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Bifurcation Theory

» Classical bifurcation
— Context: smooth systems

— Phenomena: . saddle node, ...

 Border-collision bifurcation
— Context: piecewise smooth systems
— Typical Phenomena: ey

— Atypical Phenomena: instant chaos, ...




Paced Cardiac Tissue

Bifurcation Diagram
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Bifurcation to Alternans '«

e Classical period-doubling bifurcation

— Nolasco & Dahlen (1968), Chialvo et al.
(1990), Fox et al. (2002), ...

e Border-collision period-doubling bifurcation
— Sun et al. (1995)




A Model of Classical Bifurcation
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A Model of Classical Bifurcation

the bifurcated branches are tangent.




A Model of Border-collision
Bifurcation
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A Model of Border-collision
Bifurcation
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the bifurcated branches are tangent.




Differentiation

Who Is Who

Alternate Pacing




What Is Alternate Pacing

Constant Pacing:
Bn:BO BCL..........BO

beat number

Alternate Pacing:

Bn:BO—I_(-l) 8 o o BO-S

beat number




Alternate Pacing

Who Did What

by Heldstab et al. (1983)

theoretical and experimental work
with application in physics

to detect cardiac alternans
suggested by Karma and Shiferaw (2004)

of the response in classical &
border-collision bifurcations, Zhao et al. (2006)




Response to Alternate Pacing
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Prebifurcation Galin




Prebifurcation Galin
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Experimental Setup
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Experimental Protocol

1. Constant pacing:

B =B, (2 minutes)
2. Alternate pacing:

B =B0+(—1)n 0 with 0=20ms (20 seconds)
3. Repeat step 2 with 0=15ms, 10ms, and Sms
4. Constant pacing: B_ =B, (20 seconds)

Reduce B, by 25ms and repeat steps 1-4.




One Example Trial

* constant pacing

* alternate pacing

700 750 800 850 900
BCL (ms)




Categorization of Data

12 trials:
- 45S
— 4B
— 3F
- 17




Surprise: Remaining Trial

e Alternans seen at

B,=750ms

Smooth-like behavior
at B,=7/5ms

BCB-like behavior at
B,=800ms
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Unfolded Border-collision
Bifurcation (BCB)

Skewed tent map:

Xn+1 ZIU—O(Xn _ﬂ

Border-collision period-doubling bifurcation occurs when

-1<a+p<1<a-B and -1<a’ - B <1
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Unfolded Border-col
Bifurcation (BCB)

Skewed tent map:

Xn+1 ZIU—O(Xn _ﬂ

Border-collision period-doubling bifurcation occurs when

-1<a+p<1<a-B and -1<a’ - B <1

Unfolded map:

X1 = H—OX, _IB




Unfolded Bifurcation

+.

Stz | Stz

5 1 15 20 5 1 15 20
o o




Summary

« Alternate pacing protocol can
differentiate between the classical and
border-collision period-doubling
bifurcations

e Alternans in paced frog tissue exhibits
hybrid behavior, which Is captured by a
model of unfolded border-collision
bifurcation
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