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Fig.1 Construction and verification of multi-scale cardiac electrophysiological model

E1 ZRECHEBEEERNENESEIE

2 ImRBEENLEIR R AT R
e L LRI ks, R B WA AR 0 3 AT R

e IEﬂﬁ?ﬁETi’J’?E’J [, 7Esises
afiilf R LSRN Dy P RS Tl | SRR AL
EEFE@LJ&HWEFEE’J Ly L AR AR AT 2 AR IR X

B . BRI F7E 1914 4, Rothberger 1 Winterberg i
& 10O T B A AR B A S F kR AR, ROk
Engleman X224~ 57 [ k200, (HZE 5050 F
I AT ST HRAS BEAR S e o B Y ¢ A . 7E 20 1122 50
AEARSE I Moe 55 BV AR R 28 2B A 28 S o BAS A
2 th Z2 J /N, ﬁ\jﬂ)%gﬁﬂﬁﬁﬁijfﬂﬁ?']%?ﬁi_ﬁﬁ
ANz SRl M . T Scherf 45 1155 Sk 155 4 f
)%Eﬁi‘%%”hﬂjﬁkim%@uﬁ P& B BE T Rkt =
G ENG: & I N ) S D e ey 2 S N s i
AbEE BT, 25 AT T ST RO FRAR T RS2 H
TXF AF R B A B FR AR 58 4 T TS0 BRI
IR JE AF 1 — Fh 2 K BLHl, (HAE R 5 £ 1k

(DADs) JIr 3] 2 59 557 16 3l 10 o ik U A 5 48 . f
i, Beavers ' I Betzenhauser %5 "' #3245 /N 34
BHRIEGE X DADs /15 (9 fish & % sh e It 1 iE4 A

R FHLEH, RAEMTEAF T, Hing
(ryanodine) “Z{& (ryanodine receptor, RyR2) [

YiGe R g SR Ca it A1 A & RIS I, oAy
EJH%%EU%%?;@ P D5 B 5 A0 DU LA Ca® b B
W S DADs A& AR5 w1 Li g 7Y AN UG E

R 32 26 15 cAMP J 07 0 15 JC A4 B9 W 95 Fh A1 4
TEAF i FE R, A SR Ca it il GE5| & Ca> 1y AH
KpEAE, MR IE AF M B HREA W) AF 56748, 1A
JEH DADs 5 & 19 . X AF 23 R e B 8 204
KIFREMAFTER RN, — L kLI
(I /N E SR AF 9 EHLH], i H AR 7T &
INHAETERE LG 1 BB 2R GERe O e 1 235 )
SrOR gl . X T 2 /NP B UL Y S FF %, Konings
8 BT 1994 AERRHEO D5 O A2 2e kM REUR
) N A0 5 BSOS Ak 3 RS A T 3 R



"982- EMUFESEYWIRHR

Prog. Biochem. Biophys. 2019; 46 (10D

GBS AR R RN, E AR AN AF i
i, A0 A BN R 5 AR R /N
1% ; Eckstein 55 7' F 2013 AEAR 4.0 A1 = %% B i
1% BUAR B ¢ B 15 BE AL 3 02 AF 2F B 1 32 2 AL
il . AT TR R I 21 BRI ] i O ZH AU TG B, DA KA
AF a1 AT LUOULEE 3 1 224~ [R] 5 A% K 0 A AE . AR
M, TESRIAGEBIARL 77 v #A SRA ) IR
P22 AF S 38 1 SR ISR AR r Y, DA L B 0
D R BRI R T ALk B L R — Rl
GRS PTIR A5, Baxter ' )¢ Yamazaki 5 7
HAFgE 6B, T 00 B 4T B il RE 2 FR e i BE Y
PriR P EER, ATATT by ()RS ARG - i A AT
AT LA BT SMNEfETE 2 A/ . BBtk , %+
J2 AF W TEDLT A9 X — i S PR 1 5 2 d/N i i A7
FEZ 30 . BREA T 5176 AF A VE R o
BT BN L PO R ER, TR
[ HER , BEiC % HO iR v 5E 19 Ry ER sl fE L
7 T AR R, AR — A B R 0 AR B
Mandapati 55 77 & IUEL T B TE L JEIA 5 TR)— 37 05
F 4% (dominant frequency, DF) 2 [A]1F7FAH
P . Mansour & 7 iR i — IR SE T T 7E AF LR
T EREIE], R0 B AL S B AR T R R T
DF. (N1, 7E4ME/KF b, Japkt e A /i & 1% shAR
Al RESE ] 2o ik (early afterdepolarizations,
EADs) #1DADs 83450 B aib5 Eh . 422
1, EADs fiil [a] X 30250 5 Ji i) B 1 2H 21
A SSALIE B, R kR AL B AT 4E HE AF. Il R A
P 7 R, AP IR AF RAEZRT, 75
— T X {0 R 2 R 2 1 s B AR S B A
FWT, PR TR R 2 NP E SR (spatially
discordant alternans, SDAs) 5 AF [ &% %54 %,
XS R IGREH T AP S8BT NI FE B BUO R B AE
. DARG#E—2L W] SDAs X AF (Y BTRK .

Jr B PR R T AL A e T A, IR
AT WAAAEI B R BRTE . X TR AR, —RFrst
KA RIS —E I B g AR, MiEE24 h
NSRBI S ) W 75 SE A TR 52 il IR B[R] 20 A
LA, P HAR T R MRS A
1T 535 B4 S I) A6 T30 P L e T PR A S kO T
X T RRGEPE AF B 24 h, R R ST A2
SRR VRO, F AT RE ZhiEERY T LATR, I
TR FETTIAE . I IPUO R 250, a0 %7 AR,
P AN AR AR, SN A2 A S B
Bk, MNMTEER AP, {H [RIHEEAT R PR 0 sl 3

O IEF I A R O T 26T i i KU . T2tk
258y, WRMIER . ZAEFIRRSE, RERH AR TRELEIR
BT LI 1, H P R DR B ) 22 B T3
A PIRIE AL Z N, (Hdn] 6858
AR 2 M0 B . Ak, AF B I/ MRS
G BRI R G, UL PLEERYT N AFIRYT
(1A EE B A3 . AR p T S0 A0 R i DR ]
DLVREE ) & R 2y A EAE AR, Hate 4
A ZHOR A D IRPrEE 2 A R tAh, =
EIH AR —Fh L hO O R W 2y 4R S O
B, PRARGE 0 B YPRAN 70%, R
BINERIK 52 s A, BRIk RTIE , 1B —Fh
W ULB ARG SR, RT LA AR 8, TR
S P W BT ENAT ST AL, (H B R T R Y
50%. SR, T Al (S Ik 4.5% Y AR B
IEARE, FEAFEOEIEIE 1.31%. Bahbkir:sh
Jik98 0.93% . B PE G B 1. 0.71% FIFET- 0.15%.
HAR R, HATH B EEYT 5 iknl fig H S g
o HEIR [ K A ME AF B HERE . ROR XY AF B2 0T,
AIREE e A TR AL (R0 B B0 . T, ARk
AFIRIT IR TS B B3R Y7 #E A5 . Choi 5 ™ 4
W B RGTEAF AP REEEEH, &
AF RTINS 2 —, THE T AT NS E M
TR TH Al A W R R PRAF S A . S5 SRR,
P2 AT IR YT B &R AF AT 80, (EXFRi4e
£ AF FIIGHA A 55 0 97 350nT Re AT B . AF 5 2,
ARG I 2 AL S U 2T BT IR PR AL
7N = R e An R L AR I s A S ER o2 R A T Tl
YT LAAE SRy 3505 115 B B0 0 A6 A bR ) . ot
Ah, XL B F 2017 4R — IS R, g h
WS 4k 1 241 & A (glycosylated hemoglobin,
HbAlc) KFEFE g AF BRI A ¢, =
T B — D B, AL HbALe K- RI AR
T AF T AEAE RS )

3 NMATENERMREEE

RIS T REX T AR 1. 41
FNZH LUK S35 Al R, (EEEASC 55 2 T
(%22 RUBE DI REAR BRI ™ A 1 AF AILRIANTEAE
M EAUSRIR AL 7 — A e EAELE, H T Gx L
ZRPEERE, TP ONERTRSr . & REER& RS
T 5 4% 0 B 7S 2 38 1 AT AF e 3 R
(E12) . M A8l0 I i A 38 2 A B 58 TR A
1952 4, Hodgkin il Huxley "**' i i iff 53 46 & I 4



2019; 46 (100

FiEe, & EMERCHERREEVHTRER 983

R A B I PR S B

/ ik ﬁﬁwww BB
' B \/> )
ooy = B BN = |y
A 4 \
EER 2 Z0 DT B AL
M m
S ¥ ¥ ¢
R APF=L TR B SR BBECG my
AR AL AFRR L] AFsft SHL e ECG

\ /

ey | [BOE/RIERS AL WA

CV. HMNEEEK. Gk
ko /N I-VHEIZRIE{E, AP, APD, wH, “ERNT. EWHLE
RP, ERP, APDA# & KJH #. DF. RM

Fig.2 Schematic illustration of virtual heart as a platform of atrial fibrillation mechanism
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Virtual Electrophysiological Heart Model and Atrial Fibrillation: a Review’
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Abstract  Atrial fibrillation (AF) is a typical persistent arrhythmia, and revealing its pathogenesis and
pathophysiological process is the key to AF diagnosis, prevention, and treatment. It also assists AF drug
development and clinical equipment design. Experimental and clinical results can only show the local
characteristics of cells or sub-cells and the macroscopic results of atrial fibrillation. However, with the
development of bioinformatics acquisition technology and statistical analysis technology, using multi-scale virtual
heart model to achieve the unity of macro-and micro-mechanism has attracted the attention of the research
community. In this paper, we systematically reviewed the advances in virtual heart modeling at various levels,
such as ion channels, cardiac cells, heart tissues and organs, and discussed the mechanisms of atrial fibrillation
based on virtual heart models and the treatment of atrial fibrillation. This paper also presents the challenges and
future development of atrial fibrillation.
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