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Black boxes
This is a horse! This is a horse!

This is NOT a horse! This is NOT a horse!

Lapuschkin et al. Nature communications 10.1 (2019): 1-8.
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Black boxes in medicine
COVID-19 positive

Hostile tank

XAI

COVID-19 negative

DeGrave et al. Nature Mach. Intel. (2021) @basvandervelden
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COVID-19 positive

Hostile tank

XAI
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Survey XAI in medical imaging

Van der Velden et al. Medical Image Analysis 2022
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XAI in medical imaging
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Classified to XAI framework
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Visual explainable AI
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Visual explanation
Backpropagation-based Perturbation-based 

Class 1 Class 1Class 0
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2 examples
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Breast density

Breast cancer risk
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Regression

Van der Velden et al. Nature Sci Rep 2020 @basvandervelden



Regression CNN

@basvanderveldenVan der Velden et al. Nature Sci Rep 2020



Density estimations
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XAI: Deep SHAP

@basvanderveldenVan der Velden et al. Nature Sci Rep 2020



Wrong predictions? XAI!

@basvanderveldenVan der Velden et al. Nature Sci Rep 2020



Trainable attention

Jetley et al ICLR 2018 @basvandervelden



Trainable attention in MedIA

Schelmper et al MedIA 2019 @basvandervelden



Trainable attention

Schelmper et al MedIA 2019

epochs
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Visual may be misleading

Rudin Nature Mach. Intel. 2019 @basvandervelden



Visual may focus on edges

Adebayo et al NeurIPS 2018 @basvandervelden



Textual explainable AI
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Image captioning

Vinyals et al.  CVPR 2015 @basvandervelden



Image captioning with visual XAI

Lee et al. iMIMIC 2019 @basvandervelden



Example-based explainable AI
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Case-based reasoning
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Case-based reasoning

@basvanderveldenChen et al. NeurIPS 2019



Case-based reasoning

@basvanderveldenBarnett et al. Nature Mach. Intell. 2021



Explainable AI to improve learning

@basvandervelden



@basvandervelden



Active learning using XAI

@basvanderveldenMahapatra et al. IEEE TMI 2022
Slide courtesy prof Reyes



@basvanderveldenMahapatra et al. IEEE TMI 2022
Slide courtesy prof Reyes

ß Fully supervised model

ßActive learning

ß Random sample selection

Active learning using XAI



Holistic explainable AI
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Explain imaging using genotype

Gilhuijs et al, Med Phys 1998
Bismeijer et al. Radiology 2020 @basvandervelden



Explain imaging using genotype
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Tumor

Van der Velden et al. Radiology 2015, Clin Can Res 2017,
Eur Rad 2018; Ragusi et al. The Breast 2021



Take home messages

• XAI adds confidence to decisions

• XAI can improve performance

• Holistic XAI: more than images
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