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Across all 12 leads, GAN-based synthetic signals reproduce consistent 
waveform morphology with high intra-lead fidelity.
P2P trained on SR and AF, achieved the lowest FID scores (7.192, 7.602) and 

indicating strong alignment with real data 

SR vs. Arrhythmia (True vs. Predicted) results from clinical 
interpretation 
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This work was supported by the European Union's Horizon Europe research and innovation programme under Grant Agreement No 101136244 (TARGET). 

Systematic benchmarking of five GAN architectures for 12-lead ECG 
synthesis · Blinded clinician evaluation of synthetic ECG interpretability

Zainab Mahmood
Liverpool John Moores University

From Generation to Clinical Validation: GAN-Based 
Multi-Lead Synthetic ECGs

Zainab Mahmood, Liverpool John Moores University  

Health and Medical Devices

• ECG datasets are scarce and class-imbalanced, limiting 
supervised learning for rare cardiac conditions
• Clinical validity of GAN-generated ECGs remains poorly 
characterised
• Synthetic ECG data can augment training sets for personalised 
cardiovascular modelling (Thambawita et al., 2021)

1. Benchmark five GAN architectures for multi-lead ECG 
synthesis under clinically realistic data constraints

2. Develop a multi-layer validation framework assessing signal 
fidelity, physiological plausibility, and downstream 
classification utility (Xia et al., 2023)

3. Conduct blinded clinician review (n=9 clinicians; 186 ECGs) 
to evaluate clinical interpretability of synthetic signals

• GAN-based multi-lead ECG synthesis achieves clinically interpretable 
outputs, validated by blinded expert review
• Moderate synthetic data augmentation improves downstream 
classification performance
• Multi-layer validation framework enables rigorous, clinically-
grounded assessment of synthetic ECG quality

• Synthetic SR correctly classified in 94.7% of cases vs. 
91.3% for real SR

• Mean binary classification accuracy: real 0.737 ± 0.043 vs. 
synthetic 0.741 ± 0.058 (no significant difference)

• No clinician showed a statistically significant difference in 
performance between real and synthetic ECGs
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• First systematic architecture-aware comparison of five GANs for 
12-lead ECG synthesis
• Multi-layer validation (FID, physiological features, classification 
utility, blinded clinician review)

STRENGTHS LIMITATIONS
• 10-second fixed segments; longer temporal 
dynamics not captured
• Single-cohort training (PTB-XL); inter-lead 
spatial coherence not fully preserved
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