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Introduction

Lab-grown self-organised heart tissues (cardiac organoids) are a valuable tool to study the human heart in health and
disease. However, current models are typically low-throughput and suffer from high variability between and within batches.

Objectives

We aimed to develop a robust, high-throughput cardiac organoid model using microfluidic encapsulation of stem cells into
microgel droplets. This approach enables the production of smaller, more consistent organoids optimised for large-scale
studies.

Methods

Using an established microfluidic strategy (1,2), we encapsulated human stem cells into hollow hydrogel droplets and
compared various encapsulation parameters, including droplet size and cell density. After aggregation, encapsulated stem
cells were guided through a three-step culture protocol (3) to mimic early human heart development and promote
differentiation and self-organisation of multiple cardiac cell types. These encapsulated organoids were compared to control
organoids grown in traditional culture dishes. We assessed differentiation efficiency by evaluating beating capacity and
stained for various cardiac proteins using fluorescent microscopy.

Results

Control organoids successfully developed into beating structures containing diverse cardiac cell populations. For the
encapsulation approach, differentiation efficiency was highly dependent on the initial aggregate size. The optimised
condition reproducibly resulted in beating encapsulated organoids that were similar in cellular diversity as control organoids,
but more consistent and easier to produce in large numbers.

Conclusion

Microfluidic encapsulation provides a scalable, reproducible method for generating cardiac organoids. This high-throughput
platform has potential for applications such as cardiac toxicity testing and disease modelling. Future research will further
compare their molecular and electrophysiological properties to traditional models.
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