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ABSTRACT

We present a fully automatic algorithm developed for the seg-
mentation of white matter hyperintensity lesions. The longi-
tudinal test data which is made available to participants of the
ISBI 2015 Longitudinal Multiple Sclerosis Lesion Segmen-
tation Challenge, consists of MRIs of 5 patients along with
manual segmentations of two experts. Our method involved
intensity thresholding and the so called 3D voxel connectiv-
ity analysis. We train a simple model that is optimized by
searching for the maximum obtainable dice score.

Index Terms— segmentation, white matter hyperinten-
sity, thresholding, histogram analysis, full width at half max-
imum, voxel connectivity

1. INTRODUCTION

It is well known that the increased T2 relaxation time of
WMH regions is as a result of a wide range of pathologi-
cal processes including edema, inflammation, demyelination,
axonal loss and gliosis [1]. White matter hyperintensity is
the bright signal observed in FLAIR MRIs of subjects with
vascular dementia, Alzheimers disease (AD) as well as in
multiple sclerosis (MS) patients [2, 3, 4].

Several automated WMH segmentation methods have
been proposed in the literature, some of which employ com-
bined usage of multiple contrasts (T2-, T1-, and sometimes
proton density-weighted (PD) images) for the purpose of ob-
taining an accurate segmentation result [5, 6]. However, the
use of FLAIR images makes the segmentation task fairly easy
since there is an increased contrast between WMH and other
brain tissues. A known issue that arises from thresholding
FLAIR images for the purpose of white matter hyperintensity
segmentation is the abundance of false positives (FP) [6].
To curb the problem, several methods have been used: for
example, in [7] and [8], seed voxels with very high signal
intensities on FLAIR and PD/T2-weighted images are iden-
tified and used as input to a fuzzy-connectivity algorithm
which assesses the degree of fuzzy affinity between spatially
connected elements but this methods still requires the use of

multiple contrasts. Our proposed algorithm aims to achieve
MS lesion segmentation by use of FLAIR images only.

2. METHODOLOGY

2.1. Intensity Thresholding

We begin by mapping the intensities of every training image
to those of a reference image which in this case is the first im-
age of training01 subject; we then compute the histogram of
the whole brain foreground voxels from the FLAIR image and
assume that the peak is that of a normal distribution so that its
7 dB drop is more than twice its Full Width at Half Maximum
(FWHM). The intensity of this I74p point is guaranteed to
be amongst the highest intensity values of the image. With
this value as a minimum threshold for WMH, we define the
threshold as:

T = peak(l_w)+17d3 (1)

where w is a weight value to be determined. In Figure
1, the voxels that fall to the right of the global peak are seg-
mented as those belonging to lesions. For a more detailed
description and an evaluation of the method, refer to [9].

2.2. 3D Connectivity Analysis & Corpus Callosum Delin-
eation

The 3D connectivity analysis in brief involves the examina-
tion of every detected voxel for the degree of connectivity
with its neighboring voxels. This step translates to analysing
the volumetric significance of every detected lesion. Lesions
that are deemed insignificant are assumed to be false positives
and are therefore ignored during the segmentation. A parame-
ter that needs to be optimized during training is the minimum
volume of lesions. Refer to Figure 2 where the false pos-
itive minimization effect of the 3D connectivity analysis is
depicted.

Additional steps were required to get rid of false positives
that appear on the corpus callosum. We employ a RANSAC
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Fig. 1. The 3D histogram of foreground voxels
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Fig. 2. The effect of the 3D connectivity analysis. Figures a
& b depict the before and after effects respectively

based approach [10] to detect the interhemispheric fissure
which coincides with the corpus callosum when the image is
viewed axially.

2.3. Training & Testing

We train a two parameter model by performing a grid search
for the parameters that maximize the dice score. The opti-
mization is carried out for each mask as well as for the union
of the two masks. Testing would require mapping the inten-
sities of the new data to those of the reference image then
applying the method described previously.

3. REFERENCES

[1] Erin Gibson, Fuqgiang Gao, Sandra E. Black, and
Nancy J. Lobaugh, “Automatic segmentation of white
matter hyperintensities in the elderly using flair images
at 3t,” Journal of Magnetic Resonance Imaging, vol. 31,
no. 6, pp. 1311-1322, 2010.

[2] T Erkinjuntti, L Ketonen, R Sulkava, J Sipponen,

(3]

(6]

[9]

[10]

M Vuorialho, and M Iivanainen, “Do white matter
changes on MRI and CT differentiate vascular demen-
tia from Alzheimer’s disease?,” Journal of neurology,
neurosurgery, and psychiatry, vol. 50, no. 1, pp. 3742,
Jan. 1987.

H Jokinen, H Kalska, R Méntyld, R Ylikoski, M Hieta-
nen, T Pohjasvaara, M Kaste, and T Erkinjuntti, “White
matter hyperintensities as a predictor of neuropsycho-
logical deficits post-stroke.,” Journal of neurology, neu-
rosurgery, and psychiatry, vol. 76, no. 9, pp. 1229-33,
Sept. 2005.

F Admiraal-Behloul, D M J van den Heuvel, H Olofsen,
M J P van Osch, J van der Grond, M A van Buchem, and
J H C Reiber, “Fully automatic segmentation of white
matter hyperintensities in MR images of the elderly.,”
Neurolmage, vol. 28, no. 3, pp. 607-17, Nov. 2005.

Myrna F Schwartz, Daniel Y Kimberg, Grant M Walker,
Olufunsho Faseyitan, Adelyn Brecher, Gary S Dell, and
H Branch Coslett, “Anterior temporal involvement in
semantic word retrieval: voxel-based lesion-symptom
mapping evidence from aphasia.,” Brain : a journal of
neurology, vol. 132, no. Pt 12, pp. 3411-27, Dec. 2009.

Petronella Anbeek, Koen L Vincken, Matthias J P van
Osch, Robertus H C Bisschops, and Jeroen van der
Grond, “Automatic segmentation of different-sized
white matter lesions by voxel probability estimation.,”
Medical image analysis, vol. 8, no. 3, pp. 205-15, Sept.
2004.

Minjie Wu, Caterina Rosano, Meryl Butters, Ellen
Whyte, Megan Nable, Ryan Crooks, Carolyn C Meltzer,
Charles F Reynolds, and Howard J Aizenstein, “A fully
automated method for quantifying and localizing white
matter hyperintensities on MR images.,” Psychiatry re-
search, vol. 148, no. 2-3, pp. 133-42, Dec. 2006.

B Sajja, S Datta, R He, and P Narayana, “A unified
approach for lesion segmentation on MRI of multiple
sclerosis.,” Conference proceedings : ... Annual Interna-
tional Conference of the IEEE Engineering in Medicine
and Biology Society. IEEE Engineering in Medicine and
Biology Society. Annual Conference, vol. 3, pp. 1778-
81, Jan. 2004.

L.O. Iheme, D. Unay, O. Baskaya, A. Sennaz, M. Kan-
demir, Z.B. Yalciner, M.S. Tepe, T. Kahraman, and
G. Unal, “Concordance between computer-based neu-
roimaging findings and expert assessments in demen-
tia grading,” in Signal Processing and Communications
Applications Conference (SIU), 2013 21st, April 2013,
pp. 1-4.

Ahmet Ekin, “Feature-based brain mid-sagittal plane
detection by RANSAC,” 2006.



