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Chapter 2 describes the reproducibility of manual glioma segmentation for 

both 20 glioblastoma patients and 20 lower-grade glioma patients on pre-

operative, post-operative, and progression (i.e. follow up classified as first 

recurrence of the pathology after surgery) MRI, performed by experts and 

novices.  Analysis showed that pre-operative, and progression segmentations 

were reproducible with excellent (GCI >0.7) and good (GCI 0.6-0.7) levels of 

inter-rater agreement, respectively. Post-operative expert segmentations showed 

poor (GCI <0.4) and reasonable (GCI 0.4-0.6) inter-rater agreement for 

glioblastoma and lower-grade glioma, respectively. Tumor discovery also 

proved to be more variable, not all raters agreed on the presence of tumor in the 

post-operative MRI (i.e. sub-total versus gross-total resection). For 

segmentation of lower-grade glioma experts showed significantly higher inter-

rater agreement than novices. Furthermore, novices erroneously segmented 

parts of the uncus or sulci adjacent to the tumor, where experts were more 

restrictive in their segmentations. This discrepancy in inter-rater agreement 

indicates that for lower-grade glioma segmentations expert segmentations are 

preferred, and that for glioblastoma the involvement of experts offers no 

additional accuracy to novices. 

Chapter 3 describes a new training strategy for DeepMedic as implemented in 

NiftyNet. This new strategy is aimed at increased robustness for variations in 

scan protocols used at different hospitals. A sparsified training strategy is 

introduced in which MRI sequences were artificially set to contain only zeros at 

random during training to induce robustness for missing MRI sequences. 

Furthermore, a large number of scans (nclinical=634 and nopendata=117) were 

incorporated from different hospitals (nclincial=6 and nopendata=8), with different 

MRI vendors and scanners to let the network learn how to deal with variable 

data input. The trained network indeed showed increased robustness against 

missing MRI sequences. Furthermore, we showed that with sufficient training 

data that did not included hospital specific data comparable segmentation results 

were achieved as when hospital specific data was included during training. An 

important note is that while the bulk of a particular segmentation can be correct, 

small false positive segmentations can occur throughout the brain at large 

distances from the tumor. We showed that automatic segmentations of pre-

operative glioblastoma are feasible, with the limitation that small false positive 

segmentations still occur at a distance from the tumor. 
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Chapter 4 describes the accuracy of registering glioblastoma and lower-grade 

glioma into an anatomical reference space. For this study the pre- and post-

operative datasets from chapter 2 were used. Lower-grade glioma was 

registered more accurately than glioblastoma, both at the pre- and post-

operative time-point. Compression of the mass effect in glioblastoma proved to 

be difficult. There was no apparent difference in accuracy between registering 

pre- and post-operative MRI, which indicates no preference for either. Results 

did not show a preference for any of the six described registration packages. 

Even though a few statistically significant differences between methods were 

found, the effects were too small to be considered relevant. The most notable 

result was that non-linear registration did not improve tumor alignment 

accuracy when compared to linear registration, although general brain 

alignment improved. This indicates that studies on healthy tissue would benefit 

from non-linear registration, but linear registration suffices to create glioma 

probability maps. To regularize the subsequent probability maps, and account 

for the registration uncertainty, the Hausdorff accuracy results from this study 

could be used as an indication for the required amount of smoothing. 

Chapter 5 describes the impact of facial feature removal (FFR) methods 

(QuickShear, FaceMasking, and Defacing) on subsequent automated volumetric 

neuro-image analyses. To protect patient privacy it is necessary to remove facial 

features from publically shared MRI scans through FFR, but it is essential that 

this does not alter the outcome of subsequent automated analyses.  This was 

studied with the MRI data from three different pathologies: 110 images of 

Alzheimer’s disease, 70 of multiple sclerosis, and 84 of pre-operative 

glioblastoma. The automated analyses were:  SIENAX for Alzheimer’s disease, 

LST-LPA for multiple sclerosis, and BraTumIA for glioblastoma. We 

demonstrated that FFR methods can lead both to failure of automated pipelines 

and changes in volumes obtained, including both random variation and 

systematic differences. Therefore, researchers must be aware of these effects 

when using defaced images. It would be beneficial for volumetric image 

analysis methods to be carefully assessed and optimized with regard to FFR 

methods, in order to ensure the reliability of automatically generated volumes 

when using defaced data. 

 


