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Introduction

• Hypo-fractionated lung stereotactic body radiotherapy
• Accurate quantification of how risk organs and target 

volumes deform and move over the respiratory cycle, e.g.:
– min(distance(GTV, Heart))
– Integrative target volumes (ITV)

• Difficulties:
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• Difficulties:
– Complex motion
– 4D-CT contouring prohibitive in clinical practice
– Volumetric motion estimation based on lung surface 

matching not sufficient
• Proposal: automatically detect and match vessel tree 

bifurcations to support motion estimation



Movie (P1581): inhale - exhale
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Movie (P261): inhale - exhale
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Surface correspondences (model based 
segmentation)

Inhale Exhale
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Vessel tree correspondences from local shape 
analysis
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Vessel tree correspondences from local shape 
analysis
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Vessel tree correspondences from local shape 
analysis

Inhale Exhale



Movie (P1581): inhale – inhale transf – exhale
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Movie (P261): inhale – inhale transf – exhale



Difference image before and after registration

Scale:

0



Landmark validation

• retrospective analysis:
– 10 patients, stage I non-small-cell lung cancer
– automatic method validated on 4D-CT max inhale, max 

exhale (from 10 phases):
• manual contouring of GTV
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• manual contouring of GTV
• manual selection of 18 landmarks throughout both 

lungs at vessel bifurcations
• comparison landmark position predicted by algorithm with 

manual position



Landmark precision

landmark precision
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Conclusion
• Identification of point correspondences covering the lung:

– Automatic 
– Accurate 
– Reliable

• Useful for tumor and risk organ tracking, ITV, … 
• Relatively fast ( < 2 minutes, without image resampling) 
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Landmark precision

left-right landmark precision
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Landmark precision

Ant-post landmark precision
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Landmark precision

Inf-Sup landmark precision
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Outlook

• Motion patterns of all organs at risk (bronchies + heart)
• Towards modeling of thorax movement
• 4D treatment simulation



Results: landmarks and GTV (vesseltree)

• landmark discrepancy, predicted and actual position:
– left-right: (0.0 � 1.7)  mm (av � std)

1.2             mm (av of absolute diffs)
– ant-post: (-0.3 � 2.4) mm (av � std)

1.6             mm (av of absolute diffs)
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1.6             mm (av of absolute diffs)
– sup-inf:   (-0.4 � 3.6) mm (av � std)

2.3             mm (av of absolute diffs)
– distance  (3.5 � 3.0) mm  (av � std)

• average GTV discrepancy, predicted and actual:
– (2.0 � 1.6) mm (av � std)



Surface correspondences with model based 
segmentation
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Method: surface correspondences



Vessel tree bifurcation correspondences based 
on local shape analysis
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Method: Overview

• Point correspondences:
– lung surface:

• automatic adaptation of lung models (surface 
meshes) to the images

• vertices of the mesh represents corresponding points
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• vertices of the mesh represents corresponding points
– lung parenchyma:

• automatic segmentation of the vessel tree
• matching of vessel-bifurcations based on local shape

• Volumetric deformation field using elastic body splines to 
interpolate point correspondences


