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Figure 1: Roadmap for heart-on-a-chip development Modern HoC systems frequently support multi-layered
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e physiological cardiac modeling
I d . Photolithography High sub-micron precision Expensive cleanroom facilities; poor direct biocompatibility e complex heart disease modeling (e.g., ischemia,
ntroduction .
Soft lithography Accessible, biocompatible, rapid May absorb hydrophobic molecules fibrosis)
e drug screening/delivery
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Cardiovascular disease (CVD) is the leading cause of death e multi-organ-on-a-chip human body simulations
worldwide [l] Limitations of clinical tr ials, animal research, and Laser cutting Rapid, maskless patterning Localized thermal damage; surface roughness
laboratory models have driven interest in in vitro cardiac models , . o e 4 s . _
Ty _ _ . _ CNC milling Rapid, low-cost prototyping Limited size by cutting-tool dimensions . .
such as 3D engineered heart tissues, cardiac organoids, 2D Limaitations
monolayers, scaffolds, and HoCs. HoCs are microfluidic devices Hot embossing High-throughput, low per-unit cost High upfront tooling cost
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appllcanons, challenges, and future perspectives. [11] Kolodziejek, et al.: magnetically controlled mechanical stimulation . 1nadequate electrical or mechanical stimulation
Electrical Applies electrical signals to promote mature function [12] Liu, et al.: used microelectrode array (MEAs) or other patterned electrodes e limited cellular and therapeutlc leGI‘SIty.
and synchronized beating of heart cells. Effectiveness | [13] Esmaeili, et al.: made conductive hydrogels, which are hydrogen scaffolds containing gold nanorods or carbon
depends on frequency, pulse amplitude, and duration. nanotubes
MethOdS [7] Lind, et al.: used 3D printing electroconductive inks, including liquid metal like silver-polyamide, on the chip
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that demonstrate considerable potential to be used as

Sensing and detection methods exist to evaluate the functional responses of engineered cardiac tissues on HoCs.

cardiaomyocytes, electrical stimulation, mechanical stimulation Two main types of methods:

Number of Articles: A total of 103 articles were identified. 1) In situ detection: real-time monitoring of the cardiac tissue without removing it from the device precise, physiologically relevant cardiac models for
Analysis: After reading the full-text, the findings of each paper Tissue displacement, deformation/strain, contractile force, piezoresistive sensing, microelectrode array, pECG, cardiovascular research, but remain limited by several
were categorized into fabrication/stimulation methods, current electrochemical impedance spectroscopy factors. Continued improvements in these areas can
models, applications, and limitations. 2) Offline testing: analysis performed after the real-time operation of the device further enhance these HoC platforms.
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