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IntroductionIntroduction

There is many algorithms for MS lesion There is many algorithms for MS lesion 
segmentationsegmentation

Little information available about the preprocessing Little information available about the preprocessing 
algorithms employedalgorithms employed

Evaluate the need of Evaluate the need of denoisingdenoising and intensity and intensity 
inhomogeneityinhomogeneity correctioncorrection
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STREMv1STREMv1

Method introduced by (Method introduced by (AitAit--Ali et Al., MICCAI 2005)Ali et Al., MICCAI 2005)
ModelModel--based segmentationbased segmentation

Lesions are considered outliers to the modelLesions are considered outliers to the model

Three steps:Three steps:
1. Robust estimation of NABT parameters
2. Refinement of outliers detection 
3. Application of lesion rules



Estimation NABTEstimation NABT

33--class Finite Multivariate Gaussian Mixture Modelclass Finite Multivariate Gaussian Mixture Model

Modified ExpectationModified Expectation--Maximization algorithm (Maximization algorithm (mEMmEM))
Trimmed Likelihood (Trimmed Likelihood (NeikovNeikov et al. 2006)et al. 2006)

Ordering functionOrdering function

In our experiments h=n/10In our experiments h=n/10



Outliers detectionOutliers detection

mEMmEM gives a fixed number of outliers (h)gives a fixed number of outliers (h)
h can contain h can contain voxelsvoxels that fit the NABT modelthat fit the NABT model
Compute Compute MahalanobisMahalanobis distance:distance:

MahalanobisMahalanobis distance follow a distance follow a ΧΧ22 law with m law with m d.o.fd.o.f
m is the number of sequencesm is the number of sequences
A threshold is defined by the XA threshold is defined by the X22 law for a given plaw for a given p--valuevalue



Application of lesion rulesApplication of lesion rules

Outliers have different sources:
Lesions
Registration errors, vessels, noise, etc.

Rules to select lesions

(compared to WM)(compared to WM) T1T1--ww T2T2--ww PDPD--ww FLAIRFLAIR

T2T2--w lesionsw lesions IsointensityIsointensity

oror

HypointensityHypointensity

HyperintensityHyperintensity HyperintensityHyperintensity HyperintensityHyperintensity
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STREMv2STREMv2

STREMv1STREMv1
Atlas registration for initialization:Atlas registration for initialization:

Time consumingTime consuming
Problems with tissue atrophy in samples with huge lesion loadsProblems with tissue atrophy in samples with huge lesion loads

Segmentation only based on MR intensitySegmentation only based on MR intensity

STREMv1.5STREMv1.5
Improve initialization of Improve initialization of mEMmEM

STREMv2STREMv2
STREMv1.5 + Reduction of false positivesSTREMv1.5 + Reduction of false positives



Initialization of Initialization of mEMmEM

Multiple random initializationsMultiple random initializations
Computationally time expensiveComputationally time expensive
No guarantee for global convergenceNo guarantee for global convergence
No general agreement on how many No general agreement on how many 
initializations are necessary, but they are initializations are necessary, but they are 
growing with the number of dimensionsgrowing with the number of dimensions



Initialization of Initialization of mEMmEM

Hierarchical multiple initializations on T1Hierarchical multiple initializations on T1--w only:w only:
1.1. nn00 random initializationsrandom initializations

2.2. Use Use mEMmEM with iterwith iter00 iterations using these initializationsiterations using these initializations

3.3. Keep nKeep n11 best solutionsbest solutions

4.4. Use Use mEMmEM with nwith n11 partial solutions until convergencepartial solutions until convergence

5.5. Keep best solutionKeep best solution

nn00=300, iter=300, iter00=10 and n=10 and n11=10=10

Expansion to multidimensional Expansion to multidimensional mEMmEM
Probabilities at the end of EProbabilities at the end of E--step in T1step in T1--w are applied w are applied 
in the multidimensional Min the multidimensional M--Step Step 



Spatial ConstraintsSpatial Constraints

Detection of false positives:Detection of false positives:
Isolated Isolated hyperintensityhyperintensity voxelsvoxels due to image noise are due to image noise are 
misclassified misclassified 
In the cortex and CSF, In the cortex and CSF, voxelsvoxels can have the same MR can have the same MR 
intensity as WMLintensity as WML

Two rules are added:Two rules are added:
Minimal size of WM lesion is defined as 3mmMinimal size of WM lesion is defined as 3mm33

MS lesions have to be contiguous to white matterMS lesions have to be contiguous to white matter
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WorkflowWorkflow

Image Enhancement

Registration Skull Stripping

STREM

NABT & Lesion segmentation

MR sequences

IIH Correction

Denoising



WorkflowWorkflow

SkullstrippingSkullstripping
Use BET (Smith 2002) Use BET (Smith 2002) 
Manually correctedManually corrected

Rigid registrationRigid registration
Use Mutual Information with NEWUOA optimizer Use Mutual Information with NEWUOA optimizer 
((WiestWiest--DaesleDaesle et al., 2007)et al., 2007)
Use of FLAIR as reference sequenceUse of FLAIR as reference sequence
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Intensity Inhomogeneity Intensity Inhomogeneity 
CorrectionCorrection

IIH is a small spatial variation of intensity in an IIH is a small spatial variation of intensity in an 
homogeneous tissuehomogeneous tissue

Caused by the imperfection of the magnetic fieldCaused by the imperfection of the magnetic field

Does not affect Does not affect ““humanhuman”” radiological assessmentsradiological assessments
But: Reduces performance of many algorithmsBut: Reduces performance of many algorithms

Method applied (Method applied (ManginMangin MMBIA 2000)MMBIA 2000)
Entropy minimization methodEntropy minimization method
No assumptions of MR sequence or number of tissuesNo assumptions of MR sequence or number of tissues
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DenoisingDenoising

Image additive noise in hardware acquisitionImage additive noise in hardware acquisition

Method employedMethod employed
(Coupe et (Coupe et al.,TMIal.,TMI 2008)2008)
NonNon--Local Means methodLocal Means method
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EvaluationEvaluation

ScannerScanner T1T1--ww T2T2--ww FLAIRFLAIR

Subject1Subject1 3T Siemens3T Siemens Isotropic 1 mmIsotropic 1 mm 3 mm axial slice3 mm axial slice 3 mm axial slice3 mm axial slice

Subject2Subject2 3T Philips3T Philips Isotropic 1 mm Isotropic 1 mm 3 mm axial slice3 mm axial slice 3 mm axial slice3 mm axial slice

Subject3Subject3 3T Siemens3T Siemens Isotropic 1 mm Isotropic 1 mm Isotropic 1 mm Isotropic 1 mm Isotropic 1 mm Isotropic 1 mm 

Five different Workflows:
Basic : No preprocessing before registration.
NLM : Denoising before registration.
IIH : Intensity correction before registration.
IIH+NLM: Intensity correction and then denoising before registration.
NLM+IIH: Denoising and then intensity correction before registration.



ExperimentsExperiments

Preprocessing workflows:Preprocessing workflows:
With STREMv1, all workflows are tested for the three With STREMv1, all workflows are tested for the three 
patientspatients

STREMv1 vs. STREMv1.5 vs. STREMv2STREMv1 vs. STREMv1.5 vs. STREMv2
Applying best workflow we compare the different Applying best workflow we compare the different 
versions of STREMversions of STREM

Metrics:Metrics:
DSC with a manually delineated segmentationDSC with a manually delineated segmentation
Execution timeExecution time
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ResultsResults

Left: DSC of different subjects and workflows
Right: Processing time for subject 2
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ResultsResults

Performing IIH is more important than denoising
Sequential association of NLM+IIH better than 
IIH+NLM
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ResultsResults

New initialization has same solution as atlas based 
but the workflow is faster
New rules reduce the number of false positives



Results: Subject1Results: Subject1

(images du subject 1)(images du subject 1)

Flair(v1)                    Basic(v1)                   NLM(v1)Flair(v1)                    Basic(v1)                   NLM(v1) IIH(v1)IIH(v1)
IIH+NLM(v1)             NLM+IIH(v1)              NLM+IIH(v1.5)  IIH+NLM(v1)             NLM+IIH(v1)              NLM+IIH(v1.5)  NLM+IIH(v2)NLM+IIH(v2)



Results: Subject1Results: Subject1

(images du subject 1)(images du subject 1)

Flair(v1)                    Basic(v1)                   NLM(v1)Flair(v1)                    Basic(v1)                   NLM(v1) IIH(v1)IIH(v1)
IIH+NLM(v1)             NLM+IIH(v1)              NLM+IIH(v1.5)  IIH+NLM(v1)             NLM+IIH(v1)              NLM+IIH(v1.5)  NLM+IIH(v2)NLM+IIH(v2)

True Positives

False Positives

False Negatives

False Negatives



Results: Subject1Results: Subject1

(images du subject 1)(images du subject 1)

Flair(v1)                    Basic(v1)                   NLM(v1)Flair(v1)                    Basic(v1)                   NLM(v1) IIH(v1)IIH(v1)
IIH+NLM(v1)             NLM+IIH(v1)              NLM+IIH(v1.5)  IIH+NLM(v1)             NLM+IIH(v1)              NLM+IIH(v1.5)  NLM+IIH(v2)NLM+IIH(v2)



Results: Subject2Results: Subject2

(images subject 2)(images subject 2)

Flair(v1)                    Basic(v1)                   NLM(v1)Flair(v1)                    Basic(v1)                   NLM(v1) IIH(v1)IIH(v1)
IIH+NLM(v1)             NLM+IIH(v1)              NLM+IIH(v1.5)  IIH+NLM(v1)             NLM+IIH(v1)              NLM+IIH(v1.5)  NLM+IIH(v2)NLM+IIH(v2)



Results: Subject3Results: Subject3

Flair(v1)                    Basic(v1)                  NLM(v1) Flair(v1)                    Basic(v1)                  NLM(v1) IIH(v1)IIH(v1)
IIH+NLM(v1)             NLM+IIH(v1)             NLM+IIH(v1.5)   IIH+NLM(v1)             NLM+IIH(v1)             NLM+IIH(v1.5)   NLM+IIH(v2)NLM+IIH(v2)
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ConclusionsConclusions

Segmentation methods have to be evaluated Segmentation methods have to be evaluated 
looking at the whole preprocessing workflowlooking at the whole preprocessing workflow
We presented our WML and NABT segmentation We presented our WML and NABT segmentation 
workflow and showed its impact on the final workflow and showed its impact on the final 
segmentation result segmentation result 
Future work:Future work:

To increase patient numberTo increase patient number
To compare more methods for each preprocessing stepTo compare more methods for each preprocessing step



Thank you very much for Thank you very much for 
your attentionyour attention

Supported by Supported by ArsepArsep
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