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Cortical Surface Reconstruction From MRI (CSR)

“The diagnosis, prognosis, and study of neurodegenerative diseases, as well as many psychological
disorders, rely on the analysis of in vivo measurements on the cerebral cortex using magnetic resonance
imaging (MRI).”
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Existing Methods & DeepCSR

Ex: FreeSurfer/FastSurfer
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DeepCSR - Learning

Using a dataset of image and surface pairs:
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DeepCSR learns to predict implicit surfaces: — v !
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DeepCSR - Inference




NN Architecture & Hypercolumns Features

MRI L7

(182 x 218 x 182)

== /"N"'\/\\\
1 e O
\, //’k‘--.i'; ,\?‘-\- I \\\
-_/ [ ]
1@ Io. q,+
Ll A ;
V_\-
‘(o
/
|
.’
{ 32 64 128
|
\
\ Hypercolumn c(l, p)
\ [T ] eee [T] Layers:
\ 512 L4
\\ m=)> Conv3D + RelU
\
P f(l, p) Max3D + Conv3D +RelU
i ~ L ~  Linear Interpolation
3
== Concatenation
~ CBN + RelU + FC
256
256 s . s Max3D + FC + RelU
Fori=1,...,5 > Addition
=) FC

\ 4



Comparison to FreeSurfer And FastSurfer

Precision:

* Test-Retest dataset (TRT): 120 T1-weighted MRI scans from 3 subjects which are
scanned twice in 20 sessions spanning 31 days.

 The goalis to evaluate the reproducibility of the algorithms.

Accuracy:

* Multi-Atlas Labelling Challenge (MALC) dataset: 30 brain volumes manually segmented
by experts using the NeuroMorphometric labelling schema for the whole brain.

We compare the algorithms on the segmentation of the brain cortex generated by the
reconstructed surfaces.

Reconstruction Time:

* We report the average elapsed time to reconstruct the cortical surfaces of the MRI
scans in the MALC dataset. @



Comparison to FreeSurfer

Precision on TRT Accuracy on MALC Runtime
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* DeepCSR has better reproducibility which is critical for medical studies of

neurodegenerative diseases.

* DeepCSR provides brain cortex segmentation with greater overlap and more similar

volume to the manually annotated data.

* DeepCSR is at least thirteen times faster than FreeSurfer. It also presents less runtime

variation across subjects than FastSurfer .
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