCKIIOYEHWEM: OAHOMNATHbIE KOMMbIOTEPbl U CMapThOHbI aKTUBHO MPUMEHSIIOTCS
B TeNeMeuLMHe.

Llesb — 13yunTb TEXHUYECKYIO BO3MOXHOCTb peann3aLmuy TeNeynbTpasByKoBbIX UCCEA0BaHUA NPYU NOMOLLM OfHOMMAT-
HbIX KOMMbLIOTEPOB U CMApPT(OHOB.

Mamepuanel u Memodel. B naHHOM UccnefoBaHUM NPOBOAMAM 3aXBaT YbTPa3ByKOBOro BUAEOU306paXKeHUs Npu nomo-
wm BHewHux USB-ycTpoiicTB Buaeo3axeata. B kayecTe nnatdopMbl Ans cepBepa TeneynbTpa3ByKOBbIX UCCEA0BAHUN UC-
nonb30BanyM oJHoNNaTHbIe KoMnbloTepbl Raspberry Pi, a Take cMapTdoH Ha base Android. B kauecTBe nporpamMMHoro obe-
cnevenms ucnonb3osanm VLC, Motion, USB Camera. [IuctaHuMoHHas oLEeHKa 3KCNepPTOM NpoBOAUNACh TaKKe Ha MOBMIbHBIX
yctpoucTBax: nocpeacteoM VLC npu pabote Ha cepsepe nporpammHoro obecneyenus VLC, B ocTanbHbix ciydasx — Google
Chrome Ha Windows 7 v Android, Chromium Ha Raspberry Pi.

Pesynemamel. YcTpoiicTBo BMAeo3axBaTa Ha 6a3e umnceta UTV007 no3sonset nonyuuts 6osee KayecTBeHHOe M306pa-
JKEHWe MO CPaBHEHMIO C YCTPOMCTBOM Ha 6a3e unnceta AMT630A. OnTumMantHoe pa3pelueHue Buaeomsobpaxenus 720x576
npu 25 Kkagpax B cekyHay. OnTMManbHbIM NporpamMMHbIM obecnedeHnemM ans opranusaumm teneY3W Ha Raspberry Pi senset-
¢ VLC n3-3a HU3KMX TpeboBaHMit K NponycKHol cnocobHocTu kaHanos cBssu (0,64+0,17 Mout/c). Ins Android-cMapTdoHoB
TeNeynbTpa3ByKoBOe MCCNeA0BaHMe MOXeET ObiTb peanu3oBaHo Ha nporpaMmHoM obecnedequn USB Camera, Ho Tpebyet
DosbLuelt NponycKHow crnocobHocTW KaHanos cBasm (5,2+0,3 Mout/c).

3arnoyenue. Vcnonb3oBaHue yCTPOicTB Ha 6ase ofHOMMATHBIX KOMNbLIOTEPOB M CMapT(OHOB MO3BOJISET peann3oBaTb
BHOAKETHYI0 TeNeynbTpa3BYKOBYIO CUCTEMY, YTO MOTEHLMANBHO COCOOCTBYET MOBLILLEHUK0 KA4eCcTBa BbIMOSHAEMBIX UCCHe-
[O0BaHWUI 3a CYET AMCTAHLMOHHOTO 00YYEHUS W KOHCYNbTMPOBaHMS Bpadel. [laHHble peLLeHnst MOryT MPUMEHSATLCS B TOM
uucne B YAANEHHbIX PEruoHax, Ang 3afady «nosieBon» MeAULMHbI U APYTUX BO3MOXHbIX HanpaBieHUii MOBUNbLHOro 3[paBo-
OXpaHeHws.

KnioueBble cnoBa: ynbTpasBykoBoe ucciepoBanue; Y3U; TeneY3U; teneMeamumHa; Buaeo3axsar.
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Apsamacos K.M., [iporosos B.A., bobposckas T.M., Bnagaumupckuii A.B. TeneynsTtpaseyKoBble UCCe0BaHWS C UCMONb30BaHWUEM CMapTQOHOB ¥ 0aHOMNaT-
HbIx kKoMnibtoTepo // Digital Diagnostics. 2023. 7. 4,N° 1. C. 15-23. DOI: https://doi.org/10.17816/DD111816
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Tele-ultrasound imaging using smartphones
and single-board PCs

Kirill M. Arzamasov', Viktor A. Drogovoz?, Tatiana M. Bobrovskaya', Anton V. Vladzymyrskyy'-

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 Scientific and Production Association “Russian Basic Information Technologies”, Moscow, Russian Federation
3 The First Sechenov Moscow State Medical University, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Mobile devices are widely available and their computational performance increases. Nonetheless, medicine
should not be an exception: single-board computers and mobile phones are crucial aides in telehealth.

AIM: To explore tele-ultrasound scope using smartphones and single-board computers

MATERIALS AND METHODS: This study focused on capturing ultrasound videos using external video recording devices
connected via USB. Raspberry Pi single-board computers and Android smartphones have been used as platforms to host a tele-
ultrasound server. Used software: VLC, Motion, and USB camera. A remote expert assessment was performed with mobile
devices using the following software: VLC acted as a VLC server, Google Chrome for 0S Windows 7 and 0S Android was used
in the remaining scenarios, and Chromium browser was installed on the Raspberry Pi computer.

OUTCOMES: The UTV007 chip-based video capture device produces better images than the AMT630A-based device. The
optimum video resolution was 720x576 and 25 frames per second. VLC and OBS studios are considered the most suitable for a
raspberry-based ultrasound system owing to low equipment and bandwidth requirements (0.64+0.17 Mbps for VLC; 0.5 Mbps
for OBS studio). For Android phone 0S, the ultrasound system was set with the USB camera software, although it required a
faster network connection speed (5.2+0.3 Mbps).

CONCLUSION: The use of devices based on single-board computers and smartphones implements a low-cost tele-
ultrasound system, which potentially improves the quality of studies performed through distance learning and consulting
doctors. These solutions can be used in remote regions for “field” medicine tasks and other possible areas of m-health.

Keywords: Tele-ultrasound, telehealth, ultrasound, video capturing.

To cite this article
Arzamasov KM, Drogovoz VA, Bobrovskaya TM, Vladzimirskyy AV. Tele-ultrasound imaging using smartphones and single-board PCs. Digital Diagnostics.
2023;4(1):15-23. DOI: https://doi.org/10.17816/DD111816

Received: 11.10.2022 Accepted: 10.03.2023 Published: 04.04.2023
V-2
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2023


https://doi.org/10.17816/DD1118
https://doi.org/10.17816/DD1118

TECHNICAL REPORTS Vol. 4 (1) 2023 Digital Diagnostics

DOI: https://doi.org/10.17816/DD111816

(EREREFIHBRERHTITIEERINE

Kirill M. Arzamasov', Viktor A. Drogovoz?, Tatiana M. Bobrovskaya',
Anton V. Vladzymyrskyy'-3

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 Scientific and Production Association “Russian Basic Information Technologies”, Moscow, Russian Federation
3 The First Sechenov Moscow State Medical University, Moscow, Russian Federation

RIvE

Wik, B3 in HERH R IAN S, FEHENHAWNY K. EFEWAHS: 3
A A BE AL AR AR A T AR T o

B B T A8 AR T SRR R T ML A T R P A A R R AT AT 1

PR . EIX U T, A A G R 4R 2 FHUSB AR B IR AR W 5 EAT 1. —
HM AR (Raspberry  Pi) BRI —& L H (Android) & REFHLEHETREE SR 2
M55 25~ 6 o VLC. MotionFHUSBEAR Skpk HAE K AF . L X WA kAT 1L fEvF
fili, R VLC——XEVLCH AR S5 28 g Thf; EHAWEN T, EWindows  THRIZH
A AT %G ES (Google Chrome) ; fEMZEEYR_EA# FChromium,

SR, 5 FAMT630AN A MR &MLEL, FEFUTVO0TE Fr 4 1AL AR 45 % & 2
MEFHERGTRE. REWR D PFEANT20x576, F25M . H T 15184 % B R
fik (0.64£0.17 Mbps) , WARIR_LMATZREEF TR & ERMAZVLC, X T % H
BEETFHL, AR A2 o LAEUSBIRAR Sk B F EadbAT I, (R Z 8 S (5 FE
% (5.240.3 Mbps) o

E . I BT OO I R B AL A (SR BN SR KR R R R A AT RE, XIBTE
A By T 38 0 0 s AR e AR B IR A R o P R BT B . X e R T S 0T Tz Hb
X\ BFARER ST R AR T RE S B R I .

KB, RS, REST, @RS, WHRE.
To cite this article

Arzamasov KM, Drogovoz VA, Bobrovskaya TM, Vladzimirskyy AV. i FH% 68 TFAHLAN A F i gk AT AR A A 5. Digital Diagnostics.
2023;4(1):15-23. DOI: https://doi.org/10.17816/DD111816

W : 11.10.2022 #5%: 10.03.2023 RAGHH: 04.04.2023
&
ECOeVECTOR Article can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2023


https://doi.org/10.17816/DD1118
https://doi.org/10.17816/DD1118

18

TECHNICAL REPORTS

WiE

I 85 30 6 R E AT T, 7 3 e
AT AITRENG . S0P S U 3 B 4 0 LA
N, 6L 972 B 7 I TR 7 5 Ik o (6
-3,

ERET i AMPRE R AR A (4], X
R RBITE,  SRLAE I I B
G B e I H DL £ 8L, R I
Bl AP B METRAO BRI 16 7.

A7 LN P LT A A2 B PR P R
BIL5-81, B SR AE T BL 0315k B
BOTRE LRI (R, 3 GB35 4 PEAF S P
IELABRCH 7V R 0 A5 7
A (N A2 OHRE: B
TR N SRR AT HL= AR 7
BLo O, g i 25 075 P O L
RIEE.

WA TRTRIOE SN ISR, IR
VREBEIA NN, TRV E BB 4,
VSR S HLATE B F AL

R ILRY BRI 70 PP DL e
BUEATAZ B 75 R A AR P71

PR AT i
LG

WEF AR T AN A, BPSequoya 512
Acusonf1SonoAce—-8000, ZWFF I —ZAEEEN
— BB, Mz T HLEES W= T X Bl 3 ik gk
ITHIbME R T . 7R X i 2Eal - (3 A
FH10FELL ETAEA PRSI WIEIT D) , X E1Z
F AR R RE b AT T MV . A,
W 5T 1 B PRAEAE R 5 A L, 1R AR
SR (R NS AP T L2 RIAL, AR5 7R A A b
PEIRIEIL . STk TN RN, AR AE
SMHFZEI: =E (B) 3 BHEM, Bkt
o T F AN LI E AR B
PR B I ER AT VRS, Rk TR R
KICFE T CHFZRBO SRl As Bk
RS R,

A5 {3 T Defender C-090 USBIEEAZAHL
ok B8 B AR R AR E RS . B
FAEAS T 1B 2% P AP R 50 A LA AR
P8 ——UTVOO7FIAMT630A, 7EIX THF 7T 6 ix Py
PSS HIAT T HAZ .

1) Gembird UVG-0024&—ZK I FUTVOOT:L F 4
Eﬁ;ﬁ%ﬁ%%%& BHEERT20X 576,
251

2) Espada USB 2.0 — RCA/S-video EUsbRca63 (LA
T fai#KEUsbRca63) & — ik Fk T AMT630AT: H
ﬁﬁﬂﬁ%%ﬁ,ﬁ%$ﬁmm%%,ﬁ@
251,

AF 50 P AR 55 2 AR A L 4

Vol. 4 (1) 2023

DAl https://doiorg/1017816/DD111816

Digital Diagnostics

« VLC Version 3.0. 82—k H T WAL A1
R G B A ' RERE AR & BRI AR
AR . ZBAF AT EAFRNEERR FiE
47, BFELinuxflAndroid. EFFTR P, EH
I #% H TI FE B TT R G AR 55 78 N 7 i 5

« Motion Release 4.3.0& 5K kds
TGk, TEH TN, Z AT
Linux#ME RS FigiT, FFol e 2EE st
HHL L. e ME NG & RIET, HiZik
BRI IEIE, ARV RS S . Ui
I PR A R AT 5

« USB Camera Version 9.7.9. & —2KH 2K
1, T MUSBEAZ HLIR B B & AL 5 dE
FA MV A FH RAF N Androi d e £ 1 AR 55 2%
BT

AR B A AE R BEWE AN F I HRE - 5

B4 . NPT AT R I AR AR R A i T
FAENITIEERIT KRG RESIIEAT IS« BEVPAN 1
SRR RNEE (CLPIELSDIE A 1)
f#FMicrosoft ExcelXf45 RikT T 4iitAbHE,

mRET R4
—MNEREEITRGEH— DRSS — AR

U LR . TEARSCH, RS A A Lok BB A

TSR A A0 P A5 ) A B AR R 2 P T —

AN USCRN B AL A AR R o 25 7 I A il 55

RIS R E Wi -F 1% H 28 1 A4S b R 2% sz 3

Ky, e NT2  Mbps. FEMNAHY, &£ T &K

(P a] A B (e K 2 F s e i %)

& v A P BT 22 2% 1) RO SCRF IR P 0% B2 B IR

% #%: HTTPRIRTSP. LM% A AT 75 14 % 7 ity 40

PEEFE: VLC——{F FHRTSPEM LI XFFHTTP

KV, A TWindows 7HlAndroid F[Google

Chrome; fERaspberry Pi_EA#i T Chromium.

LAGAE R S5 2% B BN AR SCRF B OO Y i

fihgs: JPEG (Motion) . VideoH. 264 (VLC) .

H. 264 (USB Camera) -

AW RERE T e (ED .

1. MRS a% 2 — MBI OTG-USBLZR 122 A AT R S %
FIRGEFHL (2287.0, )\ MALFEEE, FHiN
2GHz, 3GBANAF; HOnyx Max3% 9.0, )\#%
AhFREE, FHN2GHZ, 4GBNTE) o MR
a5 A R U AR . K S —
&IE-T-AMD E-450 APU. S8GBNf%. 64 bit 0S
Windows 7HIZEICA HLNEL — & BEF-AL.

2. R 55 4% /& — 6 USBZR & 4 2 40 Wi R 4 2%
Be A — N USB M 2 515 Sk 16 5 b B B 1 B
Ml (Raspberry Pi 1 Model B, CPU, F#i
NTO00MHz , 512MbyteikRaspberry Pi 4, CPU
Quard core Cortex, LA N1.5GHz, 4GB,
CRALinuxBEE R G4, 19. 118-vT+AR
A) . Raspberry Pi 1%AWI-Fiffid, i@
RN EER AR L. BrmE—f
FFAMD E-450 APU. 8GBWf¥. 64 bit 0S
Windows 7HIZE1CAS HE G B — 48 & BE F-Hl o



https://doi.org/10.17816/DD

TECHNICAL REPORTS

%5481

PR AR

@% Ry \

DR RE [N

B, B2

23]

AR . fESequoya 512 A FHHAC LI
R TP A T A R A DL
BIAFTEDHL, FEAEH T —AS-Videodz I LLiE
FERSAGHL . oMok B ALAFT EDAL I fan ik S
i, RIS R ARG, Ho 350 E K
LRI 2 4. MR, HIEREDIS-Videokk
i, o] LLIRAS 5 A AR e i R s g —
B EEIR . Sequoya 5122 5% T Raspberry
PiffI RS fE it {F . SonoAce-8000%% F R7E
ﬁi?%iﬁﬁﬁﬁ%%ﬁﬁoSNMmﬁﬁm
RN L o

UVG-002, 1%L #%7EFT A 7 8l  & L 28 B il 2h
B, HEREMNRAREF BT R, B
Frfa & BRI AL T A B K R . R T
Raspberry Pi 124b, AT & &HIAS] T & il

K,

EUsbRca63. 1% & 7E T 8% & L ARl Ak
Uik ®|, F¢HPBg T Raspberry ERIVLC, fEFTAH
MR FEFE iz AT BRI . BRI FHWAIA
B BRI R, KRR 640X 480,

USBRRB AL . 1C AT # 5 ¥ % bl Bl oh 46 )
B, FEMBAMNRWREFFBITIEY. K0P
FN640X 480, MWIF NEFP30,

Motion¥kfE. B E N— RS 2% LUELE
103 AL Bk B AR 4 1) B3 R 0 3 1 A
FHTRaspberry Pi 1HIMERERK, ZHIFRERS IR
BEEFP1-1. 5 &M% . Raspberry Pi 45847
HIXEeH A, YRR BT 2 AN R A BRI
PREARKAT 5 &

Vol. 4 (1) 2023

DOl https://doi.org/10.17816/DD111816

Digital Diagnostics

%5482
SR A

I\

o 45 1% K

(%

Raspberry Pi @

VLCEA:. E W it 223 fERaspberry Pi 4
b VR AN ERAR AR £ s w3 AT B U O
Bile I H BT HLSZIL T A >R B PR 5 2% A 9 2%
FEAG Sk WA TR 4 1) R AN VLC S A% 2 1) () s A
H, UG E A WUR AR 7 KE. B T
fERaspberry Pi 4 L [EBIZ47VLCHIMotionff)fE
J7o VLCHE 3R 2 s b, (BAEIXMRAH
AFE NS S, TR BEAER P it N ig 1T,
BRI — & Windows ZE 10 A HE i b 75 & P i A
KR

USB-Cam®KX k. F& T iZ 1 K2 FE BT IR 55 2%
140 SEZ it 48 LI B X A5 T8 = B O U AT R IR
T, HE 5L T804 UKy, R T,
1 H AN A& IR 55 28 i 30 A2 7% 7 v PR LA 5 AN
I, HREA X,

i

FR AR X TR T &5 58, AR e 7 — 1 LASEER
#2313z FEHE 75 G 7 R 40 1A 8 4% RV i ok 7 S8 1)
THH. MRS R MR 53T AMT630A FZH 1)
PR, FETUTVOOT7:0 Fr 2H [ W40 K £ e 4 it
TEM EFEHKEG R E. UV6-002% £ REiE (E
& M o Bizer, RIS
) R i =

EUsbRca63 AR AR 8 15 & LRI
AN E . B%Motion EUsbRcab3#{4h-7F Al —
XA R i 47 WA W, HIRATER %% & i
BAVLC, BAREGHREEE T & LdEs
Z: MG LR LA e, 1 HAN AT BE LLX A
Jo R 7 A VA A G



https://doi.org/10.17816/DD

TECHNICAL REPGRTS Vol. 4 (1) 2023 Digital Diagnostics
Rle HAFFALIIE 5 e & rk 4
2 Motion VLC USB—Cam
ey e JPEG VideoH.264 H.264
HEREML HTTP HTTP, RTSP HTTP
UVG-002 18,7+2,8 0,64+0,17 5,2+0,3
fEHIE L, Mbps EUsbRca63 8,6+1,4 4,4+0,2
Webcam 15,345 0,490,19 2,00,

16 Bl FE ORI, 20 Pk 8 0 R R R G A
AR 55 2R BB AWM & B Bltn, EERET
2B BEF N LT, M — % &R 2
USB-Cam, {HTEIX &4 T 347 32 F2 48 75 A A X
SIE A T LU . EERANT R, L
P LS TE N 4. 4-5. 2Mbps, {ESZEEH, X
FELEIE S ML A m] GEAR MESEEL A . A, MiERE
BIWi-Filf, IXFhEE % EREE 7T IR E
Lo FEMAREFES, BATRILT, SRR
AXWi-FifEg 5 e (SN SRMEE) &F
B . X B SN RS B N 4% A 34T IX Az B
RS A () AT BE PRI BT B PR

HAr, S EVL TR TR E
579, 10]. FAVIN N, mREET LR &ET &
ST AR AT E AL, Pl i Raspberry  Pi
e RHIFEREEERS T HAPi 1R
RE LLREFD 1. SRS FEAL B AT (FRATTAIE 70 o 7R
FRA B AW B 16D , IHEFRK, X
AR UAAEH: S Pm FE i 5 R A R 45 2%, (HIX PP
WA R AEAR R /E N . Raspberry Pi
422 [ IS A B R AN AR R S22 7 HY PR R

FRR T E AL BRE ST IR A LA A S B
ARH St AT RE[11, 12], AFRAEEZ Fise
W (13] . HpR I ENLA AT T 5L RS J1 AT RE A2 PAER
B [R5 P 2 e P A 2 R 55 8 T = 97 R 5
YRRG, DI UG AT DA R A e 2 AT
TR

fEMot i on FIVLCH 4 2 [al i ik B, 205 &
— FMEIEW . B, RIEHAIOEIE, XFVLC
Kit, HAE0.5-0.6 MbpsHIMSIE W %, A RefLH
— NHBR, TiMotionZE /b T 1045 K {58 A
B o MR SCHR, TEMURNREFD 15 LA K AR ER R 1640
Ao HER IG5 0.6 Mbps[14]%1.5 Mbps[15]
) 3 3 P A S P R R AT IS B AR I K T 252
. aniR TN PR = ARG,
T H %A 518 9 PR, Mot ion®Kk 4 /2 e FE Rk
T, WTLAIFHL B A Bl R0 5 G R A A R 55
B, ERALT. EHAEN T, VLCHRER
EAR R % AT A EUE R T [F 47
NGB A VAR

LT R [16], FAVER THERT
AN NV EAT 32 R 8 75 A 2 el TR A b R 11
ATREME, (HZ 5B EETF UM AR EALRIEH
TR A AT U — Mg sh AR —

DAl https://doiorg/1017816/DD111816

AN S EILAZC A 75 RO A IR 55 4% A B A B LB
A LMR R 5 MR AE R AR i AR BL, ikt B I BE %
g%ﬁg%%ﬁ,m%ﬁﬁ%,ER@%Wﬁ%

T 55 B JRa PR A

X I 7 R A 1 PR R AL 5 1 R S A
EIRATRT DR A, MR T R E T Al R
A AL B Ty A1 S A0 i e )RR S A . AR
WA R BT 7 4RIk & MR RS DL A
TR R 258 T X 28 B8 A% Sk IR A 1R — /N B 47
EIRATRE AN JLN 21T R U R A R gk it
TR EAE . AN EEBA N EEAT
KRB E AT ki T EEE A . A
I, MPFATH R, — A3 & (Raspberry
Pi 4D FRLSI R B A5 B 1) il AR AN 16000
i, W4, B —ERZZLEN 12000510
PLE. R (Motiony VLC. USB-
Cam) A % 9% VF vl Uk 8¢ DL O ARES 7 k. i
RERIT RATA SRR & LT HA 2B ER
4t (Windows. Linux. Android) .

TEIX B 58 A i 06 2505 18 2 T B 97 E e A&
PEE R 58 (1T A2 Ve (3] . MR AL HmEds &
RN RE LR T VPNRRIE, (HAS I H B
AR AR ARG R L n @, KA
H5RPIMBAARE, eNmfEE st 17—
O HIESTN 2y

HAEr, A HT#EEEENESEES RS,
uiE R ARG ERm IR (285 E)) W
4, WButterfly iQ+Butterfly Network
Inc. . Kosmos EchoNous. Vscan Air General
ElectricflLumif Philips Healthcare, {HiXi&
Rtk e (5073 H Ak , FH %A F
[ HER G T AR ERe (18] . R
IR iEmAR SR A E TS s =3 &
P (68 7 A 2

2

Ao FH 2 BT SERUAN R BE T LA B0 &% SE B
AT RS S R GAT AT RE, XA AT B Tl
R B AR AR R A IR sk R i . X
LA T ST ] T e XL B AR ST AN LA
R BE IS Bh B2 ST 4



https://doi.org/10.17816/DD

TECHNICAL REPORTS

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 wark, drafting and revising the work, final approval of the version

CMUCOK JIUTEPATYPbI

1. ShiJ, Wang F., Qin M., et al. New ECG compression method for
portable ECG monitoring system merged with binary convolutional
auto-encoder and residual error compensation // Biosensors (Basel).
2022. Vol. 12, N 7. P. 524. doi: 10.3390/bios 12070524

2. Palacios D.R., Shen K., Baig S., et al. Wide field of view handheld
smart fundus camera for telemedicine applications // J Med
Imaging (Bellingham). 2021. Vol. 8, N 2. P. 026001.
doi: 10.1117/1.JM1.8.2.026001

3. Shewale AD,, Patil S.A, Patil S.R. Raspberry-pi based automatic
health care modelling: An iOt approach // Compliance Engineering J.
2021. Vol. 12, N 3. P. 99-104.

4. Recker F., Hohne E., Damjanovic D., Schafer V.S. Ultrasound in
telemedicine: A brief overview // Appl Sci. 2022. Vol. 12, N 3. P. 958.
doi: 10.3390/app12030958

5. Lim TH. Choi H.J., Kang B.S. Feasibility of dynamic cardiac
ultrasound transmission via mobile phone for basic emergency
teleconsultation // J Telemed Telecare. 2010. Vol. 16, N 5. P. 281-
285. doi: 10.1258/]tt.2010.091109

6. Miyashita T., lketani Y., Nagamine Y., Goto T. FaceTime®for
teaching ultrasound-guided anesthetic procedures in remote
place // J Clin Monit Comput. 2014. Vol. 28, N 2. P. 211-215.
doi: 10.1007/510877-013-9514-x

7. KimC, ChaH. KangB.S. et al. A feasihility study of smartphone-
based telesonography for evaluating cardiac dynamic function and
diagnosing acute appendicitis with control of the image quality of the
transmitted videos // J Digit Imaging. 2016. Vol. 29, N 3. P. 347-356.
doi: 10.1007/510278-015-9849-6

8. Boissin C., Blom L., Wallis L., et al. Image-based teleconsultation
using smartphones or tablets: Qualitative assessment of medical
experts // Emergency Med J. 2017. Vol. 34, N 2. P. 95-99.
doi: 10.1136/emermed-2015-205258

9. Beckhauser E., Petrolini V.A., Savaris A, et al. Are single-
board computers an option for a low-cost multimodal telemedicine
platform: First tests in the context of santa catarina state integrated
telemedicine and telehealth system // 2016 IEEE 29th International
Symposium on Computer-Based Medical Systems (CBMS). 2016.
P. 163-168.

REFERENCES

1. Shi J, Wang F, Qin M, et al. New ECG compression method for
portable ECG monitoring system merged with binary convolutional

auto-encoder and residual error compensation. Biosensors (Basel).
2022;12(7):524. doi: 10.3390/bios 12070524

Vol. 4 (1) 2023

DAl https://doiorg/1017816/DD111816

Digital Diagnostics

to be published and agree to be accountable for all aspects of the work.
KM. Arzamasov — research design development, research volunteer;
KM. Arzamasov, T.M. Bobrovskaya — data analysis; K.M. Arzamasov,
T.M. Bobrovskaya, V.A. Drogovoz — data interpretation; K.M. Arzamasov,
V.A. Drogovoz — writing the text of the manuscript.
Acknowledgments. The authors are grateful to collaborators of
Moscow Center for Diagnostics and Telemedicine: doctor of functional
diagnostics, MD PhD D.V.Shutov and the leading researcher, MD PhD
A.E. Demkina for their help in this study.

10. Bhojwani H., Sain G.K., Sharma G.P. A hybrid connectivity oriented
telemedician system for Indian landscape using raspberry Pi SBC &
IOT // 2018 3rd Technology Innovation Management and Engineering
Science International Conference (TIMES-iCON). 2018. P. 1-5.
doi: 10.1109/TIMES-iCON.2018.8621799

11. De Oliveira D.C., Wehrmeister M.A. Using deep learning and low-
cost rgb and thermal cameras to detect pedestrians in aerial images
captured by multirotor UAV // Sensors (Basel). 2018. Vol. 18, N 7.
P. 2244. doi: 10.3390/s18072244

12. Kim W., Jung W.S., Choi HK. Lightweight driver monitoring
system based on multi-task mobilenets // Sensors (Basel). 2019.
Vol. 19, N 14. P. 3200. doi: 10.3390/s19143200

13. Peine A, Hallawa A., Schoffski 0., et al. A deep learning approach
for managing medical consumable materials in intensive care units
via convolutional neural networks: Technical proof-of-concept
study // JMIR Med Informatics. 2019. Vol. 7, N 4. P. e14806—e14806.
doi: 10.2196/14806

14. Yoo SK., Kim DK, Jung S.M, et al. Performance of a web-based,
realtime, tele-ultrasound consultation system over high-speed
commercial telecommunication lines // J Telemed Telecare England.
2004. Vol. 10, N 3. P. 175-179. doi: 10.1258/135763304323070841
15. Panayides A., Antoniou Z.C., Mylonas Y., et al. High-resolution, low-
delay, and error-resilient medical ultrasound video communication
using H.264/AVC over mobile WIiMAX networks // IEEE
J Biomed Health Inform. 2013. Vol. 17, N 3. P. 619-628.
doi: 10.1109/TITB.2012.2232675

16. Ap3amacos K.M., bobposckas T.M., [iporoso3 B.A. CTpMmMHroBble
TEXHOMOTWM: W3 WIPOBOA WHOYCTPUWM B TeneysbTpas3ByKoBbIe
uccnenosanus // Digital Diagnostics. 2022. T. 3, N2 2. C. 131-140.
doi: 10.17816/DD100779

17. Ap3amacos KM, [iporoso3 B.A. CucteMatnyeckuin 0630p Tex-
HOMOTWIA WM METOLO0B Teney/bTpasByKOBbLIX MUcCneaoBaHuin // Me-
AMUMHCKMe TexHonorum. OueHka u Bbibop. 2020. N° 3. C. 44-54.
doi: 10.17116/medtech20204103144

18. Le M.T,, Voigt L., Nathanson R., et al. Comparison of four handheld
point-of-care ultrasound devices by expert users // Ultrasound J.
2022. Vol. 14, N 1. P. 27. doi: 10.1186/513089-022-00274-6

2. Palacios DR, Shen K, Baig S, et al. Wide field of
view handheld smart fundus camera for telemedicine
applications. J Med Imaging (Bellingham). 2021;8(2):026001.
doi: 10.1117/1.JM1.8.2.026001

2


https://doi.org/10.17816/DD
https://doi
https://doi.org/10.17816/DD100779

22

TECHNICAL REPORTS

3. Shewale AD, Patil SA, Patil SR. Raspberry-pi based automatic
health care modelling: An i0t approach. Compliance Engineering J.
2021;12(3):99-104.

4. Recker F, Hohne E, Damjanovic D, Schafer VS. Ultrasound
in telemedicine: A brief overview. Appl Sci. 2022;12:958.
doi: 10.3390/app12030958

5. Lim TH, Choi HJ, Kang BS. Feasibility of dynamic cardiac
ultrasound transmission via mobile phone for basic emergency
teleconsultation. J Telemed Telecare. 2010;5(16):281-285.
doi: 10.1258/itt.2010.091109

6. Miyashita T, Iketani Y, Nagamine Y, Goto T. FaceTime®for teaching
ultrasound-guided anesthetic procedures in remote place. J Cli Monit.
Comput. 2014;2(28):211-215. doi: 10.1007/510877-013-9514-x

7. Kim C, Cha H, Kang BS, et al. A feasibility study of smartphone-
based telesonography for evaluating cardiac dynamic function and
diagnosing acute appendicitis with control of the image quality
of the transmitted videos. J Digit Imaging. 2016;3(29):347-356.
doi: 10.1007/510278-015-9849-6

8. Boissin C, Blom L, Wallis L, et al. Image-based teleconsultation
using smartphones or tablets: qualitative assessment of medical experts.
Emergency Med J. 2017;34(2):95-99. doi: 10.1136/emermed-2015-205258
9. Beckhauser E, Petrolini VA, Savaris A, et al. Are single-board
computers an option for a low-cost multimodal telemedicine
platform? First tests in the context of santa catarina state integrated
telemedicine and telehealth system. In: Conference: 2016 IEEE 29th
International Symposium on Computer-Based Medical Systems
(CBMS). 2016. P. 163-168. doi: 10.1109/CBMS.2016.57

10. Bhojwani H, Sain GK, Sharma GP. A hybrid connectivity oriented
telemedician system for Indian landscape using raspberry Pi SBC &
I0T. In: Conference: 2018 3rd Technology Innovation Management

AUTHORS’ INFO

* Kirill M. Arzamasov, MD, Cand. Sci. (Med.);

address: 24/1 Petrovka street, 127051 Moscow, Russia;

ORCID: http://orcid.org/0000-0001-7786-0349;

eLibrary SPIN: 3160-8062; e-mail: ArzamasovKM@zdrav.mos.ru

Viktor A. Drogovoz, Cand. Sci. (Tech.);
ORCID: https://orcid.org/0000-0001-9582-7147;
eLibrary SPIN: 1804-2636; e-mail: Vdrog@mail.ru

Tatiana M. Bobrovskaya, MD;
ORCID: http://orcid.org/0000-0002-2746-7554;
eLibrary SPIN: 3400-8575; e-mail: BobrovskayaTM@zdrav.mos.ru

Anton V. Vladzymyrskyy, MD, Dr. Sci. (Med.);
ORCID: https://orcid.org/0000-0002-2990-7736;
eLibrary SPIN: 3602-7120; e-mail: VladzimirskijAV@zdrav.mos.ru

* Corresponding author / ABTOp, 0TBETCTBEHHbI 33 NEpenmcKy

Vol. 4 (1) 2023

DAl https://doiorg/1017816/DD111816

Digital Diagnostics

and Engineering Science International Conference (TIMES-iCON).
2018. P. 1-5. doi: 10.1109/TIMES-iCON.2018.8621799

11. De QOliveira DC, Wehrmeister MA. Using deep learning and low-
cost rgh and thermal cameras to detect pedestrians in aerial images
captured by multirotor UAV. Sensors (Basel). 2018;7(18).2244.
doi: 10.3390/518072244

12. Kim W, Jung WS, Choi HK. Lightweight driver monitoring system
based on multi-task mobilenets. Sensors (Basel). 2019;14(19):3200.
doi: 10.3390/s19143200

13. Peine A, Hallawa A, Schoffski 0, et al. A deep learning approach
for managing medical consumable materials in intensive care units
via convolutional neural networks: technical proof-of-concept study.
JMIR Med Informatics. 2019:4(7):e14806—e14806. doi: 10.2196/14806
14. Yoo SK, Kim DK, Jung SM, et al. Performance of a web-
based, realtime, tele-ultrasound consultation system over high-
speed commercial telecommunication lines. J Telemed Telecare.
2004;10(3):175-179. doi: 10.1258/135763304323070841

15. Panayides A, Antoniou ZC, Mylonas Y, et al. High-resolution, low-
delay, and error-resilient medical ultrasound video communication
using H.264/AVC over mobile WiMAX networks. [EEE J Biomed
Health Inform. 2013;17(3):619-628. doi: 10.1109/TITB.2012.2232675
16. Arzamasov KM, Bobrovskaya TM, Drogovoz VA. Streaming
technology: From games to tele-ultrasound. Digital Diagnostics.
2022;2(3):131-140. (In Russ). doi: 10.17816/DD100779

17. Arzamasov KM, Drogovoz VA. Systematic review of technologies
and methods of tele-ultrasound. Medical Technologies Assessment
Choice. 2020;(3):44-54. (In Russ). doi: 10.17116/medtech20204103144
18. Le MT, Voigt L, Nathanson R, et al. Comparison of four handheld
point-of-care ultrasound devices by expert users. Ultrasound J.
2022;14(1):27. doi: 10.1186/513089-022-00274-6

0b ABTOPAX

* ApsamacoB Kupunn MuxaitnoBuy, KM.H,;

afpec: Poccus, 127051, MockBa, yn. [eTpoBKa, 4. 24, cTp. 1;
ORCID: http://orcid.org/0000-0001-7786-0349;

eLibrary SPIN: 3160-8062; e-mail: k.arzamasov@npcmr.ru

[lporoBo3 Buktop AHaTonbeBUY, K.T.H.;

ORCID: https://orcid.org/0000-0001-9582-7147;

eLibrary SPIN: 1804-2636; e-mail: Vdrog@mail.ru
Bob6poBckas TaTbsiHa MuxaiinoBHa;

ORCID: http://orcid.org/0000-0002-2746-7554;

eLibrary SPIN: 3400-8575; e-mail: t.bobrovskaya@npcmr.ru
Bnapsumupckuii AnToH BayecnaBoBuy, .M.H.;

ORCID: https://orcid.org/0000-0002-2990-7736;

eLibrary SPIN: 3602-7120; e-mail: a.vladzimirsky@npcmr.ru



https://doi.org/10.17816/DD
mailto:ArzamasovKM@zdrav.mos.ru
mailto:VladzimirskijAV@zdrav.mos.ru
https://doi.org/10.17816/DD100779
https://doi.org/10.17116/medtech20204103144

CYICTEMATVHECKME OB30PHI T.4,N°1,2023 Digital Diagnostics
DOI: https://doi.org/10.17816/DD119870

HuskoposHasa KoMnbloTepHas ToMorpagus
opraHoB rpyaHoi knetku B amarHoctuke COVID-19:
0630p nuTepartypbl

W.A. bnoxu, [I.A. PymsaHues, M.M. Cyuunosa, A.ll. FoHuap, 0.B. OMensHcKas

Hay4Ho-npaKTUYeCcKMiA KIMHUYECKMIA LIEHTP AMArHOCTUKM W TeleMeAULMHCKMX TexHonoruid, MockBa, Poccuiickan Qepepauus

AHHOTALMA

O6ocHoeaHue. [MoBbILIEHWE YKCIa UCCTIE[0BaHNUIA KOMMbIOTEPHOW ToMorpadum Bo BpeMsi naHaeMun COVID-19 aktyanu-
31poBano 3ajaqy CHUMXEHUS NyYeBON Harpy3KW Ha NaLMeHTa, TaK Kak BO3AENCTBME PafiMaLMOHHOTO U3/Ty4eHns LOCTOBEPHO
CBA3aHO C MOBBILLEHWEM PUCKA Pa3BUTUSA OHKONOTMYECKUX 3aboneBaHuii. B paboTe oTaeneHuit nyyeBon AMArHOCTUKM Aaxe
B YC/IOBUAX MaHAEMUW LOMKEH cODMOAATLCA MPUHLMM MUHUMAIBHOM A,03bl 06/1y4eHNs NPy MaKCMManbHOM YPOBHE KauecTBa
pvartocTukn — ALARA (as low as reasonably achievable), npeanoxeHHbiii MexayHapofHOM KoMUCCHEN NO pagvaLnMoHHOM
3awmre.

Llesny — cucteMaTn3aums AaHHbIX 0 BO3MOXKHOCTAX CHUXEHWUS NY4EBON HArpy3KW NpK OMArHOCTUKE MopayKeHus NIErkux
npu COVID-19 MeToa0M KOMMNbLIOTEPHOI TOMOrpadum.

Mamepuanel u Memodbl. MpoBefiEH aHaNM3 penieBaHTHbIX 0TEYECTBEHHbIX U 3apyDEHBIX MCTOYHUKOB JIUTEPATYPbI B Ha-
yuHbIX brbnuotekax PubMed n eLIBRARY no 3anpocam «low dose computed tomography COVID-19» u «HW3Ko[03Has KOM-
nbtotepHas Tomorpagus COVID-19», onybnukoBakHblx B nepuog ¢ 2020 no 2022 rop. Mybnukaumm Brtoyanuch B 0630p
Mnocsie OLEHKM UX COOTBETCTBMA TeMe 0630pa NYTEM aHanM3a Ha3BaHWA U abctpakTa. Cnucky nuTepatypbl Takke bblam npo-
aHanM3WpoBaHbl Ha NpeMeT BbISIBEHWS NPOMYLLEHHBIX NPY NOUCKE CTaTel, NONaAaloLLMX MO KPUTEPUM BKITIOUEHNS.

Pesynbmamel. W3yyeHve onybnvKoBaHHbIX pe3ynbTaToB MCCNeLOBaHW NO3BOMMA0 0600LWMTL COBPEMEHHbIE AaHHbIE
0 Ny4eBOV AMArHOCTMKe nopaxeHus nérkmx npu COVID-19 u ncnonb3oBaHuy KOMMNbIOTEPHOM TOMorpadum, a Takxke onpege-
JIUTb BO3MOXKHbIE BApUaHTbI CHUMKEHWS [L03bl JIY4EBOI Harpy3Ky.

3aknioyenue. TpefcTaBneHbl cNocobbl YMeHbLUIEHWUSA JIy4EBON HAarpy3KW NPU KOMNbIOTEPHOI TOMOrpadui opraHoB rpya-
HOM KIIETKW U COXpaHeHMsl BLICOKOTO KayecTBa AMarHOCTUYECKOr0 M300paeHusi, NoTeHUMasbHO OCTAaTOMHOro ANS Ha-
LEXHOro BbisBneHus npusHakoB COVID-19. CHuxeHne [o3bl 061y4YeHNs ABNAETCS OMpaBAaHHbIM NOAXOLOM K MOYYEHMIO
aKTyanbHOW AMarHOCTUYECKOW MHGOPMAaLMK, COXPaHSIOLLMM BO3MOXHOCTW BHEJPEHWUS TEXHONOMMIA NMPOJBUHYTOr0 KOMMbIO-
TEPHOr0 aHanM3a B KIMHWUYECKYI0 NPAKTUKY.
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Low-dose computed tomography in COVID-19:
systematic review

lvan A. Blokhin, Denis A. Rumyantsev, Maria M. Suchilova, Anna P. Gonchar,
Olga V. Omelyanskaya

Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation

ABSTRACT

BACKGROUND: The increased number of computed tomography scans during the COVID-19 pandemic has emphasized
the task of decreasing radiation exposure of patients, since it is known to be associated with an elevated risk of cancer
development. The ALARA (as low as reasonably achievable) principle, proposed by the International Commission on Radiation
Protection, should be adhered to in the operation of radiation diagnostics departments, even during the pandemic.

AIM: To systematize data on the appropriateness and effectiveness of low-dose computed tomography in the diagnosis of
lung lesions in COVID-19.

MATERIALS AND METHODS: Relevant national and foreign literature in scientific libraries PubMed and eLIBRARY, using
English and Russian queries “low-dose computed tomography” and “COVID-19,” published between 2020 and 2022 were
analyzed. Publications were evaluated after assessing the relevance to the review topic by title and abstract analysis. The
references were further analyzed to identify articles omitted during the search that may meet the inclusion criteria.

RESULTS: Published studies summarized the current data on the imaging of COVID-19 lung lesions and the use of computed
tomography scans and identified possible options for reducing the effective dose.

CONCLUSION: We present techniques to reduce radiation exposure during chest computed tomography and preserve high-
quality diagnostic images potentially sufficient for reliable detection of COVID-19 signs. Reducing radiation dose is a valid
approach to obtain relevant diagnostic information, preserving opportunities for the introduction of advanced computational
analysis technologies in clinical practice.

Keywords: computed tomography; low-dose computed tomography; literature review; COVID-19; COVID-19 diagnosis.
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AHHOTALNA

MarHuTHo-pe3oHaHcHas ToMorpadus SBNSETCA OAHUM U3 OCHOBHbIX METOJ0B AMArHOCTUKM 3ab0neBaHuiA OpraHoB bpioLw-
HOM NONOCTU M 3abpHOLLMHHOIO NPOCTPAHCTBA, KOTOPLIN NO3BOJSIAET C BbICOKOM AMarHOCTUYECKO TOYHOCTBIO M BOCMPOM3BO-
AMMOCTbI0 BU3YasM3MpoBaTh 04aroBble WM AuddysHble U3MEHEHUS MapeHXMMATO3HbIX M NOJbIX OpraHoB. MarHuTHo-pe-
30HaHCHas ToMorpadus MMeeT onpefenéHHble NMPeuMyLLecTBa nepes KOMMbIOTEPHON ToMorpadueil B YyBCTBUTEBHOCTM
W cneundUYHOCTY OMpesieneHns NaToorUyecKUX U3MEHeHMIA MapeHXMaTo3HbIX OPraHoB, Xen4eBbIBOAALLMX NyTeN U Npo-
TOKOB MOZKENYA04HON Xene3bl, OPIOLLMHbI M OpraHoB 3abpHOLUMHHOMO NPOCTPAHCTBA.

MynbTUNapamMeTpUYecKuii NPOTOKON CKaHMPOBaHMS NpefocTaBiseT WHPOPMaLMIo He TONbKO O B3aWMHOW Tonorpadum
OpraHoB M UX CTPYKTYpe, HO M 0 (YHKUMOHANbHOM COCTOSHWM TKaHEN, YTO NO3BONSAET NEPENTU OT CTPYKTYPHOM K (yHKLMO-
HanbHOM OLEHKe U306paeHuid. B bonbluMHCTBE CyyaeB CTaHAAPTHBINA NPOTOKON BKIIOYAET CKAHMpOBaHUe OpraHoB bpioLu-
Hov nonoctu (T1-/T2- n anddy3nNOHHO-B3BELLEHHbIE PEXMMBI) U KENYEBbIBOASALLMX MPOTOKOB (MarHUTHO-pe30HaHCHas Xo0-
NaHruonaHkpeartorpacms), Npu 3ToM AaHHbIA NPOTOKON MOXKET ObITb 3HAYUTESIbHO COKPALLEH UM OMOJIHEH B 3aBUCUMOCTH
OT LieNieii MCCne0BaHNs U COCTOSIHUSA NaLMeHTa.

CyuiecTBytoLme TexHUYECKMe pa3paboTKW M AOCTUMEHMS MO3BOMAIOT YNPOCTUTL MPOLIECC CKAHMPOBAHWUS U COKPATUTL
BpEMsl Ha NOMyYeHWe M300paXKeHW, NOBLILLAA NpU 3TOM BOCMPOM3BOAMMOCTb METOAMK B PasHbIX YYPEXAEHUSX 30paBOOX-
paHeHus.

KnioueBble cnoBa: MarHWTHO-pe3oHaHcHast ToMorpadus; MPT; npoTokon ckaHupoBanus; MPT opraHoB 6proLLHoiA nonocTu
1 3abPHOLUMHHOrO NPOCTPaHCTBA.
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Basic pulse sequences in the diagnosis
of abdominal pathology
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Z National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russian Federation

ABSTRACT

Magnetic resonance imaging is used for diagnosing abdominal and retroperitoneal space pathology, which allows visualizing
focal or diffuse lesions in the parenchymal and hollow viscera with high diagnostic accuracy and reproducibility. Magnetic
resonance imaging has advantages over computed tomography in the sensitivity and specificity of determining pathological
changes in parenchymal organs, bile ducts and ducts of the pancreas, peritoneum, and retroperitoneal space.

The multiparametric protocol provides information about the mutual topography of organs and their structure and
the functional state of tissues. This allows to move from structural to functional evaluation. In most cases, the standard
abdominal protocol includes T1-weighted images, T2-weighted images, diffusion-weighted images, and magnetic resonance
cholangiopancreatography. Depending on the objectives and patient’s condition, this protocol can be significantly reduced or
supplemented.

Existing technical developments and achievements make it possible to simplify the scanning process and reduce the time
for obtaining images while increasing the reproducibility of techniques in different healthcare institutions.

Keywords: magnetic resonance imaging; MRI; scanning protocol; abdominal and retroperitoneal MRI.
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IvarHocTuka naronorum u aHoManuu
COCKOBO-apeoJiApHOro KoMiieKca:
cepusa KIMHUYECKUX ciny4vyaeB

E.H. Kapanapse', B.E. Cutnubin?, M.A. Kapanapnse®

! Knunuko-amarHocTuueckuit ueHtp MEJICU Ha Kpacoit Mpecke, Mocksa, Poccuitckas Qenepaums
2 MOCKOBCKMI rOCYAapCTBEHHbIN YHUBEpCUTET MeHU M.B. JloMoHocoBa, MeaMuUmMHCKUIA HayuHO-06pa30BaTesbHbIi LieHTP,
Mockga, Poccuiickas Depepaums
3 POCCHICKMIN HALWMIOHASTbHBIR MCCTIEA0BATESLCKUIA MeAUUMHCKMIA YHuBepcuTeT uMenn H.W. Miuporosa, Mocksa, Poccuiickas Qeaepauns

AHHOTALNA

CockoBo-apeonspHbIi KOMMEKC — 0cobas aHaToMM4yecKas U ructoniornyeckas cTpyktypa. BapuabenbHocTb HopManb-
HOro CTPOEHMs, LUMPOKMIA CMEKTP NaToNOrMYeckuX MPOLECCOB W CIOXHOCTb AWMArHOCTMYECKOW BWU3yanu3auuu Bbi3biBaloT
TPYLHOCTM y Bpayei Iy4eBOi ANarHOCTUKUA U KIIMHULMCTOB.

Hanbonee yacTo B AMarHocTuKe nNaTonoriv COCKOBO-apeosisipHOro KOMMJIEKCA UCMONb3YIOT YNbTPa3BYKOBYH AMArHOCTUKY
1 Mammorpaduio. [pn He0AHO3HAYHBIX pe3ysibTaTtax NpefLecTBYHOLMX METOA0B WU AN OLEHKU PacnpoCTPaHEHHOCTU Npo-
Liecca NpUMEHSIIOT MarHUTHO-PE30HAHCHYK TOMOrPadmIo C BHYTPUBEHHBIM KOHTPACTUPOBAHUEM.

MarHuTHO-pe3oHaHCHas ToMorpadus MONIOYHOM Xene3bl — Hanboniee YyBCTBUTESbHBI METOZ, BbISBIEHUS 0COHEHHO-
CTEMN CTPOEHUS, ANArHOCTUKU J,0OPOKaYECTBEHHBIX W 3/1I0KAYECTBEHHbIX 3ab0/1eBaHNI, 3aTparvBatoLLMX COCKOBO-apeonsipHbIi
KOMMNeKc. MarHuTHo-pe3oHaHcHas Tomorpadus nonesHa B KayecTBe AOMOJHUTENBHOTO AWMArHOCTUYECKOTO MHCTPYMEHTa
NP1 HEOLHO3HAYHbIX pe3ynbTatax MaMMorpaguu M yNbTpa3BYKOBOrO UCCe0BaHUA. MarHUTHO-pe3oHaHcHas ToMorpadus
Nno3B0NISeT BM3Yyann3vpoBaTb PETPOApPeOsPHYIO 30HY, NOAXOAUT ANA AMArHOCTUKW NanunnoM, ageHoM, bonesku Memxera,
MPOTOKOBOW KapLMHOMBI in Situ M MHBA3MBHOIO paKa.

B cTatbe aaHo onMcaHue KIMHUYECKUX CTy4aeB AMArHOCTUKW NaToIorMM U aHOManuiA COCKOBO-apeosIiPHOro KOMIJIEKCa,
UTO MOXET BbITb MONE3HO 1A Bpayeil Jy4eBOM AUArHOCTUKM, TMHEKOMIOr0B, KITMHUYECKUX OpAMHATOpPOB.

KnioueBble cnoBa: KIMHUYECKNIA cnyqaﬁ; paK MOJIOYHOM ene3bl; COCKOBO-&pEOJ’IFIprIVI KOMIJIEKC; MaMMOFpadJVIFI.
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Diseases and abnormalities of the nipple-areolar
complex: a case report series

Elena N. Karanadze', Valentin E. Sinitsyn?, Mariia A. Karanadze?

! Clinical Diagnostic Center MEDSI on Krasnaya Presnya, Moscow, Russian Federation
Z Lomonosov Moscow State University, Medical Scientific and Educational Center, Moscow, Russian Federation
3 The Russian National Research Medical University named after N.I. Pirogov, Moscow, Russian Federation

ABSTRACT

The nipple—areolar complex is a specific anatomical and histological structure. Normal structure and pathological process
variabilities and the complexity of diagnostic imaging cause difficulties for radiologists and physicians. Breast magnetic
resonance imaging is highly sensitive for structural features and nipple-areolar complex cancer detection. Magnetic resonance
imaging is a useful diagnostic tool when mammography and ultrasound findings are inconclusive. It allows visualization of the
retroareolar region, suitable for the diagnosis of papillomas, adenomas, Paget's disease, ductal carcinoma in situ, and invasive
ductal carcinoma.

This is a case report on identifying the pathology and anomalies of the nipple-areolar complex, which may benefit
radiologists, gynecologists, and residents.

Keywords: case report, breast disease, nipple-areolar complex, mammaography.
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MarHuTHo-pe3oHaHCHas ToMorpadus B AUarHoCTUKe
HEeKpPo3a HU3BEAEHHOr0 CerMeHTa TOJICTOM KULUKU
nocne 6ploWHO-aHaNbHOU pe3eKLMUN NPAMONA KULLKU
Nno NoBOAY paKa
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AHHOTALMA

B pabote npepcTaBneH cnyyait HEKpo3a HU3BEAEHHOM TONICTOM KULLKM Nocne BpioLlHO-aHanbHOM pe3eKLnn NPAMON K-
KK, Ans WarHoCTUKKM KoToporo Bbina ucnonb3oBaHa MarHUTHO-pPe3oHaHCHas ToMorpadms.

MauveHty (MyumHa, 47 neT) B Xofe KOMOWHMPOBAHHOrO NIEYEHUS MECTHO-PAcrpOCTPAHEHHOrO paKa MpSMOMN KULLKKM
BbIMOIHEHA NanapoCKONWUYECKU acCUCTMPOBaHHas DpIOLLIHO-aHanbHas Pe3eKUMs NpAMON KULWKK ¢ (OPMUPOBaHWEM KOJO-
NNacTUYECKOr0 pe3epByapa U TPaHCBEP30CTOMbI. [locneonepaum oHHbI NEPUOA OCNOMKHUICA Pa3sBUTUEM CUHAPOMA BoOCNa-
nuTENbHOM peakumn. Ha 3-i nocneonepaumMoHHbIN LeHb METOAOM MarHUTHO-PE30HAHCHOM TOMOrpadumu C KOHTPACTHBLIM YCu-
NeHWeM BbISIBNIEH OTEK 15-CaHTUMETPOBOr0 CErMeHTa HU3BEAEHHOW TONICTOW KULIKW 0 KOSI0aHaNbHOr0 aHacToMo3a C pesKo
ocnabneHHbIM KOHTPACcTUpOBaHWEM; NPU PEKTOCKONMU U3MEHEHWI He BbisBNIEHO. Ha 6-11 nocneonepauyoHHbIii AeHb MEeTOA0M
MarHWUTHO-pe30HaHCHOI ToMorpadun obHapyeH fedeKT nepefHen CTEHKU KOJIONIacTMYeCKoro pesepsyapa ¢ hopMupoBa-
HWEM MPUCTEHOYHOW BO3YLLUHOW NONOCTH, MPU PEKTOCKONUU — MPU3HAKKM HEKpO3a CTeHKU Kuwku. Ha 10-# nocneonepaum-
OHHbIM [1eHb KapTUHA MarHUTHO-Pe30HaHCHOM ToMorpaduy be3 AMHaMMKKW. B cBA3M ¢ HapacTalowmMMK Npu3HaKaMu Bocnane-
HWS BbINOSIHEHA peflanapoToMus ¢ pa3obLLeHNeM aHacTOMO3a U Pe3eKLMeN HEKPOTU3MPOBAHHOTO CErMEHTa KULLKU.

NweMns HU3BEAEHHOW TONICTON KULIKW NOCNEe ONepaumii Ha MPAMON KULLKe ABNSETCA pefKuM, HO KpaliHe CepbE3HbIM
0CnoXHeHueM. Hale KnuHnyeckoe HabnofeHne AeMOHCTPUPYET BO3MOXHOCTW MarHUTHO-PE30HaHCHOW TOMOrpaum C KOHT-
PacTHbIM YCUNEHUEM B Ka4ecTBe HEMHBA3MBHOTO METOAA AMHAMUYECKOro Habmio4eHUs NaUMeHTOB C OCNIOMHEHHBIM Nocne-
0nepaLmoHHbIM NEPUOOM C LIENbi0 PaHHEN AMArHOCTUKM MILEMUW U Ae(EKTOB CTEHKM KULLKM, Y4TO CNocobCTBYET NPUHATUIO
BEPHOI TaKTUKM BEAEHMSA NaLUMeHTa.

KnioueBble cnoBa: MarHWUTHO-pe30HAHCHas TOMOrpagus; pak MPAMONA KMLLKKW; OplolIHO-aHaNnbHas pes3eKuus npsmoil
KWLLKM; AWarHoCTMKa NOCeonepaLnuoHHbIX 0CIOMHEHWH; ULLEMUS TOSICTONM KULLKKM; HEKPO3 TOJICTOM KULLKM; KIMHUYECKMIA
cnyyail.
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Magnetic resonance imaging in the diagnosis
of necrosis of a pulled-through colon segment after
abdomino-anal resection of the rectum for cancer

Sofiya A. Myalina', Ksenia |. Paziuk?, Tatiana P. Berezovskaya',
Alexey A. Nevolskikh' 2, Aleksandr L. Potapov', Sergey A. Ivanov' 23

! National Medical Research Radiological Center, A. Tsyb Medical Radiological Research Centre,0bninsk, Russian Federation
2 Obninsk Institute for Nuclear Power Engineering — National Research Nuclear University MEPhI,Obninsk, Russian Federation
3 Peoples’ Friendship University of Russia, Moscow, Russian Federation

ABSTRACT

This study presents a case of necrosis of the pulled-through colon after abdomino-anal resection of the rectum, which was
diagnosed by magnetic resonance imaging.

A 47-year-old man underwent laparoscopically assisted abdomino-anal resection of the rectum with reconstruction of
a coloplasty pouch and transverse colostomy in the course of combination treatment for locally advanced rectal cancer.
The postoperative period was complicated by the development of an inflammatory response syndrome. On postoperative
day 3, contrast-enhanced magnetic resonance imaging revealed swelling of the 15-cm segment of pulled-through colon
up to the coloanal anastomosis with sharply attenuated contrast enhancement, whereas rectoscopy showed no changes.
On postoperative day 6, a magnetic resonance imaging scan revealed a defect in the anterior wall of the coloplasty pouch
with a parietal aerocele, and rectoscopy showed signs of necrosis of the bowel wall. On postoperative day 10, the magnetic
resonance imaging scan presented no changes. Because of increasing signs of inflammation, relaparotomy with anastomosis
disconnection and resection of the necrotized bowel segment were performed.

Ischemia of the pulled-through colon after rectal surgery is a rare but serious complication. Our clinical case report
demonstrates the potential of contrast-enhanced magnetic resonance imaging as a non-invasive method in case follow-up in
patients with a complicated postoperative period for early diagnosis of ischemia and bowel wall defects, which helps to make
the appropriate patient management plan.

Keywords: magnetic resonance imaging; rectal cancer; abdomino-anal resection of the rectum; diagnosis of postoperative
complications; colonic ischemia; colonic necrosis; case report.
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AHHOTALNA

LLInpokoe pacnpocTpaHeHWe HOBOW KopoHaBupycHoiM MHdekummn (COVID-19) npuBeno K akTMBHOMY U3Y4eHUIO e€ auar-
HoCTUYecKux ocobeHHocTei. OcTpas BUpYCHas NHeBMOHMA, cBsizaHHas ¢ COVID-19, yxe noapobHo onucaHa no pesynbTatam
KOMMbIOTEPHOI TOMOrpadum, peHTreHorpadmm U CTaTUHECKOW MarHUTHO-Pe30HaAHCHOW TOMOrpaduu, OfHaK0 KapTWHa, Ha-
bnopgaeMas npu AMHaMUYECKOW MarHUTHO-Pe30HaHCHOW ToMorpaduu, He Noslyuuna JOCTaTOYHOM0 OCBELLEHMSA B CreLmManu-
31pOBaHHOW IUTepaType.

YumnTbIBas KOMMMEKCHBINA AMArHOCTUMECKUI NOAX0A, BaXKHO, YTOObI BPaun-pEHTTEHONO0MM UMENIM BO3MOXKHOCTb NPaBUITbHO
pacno3HaBaTb 1 uHTepnpeTupoBatb COVID-19 no u3obpaxeHnsaM MarHUTHO-pPe30HaHCHOM ToMorpadum.

B npencTaBneHHoI cepum KITMHUYECKUX Cly4aeB NPOAEMOHCTPUPOBaHbI BO3MOXHOCTU METOAMKM AMHAMUYECKON MarHUT-
HO-pe30HaHCHol ToMorpaduu B 0bHapyXeHWM Npu3HaKa «obnayHoro Heba» M ero OTAMYKA OT KOHCONMAALMM Y NALMEHTOB
¢ COVID-19, uto no3BonseT NPeANONOKUTENBHO Pa3rpaHUUNUTb PaHHEE WM NETKOE U3MEHEHWE OT NPOrPeCcCUpYIOLLEro KIK-
HWYECKOT0 TeYeHus.

TakuM 0bpa3oM, AMHaMUYeCKas MarHUTHO-pe30HaHCHas ToMorpadms MOXKET O0Ka3aTbCs Ype3BbiYaliHO MOSIE3HBIM MHCTPY-
MEHTOM, K TOMY e 6e3 ny4yeBoW Harpy3ku, B Ciyyasix, KOrfa AocTyn K KOMMbTEPHOM ToMorpadun orpaHuyeH u Tpebyetcs
AVHaMu4eckas MopQodyHKLMOHabHas BU3Yyanu3aums.

KnioueBble cnoBa: MarHWTHO-pe30HaHCHas ToMorpadus; ouHammyeckas MPT, MPT B pexuMe peanbHOro BpeMeHM;
nHeBMoHus; COVID-19.
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Dynamic MRI in a COVID-19 patient: a case series
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ABSTRACT

Extensive spread of the coronavirus disease (COVID-19) prompted an investigation of its diagnostic features. Acute viral
pneumonia associated with COVID-19 has been described in detail using CT, radiography, and MRI. There is no data in the
literature on the descriptive picture observed with dynamic MRI. Considering a comprehensive diagnostic approach, radiologists
should know how to correctly recognize and interpret COVID-19 on MRI. This case series demonstrated the ability of dynamic
MRI to detect the cloudy sky sign and distinguish it from consolidation in COVID-19 patients, thus presumably distinguishing
between early or mild changes and a progressive clinical course. These changes in dynamic lung images on MRI can be
recorded depending on the phase of the respiratory cycle. Thus, MR, as a radiation-free tool that can be used to examine a
patient with acute viral pneumonia COVID-19, can be useful in cases where access to computed tomography is limited and
dynamic morphofunctional imaging is required.

Keywords: dynamic MR, real-time MRI, pneumonia; COVID-19; magnetic resonance imaging.
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CucTeMbl UCKYCCTBEHHOr0 MHTENNEKTA
B KIMHUYECKOW PU3NO0NOrUM:
Kak caenartb ux obyyenue apeKTUBHbLIM?

.B. Lyros', [.E. LLlaposa', J.P. Abynaase', [1.B. lpo3nos?

! Hay4HO-NpaKTMHECKWIA KIMHUYECKUA LLEHTP AMarHOCTUKM W TeNeMeINLIMHCKIX TexHosormii, Mockea, Poccuitckan Mepepauma
2 HaumoHanbHbIn MeULMHCKUIA UCCRe0BaTeNLCKUI LIEHTP Kapauonorm, Mocksa, Poceuitckas ®enepalins

AHHOTALUMA

KnvHuueckas dusuonorms — pasgen MeAUUMHCKUX HayK O oAU W XapaKTepe M3MeHeHW GU3MoNorMyeckux npouec-
COB, NPOMCXOASALLMX B OPraHM3Me Npy NPeanaTosiorMyeckux 1 NatonorMiyeckux CoCTOSHUAX, — MPEeAnonaraeT nojHoe, KoM-
MEKCHOE, MHOTOCTOPOHHEE UCCNief0BaHUe QYHKLUMIA KaK MOPaXEHHbIX, Tak U 3[40POBbIX OpPraHoB, YTO NO3BONIAET OLEHUTH
KOMMEHCaTOpHble BO3MOXHOCTU OpraHu3Ma.

MporpaMMHoe obecneyeHune 1 pasiuyHbIE NPOrpaMMHO-annapaTHbIe KOMMEKCh, CO3AaHHbIE C UCMOMb30BAHUEM TEXHO-
JIOTMiIA UCKYCCTBEHHOTO MHTENNEKTA, BCE aKTUBHEE MPUMEHSIOTCA B PasiMyHbIX 0TPACHAX MEAWLMHLI, B TOM YMC/E U B KIK-
HWYecKkoW Quamnonorum. 3ToMy cnocobCcTBYIOT NOSBNEHWE HAbOPOB MEAMLMHCKMX [LaHHbIX, YBENIMYEHWUE BbIYUCIUTENBHBIX
MOLLHOCTEW, pa3BuUTMe 06/1auHbIX CEPBUCOB, @ TaKKE MHOTOYMCIEHHbIE MybAMKaLMW, AeMOHCTpUpylowme 3QeKTUBHOCTb
1 NepCneKTUBHOCTb NPUMEHEHUS NOA0OHBIX MHTENIEKTYaNbHBIX PELLEHUI.

HecMoTps Ha To, 4TO B LIeIOM NOAXOA K OPMMPOBaHMI0 MEAMLMHCKMX HaboPOB [aHHBIX CX0XK, B KIIMHUYECKON (U3K0-
JIOTUM UMEETCA LIeNbI pAS, KITOYEBbIX 0CODEHHOCTEN U CYLLECTBEHHBIX 0TAMuMiA. CobntofeHne npefiaraeMblX HaMK NpaBun
no popMMPOBaHMI0 HAbOPOB [aHHBLIX NOTEHLMANEHO NO3BONUT 3PMEKTUBHO 0BYYUTL CUCTEMBI MCKYCCTBEHHOIO MHTEN/IEKTA
B 0611aCTV KNMHUYECKOW GU3NOIOTM W NPUMEHSATB UX Ha NMPaKTUKe.

BetynuBluwii B cuny HaumoHanbHbI cTanaapT Poccuickoi ®epepaumm FOCT P 59921.9-2022 BxoauT B KOMMNJEKC CTaH-
£apToB «CUCTEMBI UCKYCCTBEHHOTO MHTENNIEKTA B KIIMHUYECKON MeMUMHE» W YCTaHaBNMBAET [OMONHUTENbHBIE TpeboBa-
HWSA K anropuTMaM aHanusa AaHHbIX M MeToAaM UCMbITaHUIA CUCTEM UCKYCCTBEHHOTO MHTEJINEKTA, NPUMEHAEMbIX B 0b1acTy
KIMHWUYEeCKo m3nonornn. BaxHol 0cobeHHOCTbI0 HOBOMO CTaHAapTa SIBNSIETCA ero KBasWMETPUYECKU Tvn (Mpunaraetcs
0653aTenbHbI Habop AEMOHCTPAUMOHHBIX LaHHBIX).

Poccus opHoit 3 nepBbIX CTPaH B MUpe MPUCTYMKNA K pa3paboTKe KBa3MMETPUYECKMX CTAHAAPTOB, U YXe B TEKYyLLEM
rogy BCTynAT B cuny 15 oTpacnieBbIX CTaHAAPTOB B Cdepe MCKYCCTBEHHOTO MHTENNEKTa (U3 HUX ABa — MO MeAuWLMHE).

KnioueBble cnoBa: Habop AaHHbIX; 31eKTpoKapAMorpadus; KIIMHUYecKas pusnoNoris; aHHOTMpOBaHWE; aBTOMaTUYeCKUI
aHanu3 3KT.
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LLyros [1.B., LWaposa [.E., Abynagze J1.P., [ipo3noe [1.B. CUCTEMBI MCKYCCTBEHHOMO MHTENNEKTA B KIIMHWUYECKOM BM3MONOrMN: KaK CAeNaTb X obyyeHne
abdextveHeIM? // Digital Diagnostics. 2023. T. 4,N° 1. C. 81-88. DOI: https://doi.org/10.17816/DD123559
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Artificial intelligence in clinical physiology:
How to improve learning agility
Dmitry V. Shutov', Dariya E. Sharova', Liya R. Abuladze', Dmitrii V. Drozdov?

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
Z National Medical Research Center of Cardiology, Moscow, Russian Federation

ABSTRACT

Clinical physiology involves a complete, comprehensive, multilateral study of the functions of both affected and healthy
organs, which allows us to assess the compensatory capabilities of the body.

Artificial intelligence is increasingly being used in medicine, including in clinical physiology. This is facilitated by the increase
in computing processing power, development of cloud services and datasets, and numerous scientific articles demonstrating
the effectiveness and viability of such intelligent solutions.

Although the approach to medical dataset development is generally similar, there are a number of key features and
significant differences in clinical physiology. Artificial intelligence systems in clinical physiology may be effectively trained and
applied in practice by following the recommendations in this study.

The national standard of the Russian Federation GOST R 59921.9-2022, which has entered into force, is included in the set
of standards “Artificial Intelligence systems in clinical medicine” and establishes additional requirements for data analysis
algorithms and test methods of artificial intelligence systems used in the field of clinical physiology. A crucial feature of the
created standard is its qualimetric type (i.e., it has a mandatory set of demonstration data).

Russia is one of the first countries to start developing quasi-metric standards worldwide, and 15 industry standards in the
field of artificial intelligence (2 of them in medicine) will come into force this year.

Keywords: dataset; electrocardiograph; clinical physiology; annotation; automated ECG interpretation.
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