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ABSTRACT	
  

METHOD	
  

RESULTS	
  
The	
   presence	
   and	
   locaOon	
   of	
   white	
   maRer	
   lesions	
   on	
   MRI	
   are	
   important	
   criteria	
   for	
  
diagnosing	
  mulOple	
  sclerosis.	
  QuanOtaOve	
  values	
  such	
  as	
   lesion	
  volumetry	
  are	
  expected	
  to	
  
have	
  high	
  impact	
  in	
  clinical	
  pracOce.	
  Therefore,	
  we	
  propose	
  an	
  accurate,	
  automaOc	
  method	
  
for	
  lesion	
  quanOficaOon	
  based	
  on	
  T1	
  and	
  FLAIR.	
  The	
  proposed	
  method	
  segments	
  the	
  lesions	
  
as	
  an	
  outlier	
  to	
  the	
  normal	
  brain.	
  Finally,	
  the	
  number	
  and	
  volume	
  of	
  lesions	
  is	
  quanOfied	
  for	
  
different	
  brain	
  regions.	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  

Data	
  
20	
   mulOple	
   sclerosis	
   paOents	
   parOcipated	
   in	
   a	
   study	
   at	
   VU	
   University	
   Medical	
   Center	
  
(VUmc),	
  Amsterdam,	
  the	
  Netherlands.	
  They	
  were	
  scanned	
  on	
  a	
  3T	
  whole	
  body	
  scanner	
  (GE	
  
Signa	
   HDxt,	
  Milwaukee,	
  WI,	
   USA).	
   Expert	
   lesion	
   idenOficaOon	
   and	
  manual	
   segmentaOon	
  
was	
  performed	
  based	
  on	
  the	
  FLAIR	
  images	
  by	
  a	
  highly	
  trained	
  neuroradiological	
  team	
  [3].	
  
	
  
The	
  total	
  lesions	
  volume	
  is	
  computed	
  for	
  both	
  our	
  method’s	
  segmentaOon	
  and	
  the	
  expert	
  
lesion	
   segmentaOon.	
   We	
   report	
   the	
   mean	
   and	
   standard	
   deviaOon	
   of	
   the	
   total	
   lesion	
  
volume	
   over	
   all	
   paOents,	
   as	
   well	
   as	
   the	
   overlap	
   between	
   both	
   segmentaOons.	
   The	
  
consistency	
  between	
  the	
  two	
  methods	
  is	
  assessed	
  by	
  the	
  intraclass	
  correlaOon	
  coefficient	
  
(ICC).	
  
	
  
The	
  number	
  and	
  volume	
  of	
  the	
  brain	
  lesions	
  for	
  different	
  regions,	
  such	
  as	
  the	
  frontal	
  lobe,	
  
etc,	
  is	
  quanOfied	
  using	
  a	
  brain	
  parcellaOon	
  registered	
  to	
  the	
  T1	
  image.	
  
	
  	
  	
  Qualita5ve	
  results 
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Our	
  method	
  classifies	
  the	
  brain	
  into	
  three	
  classes,	
  namely,	
  GM,	
  WM	
  and	
  CSF.	
  In	
  addiOon,	
  
by	
  using	
  a	
  healthy	
  brain	
  atlas,	
  MS	
  lesions	
  are	
  detected	
  as	
  an	
  outlier	
  to	
  the	
  normal	
  brain	
  [1].	
  
This	
   idea	
   is	
   embedded	
   into	
   an	
   iteraOve	
   approach	
  where	
   FLAIR	
   image	
   is	
   used	
   for	
   lesion	
  
segmentaOon,	
  while	
  lesion-­‐filled	
  T1	
  image	
  is	
  used	
  for	
  obtaining	
  brain	
  segmentaOon.	
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CONCLUSIONS	
  &	
  FUTURE	
  WORK	
  

Conclusions	
  
We	
  propose	
   a	
   fully	
   automaOc	
  method	
   that	
   is	
   generally	
   applicable	
   and	
   allows	
   consistent	
  
and	
   reliable	
   volumetry	
   of	
   lesions	
   in	
   the	
   whole	
   brain	
   or	
   in	
   different	
   brain	
   regions.	
  
Complementary	
   informaOon	
   is	
   thus	
   provided	
   to	
   the	
   MS	
   clinicians,	
   supporOng	
   early	
  
diagnosis.	
  
  
Future	
  work	
  
1.  Juxta	
  corOcal	
  lesion	
  segmentaOon.	
  
2.  SeparaOon	
  of	
  dirty	
  WM	
  from	
  true	
  lesions.	
  
3.  SegmentaOon	
  of	
  new	
  lesions	
  and	
  volume	
  changes	
  of	
  old	
  lesions	
  over	
  Ome.	
  

1.   Preprocessing	
  
The	
  preprocessing	
  step	
  has	
  three	
  stages:	
  
I.  Skull	
  strip	
  the	
  T1	
  image.	
  
II.  Register	
  FLAIR	
  to	
  T1.	
  
III.  Transfer	
  the	
  GM,	
  WM	
  and	
  CSF	
  probabilisOc	
  Ossue	
  priors	
  non	
  rigidly	
  from	
  the	
  MNI	
  to	
  

T1	
  image	
  space.	
  
	
  
	
  
	
  
	
  

	
  3.	
  	
  Lesion	
  segmenta5on	
  
•  The	
  three	
  Ossue	
  class	
  segmentaOons	
  together	
  with	
  the	
  registered	
  FLAIR	
  image	
  are	
  

used	
  to	
  esOmate	
  the	
  outliers	
  in	
  the	
  FLAIR	
  image.	
  The	
  outlierness	
  is	
  defined	
  as	
  the	
  
deviaOon	
  of	
  each	
  intensity	
  from	
  normal	
  Ossue	
  distribuOons	
  and	
  are	
  detected	
  using	
  
an	
  EM	
  algorithm	
  [2].	
  

•  However,	
  not	
  every	
  outlier	
  is	
  a	
  MS	
  lesion	
  (e.g.	
  parOal	
  volume	
  effect).	
  Therefore,	
  an	
  
extra	
  a	
  priori	
  informaOon	
  about	
  the	
  locaOon	
  (dominantly	
  in	
  WM)	
  and	
  the	
  appearance	
  
(hyper	
  intense	
  in	
  FLAIR)	
  of	
  the	
  lesions	
  is	
  incorporated	
  to	
  filter	
  true	
  MS	
  lesions.	
  

Lesion segmentation 

Metric	
  (μ	
  ±	
  σ)	
  	
   Expert	
   Our	
  

Lesion	
  volume	
  (mL)	
   16.33	
  ±	
  11.48	
  	
   15.66	
  ±	
  9.30	
  	
  

Dice	
  (%)	
   62.30	
  ±	
  9.00	
  	
  

ICC	
  (%)	
   81.16	
  

                  Accuracy of method over the dataset. 

	
  	
  2.	
  	
  Brain	
  segmenta5on	
  
•  Using	
  the	
  probabilisOc	
  priors	
   together	
  with	
  the	
  skull	
   stripped	
  T1	
   image,	
   the	
  brain	
   is	
  

segmented	
  using	
  an	
  expectaOon	
  maximizaOon	
  (EM)	
  algorithm	
  [2].	
  
•  The	
  EM	
  models	
  the	
  intensiOes	
  of	
  each	
  Ossue	
  class	
  as	
  a	
  normal	
  distribuOon,	
  it	
  assumes	
  

a	
  Gaussian	
  distributed	
  bias	
  field	
  and	
  it	
  contains	
  a	
  spaOal	
  consistency	
  model.	
  
•  The	
  algorithm	
  iteraOvely	
  esOmates	
  the	
  parameters	
  of	
  each	
  Ossue	
  class,	
  the	
  bias	
  field	
  

parameters,	
   and	
   maintains	
   the	
   spaOal	
   consistency	
   unOl	
   convergence.	
   Aler	
   the	
  
convergence	
  of	
  the	
  algorithm,	
  the	
  T1	
  image	
  is	
  bias	
  corrected	
  and	
  segmented	
  into	
  the	
  
three	
  Ossue	
  classes,	
  i.e.,	
  GM,	
  WM	
  and	
  CSF.	
  	
  	
  

        Architecture of the proposed method 

INTRODUCTION	
  
MulOple	
   Sclerosis	
   (MS)	
   is	
   a	
   disease	
   that	
   affects	
   the	
   central	
   nervous	
  
system	
  and	
  results	
  in	
  lesions	
  formaOon.	
  Manual	
  lesions	
  delineaOon	
  and	
  
count	
   on	
   MR	
   image	
   is	
   Ome-­‐consuming.	
   Therefore,	
   many	
   automaOc	
  
lesion	
  segmentaOon	
  methods	
  have	
  been	
  developed.	
  They	
  are	
  broadly	
  
classified	
   into	
   supervised	
   and	
   unsupervised	
  methods.	
   The	
   supervised	
  
methods	
   need	
   training	
   images	
   to	
   segment	
   lesions	
   and	
   unsupervised	
  
methods	
  segment	
  lesions	
  based	
  on	
  the	
  pixel	
  intensity	
  distribuOon.	
   Lesions on FLAIR 

Step	
  2	
  and	
  3	
  of	
  the	
  algorithm	
  are	
  repeated	
  unOl	
  convergence	
  for	
  beRer	
  Ossue	
  and	
  lesion	
  
segmentaOon.	
  
	
  
	
  
	
  
	
  

Lesion 
segmentat
ion. 
 
(A) original 
image 
(B) expert 
segmentat
ion 
(C) our 
result 
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Quan5ta5ve	
  results	
  

            Scatter plot for lesion volume. 


