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Background: The subplate is a temporary region formed in the developing brain where cells and axon 
terminals "wait" before completing their development and moving onto the cortical plate. The subplate 
neurons generate around 5 to 6 gestational weeks and disappear shortly after birth which suggests their 
role is purely developmental. While it has been discovered that disruption of subplate development may 
lead to developmental disorders, the effect of the most common cause of major congenital 
abnormalities, the congenital heart disease (CHD), on the subplate and cortical plate remains largely 
unknown. 

Objective: The objective of this study was to measure the subplate and cortical plate volumes in fetuses 
with CHD compared to age-matched healthy fetuses. 

Study Design/Methods: A total of 86 pregnant participants were recruited prospectively in this study, in 
which 32 fetuses were diagnosed CHD. Fetal brain T2-weighted MRI was performed by using a 1.5 Tesla 
GE DISCOVERY MR450 Scanner. Multi-plane multi-phase single-shot fast spin-echo T2-weighted images 
with slice thickness of 2 mm were acquired. A high resolution 3D brain image using the slice-to-volume 
reconstruction method was generated followed by automatic segmentation of cortical plate and 
subplate by combining the prior information from CRL fetal brain atlases and nonlinear registration. 
Manual correction was conducted using ITK-SNAP to ensure the segmentation quality. Volumes of the 
right and left cortical plate and subplate were determined based on the voxel sizes. Multivariate 
regression analysis was implemented to analyze the volumes between healthy and CHD fetuses, 
adjusting for gestational age. 

Results: The average gestational age was 25.03±2.44 weeks (controls: 24.57±2.76; CHD: 25.81±1.53). 
The multivariate regression analysis showed that fetuses with CHD had significant lower left and right 
subplate volumes (p-values<0.01). Similarly, significant lower left and right cortical plate volumes were 
observed in CHD fetuses (p-values<0.01). For all structures, volumes were increased when gestational 
age was increased. The adjusted R-squared values for all regression analyses were greater than 0.85, 
indicating well-fitting of the data to the regression lines. 

Conclusions: Fetuses with CHD had lower subplate and cortical plate volumes, which may result in 
different brain development from CHD fetuses to low risk pregnancies. Long-term impact of impaired 
subplate and cortical plate in CHD on neurodevelopmental outcomes is suggested in future studies. 

 


