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Co je to elektroporace?

« ZvysSeni propustnosti bunecnych membran po
aplikaci kratkeho vysokonapetoveho pulzu

 Poruseni homeostazy a pripadna smrt bunky

:

20060 X mag




Reverzibilni elektroporace

Before Pulse During E-field After Pulse

 Docasne pory

Cell membrane

Introduce Cell "heals" with « Zavadéni léku, proteinu,

genes/drugs gene/drug inside

barev atd. do bunék

s‘E‘s‘E

Electric field induces a
voltage across cell
membrane

Ireverzibilni elektroporace
Before Pulse During E-field After Pulse

Cell membrane ° Trvalé p(’)ry
i « Sterilace, buné&éna ablace

Electrie field induces a
voltage across cell
membrane
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Bunecna ablace

Ireverzibilni elektroporace Radiofrekvenéni ablace

= Netermalni, minimalné = Standard

invazivni = Termalni
= Cilene odstraneni tkane = Vysoka frekvence 460 — 1000 kHz
= Bez Zénétu, Imunoreakce, = Neselektivni ablace

fibrozy

= MensSi loziska

= KratSi délka zakroku =  Proliferace

=  Minimalni teplotni rozptyl
= Chladici efekt krve
= Regenerace tkane
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Aplikace pulzu

< 7

« 15kVv-3kV
* 90 pulzt

« 100 s

1s mezi pulzy

|Ill|lll




VN zdroj stejnosmérnych pulzu

Vystupni napéti az 5000 V
Vystupni proud az 100 A Amplituda
AZ 3 elektrody N napeti pulzu
Doba pulzu 20 — 150 us 5 5 N
Doba mezery 0,2-2s Doba pulzu Doba mezery Cas
|ldealni pro experimentalni ucely
Vysoka bezpeclnost diky nékolikanasobnému oddéleni

VN zdroj stridavych pulzu (H-FIRE)

Perioda vysokofrekvencniho napéti

Frekvence: 90 — 440 kHz e
Max. proud: 12 A nmnnnn-t
Max. napéti: 1500 V o
Délka pulzu: 40 — 120 s — -
Vzdalenost mezi pulzy: 1,5-0,45 s J ‘ Cas
Nezpusobuje témér Zadné kontrakce SHEEEY JULLL

Doba pulzu Doba mezery
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VN zdroj stejnosmeérnych pulzu

(@_200mv )] 20,018 2.50G5/5 @ 7 240mv
1M points

Save Save Save Recall Recall SSS' [T) File
Screen Image|| waveform Setup waveform Setup or Utilities




VN zdroj stridavych pulzu

Ul

@ 5004 2 0 ) (20.0us 50.0M5/5 @ 7 i0A
10k points
Assign .
Save ave Save Recall Recall File
Save( to 14 Sep 2017
[Screenlm ge“ Waveform J Setup “ Waveform “ Setup J waveform Utilities 13:56:05
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Simulace uc¢inku el. pole pfFi
elektroporaci
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Analyza elektrickéeho pole

V. (coVe) Intenzita elektrického pole
J = oFE Proudova hustota
AP i) Jouleovy mérné objemové

RS T = ztraty
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Pennesova rovnice prenosu tepla v
tkani

dT;
ptCtE =V - (kVT;) — ppwpcy (T — Tp) + @ + De

0T akumulované teplo
PtCt 2
V.(kVT;) vedeni tepla v téle teplotnim
gradientem

ppwpcy(Ty —Tp)  vedeni tepla mezi tkani a
perfuzi krve v kapilarach

Gm metabolickée teplo

De teplo zpusobené elektroporaci
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Simulace elektroporace jehlovymi
elektrodami
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Simulace elektroporace jehlovymi

elektrodami
W/cm?
W/cm?
500
500 450
450 1400
400 350
350 300 ¢ Rozlozeni Jouleovych
300 = o . .
o ;zg ztrat pro pripad vodivosti
200 156 nezavislé na intenzité
150
06 100 el. pole.
- 50
0 0 3
. kW/cm
kW/cm
i 1
0.9 0.9
0.8 0.8
0.7 WP y
0! s °* RozloZeni Jouleovych
0.5 0.5 ztrat pro pripad vodivosti
0.4 2.4 zavislé na intenzité el.
0.3 0.3
0.2 0.2 pOIe'
0.1 0.1
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Simulace elektroporace jehlovymi

degC

—39.5

39

37.5

37

degC

39.5

39

38.5

38

37.5

elektrodami

degC

—39.5
39

38.5

138

37.5

37
degC

39.5

39

38.5

38

37.5

Rozlozeni teploty po
50s pro pripad
vodivosti nezavislé na
intenzite el. pole.

Rozlozeni teploty po
50s pro pfipad
vodivosti zavislé na
intenzite el. pole.
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Simulace elektroporace
endokardialnim katetrem
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* Element Size Parameters
g

Maximum element growth rate:
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Minimurm element size:

Maximurm element size:
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Simulace elektroporace
endokardialnim katetrem

Time=0 s

degC

139.5

139

138.5

37.5

37
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Simulace elektroporace balonkovym
katetrem
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Simulace elektroporace balonkovym
katetrem

Parametr Symbol Hodnota  Jednotka 20 ot
Velikost ocelové elektrody d 1x10 mm 0

Vyska segmentu jaterni tkané D; 5 cm iluéov \\

Hustota jaterni tkdné ot 1079 kg-m_3 z = *

Tepelna vodivost tkané a krve k 0,52 W.m~1.K-! cev ’_j ﬁ—'q\ -20
Meérnd tepelnd kapacita tkané Ct 3540 Jkg 1K1 —_q

Elektricka vodivost tkané O 0,0221 S.m ! /

Relativni permitivita tkané a krve €t 1 - M | P e N
Husto_ta k'rve . b 1060 kg-m_13 tkan 40
Elektrickad vodivost krve (e 0,66 S-m

Meérnd tepelnd kapacita tkané Ct 3617 Jkg 1K1 “

Tepelna vodivost Zlutovodu k 0,58 W.m— 1K1

Meérna tepelna kapacita Zlutovodu Ct 3500 ]-kg_1 K1 @ }(, mm
Elektricka vodivost Zlucovodu O 1,4 Sm™! | M~ 2 0
Relativni permitivita Zlu¢ovodu €t 120 - | ™

Hustota krve b 1050 kg-m~> t_‘

Pritok krve v cévé U 23 cm-s~!

Pocateéni teplota Ty 37 *C 0
Perfuze krve na jednotku objemu Wh 10 kg-m_S- g1

Meérné objemové metabolické teplo T 9930 W-m—3 20

Délka pulzu Tp 100 s

Pocet pulzii Np 270 - 0

Napéti pulzi U, 1500 v

-20

mm
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Simulace elektroporace balonkovym

Time=0

katetrem

degC

148
146
|44

N 42

40

38

40

139.5
139
138.5

38
37.5
37
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Simulace elektroporace balonkovym
katetrem

Home  Definitions  Geornetry  Materials  Physiecs Mesh Study  Resul

A

\; Data Access Mew Method |+ @
b |Test Application E- Record Method

Application Method Run
Builder Call = Method -
piplication Create Methods Method Calls Fun Methods
App ication Bui dE‘r v @ Preview csd Evel Stepy StudieCyklus_ vl X method1

«—-t =@

4 [&] RK_balonek_humuseft_vypocteno_maje_1 model.study("std7").run(); s/incializace joulese

E Inputs

% Themes

D Main Window = with(model.study("stds").feature("time"));
% Farms set("tlist", “range(@,8.1,1)");

Events set("initmethod”, "init");

set("initstudy", “zero");
endwith();
- with(model.study("stds").feature("timsl"));

= Declarations
4 [y Methods

csd set("tlist", "range(l,8.1,2)");
Evel endwith();
Stepy Sl with(model.study({"std8").feature("time2")};
StudieCyklus_v1 se\?("tlist“* "range(2,8.1,3)");
methed] endwith();
b [ Libraries

= |:-.'1'th(m0del.sol("scll:l").feature("tl"));
set("tlist", “range(8,8.1,1)");
endwith();
=] with(model.sol("so0ll4").feature("t2"));
set("tlist", “range(l,8.1,2)");
endwith();
=] with(model.sol("so0ll4").feature("t3"));
set("tlist", “range(2,8.1,3)");
endwith();
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Provedeny experiment

o - o
o o8 o8 e Cav =
v - :

R P
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Vytvorené modely




Vyuzité nastroje pro vypocet

Rozlozeni intenzity elektrického pole
VXE=0—>E=-Vop

Zakon zachovani elektrického naboje
Jp

V'IZ—E

Ohmuv zakon v diferencialnim tvaru
F='oE
Jouleovy merne objemove ztraty
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Vyuzité nastroje pro vypocet

- Pennesova rovnice prenosu tepla v tkani

e 20—y K VIT (0] + pycp 0y [To - T (1)

T Jmet (t) T Gext (t)
- Zjednoduseny tvar pro vypocet

e L gk VT 0]+ pe 8
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Vyuzité nastroje pro vypocet

- Okrajove podminky




v *¥ Electric Currents (ec)
1n= Current Conservation 1
S Electric Insulation 1 © General source
&% Initial Values 1
mm Electric Potential 1
= Ground 1 ec.Qrh*OnOff wim?
v EI Bioheat Transfer (ht)
) fmm Biological Tissue 1

+ Heat Source

Q. User defined ﬁ

-||n=|nitia| Values 1 ~ Discrete States

“mw Thermal Insulation 1

&= Blood ulte) = uo

I== Electrode Name Initial value (uO) Description
I== Isolation OnOff 1

I&= Heat Source 1 0

v j Events (ev)
& Discrete States 1
ﬁ Explicit Event 1
ﬂ Explicit Event 2
+ Event Timings ~ Event Timings
Start of event:

t; |0

Start of event:

s t: 0.0001
Period of event:

T 1

Period of event:
s T 1

Use consistent initialization Use consistent initialization

+ Reinitialization ~ Reinitialization

Variable Expression Variable Expression
OnOff 1 OnOff 0
0 0
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Vysledky

kV/cm
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Vysledky

Alcm? kw/cm?
45
40 )
o
4 35
130
1150
. 25
420
4100
B 15
Ly 50
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Vysledky

IE T
T(t)

——T(t) - 1200 V | H
o (IS it (TS it
=i J"H\)‘\\ mt U
i 46 B \H\H\JH\) J,JJJ‘,H\J\,UJJ\JJJ [N EEEN e b [N NN .

SO

a4 10 -
0 | | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100
42 t [S]
40
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Vysledky
o -

45
44 44
K/ 43

42
42
40 41
140
38 39
38

36
37

34 36




Vysledky

80 —

70 -

60 —

[T

30 Muu

20 1 1 1 1 1 1 1 1 1 |
0 10 20 30 40 20 60 70 80 90 100
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Zavery

Optimalizace parametru pulzu a elektrod
Podklady pro vyvoj novych katetru a elektrod

Chlazeni katetru neni nutné
« zjednoduseni konstrukce katetru

Katetry s co nejmensim kontaktem s krvi
2D vs 3D model

Meéreni teploty
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Dekuji za pozornost
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