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AI in medical imaging

• Imaging is a cornerstone of modern medicine

• Number of acquired images is exponentially increasing

• Acquired images are larger and more detailed

• Shortage of experts  Increasing workload

• Artificial intelligence can automate image interpretation and alleviate the problem!



Basics of AI



Computer Analysis of Medical Images

• Rule-based analysis (1970- )

• Decision making of an expert was translated into algorithm (Modelling)

Litjens G. et al. Med Image Anal. 2017;42:60-88
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Why is this not trivial?

But then…



Computer Analysis of Medical Images

• Rule-based analysis (1970- )

• Decision making of an expert was translated into algorithm (Modelling)

• Supervised systems that exploit labeled data (1990 - )

• Algorithms were trained by examples

• Among them are statistical classifiers

• Deep learning systems (1980 - ) 

• Algorithm learns directly from the data

• Based on neural networks

• Applied to medical images since 1995; Became popular 2012

LitjensG.  et al. Med Image Anal. 2017;42:60-88

Fukushima K. Biol. Cybern 1980;36(4):193-202. 

LeCun Y. et al. In Proceedings of the IEEE; 1998;86(11):2278 - 2324 
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Deep learning
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Medical Imaging



AI can impact all these steps

Figure courtesy Tim Leiner



Image reconstruction

Figure courtesy Tim Leiner



Image acquisition & reconstruction 

AI can be used to

• Accelerate image acquisition

• Improve image quality

• Omit (unnecessary) acquisition through image synthesis



Accelerating MR reconstruction



Accelerating MR reconstruction
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Accelerating MR reconstruction
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Accelerating MR reconstruction



Accelerating MR reconstruction

Deep Learning



Prospectively undersampled 3D-TSE (12x)

Lønning K et al, Med Image Anal. 2019 Apr;53:64-78; Illustration courtesy of Matthan Caan, Amsterdam UMC



19.62x 29.09x 47.37x

Figure courtesy D. Karkalousos, Amsterdam UMC



MRI resolution

High spatial resolution of medical imaging is considered a key quality 

component for accurate disease diagnosis and prognosis

Signal-to-noise ratio

Spatial resolution

Temporal resolution

Acquisition time

Image quality

J Sander et al Med Image Anal. 2022 May;78:102393. 



Left ventricle cavity

Left ventricle myocardium

Right ventricle cavity

Right ventricle 

myocardium

Cardiac MRI: Image resolution

In-plane Through-plane

J Sander et al Med Image Anal. 2022 May;78:102393. 



Image resolution

Low-resolution 

through-plane

High-resolution 

through-plane

Super-Resolution methods

J Sander et al Med Image Anal. 2022 May;78:102393. 



Super-resolution

Original

Low through-plane 
resolution
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High through-plane 
resolution

J Sander et al Med Image Anal. 2022 May;78:102393. 



Super-resolution

J Sander et al Med Image Anal. 2022 May;78:102393. 



Image analysis

Figure courtesy Tim Leiner



Image analysis

• Detection and segmentation are used to

• Quantify image (bio)markers for diagnosis and prediction
• Time-consuming, cumbersome, and prone to intra- and interobserver 

variability

• AI can be used to automate to automate the process

• For routinely performed analysis tasks
• To allow research



Coronary artery analysis in CTA

• Coronary artery analysis
• Atherosclerotic plaque is predictor of heart infarction
• Some plaques need treatment

• Morphology analysis and function 
• Analysis of cardiac chambers and large arteries 

indicates presence of range of pathologies
• Cardiac function important diagnostic and prognostic

indicator



Coronary artery analysis in CTA

To automatically extract 

and label coronary arteries 

to facilitate further 

analysis of the arteries

N Hampe et al In: SPIE Medical Imaging – Image Processing 2021



Coronary artery analysis in CTA

Figure courtesy R. van Herten, Amsterdam UMC





Implementation





https://www.bmj.com/company/newsroom/concerns-over-exaggerated-study-claims-of-ai-outperforming-doctors/

https://healthcare-in-europe.com/en/news/ai-outperforming-doctors-hype-exaggeration-or-fact.html



AI in healthcare

American College of Radiology DSI Survey 2021



European Society of Radiology: Survey

European Society of Radiology (ESR) Insights into Imaging (2022) 13:107

Reasons on not intending to acquire a certified AI-based algorithm for their clinical practice 
( 53% participants )



• Ample research results demonstrating potential of AI in medical imaging

• Clinical use/application still in infancy

• Research and real-world settings differ 

• Artificial intelligence thrives with large data sets

• Current datasets are often restricted  may lead to biases

Reality check



AI methods

• Can analyze a wide range of imaging modalities and anatomical structures

• Have the potential to be applied to all analysis steps in the workflow

• Have potential to improve healthcare and make it affordable and humane

AI implementation

• Requires attention regarding societal, legal and ethical questions

Summary



i.isgum@amsterdamumc.nl

https://qurAI.amsterdam

Thank you!

More about
qurAI


