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NepcoHanusnpoBaHHas mogenb (U3N0NOrMUYecKoro npouecca

- [lepcoHanu3vpoBaHHas 06nacTb

- MepcoHann3npoBaHHbie napameTpbl (KO3hMULMEHTDI, Kpaesble
yCcnoswus)

3/20
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A. A. Daniloy, D. V. Nikolaev, S. G. Rudnev, V. Yu. Salamatova and Yu. V. Vassilevski, Modelling of bioimpedance measurements: unstructured

mesh application to real human anatomy. Russ. J. Numer. Anal. Math. Modelling, 2012 27 (5), 431-440
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KOPOHAPHOWN reMoANHaAMMUKN



CermeHTauuns cocynos

KopoHapHble apTepum
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CermeHTauuns cocynos

LlepebpanbHble apTepun
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CermeHTaLMA 1 cKeneToHMU3aLuusa

P.NpsamoHocoB, AlaHnnos
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Danilov A. et al. Methods of graph network reconstruction in personalized medicine. IntJ.Numer.Meth.Biomed.Engng., 2016



Skeletonization efficiency

Skeletons of a coronary tree and of a micro-CT of vascular corrosion cast of rabbit kidney provided by J. Alastruey, Department of

Bioengineering, King's College London, UK

Case 1 Rabbit kidney
Resolution 512 x 512 x 248 2000 x 1989 x 910
Distance map 0.20 sec 58.12 sec
Thinning 0.79 sec 526.98 sec
False twigs cleaning 0.15 sec 16.61 sec
Graph construction 0.13 sec 12.27 sec
Skeleton segments 22 4302
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1D hemodynamic equations

AKholodov, S.Simakov,  A.Favorski, S.Mukhin, N.Sosnin A.Quarteroni,L.Formaggio,E.Toro,...

Mass and momentum balance
0Sk /0t + 8(Skuk) /Ox =0,
dun/0t + 02 + P/ p) /0K = fi (St ur)

kis index of the tube, t is the time, x is the distance along the tube, p is the blood density
(constant), S(t, X) is the cross-section area, ug(t, x) is the linear velocity averaged over the

cross-section, pr(Sk) is the blood pressure, f5 is the friction force

S.S.Simakov, A.S.Kholodov. Computational study of oxygen concentration in human blood under low frequency disturbances. Mathematical

Models and Computer Simulations, 2009 1(2) 8/20



1D hemodynamic equations

At the vessels junctions the Poiseuille’s pressure drop and mass
conservation

Pk (Sk (tﬂ)?k)) - plnode (t) = 6f€R[kSk (t7)?f€) Uk (Lxh’) ) k= k"v R27 acog kM:

> erSe(t, %) Uk (t, %) = 0,

k=R Ry,....,Rm
e =1,% = L, for incoming tubes, e = —1, and X, = 0 for outgoing tubes, RL is the hydraulic

resistance

Bessonov N, Sequeira A, Simakov S, Vassilevski Yu., Volpert V. Methods of blood flow modelling. Math. Model. Nat. Phenom., V11, No1, 2016
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1D hemodynamic equations

Elasticity of the tube wall:
Pr(Sk) — Psk = pCif (Sk)

Vassilevski Yu., Salamatova V., Simakov S. On the elastisity of blood vessels in one-dimensional problems of hemodynamics.

T.Gamilov, I.Nizhenko
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L
Computational Mathematics and Mathematical Physics, V.55, N0.9, p1567-1578, 2015.



Coronary hemodynamics

Ischemic heart disease is caused by

pathology of microvasculature (therapy)
pathology of coronary arteries (revascularization)

cal Center

Indication for revascularization

before 2014: Vascular occlusion factor (relative lesion cross-sectional area) VOF > 0.7
- after 2014: Fractional flow reserve FFR < 0.75

2014 ESC/EACTS Guidelines on myocardial revascularization. Eur.Heart J, 2014 35 (37)
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Fractional flow reserve (FFR)

Proximal Coronary Pressure
\ Distal Coronary
I p— Pressure
Distal Coronary Pressure | *;E“.’
Proximal Coronary Pressure

FFR=

(During Maximum Hyperemia)

Clinical practice: endovascular intervention, expensive transducer

Pijls NH, Sels JW., Functional measurement of coronary stenosis. J.Am. Coll. Cardiol., 2012 59 (12)

Kopylov Ph., Bykova A, Vassilevski Yu., Simakov S. Role of measurement of fractional flow reserve (FFR) in coronary artery atherosclerosis.
Therapeutic archive, 2015 87 (9)
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Computation of virtual fractional flow reserve

T.Gamilov, S.Simakov

the 1D equations may be adopted to coronary hemodynamics

Patient 1

Patient 2

reconstructed arterial part based on two anonymous patient-specific data sets

T.Gamilov, Ph.Kopylov, R.Pryamonosoy, S.Simakov. Virtual Fractional Flow Reserve Assesment in Patient-Specific Coronary Networks by 1D
Hemodynamic Model. Russ. J. Numer. Anal. Math. Modelling, 2015 30 (5)
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Computation of virtual fractional flow reserve

T.Gamilov, S.Simakov
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Medical computer systems, Lomonosov Moscow State Univ.
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MepcoHanu3npoBaHHasa Moaenb
reMogMHaMMNKN B NeBOM
Xenyaouke cepaua




- Aim: hemodynamic modeling in heart ventricles

- Dynamics: ventricle walls reconstructed from ceCT images
- Data: ceCT, 100 images, 1.27 seconds

- Resolution: 512 x 512 x 480, raw data - 24 Gb

- Patient: anonymized, female, 50 years old

- Problem: generation of dynamic mesh from ceCT images
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Segmentation of ceCT heart images and ML

A.Danilov
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Segmentation of ceCT heart images and ML

A.Danilov
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Segmentation of ceCT heart images and ML

A.Danilov

File Edit Segmentation Workspace Tools Help
ITK-SNAP Toolbox —
Main Toolbar
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Incompressible fluid flow in a moving domain

Let &€ mapping Qo to Q(t), F = V& =1+ Vu, J = det(F) be given

Dynamic equations

ov 1. — - ou :
ot = U 'div (JogFT) — Vv (F ! (v - E)) in Qo

Fluid incompressibility
div(JF-'v)=0 inQ or JYv:F =0 inQ

Constitutive relation for the fluid stress tensor

o = —psl + pr((V)F '+ F(VV)') in Qo

Mapping & does not define material trajectories — quasi-Lagrangian
formulation
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3D: left ventricle of a human heart

A.Danilov, A.Lozovskii
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Puc. 1: Left ventricle Puc. 2: Ventricle volume

The law of motion for the ventricle walls is known thanks to ceCT
scans — 100 mesh files with time gap 0.0127 s — u given as input —
FSI reduced to NSE in @ moving domain

- 2 - aortic valve (outflow)
- 5 - mitral valve (inflow)
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Dynamic left ventricle model
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MepcoHanu3npoBaHHaa Moaenb
3aKpbITUA A0PTaNbHOIO KnanaHa




Mathematical modeling of AV replacement

V.Salamatova, A.Legkii

Objectives of modeling:

- degree of regurgitation

- coaptation zone (heights) [demand on computation time for real-time
surgical planning system: the results within a few minutes on a
personal computer.]
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Coaptation profiles for different elastic models

Models and elastic modulus were varied

V.Salamatova, A.Liogky et al. Numerical assessment of coaptation for auto-pericardium based aortic valve cusps. Russian J. Numer. Anal 19/20

Math Modellina 34(5) 2019



[Oe 3TOMy HayunTbCA?

- MOTU, dunsTex-wkona MNMU: kaceapa BbIYVCIUTENbHbBIX TEXHONOTUI 1
MOLennpoBaHua B reousmnke n buomaremaTunke

- BMK MTY: kadbeapa BblUNCAUTENbHbIX TEXHONOMMIA U MOAENVPOBAHWS

- CeYeHOBCKUN YHUBEPCUTET: Kadeapa BbICLIEN MaTeMaTukm, MexaHuKu 1
mMaTemaTuMyeckoro MoaennpoBaHus

(6ronpuHTUHT, OPK, reMoguHammnka B )enynouke, aopTasbHblid Knana,
TpomboreHesuc, ABK, abnaumnsa)
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