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INTRODUCTION
▶ Difficulty in constrast-enhanced Computed Tomography (ceCT) image segmentation → Heterogeneity in contrast.
   

▶ Combined use of ceCT and contrast-free (CT) CT images can improve the segmentation performances [1]

 PROBLEM: clinicians often acquire only one CT modality. → SOLUTION:  unsupervised generative models.
   

▶ Difficulty in image-to-image translation with unpaired medical data [2] →  Lack of anatomical coherence.
   

▶ Exploiting approximately common anatomy between subjects can mitigate this limitation (PBS method) [3]. 

 PROBLEM : in the abdominal region, the different sizes and lengths of the organs must be taken into account.
       

PROPOSED METHOD

▶SSBR is trained via the optimization of three loss functions that do not require annotated anatomical labels, to find the scores Scorek,p: 

RESULTS
▶ Unpaired training and qualitative results - public databases of healthy patiens from TCIA [7] of 82 abdominal images for each domain (72 for training, 10 for test)

Evaluation of various existing methods [2,3,4,8] to find the best one (G: generator; D: discriminator)                            Application of our proposals to the best method  
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▶ Quantitative study on paired database – pediatric and pathological database of Necker hospital of 10 paired ceCT-CT images

   Ablation study using pre-trained network on unpaired data        Blood vessel segmentation with the Levae-One-Patient-Out method using 3D nnU-Net [9]     

Scorek,p is the SSBR output for slice p of CT volume k; h = sigmoid activation function; f = smoothed L1 norm; 
K = number of CT volumes in the mini-batch; P = number of slices in each volume; BM = binary mask.
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(i) the use of Self-Supervised Body Regressor [5], 
SSBR), to better select anatomically-paired slices; 

   

(ii) the use of the SSBR score as an auxiliary classifier 
[6] adding an extra loss function (LACL) to the generator 
training,  to reinforce the anatomical coherence.

▶ To address these issues, we propose an 
extension of the CycleGAN [4] which includes:

(CycleGAN [4] - G: Res-Net; D: PatchGAN)

CONCLUSION
▶ We showed significant improvements in the generated images compared to existing methods. 
▶ We demonstrated that the synthesized images can be used to guide a segmentation method by compensating, 
     without loss of performance, for the absence of the complementary real acquisition modality.
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