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Cardiac arrhythmias suddenly start and stop



G. R. Mines (1913)

Anatomical Reentry





M acroscope f or studying  dynamics in tissue culture 
(Gil B u b ,  A lv in  S h rie r,  Y o s h ih ik o  N a g a i,  K a t s u mi T a t e n o )



Pacemaker

N a g a i,  Go nz a l ez ,  S h r ier ,  Gl a ss,  PRL  (2 0 0 0 )

Dynamics in a Ring of Cardiac Cells



R een t ry



C a rd ia c  B a lle t



Physiological properties of real 
heart cells

• E x c i t ab le
• O sc i llat or y  ( c an b e r eset  and  ent r ai ned )
• F at i g u e ( less ex c i t ab le f ollow i ng  r ap i d  
st i m u lat i on – ov er d r i v e su p p r essi on)  

• H et er og eneou s



FitzHugh-N a gum o M o d e l  o f  P r o p a ga tio n  



P r op er t i es of  E x c i t at i on C i r c u lat i ng  on R i ng s
• A s  t h e  rin g  b e c o me s  s ma lle r,  a n  in s t a b ilit y  d e v e lo p s  

s o  t h a t  t h e  c y c le  t ime  f lu c t u a t e s  q u a s ip e rio d ic a lly
(Fra me  a n d  S ims o n ,  1 9 8 8 ;  C o u rt e ma n c h e ,  K e e n e r,  
Gla s s ,  1 9 9 3 ) 

• A  s in g le  s t imu lu s  c a n  e it h e r re s e t  o r a n n ih ila t e  t h e  
e x c it a t io n  (Gla s s  a n d  J o s e p h s o n ,  1 9 9 5 ;  Ge d e o n a n d  
Gla s s ,  1 9 9 9 ).  R e le v a n t  t o  a n t it a c h y c a rd ia
p a c e ma k e rs .   

• R e s e t t in g  o f  a n  e x c it a t io n  c irc u la t in g  o n  a  rin g  c a n  b e  
u s e d  t o  p re d ic t  t h e  e n t ra in me n t  b y  p e rio d ic  s t imu li 
(N o mu ra  a n d  Gla s s ,  1 9 9 6 ;  Gla s s ,  N a g a i,  H a ll,  T a la j ic ,  
N a t t e l,  2 0 0 2 )



S trateg y of  “ P roof ”  of  A nnihilation of  P ulses 
Circulating  on R ing s ( G edeon and G lass,  1 9 9 9 )

• A  ring  of  ex citab le medium supports a circulating  
pulse

• * Continuity theorem:  I f  a perturb ation deliv ered 
at any phase of  a limit cycle oscillation leav es 
the state point in the b asin of  attraction of  the 
limit cycle,  then the resetting  curv es are 
continuous.

• R esetting  curv es f or stab ly circulating  pulses on 
a one dimensional ring  are discontinuous.  



Calcium Spiral
(Calcium Green)

V o lt ag e  Spiral
(d i-4-A N E P P S )

Calcium T arg e t
(Calcium Green)

P ac em ak er s and  R eent r y  i n T i ssu e C u lt u r e

S p ir a l  w a v es h a v e b een h y p o t h esiz ed  a s a  m ec h a nism  f o r  V T a nd  V F (W iener
a nd  Ro senb l u et h ,  K r insk y ,  W inf r ee,  A l l essie,  J a l if e,  a nd  m a ny  o t h er s)



Time in 
C u l t u r e:

3 0 h

3 9 h

4 5 h

4 8 h

5 4 h

6 5 h

4 1 h
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irre g u la r
a c t iv it y

D y n a mic s  a s  a  Fu n c t io n  o f  A g e  o f  T is s u e  C u lt u re

Bub e t  a l .  J o ur n a l  o f  C a r d i o v a s c ul a r  E l e c t r o p h y s i o l o g y   2 0 0 3



A nat om y  of  a b u r st

B u b ,  Gl a ss,  Pu b l ic o v er ,  S h r ier ,  PN A S  (1998 )
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A ctiv ity starting  f rom ex citation 
in the top row  at t= 0 .  

A c t iv a t ed
T= 10 0

A c t iv e
T= 10 0

A c t iv e 
T= 10 0 0



C el l u l a r  A u t o ma t a  M o d el  o f  C el l  C o nnec t iv it y
Reduction of cell connectivity is modeled by decreasing r,  th e 
neigh borh ood for interaction.  C onsider a cell a distance δ aw ay from 
an activation front.  F or a cell to be active at th e nex t iteration th e ratio 
betw een th e number of ex cited cells in its and th e number of inex cited
cells must be greater th an th e th resh old.  

2 r
r-δ

r+ δ
δ θ  <  2 r( r−δ)  /  2 r( r+ δ)  

θ  <  ( r−δ)  /  ( r+ δ)



rc=δ ( 1 + θ ) / ( 1 −θ )

B o u n d a ry  o f  b lo c k  a s  a  f u n c t io n  o f  t h e  ra d iu s  o f  in t e ra c t io n



R = 3 ,  θ= 0 . 3 5  

R = 1 . 8 ,  θ= 0 . 3 5  

T a rg e t  p a t t e rn s  (‘ p e rio d ic ’ )

b u rs t in g

1)A d d  sp o nt a neo u s a c t iv it y  b y  g iv ing  ex c it a b l e c el l s a  p r o b a b il it y  o f  f ir ing .
2 ) A d d  f a t ig u e b y  g iv ing  ea c h  c el l  a  f a t ig u e v a r ia b l e η w h er e
a ) if  t h e c el l  j u st  b ec a m e ex c it ed ,  ηi,j(t+1) = ηi,j(t) + F ,b ) O t h er w ise,  ηi,j(t+1) = χηi,j(t), w h er e 0 < χ < 1 (ex p o nent ia l  d ec a y )
N o w  a  c el l  is a c t iv a t ed  if  ηi,j +  θ < active/ inactive

S imulating  b ursting  dynamics as a f unction of  
connectiv ity



O rg aniz ation of  dynamics in parameter space
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Practical A pplication s
• A naly z e c om p lex  r h y t h m s f or  d i ag nosi s 
and  p r og nosi s



Normal A t ri al f i b ri llat i on

h t t p : / / w w w . ab ou t at ri alf i b ri llat i on . c om
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C a n  y o u  d e t e c t  a t ria l f ib rilla t io n  b a s e d  o n  t h e  R R  
in t e rv a ls ?  



N ational R esource f or Complex  P hysiolog ic S ig nals 
A .  G oldb erg er,  D irector

h t t p : / / w w w . p h y s i on e t . org



U se H istog rams of  ∆R R  I nterv als to detect A F

Ta t eno  a nd  Gl a ss (2 0 0 1) 



D a t a  A n a ly s is :  M I T -B I H  a rrh y t h mia  d a t a b a s e  
(Fro m P h y s io N e t )
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C on clu sion s
• E x perimental systems and mathematical 
models of  reentry show  parox ysmal rhythms 
similar to parox ysmal reentrant rhythms.  T o 
date these hav e N O T  b een a f ocus f or 
theoretical analysis.  

• A pplications that use nonlinear mathematics 
f or b etter diag nosis,  and control of  cardiac 
arrhythmias are under dev elopment
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