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Problems in segmentation of MS lesions from MRI data
Data collection
Data prepar ation / pre-processing

4D time series analysis

Alter nativ es for tissue contr ast gener ation
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Problems of intensity based segmentation
Diffuse MS lesions
Overlapping grey value ranges of different tissues

Questiona ble reproducibility in manual segmentation
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PD T2 Histogram
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Incor por ation of the time dom ain

Pharmaceutical long term studies
periodical examinations to assessdrug treatment effect

small effects expected repr oducibility isa critical issue

We are only interested in changes of the lesion load
search only for changes in the time coar se

Time series analysis
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Acquisition protocol of the patient study

Acquisition of 5 different pulse sequences

10 MS patients monthly over one year

high-r esolution data: (min. slices)
duration of the acquisition: about 1 hour

T1/GD Flair
Turbo spin-echo TR=2600ms  Turbo spin-echo TR=2600ms TR=600msTE=14ms 0.1 mmol
TE=90ms TE=45ms gadopentetate  dimeglumine
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Data preprocessing

Image quality enhancement
— bias corr ection
— noise reduction

Special attention to inuence on image texture

Acquisition protocol isnot completely reproducible

— slight changes in patient position

— differences in intensity normalization

Prepr ocessing

— spatial registration of the MR data sets (MIRIT KU Leuven)
— Intensity normalization

— Bias Correction (ETHSoftware)

— Intensity normalization
histogram-based intensity equalization

— anisotropic diffusion
destroying texture
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Autom atic registration of multi-modality MT images

Registration of complete 3D volumes

Completely autom atic, intensity-based procedur e
using mutual information, no featur e extraction

Reformatting will strongly distort textur e
just the similarity transform resulted could be used
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Bias corr ection

Image = Bias-eld Image-f eatur es

Bias eld: low frequenc y variations

modeled as a polynomial eld

Polynomial coef cients: non-linear optimization
evolutionar y algor ithms used

original slice bias eld corrected slice
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Senal MS data

Time series of axial slices
for all acquir ed pulse sequences
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Con version to time series

Intensity behaviour of single pixels through time

A 3D array of time functions results
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Result of the pre-processing

Time cour se of a voxel for health y white matter

Time cour se of a voxel for a typical MS lesion
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Time behaviour of an evolving lesion
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Projection along a line
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Time series analysis to detect uctuating lesions

Measur es used to char acter ize time changes

Simple intensity based featur es
Statistical featur es
Time der ivativ es

Measur es of uctuation
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Intensity based measur es
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Statistical featur es
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Time der ivativ es

Standar d Deviation Gradient Maxim um Gradient Minim um
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Measur es of uctuation
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Evaluation of sign changes: Maxim al run length Number of runs

De nition of “run”

Obser vation: Low frequenc y variations (lesions)
large differences from mean
small number of sign changes
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Final detection of time-dependent changes

Combination of the single fuzzy featur es using Dempster -Shafer rule

Final proba bility map for time changes

Detection based on thresholding
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Results

Appear ance of MS Lesions

1

Imw

Disappear ance of MS Lesions

MS lesion appear ance in MRI
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Summary

Availa bility of normalized multi-chanel MRI series for MS

Spatio-tempor al data base for activ e lesions
possibility to test predictiv e featur es

Autom atic lesion segmentation method for 4D datasets (10 min)

Possibility to identify activ e lesions

— cour se of disease (lesion appear ance and disappear ance)
— analysis of time correlations (lesions and clinical assessment)
— lesion localization with respect to anatom y/functionality

— change of total lesion load vs. time
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Outlook

Complex spatio-tempor al lesion char acter ization

Fundamental goal: better correlation with clinical symptoms
— More precise descr iption of the spatio-tempor al patter n of lesions
— More information about the pathoph ysiology of the lesions

MRI as par tial replacement for histology?

— More specialized pulse sequences
— Extraction of additional image features from Images with

“traditional” contr ast
— Texture has some promises: link betw een macr oscopic (mor phological)

and microscopic (“sub-pixel”) featur es
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