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AI

• Detection

• Diagnosis

• Segmentation

• Reconstruction

• Risk prediction and prognosis





Y Peng et al. IEEE Transactions on Big Data 2021; YH Jin, Mil Med Res 2020

Pathologic Lung Segmentation



Lee et al. BJR 2018; Burns et al. Acad Radiol 2019;  Graffy et al. Abd 

Radiol 2019; Jang et al. Radiology 2019; Graffy et al. Radiology 2019

Large-scale Body Composition Analysis



Jang et al. Radiology 2019

1. Bone Mineral Densitometry



Lee et al. BJR 2018

2. Visceral and SQ Fat



Chellamuthu et al. IEEE ISBI 2017

3. Abdominal Aortic Plaque



Graffy et al. Abdominal Radiology 2019

3. Abdominal Aortic Plaque



Graffy et al. BJR 2019

4. Abdominal Skeletal Muscle



Graffy et al. BJR 2019

4. Abdominal Skeletal Muscle



5. Liver CT Volume & Attenuation

Pickhardt et al. Radiographics 2021



Graffy et al. Radiology 2019

5. Liver CT Volume & Attenuation



Graffy et al. Radiology 2019

5. Liver CT Volume & Attenuation



Pickhardt et al. Lancet Digital Health 2020

Cardiovascular Risk and Overall Survival



Pickhardt et al. Lancet Digital Health 2020

Cardiovascular Risk and Overall Survival
Multivariate Ao Ca++, Muscle 

Density, Liver Density



Pickhardt et al. Lancet Digital Health 2020

Cardiovascular Risk and Overall Survival



Public Datasets for AI & ML

• Permit reproducible research

• Permit others to improve algorithms

• Encourage interest in medical imaging AI

• Provide recognition to dataset authors

Radiology 2003



Some Facts

• Released September 27, 2017

• Screen capture of press release



ChestX-ray8 Dataset

• https://nihcc.app.box.com/v/

ChestXray-NIHCC 

• “ChestX-ray8 Dataset”

• 112,120 frontal-view chest

radiographs, 30,805 unique patients

• 42 GB

• Metadata for all images

• Bounding boxes for 1000 images



Challenges to Creating Large Datasets

• IRB approval

• PACS support

• Good annotation requires gold standard, efficient tools and 

domain expertise

• Data wrangling is time consuming and costly



X Wang et al. CVPR 2018

Automated Report Generation 



Youbao Tang et al. Medical Image Analysis 2021



Yuxing Tang et al. npj Digital Medicine 2020

Binary Chest Radiograph Classification



Yuxing Tang et al. MICCAI 2019

Domain Adaptation with Adversarial Networks



Yan et al. JMI 2018; CVPR 2018; RSNA 2018

Deep Lesion Dataset

• 32,735 lesions

• 32,120 CT slices

• 10,594 studies

• 4,427 unique patients

• https://nihcc.box.com/

v/DeepLesion



Yan et al. MICCAI 2018

Universal Lesion Detector



O’Connor et al. Radiology 2007; Yao et al. JMI 2017;  

Burns et al. JBMR 2020

Comprehensive Spine Oncology Analysis



Challenges & Questions

• Interpretability / explainability

• Brittleness

• Domain shift

• Ethics / Trustworthy AI

Sandfort et al. Sci Reports 2019



Challenges & Questions

• Dataset annotation is expensive; how to do it 

much more cost-effectively?

• Multi-institutional data; how to get it?

• Radiologists can diagnose 1000’s of 

diseases; how to do this with ML?

• Radiologists can do “one-shot” learning, e.g., 

for rare diseases; how to do this with ML?



Approaches to Using Less Labels

• Zero shot learning

• Few shot learning

• Transfer learning

• Unsupervised learning

• Semi-supervised learning

• Federated learning

A. Paul et al. MICCAI MI3LID 2020

See also A. Paul et al. SPIE MI 2020, MedIA 

2021, IEEE TMI 2021, IEEE ISBI 2021



Conclusions

• Rapid developments in AI ➡ Exciting time for 

medical imaging research and patient care

• Practical clinical benefits in radiology expected
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