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1 Introduction
White matter hyperintensities (WMH) are regions of increased signal intensity in T2-weighted brain MRI which are
attributable to inflammation or erosion of tissue structure [1]. WMH are correlated with several neurodegenerative
diseases, including cerebrovascular diseases, and certain types of dementia [2]. Automation of WMH segmentation
is an active area of research, since it promises to facilitate large-scale studies with higher throughput and reduced
human error [3]. Several segmentation competitions have sought to compare the recently proposed methods under
standardized conditions [4, 5], including the 2017 WMH competition, to which this work relates. We briefly describe
our submitted method to this competition here.

2 Method
The objective of the segmentation model is to predict the probability of the WMH class for each location, or voxel, in
the input image. We assume the conditional probability of the lesion class c = 1, in one location x, given the features
y = [1, y1, . . . , yk]T , can be modelled with a logistic function, parameterized by feature weights β = [β0, β1, . . . , βk]T .
Specifically, we have

ĉ = P (c = 1 | y,β) =
1

1 + e−βTy
(1)

In a classic regression model, the parameters β are fixed for all locations. However, we consider subjects in a
standardized space (e.g. MNI) in which each voxel may have unique parameters – i.e. voxel-wise logistic regression
(VLR). This overcomes problems of class separability by graylevel alone, while avoiding the use of unconditional spatial
priors. Using a set of training data in a standardized space, the parameters are fitted independently for every voxel,
yielding one set of parameters per voxel, or, equivalently, one image per parameter. In order to prevent overfitting,
the model is estimated using MAP with a Gaussian prior on β (L2 Regularization). For computational reasons, the
log-likelihood of the model given the training data is maximized, as in

β∗ = arg max
β

logL(β)− λ ||β||2 (2)

= arg max
β

N∑
n=1

[
cnβ

Tyn − log(1 + eβ
Tyn)

]
− λ ||β||2 (3)

At test time, the estimated parameter images can be warped to the subject space, and used for inference, as in (1).

2.1 Implementation

While the VLR model is flexible to any set of feature images Y (x), we use only the FLAIR image. Warping of training
and test images to MNI space is achieved using the Segment tool in SPM12 [6]. This also produces bias-corrected
images, which are used thereafter in place of the originals. Since graylevel features from different MRI sources require
standardization before they can be used in either training or testing contexts, we match the histogram of each volume
to a target histogram: p(y) = N (µ = 0.5, σ = 0.12). Following initial prediction by the VLR model, probabilistic
output lesion masks are thresholded at a value which maximizes the mean training Similarity Index (aka F1 score).
Lesions less than 5 mm3 are removed. The proposed algorithm is summarized in Figure 1. The training data used
to estimate β(x) are from previous competitions, summarized in Table 1. These data are augmented using saggital
mirroring and shifting by one voxel in all directions.

Table 1: Summary of augmented training image database.

Img (#) Dataset Ref. Scanners Manuals (#)
20+20+20 WMH SEG 2017 — 3T Philips Achieva, 3T Siemens TrioTim, 3T GE Signa HDxt 1 a

5+5+5 MS SEG 2016 [5] 3T Philips Ingenia, 1.5T Siemens Aera, 3T Siemens Verio 7 b

21 MS ISBI 2015 [4] 3T Philips 2 c

a Used only WMH labels; b Manuals fused using LOP-STAPLE; c Manuals fused using logical ‘and’.
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Figure 1: Overview of Voxel-wise Logistic Regression (VLR) algorithm. Roman typeface denote images in subject
space, while calligraphic typeface denote images in standard space; image sets are bold; C(x): manual segmentation;
Y (x): FLAIR image, β(x): parameter image; Ĉ(x): estimated lesion segmentation.
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