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Abstract
The most prevalent among nervous system tumors significantly jeopardize
patient health. For nerve integrity preservation after tumor removal, contin-
uous intraoperative neurophysiological monitoring (CINM) is indispensable
during microsurgery. The paper highlights the articles about the development
of a system that employs soft and stretchable organic electronic materials for
CINM. This innovative system harnesses soft and stretchable organic elec-
tronic materials and deploys conductive polymer electrodes with low imped-
ance and modulus. These electrodes facilitate uninterrupted near‐field action
potential recording during surgery, resulting in enhanced signal‐to‐noise ra-
tios and reduced invasiveness. Additionally, the system's multiplexing capa-
bilities enable precise nerve localization, even in the absence of anatomical
landmarks.
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Nervous system tumors are the most common type of
tumors affecting the nervous system and pose a sub-
stantial threat to patients' health and well‐being.[1,2] To
preserve the structural and functional integrity of nerves
after tumor removal, continuous intraoperative neuro-
physiological monitoring (CINM) is essential during
microsurgical procedures. A collaboration between Wang
and Li's research groups at Capital Medical University, in
partnership with Bao's group at Stanford University, has
led to a breakthrough for CINM.[3] This innovative sys-
tem leverages soft and stretchable organic electronic
materials and employs conductive polymer electrodes
with low impedance and low modulus. These electrodes
enable uninterrupted recording of near‐field action po-
tentials during microsurgery, leading to improved signal‐
to‐noise ratios and reduced invasiveness. Moreover, this
system boasts multiplexing capabilities that enable

precise localization of target nerves even in the absence of
anatomical landmarks.

In this system, poly(3,4‐ethylenedioxythiophene):
polystyrene sulfonate (PEDOT:PSS) was chosen as the
electrode material because it has excellent electrical
properties and biocompatibility. By blending PEDOT:PSS
with a crosslinkable supramolecular additive, they were
able to create ultra‐thin rail‐like electrodes that exhibited
both high electrical conductivity and mechanical stretch-
ability. These unique properties allowed the electrodes to
be easily wrapped around the nerves, conforming to the
complex nerve structure and establishing a close tissue‐
electrode interface (Figure 1). Furthermore, the covalent
linkage between the polyrotaxane crosslinker and the
elastomeric substrate provided strong anchoring of the
PEDOT layer to the substrate, making it highly resistant to
external abrasion and friction. Another significant
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advantage of the PEDOT electrodes was their ability to
createmultiplexed interfaceswith different nerves.Using a
simple one‐step lithography process, numerous identical
electrodes could be manufactured and wrapped around
adjacent nerves. This multiplexing capability is a crucial
step toward noninvasive neurodissection.

This innovation enabled continuous recording of
near‐field action potentials with high signal fidelity and
minimal invasiveness during the intricate process of tu-
mor resection surgery.[4–6] There was a notable decrease
in postoperative morbidity observed in animal models.
Moreover, aside from capturing neural physiological
signals, low‐impedance PEDOT electrodes facilitated
functional stimulation to evaluate neural functionality
during surgery. The authors also explored the synergy
between these CINM modalities and targeted neuro-
stimulation, underscoring the efficacy of their approach
in restoring normal function following various neuro-
surgical procedures. The combination of CINM with
precise micro‐neurosurgical techniques served as a
valuable safeguard against nerve injury during surgical
interventions. The convergence of organic electronics
and biology has led to hybrid systems where electronic
components seamlessly interact with biological systems
to enhance functionality. However, for organic electronic
devices, conductivity, stability and compliance with
biological systems are critical challenges. Moreover,
rigorous biocompatibility testing is essential, including
assessing tissue response, inflammation, and potential
cytotoxicity when organic materials interact with bio-
logical systems.

Looking into the future, the continued refinement of
electrode arrays that are durable, offer high resolution,
possess soft and biocompatible qualities, and have neural
stimulation and recording capabilities promises to
expand their use in more complicated surgical disci-
plines.[7,8] However, it is important to acknowledge
certain limitations associated with the clinical use of soft
electrodes. One limitation is that soft electrodes are
commonly applied to superficial nerves, making them
less effective in penetrating deep tissues or nerves. Pro-
longed use can also be compromised by factors such as
electrode displacement and wear, which can affect the
precision of monitoring and stimulation. Although
known for their favorable signal‐to‐noise ratio, data
collected with soft electrodes may still be susceptible to
motion artifacts. Precise electrode placement demands
surgical expertise, adding complexity to procedures.
Despite these challenges, we anticipate the emergence of
advanced and versatile soft electrodes combined with
novel biocompatible materials. This development will
bring about a profound change in the field of neural
monitoring and stimulation.
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F I GURE 1 (a) Conventional handheld probe used for intraoperative neurophysiological monitoring (CINM), depicted in both
photograph and schematic forms. (b) Photograph and schematic illustrating the innovative use of soft PEDOT electrodes for monitoring.
Stable enclosure of nerves with PEDOT electrodes enables CINM during surgery. (c) Schematic portraying the design of soft PEDOT
electrodes engineered for a comfortable neural interface. Reproduced with permission.[3] Copyright 2023, Springer Nature BV. PEDOT,
poly(3,4‐ethylenedioxythiophene).
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