
Heterogeneous Virtual Population of Simulated CMR Images for Improving the Generalization of Cardiac Segmentation Algorithms

Current CMR segmentation approaches lack robustness in the presence of images acquired from variable sites and scanners,
mainly due to the scarcity of data available for training. Simulating a large set of medical images with variability in anatomical
representation and image appearance has the potential to address this issue. However, due to the complexity of modeling
the imaging procedure and lack of accuracy and flexibility in anatomical models, available solutions are limited.

INTRODUCTION

METHODS

Yasmina Al Khalil1, Sina Amirrajab1, Cristian Lorenz2, Jürgen Weese2, Marcel Breeuwer1,3

1Biomedical Engineering Department, Eindhoven University of Technology, Eindhoven, The Netherlands. 2Philips Research Laboratories, Hamburg, Germany. 3Philips Healthcare, MR R&D - Clinical Science, Best, The Netherlands

# 023

a)

b)

a)

b)

Stage 1: CMR image simulation and generation of a diverse virtual population Stage 2: Pre-training a 3D U-Net on 
generated simulated data

Stage 3:Fine-tuning 
on real CMR data

• Use of MRXCAT numerical framework on XCAT anatomical 
phantoms

• Control of:
o Imaging parameters (SNR, TR, TE, flip angle)
o MR tissue properties (T1, T2, proton density)
o Anatomical variations through the parameterized model of XCAT

phantom for normal female and male anatomical models

One virtual subject (VS)

Combination of 
varying SNR levels, 
sequence 
parameters and 
tissue properties

RESULTS-Heart cavity segmentation

27 distinct image appearances

• TL-SIM model
• Pre-trained on 2500 simulated images
• Fine-tuned on ACDC data-set (103-80 train/validation-test split)

• Baseline model: trained from scratch on ACDC data-set 
• Test-set: multi-site and multi-scanner data (A-F)

Left Ventricle Right Ventricle Myocardium

Pre-trained model on simulated data (TL) needs less real 
CMR data for fine-tuning and adaptation compared to 

the model trained from scratch (wo TL)

• The performance of the 
pre-trained model is 
retained when real CMR
data for fine-tuning is 
reduced

• Simulated data improves 
the generalization 
capability to multi-site 
and multi-scanner data
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