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Treatment of Chronic Abdominal Pain With 10-kHz
Spinal Cord Stimulation: Safety and Efficacy Results
From a 12-Month Prospective, Multicenter,
Feasibility Study
Leonardo Kapural, MD, PhD1,2, Mayank Gupta, MD3, Richard Paicius, MD4, Wyndam Strodtbeck, MD5, Kevin E. Vorenkamp, MD5,
Christopher Gilmore, MD1, Bradford Gliner, MS6, Anand Rotte, PhD6, Jeyakumar Subbaroyan, PhD6 and Rose Province-Azalde, MS6

INTRODUCTION: Chronic abdominal pain (CAP) can arise from multiple conditions, including inflammatory disorders,

trauma because of injury or surgery, or structural or functional causes. This prospective, single-arm

study was designed to evaluate the safety and efficacy of 10-kHz spinal cord stimulation (SCS) in

patients with intractable CAP over a 12-month follow-up period.

METHODS: SubjectswithCAPwhohadbeen refractory to conventionalmedical treatment for at least 3months resulting

in self-reported pain scores of‡5 cmon a 10-cm visual analog scalewere enrolled at 4 centers in theUnited

States. Study subjects underwent a trial stimulation lasting up to14dayswith epidural leads implanted from

thevertebral levelsT4 throughT8.Subjectswhohad‡40%pain reliefduring the trial stimulationperiodwere

implantedwith a Senza system (Nevro Corp., RedwoodCity, CA) and followed up to 12months after surgery.

RESULTS: Twenty-three of 24 subjects (95.8%) had a successful trial stimulation and proceeded to a permanent

implant. After 12months of treatment with 10-kHz SCS, 78.3% of subjects were responders (pain relief

of‡50%) and 14 of 22 subjects (63.6%) were remitters (sustained £3.0-cm visual analog scale scores).

Secondary outcomes, including assessments of disability, mental and physical well-being, sleep quality,

perception of improvement, and satisfaction, showed that 10-kHzSCSgreatly improved the quality of life

of patients with CAP. Observationally, most subjects also reported concurrent reduction or resolution of

nausea and/or vomiting.

DISCUSSION: 10-kHz SCS can provide durable pain relief and improve the quality of life in patients with CAP.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A189

Clinical and Translational Gastroenterology 2020;11:e00133. https://doi.org/10.14309/ctg.0000000000000133

INTRODUCTION
Abdominal pain is a very common condition that has been
reported in up to a quarter of the adult population at any one time
(1,2). Although most cases of abdominal pain are resolved, ab-
dominal pain can become chronic, which is defined as lasting
3 months or longer (3).

Chronic abdominal pain (CAP) affects approximately 1%–2%
of the adult population, and women are more frequently affected
than men (3,4). Disorders that can produce CAP include
structural/inflammatory disorders, such as chronic pancreatitis
and inflammatory bowel disease, and functional disorders, such as

irritable bowel syndrome, functional dyspepsia, gastroparesis, and
functional abdominal pain syndrome (5). In addition, abdominal
pain makes up 48% of chronic postsurgical pain cases (6). The
surgical procedures most strongly associated with CAP include
herniorrhaphy, adhesiolysis, and cholecystectomy. The incidence
of painful postsurgical adhesions is the highest for openprocedures
(foreign bodies and contaminated surgical fields). Despite signifi-
cantly better physical functioning, patients with CAP have been
found to have significantly poorer perceptions of their overall
health compared with those with chronic back pain using the
Short-Form 36 Health Survey (7).
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CAP is conventionally treated with pharmacotherapies, in-
cluding nonsteroidal anti-inflammatory drugs, H2 antagonists,
proton-pump inhibitors, gabapentinoids, and tricyclic anti-
depressants. Cognitive and behavioral therapies have also been
effective in some patients (3,8). Injection of local anesthetic with or
without corticosteroids, chemical neurolysis, and surgical correc-
tion are successful treatment options for CAP, but data on long-
term effectiveness are lacking (9,10). Opioid analgesics are poor
therapeutic options producing tolerance and dependency in many
and can reduce gastrointestinal motility, which may directly ex-
acerbate symptoms of CAP.

Spinal cord stimulation (SCS) is another minimally invasive,
nonpharmacological, therapeutic option for controlling CAP. SCS
therapy uses electrical leads implanted in the epidural space to
deliver electrical impulses to the dorsal columns of the spinal cord,
reducing pain in the trunk and limbs. Conventional SCS delivers
electrical impulses at frequencies ranging from 2 to 1,200 Hz (but
typically 40–60 Hz) and above sensory threshold amplitude pro-
ducing paresthesia (11). Evidence from a published case series
supports the effectiveness of conventional SCS for treating CAP
because of chronic pancreatitis and other causes and shows that
this treatment is associated with pain reduction lasting up to 1 year
after implantation (12,13). Another small retrospective study
found significant reductions in pain scores in patients after an
average of 26 months of treatment with conventional SCS therapy
for chronic visceral pain (14).A surveyofmore than 70 case reports
using conventional SCS therapy to treat CAP caused by various
conditions found a significant improvement in abdominal pain
scores in patients who were permanently implanted with an SCS
system after a successful trial stimulation (15).

These results indicate that conventional SCS offers a better
treatment alternative to patients with CAP, but sensory paresthesia
in the abdomen canbe perceived as anuncomfortable or unpleasant
sensation by patients, and an alternative treatment that does not
produce paresthesiawould be a valuable tool for treating this patient
population. High-frequency SCS therapy that delivers electrical
stimulation at 10 kHz and lower amplitude (1–5 mA) than con-
ventional SCS is able to produce pain relief in patients without
paresthesia (16,17). Moreover, 10-kHz SCS was approved by the
Food andDrugAdministration (FDA)with a pivotal study showing
equivalent safety and superior back and leg pain relief as compared
to conventional SCS (16) with sustained efficacy over a 2-year study
period (18). The paresthesia-independent nature of high-frequency
SCS also eliminates the need for paresthesia mapping during lead
implantation or revision surgery because of lead migration, re-
ducing patients’ exposure to risk and discomfort. Research is being
performed to elucidate the mechanism of action for the pain relief
achievedwith 10-kHzSCSdespite the lackofparesthesia. Preclinical
studies suggest that afferent pain signal reduction may result from
inhibition of superficial dorsal horn circuits by activating inhibitory
interneurons with a low-intensity 10-kHz SCS (19).

The objective of this prospective study was to evaluate the
feasibility of 10-kHz SCS as a safe and effective treatment forCAP.
This study represents the first step of determining clinical feasi-
bility in what is a novel patient group for SCS therapy.

METHODS
Study design and population

This prospective, single-arm, multicenter study was designed to
evaluate the safety and efficacy of high-frequency 10-kHz SCS
therapy in patients with CAP. SCS is considered an off-label

indication for CAP, so an investigational device exemption ap-
proval was obtained from the FDA before the enrollment of sub-
jects. The investigational plan and informed consent forms were
reviewed and approved by the appropriate investigational review
board at each study site (Novant Health,Winston-Salem, NC, and
Western Institutional Review Board, Puyallup, WA) before
implementation, and the study was conducted in compliance with
the U.S. Code of Federal Regulations and recommendations
guiding physicians in biomedical research by the 18th World
Medical Assembly, Helsinki, Finland.

Potential subjects were identified from the pool of patients af-
filiated with, or referred to, the 4 clinical investigation sites. Key
inclusion criteria included having a diagnosis of CAP (from T12
ribs to the inguinal crease) that was refractory to conservative
therapy for at least 3 months, with amean pain intensity of$5 cm
on a 10-cm visual analog scale (VAS) over the 7 days before
screening. Full inclusion criteria are listed in Supplemental Table
S1 (see Supplementary Digital Content 1, http://links.lww.com/
CTG/A189). Key exclusion criteria included the presence of
amedical condition (such as fibromyalgia) or pain in another area,
not intended to be treated with SCS, that could interfere with study
procedures, accurate pain reporting, and/or confound evaluation
of study end points. Full exclusion criteria are listed in Supple-
mental Table S2 (see SupplementaryDigital Content 1, http://links.
lww.com/CTG/A189).

Procedures

Enrolled subjects were screened to confirm eligibility, and all
subjects who met all inclusion criteria and none of the exclusion
criteria underwent a trial stimulation, including the temporary
implantation of a 10-kHz SCS system (Senza system; Nevro Corp.,
Redwood City, CA). The flow of patients through the study pro-
tocol is illustrated in Figure 1a. Stimulation leads were positioned
from the vertebral levels T4–T8 (Figure 1b). Trial stimulation
lasted up to 14 days, and those producing pain relief of at least 40%
were deemed successful. Stimulation parameters were set to 10-
kHz frequency and 30-ms pulse width, and amplitudes were ad-
justed to maximize the subject’s pain relief. Follow-up visits were
performed at 3, 6, and 12 months after the permanent implant.
Study subjects who underwent a successful trial received a perma-
nent implant of the 10-kHz SCS system. The intent-to-treat pop-
ulation was composed of those subjects who received a permanent
implant, and theper-protocol population consisted of subjects who
received a permanent implant and were available for outcome as-
sessment at the 3-month follow-up visit.

Clinical outcome assessments

Clinical outcomesassessed at baseline and follow-upvisits included
pain intensity using the VAS scores, pain characteristics using the
short-form McGill Pain Questionnaire 2 (SF-MPQ-2) (20), im-
pairment of normal functioning using the Pain Disability Index
(PDI) (21), mental health status using the Global Assessment of
Functioning (GAF) (22), overall well-being using the 12-item
Short-Form Health Survey (SF-12) (23), patient- and clinician-
reportedGlobal Impression of Change (24), sleep quality using the
3-item Pain and Sleep Questionnaire (PSQ-3) Index, and patient
satisfaction.

Safety assessment

An assessment of adverse eventswasmade by investigators starting
at the enrollment and continued through study completion.
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Neurological examinationswere conducted tomonitor thepossible
deficits associated with stimulation, including assessments of
motor, sensory, and reflex functions as is standard clinical practice.
Investigators characterized the findings at follow-up visits as im-
proved, maintained, or a deficit compared with baseline status.

Statistics

Continuous variables were reported as means and SDs or 95%
confidence intervals (CIs) as appropriate, and categorical variables
were reported as counts and percentages where possible. All the
outcomes were analyzed by reporting descriptive statistics. Nor-
mality tests were performed on all measures, and appropriateness
of parametric vs nonparametric testing was evaluated. To de-
termine the statistical significance of longitudinal results for the
VAS, SF-MPQ-2, SF-12, PDI, and PSQ-3 Index, baselinemeasures
were compared with follow-up values using a mixed-model anal-
ysis of repeated measures with a fixed variable (postimplant mea-
surement time) and a random variable (subject). The Tukey test
was used to determine significance for pairwise comparisons. All

statistical analyses were performed using Minitab 17.2.1 (Minitab,
LLC, State College, PA) (25).

RESULTS

Study subjects

A total of 33 subjects were enrolled at 4 sites in the United States
between June 1, 2016, and November 21, 2017, and follow-up
continued through 12months for each subject with the last visit on
January 8, 2019. After the initial screening, 24 participants were
deemed eligible to trial stimulation with 10-kHz SCS (Figure 1).
Baseline demographic data for subjects who underwent a trial
stimulation are summarized in Table 1. The study participants had
a mean age of nearly 48.0 6 13.1 years (6SD) and had been
diagnosed an average of 7.8 6 8.5 years (6SD) before the study.
The study group included 23white subjects (95.8%) and 19women
(79.2%). Themost frequent diagnoses among the study population
were gastroparesis/dysmotility (15/24; 62.5%) and postsurgical/
post-traumatic abdominal pain (8/24; 33.3%).

Figure 1. (a) Study subject flow chart. (b) X-ray images showing typical positioning of spinal cord stimulation leads.
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Trial stimulation results

Of the 24 participants who underwent a trial stimulation with 10-
kHz SCS, all but 1 subject experienced pain relief of at least 70%
compared with the baseline VAS scores, easily meeting the 40%
success criteria, resulting in a success rate of 95.8%. These 23
subjects each received an implantable pulse generator followed
through 12 months.

Safety

A total of 3 study-related serious adverse events were reported in
2 subjects (8.3%) during the study period (see Supplemental
Table 3, Supplementary Digital Content 1, http://links.lww.
com/CTG/A189). One subject required a surgical revision of the
implantable pulse generator to resolve a postoperative wound
infection. The other subject experienced aspiration during im-
plantation surgery, which was resolved, but had an infection
before the 3-month follow-up visit, which made explant of the
SCS system necessary and led to discontinuation of the subject
from the study. The subject recovered fully after the explant. The
remaining 22 subjects continued treatment and follow-up
through 12 months (Figure 1). Neural assessments at the 6-
and 12-month follow-up visits showed no changes compared
with baseline measurements.

Pain relief

The results for pain are shown in Figure 2. In the 22 subjects who
completed the study, the mean VAS scores decreased signifi-
cantly from 8.3 cm (95% CI 7.5–9.5) at baseline to 2.3 cm (95%

CI 0.7–2.8) at 3 months (P , 0.001), with an average of 73.3%
pain relief, and these reductions were maintained through 6 and
12 months of treatment (Figure 2a,b). Study subjects who
reported pain relief of $50% were considered responders, and
responder rates during the study were 81.8% at the 3- and 12-
month visits and 77.3% at the 6-month visit (Figure 2c,d).
Subjects with VAS scores of #3.0 cm sustained for 6 months
were classified as remitters (26), and 12 subjects (54.5%) were in
remission after 6 months of treatment with 10-kHz SCS, in-
creasing to 63.6% (14/22) after 12 months of stimulation
(Figure 2e).

Pain scores calculated using the SF-MPQ-2 also significantly
decreased from baseline to the 3- and 12-month follow-up visits.
Themean total pain score decreased from 4.0 (95% CI 3.4–4.5) at
baseline to 1.5 (95% CI 0.9–2.2) at 12 months (P , 0.001;
Figure 3). In addition, the 4 individual factors comprising the
total score, including continuous, intermittent, neuropathic, and
affective descriptors of pain, were significantly decreased after
both 3 and 12 months of treatment compared with baseline
measures (P, 0.001).

Functional capacity and quality of life

Although the primary clinical outcome assessed in this study was
pain reduction, the effects of 10-kHz SCS on patients’ functional
capacity and quality of life were also evaluated at baseline and
follow-up using multiple assessments, as shown in Figure 4. The
overall level of disability, as assessed by the mean PDI score,
decreased from 48.5 (95% CI 43.0–53.9) at baseline to 21.0 (95%
CI 13.6–28.3) after 3 months of treatment (P , 0.001), with
amean improvement of 54.8%, and after 12months of treatment,
the mean PDI was 21.0 (95% CI 14.3–27.7; P, 0.001 compared
with baseline), with a mean improvement of 54.2% (Figure 4a).
The median GAF scores increased significantly from 36.0 at
baseline to 80.0 after 3 months of treatment and 90.0 after 12
months of treatment (Figure 4b). Subjects’ overall well-being, as
assessed by the SF-12 questionnaire, increased over the course of
the study in both the physical and mental components
(Figure 4c). The mean physical component subscale score in-
creased from 30.1 (95% CI 26.6–33.5) at baseline to 39.9 (95% CI
35.8–44.0) after 12 months of treatment, which was statistically
significant (P, 0.001), and themeanmental component subscale
score increased from 43.8 (95% CI 39.7–47.9) at baseline to 50.5
(95% CI 46.8–54.2) after 12 months (P5 0.02). After 12 months
of treatment, clinicians reported Global Impression of Change
(GIC) as “a great deal better,” “better,” or “moderately better” in
20 of 22 subjects (90.9%; Figure 4d), whereas 19 of 22 subjects
(86.4%) reported GIC as “a great deal better,” “better,” or
“moderately better” (Figure 4e).

Sleep and subject satisfaction

Patient sleep quality improved on the initiation of 10-kHz SCS,
as shown by the results from the PSQ-3 Index (Figure 5a,b). The
median PSQ-3 scores decreased from 23.5 (95%CI 19.6–27.5) at
baseline to 5.2 (95% CI 0.3–11.6) at the 12-month follow-up
visit, a statistically significant decrease (P , 0.001). The PSQ-3
scores declined by an average of 76.6% at 12 months, and scores
were significantly reduced in all 3 subdomains of the PSQ-3,
including trouble falling asleep and being awakened by pain at
night and in the morning (Figure 5a). Surveys of study partic-
ipants showed that 20 of 22 (90.9%) were either “satisfied” or
“very satisfied” with treatment using 10-kHz SCS after 3

Table 1. Baseline demographic data and clinical characteristics

Characteristics Subjects (N 5 24)

Gender, n (%)

Women 19 (79.2)

Men 5 (20.8)

Age (yrs) at enrollment

N 24

Mean 6 SD 47.7 6 13.1

Range 23.9–68.5

Years since diagnosis

N 24

Mean 6 SD 7.8 6 8.5

Range 1.0–39.0

Diagnosis,a n (%)

Gastroparesis/dysmotility 15 (62.5)

Postsurgical/post-traumatic

abdominal pain

8 (33.3)

Chronic pancreatitis 5 (20.8)

Abdominal wall pain, including

entrapment syndrome

3 (12.5)

IBS 1 (4.2)

Neuropathy 1 (4.2%)

IBS, irritable bowel syndrome.
aPatients had multiple diagnoses.
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months, and 19 of 22 (86.4%) continued to be satisfied or very
satisfied after 12 months (Figure 5c).

Abdominal symptoms

All subjects in this study reported intense pain at baseline; however,
many of the subjects also reported additional abdominal symptoms
at baseline. Some of these abdominal symptoms also improved in
subjects after 12 months of 10-kHz SCS treatment, including
vomiting, whichwas reduced or resolved in 9 of 11 subjects (90.9%),
and nausea, which was reduced or resolved in 16 of 20 subjects
(80.0%). The proportion of patients who reported improvement
varied widely depending on the specific abdominal symptom;more
detailed results are shown in Supplemental Figure S1 (see Supple-
mentary Digital Content 1, http://links.lww.com/CTG/A189).

DISCUSSION
The current treatment options for patients with CAP are limited,
and new treatment modalities are urgently needed. CAP is asso-
ciated with impaired functioning and depression (7). The sub-
stantial emotional and mental burden associated with CAP is
demonstrated by increased rates of suicidal behavior in patients
compared with healthy controls or subjects with chronic pain in
other locations (27). In addition, annual per-patient costs for
treating abdominal pain are significantly greater than those asso-
ciatedwithother gastrointestinal conditions, such as irritable bowel
syndrome and diarrhea, and these costs are higher in more severe
cases (28). A recent study of the Dutch healthcare system showed
that approximately half of all patients with CAP have a functional
disorder and that patients with CAP because of functional dis-
orders have especially high diagnostic and treatment costs (29).

Figure 2. Abdominal pain is reduced with 10-kHz spinal cord stimulation, and pain relief is sustained over time. (a) Mean longitudinal abdominal pain VAS
(695%CI) scores frombaseline (time0) to 12months after implant, where 0 represents no pain and10.0 cm. (b)Meanpercentageof pain relief (695%CI)
reportedby subjects relative to baseline scores at 3, 6, and12months after implant. (c) Tornadoplot of reportedpercent pain relief for all individual subjects;
those reporting$50% relief were considered responders. (d) The response rate at 3, 6, and12months after implant. (d) The remitter rate (#3.0-cmVAS) at
3, 6, and 12 months after implant. CI, confidence interval; EoT, end of trial; VAS, visual analog scale.
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Currently, little evidence is available regarding the safety and
effectiveness of using SCS to treat CAP.The FDAconsidered SCS as
an off-label indication for SCS, and therefore, investigational device
exemption was obtained for this feasibility study. There are no
randomized controlled trial data available, and all currently pub-
lished studies are retrospective in nature. A case series published in
2005 showed that conventional SCS had reduced VAS pain scores
by 4.9 cm and narcotic analgesic use by half in 9 patients with CAP
from various causes (30). In 2 reviews of patients with CAP arising
primarily from chronic pancreatitis, patients had successful trials of
SCS ($50% pain relief) in 30 of 35 subjects (86%) (13) and 24 of 30
subjects (80%) (12). Patients treated with conventional SCS repor-
tedVASpain scoredecreases of 4.3–5.1 cmandsignificantdecreases
in opioidmedication use. Another retrospective study of 26 patients
with CAP likewise found significantly reduced pain scores and
opiate use after 26months of stimulation (14). Finally, a reviewof 70
case reports ofCAP from23pain specialists reported successful trial
stimulations in 66 patients (94%) and significant reductions in pain
scores and opioid use (15).

This is thefirst prospective study of 10-kHz SCS therapy (or any
other form of SCS) in patients with treatment refractory CAP, and
the results show that this treatment significantly reducedVAS pain
scores by 6 cm from baseline to 12 months after the initiation of
treatment. This reduction in pain intensity was greater than the
magnitude of effect reported in previous studies examining the use
of conventional SCS in patientswithCAP for 12–26months, which
ranged from 4.3 cm to 5.5 cm (12–15). The magnitude of pain
reduction and responder rate in this study was also comparable
with the results reported by a randomized controlled trial of 10-
kHz SCS in patients with chronic low back and leg pain. Partic-
ipants in this study reported pain intensity reductions of 4.9 cm for
back pain and 5.0 cm for leg pain, response rates of 78.7% for both
types of pain, and remitter rates of 68.5% for back pain and 67.4%
for leg pain (16). The significant reductions in all 4 components of
the SF-MPQ-2 assessments at 12 months after surgery further
supported the overall pain results. Themagnitude of pain relief and
responder rate found in these subjects with CAP is comparable
with previous studies of 10-kHz SCS in the treatment of chronic
widespread pain (31), chronic low back pain with or without
previous surgery (32–34), and in real-world settings (35).

As secondary outcomes, the current study used assessments of
functional impact and quality of life–related outcomes, such as the

PDI, GAF, SF-12, GIC, and patient satisfaction (21,36–38). The
median PDI score was significantly reduced by 32 pts after 12
monthsof treatment, and20of 22 subjects (90.9%)met or exceeded
the minimal clinically important difference of 8.5–9.5 pts (37).
Likewise, assessments of patient functioning, quality of life, sleep
quality, and satisfaction after treatment with 10-kHz SCS showed
improvement in all these areas,most of which were not reported in
previous studies of conventional SCS.Baranidharan et al. published
a retrospective case review that was the only study of conventional
SCS in CAP to assess quality-of-life measures. The results showed
statistical improvements in GIC, daily activities, and mood, but no
improvement in sleep (14), in contrast to the decreased PSQ-3
scores found in the present study using 10-kHz SCS.

In addition to these predefined outcomes, some study subjects
reported improvement in gastrointestinal symptoms other than
pain, such as nausea and vomiting. It has been previously hy-
pothesized that gastrointestinal symptoms may be related to dys-
function of bidirectional, integrated signaling between motor,
sensory, and autonomic circuits in the gut and cortical centers in
the brain (the “brain–gut” axis) (30), and the possibility of treating
both pain and other gastrointestinal symptomswith 10-kHz SCS is
an intriguing possibility for further research. The pain relief
mechanism may be both activation of inhibitory dorsal horn cells
and autonomic modulation. Published research suggests that SCS
can reduce sympathetic tone and thereby increase gastric emptying
and gastric accommodation, improving the dysfunction, which
may be the cause of the gastrointestinal symptoms (39–41).

The safety results from this study suggest that the device was
safe and well tolerated. A single patient required explant of the SCS
system, but 2 other serious adverse events encountered during the
course of the study were successfully resolved without dis-
continuing the treatment. This is in contrast to higher rates of
explant observed in studies of conventional SCS for treating CAP,
which ranged from 1 of 9 cases reported by Khan et al. (30) to 5 of
27 in patients with chronic pancreatitis (12), and the primary
reasons for these explants were lead migration, infection, and in-
effectiveness (15). The largest study of conventional SCS in CAP
also reported 8 implant revisions in 70 cases (11%) (15), a pro-
cedure not often needed with 10-kHz SCS, because lead placement
is dictated by anatomical position rather than paresthesia coverage
of pain areas. Finally, no neurological deficits were observed in the
subjects treated with 10-kHz SCS, and overall, these results were

Figure 3. SF-MPQ scores are reduced after 10-kHz spinal cord stimulation. Data shown includemean6 95%confidence interval at baseline and 3 and 12
months after implant for the overall score and the 4 components comprising the total score. SF-MPQ score represents an average of the participants’ rating
of 22 pain descriptors with an 11-point numeric rating scale (0 5 “none” to 105 “worst possible”). SF-MPQ, short-form McGill Pain Questionnaire.
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Figure 4. Measures of subjects’ functional capacity and quality of life improve after treatment with 10-kHz spinal cord stimulation. (a) Mean PDI scores
(695% CI) are shown by the line, and the bars represent mean %PDI improvement from baseline at 3, 6, and 12 months after implant. The participant
enters a score between 0 (no disability) and 10 (complete disability) with respect to 7 functional areas, and those scores are summed to create a total score
that rangesbetween0 and70. (b)MedianGAF scores and IQRare shownby the line, and the bars representmedianGAFpoint change6 IQR frombaseline
at 3, 6, and 12 months after implant. The GAF score is a participant self-rating of global symptoms and functioning between 0 and 100, with descriptors
provided for each 10-pt interval, 0 being the worst assessment described as persistent danger of severely hurting self and others and 100 as superior
functioning, positive outlook, and no symptoms. (c) SF-12 scores6 95%CI at baseline and after 3 and 12months of treatment for both theMCS and PCS.
The participant provides categorical answers to 12 items that represent quality of health andmental and physical functioning. These answers are weighted
and used to create an overall mental and physical subscale, where a higher value represents higher health status. (d) Clinician responses to the CGIC at 3
and 12 months after implant. (e) Patient responses to the PGIC at 3 and 12 months after implant. CI, confidence interval; CGIC, clinician-reported Global
Impression of Change; GAF, Global Assessment of Functioning; IQR, interquartile range; MCS, mental component subscale; PCS, physical component
subscale; PDI, Pain Disability Index; PGIC, patient-reported Global Impression of Change; SF-12, 12-item Short-Form Health Survey.
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Figure5.10-kHzSCS increases sleepquality andpatient satisfaction. (a)Median score6 interquartile range for the3 individual subdomainsof thePSQ-3at
baseline and after 3, 6, and 12months of treatment. (b) Median PSQ-3 overall scores are shown by the line, and themedian reduction in PSQ-3 scores are
shownby the bars. The individual PSQ-3 items are based on a visual analog scale, with a range from 0 (always) to 10 cm (never), and the index is calculated
by summing the 3 items. (c) Patient satisfaction responses after 3 and 12months of treatment with 10-kHz SCS. CI, confidence interval; PSQ-3, 3-itemPain
and Sleep Questionnaire; SCS, spinal cord stimulation.
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consistent with the good safety results reported for 10-kHz SCS in
the SENZA-RCT study (16), open-label studies out to 2 years
(18,31), and retrospective review of extensive postmarket experi-
ence (35).

The primary limitations of this study are the lack of a control
group and randomization, which could lead to selection bias in
the patient population. It needs to be noted that the current
study is a feasibility study with the objective of exploring the
safety and efficacy of 10-kHz SCS in the treatment of CAP.
Sponsors had no role in selection of subjects and multicenter
design of the study aimed to partly address the selective en-
richment of the subject population. To address the lack of
control arm, extensive literature search was performed to mine
the historical data, which were used to compare with the find-
ings from the current study. However, a larger randomized
controlled study might be needed to further confirm the results
from the current feasibility study.

This study is the first prospective trial of SCS in patients with
CAP and the first published trial of 10-kHz SCS in this patient
population. However, 10-kHz SCS was able to produce clini-
cally meaningful paresthesia-free pain relief in most study
subjects. The magnitude of pain relief was greater than that
reported for conventional SCS in patients with CAP, and re-
sponse and remission rates, as well as pain relief, were com-
parable with previously published trials of 10-kHz SCS in
patients with back and limb pain. The data also suggest that
gastric symptoms in addition to pain, such as nausea and
vomiting, were improved by 10-kHz SCS treatment of CAP,
although a prospective study using validated gastrointestinal
symptom outcomemeasures is needed to confirm this potential
benefit of high-frequency SCS. These results demonstrate the
promise of 10-kHz SCS as a new treatment option for patients
with intractable CAP.
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