Supplementary Material 1 – LPN model, equations, and parameters

Prior to the FSI simulations, a lumped parameter of the entire cardiovascular circulation under VAD support conditions needed to be established to ensure appropriate boundary conditions in the 3-D domains. The structure of the model is shown in Figure 1 and was created based on [1] and [2], which also include the reasoning for the choice of parameter values. The green dashed frame indicates the location of the 3-D FSI model.
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[bookmark: _Ref514408071]Figure 1: Lumped parameter model of cardiovascular system with VAD support. 1: Aortic arch, 2: Systemic arterial (upper body), 3: Systemic venous (upper body), 4: Systemic arterial (lower body), 5: Systemic venous (lower body), 6: Right atrium, 7: Right ventricle, 8: Pulmonary artery, 9: Pulmonary arterial, 10: Pulmonary venous, 11:Left atrium, 12: Left ventricle, 13:Coronary arteries, 14:VAD
The entire model consisted of 14 compartments which were characterized by pressure-flow or pressure-volume relationships via ordinary differential equations. 
The compartments describing the systemic arterial upper and lower body circulation, the systemic venous upper and lower body circulation, the pulmonary artery, the pulmonary arterial circulation, the pulmonary venous circulation, and the VAD inflow cannula were represented as a hydraulic resistance R and a hydraulic compliance C in a parallel circuit yielding the following ODEs (Equations 1a and 1b):
		(1a) 		(1b)
where Qin and Qout are the incoming and outgoing flows into the compartment i (Ri and Ci); pi and pi+1 are the pressures of the corresponding and the downstream compartment, respectively. The ventricles (Equation 2a) and atria (Equation 2b) were modelled as time-varying elastances described by the following equations:
   with j = LV or RV	(2a)
  	with k = LA or RA	(2b)
					(3)
where ev(t) and ea(t) are the ventricular and atrial activity functions (analytical formula in Equation 4). Emax and Ed are the maximal systolic and diastolic elastances. α, β, and κ are parameters quantifying end-diastolic ventricular elastance. Ts1,v/a and Ts2,v/a are the respective time constants of the ventricular and atrial activity functions. Tc is the duration of the cardiac cycle (0.8 s). The short delay between atrial and ventricular activations (approx. 30 ms) was disregarded.
	(4)
The valves (aortic, tricuspidal, mitral, pulmonary) were described as an ideal diode allowing only forward flow direction and an orifice with a quadratic pressure loss (loss coefficient CQi), see Equation 5:
					(5)
The coronary block included the left ventricular pressure as a squeezing pressure changing Equation 1b to Equation 6. 
 					(6)
Considering the pressure difference H across the LVAD, the corresponding blood flow through the pump is shown in Equation 7:
+			(7)
where pi are the coefficients of a fifth-order polynomial that was used to fit a generic HQ curve.



The parameters for the LPN model for the full and partial support conditions are listed in Table 1.The pressures and flows calculated by the LPN model are found in Figures 3 and 4. The pressures (pLV – green, pLA –blue, and pAo – red) were put as boundary conditions in the 3D model.
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[bookmark: _Ref424823882]Figure 3: Left: pressure, right: flow. Full VAD support.
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[bookmark: _Ref424823883]Figure 4: Left: pressure, right: flow. Partial VAD support.

During full support simulations (Figure 7), the mean VAD flow is 4.5 L/min. Left ventricular pressure is in the range between 10 and 70 mmHg. Aortic pressure exhibits very low pulsatility and is higher than LV pressure, yielding full closure of the aortic valve. During partial support simulations the mean blood flow is 5 L/min with 3.5 L/min VAD output and 1.5 L/min cardiac output. LV pressure is increased and the aortic pressure has higher pulsatility than during full support. Systole and diastole are distinguished and clearly recognizable. 
[bookmark: _GoBack]These findings are not only used to deliver realistic pressure curves, but can also verify the consistency of the lumped parameter model as the results coincide with findings from in vitro and in vivo studies [3] and [4] as well as common clinical knowledge. 


	Part
	Parameter
	Value

	Systemic circulation
	Raorta [mmHg s/mL] (LPN only)
	0.07 

	
	Caorta [mL/mmHg]  (LPN only)
	0.1

	
	RsartUB [mmHg s/mL]
	2.34

	
	CsartUB [mL/mmHg]
	1.35

	
	RsvnUB [mmHg s/mL]
	0.33

	
	CsvnUB [mL/mmHg] 
	4

	
	RsartLB [mmHg s/mL]
	1.44

	
	CsartLB [mmHg/mL]
	1.95

	
	RsvnLB [mmHg s/mL]
	0.05

	
	CsvnLB [mmHg s/mL]
	15

	Pulmonary circulation
	Rpa [mmHg s/mL]
	0.02

	
	Cpa [mL/mmHg]
	0.18

	
	Rpart [mmHg s/mL]
	0.155

	
	Cpart [mmHg s/mL]
	3.8

	
	Rpvn [mmHg s/mL]
	0.075

	
	Cpvn [mL/mmHg]
	20.5

	Right heart
	CQtri [mL/s mmHg0.5]
	400

	
	CQpul [mL/s mmHg0.5]
	350

	
	EmaxRA [mmHg/mL]
	0.225

	
	EdRA [mmHg/mL]
	0.1575

	
	EmaxRV [mmHg/mL]
	0.45

	
	αRV [mmHg/mL]
	2.5/2.1**

	
	βRV [mmHg/mL]
	0.0336/0.028**

	
	κRV [1/ml]
	0.0564/0.047**

	Left heart
	CQmi [mL/s mmHg0.5]
	400

	
	CQao [mL/s mmHg0.5]
	350

	
	EmaxLA [mmHg/mL]
	0.45

	
	EdLA [mmHg/mL]
	0.2125

	
	EmaxLV [mmHg/ml]
	2.5/0.6*/2.2**

	
	αLV [mmHg/mL]
	3/2.5**

	
	βLV [mmHg/mL]
	0.0396/0.033**

	
	κLV [1/mL]
	0.0768/0.064**

	Coronaries
	Rcor [mmHg s/mL]
	12.5

	
	Ccor [mL/mmHg]
	0.0015

	VAD
	Rcan,in[mmHg s/mL]
	0.08

	
	Ccan,in [mmHg s/mL]
	3

	Additional parameters
	Tc [s]
	0.8

	
	Ts1 [s]
	0.26

	
	Ts2 [s]
	0.39

	
	Tsa1 [s]
	0.04

	
	Tsa2 [s]
	0.09

	
	Zcor [s]
	0.1

	
	ZLB [s]
	0.045

	
	ZUB [s]
	0.08

	
	Ccan,out [s]
	0.2

	
	Cao [s]
	0.2


Table 1: Parameters of the lumped parameter network. *: parameters changed for HF and LVAD full support, **: parameters changed for LVAD partial support. Bold parameters: most important influence on system behavior.
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