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Onepauua PoHTEeHa

MapameTpbl  oNTUMM3AUMKM  ANS
CHUXeHuA NocToNnepauMOHHbIX
OCNOXHEeHUNn

MuHuMMn3auma COI'IpOTVIBJ'IEHVIﬁ
NeroyHoro Kpyra wm noJiIHOro

KaBany/ibMOHa/IbHOTO
coeiIMHeHUA

MuHMMM3aLUA auccmnnaumnm
3Heprum

PaBHOMepHOe pacnpeaeneHue
MOTOKOB B MpaByld WU NEeBYyHO
JIEroYHble apTepun

OTcyTcTBME obnacrei C
NOBbILEHHbIM nnn
MOHMMKEHHbIM HaNpPsAXKeHUEM Ha
CTEHKe

CmelwwmnBaHue KpOBM,
NPUXOAALEN U3 BEPXHEN WU
HUMKHEN NOJIbIX BEH



MeanumnHcKue aaHHbIE

KT nan MPT
4D flow MPT paHHble

N3mepeHune AaBieHnA BHYTPUCOCYAUCTbIM AAaTYNMKOM
(He Bceraa)

AHTpONOMETPUYECKME AAHHbIe, AaBEHUE HA PYKU U T.N.



4D flow MPT paHHble

* He BbinonHAETCA 3aKOH COXpPaHEeHNA MaCCbl

 /I3mepeHHble AaHHble CBUAETE/IbCTBYIOT O
ny/ibcauumn KPOBU B KaBany/1bMOHa/IbHOM
coegnHeHnn. Ectb 1M oHa Ha camom gene’?

e [nowaab ce4yeHna U3MepseTcss He BEPHO.



[1BymacwutabHaa mogesb Te4eHunsn
KpOBW
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T. Dobroserdova, M. Olshanskii, S. Simakov. Multiscale coupling of
compliant and rigid walls blood flow models // International journal for
numerical methods in fluids. — 2016. — V. 82, no. 12. — P. 799-817.



CermeHTaumna KT aaHHbIX U
NOCTPOEHME PACYETHOU CETKMN
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[MocTaHOBKa rpaHUYHbIX YC/1I0BUU B
NerovHbix aprepusax (3D)
| @5v¢(4D flow MPT)

—> V=Pout*Rrpa fpout un ds

Y=Pout+tRrpa frout un ds €—

T()IVC (4D flow MPT)

Haiitv R, p4 W Rpp 4, 4TOBbI 06ecneuntb QRPA n QLPA(4D flow MPT)



[MocTaHOBKa rpaHMYHOro yC/10BUA B
aopte (1D)

ts | a




UpeHTMdunKauma napametpos 1D
moaenu

e ConpoTmnBneHnA B
TOYKaX CTbIKOBKM
cocyaos

* CKopocCTH
PACNPOCTPaAHEHMUA
MaJ1biX BO3MYLLEHUN
B CTEHKax cocyaos

* TepMWHaNbHbIE
COMpOTUBAEHUA OANA
COCYA0B BEPXHUX U
HUMXHNX
KOHEeYHOCTeN




Pe3ynbTtaTtbl pacyera

pressu;eaoo o 4 velocity Magnitude
soleH I 7.914e+01
" ‘ 3
_;7579 250.353
_;(,700 —230.569
;5521 ;9.784
EW .508e+04 f3 256e-05 C
Vessel Pay Q“
name (mmHg) (mL/sec) Qav/Oin
IVC 13.90 15.88 55.0%
SVC 13.88 13.01 45.0%
LPA 13.77 13.59 47.0%
RPA 11.53 15.30 53.0%




CpaBHeHUe remoaUHAMUKU B
NOZIOXKEHUU CTOA U N1IeXKa

"
’,, ‘ E?qmg», E:‘
a b a b
(a) Horizontal position (b) Standing position

Vessel Pav Qav Vessel Pav Qav

name (mmHg) (mL/sec)  Qay/Qin name (mmHg) (mL/sec) Qay/QOin

IVC 13.90 15.88 55.0% IvVC 17.93 15.18 52.8%

SvC 13.88 13.01 45.0% SvC 12.31 13.59 47.2%

LPA 13.77 13.59 47.0% LPA 13.57 12.81 44.5%

RPA 11.53 15.30 53.0% RPA 11.57 15.96 55.5%

a) nexa; b) ctosn



3aKknr4yYeHue

e [MocTpoeHHas AByMacliTabHaa moaenb
KpoBoobpalleHns PoHTeHa BOCMPOU3BOAUT
remoamMHaMUuKy KOHKPETHOro naumeHTa

* Pacyert He BOCMNpon3soaAuUT NMy/ibCallioO KPOBU
B KaBadlly/ibMOHaA/IbHOM CoeadNHEHUNU

e Pacyer remognMHaMUKM B NONOKEHUM CTOA ANA
TOro e naumeHTa NoATBepPXKAAET NJAOXYHO
NepeHOCUMOCTb PU3NYECKUX HATPY30K
AAaHHbIMM NAUUEHTaMU



Cnacunbo 3a BHMMaHue!



3D moapenb Te4yeHUA KPOBK

* YpaBHeHUA HaBbe-CTOKca:

%—vAu+(u-\7)u+\7p=fian 10, T],

divu=0inQ x [0,T]
* [paHW4YHbIE yCNoBUA:
u=0wnaly x[0,T],

aul —
Van | pn—hHaFNX[O,T]




1D mopaenb Te4yeHUA KPOBU

1. BanaHc maccbl
a(us)
ot ax 0
2. banaHc mnynbca

2,5 > S,

du , 3 (u®> p _ n(s)
at+ax(z +p) lopu oz, n(S)= S+ S < S,

3. YpaBHeHUe CoCToAHMUA

(exp (Si— 1) ~1,5> S,

0

p = pcf(S), f(S) =1
\ I (SO) > = 50




[paHUYHbIe YC10BUA B TOYKAX
CTbIKOBKM cOCyaoB

[PaHWYHblIEe YCNOBUA:

1. 3aKoH COXPaHEHNA MaCCbl.
Z a’Q, =0,a) =+1,Q, =u,S,

k=Kq ,....Ky,
2. 3aKoH [lyaseunns:

P (t, % )— P (t) = RIQ., X, =0, L,

3. YpaBHeHUss coBMeCcTHOCTU (ycaoBus,
HaKNadblBaeMble XapaKTepUCTUKaAMMU,
Nnoknaarowmmm obnactb MHTErpuUpPOBaHUA)



ConpsaxxeHue 3D u 1D mopeneun

KPOBOTOK3

1D: YchoBue coBMeCTHOCTM.

O f[. U°nd5=ﬂb5b

out

0
(—v>-+pn) =pyn



[1BymacwutabHaa moaesib KpOBOTOKA
KOHKPETHOro nauueHTa




ANropuTm pacyeTta YUCNEeHHOMU
MmoAaenblo

Algorithm 3.1

Require: Measured or expected pressure Pr in TCPC domain

I: Run the 1D model of the systemic circulation with outflow pressure P12, =
5 mmHg until the quasi-stationary regime in the TCPC region is established
Run the 1D3D model for several cardiac cycles, the 1D part is initialized by the
solution from Step 1. Evaluate quasi-stationary pressure Prcpc, cross-section-
averaged pressures Psyc, Pyc until a quasi-stationary regime in the 1D3D
model is established

3: Update pressures so that Prcpc matches Pef:

2

Pout := Pout + Pret — Prepe, Psye = Psve + Pret — Prepe
Pllvc = Pivc + Petr — Prcpc

4: Seti=1

5: repeat > iteration

6: Run the 1D model of the systemic circulation with outflow pressures Py,

IiVC until the quasi-stationary regime in the TCPC region is established

7: Run the 1D3D model for several cardiac cycles with outflow pressure pour,
the 1D part being initialized by the solution from Step 6

8 Set Pyye = Psve. Pye = Pve

9: i=i+1

10: until quasi-stationary regime in 1D3D model is established
11: if |Pes — Prepc| is not small then goto Step 3
12: end if
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