Appendix 1: grid senditivity analysis

A sensitivity analysis was performed, to identifget most suitable dimensions for the
computational mesh-our different meshes were generated (from 50KQ0K5cells) and the
dimensions are reported in table (a). The mesltO&fiS the same used in the first version of the
manuscript. An identical simulation was performedthe 4 cases, coherent with the parameters
and working conditions described in the Materialgl Methods section of the manuscript. The
computing time for each case is reported in talh)e The time-step size was chosen for each
simulation such that the mesh motion was alwaydimggto a valid mesh (no inverted elements).
The chosen time-step size was 1ms for the 50K, 188K 160K cells, while a time-step size of

0.5ms was adopted for the 500K cells simulation.

Table Al: grid dimension and computing time

Average element o
Computing time
number
50K 5h
100K 8h
160K 12h
500K 5d

Various performance indexes were evaluated andceated in figure a. First, integral quantities
over the entire domain were calculated. We regwtaverage velocity (fig Al.a), the vorticity

(fig Al.b) and the (viscous) energy dissipatioy #1.c). The latter quantity is derived from the
NS equation and the conservation of energy comhividdthe assumption of an homogeneous,

incompressible, Newtonian and isotropic fluid as:
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As a clinically relevant quantity, we report theraventricular pressure difference (base — apex,
surfaces location indicated as S1 and S2 in figliguring the entire cycle (figure Al.d). As high
values of wall shear stress could be indicatordashage on the ventricular walls or valvular
leaflets, in figure Al.e we report the surface anédhe LV and MV subjected to high shear
values (calculated as the area with a WSS valueehithan the 80% of the peak shear stress on
the coarsest mesh). In figure Al.f the surface afahe vortex structures (identified in figure 3
and 4) is reported for the four cases.

(a) (b) (c)

Average velocity 0 Vorticity 2.5t Viscous energy

50

N
o

=
%)

=50

Vorticity [1/s]

g
=}

avg velocity [mm/s]

o

Viscous energy [N-mm/s]

160K
... 500K --+ 500K

-15, 880 0.2 0.4 0.6 0.8 1.( -
8.0 0.2 0.4 06 0.8 70 time 19 0 e

time [s] time [s]

(d) (e) (f)

Intraventricular AP Highest WSS Vortex surface area

o
>

— 50K

--- 100K
160K

-+ 500K

160
140

=

AP[mmHg]
o IO o o
> z\b N
&

WSS area [mm2]

— 50K

--- 100K
160K
500K

-1, N \STA i
Bo 0z 04 06 08 10 g5—o3 oL o5 o5 1o B0 oz o0a 06 o8 1o
time [s] time [s] time [s]

I
© 9O «
® o

Figure Al: (a) average velocity, (b) vorticity, (c) viscous energy, (d) intraventricular
pressure difference, (e) surface area of highest WSS values, (f) surface area of vortex

structuresin thefour different meshes.

From figure Al(a-d) no significant differences aisible in the global features of the flow field.

The high peak visible in the viscous energy pladug to the sudden closure of the aortic valve.



The most significant differences are visible inufig Al.f, in which the surface of the vortex
significantly increases with the degree of refinabf the mesh. Having a finer mesh, the vortex
structure and vortex breakup is more representet smnaller features are captured by the
simulations. Consistently, a larger region of higISS is detected in more refined meshes
especially during diastole, as the area close @¢ontaills occupied by the vortex is larger (figure
Al.e). As a visual example, we report the diffeemnm the vortex structure in figure A2 during

the deceleration phase of diastole (t=0.65s), atwie vortex structure is the largest.

50K 100K 160K 500K

s 4 ¢ o
7 | '
Q\‘é : VX ok X
” \&

&

Figure A2: vortex structuresin the 4 analyzed cases (t=0.65s).

All grids capture the main vortex structure duridigstole. However, only the more refined
meshes can capture the secondary structures @ibtieFor this work, the 500K cells mesh was
selected. Given the small dimensions of the vdetaader investigation, for the 500K cells grid
the average cell size is of 1.2 mm. The obtainédl igrnot uniform in space, as a more refined
mesh is required in the neighborhood of the vallee dimension of the cells (especially in the
valvular region) is comparable to the size reporte@hnafa et al., 2014 (0.8mm average value
for an almost uniform grid) for the entire and ployegical left heart including the atrium and the

vessels.



