Ventricular and total intracranial vault segmentations for brains with extensive atrophy using three-dimensional

convolutional neural networks

- D Goubran M, Ntiri E E, Holmes M, Akhavein H, Adamo S, Ramirez J, Gao F, Ozzoude M, Scott C, Smith E, Binns M, Sunderland K,
gy NFURODEGENERATIVE Beaton D, Zamyadi M, Maclintosh B, Dowlatshahi D, Lawrence-Dewar J, Kwan D, Marras C, Lang T, Symons S, Bartha R, Strother SUIIIIYbI'OOk

UNIVEITY OF INITIATIVE S, Moody A, Swartz R, Black SE HEALTH SCIENCES CENTRE
TORONTO

L.C. Campbell Cognitive Neurology Research Unit, Toronto, Canada; 2Hurvitz Brain Sciences Research Program, Sunnybrook Research Institute, Toronto, Canada;
3 Department of Medicine, Division of Neurology, University of Toronto, Toronto, Canada

BACKGROUND CNN MODEL RESULTS (CONT’D)

o Differential rates of atrophy in the
ventricles and total intracranial vault (TIV)
can be used as biomarkers of cognitive
decline in dementia’ Residual Upsample
Existing methods to segment the regions Block “ Block
are either time consuming, or lacking In Convolutional Block
accuracy In patients with extensive atrophy (Kernel=3, Stride=1)
Convolutional neural networks (CNNs)
have gained traction for brain

segmentation models
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sum (Kernel=3, Stride=1) Figure 4. TIV segmentation results for two

To develop a 3D convolutional neural | | Feature subjects who had strokes. Strokes indicated by
network (CNN) to segment the ventricles and © Concatenate Fig. 1: Proposed network architecture Block yellow arrows. Predicted segmentation (blue

TIV using multi-contrast inputs across label) is shown overlapping manual tracings (red
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A multi-contrast (T1, T2, FLAIR) and T1- A 2 ! | /] E ok | ¥ P b h i A The proposed model improved on state-of-
based segmentation model was developed B - | A5 | ¥ AR 1 SRR | T the-art methods in less time on the test
to segment both the ventricular system and L) S X B S\ peeira Y BN W R S dataset

the TIV The multi-contrast, and the T1 and FLAIR

We compare the model's perfogmanc§ for based models produced the highest average
TIV segmentation to MONSTR?, BET®, and dice scores for the TIV and ventricles,
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were compared to Freesurfer’ " > Vorgrioe - . " 3 ‘ T.he I.ow processing_ time and accuracy
The influence of each sequence on the igure <. vVentricular segmentation results tor one subject. | highlight the potential to translate the models

Manual segmentations are in top row (green), U-net w | to large-scale studies and clinical practice

performance of j[he models segmentation in bottom row (blue) ) | _
The Pearson, Dice, and Jaccard Figure 3. TIV segmentation results for one Models seem robust to downsampling and

coefficients were used as performance i e FRERns subject. Manual segmentations are in top row addition of noise but cannot segmenting
metrics \ ZRM SN\ 7 | (green), U-net segmentation in bottom (blue) inputs not in standard orientation.
Models were then tested on artificially ' ' '
generated adversarial cases including
downsampling and addition of noise.
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Table 1. Dice, Jaccard, Pearson’s R coefficients and Future work will investigate datasets with
computational time across ventricular segmentation methods other disorders such as hydrocephalus and
real adversarial cases including motion.
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