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Background: Brain volume is a critical indicator of fetal development. The regional brain growth can be 
quantified by using the volumetric segmentation based on MRI. Because of the limited availability of 
fetal brain segmentation toolbox, the manual segmentation is widely performed. In addition, manual 
segmentation is considered as the ground truth to develop automatic segmentation algorithms.  
However, large variations of the manual segmentation have been reported in the brain tumor 
identification, spinal metastases grading, and general segmentation. In recent studies, we noted serious 
variances between raters in the fetal brain manual segmentation. In this work, we reported the inter-
rater variance based on 47 fetal scans. 

Objective: To quantify the inter-rater variance in the manual fetal brain segmentation. 

Study Design/Methods: In this study, 47 MRI scans were performed on 43 fetuses at a mean gestational 
age (GA) of 33.2±4.0 weeks (GA in the range of 26.4 – 39.1 weeks). 

 T2-weighted images were acquired on a 1.5T scanner in coronal, sagittal and axial planes with three 
repetitions. High-resolution 3D fetal brain image was generated using Slice-to-Volume Reconstruction 
(SVR) algorithm followed by reorienting to template and skull stripping. 
 
Two protocols were considered to segment the 3D reconstructed fetal brain images. In protocol A, 
segmentations from a published fetal brain atlas (21-38 weeks GA) were registered onto fetal brains 
using the Advanced Normalization Tools (ANTS). Registered segmentations were then manually 
corrected by a technician with five years’ experience. In protocol B, the images were segmented using 
the DRAW-EM toolbox based on a preterm brain atlas and manually corrected by another technician 
with 5 years experiences. Six regions were identified in both methods: cerebrospinal fluid, cortical grey 
matter, white matter, deep grey matter including hippocampus, cerebellum and brain stem.  
 
Above two manual segmentations were co-registered by ITK regarding the rigid transformation and 
normalized according to the edge of the segmentation maps. The segmentation differences between 
raters were quantified by the Dice score, 95% Hausdorff distance, precision and sensitivity at the whole 
brain and each regions-of-interest. 

Results: Across the subjects, the whole brain segmentation showed good consistency (Dice score 
0.96±0.02, 95% Hausdorff 2.35±1.25, precision 0.95±0.02 and sensitivity 0.96±0.02). However, the 
cortical grey matter showed the largest mismatch between raters (Dice score 0.62±0.11, 95% Hausdorff 
2.26±0.61, precision 0.58±0.12, and sensitivity 0.69±0.11). The consistencies of other brain regions were 
sequentially reduced in the cerebellum, white matter, brainstem, deep grey matter and, based on the 
Dice scores. 



Conclusions: Although manual segmentation was used as the ground truth, the inter-rater mismatch can 
be more than 30% at a specific region of the fetal brain. This factor should be considered in brain 
volumetric quantification. 

 


