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AKTyanbHOCTb

C BO3pacTOM COCyAbl CTAHOBATCA Gornee ecTKUMW.

Takne cocyabl NAoxo NnpucnocobneHsl kK konebaHusm
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Progressive accumulation of fany deposits change clot risk
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Rupture
(Possible
heart attack)

NOTOKOB KPOBMW.

Mapkep cocyancToro CTapeHus:
1) ckopoCTb NyrbcoBon BOrHbl (PWV),

2) pactsxkumocTtb cocynos (C):

PacTtssknmocTb — BenMUYnHa, XapakTtepusyrouiad

«BMECTUMOCTb» COCyAUCTOro pycria.
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AKTyarnbHOCTb
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AKTyanbHOCTb

COCWJ,I/ICTaFI pacCTAXUMOCTb UCCrieaoBariacb Kak MapKep BbIXXMBAEMOCTH nogen B page pa60T.

Uem BbiLEe pPacTAXMMOCTb, TEM BblLLE 3J1aCTUYHOCTb COCYAOB U Bblll€ BbIXXKMBAEMOCTb NaLUMEHTOB.
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“Survivors and non-survivors had similar PWV <...>

0.75

Non-survivors had significantly lower C than survivors
(0.198 £ 0.128 vs 0.221 £ 0.1 mL/mmHg)”.*

Sensitivity
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Llenb Hawewu paboTbl — nccnegoBaTb METOAbI OLIEHKM
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pPacCTAXNMOCTHN apTepmaanon CNCTEMDbI MO HyﬂbCOBOVI
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ieiey BOSTHE JaBMEHNS, KOTOPYIO OYEHb NErko N3MepUTh
inv_C ROC area: 0.61 —:—:- Alx ROC area: 0.48
————— PWV ROC area: 0.57 Reference HeMHBa3VBHO.
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YTOo Mbl genanu

* OueHKa pacTsKMMOCTM COCYAOB NPU MOMOLLM pasfinyHbIX METOA0B
* [lpoBepka MeTOO0B Ha CUHTETUYECKMX AaHHbIX U OLEHKa X 3PeKTUBHOCTH

° I'IpOBepKa pealin3oBaHHbIX METOOOB Ha AaHHbLIX pealJibHbIX NAaLUNEHTOB
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YTOo Mbl genanu

* OueHKa pacTsKMMOCTM COCYAOB NPU MOMOLLM pasfinyHbIX METOA0B
* [lpoBepka MeTOO0B Ha CUHTETUYECKMX AaHHbIX U OLEHKa X 3PeKTUBHOCTH

° I'IpOBepKa pealin3oBaHHbIX METOOOB Ha AaHHbLIX pealJibHbIX NAaLUNEHTOB

Kak Mmbl 3TO Aaenanu

[Mpn nomoLM pasnnMyHbIX METOAMK, ONMUCAHHbIX B
nnTepartype:
 Diastolic blood pressure method

* Pulse pressure method

 Area method .}:‘ :. YHuBepcurer
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YTOo Mbl genanu

* OueHKa pacTsKMMOCTM COCYAOB NPU MOMOLLM pasfinyHbIX METOA0B
* [lpoBepka MeTOO0B Ha CUHTETUYECKMX AaHHbIX U OLEHKa X 3PeKTUBHOCTH

° I'IpOBepKa pealin3oBaHHbIX METOOOB Ha AaHHbLIX pealJibHbIX NAaLUNEHTOB

Kak Mmbl 3TO Aaenanu

[Mpn nomoLM pasnnMyHbIX METOAMK, ONMUCAHHbIX B
nnTepartype:

 Diastolic blood pressure method

* Pulse pressure method

 Area method ..2: o+ YHUBepcuTeT
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Monenb BuHakeccens

Pump Windkessel Spout

Veins  Heart Elastic arteries ~ Peripheral
(Aorta) Resistance

Nico Westerhof, Jan-Willem Lankhaar, Berend E. Westerhof. The Arterial Windkessel



Mopanenb BuHokeccens

WK

Veins
Rl ¢ _f
Heart » = R2=

3-arieMeHTHasa Moaerb

Ry dQ(t)  P(t) dP(t)
(1+§2)Q(t)+CR1 i - R +C7

®
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[eHepaLUnAa CUHTETUYECKUX
AaHHbIX
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FeHepaLu/lﬂ CUHTETUHECKUX OaHHbIX

SV _borders = [71.1, 105.7]
HR borders = [52.9, 84.7]

Rl borders = [0.0256, 0.0847]
R2 borders = [0.468, 0.532]

C borders = [2.2, 2.34]

Pout borders = [31.7, 34.7]
tsys = 0.33

SIZE = 3000

BATCH_SIZE = 2000

3aganu rpaHuLbl NapameTpos,

OTHOCUTEITbHO KOTOPbIX CO34aBariCAa

CUHTETUYECKNN aaTaceT

W ———\ Veins
R1 e —
Heart » =— = Qo=
R dQ(t) P{t) .dP(t)
(1+R2)Q(t)+CR1 TR +C o
.;f!. YHuBepcuteT

:> Cunpunyc



FeHepaLu/lﬂ CUHTETUHECKUX OaHHbIX

def test(data: pd.DataFrame):

assert
assert
assert
assert
assert
assert
assert
assert
assert
assert
assert
assert
assert
assert
assert
assert

(datal
(datal
(datal
(datal
(datal
(datal[
(datal
(datal
(datal
(data[
(datal
(datal[
(datal[
(datal[
(datal
(data[

"R1"] < 0).sum() ==
"Pout"] < 0).sum() == 0
"R1"] > 1/10 * data["R2"]).sum() ==

"Psys"] > 200).sum() == 0
"Pdia"] < 40).sum() ==
"PP"] ‘< 20).sum() == 0
"C"] < 0.6).sum() == 0
"C"] > 4).sum() ==

"R2"] < 0.2).sum() == 0
"R2"] >2.5).sum() == ©
"Pout"] < 10).sum() == 0
"Pout"] > 60).sum() == 0
"HR"] < 40).sum() ==
"HR"] >110).sum() =
"SV"] < 35).sum() ==
"SV"] > 110).sum() ==

MpoBepunu «PU3NONOrMYHOCTbY
MOCTPOEHHOrO CUHTETUYECKOrO JaTaceTa

.}:’;:.. YHuBepcuTeT
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FeHepaLu/lﬂ CUHTETUHECKUX OaHHbIX

Shape = (3000, 108)

sv HR R2 R1 c Pout tsys dt P1 P2 POl P92 P93 P94
0 61372876 76.991842 0.473820 0.008935 2.336807 31.639969 0.33 0.007 60.895294 60.826832 .. 64.827456 64.618397 64.410656 64.204223
1 71035638 65257890 0.489411 0.032030 2290819 31.481193 0.33 0009 60.629185 60.469116 .. 63485882 63230130 62.976461 62724914
2 93628899 58.057494 0.501083 0.011809 2396227 31.387768 0.33 0.010 66.536247 66.258857 .. 70.609704 70.284539 69.962070 69.642276
3 52587406 89.323543 0.504609 0.045563 2284816 33.802187 0.33 0.006 68.224769 69.000060 .. 68.789634 68.608148 68.427660 68.248234

4 99.760808 103.507979 0.525657 0.012461 2.325476 34455554 0.33 0.005 114.720513 116.150732

5 rows x 108 columns

draw_random_image(data_from csv)

105 +

100

95 1

Pressure

85

80 -

90 A

Row 1344

Time

80

100

.. 114658838 114.331759 114.006203 113.682324

5 nepBbIX CTPOYEK CUHTETUYECKOrO AaTaceTa
pasmepom 3000 ctpok x 108 ctonbuos

Padomk gaBneHna oT MHOEKCa BPEMEHM
CIydanHOro CMHTETUYECKOro nauneHTa
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YTo ObINO gaHo

* [pochunb P(t)
« SV - ygapHbin 06bem

- HR - vacTtoTta cepauebnenus
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YTo ObINO gaHo

* [pochunb P(t)
« SV - ygapHbin 06bem

- HR - vacTtoTta cepauebnenus

I 4yTO HEe naHo

» [NapameTtp C ans kaxgoro naumneHTa

°e, « YHUBEpPCUTET
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YTo ObINO gaHo

* [pochunb P(t)
« SV - ygapHbin 06bem

- HR - vacTtoTta cepauebnenus

I 4yTO HEe naHo

» [NapameTtp C ans kaxgoro naumneHTa

60 naumeHTOoB!

®
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YTo ObINO AaHo

* [pochunb P(t)
- SV - yoapHbin 06bem

- HR - vyactota cepauebueHuns

I 4yTO HEe naHo

» [NapameTtp C ans kaxgoro naumneHTa

60 naumeHTOoB!

Large Artery Compliance
{ml/mmHg)

4.0
3.0
2.0 1
1.0 -

0.0

° r=-0.37
p < 0.001
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 » YHUBepcuTet

'. = Cupunyc



OueHKka apPEKTUBHOCTN METOAOB

1 [0 cMHTETUYECKUM AaHHbIM

. MeToA i i )
e  —— 2i(Cost—C
- Cest RMSE — J i( eStN true)

?  To faHHbIM peanbHbIX NaLUeHTOoR .
Eg r=-03
N
SE
g ' 10 20 30 40 50 60 70 80 90
Age (years)
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MeToAbl U pe3ynbTaTbl UX
paboThI
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MeToguka oLeHMBaHUA NapamMeTpoB

WK ﬂeins 3-anemMeHTHasa Moaernb:
Rl| ¢ =
Heart 3 = =R= R dQ(t)  P(t)  dP(t)
1+=—>)Q(t) +CR = C—
( +R2)Q<)+ 1 dt R, + dt
pis)
e 3akoH Oma: Rl + RQ = Qmean -
G
e T[lpasuno ans R1: R = 0.05 R5
e [wnacrtona: Q(t) -0 = P(t) — P(td)e_t/R2C .2-’-!. YHuBepcuTeT

:> Cunpunyc



Pulse Pressure Method

Measured flow 3-element WK

Computed pressure
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Pulse Pressure Method

Cxema peanusaumm nogbopa napametpa pactsxmmoctn C

120 Measured flow 3-element WK 120 COMputed pressure
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Pulse Pressure Method
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Pulse Pressure Method

paduK OTKNOHEHUS paccumTaHHbIX C OT peanbHbIX
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Pesynbtat peanusaumm Ha CUHTETUYECKON 6ase AaHHbIX

BbluncneHne RMSE
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Pulse Pressure Method

3aBUCUMOCTb paccynTaH HOM pPacCTAXUMOCTH

OT BO3pacTa
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Pulse Pressure Method

3aBNCUMOCTb paccYMTaHHON PacTSKUMOCTH

OT BO3pacTa

30 40 50 60 70 80
Age

PesyanaT peanu3aunn Ha AaHHbIX pealibHbIX NauneHToOB

To, 4TO OXMaanu noJ1Iy4nTb
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Diastolic Blood Pressure Method

Cxema peanusaumm nogbopa napametpa pactsxmmoctn C

120 Measured flow 3-element WK 120 COMputed pressure
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Diastolic Blood Pressure Method

Cxema peanusaumm nogbopa napametpa pactsxmmoctn C

Measured flow 3-element WK 120 COMputed pressure
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Diastolic Blood Pressure Method

Cxema peanusaumm nogbopa napametpa pactsxmmoctn C
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Diastolic Blood Pressure Method

Padurk OTKNOHEeHMA paccumnTaHHbIX C OT pearbHbIX

Bland-Altman plot for C

Difference
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BbiumncneHne RMSE
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Diastolic Blood Pressure Method

3aBUCUMOCTb pacchTaHHoﬁ PacTAXMMOCTU OT BO3pacTa

Dependence of compliance on age
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Diastolic Blood Pressure Method

To, 4TO OXMaanu noJIy4ynTb

3aBUCUMOCTb pacchTaHHoﬁ PacTAXMMOCTU OT BO3pacTa

Dependence of compliance on age
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PesyanaT peanu3aunn Ha AaHHbIX pealibHbIX NauneHToOB

Large Artery Compliance
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& y = -0.015x + 2.47
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p < 0.001
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Area Method

nnowaan noa KpUBoW AaBNeHUs B
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Area Method

PaduK OTKNOHEHUS paccumTaHHbIX C OT peanbHbIX
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Area Method

PesynbraThl
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Area Method
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Machine Learning

NMpuMmeHsemMble moaenu:

JInHenHaga perpeccusa (bensnanH)
Lasso-perpeccus
Ridge-perpeccus
Lasso-perpeccusi ¢ nogbopom
rmnepnapameTpoB
Ridge-perpeccusi ¢ nogbopom

rMnepnapameTpoB

2oe YHuBepCUTET
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Machine Learning

NMpuMmeHsemble moaenu:

JInHenHaga perpeccusa (bensnanH)
Lasso-perpeccus
Ridge-perpeccus
Lasso-perpeccusi ¢ nogbopom
rmnepnapameTpoB
Ridge-perpeccusi ¢ nogbopom

rMneprnapameTpoB

Pe3yanaTb| no BCEM MoAeNAM

RMSE RMSE (percentage)

lasso
lasso gscv
ridge
ridge gscv

linear regression

0.073
0.073
0.075
0.110

Too much

3.194
3.194
3.287
4.841

Too much

o YHuBepcuTeT

= Cupuyc



Machine Learning

padmk 3aBUCMMOCTKM ANs rpagmMeHTHoro ByctuHra paduk 3aBncnumoctn ans Ridge-perpeccun
3.00 7 B . e data C - Age plot
e —— linear trend 4 Sex
2.75 {
e 2
2.50 3
2.25 .
1.75 - 1 L. " s
1.50 4 * o
L ] L]
0
1.25 2 " L
30 40 50 60 70 80 -
Age 30 40 50 60 70 80

Hpyrne mogenu nokasanu Hedn3NonornyHble pesynsraThbl.

PeayanaT peanu3aunn Ha AaHHbIX pealibHbIX NauneHToOB



Machine Learning

Pe3ynbTaThl MalWMHHOIO 00y4eHMs
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PedepeHcHbI rpadouk n3 nutepartypsl

y = -0.015x + 2.47

4.0 1 @ =-0.37
o co . o p < 0.001
o © °°° A
o \‘il' o
S

10 20 30 40 50 60 70 80 90
Age (years)

 » YHUBepcuTet

= Cupuyc



UTorn paboThbl

[ J
.2"3 « YHuBepcutet

-> Cupuyc



BbiBOObI

1 I'Ipen,nox(eHHble B nuteparype MeTtobl HETOYHO BOCINPON3BOOAT 3aBUCUMOCTb

pactskmumocTn (C) oT Bo3pacTta (Age) Ha AaHHbIX pearnbHbIX NauneHToB
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BbiBOObI

1 npeﬂ,J'IO)KeHHble B nuteparype MeTtobl HETOYHO BOCINPON3BOOAT 3aBUCUMOCTb

pactskmumocTn (C) oT Bo3pacTta (Age) Ha AaHHbIX pearnbHbIX NauneHToB

2 MeToabl MalWMHHOIO 0By4eHMs Ny4dlle BOCNPOU3BOAAT Habnogaemyo

3aBMCMMOCTb, CUIbHO 3aBUCSIT OT CUHTETUYECKOW 00y4atoLLel BbIOOPKM
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