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ACTION POTENTIALACTION POTENTIALACTION POTENTIAL

APD APD -- action potential durationaction potential duration

DIDI -- diastolic intervaldiastolic interval

PCL PCL -- pacing cycle lengthpacing cycle length
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Why life threatening arrhythmias Why life threatening arrhythmias 

always suddenly start and stop?always suddenly start and stop?

99

Roughly half of the deaths caused by cardiovascular disease are Roughly half of the deaths caused by cardiovascular disease are 

sudden. The majority of those sudden deaths sudden. The majority of those sudden deaths –– an estimated 300an estimated 300 000 000 

per year in US per year in US –– are associated with ventricular fibrillation.are associated with ventricular fibrillation.

A



� changes in autonomic nervous system activity, 
� metabolic disturbances, 
� myocardial ischemia,
� electrolyte abnormalities, 
� acute volume and/or pressure overload of the ventricles, 
� ion channel abnormalities,
� proarrhythmic actions of cardiac and noncardiac drugs. 

Goldberger J. J. at al. Risk Stratification for Sudden DeathRisk Stratification for Sudden Death
JACC, V. 52, N. 14, 1179 –99. 2008

Factors known to trigger Factors known to trigger 

or modulate VT/VFor modulate VT/VF

” However, these factors alone cannot explain the 
apparent randomness of the occurrence of fatal 
arrhythmias ”

Michael Rubart and Douglas P. Zipes,  ,  Mechanisms of Mechanisms of 
sudden cardiac deathsudden cardiac death, J. Clin. Invest. 115,2305 (2005).



Multistability

the coexistence of several stable states of a the coexistence of several stable states of a 

system at a fixed set of stimulation system at a fixed set of stimulation 

parameters; parameters; 

each of the stable states realizes from each of the stable states realizes from 

different initial conditions.different initial conditions.



� Mines G. R. On dynamic equilibrium in the heart. Journal of 
Physiology (London) V. 46, P. 349–383, 1913. (in frog)

� Nolasco J. B. and Dahlen R. W., A graphic method for the study 
of alternation in cardiac action potentials. Journal of Applied 
Physiology 25, 191–196, 1968. (in frog)

� Yehia A. R., Jeandupeux D., Alonso F., Guevara M. R., Hysteresis
and Bistability in the Direct Transition from 1:1 to 2:2 Rhythm in 
Periodically Driven Single Ventricular Cells. Chaos. V. 9(4), P. 916-
931, 1999. (in rabbit)

� Hall G. M., Bahar S, Gauthier D. J. Prevalence of rate-dependent 
behaviors in cardiac muscle. Phys. Rev. Lett. V. 82, P. 2995–2998, 
1999. (in bullfrog)

� Bien H. Cardiac arrhythmogenesis in urban air pollution: optical 
mapping in a tissue-engineered model, Doctoral thesis, Stony 
Brook University, 2007. (in rat)

BistabilityBistability observations  observations  in in 
vivo (animal) experimentsvivo (animal) experiments



HodgkinHodgkin--Huxley Ionic Current ModelHuxley Ionic Current Model
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is rate of channel 

opening;     is rate of 
channel closing;

and    are functions 
of determined by 
experimental curve fit
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� - the total transmembrane ionic current,       
determined by choice of cellular ionic model

� - a stimulus current,
� - the membrane capacitance
Ionic models are increasingly detailed:

1414

The rate of change of The rate of change of transmembranetransmembrane potential  is given bypotential  is given by

CIIdtdV stimion /)( +−=

C
stimI

ionI

A single cell modelA single cell model

�� Noble Noble 1 – 4 ODEs
�� LuoLuo--RudyRudy2 – 8 ODEs
��Ten Ten TusscherTusscher -- PanfilovPanfilov3 – 19 ODEs
�� FlaimFlaim--GilesGiles--McCullochMcCulloch4 – 87 ODEs

1Noble 1962; 2Luo et al. 1991; 3 Ten Tusscher & Panfilov 2006; 4Flaim et al. 2006
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C. C. LuoLuo and Y. Rudy.and Y. Rudy. Circ. Res. 68  (6), 1501 (1991)Circ. Res. 68  (6), 1501 (1991)



y

yy
dtdy

τ
)( −= ∞

Ionic gatesIonic gates
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LuoLuo--Rudy model ...Rudy model ...1717
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ACTION POTENTIALACTION POTENTIALACTION POTENTIAL

APD APD -- action potential durationaction potential duration

DIDI -- diastolic intervaldiastolic interval

PCL PCL -- pacing cycle lengthpacing cycle length
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The S1The S1--CICI--S2 protocol of stimulationS2 protocol of stimulation
(Surovyatkina et al. 2007, 2010)(Surovyatkina et al. 2007, 2010)
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Multistability in the human Multistability in the human 
ventricular single cell model ventricular single cell model 
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1.1.The additional mechanism of sudden The additional mechanism of sudden 

change in heart rhythm based on the change in heart rhythm based on the 

multistability property of the human multistability property of the human 

ventricular cells is proposed. ventricular cells is proposed. 

2.2.The multistability mechanism may explain The multistability mechanism may explain 

the apparent randomness of the the apparent randomness of the 

occurrence of fatal arrhythmias in the occurrence of fatal arrhythmias in the 

human heart.human heart.
2222

Why life threatening arrhythmias Why life threatening arrhythmias 

suddenly start and stop? suddenly start and stop? 

Conclusion



Multistability in Models of Mammalian Multistability in Models of Mammalian 

and Human Cardiac Ventricular Cellsand Human Cardiac Ventricular Cells

� Surovyatkina E., Egorchenkov R., Ivanov G. 
Multistability as intrinsic property of a 
single cardiac cell: a simulation study//Conf 
Proc IEEE Eng Med Biol Soc.1-4244-0788-5/07. 
2007. P. 927-930.

� Surovyatkina E., Noble D., Gavaghan D., Sher A. 
Multistability Phenomenon in Ionic Models of 
Mammalian and Human Cardiac Ventricular 
Cells. Progress in Biophysics and Molecular 
Biology. doi:10.1016/j.pbiomolbio.2010.01.004 , 
2010.



Listen to your heart....Listen to your heart....

Thank you!Thank you!


