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Introduction 
The risk of diagnostic imaging procedures such as computed tomography (CT) can be best assessed by measuring the 
radiation dose absorbed by individual organs. For organ-specific dose estimation, Monte Carlo simulation of radiation 
transport (MCRT) have been widely used without having to take in-vivo dose measurements. However, MCRT requires 
substantial computing power and simulation time, limiting its application in daily clinical practice. As a method to build 
robust prediction models without rigorous computation for every case, machine-learning techniques using convolutional 
neural networks (CNN) have been extensively explored and have succeeded in many fields recently. In this study, we 
demonstrate a novel method for voxel-level prediction of radiation dose by using a 3D CNN. 
 
Methods 
Whole body CT scans from four study subjects were retrieved from the research database of our institution, and 
corresponding 3D density (g/cm3) maps were used for MCRT. We performed MCRT by shooting 54 billion of photons and 
measured the dose of radiation absorbed by each voxel. The scale of radiation dose was normalized with natural log 
function. 
We used a modified V-net, 20 layers of 3D CNN with shortcut connections, to develop the voxel-level radiation absorption 
prediction system. From density maps, 1,288 unit volumes (256 x 256 x 7 voxel sized volume was used as a unit) were 
collected and fed into our model, which was trained to predict radiation absorption by each voxel of the 256 x 256 x 1 
voxel layer in the middle measured by MCRT. Mean squared error was used as a training loss function. To validate the 
performance of our model, we randomly selected 10,000 voxels with density larger than 0.01 g/cm3 from predictions. We 
applied 2-fold cross validation by dividing dataset into 2 subsets. Pearson’s correlation (R2) and root mean squared error 
(RMSE) between MCRT measures and the model prediction were used for performance evaluation. We used four GPUs 
(Nvidia TITAN X) for training and validation and measured average execution time of validation.  
 
Results 
For predictions and MCRT results (log scale) from randomly sampled voxels (n = 10,000), Pearson’s r was 0.92 (p < 
0.001) and RMSE was 0.83. The average execution time of our model for prediction of voxel-level radiation absorption in 
a whole-body scan was 41 seconds using 4 GPUs.  
 
Discussion 
We showed that a machine-learning based CNN model can accurately predict radiation absorption calculated by MCRT. 
MCRT was performed for 172 hours in a CPU cluster (Intel Xeon Processor CPU; 3.0GHz; 10 CPU threads). Using our 
model, we could generate voxel-level prediction of radiation absorption under a minute, rendering the possibility of 
application in clinical practice. By combining this model with organ segmentations, organ- and scan-specific dose will be 
made readily available in clinic. The result of the current study shows the potential for a more generalized model that can 
be applied to various body types and scan protocols. 
 
Conclusion 
We developed a deep CNN architecture for prediction of voxel-level radiation absorption associated with CT scan. 
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