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Abstract 
The quantification of abnormal brain development is important for the study of diseases such as Intrauterine Growth Restriction (IUGR) or Ventriculomegaly, where already in 

utero changes in brain structure and function can be noticed and where the neurodevelopmental outcome is unknown. To be able to characterize early the severness of the 

disease, quantification of the abnormal fetal brain development and comparison to normality are necessary. To achieve this, image registration is an important preprocessing 

step for spatial normalization of subjects and/or populations. To obtain good registration results, which is crucial for the quantification, we adress two different issues of image 

registration, the integration of additional sources of information and the multiscale nature of medical image data. For the former, we propose a spatially weighted 

multichannel similarity measure to distiguish between useful and redundant additional information. For the latter, we present an adaptive multiscale similarity measure which 

combines image statistics at multiple scales for a multiscale representation of regional image similarities. In addition, we present the idea of simultaneously optimization of 

transformation parameters to capture better the different scales in the datasets. Both approaches show improvements over common registration methods. Preliminary results are 

presented on synthetic and clinical data.   

Results and Future Work  

Methods 

Application 
Development of an integrative and multiscale registration framework to model and quantify fetal and neonatal abnormal brain development and to estimate their 

variability within and across populations. 

Intrauterine Growth Restriction: Ventriculomegaly: 

US of fetus with ventriculomegaly. MRI of normal control fetus (A) and fetus with 

ventriculomegaly (B) [2]. 

• occurs in 0.15 – 0.7 % of pregnancies 

• ventricular enlargement 

 

•  Association with 

   schizophrenia, autism and ADHD  

 
• occurs 5 – 10 % of preg- 

  nancies 

• due to placental insufficiency 

• preterm birth 

• associated with neuro-   

  structural and neurodevelop- 

  mental anomalies 

 

Gray and white matter volume 

changes between IUGR and 

term infants [1]. 

Image Registration: 

: Regularization term,      

: Similarity measure 

Images: 

 

Transformation:  
  

Multiscale Image Registration: 

Adaptive Multiscale Similarity Measure [4]: 

• Measuring image similarity on multiple  

  levels at spatially varying locations 

• Combination of regional similarities  

  through adaptive weights: low regional  

  similarity → higher weight 

• Patchwise matching measure: 

 

 

• Final measure:  

 

Simultaneously multiscale transform optimization: 

Integration of information 

Multichannel similarity measure [3]: 
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Multiscale transform reperesentation 

Multichannel Image Registration with 

spatial weighting: 

• Data: neonatal MRI and DTI (T1,T2,FA,ADC) 

• Registration results assessed with MI 

• Spatial weighting with Gradient Magnitude 

  and Local Entropy 

 → Including DTI info through spatially weighted 

      multichannel can improve results. 

Multiscale Image Registration: 

NMI 

AM-

NMI 

• synthetic ex: AM-NMI is, in contrast to NMI, able to detect the 

minimum for translation 

• BrainWeb data with random deformation: AM-NMI is robust to 

increasing INU fields 

Future Work: 

Simulation, Imaging and Modelling in Biomedical Systems (SIMBioSys), 

Department of Information and Communication Technologies, 

Universitat Pompeu Fabra, Barcelona, Spain 

• Investigate the power of simultaneously multiscale 

  transform optimization:  

 

• Adaptation of transformation model to  

  anatomy, e.g. including growth models 

 

• Population analysis with respect to abnormal 

  brain development for fetuses affected by IUGR 

  and/or by Ventriculomegaly. 

 

Find a transformation       such 

that a transformed moving 

image       is most similar to a 

fixed image     

Weights: 


