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AHHOTAUMSA

Llenb: paspaboTtatb 1 BHegpuUTL 6 KanbKynAaTOPOB 41151 OLEHKM pUCKa pasnmyHbIX cepaevHo-cocyancTbix 3abonesanmn (CC3)
B Buae mobunbsHoro npunoxenns ang iOS, Android 1 BHewwHen obpaboTkm ong nporpammMHoro npogykTa «1C: MegnumnHay.
Matepuan u metogbl. B TiomeHckoM kapamonornyeckom HayyHom ueHTpe Tomckoro HUMLL (TKHL) 6binm cosgaHsl
MobunbHoe npunoxeHne ansg iOS/Android n BHelwHsAs o6paboTka ans nporpammHoro npoaykra «1C: MegnumHa», cogepxa-
lwme 6 MaTemaTmyeckmx Mogernen, paspaboTaHHbIX 1 3anaTeHTOBaHHbIX paHee B HalleM LeHTpe.

Pe3ynbTatbl 1 o6cyxaeHne. MobnnbHoe npunoxeHue ysenuuusaeTt ygobcTBo paboTbl ¢ matemaTmyeckumm bopMmynamm
M COKpallaeT Bpems nonydeHus mx pesynbrtata. Mcnonb3oBaHne 1C B KayecTBe cpedbl pa3paboTku OaeT BO3MOXHOCTb
OCYLLECTBMSATb aBTOMaTUYECKOe 3anofiHeHNe Monew KarnbKynaTopa MeauUMHCKMMU AaHHBIMW NauMeHTa, YTO CyLLEeCTBEHHO
ynpoLaeT u yckopsieT paboTy ¢ matemaTuyeckuMy Mogensimu.

3aknroyeHue. PaspaboTaHHble MOGUNbHOE MpuUnoxeHve U BHewHaa obpabotka ana 1C no3sonvnuM BHEAPUTb Hay4Hble
paspaboTkn TKHLI, BbipaxeHHble B BUae MmateMaTuyecknx opmyn, B peanbHyr KIMHUYECKYH0 NPaKTUKY 3a CHET YBENMYeHns
CKOpPOCTY NofyYeHns pesynbTaTta U YaCTUYHON aBToMaTn3aumm npoLecca 3anonHeHns nonewn.

KnioueBble crioBa: TpaHCNSAUMOHHAs MeauuMHa, Kapavonorus, MateMaTuyeckue Mogenu, MobuneHoe Npuoxe-
Hue.
KOHnUKT HTepecoB: aBTOpbI 3a5BNAT 06 OTCYTCTBUN KOHNMKTA MHTEPECOB.

I'Ipospaqucn: CbVIHaHCOBOﬁ HUKTO U3 aBTOPOB HE MMeeT CbVIHaHCOBOFI 3anHTEepPEeCOBaHHOCTU B NpeacTaBlieHHbIX Marepua-
AeATeNbHOCTU: nax nnm metopax.

Onsa uMTMpoBaHus: KysHeuoB B.A., lanon J1.1., Manuwesckui J1.M., NobyHuos [.C., A3sa6eHko E.A., Congato-
Ba A.M., MNywkapes I.C., Togocuidyk B.B., Apocnaeckasa E.N. Ncnonb3oBaHne matematnye-
CKUX Mopenen B Kapguonoruu: ot hopMyn K peanbHOW KnMHW4Yeckon npaktuke. Cubupckul
XKYPHan KiuHu4yeckol U 3KcriepumeHmarnbHol meduyuHbl. 2020;35(4):39-48. https://doi.
org/10.29001/2073-8552-2020-35-4-39-48.
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Mathematical models in cardiology: From formulas
to real clinical practice
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Abstract

Aim. To develop and implement into clinical practice six calculators of risk for various cardiovascular diseases in the form of
mobile application for iOS/Android and module for the 1C: Medicine software.

Material and Methods. At the premises of Tyumen Cardiology Research Center (TCRC) of Tomsk NRMC, we developed the
mobile application for iOS/Android and module for the 1C: Medicine software based on six mathematical models that were
invented and patented in our center earlier.

Results and Discussion. The use of mobile application improved the convenience of working with the mathematical formulas
and reduces the time for obtaining results of calculations. Implementation of 1C as a programming environment allowed to
perform automatic filling out the calculator fields with medical data from individual patients, which significantly simplified and
accelerated the rate of work with mathematical models.

Conclusion. The developed mobile application and external processing for 1C allowed to implement research products of
TCRC in the form of mathematical formulas into real-life clinical practice. These developments contributed to speeding up the

process for acquisition of results and partial automatization of filling out the form fields.
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BBepeHue

OOHOM 13 BaXKHEMLLMX M aKTyarnbHbIX 3a4a4 COBPEMEH-
HOW kapauonorun senseTca pa3paboTka MeTo4oB, NO3BOMNSA-
IOLLMX MPOrHO3MPOBaTb TEYEHME CepAevHO-COCYAUCTLIX 3a-
6onesaHun (CC3), KOTOpbIE 3aHNMAIOT NUANPYHOLLEE MECTO
B CTPYKType CMepTHOCTM BO BceMm Mupe [1-3]. MpuHumnu-
anbHO HOBblE BO3MOXHOCTW ANS pelleHus 3Ton 3afayu oT-
KpbIBalOT MHOPMaUMOHHbIe TexHonormun. K ocobon rpynne
Hay4HbIX pa3paboTok B 3TON chepe OTHOCATCA NPeauKTUB-
Hble MaTemaTtudeckve mogenu [4, 5]. C ogHOM CTOPOHBI, Ta-
KM€ MOAENnU HampaBreHbl Ha pelleHne pearbHbIX Npobnem,
C OpYrovi CTOPOHbI, UCMOMb30BaHWE CIOXHbLIX MaremaTunye-
Cknx popmyn 3aTpyaHEHO B YCMOBMSAX NMOBCELHEBHOWN KIn-
HM4yeckon paboTbl, BHEAPEHUE MHHOBALUMOHHBLIX (hopMyn 1
LKan B peanbHy KNMHUYECKYHO MPaKTUKY 4acTo CTankuea-
€TCS C MHEPLMOHHBbIM GapbepoM CO CTOPOHbI MPAKTUKYHOLLIMX
Bpayew [6]. B cBA3K ¢ 9TMM aKkTyanbHbl peLUeHNs, peanuayio-
Lme Matemartuyeckme opmynbl B yaobHble nporpammbl Ans
cMapTdOoHa UIn NepcoHanesHOro Komnetotepa [7, 8]. BaxHbI-
MU ABNSIOTCA Pa3paboTkm MO yNpoLLEHNO U aBToMaTu3aumm
npouecca cbopa nHpopmaunm ¢ BOIMOXKHOCTbIO aBTOMaTu-
YeCKOW 3arpyskM Heobxoaumbix MokasaTternen B hopmynbl,
YTO MO3BONMUT YMEHbLWNTL Gapbep Ans BXoda B pearbHyto

KITMHUYECKYIO NMPaKTUKY M 06NerynT npoLecc MCnonb30BaHns
MaTeMaTu4eckux Mogenern NPakTUKYLWUM BpayYoMm.

Llenb: paspaboTtatb 1 BHeApuUTb 6 KanbKynsaToOpoB AN
OLEeHKM pucka pasnuyHbix CC3 B BUae MobUbHOro npuno-
xeHusa anga iOS, Android n BHelwHe ob6paboTkn Anst Npo-
rpammHoro npoaykta «1C: MeguunHar.

MaTepuan n metoabl

B TtomeHCKOM KapAMOnornyeckom Hay4yHom ueHTpe Tom-
ckoro HAML| 6binu co3gaHbl MOGUNbHOE NpUNOXeHne Ans
iOS, Android 1 BHewwHAa ob6paboTka Anst NporpamMmHOro npo-
aykta «1C: MegnumHay, koTopble coaepxaTt 6 KanbKynsaTo-
poB. B KaXaoMm KamnbKynsiTope MCnonb3yeTcs maremaTtuye-
ckaa copmyna, paspaboTaHHas M 3anaTeHTOBaHHas Hamwm
paHee: «Cnocob NporHo3MpoBaHWst pucka pa3BuUTUSA apTepu-
anbHOW rMNEepPTOHMM Y MY>XYMH TPYAOCMOCOOHOro Bo3pacTa,
pabotawowmx B ycnosusix Baxtel Ha KpanHem Cesepe» [9],
«Cnocob npeackasaHusi CynepoTBeTa Ha CepAEYHYO PECUH-
XPOHU3MPYIOLLYIO TEpanuio Y NauMeHTOB C XPOHUYECKON cep-
OeyHon HepoctaToyHocThio» [10], «Cnocob onpepenexHus
10-neTHero abCconTHOro CyMmMapHOro pucka CMepTu OT cep-
OEYHO-COCYOMUCTbIX 3a00NeBaHNA Y MY>XUYUH TPYJOCNOCOBHO-
ro Bo3pactay [11], «Cnocob nporHo3npoBaHus pucka passu-
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TUSI NapOKCU3MOB XeNy4oyKOBOW Taxukapguu y 6onbHbIX B
nepeble CyTku uHdapkTa Mmokapaa» [12], «Cnocob nporHo-
31POBaHNA pUcka PasBUTUS XEMYOO04KOBbIX apUTMUIA BbICO-
KX rpagauuii y naumMeHToB, HanpaBeHHbIX Ha KOPOHaPHYHO
aHrvorpadwuio» [13], «Cnocob AmMarHOCTMKM HEOBCTPYKTUB-
HOro KOPOHaPHOIO aTepoCKeposa y MyX4nH C NOAO3PEHNEM
Ha nwemnyeckyto 6onesHs cepaua» [14].

Pe3ynbraTtbl u o6cyxaeHue

Monb3oBaTenbCcknii MHTEpPdENC MOBWUIBHOMO MNpUNoxXe-
HWS BbIMOSHEH B BUAE MMaBHOIO 3KpaHa, coaepXaLlero cnu-
COK U3 6 KanbKynsTOpoB W OTAENbHbIE 3KpaHbl AN Ka)Xaoro
KanbKynaTopa, nons Ans BBOAA KONMUYECTBEHHbIX MoKa3aTe-

lMpenckasaHne CynepoTBETa Ha CepAeUHYI0 PECUHXPO- 0.001

HU3MPYIOLLLYIO TEPAMUIO Y NALIMEHTOB C XPOHUYECKOW
cepheYHoN HeJOCTaTOYHOCTbIO
Prediction of super-response to cardiac resynchronization
therapy in patients with chronic heart failure

Bospacr (rogbl)

[AvarHoctuka HeOGCprKTMBHOI’O KOpOHapHOro atepo- Age (years)

CKIeposa y My>X4uH C nogo3peHnemM Ha UeMmnyeckyto InienenceT dneprona

Hw3kasi BeposiTHOCTb oTBETa
Ha CepAeyHyto PECUHXPOHN3UPY-
IOLLYI0 Tepanuio
Low probability of response to
cardiac resynchronization therapy

nen, BbiNagatoLme CrMCcKkM Anst Ka4eCTBEHHbIX Moka3aTenewn
M OKHO Ans BbiBoga pesynbratoB (puc. 1). CywecTBeHHbIM
NPenMyLLeCTBOM MOBMUMBHOTO MPUINOXEHNS U BHELHEN 06-
pabotkn ans cuctembl 1C aBnsieTcs To, YTO BCE UCMOMb3Y-
emble B pa3paboTke kanbKynsatopbl Obinn paHee 3anaTeHTo-
BaHbl U AOKa3anu BbICOKYI apeKTUBHOCTb Ha BCEX aTanax
paboTbl C NauMeHTamu, Ha4nHasa ¢ NPOPUNAKTUKN N PaHHEN
AVWarHOCTUKKN, 3aKaH4MBas Ha3HaYeHWEM W KOHTpOrem npo-
Bogumon Tepanuu [15-17].

Ha akpaHe kanbkynstopa nonb3osaTenb BPy4Hyl0 BBOAUT
KOnu4ecTBEHHbIE NokasaTenu, BbIoupaeT OAWH 13 BapMaHToB
ANsi Ka4eCTBEHHbIX NoKasaTeneu, n nporpaMmMa BbIBOAUT pe-
3ynbeTar pacyeta C 3aKnioYEHNEM.

502
Bbicokas BepoSITHOCTbL HEOB-
CTPYKTUBHOTO KOPOHAPHOTO
aTepockrneposa
High probability of
non-obstructive coronary
atherosclerosis

0.83>0.10
OTcyTcTBME prcKa pasBUTUS
NapoKCU3MOB XesyA04KOBOM
Taxukapauu
No risk of ventricular
tachycardiac paroxysm
development

6onesHb cepaua
Diagnosis of non-obstructive coronary atherosclerosis
in men with suspected coronary artery disease

Onpepenexune 10-netHero abcontoTHOrO CyMMapHOro
pucka CMEpPTM OT CepAEYHO-COCYANCTbIX 3aboneBaHuii
Y MyX4WH TpyAocnocobHoro Bo3pacTa
Assessment of 10-year absolute total risk of death from
cardiovascular diseases in working-age men

MporHoampoBaHne p1cka pasBnTUS NapOKCU3MOB
Xenyao4KOBOW Taxvkapaumn y 60MbHbIX B NepBble CYTKN
nHpapkTa Mrmokapaa
Prediction of risk for development of ventricular
tachycardia paroxysms in patients within 24 hours after
myocardial infarction onset

MporHo3vpoBaHve pucka pas3BUTUS KENYA0HKOBbIX
apUTMUI BbICOKMX rpadaLni y naLmeHToB,
HanpaBneHHbIX Ha KOPOHAPHYI aHrnorpacuio
Prediction of risk for development of high-grade
ventricular arrhythmias in patients referred to coronary
angiography

MporHo3svpoBaHue pucka pasBUTUS apTepuanbHoi
TMNEPTOHUMN Y MY>KYMH TPYAOCNOCOGHOrO Bo3pacTa, pabo-
TalLWumX B ycrnoBusx BaxTel Ha KpaitHem CeBepe
Prediction of risk for development of hypertension
in working-age men working under a rotation system
in the Far North

aopTansHoro
npeabI3rHaHNs
Pre-ejection aortic time

YposeHb NT-proBNP
(nr/n)

NT-proBNP level
(pg/L)

Bospact 49-54 Boapact

Age Age

3xoKI™ npuaHaku atepo- OB TGRS T IZI
|I| z::zﬁ:ﬁsozt:ironamem Ha Heart rate at admission

Echocardiography signs CAL npu DEE RIS E

of atherosclerosis of the SBP at admission

ascending aorta KOO K

ApTepuanbHas runepToHns Oa LVEDP @

Essential hypertension Paamep acuneprun

MHaeKc aTeporeHHocTy Asynergy size III

Atherogenicity index 4s5< 3HaveHne makcumanbHoe

Maximum value

AUC-0,711; p = 0,016
YyscTBUTENBHOCTDL / Sensitivity: 65%
CneuudmnyrocTs / Specificity: 67%

XapakTepucTtuka mogenu XapakTepucTtuka moaenv
Model characteristics Model characteristics

10-neTHWit abContoTHbLIN
CYMMapHbIi PUCK CMEPTU OT
CepAeyHO-COCYANCTBIX
3abonesaHui
23.442
10-year absolute total risk of
death from cardiovascular
diseases
Bhicokuit puck / High risk

Bospact
Age

Benuuuna AL (Mm pT. cT.)
DBP value (mmHg)

Mon My»xckoit / Male
Benuuunna OXC (mr/an) =
total cholesterol (mg/dL) e gleciiliemal O
KypeHue
O6pasoBaHune HavanbHoe S)r/:oking Jalies .
Education Initial
BaHsTocTb B npodeccyo- Ha . Q‘T:;):;J;:Haﬂ Ha/Yes .

HarbHOV rpynne TsXEemnoro
chuandeckoro Tpyaa
Occupational group of
physically demanding job

Yes

b

0.00 <1.00
Hanuuve pucka xenyaoukoBbix
apuUTMUIA BbICOKMX rpajauui
Present risk of high-grade
ventricular arrhythmias

Bospact
Age m
WHpekc maccol Tena
Body mass index

Essential hypertension

CaxapHblin anabet

Diabetes mellitus oo

XapakTtepucTtuka mogenu
Model characteristics
0.078
Huskwii puck passutus
apTepuvasnbHO MMnepToHum
yepes 1 rog
Low one-year risk of
developing hypertension

[lecnHxpoHo3

Desynchronosis lnr 9

MpoueHTHbI BkNag
3,4-yacosoro putma CA[l
Percentage of 3,4-hour
rhythm of SBP

MpOLEeHTHbI BKNag
4-yacosoro putma JAL
Percentage of 4-hour
rhythm of DBP

CpefHeKBapaTuiHoe
otknoHeHne CAJl HO4HOTO
Standard deviation

of nocturnal SBP

Puc. 1. Monb3oBaTenbckuii UHTepdec MoBUNBLHOTO NPUIOXEHUS: @ — CNUCOK KanbKynsaTopoB, b — Nons Ans BBOAA KONWYECTBEHHbIX NokasaTenew,
BbiNajatoLLme CNCKM ANs Ka4eCTBEHHbIX NokasaTenen 1 OKHO Ans BbiIBOAA pe3ynbTaToB
Fig. 1. Interface of mobile application: a — the list of calculators, b — the fields for quantitative parameters, drop-down lists for qualitative parameters, and the

window representing results

Monb3oBaTtenscknii MHTEPdENC BHELHeW 06paboTkm
ana 1C BbINONMHEH B BMAE KanbKynaTopa, COAepKallero
nona ans Bbibopa nauuneHta B cucteme «1C: MeguumHay,
BbibOpa pe3ynbratoB WHCTPYMEHTanbHbIX O6CrneaoBaHuw,
BBOJA NEpPEMEHHbIX, UCMOMNb3yeMbIX B KanbKynaTtope, BbIBO-
Aa pesynerara (puc. 2).

Mcnonb3oBaHue 1C B kayecTBe cpefbl pa3paboTku no-
3BOMWNO peanu3oBaTh (PYHKLUMIO NonyyYyeHns aemorpaduye-
CKMX, KITMHUYECKMX, 3Xokapguorpaduyecknx n naboparop-
HbIX NokasaTenen nauueHTa U3 6asbl JaHHbIX MeAULIMHCKON

opraHu3auum ¢ nocneaywmmM aBTOMaTUYEeCKUM 3anorHe-
HMeM nonen kanbkynatopa. C atow uenbio pa3paboTaHHas
(PYHKUNS BbINOMHAET MOUCK MEOULUHCKUX OOKYMEHTOB MO
3anporpaMMMpoOBaHHOMY anropuTMmy, nNpyv 3TOM B 3aBUCU-
MOCTU OT LEenu KanbKynsaTopa MoArpyXarwTcs OOKYMEHTHI,
mMeroLwne pasHele gatel. B cucteme «1C: MeanumHay me-
ONUMHCKME OOKYMEHTbl npeacTaBneHbl B Buae xml-channos,
OTKyAa paspaboTaHHasa PyHKUMSA U3BNEKAET 3HaYEeHNs NoKa-
3atenen, UCnomnb3yemblX B KanbKynaTope, U1 aBTOMaTU4ecku
NoACTaBNsAET X B COOTBETCTBYOLLME MNOrS.
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Medical documents =

= = Calculator
Calculations
1. Approach to assess 10-year absolute total risk

of death from cardiovascular diseases in working-
age men

Result:

3,822

Model characteristics

Calculator

- - Calculator

Calculations

1. Assessment of 10-year absolute total risk of death
from cardiovascular diseases in working-age men

1. Assessment of 10-year absolute total risk of death from cardiovascular diseases in working-age men
2. Approach to diagnosis of non-obstructive coronary atherosclerosis in men with suspected coronary artery disease

Medical information system of Tomsk Cardiology Research Center — SVR/Medicine. Hospital, edition 1,4 (1C: Enterprise)

Parameters
Patient # o

+ Select echocardiogram

Age u
Education Elementary
® Higher education of high school
Total cholesterol (mmol/L) am
DBP (mmHg) wxm

Occupational group of

physically demanding job
Unmarried marital status
(divorced, widowed, or single) t'.

Parameters

Patient (EEEG—

» Select echocardiogram

Age ¥

s

3. Approach to predict risk of paroxysms of ventricular tachycardia in patients within 24 hours after myocardial Lk

infarction

4. Approach to prediction of risk for development of high-grade ventricular arrhythmias in patients referred to

coronary angiography

5. Approach to prediction of super-response to cardiac resynchronization therapy in patients with chronic heart failure
6. Approach to prediction of risk for development of hypertension in working-age men under a rotation system in the

Far North
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Fig. 2. Interface of external processing module for 1C (the fields for selecting patient, choosing echocardiographic data, entering clinical variables, and win-

dow with results)
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Cneagyer oTMeTUTb, YTO GONBLUMHCTBO M3 pa3paboTaH-
HbIX paHee mporpamm pacyeta pucka npuv pasnuyHeix CC3
TpebyloT py4yHOro BBOAa nokasaTenen Anst Kaxaoro otaenb-
Horo naumeHta [18], B TO BpeMs kak BHelHsas obpaboTka
ana 1C ocHoBaHa Ha aBTOMaTUYECKOM MOMYyYeHUU AaHHbIX
13 6a3bl «1C: MeguumHay, 4TO NO3BOMSAET B 3HAYNTENBHON
CTeneHu ynpocTuTb NPOLECC, COKpaTUTbL Bpemsl And nony4e-
HUS pe3ynbTaTtoB U UX MHTEpnpeTaunu.

BaxxHO OTMETUTb, YTO BHELUHsst obpaboTka PyHKLMOHU-
pyeT TONbKO B pamMkax 6a3bl AaHHbIX MEeQULMHCKOW OpraHu-
3aumm, CoxpaHsasa NpMBaTHOCTb M 6Ge30MacHOCTb MeauLMH-
CKMX JaHHbIX NaLMEHTOB.

Takxke 6bina paspabotaHa yHKUMA AN BblAENEHUs He-
3anonHEeHHbIX NOMen KpacHbIM LIBETOM, TaK KaK y 4yacTu na-
umeHToB B cucteme «1C: MeguumHa» mMoryT OTCyTCTBOBaTb
AaHHble, ucnonb3yemble B KanbKynarope. Ota (OyHKUMs no-
3BOMSET Bpayy BM3yanbHO BbISIBUTb HE3arorHeHHoe mnone
1 BBECTM HefoCTalLllee 3Ha4YeHne BPYYHYHO, YTO yBENu4u-
BaeT CKOPOCTb paboTbl C MOOYIEM U CHWKAET BEPOATHOCTb
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ownbkn. ATo MMeeT ocoboe 3HaveHMe ANSA KadyeCTBEHHbIX
nepemeHHbIx (cMm. puc. 1). MpuHumn paboTbl paspaboTaHHOro
KarnbKynsTopa npeacTaBreH Ha pucyHke 3.

3akno4yeHue

Takum obpasoM, HaMmn cosgaHbl MOBUITbHOE MpuUMoXe-
Hue ans iOS, Android n BHelwHss obpaboTtka ans cucte-
Mbl «1C: MeauumHa», KoTopble MOryT ObiTb MPUMEHEHbI
Ha nobom atane paboTbl ¢ NauneHTamu, HauymMHasi ¢ npo-
MNaKTUKM M paHHEN AOMarHOCTMKW, 3akaHuYMBasi HasHa-
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MEeOUUMHCKOM  yuypexaeHun. PaspaboTaHHble cuUcTeMBI
BHeOpeHbl B paboTy THOMEHCKOro Kapgauonormyeckoro Ha-
YYHOrO LiEeHTpa M UCMONb3YTCA B €XEeQHEBHOWN KIUHUYe-
ckon pabote. 3Hau4UTENbHLIM MPEUMYLLECTBOM SIBMSIETCS
BO3MOXHOCTb aBTOMaTU4ECKOW BbIrPy3KM AaHHbLIX U3 CU-
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