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Effective control of pain following orthopedic procedures remains a major challenge
despite advances in regional anesthesia and the advent of locally delivered

sustained-release formulations.

INTRODUCTION

Effective control of pain following orthopedic procedures
remains a major challenge despite advances in regional
anesthesia and the advent of locally delivered sustained-
release formulations. Exparel, a liposomal formulation of
bupivacaine (LB), extends local drug exposure but generally
does not provide meaningful activity beyond ~72 hours
(Shing and Tighe 2022). Recent data have demonstrated
the potential of neuromodulation in the long-term treat-
ment of postoperative pain (Ilfeld et al. 2021). These find-
ings have prompted the clinical investigation of a platform,
RELAY, which combines peripheral nerve block and neu-
romodulation with the aim of enhancing and prolonging
analgesia following orthopedic surgery.

THE RELAY SYSTEM

The RELAY system (Gate Science, Moultonborough, NH) is
a dual-mechanism platform that delivers simultaneous and
sequential nerve block and neuromodulation to a targeted
peripheral nerve or plexus. The system consists of a percu-
taneous lead with multiple electrodes, powered by a wear-
able pulse generator. Parameters such as current ampli-
tude, frequency, and cycling can be adjusted noninvasively
via a Bluetooth-enabled mobile app, Gate Keeper. This app
allows dynamic titration of neuromodulation intensity. The
preoperative placement of the device and subsequent de-
ployment have been reported previously (Ilfeld et al. 2025).

METHODS

The intent of this analysis is to define the interplay be-
tween nerve block and neuromodulation in controlling
post-operative pain.

To isolate the effects of neuromodulation and sodium
channel blockade, we analyzed six patients selected from
a 20-patient safety and efficacy trial of RELAY at the Uni-
versity of California, San Diego (NCT06818708). The inclu-
sion criteria for the analysis —shoulder surgery, continuous
peripheral nerve block (cPNB) with bupivacaine through
postoperative day three, neuromodulation through post-
operative day 7, and completion of follow-up through day
14—were chosen to enable direct comparison with pub-
lished outcomes for liposomal bupivacaine (LB) in shoulder
procedures. Note the inclusion of patients receiving contin-
uous peripheral nerve block (cPNB) through postoperative
day three with the RELAY device was specified to match the
local exposure associated with LB. Demographics for the
RELAY cohort follow.

Randomized controlled trials of LB in shoulder surgery
that were considered for this analysis included Okoroha et
al. 2016; Sethi et al. 2021; Namdari et al. 2017; Abildgaard
et al. 2017; and Kim et al. 2022. A pooled analysis of Sethi
et al. 2021 and Okoroha et al. 2016 was chosen for com-
parison to RELAY data in shoulder surgery. These two stud-
ies provided favorable early analgesic effects relative to the
other studies of LB, included data up to postoperative day
14 (Sethi), matched indications of Total Shoulder Arthro-
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Patient # | Age Sex BMI Surgery | Location of block Anesthesia
RU-02 67 F 23 TSA Brachial Plexus | cPNB d/c POD3
RU-06 66 M 22 TSA Brachial Plexus cPNB d/c POD3
RU-08 34 M 27 RCR Brachial Plexus | ¢cPNB d/c POD3
RU-12 66 E 37 TSA Brachial Plexus | cPNB d/c POD3
RU-17 61 F 27 TSA Brachial Plexus cPNB d/c POD3
RU-18 75 F 24 TSA Brachial Plexus | ¢cPNB d/c POD3

Figure 1. Patents treated with RELAY underwent
either Total Shoulder Arthroplasty or Rotator Cuff
Repair. As noted above, all patients received cPNB
through postoperative day 3 and neuromodulation
through postoperative day 7.

plasty and Rotator Cuff Repair, and had similar demograph-
ics, and had positive controls.

Consideration was also given to inclusion of cPNB with-
out neuromodulation as the comparator to RELAY. Across
randomized and prospective comparative studies in shoul-
der arthroplasty and arthroscopic shoulder surgery, pain
scores during POD 1-3 are generally similar between cPNB
and LB, with no consistent, clinically important between-
group differences (>1 point on a 0-10 scale). Some trials
show early advantages for the catheter within the first 24
hours, but by POD 1-3 most report non-inferior or compa-
rable analgesia with LB; one cohort found lower day-2 pain
with LB (Abildgaard et al. 2017; Kim et al. 2022; Sabesan et
al. 2017; Panchamia et al. 2024; Wall et al. 2022).

COMPARATIVE ANALYSIS

Pooled pain outcomes of LB (Sethi et al. 2021 and Okoroha
et al. 2016) are compared to the pain outcomes for RELAY
between post-op day 1 and 14.

The LB curve demonstrates incomplete reductions in
acute pain (>3-4.8 points on a 10-point scale) through the
early postoperative period, with a gradual decline to ~2 by
day 14. By contrast, the RELAY curve demonstrates lower
scores at all time points, rapid suppression of pain within
the first 48 hours, and durable control approaching floor
levels (<1) by day 7. Confidence intervals (CIs) for both LB
and RELAY were estimated from published standard devi-
ations or estimated variance, with RELAY’s CIs reflecting
small-sample pilot variability and LB’s reflecting pooled
RCT-derived spread.

The LB profile is in fact advantaged relative to the other
available data for LB in the literature .
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Figure 2 is the comparison of Average Daily Pain over
time for RELAY and Pooled LB (Sethi, 20215 and
Okoroha, 2016%).
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Figure 3 is a fitted decomposition of the RELAY
combined curve (in blue).

ISOLATING THE EFFECT OF
NEUROMODULATION

The present analysis employs fitted decomposition to iso-
late the contributions of nerve block x3 days and neuro-
modulation x7 days to RELAY’s observed analgesic trajec-
tory over 14 days. The working assumption in the analysis
is that observed differences in the pain curves can be attrib-
uted to the effect of neuromodulation.

The blue RELAY curve was constructed by decomposing
the observed analgesic trajectory (the blue “combined” pain

1 Six other studies were considered for pooled analysis but not included. Sabesan et al. (2015) and Flaherty et al. (2020) showed a sharp
rise in pain intensity within the first 12-24 hours, with mean scores reaching 4-5 on a 10-point scale. Namdari et al. (2017) reported
more moderate pain levels (~3—4) that remained relatively stable over the first day, while Abildgaard et al. (2017) and Hillesheim et al.
(2021) both documented higher initial values near 5. Vandepitte et al. (2017) observed persistently elevated pain (~6.6) at day 2. In gen-
eral, each of these studies had pain scores >4 on day1 and lacked long-term follow-up.
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Figure 4 represents the isolated effect (in green) of
Neuromodulation in this patient population.

curve in figure 2) into two modeled components: an early,
short-lived effect representing nerve block (Yellow), and a
delayed, more sustained effect representing neuromodu-
lation (Green). The sodium channel blockade contribution
was parameterized as a rapid logistic decay consistent with
local anesthetic pharmacokinetics, while the neuromodula-
tion contribution was modeled as a logistic rise and plateau
beginning as block effects waned. Summing these functions
reproduced the observed RELAY data (represented in Fig-
ures 2 and 3 by the blue Xs) illustrating the additive inter-
action between the two mechanisms.

MECHANISTIC INTERPRETATION

In the nerve plexus, C fibers (small, unmyelinated fibers)
carry slow, dull, burning pain signals. They are central dri-
vers of nociception and central sensitization. AR Fibers
(large myelinated fibers) are responsible for touch, vibra-
tion, and proprioception. Importantly, AP fibers project
into the dorsal horn where they gate nociceptive trans-
mission (Melzack and Wall 1965). Neuromodulation selec-
tively activates AP fibers, generating non-painful input that
closes the gate at the dorsal horn. This reduces transmis-
sion of C-fiber nociceptive input to higher centers, blunting
central sensitization.

Early after surgery, nerve block (Sodium-channel block-
ade) reduces both C fiber transmission, quelling the noci-
ceptive signal from the periphery, and AP input is largely
silenced. This limits neuromodulation’s effectiveness, since
AP conduction is required for therapeutic gating in the dor-
sal horn. As the block begins to wane, AR conduction re-
covers but C-fiber nociception also reemerges. At this point,
neuromodulation suppresses spinal amplification, provid-
ing a second wave of analgesia. After the block is fully re-
solved, neuromodulation alone continues to provide pain
relief by dampening central sensitization, a known effect

in chronic indications (Lo Bianco et al. 2025; Karcz et al.
2024).

CLINICAL IMPLICATIONS

In clinical practice, nerve block provides reliable analgesia
at early time points. When combined with neuromodula-
tion, however, the analgesic effect is smoothed, deepened,
and prolonged.

As the effect of the nerve block dissipates on or around
day three, neuromodulation sustains control of pain, pre-
venting rebound and extending analgesia beyond the phar-
macologic window of ¢cPNB with bupivacaine. The com-
bination of modalities has the potential to acutely and
sub-acutely lower pain scores and to reduce opioid con-
sumption in comparison to LB or cPNB alone.

CONCLUSIONS

The role of central sensitization has only recently been
demonstrated as a key driver of postoperative pain (Ilfeld et
al. 2021). Without directly addressing this mechanism, pe-
ripheral nerve block alone likely cannot achieve the same
depth or durability of analgesia demonstrated here by RE-
LAY. In the acute phase (days 1-3), both modalities are ac-
tive in the control intense pain. As the block dissipates,
neuromodulation continues to provide relief by suppressing
central sensitization, thereby maintaining control in the
subacute phase (days 3—30). Also, RELAY offers the unique
advantage of adjustable titration of neuromodulation with-
out modifying the drug regimen.

The combined approach of nerve block and neuromod-
ulation leverages independent but convergent mechanisms
that stack rather than compete. Given their lack of central
activity, sustained-release sodium-channel formulations,
whether delivered as liposomes or other biopolymers, are
unlikely to reproduce the flexibility, durability, and depth of
analgesia achieved by RELAY.

RELAY is the first device to combine nerve block and
neuromodulation in a single platform, and the simultane-
ous and sequential use of these modalities provides novel
insight into an important role of central sensitization in
controlling post-operative pain and the therapeutic utility
of neuromodulation in controlling acute pain.

LIMITATIONS

While these initial findings are coherent, they rely upon
comparing data across studies. Further confirmation in
larger, controlled, prospective studies will be required be-
fore final conclusions can be drawn.
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