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Introduction

Pain following orthopaedic surgical procedures remains undertreated due to inadequate
analgesic options. One possible solution is a novel device currently under investigation.
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The RELAY system (Gate Science, Moultonborough, NH) is comprised of a basic
catheter-over-needle device to allow ultrasound-guided percutaneous insertion, leaving a
perineural catheter after simple withdrawal of the internal needle. A single-injection
bolus of local anesthetic may be quickly administered. Following surgery, the catheter
may be attached to a portable infusion pump to provide an ambulatory continuous
peripheral nerve block. Unlike previously described perineural catheters, the RELAY has
an embedded wire and integrated pulse generator that permit stimulation of the targeted
peripheral nerve(s) for up to 28 days. We here provide the first description of this novel
device when used to provide postoperative analgesia.

Case Report

A 67-year-old woman undergoing unilateral (right), primary reverse total shoulder
arthroplasty provided written, informed consent and had a RELAY inserted under
ultrasound guidance with a single pass. A single-injection nerve block was induced with
lidocaine 2% (10 mL) and bupivacaine 0.5% (10 mL), both with epinephrine. A
ropivacaine 0.2% infusion was initiated with a portable infusion pump via the catheter.
Following surgery, the patient reported no surgical pain and her pulse stimulator
initiated with a current of 2.2 mA. She was discharged home with the device in situ.
Postoperative day (POD) 1 her maximum and average pain measured with a numeric
rating scale (NRS) were 3 and 1. During her ropivacaine infusion her worst and average
pain scores were 1 and 0, respectively. Following POD 4 (ropivacaine reservoir exhaustion
on POD 3) she experienced no pain with active stimulation. The catheter/lead was
removed at home by her caretaker without difficulty on POD 7.

Conclusions

This new device represents a feasible intervention for postoperative pain management in
ambulatory settings and further investigation is warranted.

INTRODUCTION

Pain following orthopaedic surgical procedures remains un-
dertreated due to inadequate analgesic options. Opioids
have well-known limitations for both individuals and so-
ciety. Single-injection local anesthetic-based peripheral
nerve blocks have been used for decades to treat postop-
erative pain but have a duration of action of less than 24
hours. The analgesia may be prolonged with the use of li-
posomal bupivacaine or a perineural local anesthetic in-
fusion (continuous peripheral nerve block), but these are
similarly limited in duration to approximately 72 hours (1l-
feld 2017). For many orthopaedic procedures, the duration
of pain is measured in weeks and not hours or days. One
analgesic alternative—percutaneous peripheral nerve stim-
ulation—can improve post-surgical analgesia while concur-
rently decreasing or obviating opioid requirements without
any adverse systemic side effects (Ilfeld, Plunkett, Vij-
jeswarapu, et al. 2021). However, the only lead/electrode
available to date cleared for treating acute pain within the
United States (SPRINT, SPR Therapeutics, Cleveland, Ohio)
was developed for chronic pain conditions and costs many
thousands of dollars (IlIfeld and Finneran 2020). Therefore,
while this device is being further investigated, it is not an-
ticipated to gain widespread use clinically. In addition, this
device does not provide the potent analgesia required by
patients in the immediate postoperative period, and there-
fore a single-injection local anesthetic peripheral nerve
block is added, requiring two separate procedures and asso-
ciated equipment.

One possible solution is a novel device currently under
investigation to treat postoperative pain. The RELAY sys-
tem (Gate Science, Moultonborough, New Hampshire) is
comprised of a basic catheter-over-needle device to allow
ultrasound-guided percutaneous insertion, leaving a per-
ineural catheter after simple withdrawal of the internal
needle (Figure 1). A single-injection bolus of local anes-
thetic may be quickly administered. Following surgery, the
catheter may be attached to a portable infusion pump to
provide an ambulatory perineural local anesthetic infusion
(continuous peripheral nerve block). Unlike previously de-
scribed perineural catheters, the RELAY has an embedded
wire and integrated pulse generator that permit stimulation
of the targeted peripheral nerve(s) for up to 28 days. A
smartphone application enables a Bluetooth connection
with the pulse generator, allowing patients to titrate the
stimulation intensity.

The device therefore theoretically enables analgesia for
multiple weeks with a single percutaneous procedure. This
is potentially revolutionary because it would allow a health-
care provider to deliver (1) a single-injection peripheral
nerve block; (2) a continuous peripheral nerve block; and
(3) neuromodulation using a single device that can theoret-
ically be placed in the same amount of time required for a
single-injection peripheral nerve block. Instead of provid-
ing fewer than 24 hours of postoperative analgesia, up to
28 days of pain control could be delivered without disrup-
tion of existing practice patterns. We here provide the first
description of this novel device when used to provide pain
control following a reverse total shoulder arthroplasty pro-
cedure.
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Figure 1. The RELAY system (Gate Science,
Moultonborough, New Hampshire) is comprised of a
basic catheter-over-needle device to allow
administration of a single-injection of local anesthetic
via the needle (or catheter) followed by a perineural
local anesthetic infusion via the remaining catheter
(when desired). The device is available with a short
(7.7 cm) or long (11.5 cm) needle and 7.3 cm or 11.4 cm
catheter, respectively.

CASE REPORT

The United States Food and Drug Administration approved
the feasibility study protocol under an Investigational De-
vice Exemption. Following prospective registration
(NCT06818708) and approval by the local Institutional Re-
view Board (University of California San Diego, La Jolla,
CA), we enrolled an otherwise healthy 67-year-old woman
undergoing unilateral (right), primary reverse total shoul-
der arthroplasty. Following written informed consent and
in the supine position, the patient had standard intraopera-
tive external monitors placed and oxygen delivered by face-
mask. The pulse generator was turned on by pressing a sin-
gle button and connected via Bluetooth to a mobile device
(iPhone 16, Apple Inc., Cupertino, CA) using a proprietary
app (GateKeeper, Gate Science, Moultonborough, NH). The
minimum and maximum currents were set to 0.2 mA and
10.0 mA, respectively. The catheter had 3 electrodes at the
end, with the most distal programmed as the anode and the
middle as the cathode with the proximal electrode inactive.

The right side of the neck was cleansed with chlorhex-
idine gluconate and isopropyl alcohol and covered with a
sterile fenestrated drape. Intravenous sedation/analgesia
with midazolam (1 mg) and fentanyl (50 pg) was admin-
istered for patient comfort as is standard for peripheral
nerve block administration. The target nerve(s) were visu-
alized using ultrasound with a linear transducer in a ster-
ile sleeve. A transverse cross-sectional (short axis) view of
the brachial plexus roots was observed and the transducer
rotated approximately 90°, resulting in an oblique, cross-
sectional view of the C5/C6 nerve roots with the transducer
oriented roughly cephalad-caudad. A skin wheal of lido-
caine was raised immediately superior to the transducer to
anesthetize the skin and then the track towards the target
roots.

Through the local anesthetic skin wheal, the device was
advanced immediately posterior to the C5/C6 nerve roots
(Figure 2) with small boluses of D5W (5 mL) via the in-

tegrated needle to open the potential space between the
roots and surrounding fascia. The pulse generator was ini-
tiated at 0.2 mA and the current increased until the patient
perceived a “pleasant massage” over her shoulder (2.2 mA).
The internal needle was removed and lidocaine 2% with ep-
inephrine (10 mL) injected via the remaining catheter. Ac-
curate catheter tip placement was demonstrated with a de-
creased cutaneous sensation to cold temperature over the
deltoid muscle. Bupivacaine 0.5% with epinephrine (10 mL)
was subsequently injected to maximize the single-injection
peripheral nerve block duration. The catheter was rotated
counterclockwise to help anchor the device with small pro-
jections (“tines”) emanating from the catheter at approxi-
mately 4 cm from the distal end (Figure 3). The device was
secured with wound closure adhesive (2-Octyl 2-cyanoacry-
late) applied to the exit point, benzoin, a chlorohexidine-
impregnated biopatch around the catheter entry point, and
an overlying occlusive dressing (Figure 4). A ropivacaine
0.2% infusion was initiated with a portable infusion pump
(amblT, Avanos Medical, Alpharetta, GA) via the catheter (8
mL/h basal infusion, 4 mL bolus dose, 30 min lockout pe-
riod, 500 mL reservoir). Her pulse generator was turned off.

The patient underwent an uncomplicated surgical proce-
dure under a general anesthetic of inhaled anesthetic com-
bined with nitrous oxide.

Within the recovery room, the patient reported no sur-
gical pain and her pulse stimulator turned back on with a
current of 2.2 mA. We chose the lowest current level per-
ceived by the patient during insertion to avoid over stimu-
lation. With the local anesthetic peripheral nerve block, pa-
tients can tolerate very high electrical currents; but when
the local anesthetic effects resolve, the current can be too
high and induce pain. This is a confusing situation for pa-
tients because they do not know if the pain they are expe-
riencing is due to a current that is too high—in which case
the solution is to decrease the current—or is due to surgical
pain, in which case the solution is to increase the current.
Therefore, we start patients at a very low current (perceived
threshold) and have them increase when their peripheral
nerve block begins to resolve and their surgical pain in-
creases. The patient was discharged home with verbal and
written instructions as well as additional occlusive dress-
ings to redress the device, if desired. She downloaded the
controlling application to her own phone and was taught
how to connect to the pulse generator and adjust the cur-
rent level.

When queried the day after surgery, the patient’s initial
single-injection nerve block resolved earlier that morning
and she experienced a maximum pain score measured on
the 0-10 Numeric Rating Scale (NRS) of 3, and an average
NRS of 1. The patient’s NRS was 0-1 for the remainder
of her perineural local anesthetic infusion. The pump/tub-
ing was disconnected the morning of postoperative day
(POD) 3 by an investigator, after which neuromodulation
was the exclusive analgesic necessary with maximum and
average pain scores of 0.5 and 0 on POD 4, respectively.
The catheter/lead was removed by the participant’s care-
giver on POD 7 with instructions provided by telephone by
an investigator: the occlusive dressing was removed and
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Figure 2. The RELAY system (Gate Science, Moultonborough, New Hampshire) being inserted under ultrasound
guidance to lie adjacent to the nerve roots of C5 and Cé6. A male patient is included here for illustration purposes,
demonstrating the approach identical to the one used for the female patient of the current case report.

Figure 3. Each catheter has 3 electrodes at the end
which may be programmed as the anode or cathode.
Small projections are set back approximately 4 cm
from the catheter tip; and when the catheter is rotated
counterclockwise, these projections are at
approximately 70-90° to the central axis of the
catheter; while clockwise rotation brings these
projections flush with the catheter for removal.

gentle traction applied to the pulse generator while rotat-
ing the catheter clockwise. The disposable pulse generator/
catheter were discarded in the trash. The patient was con-
tacted on POD 8 and reported no pain following POD 4. No
opioids were required following surgery.

CONCLUSIONS

This case report illustrates the feasibility of using a novel
device that, with a single ultrasound-guided insertion, en-
ables the delivery of a single-injection peripheral nerve
block, a subsequent multi-day perineural local anesthetic
infusion, and up to 28 days of peripheral nerve stimulation.

Figure 4. The RELAY system (Gate Science,
Moultonborough, New Hampshire) seen following
insertion adjacent to the nerve roots of C5 and C6 for
shoulder surgery. A male patient is included here for
illustration purposes, demonstrating the device
secured in an identical fashion to the one used for the
female patient of the current case report.

It is applicable to any peripheral nerve and most surgical
procedures of the extremities. Unlike local anesthetic, elec-
trical current induces no sensory, motor, or proprioception
block; and, therefore, may be used in the lower extremities
without inducting weakness and increasing the risk of
falling. Multiple devices could be used for bilateral surgery
or unilateral procedures in which blockade of multiple pe-
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ripheral nerves is desired. Considering the significant un-  Submitted: April 03, 2025 EDT. Accepted: April 23, 2025 EDT.
met need for nonopioid postoperative analgesic options,  pyplished: May 01, 2025 EDT.
further investigation of this new device appears warranted.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information.

Journal of Orthopaedic Experience & Innovation



A Novel Percutaneous Device Enabling both Local Anesthetic Delivery and Electrical Stimulation (Neuromo...

REFERENCES
Ilifeld, B. M. 2017. “Continuous Peripheral Nerve Blocks: Iifeld, B. M., A. Plunkett, A. M. Vijjeswarapu, et al. 2021.
An Update of the Published Evidence and “Percutaneous Peripheral Nerve Stimulation
Comparison with Novel, Alternative Analgesic (Neuromodulation) for Postoperative Pain: A
Modalities.” Anesth Analg 124:308-35. https:// Randomized, Sham-Controlled Pilot Study.”
doi.org/10.1213/ANE.0000000000001581. Anesthesiology 135:95-110. https://doi.org/10.1097

ALN.0000000000003776.

Ilifeld, B. M., and J. ]. Finneran. 2020. “Cryoneurolysis
and Percutaneous Peripheral Nerve Stimulation to
Treat Acute Pain.” Anesthesiology 133:1127-49.
https://doi.org/10.1097/ALN.0000000000003532.

Journal of Orthopaedic Experience & Innovation


https://doi.org/10.1213/ANE.0000000000001581
https://doi.org/10.1213/ANE.0000000000001581
https://doi.org/10.1097/ALN.0000000000003532
https://doi.org/10.1097/ALN.0000000000003776
https://doi.org/10.1097/ALN.0000000000003776

	A Novel Percutaneous Device Enabling both Local Anesthetic Delivery and Electrical Stimulation (Neuromodulation) of Peripheral Nerves for Pain Following Orthopaedic Surgery: An Initial Feasibility Technical Report
	Introduction
	Case Report
	Conclusions
	Introduction
	Case Report
	Conclusions
	References


