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Project Goal and Progresses: 
 
With heart transplant, hundreds of children with severe congenital or end-stage heart 

diseases are saved each year. In the United States, 507 of the 3551 heart transplants 

(14%) are performed for children (17 years old or under) in 2019.  However, heart 

rejection is one of the major causes of death post heart transplant, and early and 

accurate identification of heart rejection is critical for timely and guided therapy to save 

the lives of these children. The gold standard for diagnosing heart rejection is 

pathological analysis of the heart tissues obtained by the endomyocardial biopsy (EMB). 

Because heart rejection cells are often patchy in each biopsy slide and pathologist’s 

scanning is heavily dependent on a particular "field of view", the diagnosis for a given 

biopsy specimen can be subjective. Therefore, computational pathology is proposed to 

quantitatively analyze heart tissues to objectively diagnose heart rejection stages.  

 

The early diagnosis of heart rejection with tissue biopsy can be seen as a problem of 

"finding a needle in a haystack." Most heart tissues obtained by the biopsy are healthy, 

while only a small portion of them are with rejection. The goal of this project is to utilize 

deep learning methodologies to automatically identify all these areas with rejection in the 

biopsy slide. The technology we are developing can pre-identify hot spots in a particular 

slide, thereby assisting pathologiest reading it. Additionally, we are improving the 

algorhithms to better grade the variations in the biopsy to fine tune our reporting. We 

have already published our recent work in academic journals and presented at top 

biomedical sciences conference.  
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Recent Accomplishment: 
 
1. We have developed an automated preprocessing pipeline for whole-slide images, 

including tiling the tissue slide into image patches, quality control, background removal, 

and color normalization. 

2. We have implemented a deep neural network to extract features from the tiled image 

patches. 

3. We have utilized average pooling to aggregate the patch-level image features for 

weakly-supervised heart rejection prediction. 

4. We have presented our research findings in major conference and published our most 

recent research findings in BioMedical Engineering Journal.  

5. We have received additional heart transplant images from DTRT as of June 5, 2020.  

 
Requesting NCE For Remaining Tasks:  
Due to COVID-19 pandemic caused disruption, the DTRT data was just released to 
us on June 5th, 2020. Thus, we would like to request a no-cost-extension to Jan. 
31st, 2021.  
 
1. We will develop a Min-Max layer for improving the performance of patch-level feature 

aggregation. 

2. We will develop an interpretation module for our imaging classification model by 

locating the regions on the slide that contribute most to the heart rejection diagnosis. 

3. We will develop a novel scoring system for heart rejection diagnosis on the new DTRT 

dataset obtained on June 5th, 2020 that contains pathology images as well as clinical 

features. 

4. We will develop a GUI for the quantitative analysis of heart transplant images. 

 

Incoming Deliverables: 
 
1. We are preparing to submit the current weakly-supervised model for heart rejection 

prediction to a machine learning conference. 

2. We are also preparing a clinical journal paper together with Dr. Deshpande. 
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