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SIMILARITY ANALYSIS OF HEART ARRHYTHMIA WITH FLUID VORTEX-NUMERICAL APPROACH
E.B. Shim"

Considering the similarity between fluid vortex and arrhythmogenic reentrant waves in heart, we applied the
non-dimensionalization method in fluid dynamics to arrhythmia analysis and discovered a new non-dimensional
number, as the Reynolds number, that can be used as a biomarker of chaotic electric waves. According to the
simulation results, there was a threshold value of the number that resulted in the induction of a reentrant wave.

Key Words : -3 9}-7(Fluid vortex), 417844 ™ (Cardiac arrhythmia), 7*}9(Non-dimensional number)

LA B w2 A oushe, AFATSe "yl EAE: A%
(fibrillation) 2.2 g 47} 9t} Alse Adnpu] A

AlelNE FFALAATHAA whe] dng yge]  HolHhE oR EAME U A o e
QlolA] Folajo B AlRRS Ameith AlAe doles A 9 W 2 BWAAN DAk W71H S vhee] slew] @
zeo] ¥ 28] ZErgor, F/|d0 FEu) ojgke  FOIH, o3& A vhE(reentrant wave)oletal Frk A2}
HHESle] £Ro] Yehg FHshe WAL Ak o 4 AE F WL AWM skl TS TR ek e
Ao AAA FrZoli= wheA] WA BHo| AdEojo} shn 7F A e AEE A AAEEC] H71A FAVIE jlo]
2 AR5l e AGNESe A7)H EHy) oz olak BRtie Fiw do7lwdl ofF wweleh gtk mih oy
AR 5% fadoz qokd 2 otk Algo] AAMAQ] Fol gk shte] d7|aks 3ee|7t ofue dlew sl ofz 7|
TR B Qeis AN TS| AV)H FRo Taxe o AL SR A HH A 2AE A7 &
A3k ARG BAe] AAA 532G djop s} wa ol SAPEAR AoAA s=d] oAl ARrhi] 2ol
Holg AROR PP Fha ¥ ofF, Aol Helo] tha) A A oIS Ale Fdel slflelh
A wrlA Ao R FRE FAY|S spxolyt Ao A9 glee] vhgo] fAl o AN Akt
TS S Q= ZRe Hole saE 2 otk olgy o] AHEE o] et =R5elA AlVIE vt el sk AR
I A Tl FRY RO vie AgAEs e el SISl e ddom <ls) o Al 2iA
5] (synchronization) 3 FE8 F71719] EAjo]rh = AR Aol B A% vortex breakup R

ol A9 Age|Ae] AT we Ar)Awst v 2O HolFH fAke, A w5 wE dediE
Aoz LAy WY Te BpRAel 7 W] Al 7123 AARECGAZE FAY oFF % WFHo] At
227} Q)] 012 AW arrhythmia)o 2} S}, R A 714 e} o FAfeiet Sup ol @ FAR A
Aol whgo] whzrlo]  wel  WWtarchycardia) s A A Afo]o] Aol AHHAFNE ek, oA
(bardycardia) © 2 LpdATk 5|, wwie Age] glgo] vy = A S8l WA B o vhe] sleeR 2=

el Wk Ae2AE s Aot
wEp of7jell M= frAlskreh A 3lee] @S vl
1434, Zdgsta 717 - ) 8-t AEste] BAguS vle] oSetar Add = 9l shue]

* Corresponding author, E-mail: ebshim@kangwon.ac.kr PO PAR=R-R = P



222 NAZHT (13% =)

ENEENEES

% Ii(m + [stim 1 2
= -+ 1
ot C o5c Y Vn M

m

A7), Vi AAZe] w2 A%kmy), I, & ATAE
o] Bk Aitel RS WAY SR, pAemd),

oA FolAE AFARF, O,
(DAY & pRem), pi= AES] ATE(Qem), S i
¥ ®A o] 29 vlem-1), V&
150t} Al (1)9] FWae Az =4 9

7 2 oA 7]
ARk A WshE Uehie], S A WA 3o 248
ol AT WAl W14 sEow s WA
= 9 itk e F A B W1 ) St 7
ol 1AL wl-g- AWHA 2 reaction-diffusion F2]] Hw] R
Aot

Ao tirel ] SjEste Beld ARe 2ol
B3 95 BAZ a3 A TAs) das,
SAEAAE] W Skl B Sl 4 (el
AAL ol 4] @ 2e TAYL WA Aaa g
3 23],

= Lt L) + 25V, @

AN V' =V/V,, V=LV, C=[.t

I'=11,, 24 $3493 ¥ W55ty D 1524
D=1/(pSC,) = ERH, V, = 54 A L& A
el Bo @mAAe] AFD), f,, 5
2 XA 5 glen] ofr)A
5 54 AFolth
A @olA FAL AuggAe] dmEES 48 4 9
1

o AL B AL Tl Helah et 2

X

ol

_ﬂ
»\
¢

[e5

*

ov _
at’

1 *9 o K

([ + [s.tun)

10M.

Sh=niH}

Sh= 100

She 2000

Fig. 1 Computational results of the effect of the Shim number on
cardiac reentry dynamics. Sequential contours of action
potential propagation for reentrant wave according to the
Shim number
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