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Supplementary Material:

Mechanisms underlying interactions between
low-frequency oscillations and beat-to-beat
variability of cellular ventricular repolarization in
response to sympathetic stimulation: Implications
for arrhythmogenesis

1 SUPPLEMENTARY DATA
1.1 Stochastic version of the ORd Model

Stochasticity was incorporated into the human ventricular ORd model (O’Hara et al., 2011), after having
replaced the original Iy, formulation with the corresponding expression in the (ten Tusscher and Panfilov,
2006) model, as performed in other studies published in the literature (Pueyo et al.,[2016; |Deo et al., 2013;
Priest et al., 2016).

In this work, stochastic fluctuations in ion channel gating were included in four major ionic currents active
during AP repolarization, namely: the rapid delayed rectifier K current Iy, the slow delayed rectifier K+
current [y, the transient outward K current /i, and the L-type Ca®* current I, . Ordinary differential
equations (ODEs) of gating variables in the ORd model were converted into stochastic differential equations
(SDEs), following the subunit-based approach described in (Pueyo et al., 201 1), with continuous resampling
of the Wiener increments to guarantee feasible values of the gating variables.

For a gating variable x4, the evolution of the probability of this gate being open was calculated as:
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The number of channels N, of each ionic species “‘s” was computed as follows. For Ikg, Ik, and [io,
experimentally measured unitary conductance values were available and were used to calculate Ny as
the maximum conductance of ion channel “s” in the ORd model, denoted by G, divided by the unitary
conductance of ion channel “s”, denoted by g,. Table [ST| presents the values used in the computations,
where values for G5 correspond to the epicardial version of the ORd model and a capacitance value of
Cy = 153.4 pF, and values for g5 are taken from (Pueyo et al., 2011), (Veldkamp et al., [1995)), (Fedida
and Giles, |1991) and adjusted to temperature and/or extracellular K™ concentration following (Shibasaki,
1987), (Nakayama and Irisawa, |1985).

For ¢, the number of channels was computed by dividing the maximum /¢, current by the single-
channel current iz, times the channel opening probability. Considering the value of i, = —0.12 pA
for V.=0mV and [C a2+] = 2 mM reported in (Guia et al., 2001), the calculated number of /c,;, channels
was N¢qr, = 20121 ~ 20000.
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Table S1. Number of channels for I, Ix, and I,

Gs PS) gs (PS) Ns

Ixs 1140  6.74 169
I, 9174 2.53 3621
I, 12272 20.2644 606

1.2 Current through stretch-activated channels

The current through stretch-activated channels (SACs) was defined as the current through K™ -selective
and non-specific cationic SACs. A linear time-independent formulation was used for the current through
non-selective cationic SACs (Benoist et al.,[2014; Healy and Mcculloch, 2005):

Isacns = Gsac((A = 1)/(Amax — 1))(V — Esac,ns); ifA>1 (52)
[SAC,ns =0, ifA <1 (S3)

where A is the ratio between sarcomere length (SL) and the resting SL defined in the model and Ay« is set
to 1.1 (Benoist et al., 2014; Weise and Panfilov, 2013). The reversal potential Esac s Was set to -10 mV
(Kamkin et al., 2000; Isenberg et al., 2003) and the conductance G'sac ns to 0.006 nS/pF for physiological
as well as mild and moderate disease conditions (Kohl et al., 1998, 1999). When simulating severe disease
conditions, G'sac.ns Was set to 0.01 nS/pF following studies showing higher stretch sensitivity of these
channels in disease (Kamkin et al., 2000). The current through K ™-selective SACs was modeled as an
outwardly-rectifying current (Benoist et al.,|2014; Healy and Mcculloch, 2005):

Isack = Gsac((A —1)/(Amax — 1))(1/(1 + exp((V — 19.05)/29.98))), if\ > 1 (S4)
Isack =0, ifA <1 (S5)

The conductance G'sac k was set to match experimental current values measured in epicardium (Tan
et al., 2004]).

1.3 Simulation of 3-adrenergic stimulation and mechanical stretch effects

Phasic SAS at 0.1 Hz was simulated by stimulating the cell with isoproterenol (ISO) following periodic
stepwise variations, i.e. ISO was simulated to be present at a concentration of 1 M during 5 s and absent
during the remaining 5 s (Fig. ST} top panel). This is in accordance with published experimental patterns of
muscle sympathetic nerve activity in response to increased sympathetic activity (Pagani et al.,|{1997).

Phasic stretch at 0.1 Hz was simulated by varying the stretch ratio A (A calculated as SL normalized
by resting SL) following a sinusoidal waveform of period equal to 10 s and maximal value of 1.1, thus
representing maximal stretch of 10% (Fig. bottom panel). This is in line with percentages tested in
published experimental studies (Iribe et al., [2014).

The temporal evolution of APD during baseline and in response to Sympathetic Provocation (SP) is
illustrated in Fig.|S2| for one human ventricular cell of our population under mild disease conditions. An
increase in both BVR and the magnitude of LF oscillations in response to SP can be appreciated (Fig. [ST).
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1.4 Physiological and disease conditions

Disease conditions were simulated by reduced repolarization reserve (RRR) and Ca?* overload as well
as by varying the conductance G'sacns of non-specific cationic SACs under severe disease conditions.
RRR was simulated as inhibition of I, and I, currents. Ca’>* overload was simulated by increasing
the extracellular Ca®* concentration, Ca%*. Under severe disease conditions, G'sac ns Was increased from
0.006 to 0.01 nS/pF. Table [S2| summarizes our simulation of physiological as well as mild, moderate and
severe disease conditions.

Table S2. Simulation of RRR and Ca?* overload and Ggac ns conductance value for physiological as
well as mild, moderate and severe disease conditions.

RRR
Tres Tr, Ca’* overload ~ Gsacuns
(% Block) (% Block) (factor on Ca3+) (nS/pF)

Physiological 0 0 1 0.006
Mild 20 7.5 1.5 0.006
Moderate 60 22.5 2.5 0.006
Severe 80 30 4 0.01

1.5 Data Sheet 1: Population of virtual cells indicating the pro-arrhythmic models
distribution (figure-11-master.zip)

This Data Sheet contains the ionic factors associated with each virtual cell, both for the group presenting
and the group not presenting pro-arrhythmic events (as shown in Figure 11).

1.6 Data Sheet 2: Automatic Relevance Determination (automatic-relevance-master.zip).

This Data Sheet presents the Python code used to unravel individual and common factors, in form of
1onic conductance levels, contributing to Beat-to-beat Variability of Repolarization and Low-Frequency
Oscillations.
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2 SUPPLEMENTARY TABLES AND FIGURES
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Figure S1. Simulation of 0.1 Hz phasic SAS and stretch effects at baseline and following sympathetic
provocation: (a) ISO dose and (b) stretch ratio .
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Figure S2. Simulated APD series representative of baseline and sympathetic provocation phases (0.1 Hz
phasic SAS and stretch effects) for a virtual cell of the population under mild disease conditions.
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Figure S3. Relationship between mgsp and mpp (top) and mysp and mypLr (bottom) at baseline and
following sympathetic provocation for the population of models under simulated mild disease conditions.
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Figure S4. Relevant factors for (a) mgty and (b) mnstv following constant S-adrenergic stimulation and
mechanical stretch.
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Figure S5. Relevant factors for (a) mprr, (b) mnpLE, (¢) msty, and (d) mystv following sympathetic
provocation under physiological conditions.
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