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A Introduction

1. What is shorterm cardiac memory?
2. What has been known about memory on APD dynamics?

A Memory unmasked or exacerbated by diseases

1. Early repolarization syndrome: Sh&pfl,Brugada & Jwave syndrome
2. Reduced repolarization reserve: Long QT syndrome

A Memory induced complex APD dynamics

1. Memory from ion channel recovery
2. Memory from ion accumulation

A ConstantDI pacing control of voltag@riven instabilities

A Future work
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Cardiac memory

Longterm memory
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S1S2 and dynamic APD restitution curves
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An iterated map model without memory

APD.=f(DL)=f(mT-APD)



An iterated map model with memory
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Sources of memory

A Longterm memory:protein synthesis, posttranslational
regulation

A Shortterm memory:
1. Slow ion channel recoveri;

Time scale: R sec
2. Slow intracellular ion concentration accumulation: [Ca], [Na]

Time scale: many secs to minutes



Memory from ion channel recovery



Early repolarization syndromea3rugadasyndrome
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Complex APD dynamicsin Brugada syndrome

A “Ischemia® BCL =800 msec
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T-wave alternans irBrugadasyndrome
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Complex APD dynamics in the presence of Ito
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Voltage (mV)

APD (ms)

Unmask/exacerbation of memory by Ito
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Adding Ito to the LR1 model
LR1
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Ito iInduced memory and chaos
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Ito iInduced memory and chaos
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Slow recovery of gate Is responsible for the memory effect
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A new iterated map model incorporating memory

V(D)
Vv
X(t) dX _ Xoo — X
Y G )V dt X
t 6((?%03) I 65|00 70|OO
Xn+1 — [Xﬂ o ("t—ﬂ o -lrz)e_((ir!/rf;}]e (dnf7a) — W(.Jf”, ﬂn)

Uyl = Q(X”_H. dn)

600 -

g, (ms)

00 0.2 04 06 08 1.0

X




Recapitulate the bifurcations by the new iterated map model
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Recapitulate the bifurcations by the new iterated map model
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Mechanistic insights from the new iterated map model
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Mechanistic insights from the new iterated map model
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Reduced repolarization reserve: long QT syndrome
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(Gilmour R, JACC 1996)
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Chaotic EADs in ventricular myocytes

Isolated rabbit ventricular myocyte Computational model
exposed tol1 mMH 02_ (UCLA rabbit ventricular model with

modifications)
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What is the dynamical mechanism of EAD chaos?
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Memory under reduced repolarization reserve

No Ito
(a) ; (b) 3500 () .
404 ] 1400 -
00 ] ___ 3000- |
—_ v ] % 1200
S EAD £ 200 - _
E 20 ~ 2000 LA, 1000
> 0] & 1500 N W B 800 4
| ] £ S TN SO S S
-80 500 - Ty G = 1
80 T T T T T T | L T |I”7 T T T ‘-‘ 400 T T T T T T T ]
3000 4000 5000 6000 7000 1000 1500 2000 2500 1560 1570 1580 1590 1600
(d) t (ms) (e) T (ms) (f) T (ms)
3500 - 3500 - 1200 -
. 3000 . 3000+ -j_ 1 -~
7)) — [7;) 1 — 1000
2500 1 Ts151=1.5s 2500 1 -
£ 5151 §, ] ; _
) o 20004 — 800 -
(a a _
< <C 15007 o I
10004 I 600
500 Jmmmrm e e 1
— T T T ] L T T — T T T ‘— 400 T T T T T T i 1
500 1000 1500 2000 2500 3000 1000 1500 2000 2500 1400 1450 1500 1550 1600
DI (ms) T (ms) T (ms)
(8) 3s00- (h)
— 3000 -
£ 2500 £
~  2000- =)
o o
< 1500- <
1000 -
500 -
i T j J i ! L — T T T T T 400 T T T T T T T
0.05 0.10 0.15 0.20 1000 1500 2000 2500 1260 1280 1300 1320

Xn T (ms) T (ms)



Summary

Memory due to slow ion channel recovery (namely IKs) plays important roles in
inducing complex APD dynamics (high periodicity and chaos) in either early
repolarization syndromeBrg or reduced repolarization reserve (LQTS and HF).
Memory promotes instabilities instead of suppressing instabilities.



Memory from intracellular ion accumulation

TPO04 (Teusscheet al, AJP Heart 2004)



Memory caused by intracellular Ca accumulation
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TPO04 without Ito
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TPO4 with Ito
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An iterated map model with C& accumulation memory
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An iterated map model with C& accumulation memory
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A new map with C& accumulation memory
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An iterated map model with C& accumulation memory
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Theoretical prediction of the iterated map model
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EAD and chaos in the TP04 model
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Bifurcations using APD=f(DI)
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Bifurcation of the new iterated map model
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Bifurcation of the new iterated map model
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Summary

Memory due to slow intracellular Ca accumulation plays some roles as slow ion
channel recovery in inducing complex APD dynamics, i.e., instead of suppressing
instabilities, it promote APD instabilities.



ConstantDI pacing control

APD,=f(Dl)
Jordan andChristinj JCE 2004

Chaos focus issue (2017)

Zilochiveret al: Modeldependent or MCa coupling strength

Cherry: can be used for inferring the source of instabiligriven or Cadriven.

Otani: General map analysis



A general iterated map analysis by Otani
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ConstantT and constaniDI pacing in the LR1 model

Constant-T pacing
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ConstantT and constanfDI pacing in the iterated maps

Constant-T pacing
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Conclusions

1. Memory can be unmasked/exacerbated by Ito (early repolarization syndrome) or
reduced repolarization reserve (long QT syndrome)

2. Memory, instead of suppressing complex APD dynamics, can induce complex A
dynamics, namely high periodicity and chaos, by converting monotonic map functic

into nonmonotonic map functions.

3. ConstariDI pacing may fail to control voltagkiven instabilities.



Future works
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Ah+1—9 (dm Xh+1 Ch+1)

Memory due to slow recovery of other ion channels, such LCCs or slow Ito

An equation describing the intracellular Na accumulation is needed to
investigate the effects caused by [Na] accumulation memory.
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Future works
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Future works
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