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Matematicke modelovani

vyznam pro hemodynamiku
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Matematickée modelovani A
vyznam pro hemodynamiku

nahla smrt u tézké aortalni stendzy

stagnujici intenzivni medicina

CO nas posouva ?

misto matematického modelovani v mediciné
Y

matematické modelovani v hemodynamice — jak podavat
krystaloidy u tézkého krvaceni?
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Kde Ize potkat matematické modely?

software hemodynamickych pristroju
software KS/ICD...

prediktivni skore — napr. EuroSCORE Il

technické aplikace

" aneuryzma aorty
= TAVI

= biomechamika — ortopedie, traumatologie...
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co NENI matematické modelovani

= statisticka analyza zmeérenych dat

teoretické/vypocetni pristupy

/ matematické \
modelovani
regresni modely stochastickeé
a predikce simulace

machine learning kvalitativni
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Nahla smrt — matematicky model

APPENDIX

Mathematical model of cardiac hemodynamics and energetics

The mathematical is based on the two-element Windkessel model of arterial hemodynamics (22), the
ventriculoarterial coupling model (23], and the ventricular energetics model [24). The model compares
the energy delivered to the heart by the coronary circulation (Ej,) and the energy expenditure of the heart
(Ecn)-

Energy expenditure of the heart
For energy expenditure of the heart [E.), an empirical relationship

Eqe = A-FVA + B (A1)

has been established (24, 25), where PVA denotes the area inside the pressure-volume diagram of the left
ventricle (Fig. 1). It represents the work of the left ventricle, given by the sum of the stroke work [SW) and
the elastic potential energy (PE), PVA=PE+S5W. The constant B represents unloaded cardiac energy
consumption, indicating the energy consumed by the heart for non-contractile activities of the cardiac
cells (25], such as basal metabolism or excitation-contraction coupling. The constant A represents the
contractile efficiency of the heart. More precisely, the inverse value of A indicates the percentage of
energy consumed by the heart (after subtraction of unloaded cardiac energy consumption) that is
converted to the mechanical activity {24).

The elastic potential energy (PE) corresponds to the rectangular triangle in the pressure-volume diagram
|Fig. 1), given by the equation
1 . [az)
FE= EPESWED -V — 5V},

where ppe denotes the end-systolic pressure in the |left ventricle, Vg the end-diastolic volume of the left
ventricle and Vj; the unstressed volume of the left ventricle, ie. the intersection of the end-systolic
pressure-volume relationship [ESPVR| with the volume axis of the diagram. In calculating the PE, the minor
contribution of the end-diastolic pressure-volume relationship (EDPVR), related to the non-zero end-
diastolic pressure, is neglected.

The stroke work [SW) corresponds to the area inside the systolic part of the left ventricular pressure-
volume diagram (Fig. 1), which can be approximated as a rectangle. For the W follows (24, 27)

SW = ppg- SV, (A3)
where 5V denotes the stroke volume of the left ventricle. The end-systolic pressures in the left ventricle

and in the aorta must be the same and are approximately 10-15% lower than the maximum systolic
pressure in the aorta pe. (28, 29),

Pes
= . A4
Pas =T 85 (A%)

In the case of aortic stenosis, during ejection phass of |eft ventricular systole, the left ventricular pressurs
is significantly higher than acrtic pressure by the pressure gradient across the stenotic aortic valve (PG)
(Fig. 2). Consequently, the stroke work must be calculzted as

SW = (pgs + PG)-5V. (A5)

The PG can be approximated as

L1 46
FG = pLy — Pan = 5 PVaar (6]

where p is the density of bleod and v, the mean systolic flow velodity through the aortic valve (30). Blood
density is held constant value of p = 1.065 g/ml (42). At the end of systole, the flow velocity decreases
and the left ventricular pressure retums to the level of aortic pressure (pgeg), at which point the aortic
valve begins to close.

Given that the entire stroke volume [5V) must flow across the aortic valve of area S, during the ejection
phase of the left ventricular systole of a duration Tg, it follows that

Tg - 8ap " Vaa = V. (A7)

A substitution of all the equations into Eq. 1 yields an expression for the total energy expenditure of the
heart, E, .,

E A L (Vg Vp— SV + L [: v Z+ SVit+B (2)
out = ZPE ED 0 zF' TE-S:m) Pes

The end-systolic pressure (pe) can be expressed by the maximum end-systolic left ventricular elastance
Eesax (28] a5

PES = Eqnax - (Vep — Vg — SV) = Eqna - (VER — 5V), ia3)

where ‘i.-fg = Vgp — Vi is referred to as effective end-diastolic velume (27).

According to the ventriculoarterial coupling theory (23], the stroke volume is described by the equation

u.r;:{f {A10]
T 1+ E./Epm

where E_ denotes the effective arterial elastance and is given by

E,=TPR/[Tz + =L — e""m“}] (A11)

wihere Ty, is a duration of diastole and T, the time constant of diastolic pressure decline, is the product of
the total peripheral resistence TPR and the arterial compliance C, T = TPR - C. After substituting Eqgs. 9-
11 into Eq. &, we obtain a relationship describing the total energy expenditure of the heart during one
cardiac cycle expressed as a function of 5., Ewas, Veo, C, TPR and HR, considersd in the model as

independent variables.
a (A12)
1 veF PR
Esut =B+A EEmu —To
TPR+ Emn{TE+'|:—TeT)
=Tn
Leff —
P Vea Em{T2+T—Te1 )]
752 To
2Tg Sao TPR+EM(TE+I—1:9 T J]
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T [ Egnx Ved
+TPR (TE+1'—I.'E 1 -
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lTPIl+ Emu{'l‘2+'r—te T )

Energy delivery to the heart
The pressure in acrta during diastole dedlines exponentizlly in dependence on TPR, C and HR (22), as
described by the equation

i

plt) = poy + (pes —pale ™ (a13)

where py is the central venous pressure in the right atrium. For the sake of simplicity, we assume a
constant value of po =5 mmHg (36) for all simulations.

Dwring one diastole, a volume of blood Vi, flows through the coronary arteries in dependence on the
resistance of the coronary circulation (R...) and the pressure gradient between the aorta ascendens and
the end-diastolic pressure (pem) in the left ventricle (34). Similarly to p., we assume a constant value of
peo = 10 mmHg (35] throughout the diastole and for all simulations. The following equation can be derived

for Vilocd-
(™) - pm @ (a14)
blood = —
° b Reor
Hence, final solution is
PES — Pe Iny | por —PED Al5
vbluud:—v"f(l_e =)+—w Tp- (A15)
le’ RCUT

The blood volume Vyjueq transports a volume of oxygen Vi, = Vhged. ©02, where c0,; denotes the

welume of oxygen in a volume unit of blood and was set to a constant value of 0.2 ml Ox/ml blood (43).
Onlly a fraction of the oxygen supplied (=) is extracted by the myecardium and used for energy produce.

7125

Given that metabolic conversion of 1 mi of oxygen delivers energy of 20 1 [24), the energy delivery to the
heart [Ew), in J/beat, can be expressed as

Ein = 20-2-Vg, = 20- £ - Vyjgoq - 0z (A16)

The duration of diastole [To) and of the left ventricular ejection phase [Te) can be expressed as functions
of heart rate (HR) according to empirical equations (32)

Tg = (37115 — L.14 HR)/1000 (417)

Tp = &0/HR — T {a18]
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Nahla smrt u teézke aortalni stendzy s
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Nahla smrt u tezke aortalni stenozy vsw
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Nahla smrt u tézke aortalni stenozy ...
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Stagnuje intenzivni medicina ?
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" ne CAR-T , ,
= bispecifické protilatky
® ano = [FLT3

. . " iBCL-2 ournal Impact Factor
= optimalizace - iIDH1/IDH2
= hemato-onkologie < =iBTK
= iPI3K
" [Proteazomu

" iHiston deacetylaz

Je véda na konci svych sil? Prillomovych FVOLUTION (@) NEUROSCIENCE & MIND
objevil ubyva, kvalita vyzkumu klesa
g David Busta vedouci redaktor investiéni rubriky

; L 0 obi . )
19. 5. 2024 1513 = Aktualizovano = & min. ¢teni B PREHRAT CLANEK = Evolution News
January 12, 2023, 6:55 AM

Is the End of Science Near?

12/25



I
\

I\I I FANULEING

NEMOCNICE
U SV. ANNY

U
E

Vyzkumnée metody

" pozorovani
= experiment

= (vaha

= dovozovani novych poznatku z

obecnéjsich teorii

Modelling

= ventricular energetics theory

= ventriculoarterial coupling theory

Statistical : Experimentation
Analysis
Experimental
design

= Windkessel arterial model
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Co nas posouva v poznani?

Systematic
review and
meta-analyses

Randomized
controlled trials
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Jak nas v poznani posouvaji RCT ?
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aemusémicﬁ
Co nas posouva v poznani? &

=  optimalizace
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intenzivni medicine vs. hemato-onkologii

—

= zkoumatelnost
= yzorek krve
= Casovy VyVoj

=) tcoretické metody ...?

= komplexita
= molekularni biologie

. - S
= onkologové jsou védci“... ?? \ | O

i 1]

International consortium for sepsis survivorship
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“Sepsi nelze spocitat”

—

" biologii nelze odvodit z fyziky

= princip evolucni optimality v biologii

matematicka formulace

0.5
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Problemy matematického A
modelovani

—

" slozitost systému, neznama data

] opéry

[0 zaklady
l II l . -

" matematici se nezabyvaji medicinou, |ékari se nezabyvaji matematikou
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Prinos matematického modelovani

= vyysvétleni, identifikace podstatného
= kvantifikace protichidnych faktoru vs. kvalitativni ivaha

= vyssi hematokrit = vyssi dodavka kysliku ?
predikce

zkoumani obtizné zkoumatelného

U SV. ANNYA
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= 154+19+74+68 +29
= 16-21-61+74-23
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Identifikace podstatneho e A
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""" o = vysvetleni, objasnéni podstatného vs. Al
* model =zjednodusena realita
Ap A
o L v Tt Ap ~Ap
= prutok krve tkanémi Q=g —— - > Q=K— Jox T
8in(p) 1) o s
{ 1 C — k /’I 0.8} /‘ ,"'A o\\ A\s‘
= obsah kysliku v krvi ox = R S ~o
N ! //. A ¢ AN
06} VAR >
s s Y h S constant pressure, D = 50 ym
= dodavka kysliku do tkani  Jor = Cox@ 0.4
= = = - constant pressure, D = 1000 ym
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Zkoumani obtizne zkoumatelného

Jaka je optimalni ,strategie” podavani krystaloidu pri tézkém
krvaceni pred dostupnosti transfuze/zastavou krvaceni?

= animalni studie = klinicka studie " teoreticka studie
" ruznd schémata podavani = r{zna schémata podavani = detailni matematicky popis
= |imitovany pocCet strategii ® variabilita = detailni analyza
= pocet zvirat = pocet pacientu = verifikace vysledku klinickou Ci
= piimé méreni kyslikového = u vSech stejnd strategie...?? animalni studii

deficitu
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= cil : minimalizace kyslikového dluhu ve tkanich do zastavy krvaceni
= protichudné faktory

hodné krystaloidu

| viskozita

diluce koagulacnich

krvaceni
faktoru !

diluce hemoglobinu

24125 = Zavisi strategie na odhadované dobé do zastavy krvaceni..?
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Matematické modelovani

vyznam pro hemodynamiku

vysvetleni, predikce

technicke aplikace

" aneuryzma aorty, v softwaru pristroju...
prispévek do mozaiky vedy

podklad pro dalsi studie

problém slozitosti
~medicina neni matematika“.??
granty
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