Page 1

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

sueula}je JuUepJIOISIP JIqIyxe
ued suielb pues Auejy

s 10U

Hoyg b

wJioe|d Buneiqia
e AQ sueulaye

O}Ul UBAIIP 8q Ued
ulelb pues a|buIs v

1 fA7s0oy =2

$661 “Te 10 Aouuimg

SUBUIS)Y PUBS JUBPIOISI(]

(PaRIWgNS) 9007 'S8y "2UID “|e 1o Ojes -
9002 ‘SYNd ‘Bwie)y| pue meisjiys .
G00Z ‘3 'A9Y 'sAyd “'|e 1o messjys -

€002 ‘r sAydoig “|e 1o meiajys -

900¢ Tdd

e Jo sy -

200Z soey) ‘ewuey| pue eleqayoy .

(sebed og)

900¢ lewpuo)

2002 ‘"Tdd ‘ewliey pue eluegayoy .
L00Z '3Or “[e 1o aqeuejep) -

auINO




Page 2

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

AHIN3I3Y 30078 SNYNH3LTY INVAHOOSIO

S 1lv3g v iv3a €1v3g

Sw 005

An i AN v
A noA 'Y AAVAN | S B Y \ ] L3S
.C. ,___ ,;C).,.), | ,/.,_ f?y W ARAVAVIY VAN
o YR
7

AN A AR

YA \ A\ f A\ A\
AAA NN VY [ S\ YN\ 23us
,,_/,L//,\u.f\/\?_rﬂ)f_, WAV (VAN | \ | \ |

\ANAMA A NS AN [V [ ea3us
/\,/\( [.,( /. ,/[. / /L
w

Loada b i |~
A ooz »c.:,r.?& _,mmt,_,L‘.,f. i .Ja,(..,..\,p

041 0L 081 OBIO8L 081 7O
*— d4A 9 S vy € 2 b ivaa

NOLLYZIMVIO43Y

NOILVZIHY10430

6661 “Ie }o alojsed

dANE
sueua)|y

JuepJoosi(

wiwi/o9asw |
<jusipeis)

AA/LA GOﬂ-@NﬁﬁﬁOQDa Jo

SueuIal|y

Anuady - Judipess [enedg - JuepIodSI(]

Jeaq UaA9

./Kﬂ yeaq ppo

15718

SIS

SUBUWIA Y JUEPIOOSI(]




Page 3

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

wuw pg

(swm) |
adv |

00€

(sw) F

adv |

0og L

(sur) :
aav N

00¢€

suolje||19so Buljgnop
poliad aseyd-j0-1no Ajeneds
= sueuJa)e Jueploasi

¢, uiblio siweuAp Jo
Jl}e]s JO sueuld)je |edli}os|o 9|eos
ansslI] Jueploosip Ajjeneds aly




e

3 O

0

f,:- N
i N
3

-—

o

o

N

LL

@]

% -

R —_

e\ ©

P14 -

% D

jil )]

Q

i [v]

c

©

i)

' 2
0

Surprise: wave patterns ?

?

A




Page 5

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

TUUSTSTST I, JuBISuod +
SUBUIQ)Y <mmm UODMNSII-AdYV
Jo adoys dadg

(. adv—1)f = .adv q

[—] |

L
adv
B A

imm—l—lﬁﬂm N SUBLLID Y

¢ Uibugjaonem
l1I8Y] Saulwialap leym pue
wio) suiaped snem asay) op MoH




Page 6

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

"9[qed 2y} Suoje

uonsod uo snyj pue ‘[ d10ISeIP
18207 a3} uo spuadap (AD) Ad0[2A
UOTIONPUOD IO ‘JUOIJOABM UOHBALOR
oy Jo paads snoauejueisul Y |,

1d

AD  uonmmsaYY-AD

b
aseyd Jo a3uey) <=m ] JO d3ueY))

L] L | L
1] \s|\ 1| \s|\s|\ 1

TSTS € STS1

surseyda(g




Page 7

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

IS - (2002 ‘euwue)-elleqayo3l)
uonniisal-qdy snoausbois)oH

(0002 ‘|e 1o eqeuelepn)
- )eoq 21d0)o7 .

(200Z ‘eweyj-elIEGaYDT
11002 ' 10 aqeuelep ‘0002 ‘e 18 ND)

daco::“:wm._ uoIoNpuUO? »
J

20UBpPI0oSI(] JO SWSIUBYISI

1Jo uonnIsal

e - JudIpeID) - uonoONpuo))

Buiseyda(] |E20JUON




Page 8

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

01 0

c1c

e ddV

cel

¢1¢

ddVv

cee

¢1c

ddVv

cee

g X 0 'L

g ———— S

(X)) a@2¢ (X0
Xp Mﬂ

(%) . @I (%) L=(x).a

(c661) Jousey pue sse|n
‘ayoueWANNGY Jo sdew pajdnoo Ajjeleds Jo anssl) 0} UoISUSIX]




Page 9

2C

Nb

q—>b

0>D

——

" -5

~~7

=v 2/d adv xa)

(X)q

om—v 0 2+ PX-D0O

(2 =+ (0

X

p'o
w? 4+ L~ L

w® P+ °AdV ~ AdV

o A G < €,
(Z00T) 10180T ‘88 T¥d ‘BULIEY-BLLIBQIYIH

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

(1)e+’

ddVv = .ddV




Page 10

(sur) 2

1783 c_m CCm oon cxo c:c

o
(W)

-+ en

SO00% ooooooxxx**.

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

0+ 1N/ (VD) ~
J / \ o A/\\Sv N a%:&h&w@\

ou.« 02
L |L§.T%?mbc
O I

x N )
b0 S+v'om—(Xpxp [ —-po=p'p
(10 +xyndxe ~ v

AJIIQRIS JBAUIL




Page 11

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

(pajeurwiop UOISNIJIP) SANIIAUOD
(pa1RUILOP UOIIIIAPR) AIRUOIIR]S
Ajigeisur Y uly eiA suidyed jenedg

]

UOISNIJIP PUB UOTIOIAPE +
3urseydap [edouou +

3ul|qnop poLdd
UoISN|oU0)
¢
i
— =V o/ ~M
9/
C
Il 1 3 | CECO 1e00 €SE  dqeuBA-OM],
LT 9°C L3t 10 S+0O°0 "6t AGON
Ry AR 7 Al G 7 A ¢ 3 M vV [OPOIN
‘[(£) "bg jo suoneuwis wody] “Sy pue [(¢1) Jo (1) sbH]

0y I WO Ul SYISUI] SNOUBRA  JO SaneA 1 I9VL

AupUovis

(V) 2g = Y




Page 12

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

P
7
Sﬁc 4

uonenbas zjjoywjeH peoJo4

Q)AL = M5 —-0) +

(2002) ewiey-eLIEqRYOT

(ud) x
€ECTO
so=t

-
-
b=

1 00T

1 0ST

00¢

(sw) qdv

(sw) adv

n z
PEM=()  ( qav- AdV) 7+ L= L

|jonuo)D




Page 13

L uwoL~ L Z € ¥ §9 :epososjaooiw

apoJjsle
Bunenwns

Jaqy slunpnd

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

apouney O dum sap) 1 anssaxd ae jo 1oysdoug — — -

pua apoy @ o paxyy w aunssad aw jo joysdous pua
pasop wado
llll,llllli;’l-l'

— —— —— - -
nv N -.
< 7 >

adi v ur aapyy pumog Surpuvi§ rapopy ppruawvpun J




Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis Page 14

[aV}
e
o~
=~ F B
2 @)
~
el
b - -
| — o — c
= _— 2
ey S o
— - Q
~ 5 > : g
: 5
e a) O s
—~— >
s O :
:
=1
— @ :
N w
~ I~ o III
N
e
S
1 I 1 I i { O ]
& & 2 e oinamisL s

(s

S

) epmiubepy sueuisl|y




Page 15

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

,,,,,,,

sw gL =12

Sw oot =10

swooy=19

Sw 000k =110

IRRRRRAERE

Y9 Y %YYL

22?%.

(c002) e je upnyd
é,¢,¢,9Ne|S
oy} Sl oym
pue Jsjsewl
9] SI OYAA




Page 16

¢ uiblio oiweuAp
10 2l1}E)S JO sueuldje wnio|eo a|eos
le|n||@ogns jueploosip Ajeneds aly

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

(Qud ‘e1x enH-1e7 Aq Juswiadx3) Deez ‘Yoled pejetopad ‘91£a0AL JBINOLIUSA Jigdey

(25m) oesy  (SSIOMA 'N ' J0 Asaunod)
st oL ~ sz
| , , . , Loy IO Eol
gl nf.uM o fsry TR
soz S ko < m
Egz o st
cas i mlw_ ol A
, - A s 3 m
WA N SN 2] A A Rt
W WS oz S Fee A
“gz sz
- oe- . - [ oe-
- op \W [ ;jwf ov- W
[ o z AYRIR J\fo IM
- ov ot

yB1y-moj
= pay

mojy-ybiy
=anjg

dew aseyd sueulisje 'e9 sousosalon|4 'eD

81A00A |\ 8|Bulg 8y} ul Joineyag 'eD-ady xe|dwo)




Page 17

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

wrigol

-
wrlgg
L

2

%

sjauueyd HAY |ngny}

/ |
mmcmcuw_w _Mﬂ_u ucgaun( oipeAp s BuwwajooIeS
aseyd-jo-jno Ajjesiueysswol}os|g annpebapN 9AlISOd

[N

aseyd-ui Ajjesiueyssawios)ods|3
I
—'en

€D

Zen

eg-- | la _
—

‘la A

Buijdnoo aseajas pape.o)

ooeds
SuBIqUISTUQNS —

g — A"

EH o; av; mv_m Ty eNy




Page 18

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

A .-

sueuialje sueuislje
uoneinp I Juaisuedy
leljusjod wnioe)
uonoy I"
H\ FAIESe) z L1RD Q

wisiueyosw uoineziuoiyouhse(

O.ANA+2M+09+0A=2"9

2 +p0=p'p

wirl
00T 08 09 or 114 0

A )
nigeisul axi-Bunn | .
1 1 z |
1-) 2+ v = pD 0
1) p— ddv = ,Adv 50
(9002) SYNd ‘Buwley ' meiajiys I

uoinelaidiajul ® wu\_:wmm_




Page 19

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

J, uoljeziuoiyouAsap Jo suoljelsajiuew
9|eos anssli] ay) ale JeypA

‘'sueulalje wniojed jueploasip

Aljeneds Jo sulaned Jejn||@agns o} spes|
uoisnyip (Joyqiyur) abejjon pue (Jojenijoe)
wniojed Aq pajeipaw Ayjigeisul ayi-buun |

uoisnjouo9




Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis Page 20

P T — o

=]
M o ®

(sywo) AD

[=2)
N

D 33

Voltage driven

1cm

CV and CV restitution during discordant alternans

i

o (3] [ - [=]
o™ N (sp] (o] o o

33
31

B
NG NMMMW\M\MMW\NW&A
33p
32
" 31
30}
290 100 200
DI (ms)
-~
0 100 200
DI (ms)

woy < (syw2) AD (&) (s/wo) AD




Page 21

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

Buiidnod “A «—  ‘epnnebon

Budnog “pA «—  ‘'eprpebapn

08¢

09¢ ore 0ce 00€

Pundnoo“n «—  'esanisod

ore 0Z¢ 00¢ 08¢

ST
[Saseaeios v o
e s ;o

s||eo om]

Buidnog“n «—  'esAnIsod
ove 0Z¢e 00€ 08¢

[192 3|BbuIg

Z 24nbi4

wo |

0v€=10d

85€=10d

00¥="10d

Buiidnos “'p <—'ep aanebap

082=10d

00¥=10d

Bulidnos Yp €«—'en ansod




Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis Page 22

o o 0 o
S o N o0 n O
n O = 0O = 0
Q O X
o
o
<
E o
7]
o
T 18 :
o o
O o 2
(40 !
N 8
© S 2 3 ;
c ) £ =
\ % =
O 81 o z
et 4 .,-}: ‘o c
M® | = 13 2
O = S
= O
- = —
T =4 JN
M = |°
0 o L0 LS
© <?
|
(M) spnydwe sueuss}je Juaisuel) ‘') < < i 0
wo |




Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

Page 23

500 to 320

Ca driven instability, BCL

wdo G0

370 to 320

Ca driven instability, BCL




Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis Page 24

®
I T T M) — “o O «
- o %
-
LRI TTTT W o 8
- P~
[op] (=]
LR L] RO N I o
- - —J L
O {ev 1 Jey
Pl i R . m d
T — - - — _—
Db i W e e b £ o =
= S > L
o Qo i —
(9] LUOL (1] X = x
) < o g= E:
C c
8 m - —
(o] > c
n = [
6‘ Im o Z
-~ 3V
m ' ~‘Ilil.| O o © o
- LA IR TR RN TR T 8
=
= T -lu...u
0 ST T g
v o
-
7] N . 1 g
£ o [T H
c o
(] H
> o :
= I~ :
o 2 o i
o = ] P ]
© c‘% ) ; )
— m s
w : —
£ = £
c i -
[ e H
= S 5 x
= - = H
© 2 i 1
= c
o H
2 i
= :
© :
o H
O ~ o ~ e
<C om




Page 25

Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis

SuBuUJa)|e JO wWsIueyosw Jejn||eo
0} pajejal uoibal [epou Jo 9|eds |enedg «

SUoIlIpPUO? |eniul pue Buldnoo jo
ubis yjoqg Aq psousnjjui sueussle Jo suisned «

uoisnjouo)

(,-wo) ¥
oY 0¢ 0¢ oL 0

.- - A .-—__ A ...

: —\Ol
(e1E1S JEBUIUOU) A] \
O O O 0O 00

o O O 0O OOoCCrXEP 900

(e1e3S snosusbowoy) |

X X X X X XXX
(s1e1S snosuabowoy) ||

O alel ymwoub

o O O 000 L0

,@Ew ._moc__co,E 11!




Prof. Alain Karma, Northeastern University & KITP (KITP 7-25-06) Role of Spontaneous Symmetry Breaking in Arrhythmogenesis Page 26

(c)

1.0
L (cm)

(b)

0.0

(swr) q (sw)e




