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DESCRIPTION
Cardiac ablation, a procedure in treating cardiac arrhythmias, 
demands precision and accuracy in targeting abnormal heart 
tissue. Computed Tomography (CT) scans play a pivotal role in 
planning such interventions. However, the manual segmentation 
of these scans to identify relevant anatomical structures can be 
time-consuming and prone to errors. Leveraging the power of 
machine learning, particularly with domain knowledge encoding, 
presents the way for automating and enhancing this 
segmentation process.

Understanding cardiac ablation

Cardiac ablation involves selectively destroying tissue in the 
heart responsible for causing abnormal electrical signals. This 
procedure is often guided by various imaging modalities, 
including CT scans, to identify the precise location of the 
aberrant tissue. Accurate segmentation of these scans is essential 
for successful ablation procedures, as it enables the visualization 
of critical structures such as the atria, ventricles, coronary 
arteries, and the pulmonary veins.

Challenges in segmentation

Manual segmentation of cardiac CT scans is labor-intensive and 
subject to inter-observer variability. Moreover, the complex 
anatomical structures and variations among patients pose 
significant challenges for traditional image processing 
techniques. These challenges underscore the need for advanced 
computational approaches to automate and improve 
segmentation accuracy.

Machine learning in segmentation

Machine Learning (ML) algorithms, particularly deep learning 
models, have demonstrated remarkable capabilities in medical 
image segmentation tasks. By leveraging large datasets of

annotated images, these models can learn intricate patterns and 
features, enabling accurate segmentation of anatomical 
structures. Convolutional Neural Networks (CNNs), in 
particular, have emerged as a dominant architecture for medical 
image analysis due to their ability to automatically extract 
hierarchical features.

Domain knowledge encoding: While ML algorithms excel at 
learning patterns from data, integrating domain knowledge can 
further enhance their performance, especially in specialized 
fields like cardiac ablation. Domain knowledge encompasses 
insights and principles derived from medical expertise, 
anatomical understanding, and procedural nuances. Integrating 
such knowledge into ML models can guide the segmentation 
process, improve robustness, and ensure clinically meaningful 
results.

Segmenting CT scans with ML and domain knowledge: The 
segmentation of cardiac CT scans for ablation planning can 
benefit significantly from a hybrid approach that combines 
machine learning with domain knowledge encoding. Here's how 
such a process might unfold:

Data collection and annotation: Gather a diverse dataset of 
cardiac CT scans annotated by expert clinicians to delineate 
relevant structures such as the myocardium, cardiac chambers, 
pulmonary veins, and surrounding vasculature.

Model training: Utilize deep learning architectures, such as 
Cable News Networks (CNNs), to train a segmentation model on 
the annotated dataset. During training, incorporate domain 
knowledge through specialized loss functions, network 
architectures specialised to cardiac anatomy, or data 
augmentation techniques that preserve anatomical constraints.

Validation and refinement: Validate the trained model on 
independent datasets to assess its performance in accurately 
segmenting cardiac structures. Iteratively refine the model based 
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Personalized treatment planning: Accurate segmentation 
facilitates personalized treatment planning by providing detailed 
anatomical information tailored to each patient's unique cardiac 
morphology and pathology.

Accelerated innovation: By automating routine tasks, ML frees 
up time for clinicians to innovate and explore new techniques 
and treatment paradigms in cardiac ablation.

CONCLUSION

The integration of machine learning with domain knowledge 
encoding holds immense potential for revolutionizing cardiac 
ablation procedures. By automating the segmentation of cardiac 
CT scans, clinicians can streamline pre-procedural planning, 
improve accuracy, and ultimately enhance patient outcomes. As 
research in this field continues to advance, the synergy between 
machine learning and domain expertise will drive further 
innovations, marking a transformative era in cardiac 
intervention.
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on feedback from clinicians and additional domain-specific 
considerations.

Integration into clinical workflow: Integrate the validated 
segmentation model into existing software platforms used for 
cardiac ablation planning, ensuring seamless integration into the 
clinical workflow.

Benefits and impact: The adoption of machine learning-driven 
segmentation for cardiac ablation planning offers several 
compelling benefits:

Enhanced efficiency: Automation of the segmentation process 
reduces the time and effort required for pre-procedural 
planning, enabling clinicians to focus more on treatment 
strategies and patient care.

Improved accuracy and consistency: ML-driven segmentation 
reduces variability between different observers, leading to more 
consistent and reliable segmentation results across patient 
cohorts.
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