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ABSTRACT

Background Following outpatient surgery, it is often
difficult to provide adequate analgesia while concurrently
minimizing opioid requirements. Ultrasound-quided
percutaneous peripheral nerve stimulation has been
proposed as an analgesic, but requires physician-

level skills, advanced equipment, up to an hour to
administer, and is frequently cost prohibitive. In contrast,
percutaneous auricular neuromodulation may be placed
by nursing staff in a few minutes without additional
equipment, theoretically provides analgesia for nearly
any anatomic location, lacks systemic side effects, and
has no significant risks. We now present a case report to
demonstrate proof of concept for the off-label use of an
auricular neuromodulation device—originally developed
to treat symptoms associated with opioid withdrawal—
to instead provide analgesia following outpatient
surgery.

Case presentation Following moderately painful
ambulatory orthopedic and breast surgery, seven
patients had an auricular neuromodulation device

(NSS-2 Bridge, Masimo, Irvine, California, USA) affixed
within the recovery room in approximately 5min and
discharged home. Average resting and dynamic pain
scores measured on the 0—10 Numeric Rating Scale were
a median of 1 over the first 2 days, subsequently falling
to 0. Five patients avoided opioid use entirely, while the
remaining two each consumed 5mg of oxycodone during
the first 1-2 postoperative days. After 5days, the devices
were removed at home and discarded.

Conclusions These cases demonstrate that ambulatory
percutaneous auricular neuromodulation is feasible

and may be an effective analgesic and decreasing or
even negating opioid requirements following outpatient
surgery. Considering the lack of systemic side effects,
serious adverse events, and misuse/dependence/diversion
potential, further study with a randomized, controlled
trial appears warranted.

INTRODUCTION

The moderate-to-severe pain many patients experi-
ence following surgery is often treated with opioids,
which are associated with side effects such as nausea,
vomiting, sedation, and respiratory depression (and
a risk of misuse, dependence, and diversion). Potent
site-specific analgesia with fewer side effects may be
provided with peripheral nerve blocks. However,
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these too have limitations such as requiring an anes-
thesiologist for administration, a duration of action
measured in hours, and rendering the target area/
limb insensate. An analgesic alternative with few
associated limitations is neuromodulation. Percuta-
neous leads inserted under ultrasound guidance and
subsequently attached to an external pulse gener-
ator provide postoperative analgesia and may be
administered on an outpatient basis." However, this
technique requires physician-level skills, advanced
equipment, up to an hour to administer, targets
only one nerve or plexus, and is—at least at the
time of this writing—often cost prohibitive.”

In contrast, percutaneous auricular neuromod-
ulation may be administered simply by pressing
electrodes into the skin anterior to and on the
outer ear, followed by stimulation with a wearable
pulse generator. The mechanism of action for this
modality is complex, multifactorial and remains
under investigation.” * Periauricular innervation
has contributions from cranial nerves V (auricu-
lotemporal branch of the mandibular nerve), VII
(posterior auricular branch of the facial nerve), IX
(glossopharyngeal nerve) and X (auricular branch
of the vagus nerve) as well as the occipital and
great auricular nerves from the second and third
cervical levels.’ Stimulation of different anatomic
locations results in differing effects, including
modulation of serotonergic, noradrenergic, and
endorphinergic pathways with associated release
of serotonin, norepinephrine, and endogenous
opioids such as beta-endorphins.® Vagal stimu-
lation further chemically modulates nociceptive
(pain) processing, anxiety, and depression.” * Many
neurotransmitters are influenced, such as increasing
gamma-aminobutyric acid which can lead to anxi-
olysis.* Given the large number of effects auricular
stimulation produces, it is unsurprising that it has
multiple therapeutic uses, including treating neuro-
logical (eg, epilepsy), inflammatory, and cardiovas-
cular disorders; metabolic syndromes; psychiatric
symptoms and disorders (eg, anxiety, depression,
autism),” as well as multiple pain conditions.*

A percutaneous auricular neuromodulation
device is currently cleared by the US Food and
Drug Administration (FDA) to reduce symptoms
associated with opioid withdrawal for up to 5 days
(NSS-2 Bridge, Masimo, Irvine, California, USA;
figure 1).'%!? Three small non-randomized studies
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Case report

Figure 1
Bridge, Masimo, Irvine, California, USA). Each of the three electrodes has
a2 mm long integrated needle/lead (inset) and the ground electrode
has four 2 mm long integrated needles/leads (inset). Used with
permission from BMI.

A percutaneous auricular nerve stimulation system (NSS-2

suggest that this device may also provide analgesia in hospitalized
patients following abdominal and pelvic surgery."*™"* Similarly,
the technique was reported in two cases to treat pain following
total hip and knee arthroplasty.'® The device is small, disposable,
medication-free, non-surgical, battery-powered, and adhered
directly to the skin behind the ear; relatively simple to apply,
requiring no additional equipment or advanced training; has
few contraindications; lacks systemic side effects and associated
serious adverse events; has no potential for misuse, dependence,
or diversion; and is a fraction of the cost relative to currently-
available ultrasound-guided percutaneous neuromodulation
devices.'®

This auricular neuromodulation device therefore may be
applied in an ambulatory surgical center and for nearly all outpa-
tient surgeries without the limitations of opioids, peripheral
nerve blocks, and ultrasound-guided percutaneous peripheral
nerve stimulation devices. And while the published (nonrandom-
ized) controlled studies reported a 56%-75% decrease in opioid
requirements using the auricular device to treat pain following
315 it may result in a near-negation
of opioid requirements for less-painful ambulatory procedures.

major abdominal surgery,'

However, it remains unknown whether this percutaneous auric-
ular nerve stimulator will provide analgesia following ambula-
tory orthopedic and breast surgery; and if these patients will
accept the device outside of the hospital setting (including home
removal).

We now report seven off-label cases to (1) explore the
possibility of treating postoperative pain in outpatients with
ambulatory percutaneous auricular neuromodulation, (2) help
optimize a future study protocol, and (3) estimate the treatment
effect to help power a subsequent randomized, controlled pilot
study. This manuscript adheres to the applicable Enhancing the
QUAlity and Transparency Of health Research (EQUATOR)
guidelines.

Table 1 Anthropometric patient characteristics

Age (years) 54 (17)

Female sex (#) 5 (71%)
Height (cm) 173 (7)

Weight (kg) 74 (13)

Body mass index (kg/mz) 25 (3)

Data presented as mean (SD) or number of patients (percentage).

CASE DESCRIPTION

Following moderately painful orthopedic and breast surgery,
seven patients (table 1) were offered, and consented for, post-
operative administration of percutaneous auricular neuromod-
ulation (figure 2). The University’s Institutional Review Board
(University of California San Diego, San Diego, California, USA)
waives any review requirements for case reports or short series;
but these patients provided both verbal and written consent
to receive auricular neuromodulation for the off-label use of
postoperative pain control and publish these deidentified case
reports and non-identifiable photos.

Patients having orthopedic and breast surgery received
ultrasound-guided single-injection popliteal-sciatic and para-
vertebral nerve blocks, respectively, with ropivacaine 0.5% and
epinephrine prior to surgery (table 2). Following surgery in a
semirecumbent position within the recovery room, each patient
received intravenous fentanyl 25 pg and the application locations
were wiped with an alcohol pad and benzoin over the mastoid
process for the pulse generator and at the four points of elec-
trode placement (figure 2).'

The pulse generator was applied posterior and slightly
caudad to the preferred ear (contralateral to the side on which
the patient slept) with a double-sided adhesive pad which was
further secured with a clear adhesive dressing. Each of three
electrodes and a ground has a 2 mm long integrated needle(s)
(figure 1) and is affixed with a small, round adhesive bandage
(figure 2).' Specific lead locations on the outer ear were guided
with transillumination to optimize effects and avoid placement

i

Figure 2 A percutaneous auricular nerve stimulation system (NSS-

2 Bridge, Masimo, Irvine, California, USA). The pulse generator is
adhered directly to the patient behind the ear over the mastoid process.
Leads are placed (1) at the most cephalad portion of the antihelix;

(2) immediately cephalo-anterior to the incisura and posterior to the
superficial temporal arterial pulse; and (3) on the posterior ear opposite
the antihelix at the level of the incisura. The ground electrode is inserted
on the anterior side of the lobule (ear lobe). Used with permission from
BA.
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Table 2 Surgical procedures and NSS-2 Bridge placement

Case Surgical procedure Bridge ear Single-Injection block  Perineural infusion

1 Left: bunionette and hammertoe correction Left Left: Popliteal-sciatic

2 Right: Haglund's excision Right Right: Popliteal-sciatic

3 Right: Haglund's excision Left Right: Popliteal-sciatic

4 Right: hallux interphalangeal joint fusion Left Bilateral: Popliteal-sciatic  Right: Popliteal-sciatic postoperative days 0-3
Left: hammertoe correction

5 Bilateral: implant removal Right Bilateral: Paravertebral

6 Bilateral: reconstruction revision, fat grafting from abdominal flank liposuction ~ Left Bilateral: Paravertebral

7 Right: Reconstruction with expander and implant Left Bilateral: Paravertebral

Left: mastopexy

Single-injection peripheral nerve blocks included ropivacaine 0.5% with epinephrine.

Continuous peripheral nerve block included ropivacaine 0.2% (basal 6 mL/hour, bolus 4 mL, lockout 30 min).

into neurovascular bundles which could cause pain and bleeding.
Neurovascular bundles were identified by placing an included
pen light against the skin and viewing the opposite side of the
ear. For the most cephalad anterior electrode and electrode on
the posterior side of the ear, the needles were inserted 1-2mm
away from a neurovascular bundle and never immediately oppo-
site each other.

The first lead was placed at the most cephalad portion of the
antihelix by simply pressing the electrode directly into the skin
and affixed with an overlying dressing (figure 2).'® The second
electrode was inserted immediately cephalo-anterior to the inci-
sura and posterior to the superficial temporal arterial pulse.'®
The third electrode was inserted on the posterior ear opposite
the antihelix at the level of the incisura.'® The ground electrode
with four 2 mm long integrated needles was inserted on the ante-
rior side of the lobule (figure 2, inset), completing the circuit, and
beginning the 5-day period of stimulation.'® All seven patients

Average Pain at Rest
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2 .o coe
0 cer eee e e—— — — — —
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Worst Pain
10
8
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2 . .o .
0 . . ces VL — — — —
1 2 3 4 5 6 7 8

Postoperative Day

tolerated the procedure without wincing or complaint, and total
duration for each application was approximately 5 min."®

Patients were discharged home from the recovery room with
a prescription for the synthetic oral opioid oxycodone (5mg
tablets). The one patient with a continuous popliteal-sciatic
nerve block received an infusion of ropivacaine 0.2% (6 mL/
hour, 4mL bolus, 30min lockout, 500 mL reservoir) with a
portable infusion pump for the first three postoperative days.
Patients were provided with the contact phone numbers of the
administering physician and acute pain service and instructed to
keep the pulse generators and leads dry with the use of a shower
cap when bathing.

Average daily pain at rest and while moving was a median of
0-1 for the first two postoperative days, followed by 0 for subse-
quent time points as measured using a 0-10 Numeric Rating
Scale (figure 3). Maximum pain each day was a median of 3 the
first 2days, 1 the following 2 days, and 0 thereafter (figure 3).

Average Pain with Movement

10
8
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2 .
0 UL SO I ——
12 3 4 5 & 1 8
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Opioid Consumption
10
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Tablets ,
2

0 — ———— — — —

Postoperative Day

Figure 3  Pain and opioid consumption during outpatient orthopedic and breast surgical procedures with ambulatory percutaneous auricular nerve
stimulation for the first 5 postoperative days. Each circle represents one patient, and the median for each time point is denoted with a horizontal line.
Pain level was evaluated using a 0-10 Numeric Rating Scale with 0 equivalent to no pain and 10 equivalent to the worst imaginable pain. Each opioid

tablet was comprised of 5mg of the synthetic opioid oxycodone.
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Five patients avoided opioid use entirely, while the remaining
2 each consumed 5 mg of oxycodone during the first 1-2 post-
operative days (figure 3). All patients perceived various periau-
ricular sensations during the first 24 hours, but rarely following
postoperative day 1. The sensations were described as a soft
‘thumping’ or ‘pulsing’ which were never disturbing.

The pulse generators automatically ceased functioning after
120 hours (5 days) and patients or their caretakers then detached
the device by first removing the round bandage of the grounding
electrode, which extracted the electrode from the patient along
with the bandage.'® The remaining three electrodes were subse-
quently removed in the same manner, followed by the pulse
generator, after which the single-use, disposable device was
discarded.'® No device-related localized irritation, systemic side
effects, or complications were identified.'®

DISCUSSION
These cases demonstrate that ambulatory percutaneous auric-
ular neuromodulation affixed in an outpatient surgical facility
is feasible and may be an effective analgesic enabling decreased
opioid consumption following outpatient surgery considering
the relatively low pain scores and opioid use of the current
patients to historic patterns at our institution. Given the accu-
mulating evidence of the influence of perioperative prescription
opioids on the opioid epidemic, auricular stimulation could
have a significant positive impact if our present findings are vali-
dated in a future controlled trial: for preoperative opioid-naive
patients, the risk of chronic opioid use 1year following surgery
is 69%." Alarmingly, 65%-80% of current heroin-dependent
users began their addiction by abusing prescription opioids.'® '
Furthermore, the number of prescribed opioid tablets is directly
correlated with the probability of continuing their use,?® and
therefore, a modality allowing the prescription of just a few
opioid tablets could prove greatly beneficial to individuals and
their communities. Neuromodulation avoids the systemic side
effects related to opioid use such as nausea, sedation, and respi-
ratory depression; and it has no potential for misuse, depen-
dence, and diversion.'® Moreover, the device used in this report
is FDA cleared to reduce symptoms associated with opioid with-
drawal, which includes anxiety, insomnia, muscle aches, nausea,
and vomiting, all of which are frequent following surgery.'°1% 1

Other percutaneous auricular neuromodulation devices have
been used to provide analgesia following various surgical proce-
dures with various degrees of success, from decreased pain,*'™
to no effect,” * and even increased pain.*® Pulse duration,
frequency, amplitude, duty cycle, along with additional param-
eters such as the number and location of electrodes vary greatly
among devices. These parameters determine the properties of
the generated electric field. Therefore, differing devices—even
if similar in appearance—can have considerably different physi-
ologic effects. This is an inconvenient reality which dramatically
decreases generalizability of the results from any one clinical
trial to other devices, requiring investigation of each device
independent of the others. The pulse generator of the current
report uses an integrated 3 V battery, has a load impedance range
of 1k=10k Q with 3.2 V maximum, and provides symmetrical,
biphasic stimulation cycles occurring at a frequency of 0.125 Hz
with periodic rest.'®

Importantly, multiple studies demonstrate that neurologic
effects of auricular stimulation outlast the stimulation itself,”
which is why we chose to follow these seven patients for a
total of 8days.'® Indeed, the patients of the current report
experienced little increased pain and no increased opioid

requirements following removal on postoperative day 3,
although this could be due simply to a lack of pain after this
time point.

The ideal outpatient analgesic would be applicable for all
anatomic locations and patients.'® The auricular neuromod-
ulation device of the current report has few contraindications
listed on its label: (1) use of cardiac pacemakers due to a lack
of clinical data to demonstrate safety; (2) hemophilia; and (3)
psoriasis vulgaris.'® In addition, the skin where the leads are
applied should be intact. The only reported complications have
been minor bleeding at the skin (0.91%) and dermatitis from the
adhesive bandages (0.91%).'2'® We administered a minimal dose
of fentanyl (25 pg) for our postoperative patients with intrave-
nous lines in situ, but for the pivotal studies with use in reducing
the symptoms of opioid withdrawal (n=1207), no analgesic was
administered for electrode placement and only two participants
had ‘significant’ pain (0.17%).'* '

Once initiated, the stimulator remains functional for 120
hours (5 days) without requiring any intervention—there are no
controls or even an on/off switch. In addition to its low health-
care provider burden, the device’s low patient burden is reflected
in its low weight (5 g) and size (36X16x17 mm).'

These cases demonstrate that ambulatory percutaneous
auricular neuromodulation is feasible and may be an effective
analgesic enabling decreased opioid consumption following
outpatient surgery. Since (non-randomized) controlled studies
report a 56%-75% decrease in opioid requirements using the
auricular device to treat pain following major abdominal surgery
in hospitalized patients,">™ there is the intriguing possibility
of obviating opioid requirements for less-painful ambulatory
procedures. Considering its ease of placement, few contra-
indications, applicability to any anatomic surgical location,
low patient/provider burden, lack of systemic side effects and
serious adverse events as well as any misuse/dependence/diver-
sion potential, further study with a randomized, controlled trial
appears warranted to document and quantify potential analgesic
and opioid-sparing benefits.
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