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Abstract. This paper presents a new approach for the automatic seg-
mentation and characterization of active MS lesions in 4D data of mul-
tiple sequences. Traditional segmentation of 4D data applies individual
3D spatial segmentation to each image data set, thus not making use
of correlation over time. More recently, a time series analysis has been
applied to 4D data to reveal active lesions [3]. However, misregistration
at tissue borders led to false positive lesion voxels.

Lesion development is a complex spatio-temporal process, consequently
methods concentrating exclusively on the spatial or temporal aspects
of it cannot be expected to provide optimal results. Active MS lesions
were extracted from the 4D data in order to quantify MR-based spatio-
temporal changes in the brain. A spatio-temporal lesion model generated
by principal component analysis allowed robust identification of active
MS lesions overcoming the drawbacks of traditional purely spatial or
purely temporal segmentation methods.

1 Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous
system (CNS). MS lesions consist of areas of inflammation, myelin loss, axonal
degeneration and gliotic scar formation. Magnetic resonance (MR) is the pri-
mary paraclinical modality to monitor the natural history of the disease and to
evaluate the efficacy of treatment in long-term therapeutic studies.

In recent years several segmentation techniques have been developed to quan-
tify brain MRI lesion load. Manual segmentation is not only time consuming
but also tedious and error prone. The possibility to acquire multi-echo image
data stimulated several attempts to apply classical statistical pattern recogni-
tion techniques. But purely intensity based segmentation has strong limitations
and does often not provide satisfactory results. Different techniques have been
developed and tested to incorporate anatomical knowledge into the segmenta-
tion procedure. As 90 — 95% of MS lesions occur in white matter tissue, prior
identification of the white matter area can be used to reduce the number of false
positive lesions [8]. However, delineation of lesions is often not accurate enough.
Tissue class distributions overlap and therefore voxels are misclassified. This is
especially true for MS lesions.

The chronological course of MS lesions can be investigated by looking at
significant changes in MR scans at two different time points. By examining tem-
poral changes in consecutive MR scans, rather than to measure absolute intensity
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values, active MS lesions can be segmented and characterized in a straightfor-
ward manner. A simple approach to detect changes in time series MR data is
to subtract two consecutive, registered MR images. Other methods to detect
and quantify active lesions in image sequences have been introduced in [7] and
[6]. Both approaches rely on calculating a non-rigid deformation field between
two consecutive images to express the changes of brain tissue appearance due
to pathology. Unfortunately this approach cannot always capture the complex
behavior of lesion development, because luminance changes can always be traded
for deformation and vice versa.

A new method to segment active MS lesions has been introduced in [3]. Af-

ter preprocessing serial MR, data including normalization of the brightness and
precise registration of serial volume data sets to 4D data, the hypothesis can
be established that intensities in static regions remain unchanged over time,
whereas local changes in tissue characteristics cause typical fluctuations in the
voxel’s time series. A time series analysis has then been applied to reveal active
lesion voxels.
The described algorithm is highly sensitive to rigid registration, brightness nor-
malization and noise reduction. Whereas successful algorithms are available for
the latter two preprocessing steps, the quality of the rigid registration is strongly
dependent on the axial resolution of MR scans. Especially at tissue borders, mis-
registration leads to fluctuations of intensities over time.

Lesion development is a complex spatio-temporal process, consequently meth-
ods concentrating exclusively on the spatial or temporal aspects of it cannot be
expected to provide optimal results. The goal is therefore to characterize lesion
evolution by quantitative characterization of MR-based spatio-temporal changes.
A spatio-temporal lesion model can be used to improve the segmentation results
of the time series analysis described above. False positive lesions should be clearly
distinguishable from true lesions considering the expected spatio-temporal be-
havior of active MS lesions.

2 Model Generation

In order to perform temporal and spatio-temporal analysis of MS lesions, we
first acquired time series of data in multiple sequences. 11 patients with definite
MS underwent monthly MR, scans for one year. Proton-density-weighted (PD),
T2-weighted (T2), Flair (FL), and T1-weighted images before and after the
application of Gadolinium contrast agent (T1 resp. GD) were acquired with an
axial resolution of 2mm. Bias-field correction and brightness normalization of
the images was obtained using the method described in [1]. Due to unavoidable
misregistration during repeated acquisition, an intensity based rigid registration
algorithm (described in [4]) was used to create intensity-corrected multichannel
4D data.

Up to now, data collections were compiled using complete, segmented MRI
sequences of MS patients. In order to extract a spatio-temporal model of MS
lesions, this patient based view was replaced by a lesion based view. Active
lesions were extracted manually from 4D data to form a lesion database. The






