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Motivation

One major reason: 
Missing explainability

 Get insights into the reasoning of deep 
learning models for ECG classification
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https://xkcd.com/1838/



Methods

We analyze two different pathologies (China Physiological Signal 
Challenge 2018):

- Atrial Fibrillation: Defined by arrhythmic distances between R-waves, 
no P-waves as the SA node is not working

- Left Bundle Branch Block: Defined by abnormal shape of QRS-
complexes
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LBBB: Can be identified from a single heartbeatAF: Can be identified using multiple beats only

https://www.secondscount.org/heart-condition-centers/info-detail-2/what-is-atrial-fibrillation-afib-af By Original: A._Rad Vector: Mrmw - Own work based on: Left bundle branch block ECG characteristics.png:, 
CC0, https://commons.wikimedia.org/w/index.php?curid=83141752
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Healthy ECG
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Sample points
towards LBBB

irrelevant

Sample points
against LBBB
(towards Sinus 
Rhythm)

However, this gives only anecdotical proof for a single heart beat of a single patient. 
How can we generalize results?

Healthy ECG LBBB



Methods

29.09.2022 theresa.bender@med.uni-goettingen.de 14



Methods

29.09.2022 theresa.bender@med.uni-goettingen.de 15



Results
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AF LBBB
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AF LBBB

As expected, the
majority of samples
is rather irrelevant

LBBB patients show
higher relevances

DNN is sure that
these are Sinus Rhythm

DNN is sure that
these are AF



Results

29.09.2022 theresa.bender@med.uni-goettingen.de 22



Results

29.09.2022 theresa.bender@med.uni-goettingen.de 23



Results

29.09.2022 theresa.bender@med.uni-goettingen.de 24

Bollmann et al. (2006) https://doi.org/10.1093/europace/eul113
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Bollmann et al. (2006) https://doi.org/10.1093/europace/eul113



Lead V1

Results
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Healthy
Controls

AF 
ECGs

• P-waves are a clear counter-sign to AF (in AF the sinus node is inactive)

Lead V1

Results
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Lead aVL
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Healthy
Controls

LBBB
ECGs

• Abnormal QRS complexes are signs for LBBB
• T-waves with positive amplitude in lead aVL are counter-signs to LBBB

https://litfl.com/left-bundle-branch-block-lbbb-ecg-library/

Lead aVL



Conclusion

We can conclude that the DNN learned cardiology textbook knowledge for the whole
cardiac cycle.

A limitation of our analysis is that we cannot infer any time-dependent information of the 
relevances.

In future work…
…we will analyse the entropy of unaggregated (raw) data
…we will use the methods proposed in this work for developing an interactive tool for
clinical practice which offers cardiologists an intuitive overview of the DNN's reasoning, 
supporting them in their decision whether to trust the DNN's classification, or not.
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