Viewpoint Equivariance: Are CapsNets Any Good for

Hippocampal Segmentation?
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1. Context

In the recent years, research has shown
that hippocampal subfields (HSF, fig. 1)
are crucially implied in learning and
memory [5]. Thus, an accurate
delineation of the HSF is of critical
interest. If current methodologies allow
the segmentation of the HSF, traditional
models aren't robust to some natural
transformations like rotations. As an
example, those transformations may
occur in a substantial part of the
population with incomplete hippocampal
inversions which are currently described
in Temporal Lobe Epilepsy. Therefore,
faster and more robust models are
needed to be trustfully used in clinical
domains.
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automated segmentation. A: Sagittal slice of an
antero-posterior segmentation. B: Coronal slice

of an HSF segmentation.

2. Aim

In order to fulfill the need of an accurate
and robust automated segmentation of
the HSF, we propose an extension of
Capsule  Networks [2] to 3D
Segmentation tasks. Capsules exhibit
built-in equivariances to transformations
like rotations, local skewness, or
thickness.

We hypothesise that Capsules will be able
to correctly segment the HSF at an expert—
like accuracy.
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Fig.1: 3D illustration. Mesh from HSF segmentation
issued in [4].

5. Discussion & Conclusion

Our preliminary results confirm that Capsules can
correctly segment the hippocampus with an expert-
like accuracy, even with unusual alterations.

Our results (fig. 2), are showing convincing
segmentations, both for the antero/posterior

segmentation learned from 250 manually labeled
samples (fig. 2A), and in HSF (fig. 2B) with a small

sample size (25 subjects). We found Capsules to be
more robust to Out-of-Distribution observations
than current SotA models (fig. 3).

Through our first proof-of-concept, we validate that
Capsules are great candidates for the fast, data-
efficient, fully automated robust and accurate
delineation of the hippocampus.

3. Method

We  assessed our newly introduced
methodology on 3 datasets against manual
segmentation: an antero/posterior
segmentation task [3], and a segmentation in
subfields [4] (dentate gyrus, (DG), cornu
ammonis (CA), and subiculum (Sub)), and our
dataset [6] (DG, CA1, CA2-3, Sub).

We used a 10Folds Cross Validation, and the
following metrics: the Dice coefficient (DC),
and the volumetric similarity (VS).

1
) ’
Cornu Ammonis 7
(CA1-3) !

& CA4

09 Models

—— AGSCaps (ours)
08 DUNet (Zhu et al., 2019)
ResDUNet (Zhu et al., 2019)
Residual UNet
0.7 UNet

0.6

Mean Dice Score

0.4

0.3

0 25 50 75 100 125 150 175
Maximum Random Rotation (degrees)

Fig 3. Robustness assessments on SotA
methods. Evolution of segmentation quality
(mean Dice over positive classes), wrt. random
rotations of increasing amplitude.

Open Source pre-release available (PyTorch):
github.com/clementpoiret/3D-AGSCaps
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