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Overview Control Methods Summary
o Alternans Is a beat-to-beat alternation (period-2 dynamics) in cellular < Adjustments to stimuli timing: | | - e Constant DI can control APD
action potential shape and duration that leads to alternans in the T-wave + Constant diastolic interval (DI) pacing®: adjust e (o 0 58) it a pacng mertod of alternans for all but the most extreme
of the ECG. period to keep d, =T —a, constant using the T = 170ms using feedback applied to the cases; care In DI selection is required
: : : : .. APD variable a,,.Control is successful in : :
o Alternans often precedes more dangerous arrnytnmias like ventricular maximum, minimum, and average of the Dls eliminating alternans in all variables. only for extreme calcium-driven
fibrillation. occurring during alternans. % mmmmmm—— o alternans.
« Because alternans is one pathway to fibrillation, methods to control e Early stimulus!: perturb period proportional to _* 1 r e Early stimulus control (period
alternans are an important area of study. APD, — APD,,_,. 10 120 ,>_"""' feedback) works to control APD
« Many methods proposed for controlling alternans have been tested < Feedback applied to state variables: 0 —— oo S— alternans in all cases except the most
using models with only one mechanism for alternans.  Feedback toward the approximate fixed point: eraon; fteration extreme Ca-driven alternans cases.
 We want to understand how the alternans mechanism affects the ability apply feedback proportional to z, — z; for a state " = o « Controlling APD alternans through
to suppress alternans. variable z,, where z is the average of the values _ 7 | goj__ APD is effective.
of z,, during alternans. T — 85|  Feedback to reduce variation In
. . . Seassssssael . .
Alternans Mechanisms  Feedback to reduce variation*: apply feedback ™, o s o o s o s e the state variable requires a lower
proportional to z,, — z,,_, for a state variable z,. teration| eration| gain to be effective than steering
e 50 - . . 2 - ~ . toward the approximate fixed
2 Nl ‘H?‘t Ui m Results i
<1 H\\ | || | l‘ | ||\||\|I|||‘1||.| | ||||||.| [Ih“l“ |[q[| |Il S 3 point.
E " i | H | J |" | '|"|"| \|J\|J\ W‘l “U' Il 3 s I  Controlling through other state
2| IM.M' I It VLT l‘ o VWU U N T o Alternans was induced from a default parameter set with no alternans by varying either 7, to variables seldom is effective.
1o e oo T e mey L e obtain voltage-driven alternans or v to obtain calcium-driven alternans. . Controlling Ca alternans is slightly
. L .  We studied effectiveness of control by directly iterating the system to establish an alternans ifficult: |
e \oltage-driven alternans: Instabilities in membrane potential lead to . Y Y J Y more difficult; not all strategies t_hat
alternans state and then applying one of the control methods above. control APD alternans are effective.
L . . . . . .  We studied the full range of periods with alternans and gquantified the magnitude of alternans
e Action potential duration to first order is predicted by the duration of 2 APD and calcium before and after apolving control
the interval before that action potential (diastolic interval). . . PRIYING ' Future Work
. . . .  We also varied the feedback gain.
* Alternans arises when changes in the intervals between action | N |
potentials cause even larger changes in action potential durations. Constant Dl Pacin —arlv Stimulus * Theoretical controllability studies:
e Calcium-driven alternans: Instabilities in intracellular calcium cycling lead 9 y * Explain and understand our
to alternans. e Successful for PP L e Usually successful ,  ©=3% results in more detail.
_ _ _ _ Eao| 28838232888y | oo ‘fg $ Pro Predi heth feedback f
» Calcium cycling is necessary for contraction. most cases, but g | et oo for large enough o= ssstgzagaase | 20 * Predict whether feedback from
« Alternans arises at fast pacing rates when the cycling is unbalanced. not for extreme w0 w0 0 gain. e w0 W _observatlons Qf multiple values will
calcium-driven SIS e Cannot control the =« Improve effectiveness.
860 *eeeelg | © Mean S8 60 N ¢ 0.2 . . . .
Model alternans. mmmﬁ%f : i most extreme HiH E T « Extension to one spatial dimension
e Average Dl usually = “eeeems calcium-driven T e and to states with more complex
Variable Meaning (for iteration i . spatiotemporal dynamics.
. o . . ) Discrete model of Qu et al. (2007)3 works. . o alternans. P P y .
a;  Action potential duration e v=0 o v=03s Lov=0a « Compare our results with more
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(APD) (mS) . . APD r?StitUtion E ﬂ%"“nﬂ" gﬁ:ﬁ; ::"“ a gf::; %123 !ﬁﬁﬂﬂf .... +® og:; 2123 .::: et :g; d@talled ContanOUS tlme mOdeIS. .
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calcium load (uM) (di;) S " ST T ™ S e S les i heart tissue in the loop.
r;  Calcium released from i1 =7 ycP 3 o R sy, S steesidiidili | o o o aggmgggmm | g ""::::5§§5§§‘°°=
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C; Cytoplasmic calcium APD COUpliﬂg to Ca**
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d; Diastolic interval (ms) Ca?* uptake » Successful only Approximate e Pattern of success Difterence n 2. A. Gizzi, E. I\/I (_Iherry, R. F. Gilmour, Jr., S.
c? Peak cytoplasmic calcium through APD.  Tedpoint a similar to steering _ previous states: @ Luthgr, S. Filippi, and F. H. Fenton, Front.
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