
 

Supplemental Fig 1: Experimental overview. Human myocardial tissue biopsies from 

HLHS and TOF patients are sectioned before electrophysiological recordings and force 

measurements on the same day. Cardiac bodies (CBs) were produced from hiPS derived 

ventricular cardiomyocytes and cardiac fibroblasts and cultured until experiments. 

Microelectrode recordings were performed with CBs formed by hanging drop method, while 

force measurements were carried out with CBs produced by an extracellular matrix (ECM) 

based approach.  



 

Supplemental Fig 2: Frequency-dependent acceleration of relaxation (FDAR). All 

groups show FDAR at a stimulation frequency of 3 Hz and 4Hz as indicated by the reduction 

in time to 90% relaxation relative to contractions at 2 Hz of individual experiments (HLHS, n = 

10 of 6 patients; TOF, n = 19 of 8 patients;  9 wks hIPS-CBs, n = 12; 16 wks hiPS-CBs, n = 

5). Lines and error bars represent mean ± 95% CIs, respectively. Numbers below error bars 

indicate p-values < 0.05 vs. HLHS (1), TOF (2), 9 wks hiPS-CBs (3), and 16 wks hiPS-CBs 

(4). 3Hz: ANOVA, p=5.99 x 10-28; Games Howell Post-Hoc: HLHS vs. TOF: p = 0.004; HLHS 

vs. hiPS-CBs 9 wks: p = 1.29 x 10-10; HLHS vs. hIPS-CBs 16 wks: p =4.04 x 10-8 ; TOF vs. 

hiPS-CBs 9 wks: p =1.07 x 10-12; TOF vs. hiPS-CBs 16 wks: p = 2.20 x 10-6; hiPS-CBs 9 wks 

vs. hiPS-CBs 16 wks: p = 0.994.  4Hz: ANOVA, p=1.39 x 10-9; Games Howell Post-Hoc: 

HLHS vs. TOF: p = 0.065; HLHS vs. hiPS-CBs 9 wks: p = 1.00 x 10-4; HLHS vs. hIPS-CBs 

16 wks: p = 1.15 x 10-3; TOF vs. hiPS-CBs 9 wks: p = 3.99 x 10-10; TOF vs. hiPS-CBs 16 

wks: p = 2.24 x 10-4; hiPS-CBs 9 wks vs. hiPS-CBs 16 wks: p = 0.676. 

 



 

Supplemental Fig 3: Representative experiments of force-frequency relationships 

(FFR) pattern. For HLHS and TOF myocardial tissues slices, examples are shown for 

positive (HLHS6, TOF3), negative (HLHS6, TOF9) and bi-phasic FFRs (HLHS2 , TOF4). 

Because hiPS-CBs did not exhibit diverse FFR patterns, only one representative experiment 

for 9 wks and 16 wks is depicted. The red traces on the left side show original recordings of 



experiments at different stimulation frequencies (1,2,3,4 Hz) and the corresponding averaged 

twitches are superimposed in the right panels. Note that none of the 16 wks old hiPS-CBs 

could be stimulated at 1 Hz.  

 



Supplemental Fig 4: Representative experiments of ß-adrenergic stimulation by 

isoproterenol. Original traces (left panels), averaged twitches (middle panels) and 

amplitude-normalized averaged twitches (right panels) before and after application of 1 

µmol/L isoproterenol (ISO) for myocardial tissues slices from patients HLHS2 and TOF4 as 

well as hiPS-CBs (9 wks and 16 wks)  are depicted. Lusitropic effect of ß-adrenergic 

stimulations is highlighted by amplitude normalisation of the averaged twitches. 

 

Tables: 

Table 1: Patients characteristics.  

 

1: M, male; F, female 

2: AS, aortic stenosis; IAA, interrupted aortic arch; HLHS, hypoplastic left heart syndrome;  

PA, pulmonary atresia; PDA, patent ductus arteriosus; TAPVR, total anomalous pulmonary 

venous return; TOF, Tetralogy of Fallot; VSD, ventricular septal defect 

3: A, ACE-inhibitor; ASA, acetylsalicylic acid; BB, ß-blocker; D, dexamethasone; F, 

furosemide ; P, prostaglandin E2; Mil, milrinone; S, spironolactone ; Sot, sotalol  

4: Oxyhemoglobin saturation by pulse oximetry 

5: FFR, force-frequency-relationship; ISO, isoproterenol; RDA, rate-dependent action 

potential adaptation.  

 

 

Supplemental Table 1: AP characteristics.  



 

RM, ANOVA repeated measures & LSD Post-Hoc testing 

FA, Friedman ANOVA & Wilcoxon pairwise testing 

1, p-values are computed for RM/FA and individual groups compared to 2Hz 

n.a. indicates missing data/lack of post-hoc testing  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Table 2: Effects of IK,r blockade.   



 

BL, baseline 

RM, ANOVA repeated measures & LSD Post-Hoc testing 

FA, Friedman ANOVA & Wilcoxon pairwise testing 



1, p-values are computed for RM/FA and individual groups compared to baseline or E4031 

(*) 

n.a. indicates missing data/lack of post-hoc testing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Table 3: Force Frequency Relationship (FFR).  



 

RM, ANOVA repeated measures & LSD Post-Hoc testing 

FA, Friedman ANOVA & Wilcoxon pairwise testing 

1, p-values are computed for RM/FA and individual groups compared to 2Hz 

n.a. indicates missing data/lack of post-hoc testing  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Table 4: Effect of ß-adrenergic stimulation on twitch morphology.  



 

BL, baseline 

RM, ANOVA repeated measures & LSD Post-Hoc testing 

FA, Friedman ANOVA & Wilcoxon pairwise testing 

1, p-values are computed for RM/FA and individual groups compared to baseline 



n.a. indicates missing data/lack of post-hoc testing 

 


