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Background: Chronic upper extremity pain (UEP) has complex etiologies and is often
disabling. It has been shown that 10 kHz SCS can provide paresthesia-free and durable pain
relief in multiple pain types and improve the quality of life of patients.

Objective: To gain additional evidence on the safety and effectiveness of 10 kHz SCS for
the treatment of chronic UEP.

Study Design: It was a prospective, multicenter, and observational study. The study was
registered on ClinicalTrials.gov prospectively (clinical trial identifier: NCT02703818).
Setting: Multicenter.

Patients, Intervention and Main Outcomes: A total of 43 subjects with chronic UEP of
>5 cm (on a 0-10 cm visual analog scale; VAS) underwent a trial of 10 kHz SCS, and
subjects with >40% pain relief received a permanent implant. All subjects had upper limb
pain at baseline, while some had concomitant shoulder or neck pain. Subject outcomes were
assessed for 12 months, and the primary outcome was the responder rate (percentage of
subjects experiencing >50% pain relief from baseline) at three months.

Results: Thirty-eight subjects successfully completed the trial (88.3% success rate), 33 received
permanent implants (five withdrew consent), and 32 had device activation (per protocol popula-
tion). There were no paresthesias or uncomfortable changes in stimulation related to changes in
posture during the study and there were no neurological deficits. Responder rates at 12 months
for upper limb, shoulder, and neck pain in per protocol population (N=32) were 78.1%, 85.2%,
and 75.0%, respectively. At 12 months, 84.4% of subjects were satisfied or very satisfied with 10
kHz SCS, and 38.7% either reduced or eliminated opioid usage.

Conclusion: This study further supports the effectiveness of 10 kHz SCS for chronic UEP
treatment and documents the safety profile of the therapy.

Clinical Trial Identifier: NCT02703818.

Keywords: 10 kHz SCS, VAS, upper extremity pain, shoulder and upper limb pain

Introduction

Cervical spine disorders that cause pain in the upper extremities are frequently disabling
and costly to treat."” In the absence of neurological compromise, upper extremity pain
(UEP) patients are typically managed with conservative care including physiotherapy or
minimally invasive therapies such as epidural injections. If not effective, or when
neurological sequelae indicate, surgical procedures including foraminotomy, and ante-
rior or posterior cervical discectomy with or without fusion may be indicated. For
specific etiologies, neurosurgical procedures such as lesioning of the dorsal root ganglia
or entry zone may be considered.
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Spinal cord stimulation (SCS) is a minimally invasive,
reversible therapy that, in patients with previous lumbar
spine surgery, was shown to provide greater reduction in
leg pain compared to re-operation.® Decades of clinical
research suggests that SCS is a safe and effective option
for certain types of pain that are refractory to conservative
therapies.” ® However, evidence in the literature supporting
the use of traditional SCS to treat UEP is limited to small
prospective studies, retrospective case reports and case
series.”” Moreover, traditional SCS is often accompanied
by the uncomfortable paresthesias that may be exacerbated
by head, neck, and upper limb position and movement.

Ten kilohertz SCS is known to provide paresthesia-inde-
pendent pain relief and its efficacy has been demonstrated in
different types of chronic pain conditions including low back
and leg pain, nonsurgical back pain and complex regional
pain syndrome (CRPS).'®"® Thus, the positional variation
that compromises UEP relief with traditional SCS may be
eliminated with 10 kHz SCS. However, SCS devices includ-
ing 10 kHz SCS can have procedural/surgical complications
such as infection, cellulitis, abscess, fever, sepsis, bleeding,
cerebrospinal fluid leak, hematoma, seroma or thrombosis,
epidural hemorrhage, impaired or inadequate wound heal-
ing, wound dehiscence and in rare instances spinal cord
compression, nerve, nerve root, or spinal cord injury, paraly-
sis and death. Ten kilohertz SCS was previously shown to
provide pain relief and improve quality of life in patients
with UEP in a small retrospective chart review.'* Recently,
two prospective single arm studies reported the efficacy of
10 kHz SCS in patients with upper limb and neck pain.'>'®
Upper limb pain relief recorded in these studies was 62%
and 79% and the corresponding responder rate was 77% and
89%, whereas neck pain relief was 86% and 74% and the
corresponding responder rate was 85% and 95%, respec-
tively. The objective of this prospective, multicenter, obser-
vational study was to gain additional effectiveness data of 10
kHz SCS for the treatment of chronic, intractable pain of the
upper extremities. Along with safety and pain relief assess-
ments, the study also reports data from overall quality of life
assessments, patient satisfaction and changes in opioid med-
ication usage.

Materials and Methods

Ethics Statement

The investigational protocol (20152890) and informed
consent forms were reviewed and approved by an
US (Western

Institutional Review Board in the

Institutional Review Board) and ethics committee in the
UK in January 2016, prior to patient enrollment. All
aspects of the study were conducted in accordance with
the Declaration of Helsinki and national, federal and local
laws of pertinent regulatory authorities. The protocol was
listed on ClinicalTrials.gov (NCT02703818) in January
2016 and was conducted as per STROBE guidelines.

Study Design and Patient Population

This was a prospective, postmarket, observational, multi-
center study designed to provide evidence on the safety
and effectiveness of 10 kHz SCS in subjects with chronic,
intractable pain of the upper extremities (upper limbs with
or without concomitant neck or shoulder pain). Outcomes
were assessed via standardized tests.

Subjects with chronic UEP, affiliated with or referred
to the clinical sites, who were identified by the study
investigators as candidates for SCS therapy, were recruited
from multiple centers in the US® and UK.' Subjects who
signed informed consent were assessed for eligibility
based on the inclusion and exclusion criteria.

Key inclusion criteria were chronic, intractable UEP
(visual analog scale, VAS >5 out of 10 cm) in adults aged
18 years and up, refractory to conservative therapy for a
minimum of three months (previous conservative treat-
ments included pain medications, physical therapy, spinal
injections, pharmacological, and behavioral treatment);
appropriate candidate for surgical procedures; and stable
neurological status and pain medication (Box 1).

Major exclusion criteria were confounding pain in
other areas (eg fibromyalgia, chronic headache); mechan-
ical spine instability or significant cervical stenosis; active
disruptive psychological or psychiatric disorder or other
known condition significant enough to impact perception
of pain (Box 2).

Procedures

Enrolled subjects who met all of the inclusion criteria and
none of the exclusion criteria underwent a trial stimulation
with 10 kHz SCS (Senza System, Nevro Corp., Redwood
City, CA, USA). Two octopolar leads (contact length: 3
mm; inter-electrode distance: 5 mm; lead materials: elec-
trodes: Pt-Ir, platinum-iridium) were placed in the epidural
space spanning C2—C7 cervical spine (entry from T2-T8)
along the radiological/anatomical midline of the cervical
spine to deliver the therapy (Figure 1). For selecting the
optimal stimulation parameters and location during the
trial, a simple bipole sweep was performed rostrocaudally
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Box | Inclusion Criteria

To participate in the study, subjects must have met all of the following

inclusion criteria:

|. Have been diagnosed with chronic, intractable pain of an upper
extremity related to the cervical spine and/or of neuropathic origin,
which has been refractory to conservative therapy for a minimum of
three months. Previous conservative therapy includes pain
medications and physical therapy and may include other treatment
modalities such as nerve root blocks or facet joint blocks/
denervations.

2. Have an average pain intensity (over a period of seven days) of an
upper extremity of 25 out of 10 cm on the VAS at enrollment.

3. Be on stable pain medications, as determined by the investigator,
for at least 28 days prior to assessing pain intensity as described in
inclusion criterion #2, and be willing to stay on those medications
with no dose adjustments until activation of the permanently
implanted SCS device.

4. Be 18 years of age or older at the time of enrollment.

5. Be an appropriate candidate for the surgical procedures required in
this study based on the clinical judgment of the implanting physician.
6. Be capable of subjective evaluation, able to read and understand
English-written questionnaires, and are able to read, understand and
sign the written inform consent in English.

7. Have stable neurological status measured by motor, sensory and
reflex function as determined by the investigator.

8. Be willing and capable of giving informed consent.

9. Be willing and able to comply with study-related requirements,
procedures, and visits.

10. Have adequate cognitive ability to use a patient programmer and

recharger as determined by the investigator.

along the lead. Starting at the most rostral (distal) pair of
contacts, bipole stimulation at 10 kHz and 30 ps was
applied. Perception threshold testing was performed up to
5.0 mA. Initial and maximum amplitudes were developed
over time as the stimulation thresholds were unknown at
the start of the study. Amplitude was initially set at 0.6 or
0.9 mA and increased up to 2.1 or 2.5. If the subject did
not achieve sufficient pain relief, amplitude was increased.
If the amplitude reached the sensation threshold or 2.5 mA
and the bipole location did not provide sufficient pain
relief, the next set of bipoles were tested until the subject
reported at least 40% pain relief or all possible bipoles had
been tested. Subjects who experienced at least 40% reduc-
tion in their upper extremity pain during the trial compared
to baseline were eligible for permanent device implanta-
tion with 10 kHz SCS (Senza System, Nevro Corp.).
Lower pain relief (40%) was allowed during the trial
primarily because the duration of the trial in many cases

was expected to be not enough to fully optimize the

therapy. IMPAACT guidelines suggest that 30% pain relief
is clinically meaningful,'” so 40% cutoff was chosen dur-
ing the trial only, as a reasonable screening criterion.
However, >50% pain relief was required to be considered
as a responder for therapy at follow-up assessment.

At the end of the trial, leads were removed, and sub-
jects did not receive further stimulation until permanent
implant of the SCS device. For the permanent implant, two
leads were placed anatomically at approximately the same
vertebral level as in the trial, anchored and then connected
to an implantable pulse generator (IPG) placed in the
subject’s flank. Stimulation was delivered with a fixed
waveform at 10 kHz frequency, 30 ps pulse width, and
amplitudes adjusted to maximize the subject’s pain relief,
typically 0.3—1.2 mA. Choice of leads, contacts and ver-
tebral level has been described previously.'” Briefly, the
majority of the subjects had staggered octopolar leads
placed midline in the cervical epidural space with the
most cephalad lead at top of C2 and second lead at mid-
C2 vertebrae. A single bipole over the C3—C4 disc was
identified as the most effective “sweet spot” in most
subjects.

Assessments were performed at one, three, six, and 12
months after permanent implant through regular follow-up
visits. Study protocol allowed programming adjustments
throughout the follow-up period. As described previously,
programming was usually done in a cephalad to caudad
bipole search pattern starting at the tip of the most cepha-
lad lead.'® This continued caudally, crossing to the second
lead as needed until a positive response was obtained.
After achieving a positive response in pain reduction,
effort was made to get optimal relief by altering (increas-
ing or decreasing) the amplitude. Before moving to the
next amplitude or new bipole, a typical wait time of eight
hours was allowed.'” Median time to reach >50% pain
relief was three days during the trial and five days during
the permanent implant phase.'> During the study, 10 sub-
jects with a permanently implanted device made 20
unscheduled visits for reprogramming and the median of
the number of programming sessions in the study was two
(max, 4; min, 0).

Intent-to-Treat (ITT) and per Protocol
(PP) Analysis Populations

The ITT population was defined as all subjects who
were intended for a trial stimulation with 10 kHz SCS
(43 subjects). PP population was defined as those ITT

Journal of Pain Research 2020:13

submit your manuscript

2839

Dove


http://www.dovepress.com
http://www.dovepress.com

Burgher et al Dove

Box 2 Exclusion Criteria

To participate in the study, subjects must not have met any of the following exclusion criteria:

I. Have a medical condition or pain in other area(s), not intended to be treated with SCS, that could interfere with study procedures, accurate pain
reporting, and/or confound evaluation of study endpoints, as determined by the investigator (such as primary headache diagnosis and fibromyalgia).
2. Have a current diagnosis of a progressive neurological disease such as multiple sclerosis, chronic inflammatory demyelinating polyneuropathy,
rapidly progressive arachnoiditis, brain or spinal cord tumor, central deafferentation syndrome, or acute herniating disc as determined by the
investigator.

3. Have a current diagnosis or condition such as a coagulation disorder, bleeding diathesis, platelet dysfunction, progressive peripheral vascular
disease or uncontrolled diabetes mellitus that presents excess risk for performing the procedure as determined clinically by the investigator.

4. Have a condition that would significantly increase perioperative risk including severely diminished functional capacity due to underlying cardiac/

5. Have an active systemic or location infection.

and must have been done within the past six months).

determined by the investigator).

benefit).

13. Have a life expectancy of less than one year.

postmenopausal).

determined by the investigator).
16. Be concomitantly participating in another clinical study.
17. Be involved in an injury claim under current litigation.

18. Have a pending or approved worker’s compensation claim.

pulmonary disease, symptomatic uncontrolled severe hypertension, symptomatic uncontrolled chronic obstructive pulmonary disease, being

severely immunocompromised, or any other condition that the investigator determines would significantly increase perioperative risk.

6. Have mechanical spine instability detected by flexion/extension films as determined by the investigator (imaging is required for this determination
7. Have significant cervical stenosis, objective evidence of epidural scarring and/or any signs or symptoms of myelopathy as determined by MRI
conducted within the past |12 months (as determined by the investigator).

8. Any previous history of surgery on the posterior elements (laminectomy, posterior fusion) resulting in a compromised epidural space (as

9. Be benefitting from an interventional procedure and/or surgery to treat upper limb pain (subjects should be enrolled at least 30 days from last
10. Have an existing drug pump and/or another active implantable device (switched on or off) such as a pacemaker or other SCS devices.

I'l. Have a condition currently requiring or likely to require the use of whole body MRI or diathermy.

12. Have metastatic malignant disease or active local malignant disease.

14. Be pregnant (if female and sexually active, subject must be using a reliable form of birth control, be surgically sterile or be at least two years

15. Have within six months of enrollment a significant untreated addiction to dependency producing medications, alcohol or illicit drugs (as

19. Have evidence of an active disruptive psychological or psychiatric disorder or other known condition significant enough to impact perception of

pain, compliance of intervention and/or ability to evaluate treatment outcome, as determined by a psychologist.

subjects who received an IPG implant (after completing
a successful screening trial), had their device activated,
and completed at least three months of follow-up (32
subjects). Safety results are presented for all ITT sub-
jects, while efficacy results are reported for PP subjects,
which closely reflects clinical practice.

Data Collection and Statistics

Data were collected by independent clinic personnel from
the study subjects and recorded in case report forms
(CRFs) during prespecified follow-up assessments. The
collected data was monitored and transferred into data
listings using SAS 9.4 program and then into Excel™
spreadsheets by the sponsor’s team according to ICH-
GCP, ISO14155 and 21 CFR 11 guidelines. Researchers
from the sponsor institution were also responsible for the

data analysis and presentation. Considering the study
sample size (Supplementary Digital Content. Methods 1)

and the fact that data did not always have a normal
distribution (determined by goodness of fit test using
Excel), descriptive analysis of continuous variables
included median and lower-higher quartiles (QI1-Q3).
Categorical variables were reported as counts and percen-
tages. All the outcomes (Supplementary Digital Content.

Methods 2) were analyzed longitudinally and missing
data was estimated using “last observation carried for-
ward” (LOCF) approach.'® Rationale for choosing LOCF
approach is discussed in Supplementary Digital Content.

Methods 3. All the statistical analysis was performed
using Excel. Two-tailed paired #-test was used for com-
paring two groups and a p-value <0.05 was considered as
significant.
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A.Study flowchart

Baseline
N=63

Y

— 20 Screen Failures

Trial Phase
N=43

—>>10 Discontinued
-4 Trial failures
-1 Withdrew consent
during trial
-5 Withdrew consent
despite successful trial

Permanent Implant
N=33

Y

Device Activation
N=32

\

3 Month Follow-up
N=30

Y

6 Month Follow-up
N=28

Y

9 Month Follow-up
N=27

Y

12 Month Follow-up
N=30

—> -1 explant due to infection

—>-2 missed 3 Mo follow-up
y

Primary
Endpoint

—> +1 attended 6 Mo follow-up
-3 missed 6 Mo follow-up

—>+4 attended 9 Mo follow-up
-5 missed 9 Mo follow-up

—>+5 attended 12 Mo follow-up
-2 missed 12 Mo follow-up

B.Lead placement images

C. 10 kHz Waveform
| I [ l

D. 10 kHz SCS device and leads

Figure | Study design; (A) study flowchart; (B) lead placement; (C) 10 kHz Waveform; (D) 10 kHz SCS device and leads.
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Results

Study Population
Flow of subjects in the study is detailed in Supplementary

Table | Baseline Demographics and Clinical Characteristics for
PP Subjects

Characteristics N=32

Digital Content. Results 1. Briefly, out of 43 trial subjects,
38 (88.3%) had >40% relief in UEP (Figure 1). Of the 38
subjects who were eligible to receive permanent implant,

five withdrew consent despite successful trial due to rea-
sons including denial of insurance coverage. The remain-
ing 33 subjects received a permanent implant and one had
a device explanted before activation due to infection.
Among the 32 PP subjects with upper limb pain, 24
(75.0%) who also had concomitant neck pain (baseline
VAS score of >5.0 cm) were included in the neck pain
subset and 27 (84.4%) who also had concomitant shoulder
pain (baseline VAS score of >5 cm) were included in the
shoulder pain subset.

Demographics

Baseline demographics and clinical characteristics of the
PP population are shown in Table 1. Briefly, median age of
the subjects at the time of enrollment was 47.0 years
(range: 27.0-70.0), 65.6% were female and the median
time since diagnosis was 9.6 years (range: 1.0-30.0). At
baseline, median pain VAS score was 8.0 cm for upper
limbs, 8.8 cm for neck, and 8.3 cm for shoulder. Opioids
were used by 96.9% of subjects.

Safety

For the ITT population, there were no stimulation-related
neurological deficits reported. There were no paresthesias
or uncomfortable changes in stimulation related to changes
in posture during the study. Neurological assessments of
30 subjects who completed the 12-month visit showed “no
change” in neurological function in 29 subjects (96.7%)
and “improvement” in neurological function in 1 subject
(3.3%) compared to baseline.

There were eight study-related adverse events (AEs).
Six procedure-related AEs occurring in four subjects
included hematoma, headache, implant site infection,
medical device site hemorrhage, musculoskeletal pain,
and pain in extremity (one each). All the procedure-
related AEs except headache occurred during the per-
manent implant phase. All but one AE resolved without
any sequalae by study completion. The ongoing AE was
mild procedure-related (as judged by the investigator)
musculoskeletal pain in the right shoulder, which was
using Diclofenac  Sodium

treated conservatively

Gender - N (%)

Female 21 (65.6%)

Male 11 (34.4%)
Age (years) at enrollment

Median 46.5

Range 27.0 to 70.0
Years since diagnosis

Median 9.6

Range 1.0 to 30.0
Diagnosis® = N (%)

Chronic intractable upper limb pain 32 (100%)

Chronic intractable upper limb and neck pain 24 (75.0%)

Chronic intractable upper limb and shoulder pain 27 (84.4%)

Upper limb pain = N (%)

Bilateral 23 (71.9%)
Unilateral 9 (28.1%)
Pain etiology® - N (%)
Radiculopathy 21 (65.6%)
Spondylosis 18 (56.3%)
Degenerative disc disease 15 (46.9%)
Previous spine surgery 11 (34.4%)
Other chronic pain 11 (34.4%)
Mild or moderate spinal stenosis 10 (31.3%)
Other neuropathic pain 8 (25.0%)
CRPS | and/or Il 6 (18.6%)
Spondylolisthesis 3 (9:4%)
Baseline use of opioids — N (%) 31 (96.9%)
Baseline VAS in cm (Median: Q1-Q3)
Upper limb pain 8.0 (7.2-8.6)
Shoulder pain 8.3 (7.2-9.1)
Neck pain 8.8 (8.0-9.2)

Note: *Subject could have more than one diagnosis or etiology.

(Voltaren) 1% transdermal gel, PRN. This subject
decided to continue the therapy and declined explant.
Two AEs categorized as possibly related to stimulation/
therapy occurring in two subjects included headache and
unilateral pain in the extremity, both resolved with
reprogramming (one each). There were two procedure-
related serious adverse events (SAEs) occurring in one
subject, which occurred after permanent implant, a
hematoma at the site of surgery and an implant site
infection, which resulted in explant of the device. Both
were resolved without sequelae following aspiration of
the wound and prophylactic antibiotic treatment.
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Pain Relief

Baseline median VAS scores of 8.0, 8.8, and 8.3 cm for
upper limb, neck, and shoulder pain, respectively, were
significantly reduced to 1.0, 1.3, and 1.2 cm at the three-
month assessment (p=7.2><10715, 4.6><1079, 1.6x107"!
respectively compared to baseline). At 12 months, median
VAS scores were significantly reduced to 1.2, 1.2, and 1.4
cm for upper limb, neck, and shoulder pain, respectively
(Figure 2A; p=1.4x10"", 6.8x107'°, 4.2x107"" respec-
tively compared to baseline). Pain relief in individual
subjects for upper limb, neck, and shoulder at 12 months
compared to baseline is reported in Figure 2B, C, and D,
respectively. Median percentage pain relief at three months
compared to baseline was 88.0% for upper limb, 87.5% for
neck and 87.6% for shoulder. Pain reductions were main-
tained through follow-ups and median pain reduction at 12
months compared to baseline was 86.2% for upper limb,
85.7% for neck and 86.3% for shoulder.

Responder Rates

In the PP population, responder rate at three-months was
81.3% (N=26/32), 77.8% (N=21/27) and 70.8% (N=17/24)
for upper limb, shoulder and neck pain, respectively,
which sustained through the 12-month follow-up period
(Figure 2E).

Remitter Rates

Subjects with VAS scores <3 cm for six months at the
defined as
remitters.'® Remitter rate in PP population at 12 months
was 78.1% (N=25/32), 77.8% (N=21/27) and 62.5%
(N=15/24) for upper limb, shoulder and neck pain

time of follow-up assessments were

respectively (Figure 2F).

Short Form McGill Pain Questionnaire

Ten kilohertz SCS therapy resulted in significant improve-
ment (p=2.1x10"", p=1.4x10"%, p=8.4x10"", p=1.1x10"",
p=8.6x10") in all components of SF-MPQ scores includ-

”

ing “continuous pain”,

LE T3

intermittent pain”, ‘“neuropathic
pain”, ‘affective descriptors’ and “total score” at three

months, which further improved at 12 months (Figure 3).

Improvement in Disability and Quality of
Life

Compared to baseline, pain disability index (PDI) score
significantly improved (p=1.4x10"") by 32.0 points (3.4x
minimum clinically important difference, MCID) at three

months. Similarly, disabilities of the arm, shoulder and hand
(QuickDASH) score significantly improved (p=1.5x10"%)
by 40.9 points and global assessment of functioning
(GAF) score significantly improved (p=1.2x10"°) by 20.0
points at three months compared to baseline. At 12-month
endpoint, PDI score improved by 30.5 points, Quick-DASH
by 36.4 points, and GAF by 19.5 points (Figure 4A—C). The
12-item Short Form Health Survey (SF-12) PCS subscale
scores significantly improved (p=2.7x10"°) by 12.3 points
and SF-12 MCS subscale improved significantly (p=0.004)
by 6.8 points at 12-month endpoint assessment (Figure 4D).
At three months, subjects reporting global impression
of change (GIC)s “a great deal better”, “better”, or “mod-
erately better” were 75.0% (N=24/32), which was sus-
tained at 12-month assessment (Figure 5A and B).
Similarly, clinicians reporting GIC as “a great deal better”,
“better”, or “moderately better” were 71.9% (N=23/32) at
three months, which increased to 78.1% (N=25/32) at the
12-month endpoint assessment (Figure 5C and D).

Sleep

Ten kilohertz SCS treatment reduced scores for all the
three questions of the three-item pain and sleep question-
naire (PSQ-3), including how often subjects have trouble
falling asleep due to pain, how often they are awakened
due to pain in the night, and how often they are awakened
due to pain in the morning (Supplementary Digital
Content. Table S1). Global PSQ-3 score was significantly
reduced (p=7.8x10"") from 25.1 at baseline to 8.6 at three
months (16.5 reduction). The impact of pain on sleep

continued to decrease over the study period, with a global
score of 5.5 at 12 months (Figure 6A).

Satisfaction

At three months, 75.0% (N=24/32) of the subjects reported
being “satisfied” or “very satisfied” with 10 kHz SCS,
which increased to 84.4% (N=27/32) at 12 months
(Figure 6B).

Medication Usage

At baseline, 31 subjects in the PP (96.9%) were taking an
opioid medication (Table 1) and dose information was
available from 24 (75.0%) subjects. At three months,
three subjects eliminated opioids, seven subjects decreased
their opioid dose, 14 subjects had no change in opioid use
and four subjects increased their opioid dose. At 12
months, three subjects eliminated opioids, nine subjects
decreased their opioid dose, 11 subjects had no change in
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opioid use and five subjects increased their opioid dose.
One subject who was not taking opioids at baseline, was
taking opioids at 15 morphine milligram equivalents
(MME) dose at 12 months. Altogether, in subjects who
increased their opioid dose at 12 months, the increase
ranged between 5 and 30 MME, with an average increase
of 18 MME compared to baseline. Interestingly, subjects
who increased their opioids to over 60 MME at 12 months
(N=2) were nonresponders (>50% reduction) and did not
even have clinically relevant pain reduction (>30% reduc-
tion). Out of the remaining three subjects, one subject
increased opioids by 5 MME after six-month follow-up,
one increased by 25 MME and the third subject, who was
not taking opioids at baseline increased opioids by 60
MME at three-month follow-up and then decreased the
dose to 15 MME at six- and 12-month follow-up. All
these three subjects were responders at 12-month fol-
low-up.

Overall, the difference in mean opioid dose between
baseline (81.8 MME) and three months (77.2 MME) was
not statistically significant (p=0.49). However, the differ-
ence reached statistical significance at 12 months (61.0
MME, p=0.04).

Discussion

People with moderate to severe UEP have difficulties in
maintaining their lifestyle, exercise, sleep, performing
household chores and social activities.”® This study

suggests 10 kHz SCS provides safe, substantial, and sus-
tained pain relief in subjects with chronic UEP, along with
clinically meaningful improvement in disability, function-
ing, and sleep.

A single case of possible, therapy-related extremity
pain was reported by an investigator in this study. This
was mild and transient, resolving after reprogramming and
is consistent with recent prospective studies.'>'® Subjects
were managed with reprogramming in all cases and did
not require explant of the device. Similarly, AEs were
without any neurological symptom changes and all
device-related AEs were manageable (resolved after repro-
gramming). More importantly, despite positioning leads at
C2-C7 vertebral level, there were no cases of lead migra-
tion that required lead repositioning in the current study or
in the previous prospective studies.'>'? Previous retro-
spective studies using 10 kHz SCS for upper limb and/or
neck pain also reported no cases or low rates of lead
migration.”’** Lead migration is among the most con-
cerning complications reported in prospective studies of
cervical lead placement for management of pain.”**?7 A
systematic literature review of outcomes in patients with
cervical SCS documented the rates for hardware malfunc-
tion (17.8%), lead migration (13.9%), lead fracture (6.7%),
pain over implant site (4.4%) and infection (2.2%).%® The
AE rates reported in this study and in the previous studies
evaluating 10 kHz SCS for upper limb and neck pain
treatment compare favorably with the published literature
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Data shown includes median (Q1-Q3) at indicated assessment times.

and further support the safety of this therapy. Loss of
efficacy and uncomfortable paresthesia are two common
manifestations of lead migration and require revision sur-
gery and/or explant of the device. However, because 10
kHz SCS is paresthesia-free, most cases of lead migration
manifesting as decreased efficacy can be managed through
reprogramming and very few cases require revision sur-
gery or explant.?! Indeed, the rate of explant due to loss of
efficacy is comparatively low with 10 kHz SCS**** and
only one out of over 200 patients from six prospective and
retrospective studies (including the current study) required
an explant for loss of efficacy.'>!¢2!1-23

Evidence for use of SCS in UEP is available from
prospective studies testing traditional SCS and dorsal
nerve root stimulation (DNRS) for upper limb and/or
neck pain.?®® Pain relief, responder rate, and remitter
rates observed in the current study are substantial, sus-
tained, and comparable to 10 kHz SCS studies for treating

chronic back and/or leg pain, such as randomized

controlled trials, long-term retrospective evaluations,

real-world data!%-26-2%-31-33

and an investigational 10 kHz
SCS study for treating upper limb and neck pain."
Interestingly, outcomes improved over time and responses
at 12 months were better than three months. While the
improvement in efficacy at later time points could have
been due to programming changes, data from a recently
published upper limb and neck pain study showed that the
number of programming sessions in fact decreased from
three months to 12 months."

Consistent with previous findings in patients with back
and leg pain, results at three and 12 months revealed that 10
kHz SCS improved all components of the SF-MPQ includ-
ing affective descriptors, disability scores (PDI and
QuickDASH), and quality of life scales such as SF-12,
GIC and satisfaction. Results from the current study indi-
cate that 10 kHz SCS helps subjects with UEP with con-
their
approximately 20-point improvement in PSQ-3 scores at

tinuous improvement in sleep, reaching an
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Figure 5 Patient and physician global impression of change with 10 kHz SCS; (A-B) PGIC at three months and 12 months, (C-D) CGIC at three months and 12 months.

12-month endpoint. It is an interesting finding considering
that about 40% of subjects either reduced or eliminated and
20% subjects increased their opioid dose at 12-months. As
opioids are known to interfere with sleep, further investiga-
tion is needed to understand whether improvement in sleep
was due to decrease in opioid usage or because of direct
effects of 10 kHz SCS on sleep. Current findings on PSQ-3
scores and changes in opioid medication are similar to
results from previously reported 10 kHz SCS studies in
chronic back and leg pain and retrospective analysis of

real-world data.'%11:29:33:34

Durable and differentiated outcomes seen with 10 kHz
SCS treatment may be attributed to its unique mechanism
of action.>>*? Using in vivo and ex vivo electrophysiolo-
gical approaches, Lee et al reported that unlike low-inten-
sity (sub-sensory threshold) 1 kHz and 5 kHz SCS, 10 kHz
SCS selectively activated inhibitory interneurons in the
spinal dorsal horn (DH) and proposed that low-intensity
10 kHz SCS provided paresthesia-free pain relief possibly
by activating the inhibitory interneurons without activating
dorsal column fibers.*> Researchers from Chang Gung
Memorial Hospital, Taiwan used spared nerve injury
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(SNI)-induced neuropathic pain model in rats and showed
that 10 kHz SCS significantly reduced SNI-induced
mechanical hyperalgesia compared to sham stimulation
group.®® The study also showed significant reduction in
activation of inflammatory kinases ERK1, ERK2, JNK1
and p38 in the dorsal root ganglia and the spinal DH in 10
kHz SCS group compared to sham stimulation group.
Recently, the differences in mechanism of action between
10 kHz SCS and 40-60 Hz paresthesia-based SCS was
studied using 10-channel electroencephalogram (EEG)
40 Authors of the study recorded
EEG changes in response to stimulation ON and OFF in

measurements in patients.

chronic pain patients (four women, five men) during SCS
surgery and demonstrated a unique shift in peak frequency
from theta to alpha rhythms in 10 kHz SCS group. Authors
further showed a positive correlation between improve-
ment in Oswestry disability index (ODI) scores and
alpha/theta peak power ratio in frontal and somatosensory
regions. Another study used resting stage functional mag-
netic resonance imaging (fMRI) to study brain connec-
tome patterns in FBSS patients implanted with 10 kHz
SCS device and demonstrated increased connectivity
between the anterior insula (affective salience network)
and regions of the frontoparietal network and the central
executive network.*! Authors of the fMRI study followed-
up with another study to test structural volumetric changes
in chosen regions of interest of brain in patients with 10
kHz SCS implants and documented significant decreases
in left and right hippocampus volume over time, which
correlated with reduction in back pain intensity.** Taken
together, the findings demonstrate 10 kHz SCS treatment
objective

is associated with unique physiological

responses and sustained pain relief.

Rationale for Choosing Lower Pain Relief
Cutoff

A lower pain relief cutoff (>40%) during the trial phase was
chosen in the study over conventional cutoff (=50%) mainly
because the duration of the trial was typically less than seven
days. We anticipated that, in some subjects, we may not be
able to program the optimal stimulation parameters to get the
>50% pain relief during the trial period. As the main objec-
tive of the study was to understand the efficacy of 10 kHz
SCS over 12 months, we used a comparatively lower cutoff,
which was higher than the clinically meaningful change
(>30% reduction).'” Two out of 33 subjects who received a
permanent implant had >40% and <50% pain relief during
the trial. One subject who had reported less than standard
>50% pain relief during the trial reported sustained pain
relief after permanent implant and improvements in other
outcomes. The second subject achieved standard pain relief
after one month of treatment with 10 kHz SCS but reported
loss of pain relief at later time points. The study does not
recommend using lower than 50% pain relief as a cutoff
during the trial period normal clinical practice and does not
propose that using a longer trial period (>7 days) is required
for best outcomes.

Additional discussion on rationale for inclusion and
exclusion criteria and the rationale for using subjects at
follow-up visits for the efficacy analysis are presented in
the Supplementary Digital Content. Discussion 1 and 2,

respectively.

Limitations
This study was a pragmatic, postmarket, observational
design intended to provide information on safety and efficacy
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to clinicians for counseling patients on the use of 10 kHz SCS
in the treatment of refractory upper extremity pain. As is the
case in all such studies, without an appropriate randomized
comparator arm there is an increased potential for various
biases and confounding treatment influences to affect the
results. Thus, any clinical decision making should carefully
include consideration of these limitations. In addition, the
findings are not universally generalizable to all patients with
UEP and the demographics and various etiologies reported
herein warrant careful inspection. Patient selection and treat-
ment followed commercial standard of care at the individual
sites and hence minimal selection bias, consistent with “real-
world” practice was expected. Lack of a control group was
partly addressed by comparing our findings with published
results on the efficacy of 10 kHz SCS from previous rando-
mized controlled trials or real-world retrospective review.-
293132 The findings from the current study encourages
additional studies to address more scientific objectives.

Conclusion

To summarize, this study provides evidence that 10 kHz SCS
produces sustained and substantial pain relief in subjects with
chronic, intractable pain of the upper extremities. Moreover,
clinically meaningful improvement in functioning and sleep,
and decrease in disability were observed. Further studies
with appropriate design and sample size could confirm the
efficacy of 10 kHz SCS for UEP.
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