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Introduction Context Proposed Framework

Current State of Echocardiography Segmentation: The Good

Automatic 2D+time echocardiography segmentation using deep neural networks:

�3 Intra-observer variability

[Wei et al., MICCAI 2019]
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https://link.springer.com/chapter/10.1007/978-3-030-59713-9_60


Introduction Context Proposed Framework

Current State of Echocardiography Segmentation: The Bad

Automatic 2D+time echocardiography segmentation using deep neural networks:

�7 Failures on individual frames �7 Temporal consistency

Example of degenerated frame in echo. sequence [Painchaud et al., in press, IEEE TMI 2022]
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https://doi.org/10.1109/TMI.2022.3173669


Introduction Context Proposed Framework

Path to Clinical Use

Methods’ clinical relevance measured by impact on ejection fraction estimation

Physicians use measures over time to guide diagnosis (e.g. GLS)

Source: Emory University Source: American Heart Association
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http://www.emoryhealthsciblog.com/dealing-with-huff-puff-think-hfpef/
https://www.heart.org/en/health-topics/heart-failure/diagnosing-heart-failure/ejection-fraction-heart-failure-measurement


Introduction Context Proposed Framework

Path to Clinical Use

Methods’ clinical relevance measured by impact on ejection fraction estimation
Physicians use measures over time to guide diagnosis (e.g. GLS)

[Abou et al., Heart 2020]
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https://heart.bmj.com/content/106/18/1438


Introduction Context Proposed Framework

Temporally Consistent Echocardiography Segmentation

What?
Add a hard temporal consistency constraint to echocardiography segmentation

How?

1 Define temporally inconsistent segmentations based on shape attributes
variations

2 Learn an interpretable representation of cardiac shapes that models the shape
attributes

3 Leverage the representation to post-process temporal inconsistencies in
echocardiography segmentations a posteriori
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Introduction Context Proposed Framework

Cardiac Shape Attributes

1 Define (7) shape attributes
computable from segmentations

2 Identify variation thresholds from
reference segmentations

Left ventricle area

Myocardium area

Y center of mass
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Introduction Context Proposed Framework

Cardiac Shape Attributes

1 Define (7) shape attributes
computable from segmentations

2 Identify variation thresholds from
reference segmentations

[Painchaud et al., in press, IEEE TMI 2022]
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https://doi.org/10.1109/TMI.2022.3173669
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Cardiac Shape Autoencoder

AR-VAE1 to disentangle shape
attributes:

1 shape attr. ↔ 1 latent dim.

+ residual dimensions

Latent
space
vector

Encoder Decoder

Residual

dim.

Latent attributes
correlate to

image attributes

Reference
segmentation

Reconstructed
segmentation

Attrs

Left ventricle (LV)
area

LV base w
idth

1[Pati et al., Neural Comput & Applic 2021]
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https://link.springer.com/article/10.1007/s00521-020-05270-2


Introduction Context Proposed Framework

Temporal Regularization Framework

1 Perform 2D+time
segmentation using a
black-box method

2 Smooth temporal
inconsistencies in the
latent space

[Painchaud et al., in press, IEEE TMI 2022]
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https://doi.org/10.1109/TMI.2022.3173669
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https://doi.org/10.1109/TMI.2022.3173669


Introduction Context Proposed Framework

Results

Segmentations after temporal post-processing:

�3 Improved accuracy across cycle �3 Temporal consistency

Degenerated frame smoothed using neigh. frames [Painchaud et al., in press, IEEE TMI 2022]
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https://doi.org/10.1109/TMI.2022.3173669


Post-processing and latent manipulation results: https://youtu.be/rBUx4JOz-7o

Thank you for listening! Questions?
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https://youtu.be/rBUx4JOz-7o


Supplementary Materials: Videos

Temporal regularization results: https://youtu.be/098NddEb2_k

Latent attribute manipulation: https://youtu.be/_qb9muKyMIQ
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https://youtu.be/098NddEb2_k
https://youtu.be/_qb9muKyMIQ


Temporal Consistency Results

[Painchaud et al., in press, IEEE TMI 2022]
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https://doi.org/10.1109/TMI.2022.3173669


Segmentation Accuracy Results

[Painchaud et al., in press, IEEE TMI 2022]
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https://doi.org/10.1109/TMI.2022.3173669


Clinical Metrics Results

[Painchaud et al., in press, IEEE TMI 2022]
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https://doi.org/10.1109/TMI.2022.3173669
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