Brief Intraoperative Electrical Stimulation to Enhance Nerve Regeneration
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Peripheral nerves regenerate slowly and often must
regrow over long distances. Many therapeutic and surgical
adjuncts have been explored to augment nerve regenera-
tion and to overcome the challenges that currently limit
achievable outcomes.! Intraoperative electrical stimula-
tion is a new technology in nerve surgery that may enhance
nerve regeneration.

Electrical stimulation acts through a calcium-dependent
mechanism, which activates cyclic adenosine monophos-
phate to stimulate axonal sprouting and neuron survival.
Decades of animal studies have demonstrated that 20 Hz
delivered postsurgically enhances axonal outgrowth and
muscle reinnervation."? In 2020, Power et al found that 1
hour of stimulation postoperatively (20 Hz, 0.1ms) after
cubital tunnel decompression significantly increased com-
pound muscle action potential amplitude, grip, and pinch
strength.” However, prolonged postoperative delivery of
stimulation poses a logistical challenge.

Brief intraoperative electrical stimulation could over-
come practical limitations. Roh et al found that 10 min-
utes of stimulation (16 Hz, 100 us) with a handheld device
(Checkpoint Surgical Inc.) was equally beneficial to 1 hour
of continuous stimulation in rodents,* highlighting the pos-
sibility that the advantages of electrical stimulation may be
achieved with a brief intraoperative treatment alone.

To evaluate the benefits of brief intraoperative elec-
trical stimulation in humans, we conducted a pilot
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randomized controlled trial (RCT) to investigate the
safety and feasibility of brief electrical stimulation (16 Hz,
100 ps) after cubital tunnel decompression. After institu-
tional review board approval, 10 patients were random-
ized in a 2:1 fashion between decompression + 10 minutes
of stimulation (treatment) versus surgical decompression
only (control). Baseline patient characteristics were simi-
lar between groups. Once the nerve was decompressed
and the tourniquet released, the handheld device stimu-
lated the ulnar nerve on its anterior surface proximally
to the site of compression for 10 minutes. Visible con-
traction of the distal muscle confirmed adequate contact
with the nerve. Outcomes included two-point discrimina-
tion, Semmes-Weinstein monofilaments, grip, and pinch
force. Electromyography was included to evaluate nerve
conduction over time. Furthermore, questionnaires were
included to assess quality of life and pain (Fig. 1). During
surgery and follow-up, no adverse events related to treat-
ment were reported (0%), including nerve injury or dam-
age from the nerve stimulator to surrounding tissue. Our
data suggest that brief intraoperative electrical stimulation
is safe and feasible. This study serves as pilot data for a
current large multicenter study to evaluate the efficacy of
this treatment.’

Many clinical trials are currently exploring the ben-
efits of electrical stimulation in nerve surgery. These stud-
ies are investigating electrical stimulation for a multitude
of indications: nerve transfers for brachial plexus injuries,
digital nerve transection, nerve decompressions (carpal
and cubital tunnel), and two-staged facial reanimation
for facial palsy."! Given the challenges associated with pro-
longed and/or postoperative delivery of electrical stimu-
lation, it is of critical importance to determine whether
a brief intraoperative stimulus can augment nerve regen-
eration. The multicenter effort now underway has poten-
tial to drastically impact the practice of peripheral nerve
surgery by offering a simple and practicable method to
improve patient outcomes.
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Fig. 1. A schematic overview of the outcomes and timepoints of the RCT to investigate brief electrical stimulation. This figure presents
the timeline and outcomes of the RCT that evaluates electrical stimulation. Patient-reported outcomes included the Neurology Quality
of Life upper extremity instrument and Patient-Reported Outcomes Measurement Information System questionnaires for pain inter-
ference. Sensation was tested using two-point discrimination and Semmes-Weinstein monofilaments, and force was tested using grip
and pinch force. These outcomes are assessed at each of the timepoints presented in the figure. Electromyography (EMG) was included
to evaluate nerve conduction over time.
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