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BupTtyanbHas nnargopMa AN MMUTaLUOHHOIO Seckie
KOMMNbIOTEPHOro MOJe/IMPOBaHUSA PafUOHYKIUIHOIA
BU3yanu3aLuM B AAEPHOU KapAUONIOTrUHK.

CpaBHeHMEe C KIMHUYECKUMMU faHHBIMKU

H.B. llenncosa'?, M.A. Typko'2, W.MN. Konnkko'2, A.A. Avwenec?, B.6. Cepruerko®

! Hosocnbupckmil rocynapcTBenHbii yHusepeuTeT, Hosocubupck, Poccuiickas Qepnepauns;
2 IHCTUTYT TEOPETUYECKON M NpUKIaaHoi MexaHnky umenn C.A. Xpuctuarosuua, Hosocnbupck, Poceuitckas ®epepaums;
3 HaumoHanbHbI MeMLIMHCKWIA UCCNe10BaTENbCKUI LIEHTP Kapavonorin nMenn akapemuka E.N. Yasosa, Mockea, Poccuitckan Pepepaums

AHHOTALIMA

06ocHoBaHuMe. B 0bnacTv pagnoHyKIMOHONM BU3yanm3aLUmMn KIIMHUYECKME UCCIEA0BaAHUS Ha JIOASX iN ViVO OrpaHuyeHbl U3-3a
Jly4eBOM Harpy3Ku W 3TUHECKUX HOpM, NO3TOMY BCE BO3pacTalollee 3HayeHue npuobpeTaloT MeToAbl MaTeMaTMYeCcKoro Mo-
AEeNMPOBaHNSA N UMUTALMOHHBIX KOMMbIOTEPHBIX UCMbITaHWIA in silico, 0CHOBaHHbIe Ha UMPPOBLIX MOAeNsX. B aHrnossbiuHoM
nuTepatype 3TOT NOAXOL nonyyuun Hassakue «Virtual clinical trials».

Lienb — passuTue NporpaMMHbIX CPEACTB 4151 UMUTALMOHHOTO MOJENMPOBaHUA PaAVOHYKIMAHON BU3yanu3aummu nepdysuu
MWOKapAa MeToA0M 04HO(OTOHHON 3MUCCUOHHOW KOMMbBIOTEPHOM TOMOrpagum, COBMELLLEHHOM C KOMMbIOTEPHOM TOMOrpadm-
eil, C UCnonb30BaHNeM paauodapMaLieBTyecKoro npenapara “™Tc-MUBW, a TakKe npoBefeHne nccneoBaHWUi, Hanpas-
IEHHBIX Ha MOBbILLEHUE TOYHOCTM 0AHOGDOTOHHON IMUCCMOHHOM KOMMBIOTEPHON TOMOTpaduy.

Matepuanbl u Metoapl. PaspaboTaH nporpaMMHbIA KoMMeKe «BupTyanbHas nnatdopMa ans UMUTALMOHHBIX UCTbITaHMIA
MeT0Aa OAHO(MOTOHHOM 3MUCCUOHHOM KOMMBLIOTEPHOI TOMOrpaduu, COBMELLIEHHOM C KOMMbIOTEpHOW ToMorpadueii, B aaep-
HOM Kapavonoruu» € MCnosb30BaHWeM LMbpoBbIX MoAEeNeN NaLMeHTa, CKaHepa 1 OLIEHKM COCTOSHUSA MUOKapa C MOMOLLbIo
LMdpOBbLIX M300paXKeHMIn NEBOTO XENyLoUKa B BUAE «MOMSAPHOA KapTbi». BbinonHeHa BepudMKaLms NporpaMMHOTO KOM-
MNieKca NyTeéM CPaBHEHUS C KIIMHUYECKUMU AaHHBIMM, NOMTyYeHHbIMM B HaLUMOHaNbHOM MeAMLMHCKOM MCCNeA0BaTeNlbCKOM
LieHTpe Kapavonorun umenn akagemuka E.W. Yasosa (MockBa). MpoBeaeHbl MMUTALMOHHBIE KOMMbIOTEPHBIE UCTIbITAHMS,
B KOTOPbIX MCC/lefl0Banach TOYHOCTb OLEHKW COCTOSHMS MWOKapAa B 3aBUCUMOCTM OT NOAX0AA K HOpManu3aummu NonsipHoi
KapTbl 1 Y4ETa KOPPEKTUPYHOLLMX (aKTOpOB B airOPUTME PEKOHCTPYKLMM.

Pe3ynbtathl. Pe3ynbTatbl MMUTALMOHHBIX UCTIbITAHWIA NTOKa3au, YTO OLEeHKa nepdy3un MUOKapAa NeBOro XenynoyKa cylie-
CTBEHHO 3aBUCHT OT MeTO[,a HOPManM3aLuW NoNApHON KapThl M YYETA KOPPEKTUPYIOLLMX HAKTOPOB B anropUTMe PEKOHCTPYK-
umn. Haubonee TouHble OLEHKM BbIAM MonyyeHbl NpU pacyéTe Ko3dduMLMeHTa HOpManM3aUmn no yCpeaHEHHOMY 3HAUEHMIO
aKTUBHOCTM B HOpPMaJlbHOM 30He MUOKapAa. [ToKasaHo, YTo pacnpoCTPaHEHHbINA NOAXO0A K HOPMann3aLmm Mo NUKCENIo ¢ MaK-
CMMarbHOW MHTEHCUBHOCTBIO MOXET NMPUBOAMUTL K OLUMBKaM. Pe3ynbTathl «BUPTYasibHbIX» UCMBITAHWA MOJIHOCTBIO COOTBET-
CTBOBa/M KIIMHUYECKUM HabmogeHnam.

3akuitoueHue. [lepexop, 0T OTHOCUTENBHBIX HOPMaNM30BaHHbIX 3HAYEHWUN HAKOMMIEHUS aKTUBHOCTU B MUOKapAe K abcontoT-
HbIM KOJIMYECTBEHHBIM OLIEHKAM MOXET CHATb CYLLECTBYHOLLME OrPaHUYEHUs U HEONPELENEHHOCTU U ABNAETCS [NaBHbIM YC-
NIOBUEM MOBBILLIEHUS AUArHOCTUYECKOM TOYHOCTU MeTofa 0AHOMOTOHHON IMUCCUOHHOW KOMMBIOTEPHOM TOMorpaduu, coBMe-
LLIEHHOM C KOMMNbIOTEPHOI TOMorpadmeid, B AAEPHON KapAMONOoruu.

KnioyeBble cnoBa: OAHO(OTOHHAs 3MUCCMOHHAA KOMMblOTEPHas ToMorpadus, COBMELLEHHAsA C KOMMbIOTEPHOV
ToMorpaduei; afepHas Kapanonorus; MaTeMaTuyeckuii GaHToM; MaTeMaTMYECKOe MOJENUPOBaHHeE.
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Virtual platform for computer simulation
of radionuclide imaging in nuclear cardiology:
Comparison with clinical data

Natalya V. Denisova'?, Mikhail A. Gurko'?, Inna P. Kolinko'?, Alexey A. Ansheles?,
Vladimir B. Sergienko®

! Novosibirsk State University, Novosibirsk, Russian Federation;
ZKhristianovich Institute of Theoretical and Applied Mechanics, Novosibirsk, Russian Federation;
3 National Medical Research Centre of Cardiology Named After Academician E.I. Chazov, Moscow, Russian Federation

ABSTRACT

BACKGROUND: In radionuclide imaging, in vivo human clinical studies are limited because of radiation exposure and ethical
concerns; therefore, mathematical modeling and in silico computer simulations based on digital models are becoming
increasingly important. In the English-language literature, this approach is called “virtual clinical trials.”

AIMS: This study aimed to develop software tools for the simulation of radionuclide visualization of myocardial perfusion by single-
photon emission computed tomography combined with computed tomography using #™Tc-MIBI as the radiopharmaceutical
and perform studies aimed at improving the accuracy of single-photon emission computed tomography.

MATERIALS AND METHODS: A software package “Virtual platform for simulations of single-photon emission computed
tomography combined with computed tomography method in nuclear cardiology” was developed using digital patient models,
a scanner, and assessment of the state of the myocardium using digital images of the left ventricle in the form of a “polar map.”
Verification of the software package was performed by comparison with clinical data obtained at the National Medical Research
Center of Cardiology Named After Academician E.I. Chazov (Moscow). Simulation computer tests were performed, in which the
accuracy of assessing the state of the myocardium was assessed, depending on the approach to normalizing the polar map and
corrective factors in the reconstruction algorithm.

RESULTS: The results of the simulation tests revealed that the assessment of left ventricular myocardial perfusion significantly
depended on the method of normalizing the polar map and considered corrective factors in the reconstruction algorithm. The
most accurate estimates were obtained by calculating the normalization coefficient from the average value of activity in the
normal zone of the myocardium. The common approach to pixel normalization with maximum intensity can lead to errors. The
results of the virtual trials were fully consistent with clinical observations.

CONCLUSIONS: The transition from relative normalized values of activity in the myocardium to absolute quantitative estimates
may eliminate existing limitations and uncertainties and is the main condition for improving the diagnostic accuracy of single-
photon emission computed tomography combined with computed tomography in nuclear cardiology.

Keywords: single-photon emission computed tomography combined with computed tomography; nuclear cardiology;
mathematical phantom; mathematical simulation.
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