Automatic method for thalamus parcellation
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Fully automatic thalamus segmentation and nuclear parcellation from random forest learning on MR/DTI — derived features.
1. Motivation 2.2 Feature Selection 3. Experimental Results
The thalamus is Implicated in numerous neurodegenerative diseases . 18 discriminating features from structural
(Alzheimer’s, Multiple Sclerosis, Parkinson’s). . and diffusion-derived imaging data. ﬁ/llRI\iI(D:;?\ﬁ(earl,Eraeggrlr?glle%ntg-r WHOLE THALAMUS SEGMENTATION .
It is composed of neuronal clusters roprefental ficlel ' mesnnery MP-RAGE (magnetization-prepared rapid acq. with .83mm Isotropic
called nuclei, responsible for B rterior - o TOADS —IH
O SRSl . Dorsomedia - grad. echo) —improved contrast for MS lesions.
communication between various o nucie . FREESURFER —{H
cerebral cortex and midbrain E&?ﬁ!a'y\ FA (fractional anisotropy) — non-uniformity of diffusion Leztye-ones-olt vlicklior OM 18E —H
regions. The nuclei are computed using the eigenvalues of the diffusion tensor. against manual delineations e
differentially affected in disease. 0 A1 C
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MR. DTI (diffusion tensor imaging): geniculate o ' - KN: Knutsson (5D) mapping accounts for orientation thalamus segmentation vs. NUGLEAR GROUPS COMPARISON

[FreeSurfer] and TOADS.
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Results are achieved without
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any manual interaction.
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Previous work relies on tensor statistics "' FSL Diffusion Toolbox: Parcellation: we do well on
or ConneCtiVity1 and requires Y 3D parcellation diagram. Left: canonical axial view. Q frontall U Juulyus nUCIear g_roups Comparable
some manual interaction.. A W e R e e T ~ recentral Above: whole brain axial view of to those In [Behrens]. Manual OM 18F OM 18F Manual
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Goal is fu_IIy—auIt_omatlcIsfegmentatlon and parcellatlon_olfI the_ thqlamus_ u5|fng learned | . Goal is large-scale study of thalamic neuropathology using
orwatk sosh os spatia coordinaies. (vo KIS TP A automated meihods. In ths paper e have exended thlamic
! e . / J ' arcellation to place us closer to that goal.
other DTIl-based and structural MRI information. 23 RandOm FOF@St Learn | ng P P J
.. : .o : . : Needed for improved accuracy:

ROI Identification: atlas-based, topology-preserving fuzzy classification—TOADS [Bazin - Decision trees are constructed through random subsampling of the data and features P Y
and Pham]—provides gross thalamus. Axis-aligned circumscribing box provides ROI. [Breiman]. Here: single feature, minimum misclassification decision . Individual nucleus random forest learners
Feature Selection: spatial coordlnat_es, the Knutsson map, cor_tlcal connectivity, and « Train separate thalamus-background and nucleus-nucleus random forest ensembles . Pool results over a larger number of training cases.
other DTI-based and structural MRI information, associated with a nucleus label (or |
background) from a manual rater. « Test: Apply thalamus-background RF on ROI, morphological correct . Incorporate deformable model or a priori shape, topology

Apply nucleus-nucleus : ) N . . .
Random Forest (RF): classification to discriminate thalamus from background and constraints. Per-voxel decision leads to significant noise

separately thalamic nuclel from each other, using all modalities available, per voxel. Compare Knutsson to other tensor/PEV dissimilarity measures.
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