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SUPPLEMENTARY MATERIAL 

Details on the mesh sensitivity tests conducted in this study can be found below. Qualitative visual comparison of time-
averaged wall shear stress (TAWSS) contours was first conducted to identify any significant regions of inconsistent results. 
Quantitative comparison of mean and maximum velocity and (TAWSS) on selected planes, which are shown for each model 
in Figure 1, was then carried out and the results are reported below. The chosen mesh for each model had a % difference 
of < 3.5% for each hemodynamic parameter between the selected mesh and a more refined mesh, as well as a grid 
convergence index (GCI) of < 5.5%, in line with previous studies (Craven et al., 2009, Tedaldi et al., 2018) . GCI was calculated 
through the following equations (Craven et al., 2009).  
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𝐺𝐶𝐼3,2 = 𝐹𝑆|𝐸3|, 𝐺𝐶𝐼2,1 = 𝐹𝑆|𝐸2| 

Where 𝑁1,2,3 is the number of elements in mesh M1 (coarse), M2 (medium) and M3 (fine), 𝑓1,2,3 is the variable of interest 

(mean/max velocity or TAWSS), and 𝐹𝑆 is the “factor of safety” equal to 1.25 (Craven et al., 2009). All chosen meshes are 
of a size consistent with previous studies (Auricchio et al., 2014, Cheng et al., 2010, Menichini et al., 2016, Menichini et al., 
2018, Pirola et al., 2019, Romarowski et al., 2018, Wan Ab Naim et al., 2016). 

 

Table 1: Number of elements in each mesh, coarse (M1), medium (M2) and fine (M3), for P1, P2 and P2P. 

 P1 P2 P2P 

M1 3,976,559 3,084,907 1,988,598 

M2 6,168,045 5,755,630 4,055,893 

M3 9,654,667 10,094,465 6,358,124 

 

Figure 1: Analysis planes used for mesh sensitivity tests for models P1, P2 and P2P. 



P1 mesh sensitivity tests 

Table 2: Mean and maximum velocity on analysis planes (shown in Figure 1) in each mesh for P1. |%E|: Absolute percentage change in 
value between noted meshes. GCI: grid convergence index between noted meshes.  

 Mean Velocity  Maximum Velocity 

Plane 1 2 3 4 5 6  1 2 3 4 5 6 

M1 [m/s] 0.090 0.100 0.166 0.240 0.268 0.276  0.205 0.214 0.671 0.357 0.488 0.447 

M2 [m/s] 0.090 0.100 0.166 0.241 0.277 0.274  0.204 0.212 0.668 0.358 0.490 0.445 

M3 [m/s] 0.090 0.100 0.166 0.241 0.278 0.274  0.204 0.212 0.667 0.358 0.491 0.445 
              

|%E| M2/M1 0.045 0.111 0.124 0.170 3.411 0.669  0.454 0.525 0.477 0.326 0.521 0.249 

|%E| M3/M2 0.080 0.180 0.115 0.077 0.259 0.103  0.359 0.068 0.144 0.089 0.097 0.065 

GCI2,1 0.125 0.363 1.843 0.177 0.352 0.152  2.113 0.098 0.257 0.153 0.149 0.110 

GCI3,2 0.225 0.589 1.702 0.081 0.028 0.023  1.670 0.013 0.078 0.042 0.028 0.029 

 

Table 3: Mean and maximum time-averaged wall shear stress (TAWSS) on analysis planes (shown in Figure 1) in each mesh for P1. 
|%E|: Absolute percentage change in value between noted meshes. GCI: grid convergence index between noted meshes. 

 Mean TAWSS  Maximum TAWSS 

Plane 1 2 3 4 5 6  1 2 3 4 5 6 

M1 [Pa] 0.740 0.219 1.088 0.578 0.726 0.786  1.536 0.530 3.961 1.208 1.807 1.709 

M2 [Pa] 0.777 0.220 1.081 0.582 0.725 0.790  1.568 0.536 3.945 1.198 1.792 1.727 

M3 [Pa] 0.793 0.219 1.085 0.570 0.738 0.799  1.589 0.537 3.958 1.160 1.797 1.737 
              

|%E| M2/M1 4.953 0.081 0.624 0.568 0.080 0.515  2.084 1.233 0.405 0.804 0.826 1.033 

|%E| M3/M2 2.110 0.100 0.422 2.031 1.800 1.191  1.339 0.153 0.341 3.150 0.307 0.577 

GCI2,1 4.772 0.531 1.606 0.978 0.104 1.124  4.861 0.219 2.647 1.364 0.607 1.657 

GCI3,2 2.090 0.657 1.074 3.590 2.313 2.582  3.145 0.027 2.212 5.474 0.223 0.930 

 

Based on the mesh sensitivity results, M2 was chosen for P1. 

 

 

P2 mesh sensitivity tests 

Table 4: Mean and maximum velocity on analysis planes (shown in Figure 1) in each mesh for P2. |%E|: Absolute percentage change in 
value between noted meshes. GCI: grid convergence index between noted meshes. 

 Mean Velocity  Maximum Velocity 

Plane 1 2 3 4 5 6  1 2 3 4 5 6 

M1 [m/s] 0.089 0.071 0.131 0.121 0.139 0.190  0.318 0.146 0.168 0.185 0.190 0.465 

M2 [m/s] 0.089 0.071 0.131 0.121 0.138 0.189  0.315 0.145 0.167 0.183 0.189 0.464 

M3 [m/s] 0.089 0.071 0.131 0.121 0.138 0.189  0.316 0.145 0.168 0.182 0.189 0.460 
              

|%E| M2/M1 0.266 0.018 0.063 0.051 0.765 0.753  0.693 0.472 0.770 1.023 0.688 0.140 

|%E| M3/M2 0.101 0.012 0.072 0.121 0.173 0.191  0.043 0.059 0.415 0.118 0.115 0.785 

GCI2,1 0.077 0.027 0.715 0.262 0.063 0.080  0.003 0.010 0.596 0.019 0.029 1.204 

GCI3,2 0.203 0.042 0.626 0.111 0.280 0.319  0.057 0.084 1.118 0.167 0.173 0.213 
 

 

 



Table 5: Mean and maximum time-averaged wall shear stress (TAWSS) on analysis planes (shown in Figure 1) in each mesh for P2. 
|%E|: Absolute percentage change in value between noted meshes. GCI: grid convergence index between noted meshes. 

 Mean TAWSS  Maximum TAWSS 

Plane 1 2 3 4 5 6  1 2 3 4 5 6 

M1 [Pa] 0.376 0.149 0.222 0.198 0.323 0.686  1.152 0.287 0.302 0.330 0.493 2.015 

M2 [Pa] 0.389 0.149 0.222 0.198 0.323 0.687  1.191 0.291 0.304 0.328 0.481 2.012 

M3 [Pa] 0.392 0.149 0.223 0.199 0.324 0.686  1.203 0.293 0.304 0.334 0.477 1.990 
              

|%E| M2/M1 3.616 0.166 0.234 0.043 0.007 0.162  3.344 1.308 0.508 0.767 2.368 0.111 

|%E| M3/M2 0.615 0.217 0.644 0.757 0.262 0.115  1.015 0.687 0.025 2.099 0.859 1.116 

GCI2,1 0.163 1.160 1.259 0.996 0.336 0.358  0.575 0.969 0.002 4.066 0.594 1.567 

GCI3,2 0.932 0.891 0.462 0.057 0.009 0.502  1.850 1.835 0.032 1.528 1.662 0.155 

 

Based on the mesh sensitivity results, M2 was chosen for P2. 

 

P2P mesh sensitivity tests 

Table 6: Mean and maximum velocity on analysis planes (shown in Figure 1) in each mesh for P2P. |%E|: Absolute percentage change 
in value between noted meshes. GCI: grid convergence index between noted meshes. 

 Mean Velocity  Maximum Velocity 

Plane 1 2 3 4 5 6  1 2 3 4 5 6 

M1 [m/s] 0.097 0.222 0.285 0.127 0.091 0.119  0.147 0.267 0.397 0.507 0.249 0.364 

M2 [m/s] 0.097 0.223 0.286 0.127 0.091 0.119  0.148 0.268 0.399 0.506 0.244 0.356 

M3 [m/s] 0.097 0.223 0.285 0.127 0.091 0.119  0.148 0.268 0.400 0.506 0.244 0.354 
              

|%E| M2/M1 0.337 0.302 0.371 0.636 0.114 0.074  0.225 0.562 0.462 0.104 2.002 2.262 

|%E| M3/M2 0.064 0.063 0.116 0.055 0.056 0.025  0.125 0.124 0.285 0.072 0.020 0.560 

GCI2,1 0.098 0.100 0.212 0.075 0.140 0.048  0.349 0.200 0.940 0.291 0.025 0.924 

GCI3,2 0.019 0.021 0.067 0.007 0.069 0.016  0.194 0.044 0.582 0.201 0.000 0.225 

 

Table 7: Mean and maximum time-averaged wall shear stress (TAWSS) on analysis planes (shown in Figure 1) in each mesh for P2P. 
|%E|: Absolute percentage change in value between noted meshes. GCI: grid convergence index between noted meshes. 

 Mean TAWSS  Maximum TAWSS 

Plane 1 2 3 4 5 6  1 2 3 4 5 6 

M1 [Pa] 0.153 0.331 0.477 0.381 0.383 0.735  0.252 0.513 0.804 1.335 1.165 2.204 

M2 [Pa] 0.153 0.332 0.478 0.384 0.381 0.721  0.254 0.521 0.809 1.387 1.173 2.165 

M3 [Pa] 0.153 0.333 0.477 0.387 0.381 0.718  0.256 0.521 0.806 1.393 1.187 2.166 
              

|%E| M2/M1 0.041 0.371 0.227 0.660 0.291 1.880  0.946 1.490 0.659 3.863 0.669 1.780 

|%E| M3/M2 0.341 0.288 0.262 0.854 0.025 0.460  0.612 0.111 0.342 0.470 1.191 0.045 

GCI2,1 0.058 1.623 2.122 3.532 0.035 0.756  2.210 0.149 0.893 0.673 1.877 0.057 

GCI3,2 0.483 1.260 2.456 4.560 0.003 0.182  1.436 0.011 0.468 0.085 3.327 0.001 

 

Based on the mesh sensitivity results, M2 was chosen for P2P. 
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