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Cardiovascular Magnetic Resonance

• CMR is a highly versatile imaging modality for heart
• Structure

• Function

• Mechanics

• Tissue

• Flow

• …

• Comprehensive spectrum

Guo et al. JMRI 2021



CMR Postprocessing

• CMR sequences demand dedicated postprocessing

function strain scar mapping



CMR Postprocessing

• Postprocessing of CMR used to be difficult
• Manual: 

• Automatic: 

Time consuming, labor intensive

Difficult to model due to the high variability of data

Hard to balance the bias-variance tradeoff

… before the deep learning era
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Artificial intelligence

Machine learning

Neural networks

Deep learning



AI for CMR Postprocessing

• Deep learning is creating new frontiers in CMR postprocessing

Leiner et al. JCMR 2019
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Tao et al. Radiology 2019



AI for CMR Postprocessing

• 0.35T, 1.5T, 3.0T
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original motion-corrected

Tao Q et al. JMRI 2018
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Registration Deep learning

Qiao et al. Medical Physics 2020

~1,000 times faster!
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AI for CMR Postprocessing:

State of the Art

• Fruitful outcome of scientific research

• Timely industrial development 
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Is the Problem Solved?

• Conclusions:
• Well, almost

• Critical cases remain

• Base

• Apex

• RV?

• New acquisition settings with unknown distribution?
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• Further improved algorithms for CMR postprocessing
• Network architecture

• Dataset curation

• Augmentation
→ Improved accuracy and generalizability
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• Further improved algorithms for CMR postprocessing
• Network architecture

• Dataset curation

• Augmentation

• However, “corner cases” cannot be avoided
• Imaging parameters

• Artefacts

• Abnormalities

→ Improved accuracy and generalizability
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“Black Box” Deep Learning

• Difficulty to explain and control the “black box”



input x output yෝ𝒚 = 𝒇(𝒙, 𝒚;𝒘)

Uncertainty in Deep Learning

Optimization𝑥, 𝑦 are training data

𝑓(⋅) is function class

𝑤 is parameter

ො𝑦 is test-time prediction



Uncertainty in Deep Learning

• Task complexity

• Training data

• Network architecture

• Optimization procedure

Aleaotric 

Epistemic
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Bayesian Uncertainty

• There can be many solutions of the neural network to a 
curated dataset

• The optimal solution from the current dataset 𝑫
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Unpublished data
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Uncertainty in Deep Learning

Unpublished data

Watch out: silent failure



Uncertainty in Deep Learning

• Quantitative evaluation

• The Bayesian framework
• Better calibration

• Improved performance

• Extends to other tasks

Unpublished data



Uncertainty in Deep Learning

• Know what you do not know
• By analyzing the uncertainties related to the learning process

• Solve the problem even better
• More accurate analysis (theoretically guaranteed)

• More reliable quality control



Conclusions

• AI for CMR postprocessing is close to a “solved problem”

• …, however, there are always cases where it cannot be 
absolutely certain

• In cases of uncertainty, let the experts know!
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