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Abstract
Objectives: High-frequency spinal cord stimulation (HF-SCS) at 10 kHz has
proven to be efficacious in the treatment of chronic back and leg pain in a
randomized, controlled, trial (SENZA-RCT). However, large observational
studies have yet to be published. Therefore, we performed a real-world, multicenter, retrospective, review of therapy efficacy in 1660 patients with
chronic trunk and/or limb pain. Methods: Data were collected in a realworld environment and retrospectively sourced from a global database.
Included patients were trialed and/or permanently implanted with HF-SCS at
10 kHz between April 2014 and January 2018. We evaluated responder rates
at 3, 6, and 12 months post-implantation. Response was defined as ≥50%
pain relief from baseline. A last visit analysis included responder rate along
with overall change in function, sleep, quality of life, and medication intake
versus baseline. Results: Eighty-four percent of our HF-SCS-treated patients
had both chronic back and leg pain. At least 70% of patients reported
response to therapy throughout 12 months of follow-up. This sustained
responder rate was corroborated by the last visit value (74.1%). Most
patients reported concomitant improvements in function (72.3%), sleep
(68.0%), and quality of life (90.3%) at their last visit versus baseline. Thirtytwo percent of patients reported decreased medication intake at their last
visit. Interpretation: Sustained and effective pain relief was experienced by
>70% of our HF-SCS-treated patients, consistent with the findings of a previously published randomized, controlled, trial. Our review provides complementary evidence to support the treatment of chronic back and leg pain
with this therapy.

Introduction
Chronic pain is a pervasive health issue worldwide.1,2 It
places a substantial burden on society, families, and individuals.3 Low back pain is one of the most prevalent
496

chronic pain syndromes. It affects over 500 million people globally and is the largest single cause of years lived
with disability.4 Persistent back and/or radicular leg pain
secondary to spinal surgery, also known as failed back
surgery syndrome (FBSS), is quite a common condition
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in the population with similar levels of prevalence and
incidence to rheumatoid arthritis.5,6 Despite the availability of numerous treatment modalities, satisfactory pain
control remains elusive for many patients.
Interventional pain management specialists have used
traditional low-frequency spinal cord stimulation (LFSCS) to treat FBSS for several decades. Its effectiveness
has been established in patients with predominant leg
pain.7,8 It is generally accepted after decades of experience
and research in this area that LF-SCS provides around
50% pain relief in approximately half of patients.9 While
this is an overall success story for many patients with
intractable pain, the therapy has key limitations. Half of
patients do not achieve satisfactory pain control, and for
many that do initially, long-term studies suggest that
therapy effectiveness can diminish after several years.10–15
Achieving good outcomes in patients with predominant
axial back pain is especially challenging.16 In addition, the
necessary paresthesia which characterizes successful LFSCS is uncomfortable for some patients, particularly if
they experience overstimulation during postural
changes.17,18
New stimulation waveforms offer the opportunity to
improve clinical outcomes and provide a more comfortable patient experience. High-frequency spinal cord stimulation (HF-SCS) at 10 kHz has proven to do both. In an
RCT, the therapy was compared with LF-SCS in subjects
with chronic back and leg pain.19 At 24 months after
implantation, for both back and leg pain, approximately
half of LF-SCS subjects were responders to therapy (at
least 50% pain relief from baseline), while around threequarters were responders to HF-SCS at 10 kHz. Overand-above the long-term superiority over LF-SCS, subjects receiving HF-SCS at 10 kHz did not experience any
paresthesia or stimulation-related discomfort.20
Within the clinical evidence hierarchy, randomized,
controlled, trials are the gold-standard study design to
minimize bias and confounding factors.21 Their goal is to
generate, as far as is reasonably possible within the study
setting and design, credible evidence of a cause-and-effect
relationship between a treatment and an outcome in a
target population. The role of RCTs is well-established
and central to the practice of evidence-based medicine.
However, while the validity of RCTs can be high within
their target population, their external validity may be limited by strict patient selection, limited duration, and rigorous clinical protocols.21–23 A closer reflection of
everyday clinical practice may be accomplished using
pragmatic observational studies. Although such studies
cannot infer causal relationships, they can produce complementary evidence to validate the outcomes of RCTs.23
In the case of HF-SCS at 10 kHz, results from observational studies in large groups of patients have yet to be
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published. Therefore, we performed a real-world, multicenter, retrospective, review of the efficacy of this therapy
in 1660 patients with chronic trunk and/or limb pain.

Methods
Study design and setting
Data for this international, retrospective, multicenter,
review were drawn from a real-world, global, database
populated with anonymized records from all included
patients who were trialed and/or permanently implanted
with a SenzaTM system delivering HF-SCS at 10 kHz and
maintained by Nevro Corp., Redwood City, CA, USA.
Eight sites (both academic and non-academic centers)
across three countries participated in this review. Each
site had at least 100 implanted patients over a 2-year period. Five sites were located in the USA, 2 in Germany,
and 1 in the UK. Due to the retrospective nature of the
analyses and use of anonymized data listings, ethical committee approval was not required for this study.

Selection criteria
We retrospectively extracted and analyzed the database
records from all trunk and/or limb pain patients in participating institutions who were trialed and/or permanently implanted with HF-SCS at 10 kHz between April
2014 and January 2018.

Follow-up
Trial and permanent implantation procedures for the
therapy have been described previously.20 Aside from the
standard of care clinical follow-ups, pre- and postimplantation patient management included the support of
a local clinical specialist under the guidance of a pain
physician. The principal role of the clinical specialist was
to assess therapy effectiveness at each clinic visit via a series of structured questions and assist in carrying out therapy optimization, as necessary. If patients were not able
to attend regular follow-up visits at 3, 6, 12 month and/
or last visit assessment after permanent implant they’ve
been contacted by clinical specialist via telephone. Standard programming strategies were followed for HF-SCS at
10 kHz based on patient-reported pain relief and included
an electrode bipole search to determine the optimal stimulation site within the vertebral column, typically near
thoracic vertebral levels 9 and 10. If needed, there were
several additional therapy optimization tools available to
evaluate more complex electrode combinations, pulse
trains, and amplitude settings. Data were entered into the
global database after each follow-up.
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Variables
Patient records were extracted from the database at
numerous study time points including baseline, during
the trial, and at each scheduled post-implantation followup. The last visit assessment was defined as the last clinic
or telephone follow-up with the patient at any time after
permanent implantation, before the data were pooled for
final report.
Baseline data comprised pain intensity score measured
using an 11-point verbal numeric rating scale (VNRS;
0 = no pain to 10 = worst possible pain), pain distribution, and previous LF-SCS experience (if any). Data from
the trial included pain intensity score (VNRS) and percentage pain relief obtained from the therapy (0% = no
pain relief to 100% = complete pain relief). The latter
variable was also extracted from each post-implantation
follow-up.
From the last visit, variables were extracted relating to
the usage of additional therapy optimization tools
(10 kHz preferred program), overall change in medication
(increased, decreased, or unchanged), function (improved:
yes or no), and sleep (improved: yes or no). In USA,
additional variables relating to overall change in quality
of life (a great deal better, moderately better, or no
change), satisfaction with therapy, device recharge experience, frequency of therapy adjustments, and device usage
while sleeping and driving were extracted. All variables
were patient-reported except those relating to therapy
optimization.
Therapy response was evaluated from the percentage
pain relief documented during the trial, at each scheduled
post-implantation follow-up, and at the last visit.
Response to therapy was defined as at least 50% pain
relief from baseline.

Statistical methods
Descriptive analysis of continuous variables included
median, 25th (Q1) and 75th (Q3) percentiles. Categorical
variables were reported as counts and percentages with
95% confidence intervals (CI) where possible. Pain relief
data were analyzed by reporting descriptive statistics. As
an additional supportive analysis, last visit data were evaluated. All data were analyzed as-observed. Outcomes
from this cohort relating to overall change in quality of
life, satisfaction with therapy, device recharge experience,
frequency of therapy adjustments, and device usage while
sleeping and driving were also compared to available
commercial data from all implanted patients in USA.
These anonymized data were collected in the real-world
setting and stored in the global database. In addition,
selected outcomes were further analyzed in the subgroup
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of patients with previously unsuccessful LF-SCS. The
number of patients with available data is reported for
each measure. All analyses were carried out in Microsoft
Excel 2013 (Microsoft, Redmond, WA, USA).

Results
Patient cohort
During the 4-year review period, 1660 patients were trialed and/or permanently implanted with HF-SCS at
10 kHz at participating institutions (Fig. 1). Of these,
1603 had percentage pain relief trial data available and
were analyzed for therapy response. The same data were
available for 844, 600, and 326 patients, at 3, 6, and
12 months post-implantation, respectively, and for 1131
patients at the last visit. As the data were collected in a
real-world setting, only a fraction of patients had information at 3, 6, and 12 months, whereas majority had
information at last visit assessment. The mean time
between implantation and the last visit was 8.9 months
(SD 6.7, median 6.9, range 0.1–33.2).

Patient characteristics
Baseline patient characteristics are presented in Table 1.
Pain distribution data were available for 1640 patients. Of
these, 43.5% reported back and leg pain, 27.4% predominant back pain, and 12.6% predominant leg pain. Upper
back, left arm, and right arm constituted the three main
other pain distributions (16.5%). Approximately a quarter
of patients (23.9%, N = 1596) had been unsuccessfully
treated with LF-SCS in the past. Median pain intensity
score for the cohort (N = 1603) was 8.0 (Q1–Q3, 7.0–9.0).
Pain distribution was slightly, but significantly different
(P = 0.002, chi-square test) between patients included
from Europe (N = 479) and the USA (N = 1161)
(Table 1). Briefly, of the patients with available pain distribution data, 39.7% in Europe and 45.0% in the USA
reported back and leg pain, 24.6% and 28.6% predominant back pain, and 14.8% and 11.7% predominant leg
pain, respectively, and 20.5% in Europe and 25.2% in the
USA had been unsuccessfully treated with LF-SCS in the
past. Median pain intensity scores for patients included
from Europe and the USA were 9.0 (Q1–Q3, 8.0–9.5) and
8.0 (Q1–Q3, 7.0–9.0), respectively.

Outcomes
Pain relief and responder rate
At the end of trial time point, 86.9% of all patients
(1393/1603) responded to therapy (at least 50% pain
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Figure 1. Flowchart detailing the number of patients included in the review and analyzed at each study time point for therapy response and pie
chart showing patient demographics by pain type. Due to the collection of data in a real-world setting, only a fraction of patients had
information at 3, 6, and 12 months, whereas majority had information at last visit assessment.

relief from baseline). Trial responders reported a significant (P < 0.00001, Mann–Whitney U test) reduction in
pain intensity scores, with median scores reduced from
8.0 (Q1–Q3, 7.0–9.0) to 3.0 (Q1–Q3, 1.0–4.0), a reduction of 62.5%. Furthermore, pain intensity scores (VNRS)
were significantly lower at all time points (P < 0.00001,
Mann–Whitney U test) compared to baseline in the
responding patients. Median pain intensity score
decreased from 8.0 (Q1–Q3, 7.0–9.0) to 3.0 (Q1–Q3, 2.0–
4.0), 3.0 (Q1–Q3, 2.0–4.0), 3.0 (Q1–Q3, 2.0–4.0), and 3.0

(Q1–Q3, 2.0–4.0) at 3, 6, 12 months and the last visit,
respectively.
Of the 844 patients with percentage pain relief data
available at 3 months post-implantation, 74.6%
responded to therapy. This responder rate was sustained
throughout 12 months post-implantation (Fig. 2) and
was consistent with the last visit value of 74.1%
(N = 1131). Responder rate was further analyzed according to whether patients were included from Europe or the
USA. Though the responder rates appeared to be slightly
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Table 1. Patient characteristics at baseline. Data is presented as % (95% confidence lower limit-upper limit).
Characteristic
Pain distribution
Back and leg
Predominant back
Predominant leg
Other
LF-SCS experience
Prior experience
No prior experience
Pain intensity
Median pain intensity score (VNRS)

Europe (%)

USA (%)

All (%)

N = 479
39.7% (36.9%–42.5%)
24.6% (22.1%–27.1%)
14.8% (12.8%–16.8%)
20.9% (18.6%–23.2%)
N = 443
20.5% (16.7%–24.3%)
79.5% (75.7%–83.3%)
N = 479
9.0 (Q1–Q3, 8.0–9.5)

N = 1161
45.0% (40.5%–49.5%)
28.6% (24.6%–32.6%)
11.7% (8.8%–14.6%)
14.6% (11.4%–17.8%)
N = 1153
25.2% (22.7%–27.7%)
74.8% (72.3%–77.3%)
N = 1124
8.0 (Q1–Q3, 7.0–9.0)

N = 1640
43.5% (41.1%–45.9%)
27.4% (25.2%–29.6%)
12.6% (11.0%–14.2%)
16.5% (14.7%–18.3%)
N = 1596
23.9% (21.8%–26.0%)
76.1% (74.0%–78.2%)
N = 1603
8.0 (Q1–Q3, 7.0–9.0)

LF-SCS, Low-frequency spinal cord stimulation; VNRS, 11-point verbal numeric rating scale (0 = no pain to 10 = worst possible pain).

higher in patients from Europe at the 3-month follow-up
(85.0% vs. 70.2%), the difference dissipated at later follow-up times including the last visit (Fig. 2).
Safety
Among the 1290 patients with safety data available, 48
had their devices explanted (3.7%) (Table 2). Of these, 22
were removed sequela to infection (1.7%), 15 due to loss
of efficacy (1.2%), and 11 for other reasons (0.8%).
Ease of use
While a high percentage of patients responded well to
standard 10 kHz target optimization using a simple
bipole, additional 10 kHz therapy optimization tools were
utilized in 56.7% of all patients (N = 1198) (Fig. 3).
These programming options were applied in a standardized fashion and customized to each patient’s needs. In
total, 38.3% of all patients (N = 1198) had multi-area
pain sequencing (MAPS) or bipole interlacing programmed. The former option combined different programs while the latter merged multiple bipole programs
into one program. Pulse dosing was programmed in
18.4% of the population (N = 1198) and delivered stimulation in on-off cycles.
Interestingly, additional 10 kHz therapy optimization
tools were utilised in 72.7% of patients from Europe
(N = 391) and in 48.9% of patients from the USA
(N = 807) (Fig. 3). More specifically, MAPS or bipole
interlacing was programmed in 54.9% and 30.2% of Europe and USA patients, respectively, while pulse dosing
was programmed in 17.8% and 18.7%, respectively.
Quality of life
Functional improvement at the last visit was noted by
72.3% of all patients (N = 1088), 78.8% of Europe
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patients (N = 311), and 69.8% of USA patients
(N = 777) (Fig. 3). Improved sleep was reported by
68.0% of all patients (N = 1020), 68.5% of Europe
patients (N = 286), and 67.8% of USA patients
(N = 734).
Additional responses to questions at the last visit which
evaluated overall change in quality of life, satisfaction
with therapy, device recharge experience, frequency of
therapy adjustments, and device usage while sleeping and
driving are detailed in Table 3. Data were available for
between 533 and 544 patients for all questions except that
which focused on patients with previous LF-SCS experience which had 60 responses.
When questioned about overall change in quality of
life, 90.3% of patients reported improvement. High levels
of satisfaction with therapy were also reported by most
patients: 82.4% were likely or very likely to undergo the
procedure again for the same result, 89.5% were likely or
very likely to recommend the therapy, and 95.0% of
patients who had previous LF-SCS experience rated their
HF-SCS at 10 kHz as better. Device recharging was found
to be convenient in 86.4% of patients with the majority
charging their device daily or every other day (94.1%) for
about an hour or less (88.7%). Patients rarely adjusted
their therapy more often than 2–3 times per week (2.2%).
Nearly all patients slept and drove with their devices
switched on (98.7% and 98.2%, respectively). The
responses to this set of questions were generally in line
with the commercial data from all implanted patients in
USA (N = 8282; Table 3).
Medication change
Overall change in medication versus baseline was also
analyzed at the last visit. A decrease in medication intake
was reported by 32.1% of all patients (N = 1070), 40.0%
of Europe patients (N = 310), and 28.9% of USA patients
(N = 760) (Fig. 3).
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Figure 2. Responder rate (95% confidence interval) at each study time point.

Table 2. Details of device explants in the population.
Reason for explant

n (%; 95% confidence range)

Infection
Loss of efficacy
Other reasons
Total

N = 1290
22 (1.7%;
15 (1.2%;
11 (0.8%;
48 (3.7%;

1.0%–2.4%)
0.6%–1.8%)
0.3%–1.3%)
2.7%–4.7%)

Patients with previous LF-SCS
Outcomes were analyzed as they related to the subgroup
of patients with previously unsuccessful LF-SCS. The
results of HF-SCS in this patient subgroup were comparable to the results for the entire cohort. Pain distribution
data (N = 382) indicated that 47.6% had back and leg
pain, 26.7% predominant back pain, 10.7% predominant
leg pain, and 14.9% other pain distributions. Median pain
intensity score at baseline was 8.0 (Q–Q3, 7.0–9.0)
(N = 337). The mean time between implantation and the
last visit was 10.7 months (7.7, range 0.1–33.2). Successful trials were reported in 88.4% of this group (298/337).
Pain intensity scores in trial responders reduced significantly (P < 0.0001, Mann–Whitney U test). Median
scores reduced from 8.0 (Q1–Q3, 7.0–9.0) to 3.0 (Q1–Q3,
1.8–4.0) points, a reduction of 62.5%. At 3, 6, and
12 months post-implantation, 75.6% (N = 193), 72.1%
(N = 147), and 78.9% (N = 90) of patients responded to
therapy, respectively (Fig. 2). Of the 266 patients with
percentage pain relief data available at the last visit,
74.1% responded to therapy. At the last visit, 32.5% of
patients (N = 40) reported decreased medication intake
versus baseline, 82.5% (N = 40) improved function, and
70.0% (N = 30) improved sleep. Responses to questions
at the last visit which evaluated overall change in quality

of life, satisfaction with therapy, device recharge experience, frequency of therapy adjustments, and device usage
while sleeping and driving were very similar to the whole
cohort of patients (Table 3).

Discussion
This publication constitutes the most extensive study to
date evaluating the real-world efficacy of HF-SCS 10 kHz
therapy for chronic back and/or limb pain. Data were retrospectively sourced from eight participating centers
across three countries over a 4-year period. A total of
1660 patients were included in the review. The majority
of the cohort had both chronic back and leg pain or axial
back pain (71%), which are historically difficult-to-treat
pain syndromes. Our review found that >70% of our HFSCS treated patients experienced at least 50% pain relief
throughout 12 months of post-implantation follow-up.
This outcome was corroborated by the last visit analysis.
Concomitant improvements in quality of life, function,
sleep, and medication reduction as well as high levels of
satisfaction with the therapy were also reported.
Therapeutic and device durability was found to be
robust as evidenced by an extremely low explantation
rate. The overall rate of system explant was 3.7%, far less
than historical norms for traditional spinal cord stimulation (LF-SCS).24 Explants due to infection were 1.7% of
implants. This value is slightly lower than the published
historical rates of LF-SCS infection of 3-5%.25 Explants
due to loss of efficacy occurred in 1.2% of the implanted
population. Behind battery depletion in non-rechargeable
IPGs, explants due to loss of efficacy are the predominant
driver for historical LF-SCS explantations; thus, the low
rates of explant for this reason are highly encouraging.
There were no explants due to battery depletion.
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Figure 3. Evaluation of therapy optimization tools (10 kHz preferred program) and overall change in medication, function, and sleep, at the last
visit. Therapy optimization tools: Multi-area pain sequencing (MAPS) combines different programs; bipole interlacing merges multiple bipole
programs into one program; pulse dosing delivers stimulation in on-off cycles. Values given as % with 95% confidence interval.
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Device recharge experience

Satisfaction with therapy

Overall change in quality of life

Since having your device, how
would you describe the change in
activity limitations, symptoms,
emotions and overall quality of life?
A great deal better
Moderately better
No change
How likely are you to do it all again
for the result you are getting now?
Likely or very likely
Not sure
Unlikely or very unlikely
How likely are you to recommend
Nevro4 to someone who has similar
pain?
Likely or very likely
Not sure
Unlikely or very unlikely
How would you rate the Nevro4
device in comparison to the
previous SCS 5 you experienced?
A great deal better
Moderately better
No change
How satisfied are you with the
convenience of charging your
device?
Satisfied or very satisfied
Neutral
Dissatisfied or very dissatisfied
How often do you charge your
device?
Every day
Every other day
Less than 2–3 times per week

Question

84.7% (83.9%–85.5%)
10.9% (10.2%–11.6%)
4.5% (4.1%–4.9%)
N = 920

76.8% (74.1%–79.5%)
11.0% (9.0%–13.0%)
12.2% (10.1%–14.3%)
N = 8276

81.4% (75.0%–87.8%)
12.9% (7.3%–18.5%)
5.7% (1.7%–9.5%)
N = 140

85.7% (79.9%–91.5%)
9.3% (4.5%–14.1%)
5.0% (1.4%–8.6%)
N = 60

90.0% (82.4%–97.6%)
5.0% (0–10.5%)
5.0% (0–10.5%)
N = 140

83.6% (77.5%–89.7%)
9.3% (4.5%–14.1%)
7.1% (2.8%–11.4%)
N = 140
77.1% (70.1%–84.1%)
18.6% (12.2%–25.0%)
3.6% (0.5%–6.7%)
N = 134

82.4% (79.2%–85.6%)
11.8% (9.1%–14.5%)
5.9% (3.9%–7.9%)
N = 541

89.5% (86.9%–92.1%)
7.6% (5.4%–9.8%)
3.0% (1.6%–4.4%)

N = 544

86.4% (83.5%–89.3%)
7.4%  2.2% (5.2%–9.6%)
6.3% (4.3%–8.3%)
N = 544
81.8% (78.6%–85.0%)
12.3% (9.5%–15.1%)
5.7% (3.8%–7.6%)
N = 533
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81.3% (80.5%–82.1%)
13.4% (12.7%–14.1%)
4.8% (4.3%–5.3%)
N = 8100

74.5% (73.6%–75.4%)
15.8% (15.0%–16.6%)
9.7% (9.1%–10.3%)
N = 8265

79.0% (78.1%–79.9%)
10.9% (10.2%–11.6%)
10.1% (9.5%–10.7%)
N = 8183

56.3% (55.2%–57.4%)
30.4% (29.4%–31.4%)
13.3%  0.7% (12.6%–14.0%)
N = 8276

51.4% (43.1%–59.7%)
36.4% (28.4%–48.4%)
12.1% (6.7%–17.5%)
N = 140

56.6% (52.4%–60.8%)
33.6% (29.6%–37.6%)
9.7% (7.2%–12.2%)
N = 544

N = 8283

N = 140

Comparative cohort:
patients from the
entire USA3
%

N = 544

Patients in this review1
%

Subgroup of patients with
previous LF-SCS experience
in this review2
%

Table 3. Responses to questions which evaluated overall change in quality of life, satisfaction with therapy, device recharge experience, frequency of therapy adjustments, and device usage
while sleeping and driving. Based on data available at the last visit from USA patients. Data is presented as % (95% confidence lower limit-upper limit).
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How long does it take you to charge
your device?
<30 min
30–60 min
> 60 min
How often do you use your remote
control to adjust your therapy
settings?
Never
Once per week or less often
2–3 times per week
Daily
Do you sleep with your device
turned on?
Yes
No
Do you drive with your device
turned on?
Yes
No

Question

20.9% (14.0%–27.8%)
61.9% (53.7%–70.1%)
17.2% (10.8%–23.6%)
N = 140

47.1% (38.8%–55.4%)
37.9% (29.9%–45.9%)
13.6% (7.9%–19.3%)
1.4% (0–3.3%)
N = 140
98.6% (96.7%–100.5%)
1.4% (0–3.3%)
N = 140
97.9% (95.5%–100.3%)
2.1% (0–4.5%)

23.5% (19.9%–27.1%)
65.3% (61.3%–69.3%)
11.3% (8.6%–14.0%)
N = 544

50.6% (46.4%–54.8%)
34.6% (30.6%–38.6%)
12.7% (9.9%–15.5%)
2.2% (1.0%–3.4%)
N = 544
98.7% (97.7%–99.7%)
1.3% (0.3%–2.3%)
N = 543
98.2% (97.1%–99.3%)
1.8% (0.7%–2.9%)

Patients in this review1
%

Subgroup of patients with
previous LF-SCS experience
in this review2
%

2

1

Mean follow-up period = 8.9 months (SD 6.7, range 0.1–33.2).
Mean follow-up period = 10.7 months (SD 7.7, range 0.1–33.2).
3
Total number of responses from implanted patients in USA = 8282. Mean follow-up period = 8.1 months (SD  5.2, range 0.3–26.4).
4
Nevro refers to HF-SCS at 10 kHz therapy.
5
SCS refers to LF-SCS therapy.

Device usage while sleeping and driving

Frequency of therapy adjustments

Table 3. Continued.

97.8% (97.5%–98.1%)
2.2% (1.9%–2.5%)

98.8% (98.6%–99.0%)
1.2% (1.0%–1.4%)
N = 8266

46.8% (45.7%–47.9%)
38.8% (37.8%–39.8%)
11.3% (10.6%–12.0%)
3.1% (2.7%–3.5%)
N = 8274

21.8% (20.9%–22.7%)
70.9% (69.9%–71.9%)
7.3% (6.7%–7.9%)
N = 8272

Comparative cohort:
patients from the
entire USA3
%
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Device recharging was generally found to be convenient
with most patients recharging daily, or every other day
for an hour or less. Paresthesia-independent stimulation
is likely to account for the vast majority of patients (98%
or more) who rarely adjusted their therapy settings once
optimal pain relief was achieved, and reported sleeping
and driving with their devices switched on. Our analysis
also showed that therapy can be tailored to individual
patients, with patients finding their most successful program across a range of different applications of 10 kHz
therapy. Further subgroup analysis of patients with previously unsuccessful LF-SCS revealed that their outcomes
were very similar to the whole cohort, indicating that
10 kHz HF-SCS therapy may be a useful treatment option
for this group.
Our responder rate outcomes are consistent with
results from a multicenter, prospective, randomized, controlled trial (SENZA-RCT) comparing the therapy with
LF-SCS.19,20 Recruited subjects had chronic, intractable,
back and leg pain with average pain intensity in both
locations of at least 5.0 cm on the visual analog scale
(VAS). The SENZA-RCT longitudinal responder rates for
axial back pain in HF-SCS 10 kHz subjects were 84%,
76%, and 79% at 3, 6, and 12 months, respectively. The
corresponding rates for overall pain relief in our cohort
were comparable (Fig. 4). Furthermore, 32% of our
patients reported decreased medication intake at their last
visit. This proportion is in line with the 36% of subjects
receiving HF-SCS 10 kHz in the SENZA-RCT who
reduced or stopped opioid pain medication at
12 months.20

10 kHz HF-SCS for Chronic Trunk and/or Limb Pain

Overall, the patient populations in both studies were
broadly similar in their primary indication of chronic
back and leg pain. The Level I evidence provided by the
SENZA-RCT has been strengthened by the contribution
of our real-world data from a large cohort of patients
across multiple international centers and is likely to
reflect everyday clinical practice. The concomitant reduction in medication consumption found in both studies is
potentially beneficial to patients as well as health care
providers since it may reduce prescription costs and visits
to pharmacy.
Limitations of this review are related to the real-world
setting and include its retrospective nature, lack of control
group and use of non-standardized measures for outcomes such as sleep. Data were not entered systematically
across all centers and some patients may have been
included in early follow-ups, but not later ones, and viceversa. Both factors resulted in an inhomogeneous data set
with a declining patient number throughout follow-up. In
addition, longitudinal data were available only for percentage pain relief. All other post-implantation variables
were collected during a single last visit assessment. The
real-world setting also prevented the collection of specific
pain etiologies and implantation details as well as standardized measures of medication intake, quality of life,
function, and sleep. For example, the simplified measures
we used did not evaluate pain medication intake by class,
quality of life parameters relating to health and physical
or social activities, or assessment of sleep latency and
quality. As such these results should be interpreted with
caution.

Figure 4. Comparison of responder rates (95% confidence interval) between this real-world study and the SENZA-RCT.
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Other limitations relate to our data analysis. Evaluating
data as-observed may overestimate response.26 In addition, given the non-normal distribution of the data, nonparametric statistics with mixed model approach using
study as a fixed categorical factor and period as a
repeated categorical fixed factor may have been a better
choice for longitudinal analysis of pain relief. However,
because the data was collected in a real-world setting and
completely anonymized, pain relief data in a specified line
could not be attributed to a single subject. Therefore, it
was not possible to apply mixed model approach and
only descriptive statistics could be used to analyze the
data. Data distribution should be borne in mind while
interpreting these results. Furthermore, evaluation of outcomes in patients with previously unsuccessful LF-SCS
requires a larger population of patients to allow adequate
statistical analysis.
Finally, there were methodological differences related to
study design and patient characteristics regarding the
comparison of our responder rates to those reported in
the SENZA-RCT. For example, our study evaluated overall pain relief rather than separate back and leg pain relief
(derived from VAS) as measured in the SENZA-RCT.
Our measure was a pragmatic choice to enable quick
assessment of therapy effectiveness during routine followup. Also, in our experience, percentage pain relief is a
more straightforward concept to convey and understand
in the real-world setting compared with VNRS or VAS.
In cases where back and leg pain were reported equal,
back pain may have been slightly predominant, but not
identified by our verbal questions.

Conclusions
The present study was designed to evaluate the real-world
effectiveness of HF-SCS at 10 kHz in a large group of
patients with chronic trunk and/or limb pain. Our retrospective analysis revealed that the therapy provided sustained and effective pain relief in >70% of the patients at
all follow-up time points. This result was consistent with
a previously published randomized, controlled, trial. The
majority of our patients also reported improved quality
of life, function, and sleep, as well as satisfaction with
therapy. Our review provides complementary evidence to
support the treatment of chronic back and leg pain with
HF-SCS at 10 kHz.
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