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Supplementary Material
1 Supplementary Methods

1.1 APD Rate Dependence

APD rate dependence (Figure S2A, left panel) was computed at steady state for different CLs, while
APD restitution (Figure S2A, right panel) was computed using the S1/S2 protocol, i.e., steady state at
CL = 1,000 ms (S1), followed by a single S2 extra-systolic stimulus, delivered at various diastolic
intervals (DIs). APDs at 30, 50, 70, and 90% of repolarization were compared against the human
experimental data from (O’Hara et al., 2011). APD rate dependence and restitution were tested in
presence of specific channel blockers (Figure S2B-C). Current block percentages were refined as in
(Bartolucci et al., 2020) (Table S1). Simulations for all these protocols were run with the following
extracellular ion concentrations: [K*]o = 4 mM, [Ca?*], = 1.8 mM and [Na*]o = 144 mM as in the
experiments from (O’Hara et al., 2011).

Table S1: % of specific channel blockers used in the simulations for APD rate dependence and
restitution.

Simulated Drugs

Affected current

Block percentage

Reference

1mM E-4031

|Kr

70%

(O’Haraetal.,2011)

1mM HMR-1556 Iks 90% (O’Haraetal.,2011)
1mM nisoldipine IcaL 100% (Walsh et al., 2007)
100mM BaCl; Ika 84% (Biliczki et al.,,

2002)

1mM mexiletine

InaL, lcaL, lkr

54%, 20%, 9%

(Dutta et al., 2017)

5mM ryanodine

Jrel

30%

(Zucchi and Ronca-
Testoni, 1997;
Tripathy et al,
1998; Thomas and
Williams, 2012)

1.2 APD Accommodation

APD accommodation, i.e., the time course of APD response to abrupt changes in pacing rate, was
measured in human patients by (Franz et al., 1988): the same protocol was simulated with both
BPS2020 and BPSLand model (Figure S2B) and compared with the experimental data (Figure S2A).



2 Supplementary Figures
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Figure S1. llustrative comparison of action potential, cytosolic Ca?* concentration, subspace Ca?*
concentration, and active tension, simulated by BPSLand at [K*]o =4 mM (grey) vs [K*]o = 5.4 mM

(green).
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Figure S2. Rate dependence properties of BPS2020 vs. BPSLand. In all panels, simulation results for
BPS2020 and BPSLand are shown in magenta and green, respectively. Experimental data from
(O’Hara et al., 2011) are shown as black squares. (A) Steady state action potential duration (APD) rate
dependence (CL — cycle length) and APD restitution obtained with the S1S2 protocol (DI — diastolic
interval). APDs computed at 30, 50, 70, and 90% of repolarization are labeled on the right. (B) Steady
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state APDgg rate dependence changes induced by specific current blocks; stars are the APDgo values in
control conditions. (C) APDgy restitution changes induced by specific current blocks.
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Figure S3. APDgo accommaodation. At t = 0 s, the pacing cycle length (CL) is abruptly reduced from
750 to 480 ms (empty circles) or 410 ms (full circles). Att = 180 s, the CL is abruptly increased to its
original value. (A) Action potential duration (APD) accommodation measured experimentally by
(Franz et al., 1988). (B) APD accommodation simulated with the BPS2020 vs BPSLand model
(magenta vs green traces, respectively). Panel (A) is adapted from (O’Hara et al., 2011).
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Figure S4: Active tension dependence on pacing rate and comparison with the in vitro data as in
Figure 2 of the manuscript, simulated with BPSLand (green markers) and ToR-ORd+Land (cyan
markers) models.
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Figure S5. Length-dependence of action potential (top panel), calcium transient (middle panel), and
active tension (bottom panel) simulated using the BPSLand model. The experimental results reported
by (Vahl et al., 1997; Holubarsch et al., 1998) are qualitatively reproduced by the BPSLand model,
although a quantitative comparison with experimental data is challenging due to the differences
between the experimental and simulation setups.
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Figure S6: Comparison of the transmural heterogeneity simulations with BPSLand and ToR-
ORd+Land models.



3 Supplementary Tables

Table S2: Weights (wi) for each biomarker in the cost function.

Biomarker w;
TaPeak (kPa) 25
TaTTP (ms) 1

TaRTgs (Ms) 10
TaRTso (Ms) 1
min(Ta) (kPa) | 50

Table S3: Parameter changes during the optimization steps.

BPS2020 LandCE After Step 1 | After Step 2 | After Step 3
(BPSLand)
Ku (1/ms) 1 1.5230 1.5230 1.5230
ntm 5 3.0899 3.0899 3.0899
\ 7 1.0002 1.0002 1.0002
i 3 2.0779 2.0079 2.0079
[Ca®*]rs0 (UM) 0.8050 0.5000 0.5000 0.5000
Jrel,max (1/ms) 0.0200 0.0200 0.0240 0.0220
Jupmax (MM/ms) | 3.130 3.130 3.1333 3.0000

Table S4: Action potential, Ca* transient and active tension biomarker changes during the optimization
steps biomarker ([K*]o = 5.4 mM, ENDO model).

BPS2020 After Step 1 | After Step 2 | After Step 3
(BPSLand)

APDgo (Ms) 239.9 239.6 234.7 239.9
APDso (ms) 177.1 176.4 172.1 175.9
APD4o (ms) 160.1 159.4 154.1 158.9
Trigo40 79.8 80.2 80.6 81.0

dV/dtmax 248.1 248.1 250.0 248.8
Vpeak 42.2 42.2 42.3 42.2

RMP -87.6 -87.6 -87.7 -87.7
CTDgo (ms) 247.9 245.6 241.7 251.3
CTDso (ms) 124.1 135.4 134.1 138.9
CaSys (mM) 316.3 299.2 308.7 303.3
CaAmp (mM) 235.1 218.5 235.3 225.0
CaDias (mM) 81.2 80.6 73.4 78.2

TaPeak (kPa) 14.6 16.1 15.6

TaTTP (ms) 142.4 141.1 142.9
TaRTgs (Ms) 306.2 304.6 307.4
TaRTso (Ms) 107.2 105.6 108.4
TaMin (kPa) 0.110 0.084 0.100
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| [Ca®"]o— APDy | OK | OK | NO | OK |

Table S5: APDg values at different extracellular Ca?* concentrations for BPSLand and for the
intermediate model obtained before the manual tuning of the maximum Jrel and Jup fluxes (Column
After Step 2 in Table S3).

APDg; (Ms) [Ca?*], (MM)

0.9 1.8 2.4
After Step 2 246.4 234.7 234.9
BPSLand 2514 239.9 237.1

Table S6: Scaling factors for implementing the transmural heterogeneity.

Epi/endo | M/endo
GNaL 0.7 1
Gto 4 4
PCa, PCaNa, PCaK 1.4 2
Gkr 1.1 0.8
GKS 14 1
Gk1 1.2 1.3
Gnexi,Gnexss 1.2 1.4
Gnak 0.9 0.7
Gkb 0.6 1
JreI,NP, JreI,CaMK 1 1.7
Jup,NP, Jup,camk 1.3 1
[CMDN] 1.2 1

Table S7: quinidine 1Cso and Hill coefficients

I1Csp Hill’s coefficient
INaF 14.6 1.22

|Kr 0.343 1

IcaL 6.4 0.68

Iks 4899 |14

lto 3.487 |1.3
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