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Table S1: Geometric and mechanical parameters of baseline lumped-parameter simulation.
	
	Density [kg m-3]1
	Kinematic viscosity [mm2 s-1]1
	Bulk modulus [GPa]2

	Blood
	1060
	3.55
	2.2

	
	Diameter [cm]3-6
	Length [cm]3-5,7-9
	Compliance [m Pa-1]

	Left ventricle
	4.4
	7
	0.002–1 × 10-6

	Right ventricle
	4.8
	5
	1.8–5.5 × 10-5

	Left atrium
	5
	7.5
	0.8–1.7 × 10-5

	Right atrium 
	5.6
	5
	1.9–2.3 × 10-5

	Ascending aorta
	2.65
	8.8
	4.0 × 10-7

	Descending aorta
	2.15
	6.9
	7.0 × 10-7

	Thoracic aorta
	1.92
	33.2
	1.7 × 10-7

	Pulmonary artery
	3
	5
	2.2 × 10-7

	Superior vena cava (SVC)
	2.1
	7.1
	5.0 × 10-6

	Abdominal inferior vena cava (IVC)
	1.4
	17
	4.4 × 10-6

	Thoracic IVC
	1.4
	2.5
	6.4 × 10-7

	
	Area [cm2]10-13
	Opening time [s]
	Closing time [s]

	Aortic valve
	4
	0.00
	0.43

	Pulmonary valve
	5
	0.00
	0.47

	Mitral valve
	4.2
	0.53
	1.00

	Tricuspid valve
	5
	0.43
	1.00

	
	Resistance [Pa s m-3]14,15
	Volume [L]14
	Compliance [m Pa-1]

	Upper body 
	0.31–5.2 × 108
	0.89
	6.7 × 10-8

	Abdominal
	0.15–2.3 × 108
	2.02
	3.6 × 10-8

	Lower body 
	0.40–4.7 × 108
	0.51
	4.1 × 10-8

	Pulmonary 
	0.50–5.0 106
	0.55
	6 × 10-7





Table S2: Extensive set of parameters of baseline lumped-parameter simulation.
	
	Relative amount of trapped air

	Custom hydraulic fluid
	0.005

	
	Laminar friction constant


	Aggregate equivalent length
 [m]
	Internal surface roughness height [µm]

	Laminar flow upper Reynolds limit

	Turbulent flow upper Reynolds limit

	Specific heat ratio



	Hydraulic pipeline
	64
	0
	15
	2000
	4000
	1.4

	
	Viscoelastic time constant [s]
	Specific heat ratio

	Constant volume hydraulic chamber
	0.01
	1.4

	Variable-compliance compliance chamber
	0.01
	1.4

	
	First approximating coefficient
[Pa kg-1 m3] 
	Second approximating coefficient
[Pa s kg-1]
	Third approximating coefficient
[Pa s2 kg-1 m-3]
	Fourth approximating coefficient
[Pa s2 kg-1 m-3]
	Correction factor


	Pump design delivery
[L min-1]


	Centrifugal pump
	326.8
	3.104 × 104
	1.097 × 107
	2.136 × 105
	0.8
	130

	
	Reference angular velocity 
[rpm]

	Reference density 
[kg m-3]

	Leak resistance
[Pa m3 s-1]


	Drive shaft torque
[N m]

	Torque-pressure coefficient
[N m Pa-1]

	Angular speed threshold for flow reversal 
[rad s-1]

	Centrifugal pump
	1770
	1060
	7 × 106
	0.1
	1 × 10-6
	1 × 10-9

	
	Maximum passage area [m2]
	Crack pressure [Pa]

	Maximum opening pressure [Pa]
	Flow discharge coefficient

	Leakage
 [m2]

	Laminar flow pressure ratio


	Check valve
	0.1
	0.01
	0.1
	1
	1 × 10-12
	0.999

	
	Flow discharge coefficient
	Minimum area
	Laminar flow pressure ratio

	Variable area hydraulic orifice
	1
	1 × 10-15
	0.999





[image: ]
Figure S1: Input signals for (A) centrifugal pump, (B) left ventricle, (C) right ventricle, (D) left and right atria for the lumped-parameter simulation.



[bookmark: _Hlk58814350]Table S3: Fluid cavities values in the mechanical finite element analysis (FEA) model3.

	Boundary Name
	Pressure
 (MPa)

	CAV-ARTERIAL-COMP
	1.06 × 10-2

	CAV-VENOUS-COMP
	2.66 × 10-4

	CAV-PULMONARY-COMP
	1.06 × 10-3

	CAV-LV
	5.33 × 10-4

	CAV-RV
	2.66 × 10-4

	CAV-AORTA
	1.06 × 10-2

	CAV-PULMONARY_TRUNK
	1.06 × 10-3

	CAV-RA
	2.66 × 10-4

	CAV-LA
	5.33 × 10-4

	CAV-SVC
	2.66 × 10-4







[bookmark: _Hlk58814389]Table S4: Boundary conditions of fluid exchange links for the finite element analysis (FEA) model.

	Boundary Name
	Viscous Resistance Coefficient Value (1/mm2)

	Link-Aortic-Valve
	112896

	Link-Body-Resistance
	59965.5

	Link-Mitral-Valve
	2359.04

	Link-Pulmonary-Resistance
	4750

	Link-Pulmonary-Valve
	423.47

	Link-Tricuspid-Valve
	429.5

	Link-Venous-Resistance
	429.5






FEA simulations were performed by the FEA simulation software. Table S5 shows the required model files to run the simulation. More details can be found in the User Guide3.

[bookmark: _Hlk58814417]Table S5: The required simulation files for the finite element analysis (FEA) model3.

	File Name
	Description

	LH-Human-Model-Beta-V2_1.cae
	FEA  simulation software GUI File

	nodes_AORTIC_ARCH.inp
	Initial nodal coordinates of aortic arch

	nodes_VENTRICLES.inp
	Initial nodal coordinates of right and left ventricles 

	nodes_TRICUSPIDVALVE_MESH.inp
	Initial nodal coordinates of tricuspid valve

	nodes_PULMONARY_VALVE_CUT.inp
	Initial nodal coordinates of pulmonary valve

	nodes_R_ATRIUM.inp
	Initial nodal coordinates of the right atrium

	nodes_PULMONARY_TRUNK.inp
	Initial nodal coordinates of the pulmonary cavity

	nodes_MITRALVALVE_MESH.inp
	Initial nodal coordinates of the mitral valve

	nodes_L_ATRIUM.inp
	Initial nodal coordinates of the left atrium

	nodes_ASSEMBLY.inp
	Initial nodal coordinates of the assembly connections

	nodes_AORTIC_VALVE_CUT.inp
	Initial nodal coordinates of the aortic valve

	nodes_CHORDAE_TENDINEAE_MITRAL.inp
	Initial nodal coordinates of the MV chordae tendineae 

	nodes_CHORDAE_TENDINEAE_TRICUSPID.inp
	Initial nodal coordinates of the TV chordae tendineae

	DF-Aortic_Arch.inp
	Discrete field file of the aortic arch for the fiber orientations

	DF-L_Atrium.inp
	Discrete field file of the left atrium for the fiber orientations

	DF-MITRALVALVE_MESH.inp
	Discrete field file of the mitral valve for the fiber orientations

	DF-Pulmonary_Trunk.inp
	Discrete field file of the pulmonary cavity for the fiber orientations

	DF-R_Atrium.inp
	Discrete field file of the right atrium for the fiber orientations

	DF-TRICUSPIDVALVE_MESH.inp
	Discrete field file of the tricuspid valve for the fiber orientations

	DF-Ventricles.inp
	Discrete field file of the ventricles for the fiber orientations

	mech-mat-ARTERY.inp
	Material definition input for the artery in mechanical simulation

	mech-mat-LA_ACTIVE.inp
	Material definition input for the active left atrium components in mechanical simulation

	mech-mat-LV_ACTIVE.inp
	Material definition input for the active left ventricle components in mechanical simulation

	mech-mat-PASSIVE.inp
	Material definition input for the passive cardiac tissue components in mechanical simulation

	mech-mat-RA_ACTIVE.inp
	Material definition input for the active right atrium components in mechanical simulation

	mech-mat-RV_ACTIVE.inp
	Material definition input for the active right ventricle components in mechanical simulation

	mech-mat-VALVE.inp
	Material definition input for the valves in mechanical simulation

	elec-mat-L_Atrium.inp
	Material definition input for the left atrium in electrical simulation

	elec-mat-PurkinjeL.inp
	Material definition input for the Prukinje fiber in electrical simulation

	elec-mat-PurkinjeR.inp
	Material definition input for the Prukinje fiber in electrical simulation

	elec-mat-R_Atrium.inp
	Material definition input for the right atrium in electrical simulation

	elec-mat-Resistors.inp
	Material definition input for the conduction elements in electrical simulation

	elec-mat-Ventricles.inp
	Material definition input for the ventricles in electrical simulation

	standardU.dll
	FEA sImulation software library and subroutine files

	heart-elec-std.obj
	

	explicitU-D.dll
	

	heart-mech-xplD.obj
	

	libstandardU.so
	

	heart-elec-std.o
	

	libexplicitU-D.so
	

	heart-mech-xplD.o
	

	abaqus_v6.env
	

	calcNodeCoords.py
	FEA simulation software toolbox files

	[bookmark: _Hlk59366980]inversePreliminary.py
	

	straight_mv_chordae.py
	

	genPartFile.py
	

	genAssemblyFile.py
	





The fluid flow between heart chambers is modeled using fluid exchange definitions. The fluid exchange module (FEA Simulation software) was employed to create the lumped-parameter model of blood flow depicted in Figure 2B. This model utilizes the conventional RC circuit analogy, which, in its simplest form, can be written as: 
	
	(S1)


	
where 𝑖 is current, V is voltage and R is resistance. In the hydraulic domain, Equation S1 can be rewritten as:
	
	(S2)



[bookmark: _Hlk59230332]where Q represents the volume of blood per unit time, ∆𝑃 is pressure gradient across a conduit and R is resistance to flow. In the FEA model, fluid exchange is defined as fluid flow through porous media as per Darcy’s Law (Equation S3). Flow is assumed to be laminar, and it is characterized by viscous loss coefficients in the linear flow direction16: 
	
	(S3)


where Q is the volumetric flow rate, k is the permeability of porous media, µ is the dynamic viscosity, A is the cross-sectional area, and L is the length over which pressure drop occurs. This can be simplified and rewritten as in Equation S4:
	
	(S4)


where 1/α is equal to the viscous resistance coefficient Cv16, yielding: 
	[bookmark: _Hlk59230250]
	(S5)


In the FEA model, the viscous resistance coefficient Cv is implemented as an input parameter to calculate the flow and pressure drop between fluid cavities.

[bookmark: _Hlk58814445]Table S6: Parameters for the aortic-stenosis lumped-parameter simulation. 

	
	Area [cm2]
	Opening time [s]
	Closing time [s]

	Aortic valve
	1.2
	0.00
	0.43






[bookmark: _Hlk58814464]Table S7: Fluid exchange link definitions in the finite element analysis (FEA) model3.

	Fluid Exchange Name
	Effective Exchange Area (mm2)

	
	Normal Heart
	Aortic Stenosis 

	LINK-ARTERIAL-VENOUS
	441.15
	441.15

	LINK-LA-LV
	1039.8
	1039.8

	LINK-LV-ARTERIAL
	440
	132

	LINK-PULMONARY-LA
	434.9
	434.9

	LINK-RA-RV
	1722.2
	1722.2

	LINK-RV-PULMONARY
	434.9
	434.9

	LINK-VENOUS-RA
	441.15
	441.15



[bookmark: _Hlk58814488]

Table S8: Parameters for the HFpEF lumped-parameter simulation. 

	

	Diameter [cm]

	Length [cm]

	End-Diastolic Compliance [m Pa-1]

	Left ventricle
	4.4
	7
	2.2 × 10-12

	
	Area [cm2]
	Opening time [s]
	Closing time [s]

	Aortic valve
	1.2
	0.00
	0.43

	

	Leak resistance
[Pa m3 s-1]

	Centrifugal pump
	18 × 106


[image: ]
Figure S2: (A) Aortic and (B) mitral flow signals for the baseline, stenosis, and HFpEF profiles, obtained by FEA. Abbreviations: E = early relaxation phase; A = atrial contraction; FEA = finite element analysis; HFpEF = heart failure with preserved ejection fraction.
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