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1 Supplementary Figures and Tables 

 

Table S1: In vivo volume and pressure target values used in the model creation. Abbreviations: 
EDV: End diastolic volume; SV: Stroke volume; EDP: End diastolic pressure; ESP: End 
systolic pressure. * Mean value from full data set of larger group (n = 5) at healthy baseline. 

Measurement Healthy Subject HF Subject Source 

LV EDV (ml) 57.8 103.0 in vivo echocardiogram  

LV SV (ml) 30.9 33.0 in vivo echocardiogram 

LV EDP (mmHg) 13.5 * 29.6 in vivo pressure catheterization 

LV ESP (mmHg) 87.6 * 130 in vivo pressure catheterization 

Min aortic pressure 60.6 * 90 in vivo pressure catheterization 
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Table S2: Constitutive parameters for the passive material response. 

Passive Parameters Description 

𝑎, 𝑏 Governs the isotropic response of the tissue 

𝑎! , 𝑏! Governs additional stiffness in the fibre direction 

𝑎!, 𝑏! Governs additional stiffness in the sheet direction 

𝑎!", 𝑏!" Governs coupling stiffness in the fibre and sheet directions 

𝐼! The first isochoric strain invariant 

𝐼!! A pseudo-invariant defined as 𝑨! ∙ 𝑪 ∙ 𝑨! 

𝐼!!" A pseudo-invariant defined as 𝑨! ∙ 𝑪 ∙ 𝑨! 

𝑪 The isochoric Right Cauchy-Green tensor (𝑪 = 𝐽!!/!𝑪)  

𝑨! Vector in direction 𝑖 

𝐷 Multiple of Bulk modulus 𝐾 =   2 𝐷  

𝐽 The third deformation gradient invariant (𝐽 = det𝑭) 

Active Parameters Description 

𝑡! Time to reach peak tension after the initiation of active tension 

𝑚 Governs the slope of the relaxation  

𝑏 Governs the length of relaxation 

𝑙! The sarcomere length below which no active force develops 

𝐵 Governs the shape of the peak isometric tension-sarcomere length relation 

𝐶𝑎! The peak intercellular calcium concentration 

𝐶𝑎!!"# The maximum intercellular calcium concentration 

𝑇!"# The maximum active tension able to develop 

𝑙! The initial sarcomere length 

𝐸!! Green strain in the fiber direction 
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Table S3:  Control values for the lumped circulatory flow model and literature values for 

comparison. 

Variable Units Both subjects Literature 

RM mmHg s ml-1 0.03 0.0 - 0.20 [1-3] 

RA mmHg s ml-1 0.03 0.0 - 0.20 [1-3] 

RSYS mmHg s ml-1 1.70 1.05 - 4.00 [1-3] 

RP mmHg s ml-1 0.03 0.0 - 0.06 [1-3] 

RT mmHg s ml-1 0.03 0.0 - 0.02 [1-3] 

CP ml mmHg-1 4.43 1.0 - 7.0 [2-4] 

CSA ml mmHg-1 0.80 0.3 – 2.1 [2-4] 

CSV ml mmHg-1 16.6 6.0 - 17.0 [2, 3] 
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Table S4: Initial pressure state of the compliance vessels in the subject-specific model. 

Cavity Units Healthy 
subject 

HF subject Motivation 

CP mmHg 15 35 Needed to ensure LV fills to correct pressure 

CSA mmHg 65 90 Needed to ensure ejection begins at correct pressure 

CSV mmHg 4 8 Needed to ensure RV fills to correct pressure 

LV mmHg 13.5 29.6 Determined from in vivo data 

RV mmHg 4 8 Based on literature: 1-7mmHg [5] 3.9 ±1.6 [6] 
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Figure S1: The 16 LV segment breakdown used in the in vivo strain calculation illustrated on 
(a): a radial map and (b): a simplified LV model. (c): A quadrilateral surface segment defined 
by 9 nodes. Nodes are joined by 3 circumferential cubic splines, Ci, and 3 longitudinal cubic 
splines, Li. (d): A triangular surface segment defined by 7 nodes. Nodes are joined by 2 
circumferential cubic splines, Ci, and 3 longitudinal cubic splines, Li. 
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Figure S2: Passive material response of all 6 shear modes of an idealized tissue cube. FE model 
response given by solid lines and experimental data presented as circles. 
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2 Additional details for active contraction 

The full description of active tension is described by 

𝑇! 𝑡, 𝑙 = 𝑇!"#
𝐶𝑎!!

𝐶𝑎!! + 𝐸𝐶𝑎!"! 𝑙
1− cos   𝜔 mod(𝑡), 𝑙

2 ℎ 
(S1) 

where  

𝐸𝐶𝑎!" 𝑙 =    !!!!"#

!! !!!! !!
, (S2) 

Due to the cyclic nature of the cardiac cycle, the modulus function acting on time is enforced to wrap 
the time variable around after each cardiac. This enforces 0 ≤ mod 𝑡 ≤ 𝐻𝑅/60. Where HR is the 
heart rate. In our case HR is chosen as 77 Bpm for both subjects. 

𝜔 mod(𝑡), 𝑙 =   

𝜋
mod(𝑡)
𝑡!

, when  0 ≤ mod(𝑡) ≤ 𝑡!

𝜋
mod(𝑡)− 𝑡! + 𝑡! 𝑙

𝑡!
, when  𝑡! ≤ mod(𝑡) ≤ 𝑡! + 𝑡! 𝑙

0, when  mod(𝑡) ≥ 𝑡! + 𝑡! 𝑙

 (S3) 

𝑡!(𝑙)   =   𝑚𝑙  +   𝑏, (S4) 

𝑙   = 𝑙! 2𝐸!! + 1, (S5) 

with parameters definitions provided in Supplementary Table1 and baseline values taken from [7]. 
This mathematical description of active tension ensures a smooth yet steep transition from zero 
tension at the start of systole to peak active tension, 𝑇!"#, at time t! and then a smooth decline back 
to zero for the specified relaxation time t!.  
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