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i= CASE SERIES

Percutaneous Auricular Nerve Stimulation
(Neuromodulation) for Analgesia and Opioid-Sparing
Following Knee and Hip Arthroplasty: A Proof-of-

Concept Case Series

John J. Finneran IV, MD,*T Engy T. Said, MD,* Scott T. Ball, MD,¥ Krishna R. Cidambi, MD,¥
Baharin Abdullah, MD,* and Brian M. lIfeld, MD, MS (Clinical Investigation)*

We present a case series to demonstrate proof-of-concept for the off-label use of an auricular
neuromodulation device—originally developed to treat symptoms associated with opioid with-
drawal—to instead provide analgesia and opioid-sparing following knee and hip arthroplasties.
Within the recovery room, an auricular neuromodulation device (near-field stimulator system 2
[NSS-2] Bridge, Masimo) was applied to 5 patients. Average daily pain at rest and while moving
was a median of O to 2 as measured on the O to 10 numeric rating scale, while median daily oxy-
codone use was 0O to 2.5mg until device removal at home on postoperative day 5. One patient
avoided opioid use entirely. (A&A Practice. 2022;16:e01621.)

GLOSSARY

FDA = Food and Drug Administration; N§S-2 = near-field stimulator system 2

to-severe pain many patients experience is fre-

quently treated with opioids with their associated
side effects and risk of misuse, dependence, and diver-
sion. Neuromodulation is an analgesic alternative with
few associated limitations.! Percutaneous leads inserted
under ultrasound guidance and subsequently attached to
an external pulse generator provide postoperative anal-
gesia for outpatient surgery® and possibly knee arthro-
plasty.> However, this technique requires physician-level
skills, advanced equipment, and up to an hour to admin-
ister, targets only 1 nerve or plexus distribution per
lead, and is—at least at the time of this writing—often
cost-prohibitive.!

An alternative is percutaneous “auricular” neuromodu-
lation involving the stimulation of nerves in and around
the ear (Figure 1). The mechanism of action is complex
and multifactorial, and remains under investigation,*> but

Following major joint arthroplasty, the moderate-
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undoubtably involves modulation of serotonergic, norad-
renergic, and endorphinergic pathways with associated
release of serotonin, norepinephrine, and endogenous opi-
oids such as beta-endorphins.® Auricular vagal stimulation
further chemically modulates nociceptive (pain) processing,
anxiety, and depression.

The United States Food and Drug Administration
(FDA) has cleared a percutaneous auricular neuromodu-
lation device to reduce symptoms associated with opioid
withdrawal for up to 5 days (near-field stimulator sys-
tem 2 [NSS-2] Bridge, Masimo; Figure 2).” Three small
nonrandomized studies suggest that this device may also
provide “analgesia” in hospitalized patients following
abdominal and pelvic surgeries.!!? The device has mul-
tiple beneficial features, such as being small, disposable,
medication-free, nonsurgical, and battery-powered. It
has few contraindications, lacks systemic side effects and
associated serious adverse events, is relatively simple to
apply, and requires no additional equipment or advanced
training. Finally, it has no potential for misuse, depen-
dence, or diversion, and is a fraction of the cost relative
to ultrasound-guided percutaneous neuromodulation
devices.

However, it remains unexamined whether percutaneous
auricular nerve stimulation will provide analgesia follow-
ing knee and hip arthroplasties and if patients will accept
the device following discharge (including home removal).
We now report 5 off-label cases to explore the possibility
of treating pain following knee and hip arthroplasty with
percutaneous auricular neuromodulation.

CONSENT FOR PUBLICATION

The University of California, San Diego, Institutional
Review Board, waives the review of case reports and short
series. Written, informed consent documenting Health
Insurance Portability and Accountability Act authoriza-
tion and allowing for publication of nonidentifying medical
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Figure 1. A percutaneous auricular nerve stimulation system (NSS-2
Bridge, Masimo). Each of the 3 electrodes has a 2-millimeter-long
integrated needle/lead (inset), and the ground electrode has four
2-millimeter-long integrated needles—also termed “leads” (inset).
Used with permission from Brian M. lifeld, MD, MS.

=

Figure 2. A percutaneous auricular nerve stimulation system (NSS-2
Bridge, Masimo). 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
cephaloanterior to the incisura and posterior to the superficial tem-
poral arterial pulse, and (3) on the posterior ear opposite the anti-
helix at the level of the incisura. The ground electrode is inserted on
the anterior side of the lobule (ear lobe). Used with permission from
Baharin Abdullah, MD.

2 cases-anesthesia-analgesia.org

information and in situ device imaging in the form of a case
series were obtained from all patients.

CASE DESCRIPTION

Five patients undergoing unilateral, primary, total knee (n = 3)
and hip (n = 2) arthroplasties were offered and consented for
postoperative administration of percutaneous auricular neu-
romodulation. Preoperatively, patients having knee arthro-
plasties received an ultrasound-guided, single-injection
adductor canal block with ropivacaine 0.5% and epinephrine
(20mL). Intraoperative anesthesia consisted of a bupivacaine
subarachnoid block for all but 1 patient who preferred a
general anesthetic. A mixture of bupivacaine 0.25% (50mL),
ketorolac (30mg), and epinephrine (250 pg) was infiltrated
throughout the surgical area intraoperatively for all cases.
Following surgery, in a semirecumbent position, each patient
received intravenous fentanyl 25 pg, and the application loca-
tions were wiped with an alcohol pad and benzoin over the
mastoid process for the pulse generator placement and at the
4 points of electrode 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 3 electrodes and a ground has a 2-millimeter-long
integrated needle(s) and was 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 into neurovascular bundles,
which can 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 to 2 mm away
from a neurovascular bundle and never immediately oppo-
site to 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 affixing with an overlying dressing (Figure 2).
The second electrode was inserted immediately cephaloan-
terior to the incisura and posterior to the superficial tem-
poral arterial pulse. The third electrode was inserted on
the posterior ear opposite to the antihelix at the level of the
incisura. The ground electrode with four 2-millimeter-long
integrated needles was inserted on the anterior side of the
lobule (Figure 1, inset). All patients tolerated the procedure
without wincing or complaint, and total duration for each
application was approximately 5 minutes.

Postoperatively, patients received acetaminophen 975
mg 4 times daily, celecoxib 200mg twice daily, and, if
needed, the synthetic oral opioid oxycodone (5mg tablets).
Patients were instructed to keep the pulse generators and
leads dry with the use of a shower cap when bathing.

The 4 women and 1 man had a mean (standard devia-
tion) age of 71 (3) years, height of 159 (9) centimeters,
weight of 72 (12) kilograms, and body mass index of 28.5
(3.4). During the device use through postoperative day 5,
average daily pain at rest and while moving was a median
of 0 to 2 as measured on the 0 to 10 numeric rating scale
(Figure 3). Maximum daily pain was a median of 2 to 4, and
median daily oxycodone requirements were 0 to 2.5 mg
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Figure 3. Pain and opioid consumption following total knee and hip arthroplasty with percutaneous auricular nerve stimulation for the first 5
postoperative days. Each circle represents 1 patient, and the median for each time point is denoted with a horizontal line.

during this same time period (Figure 3). Most patients per-
ceived various periauricular sensations during the first 24
hours, but rarely after postoperative day 1. The sensations
were described as “warmth,” a soft “thumping,” or “puls-
ing,” which were never disturbing.

The pulse generators automatically ceased function-
ing after 120 hours (5 days), and patients or their caretak-
ers 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 3 electrodes were subsequently removed in the
same manner followed by the pulse generator, after which
the single-use, disposable device was discarded. Average
pain scores and opioid consumption were similar or just
slightly greater following device removal on postoperative
day 5 (patients were followed through postoperative day 8),
although worst pain scores did increase to a greater degree
(Figure 3). No device-related localized irritation, systemic
side effects, or complications were identified.

DISCUSSION

These cases demonstrate that percutaneous auricular neu-
romodulation following major orthopedic surgery is fea-
sible during both the inpatient and outpatient portions of
the first postoperative week and may be an effective anal-
gesic enabling decreased opioid consumption considering
the relatively low pain scores and opioid use of the current
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patients to historic patterns at our institution. Moreover, the
device used in this report is FDA-cleared to reduce symp-
toms associated with opioid withdrawal, which includes
anxiety, insomnia, muscle aches, nausea, and vomiting, all
of which are frequent following surgery.”

Other percutaneous auricular neuromodulation devices
have been used to treat pain following various surgical pro-
cedures with various degrees of success, from decreased
pain to no effect and even “increased” pain.’** Pulse dura-
tion, frequency, amplitude, duty cycle, and additional
parameters such as the number and location of electrodes
vary greatly among devices. These parameters determine
the properties of the generated electric field. Therefore, dif-
fering devices can have considerably different physiologic
effects. This inconvenient reality dramatically decreases gen-
eralizability of the results from any 1 clinical trial to other
devices. The pulse generator of the current report uses an
integrated 3-volt battery and has a load impedance range of
1k to 10k Q with 3.2 volt maximum, and symmetrical, bipha-
sic stimulation cycles occur at a frequency of 0.125 Hz with
periodic rest.

Importantly, multiple studies demonstrate that neuro-
logic effects of auricular stimulation outlast the stimulation
itself,’ which is why we chose to follow these 5 patients for
a total of 8 days. Indeed, the patients in the current report
experienced little increased pain and opioid requirements
following removal on postoperative day 5.
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The auricular neuromodulation device described in this
report has few contraindications listed on its label: (1) use
of cardiac pacemakers, (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 skin bleeding (0.91%) and dermatitis from the
adhesive bandages (0.91%).” For the pivotal studies of the
device to reduce the symptoms of opioid withdrawal (n =
1207), no analgesic was administered for electrode place-
ment, and only 2 participants complained of “significant”
pain (0.17%).°

These cases demonstrate that percutaneous auricular
neuromodulation is feasible for knee and hip arthroplasties
and may be an effective analgesic enabling decreased opioid
consumption both during hospitalization and at home fol-
lowing discharge. Considering the ease of placement, few
contraindications, applicability to any anatomic surgical
location, low patient and provider burden, lack of systemic
side effects and serious adverse events, as well as no mis-
use, dependence, or diversion potential, further study with
a randomized, controlled trial appears warranted to docu-
ment and quantify potential analgesic and opioid-sparing
benefits. g8
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