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Conductive biomaterials are the key interfaces linking biological tissues and flexible
electronics, holding essential significance for closed-loop healthcare' . They act as
electrical conduction bridges to restore electrophysiological communication in
damaged tissues and facilitate tissue recovery'*l. Myocardial infarction (MI) is a
prevalent and life-threatening cardiovascular disease'”, and the associated arrhythmia
is a major risk to patients. Since 2015, conductive materials, such as polypyrrole!,
carbon nanotubes!”, and reduced graphene oxide!”’, have been investigated for
electrical conduction restoration in MI treatment. Besides fundamental properties
such as biocompatibility, mechanical compatibility, and adhesion, conductivity is a
crucial parameter for cardiac function recovery in therapeutic scenarios®. Notably,
conductive biomaterials tailored for tissue electrical conduction differ from those
designed for signal acquisition and sensing, where low impedance and high signal-
to-noise ratios are preferred. However, excessively high conductivity does not
guarantee better therapeutic efficacy. Previous studies are limited by narrow tunable
range of materials conductivity and insufficient theoretical modeling, leaving the
selection of optimal conductivity without systematic evaluation and solid theoretical
support.

Recently, Miao et al. used conductive graphene oxide aerogel (GA) to prepare highly
conductive electroactive cardiac patches (eCarPs) with the conductivity ranging from
107 to 10" S/cm for MI treatment [Figure 1A]"°. This range, covering five orders of
magnitude, exceeds those reported in existing studies, where the optimal
conductivity of eCarP should be 100 to 1,000 times that of native myocardium
(107 S/cm). Such highly conductive eCarPs enable sustained electrocardiogram
(ECQG) signals. This finding challenges the conventional understanding that “the
conductivity of conductive materials should be close to that of healthy myocardium”.
Specifically, eCarPs with low conductivity (10 S/cm) fail to achieve an optimal
conduction velocity (CV) [Figure 1B]. To explain this phenomenon, a monodomain
model was developed for electrophysiological analysis. Simulation revealed that
either excessively low or high conductivity causes mismatch in CV between the
eCarP and surrounding healthy myocardium, increasing the risk of reentry with
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Figure 1. (A) Schematic of eCarP with the relative positions of heart and eCarP; (B) Scheme of eCarPs reducing the risks of arrhythmia.
eCarP: Electroactive cardiac patche.

potential lethal arrhythmias. Compared with the resistor—capacitor (RC) model"", the monodomain model
incorporates physiological constraints on intercellular signal conduction, while it requires a lower
computational time than the bidomain model. In the porcine ventricular incision model, the theoretical
predictions exhibited high consistency with the experimental results. Accordingly, the monodomain model
serves as a practical and accurate tool to interpret electrical interactions between conductive patch and
myocardium tissues, providing a solid theoretical basis for further clinical translation.

More interestingly, from the perspective of tissue repair, eCarPs exhibit versatile therapeutic potentials
beyond the regulation of abnormal electrical signals'”. They can increase ventricular wall thickness, improve
cardiac function, facilitate angiogenesis, and upregulate the expression of relevant proteins. Such synergistic
effects provide comprehensive biological support for myocardial repair after infarction.

Collectively, investigations into the optimal conductivity of cardiac patches deepen our understanding of
how conductive biomaterials restore cardiac electrical synchrony. It also emphasizes that evaluating new-
generation biomaterials and biomedical devices requires considerations beyond simple matching of physical
properties. The compatibility with the intrinsic characteristics of biological signals is equally important,
which acts as a core driving force to advance personalized precision medicine.

Despite the promising therapeutic efficacy of highly conductive biomaterials for MI treatment, there are
remaining challenges to be addressed. The adaptability of conductive cardiac patches fundamentally depends
on matching the CV of cardiac electrical signals. The myocardial CV is highly dynamic rather than stable,
which is strongly dependent on heart rate and susceptible to fluctuations induced by medications, metabolic
conditions, and other factors. Further studies are therefore required to validate whether highly conductive
patches could maintain stable electrical adaptability under dynamic physiological variations.

Besides therapeutic conduction modulation, cardiac patches also offer potentials for in-situ physiological
monitoring throughout cardiac treatment and recovery. Various biomaterials can be involved for
multimodal sensing platforms, enabling real-time acquisition of bio-signals"*"*. Due to their conductivity,
cardiac patches can not only be used to sense the intrinsic activities of the heart such as electrophysiological
signal and physical deformation, but also monitor key parameters of the cardiac microenvironment, such as
temperature and pH levels. The integrated system requires optimizing the structure of the devices to adapt to
the dynamic surface of the organ, and overcoming obstacles such as wireless energy supply and signal
transmission to ensure the long-term and efficient operation. By integrating electrical conduction therapy
with signal sensing within a single patch, such an engineered system can further lower the arrhythmia risks.
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Ultimately, this integrated design facilitates a closed-loop health management strategy, featuring continuous
monitoring and targeted treatment, which sustains optimal cardiac electrical synchrony and prevents adverse
cardiovascular events.
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