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Defibrillating the Heart with Light



Cardiac arrhythmias- Abnormal heart rhythm

Ventricular arrhythmias  
~15% of all deaths

Treatments: drug therapy, 
electrical shock

Cardiac arrhythmiasare characterized by excitation waves
with complex spatio-temporal dynamics.
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Cardiac Optogenetics

Control cellular activity 
via light-sensitive proteins 

Control and study cardiac electrical activity.
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Cardiac Optogenetics

Direction, 

Conduction Velocity, 

Spiral Chirality

ÅTemporal control    
[Bruegmann, 2010], [Abilez, 2011]

ÅPhotocurrent                  
Å[Abilez, 2011]

ÅAction potential response  
[Bruegmann, 2010]

ÅOptical pacing properties  
Å[Jia, 2011]

ÅSpiral wave arrhythmia 
termination                   
[Bingen, 2014] 

Control of electrical waves      
[Burton, 2015]

ÅCell type-specific control   
[Zaglia, 2015]

ÅDefibrillation patterns       
[Crocini, 2016]
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Goal

ÅWhat is the influence of the intensity, surface area and duration 
of optogenetic stimulation during arrhythmia termination and 
control?
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Optogenetic Defibrillation
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Optogenetic Defibrillation
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Optogenetic Defibrillation

Recording:
1,000 fps
64x64 pixels

Arrhythmia induction:
- Low [K] 
- PinacidilĄ KATP channel opener Ą shortening of action potential
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Role of duration and intensity
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