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ABSTRACT Synthetic data is increasingly used in medical imaging to overcome data scarcity and privacy
constraints. However, assessing the fidelity of synthetic images remains a critical challenge for ensuring their
safe and effective use in clinical and AI applications. We present SynthVal, a Python-based framework for
validating the quality of synthetic medical images through statistical comparisons in deep feature space.
SynthVal extracts semantic image embeddings using transformer-based models and computes similarity
metrics – including Fréchet Distance, Wasserstein Distance, and Kullback-Leibler Divergence – between
real and synthetic data distributions. The framework is designed for modularity, scalability, and ease of
integration into existing workflows via pip installation. We evaluate SynthVal using real images from the
CSAW-CC dataset, and synthetic images produced by a model developed by the Barcelona Supercomputing
Center. Our experiments systematically benchmark the influence of different feature extraction models and
similarity metrics, providing practical insights for selecting validation strategies in medical image synthesis.
SynthVal offers a reproducible and extensible solution for quality control in synthetic data pipelines.
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I. INTRODUCTION

Synthetic data has become an increasingly important resource
in medical imaging [1], offering solutions to critical chal-
lenges such as data scarcity, patient privacy, and class
imbalance [2]. By generating artificial yet realistic samples,
synthetic data enables the training and evaluation of machine
learning models without relying exclusively on sensitive
or hard-to-obtain real-world datasets. This is particularly
relevant in domains such as mammography, radiology, and
histopathology, where access to diverse and annotated clinical
data remains a significant bottleneck for research and
development [3].
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Despite its growing use, the adoption of synthetic data
in medical contexts raises essential questions about trust,
quality, and fidelity [4]. Before synthetic datasets can be
reliably integrated into diagnostic tools or AI-assisted work-
flows, it is crucial to validate their structural and statistical
alignment with real data. Poorly generated synthetic images
can introduce biases, degrade model performance, or lead to
clinically misleading outcomes. As a result, robust validation
methods are necessary to assess whether synthetic data
accurately reflects the distributional characteristics of the real
data it aims to replace or augment [5].

While several approaches exist for validating synthetic
images [6] – ranging from pixel-level comparisons and
human perceptual scoring to application-specific downstream
evaluations – many lack generality, scalability, or repro-
ducibility. In particular, pixel-wise metrics often fail to
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