
Volumetric parcellation of the cardiac right ventricle for 
regional geometric and functional assessment. 

Supplementary material 

S1 – Population description 
 

 
Table S 1 shows the populational mean of several measurements on the RV, as well as 
demographics. The population, typical for American football players, is composed of 
individuals with high weight and height, and consequently also large ventricles. The 
regional ejection fractions show that the apex is contracting the most, and the RVOT the 
least, which matches clinical knowledge since the RVOT infundibulum is contains more 
matrix tissue with less myocytes. We can seAe that the RVOT and apex have more or 
less the same volume, with the latter presenting more variability since it is a difficult 
area to image in 3D echocardiography.  The percentages show that the inlet represents 
slightly over 50% of the ventricular volume, and the apex and RVOT have approximately 
the same size with ~23% of the volume. 
 
Table S 1 Population mean and standard deviation of the demographics, EF, volumes and percent distribution of the 
regional volumes. 

  Mean Standard deviation 

Demographics 

HR [bpm] 54.0 7.62 

Weight [kg] 98.4 25.57 

Height [m] 1.87 0.09 

BSA [m2] 2.24 0.32 

BMI[Kg /m2] 28.4 3.67 

EF [%] 

RVOT 42.5 5.95 

Inlet  50.3 5.31 

Apex  59.9 10.35 

Total  50.5 5.54 

Volume [ml] 

RVOT 34.8 10.00 

Inlet 79.1 12.03 

Apex  33.6 3.76 

Total 147.5 17.9 

Volume distribution 
[%] 

RVOT  23.6 3.4 

Inlet  53.6 4.1 

Apex  22.8 1.6 

 
 



Figure S 1 shows a septal view of all the individuals of the population and their 
parcellations. We can observe a high variability in the shape and parcellation of the 
different individuals. This variability does not only correspond to global deformations 
(for instance more spherical, or more elongated RVs) but as seen before in the 
quantitative analysis, the RVOT presents significant differences. While we expect 
anatomical interindividual differences in the RVOT, we cannot discard segmentation 
artefacts.  Another place where we can see heterogeneity is in the intersection point 
between all 3 parts: since it is the furthest from the 3 landmarks, there is less 
information and more subject to noise. 
 

 
Figure S 1 Septal view of the parcellations of all 10 subjects of the population, showing the inlet (blue), RVOT (red) 
and apical (green) regions. 

 

S2 – Interobserver variability 
Figure S 2 shows the mean interobserver variability of the generated 3D models, 
computed in terms of the mean point-to-point error and the mean surface-to-point 
errors. 



 

Figure S 2 Pointwise point-to-point (above) and point-to-mesh(distances) distances in the inter-observer 
reproducibility test, averaged over the full population. 

S3 – Synthetic mesh generation 
S3.1 Synthetic mesh generation quality 
Table S 2 shows the quantitative results on the reconstruction quality of the meshes. 
We can see that the error is lower when we interpolate the fields from triangle to point 
data. As the anatomical frame of reference is defined on faces, it is simpler to define the 
strain independently at each triangle. However, the mesh connectivity forces that two 
adjacent triangles must agree on the strain value for their common edge. Since our 
algorithm solves a minimisation problem, it can find a valid solution even when we 
already know that no exact solution exists. The solution it finds is a smoothed version of 
the imposed field (see the slopes of the table), and it also has a damping effect in which 
the obtained strains are slightly lower than the imposed ones.  Overall, we can find a 
good correlation. 
 
 
Table S 2 Comparison of the imposed and obtained strain fields, for the different types of local synthetic remodelling 
that were generated. We can observe that the pointwise error is significantly lower than the cellwise error. We also 
report the slope of the regression line between the imposed and obtained strains, showing that there is a damping 
effect of the imposed strains. Results are averaged over the full population. 

 Cellwise Pointwise 



 Mean error 
Pearson 

coefficient Slope Mean error 
Pearson 

coefficient 

Circ. apical 0.42 0.99 1.08 0.29 0.99 

Long. apical 0.38 0.99 1.02 0.21 1.00 

Circ. RVOT 0.29 0.97 1.14 0.24 0.99 

Long. RVOT 0.29 0.99 1.04 0.19 1.00 

Circ. inlet 0.31 0.98 1.03 0.22 0.99 

Long. inlet 0.18 0.99 1.01 0.11 1.00 

 
 
S3.2 Smoothness and mesh resolution effect 
We investigated the main cause of error in the mesh generation process and found it to 
be the smoothness of the strain field. First, we remeshed to generate meshes with a 
higher number of triangles, making differences of strain in adjacent triangles smaller. 
This caused a reduction of the error. We also tested the influence of the RBF bandwidth 
used to generate, and we found that smoother strains would also give lower error. 
Finally, we increased the amplitude of the strain, and found that there was an almost 
perfectly linear relationship between the error and the strain amplitude: the error is a 
constant percentage of the imposed strain. The results of the experiments can be seen 
in Figure S 3. 
 

 
Figure S 3 a) Effect of increasing the deformation bandwidth of the imposed strain, while maintaining the scale 
constant. b) We can see that the error decreases when the mesh is finer, for the same parameters of the imposed 
strain. C) Effect of increasing the scale of the imposed strain, while maintaining the bandwidth constant. We can see 
that the error increases linearly. 

. 
S3.3 Generated meshes 
In Figure S 4 and Figure S 5 we can see an example of the different remodelled meshes 
that were generated, with the colormap depicting the imposed and resulting strain 
maps (from the reference mesh). We can see a clear agreement between both maps, 
but the obtained maps are smoother and lower in magnitude than the imposed strain, 
not allowing rough transitions in the map. Figure S 6 depicts the obtained and imposed 
strains for each cell of the same sample mesh, and the different generated remodelling. 
We can see that longitudinal strain can be better imposed than circumferential, and that 
the RVOT has the highest reconstruction error. This can be explained since the 
anatomical directions are not well defined in the basal inter-valvular region. 



- 

 
Figure S 4 Circumferential remodelled meshes for the apical (top), inlet (middle) and RVOT (bottom) regions. The left 
column colormap shows the imposed strain and the right shows the obtained strain. 



- 

 
Figure S 5 Longitudinal remodelled meshes for the apical (top), inlet (middle) and RVOT (bottom) regions. The left 
column colormap shows the imposed strain and the right shows the obtained strain. 

 
 



 
Figure S 6 Scatter plot of the imposed and obtained strain for each cell of a sample remodelled mesh. The identity 
line is plotted in red. 

 

S4 -Remesh effect 
We report in Table S 4 the equivalent results of Table 5 of the main test, that computed 
the accuracy of the method at assessing different types of remodelling using the 
synthetically generated dataset, when no remeshing was applied. Results are similar, 
but we can see that registration-based parcellation has a drop in accuracy when the data 
is remeshed, indicating a degree of overfitting. 
 
Table S 3 Accuracy of the parcellation methods for identifying the parts that remodel using the synthetic meshes. 

 Remesh No remesh 

 Geodesic  Registration Geodesic  Registration 

Circ. apical 83.1 49.7 85.3 47.7 

Long. apical -69.9 5.4 -75.5 57.6 

Circ. inlet 85.0 67.2 87.0 79.0 

Long. inlet 42.4 65.7 38.1 74.6 

Circ. RVOT 61.6 64.5 61.4 74.9 

Long. RVOT -4.2 52.2 -2.8 69.1 

Global circ. 87.5 92.1 87.4 94.4 

Global long. 80.9 92.0 77.6 96.5 

Global scaling 99.8 95.8 99.5 98.6 

 
 
 

S5 – Comparison of geodesic and heat based 
longitudinal directions. 
We compare the used approach for computing the longitudinal directions (gradient of 
the Laplace’s equation solution, with boundary in the apex and the valves) to another 



approach based on the geodesics from the apex. Both approaches are quite similar, as 
already reported in the literature [Keenan2013], where they used the heat equation to 
compute a computationally lighter approximation of the geodesics.  
 
Figure S 7 shows the longitudinal directions computed in both ways, and the colormap 
highlights the angular difference between both directions. In the apical / mid regions of 
the RV, the differences between geodesics and heat are not very big. Towards the base 
there are more noticeable differences: the geodesic approach does not account for the 
biaxial nature of the RV and gives opposing directions in the inter-valve area. Moreover, 
the free wall is longer than the septum, thus the isolines of the geodesic distance near 
the tricuspid are not parallel to the valve but hit with a certain angle. 
 



 

 

 
Figure S 7 Different views of the RV:  free wall (top), septal wall (middle) and base (bottom). The left column depicts 
the geodesic longitudinal directions and the right the heat-equation longitudinal directions. The colormap represents 
the difference. Differences are maximal in the base, and we can see in the middle plot that geodesic longitudinal 
directions are not normal to the valve. 



 

 
 

S6 Heat-based parcellation 
We study an alternative approach in which instead of using the geodesic distances to 
define the parcellation in the epicardium, we use the solutions of the Laplace equation, 
which have been used in the literature for obtaining conformal maps [Bayer2018, 
Nunez2020, Vera2014]. Table S 5 shows the results corresponding to the inter- and 
intra-observer reproducibility, and in Table S 6 we can find the accuracy of the method 
in identifying the different types of remodelling in the synthetic dataset.  We can see 
that heat-based method accuracy in the synthetic experiments is comparable to the 
geodesic but has very bad reproducibility to noise, especially in the inter-observer 
experiment.  An interesting remark is that the volume distribution is significantly 
different than the results obtained with the geodesic approach, the heat-based method 
producing a too small apical volume: we think that the use of landmarks in the middle 
of the RV would help to control the parcellation and to add stability to this approach.  
 
Table S 4 Intra- and inter-observer reproducibility of the regional volumes and ejection fractions using the heat 
approach. 

 Intra-observer Inter-observer 

RVOT EDV [ml] 6.9 (23.7%) 14.8 (43.5%) 

Inlet EDV [ml] 6.1 (5.2%) 16.7(15.7%) 

Apex EDV [ml] 1.6 (16.1%) 3.9 (37.6%) 

Total EDV [ml] 9.0 (5.6%) 11.0 (7.0%) 

RVOT EF [%] 5.5 (14.4%) 13.3 (30.4%) 

Inlet EF [%] 3.5 (6.7%) 4.5 (8.6%) 

Apex EF [%] 6.4 (13.3%) 11.4 (21.8%) 

Total EF [%] 3.0 (6.0%) 5.2 (10.2%) 

 
 
Table S 5 Accuracy of the heat and geodesic parcellation methods for identifying the parts that remodel using the 
synthetic meshes. 

 Heat Geodesic 

Circ. apical 60.6 83.1 

Long. apical -61.2 -69.9 

Circ. inlet 84.9 85.0 

Long. inlet 61.2 42.4 

Circ. RVOT 89.4 61.6 

Long. RVOT -25.3 -4.2 

Global circ. 90.3 87.5 

Global long. 78.6 80.9 



Global scaling 99.6 99.8 
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