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The objective of the study described in this thesis was to improve imaging for 
radiotherapy planning by reducing geometrical uncertainties related to respiration. 
Improvements have been achieved at the source, resulting in acquisition of 4D 
CT and PET scans. Subsequently, a framework was proposed and developed, 
currently in clinical use at the NKI-AVL, providing a patient-specific representative 
(mid-ventilation) CT scan for treatment-planning. After three years of experience at 
the NKI-AVL, we may conclude that this approach has resulted in clinically safe 
treatment plans, enabling treatment of larger tumors with smaller uncertainty margins 
than with conventional free-breathing CT. The simple mid-ventilation concept was 
also shown to be superior or equivalent to other reported planning strategies with 
respect to PTV volumes. The most widely used alternative, ITV, results in larger 
PTV volumes whereas gated treatment delivery can be cumbersome and technically 
difficult. Furthermore, 4D verification of the accumulated dose over the respiration 
cycle has shown that the 3D mid-ventilation approach gives a sufficiently accurate 
estimate of the delivered dose. Finally, a post-processing algorithm was developed 
to obtain a high quality mid-position CT scan resolving hysteresis, image noise and 
artifact issues. 
In conclusion, this thesis has proven that the mid-ventilation (and mid-position) 
approach reduces geometrical errors related to respiration, thereby reducing the 
PTV volume. The methods described in this thesis are currently in routine use at the 
NKI-AVL. The proposed methodology may be applied both in advanced hospitals as 
well as lesser-equipped institutes.




