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Introduction

Chronic pain is a global health problem that causes consider-
able suffering to individuals and their families. The impact on 
healthcare resources and public expenditure is major. In two 
separate surveys carried out in the United States and Europe, 
around one in five adults reported suffering chronic pain based 
upon persistence of at least 6 months duration.1,2 Another sur-
vey, which did not specify pain duration, estimated prevalence 
across 10 developed countries as high as 37%.3 Prevalence 
increases with age,1,4–8 and is rising overall.5,9,10 Chronic pain 
is well-known to negatively impact people’s well-being,2,3,11–15 
social relationships,15–17 daily activities,2,15,16 and work  
productivity.2,15,16,18 The condition is also an important risk 
factor for suicidal behavior19 and all-cause mortality.20 The 
economic burden is estimated to exceed US$500 billion per 

year in the United States21 and consume around 2%–10% of 
gross domestic product (GDP) in European countries.22–24

The management of chronic pain is challenging and 
involves many disciplines. Treatment options include physi-
cal therapy, psychological therapies, pharmacology, and sur-
gery.25 Opioid medication is often prescribed as part of a 
multidisciplinary treatment strategy. Short-term use of 
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opioids seems to be efficacious;26 however, there is little evi-
dence to support its long-term use.27,28 Despite this, long-
term prescribing has risen.29

Traditional low-frequency spinal cord stimulation 
(LF-SCS) has been an alternative treatment option for chronic 
pain for over 40 years, with failed back surgery syndrome 
(FBSS) being the most common reason for implantation.30,31 
RCTs established strong evidence of efficacy in this  
indication,32–35 while economic evaluations established its 
long-term cost-effectiveness.36–38 However, despite the sig-
nificant evidence base supporting its use in FBSS, the therapy 
has been underused,38,39 with most FBSS patients undergoing 
spinal reoperation (>97%).39

During the traditional LF-SCS surgical procedure, one or 
more thin electrical leads are inserted into the epidural space 
of the spinal canal, straddling the physiologic midline at the 
vertebral level that maps to the predominant area of pain. For 
example, lead tips are typically placed at the midline of T8 T9 
for low back stimulation, but stimulation of leg dermatomes 
(L3–L5) is usually accomplished by placing leads between T9 
and T11.40 Leads are then attached to a temporary or perma-
nent stimulation device which delivers electrical pulses to the 
spinal cord at a fixed frequency in the range of 40–60 Hz with 
pulse width between 150 and 500 µs.41 Success depends on the 
pain being masked by stimulation-induced paresthesia.42 It is 
well-accepted that around half of those treated experience at 
least 50% pain relief.32,33 However, uncomfortable paresthesia 
or discomfort related to overstimulation resulting from pos-
tural changes is common.34,43,44 Also, some patients adapt to 
the stimulation after several years, resulting in diminished 
pain relief.45–50

The last decade has brought several technological 
advances in traditional LF-SCS. However, success rates 
have not risen,34 leading to the development of novel, more 
sophisticated SCS systems, including high-frequency/burst 
stimulation paradigms,34,51–54 and closed-loop LF-SCS (con-
trolled using evoked compound action potentials (ECAPs)).55

This review is focused on 10 kHz SCS (Senza® system), 
developed by Nevro Corp. (Redwood City, CA, USA). Over 
and above operating at a much higher frequency than tradi-
tional LF-SCS, 10 kHz SCS delivers lower amplitude (1.0–
5.0 mA) and shorter pulse width (30 µs) stimuli, with no 
invoked sensation of paresthesia.34 During surgery, lead tips 
are positioned in the anatomical midline at T8 and T9 in a 
staggered fashion to cover T8–T11 vertebral levels for back 
and leg pain patients. The patient can remain sedated 
throughout the entire procedure since paresthesia mapping is 
not required, making surgery shorter and more straightfor-
ward compared with traditional LF-SCS.56

A growing body of evidence has accumulated over the 
past 5 years related to the use of 10 kHz SCS to treat chronic 
back and leg pain.57,58 Evidence has also emerged for its use 
in nonsurgical back pain patients, neuropathic limb pain 
patients, and in those with previously failed traditional 
LF-SCS. This chapter aims to summarize the prospective 

and retrospective clinical studies in these indications, focus-
ing on pain relief outcomes as well as changes in quality of 
life (QOL) and opioid consumption.

Methods

We searched the PubMed electronic database between 2013 
and 2 June 2020, for reports published in English with key-
words related to 10 kHz SCS, including spinal cord stimula-
tion, 10 kHz, HF10, high frequency, and kilohertz frequency. 
Results were limited to articles reporting clinical studies that 
included at least 10 human subjects permanently treated with 
a 10 kHz SCS system (Senza system) for chronic back and/or 
leg pain for a minimum of 3 months. Only articles published 
in peer-reviewed journals were considered, and studies with 
questionable methodology59 were not considered.

Results

Chronic back and leg pain

SENZA-RCT study. Kapural et al.34 established Level 1 evi-
dence for the efficacy of 10 kHz SCS in treating chronic back 
and leg pain in a pivotal, multicenter, RCT published in 
2015, with Level 1 evidence defined as a large randomized 
trial with clear-cut results and low risk of error.60 Subjects 
had both back pain and leg pain score ⩾5 cm on the visual 
analog scale (VAS). Most of the cohort had undergone spinal 
surgery in the past (87%), and just over half of each group 
reported predominant back pain. After inclusion, they were 
randomly assigned (1:1) to one of two parallel treatment 
groups: 10 kHz SCS or traditional LF-SCS (control). The 
commercially available control device was programmed by 
the manufacturer’s representatives using any on-label pro-
gramming parameters, and the sponsor’s personnel pro-
grammed the test arm using a fixed waveform of 10 kHz and 
30 µs. In total, 93% percent of subjects (90/97) in the 10 kHz 
SCS group completed a successful trial and were implanted 
with a permanent system. In the traditional LF-SCS group, 
this proportion was 88% (81/92). The trial documented out-
comes up to 12 months postimplantation. Response to ther-
apy was defined as ⩾50% reduction in pain score.

At the 3-month primary endpoint, 84% of 10 kHz SCS 
subjects were back pain responders compared with 44% of 
traditional LF-SCS subjects (p < 0.001 for both noninferior-
ity and superiority). For leg pain response, the corresponding 
rates were 83% versus 55% (p < 0.001 for both noninferior-
ity and superiority). At 12 months, outcomes were available 
for 89 and 80 subjects in each group, respectively. Both 
groups sustained their responder rate out to 12 months. 
However, the rate remained higher among the 10 kHz SCS 
subjects (back pain: 79% vs 51%; leg pain: 79% vs 51%; 
p < 0.001 for both noninferiority and superiority in both pain 
categories). Moreover, subjects in this group reported a 67% 
decrease in back pain compared with 44% in the traditional 
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LF-SCS group (back pain: −4.9 vs −3.5 cm, p < 0.001). 
Similarly, leg pain decreased by 70% versus 49%, respec-
tively (leg pain: −5.0 vs −3.8 cm, p < 0.001).

Analyses of 12-month opioid consumption and patient 
satisfaction outcome measures also highlighted the advan-
tages of 10 kHz SCS over traditional LF-SCS. Morphine 
equivalent daily dose (MEDD) decreased more among the 
former group (−24.8 vs −7.3 mg/day, p = 0.014), and a higher 
proportion of its subjects were “very satisfied” with their 
therapy (55% vs 32%, p = 0.002). In total, 83% of 10 kHz 
SCS subjects were “satisfied” or “very satisfied” with their 
therapy, and 35% decreased or ceased opioid usage. 
Furthermore, almost half of the traditional LF-SCS subjects 
reported uncomfortable stimulation, whereas none of the 
10 kHz SCS group reported stimulation-related paresthesia 
or discomfort.

A later publication of more detailed 12-month secondary 
outcomes showed that 10 kHz SCS subjects also had a better 
QOL and functional status compared with their traditional 
LF-SCS counterparts.61 Measures included the Oswestry 
Disability Index (ODI), Global Assessment of Functioning 
(GAF), Short-Form McGill Pain Questionnaire (SF-MPQ-2), 
Clinician Global Impression of Change (CGIC), Pittsburgh 
Sleep Quality Index (PSQI), and general survey questions 
relating to sleeping and driving. On the ODI, 10 kHz SCS 
subjects improved more (difference in medians (DIM): 6.0 
percentage points, p = 0.016). Distribution among the ODI 
disability subcategories was also more favorable for this 
group (p = 0.01), with a higher proportion moving into a 
lower disability category (70% vs 55%). Greater improve-
ments were found in GAF (DIM: 5.0 points, p < 0.01) as 
well as in the SF-MPQ-2 continuous, intermittent, and neu-
ropathic pain descriptors (DIM: 1.17, p < 0.005; DIM: 1.33, 
p < 0.005; and DIM: 0.83, p < 0.01, respectively). A higher 
proportion of 10 kHz SCS subjects were also rated as “bet-
ter” or “a great deal better” on the CGIC scale (75% vs 56%, 
p = 0.009), and the number classified in the “good sleeper” 
category on the global PSQI increased by a larger amount 
(p = 0.001). More 10 kHz SCS subjects reported sleeping and 
driving with their device switched on (sleeping: 95% vs 
60%, p < 0.001; driving: 94% vs 66%, p < 0.001).

Follow-up was extended for an additional year to evaluate 
long-term outcomes.62 The 24-month analysis included 85 and 
71 subjects in the 10 kHz SCS and traditional LF-SCS groups, 
respectively. The 10 kHz SCS group sustained its superior 
response rate for back pain and leg pain compared with the 
traditional LF-SCS group (back pain: 76% vs 49%, p < 0.001 
for both noninferiority and superiority; leg pain: 73% vs 49%, 
p < 0.001 for noninferiority and p = 0.003 for superiority). Both 
back pain and leg pain also decreased more in the former group 
(back pain: −5.0 vs −3.2 cm, p < 0.001 for both noninferiority 
and superiority; leg pain: −4.7 vs −3.7 cm, p < 0.001 for nonin-
feriority and p = 0.03 for superiority). Other secondary out-
comes further reflected the long-term benefits of 10 kHz SCS 
over traditional LF-SCS. More of the former group reported 

minimal disability on the ODI (23% vs 10%), being “a great 
deal better” on the Patient Global Impression of Change scale 
(PGIC: 34% vs 21%), and being “very satisfied” with their 
therapy (60% vs 40%). More clinicians also rated subjects in 
the 10 kHz SCS group as “a great deal better” (CGIC: 41% vs 
20%). The distributions among categories for the ODI, PGIC, 
and CGIC scales also favored 10 kHz SCS (ODI: p = 0.02; 
PGIC: p = 0.004; CGIC: p = 0.002). A smaller cohort with avail-
able data revealed that more traditional LF-SCS subjects used 
their device programmer daily (35% vs 0%) and carried it 
around away from home (85% vs 38%).61 It is possible that the 
higher rate of programmer usage in the traditional LF-SCS 
group may be mainly related to loss of adequate paresthesia 
coverage with postural changes, which was reported by 40% of 
those who experienced paresthesia (95.5%).

Prospective, multicenter, single-arm studies. Two prospective, 
multicenter, single-arm studies evaluated 10 kHz SCS in sub-
jects with a primary diagnosis of chronic back pain (Table 1). 
In the first study (SENZA-EU), Van Buyten et al.64 presented 
6-month data from 83 enrolled subjects. Of these, 82 com-
pleted a trial, and 72 (88%) had successful trials followed by 
permanent implantation. In total, 79% of the implanted group 
had a diagnosis of FBSS, while the remainder was naïve to 
spinal surgery. Response was defined as ⩾ 50% reduction in 
VAS pain score. At 6 months, 74% and 86% of subjects met 
the criteria for back pain and leg pain response, respectively 
(Figure 1), and baseline back pain and leg pain decreased by a 
median of 78% (−5.7 cm, p < 0.001) and 83% (−4.0 cm, 
p < 0.001), respectively. Almost half of subjects reported 
> 80% back pain relief. Disability improved (ODI: 55% to 
37%, p < 0.001), along with the rate of sleep disturbances per 
night (3.7–1.3, p < 0.001). In total, 86% of subjects reported 
opioid use at baseline. By 6 months, 62% of this group had 
reduced their dosage, and 38% had ceased intake. Overall, 
85% of subjects reported satisfaction with their therapy.

Al-Kaisy et al.65 detailed results for 65 subjects at 
24 months. The response rate for both back pain and leg pain 
remained high among this group (60% and 71%, respec-
tively), and the decrease in baseline back pain and leg pain 
was sustained (back pain: −5.1 cm, p < 0.001; leg pain: 
−3.1 cm, p < 0.001). Subjects also maintained their improved 
disability and rate of sleep disturbances (ODI: 55%–40%, 
p < 0.001; sleep disturbances: 3.7–1.4/night, p < 0.001), and 
fewer were classified as “crippled” or “severely disabled” 
(ODI: 90%–49%). In addition, fewer subjects were using 
opioids (86%–57%, p < 0.001) and consumption went down 
by 68% (MEDD: 84 to 27 mg/day, p < 0.001). Most subjects 
were still satisfied with their therapy (>80%). Also notewor-
thy was the similar level of pain relief experienced by 15 
subjects naïve to spinal surgery (back pain: −4.7 cm, 
p < 0.001; leg pain: −3.1 cm, p < 0.05).

Rapcan et al.68 presented the second study. Twenty-one sub-
jects recruited from four centers completed a successful trial 
and received a permanent system. All surgeries were carried out 
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by a single implanter. The entire cohort completed 12 months of 
follow-up. At this time point, 67% of subjects reported therapy 
response (⩾ 50% reduction in VAS pain score), and baseline 

Table 1. Prospective and retrospective studies evaluating 10 kHz SCS in chronic low back and/or leg pain subjects.

Reference Study type Key inclusion N* Follow-up 
period

Outcomes

Kapural et al.,34 
Kapural et al.,62 and 
Amirdelfan et al.58

Multicenter RCT ⩾5 cm VAS back and 
leg

90 24 months VAS, responder rate, remitter rate, 
trial-to-perm ratio, changes in medication 
use, ODI, GAF, SF-MPQ-2, SF-12, CGIC, 
PGIC, PSQI, and satisfaction.

Stauss et al.63 Retrospective, 
multicenter review

Back and leg pain 1660 12 months VNRS, subject-reported percentage 
pain relief, responder rate, trial-to-perm 
ratio, changes in medication use, general 
function, general QOL and sleep, and 
satisfaction.

Van Buyten et al.64 
and Al-Kaisy et al.65

Prospective, two-
center

Primary diagnosis of 
chronic back pain

72 24 months VAS, responder rate, trial-to-perm ratio, 
changes in medication use, ODI, sleep 
disturbance, and satisfaction.

Al-Kaisy et al.66 and 
Al-Kaisy et al.67

Prospective, single-
center

Predominant chronic 
back pain, no history 
of/eligibility for spinal 
surgery

20 36 months VAS, responder rate, trial-to-perm ratio, 
changes in medication use, ODI, SF-36 
PCS & MCS, EQ5D TTO, QALY gain, 
sleep disturbance, and satisfaction.

Rapcan et al.68 Prospective 
multicenter

FBSS with 
predominant back 
pain

21 12 months VAS, responder rate, trial-to-perm ratio, 
changes in medication use, performance 
status, and satisfaction.

DiBenedetto et al.69 Retrospective, single-
center, matched 
cohort study

Chronic back pain 
with or without leg 
pain

32 12 months Changes in medication use, visit volume, 
interventional procedure volume, NRS, 
and FPS.

Russo et al.70 Multicenter, 
retrospective review

Not candidates 
for LF-SCS or 
nonresponders

186 6 months NRS, responder rate, trial-to-perm ratio, 
and ODI.

CGIC: Clinician Global Impression of Change; EQ5D: EuroQol 5-Dimensional Questionnaire; FBSS: failed back surgery syndrome; GAF: Global Assess-
ment of Functioning; LF-SCS: low-frequency spinal cord stimulation; MCS: mental component subscale; ODI: Oswestry Disability Index; PCS: physical 
component subscale; PGIC: Patient Global Impression of Change scale; PSQI: Pittsburgh Sleep Quality Index; QALY: quality-adjusted life year; QOL: qual-
ity of life; RCT: randomized controlled trial; SF-MPQ-2: Short-Form McGill Pain Questionnaire; VAS: visual analog scale; VNRS: verbal numerical rating 
scale; NRS: numerical rating sclae; TTO: time trade-off; SF-12: 12-item short form survey; FPS: functional pain scale.
N*: number of 10 kHz SCS implanted subjects/patients.

Figure .1 10 kHz SCS benefits for low back and leg pain patients: (a) mean pain relief and (b) responder rate.

pain decreased by 54% (−4.7 cm, p < 0.001). Moreover, 65% of 
the cohort halved their opioid intake. Performance status (PS) 
also improved (3.0–1.8 points, p < 0.001).
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Retrospective, real-world studies. Two retrospective studies 
presented results of 10 kHz SCS used to treat chronic low 
back and leg pain patients in real-world clinical settings 
(Table 1). Stauss et al.63 examined the database records of a 
large cohort of 1660 patients with chronic back and leg pain 
who were trialed and/or permanently implanted with a 
10 kHz SCS system in eight centers between April 2014 and 
January 2018. Of the 1640 patients with available baseline 
data, 84% had both back and leg pain, back pain was pre-
dominant in 27%, leg pain was predominant in 13%, and 
16% had other pain. Among the cohort with available trial 
data (N = 1603), 87% had successful trials. Patients reported 
combined back and leg pain relief up to 12 months postim-
plantation and during their last visit (mean 8.9 months).

At 3 months, 75% of 844 patients with available data 
reported ⩾ 50% pain relief. The responder rate was sustained 
at 12 months (78% of N = 326 with available data) and cor-
roborated by the last visit analysis (74% of N = 1131 with 
available data; Figure 2). A general survey also administered 
during the last visit included questions relating to overall 
changes in medication intake, QOL, and therapy experience. 
Among the cohort with available data, around a third reported 
decreased medication intake. In addition, over two-third indi-
cated improved function and sleep, most reported overall bet-
ter QOL (90%), and the majority were satisfied with their 
therapy (>80%). Almost all patients noted sleeping and driv-
ing with their device switched on (98%). The near-continuous 
usage of the device reported during sleeping and driving sug-
gests that patients tolerated the therapy very well and found it 
comfortable. This may be due to the absence of paresthesia.

In a smaller, single-center study, DiBenedetto et al.69 com-
pared 32 patients receiving 10 kHz SCS plus conventional 
medical management (CMM) with 64 case-matched controls 
receiving only CMM. The study evaluated several outcomes 
including opioid consumption and health care utilization. Data 
were collected for 12 months pre- and postimplantation in the 
10 kHz SCS + CMM group, and for two consecutive 12-month 

periods in the CMM group. A 12-month pre/post analysis 
found opioid reduction only among 10 kHz SCS + CMM 
patients (MEDD: 92.2–66.0 mg/day, p = 0.001, N = 21) with a 
between-group difference in favor of this cohort (p = 0.01). 
Furthermore, opioid dosage decreased in 15 patients in this 
group (71%) with at least 60% dosage reduction noted in 5 
patients (including one who ceased intake). Only one patient 
in the CMM group reported a dosage reduction of at least 
60%. Both groups underwent fewer interventional procedures 
post versus pre (10 kHz SCS + CMM: 2.5–0.7 procedures, 
p < 0.001, N = 32; CMM: 2.6–1.7 procedures, p = 0.01, N = 64) 
with a much larger reduction among 10 kHz SCS + CMM 
patients (72% vs 35%, p = 0.03). Notably, during the latter 
12 months, the 10 kHz SCS cohort underwent less than half 
the total number of interventional procedures compared with 
the CMM cohort. Only the CMM patients made fewer office 
visits (4.9–3.6 visits, p = 0.02, N = 64), but the group difference 
was not significant. Based on NRS pain scores recorded at 
baseline and 12 months postimplantation, the 10 kHz 
SCS + CMM group reported a 46% decrease in low back pain 
and a 51% decrease in lower extremity pain (low back: −3.1 
points, p < 0.001, N = 30; lower extremity: −2.9 points, 
p = 0.01, N = 16). However, functional pain score was 
unchanged in both groups.

Chronic back pain ineligible for spinal surgery 
(“maiden back” or nonsurgical back pain)

A separate, single-center, prospective study by Al-Kaisy 
et al.66 examined the benefits of 10 kHz SCS in subjects with 
chronic back pain ineligible for spinal surgery and no his-
tory of such intervention. Of 21 enrolled subjects, 20 com-
pleted successful trials (95%) and were implanted with a 
permanent system. All implanted subjects completed 
12 months of follow-up. At 6 and 12 months, 75% and 90% 
of the cohort reported back pain response (⩾ 50% reduction 

Figure 2. Responder rate and mean pain relief in predominant back or leg pain: (a) back pain, (b) nonsurgical back pain, and (c) 
neuropathic limb pain.
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in VAS pain score), respectively, and baseline back pain 
decreased by 60% (−4.7 cm, p < 0.0001) and 73% (−5.6 cm, 
p < 0.0001), respectively.

At 12 months, disability score reduced by around half 
(ODI: −26.0 percentage points, p < 0.0001), and QOL score 
almost tripled according to the EuroQol 5-Dimensional 
Questionnaire Time Trade-off (EQ5D TTO) valuation (0.16–
0.47 points, p < 0.0001). At the same time point, both the 
physical component subscale (PCS) and mental component 
subscale (MCS) of the 36-Item Short-Form Health Survey 
(SF-36) improved (PCS: p < 0.0005; MCS: p < 0.05). Other 
metrics revealed 54% fewer sleep disturbances (p < 0.05), 
64% opioid reduction (MEDD: 112 to 40 mg/day), cessation 
of opioids in three subjects, and satisfaction with therapy in 
at least 70% of subjects (N = 20). Based on the EQ5D TTO 
valuation, the quality-adjusted life year (QALY) estimated 
more than the 12-month study period was 0.47.

The follow-up period of the study was extended for 
another 24 months, and investigators later reported findings 
from the 36-month assessment.67 Average reduction in back 
pain intensity was 87%, and the responder rate of the sub-
jects (⩾50% reduction in back pain intensity score) was 
80%. Disability score (ODI) further reduced to 19.8 (−33.2 
percentage points from baseline; p < 0.0001), and 50% of 
subjects (N = 10/20) were in the “minimal disability” cate-
gory. The study reported that subjects continued to reduce 
and/or eliminate their opioid medication, and that the per-
centage of subjects not taking opioid medication increased to 
88% (N = 15/17). Similarly, further improvements were seen 
in QOL measures: EQ5D TTO improved to 0.84, SF-36 PCS 
improved to 48.2, and SF-36 MCS to 56.8 (p < 0.0001).

In a post hoc analysis by Al-Kaisy et al.,71 clinical out-
come data were pooled from nonsurgical refractory back 
pain subjects included in the SENZA-RCT and SENZA-EU 
studies (N = 12 and N = 14, respectively) and treated with 
10 kHz SCS. Outcomes for the combined cohort were ana-
lyzed up to 12 months following implantation. The 12-month 
responder rate for this cohort for both back pain and leg pain 
was 73%, and baseline back pain and leg pain decreased by 
64% (−5.0 cm) and 61% (−4.7%), respectively. Around two-
third of the cohort met the criterion for the remission of both 
back pain and leg pain (VAS ⩽ 3 cm). Disability improved 
among the subjects over the 12 months (ODI: 52.3%–36.6%), 
and the proportion of subjects classified on the ODI as crip-
pled or severely disabled dropped markedly from 96% to 
42%. Average opioid consumption from baseline to 
12 months more than halved among the cohort with available 
data (85.3 MME–39.8 MME). Overall, more than half of this 
group decreased or eliminated their opioid intake.

Neuropathic limb pain

Al-Kaisy et al.72 shared their single-center, retrospective expe-
rience of using 10 kHz SCS in 15 patients with neuropathic 
pain in their extremities. Diagnoses included upper or lower 

neuropathic limb pain, complex regional pain syndrome 
(CRPS) of the hand or foot, or postsurgical knee pain. Eleven 
of the 15 enrolled patients (73%) had a successful trial and 
received a permanent system. All implanted patients com-
pleted 6 months of follow-up. At this time point, 73% of the 
cohort reported ⩾ 50% reduction in pain score (NRS), and the 
mean reduction in pain was 59% (−4.9 points, p < 0.05). An 
EQ5D TTO valuation revealed improved QOL: the score dou-
bled at 6 months. In addition, pain-related catastrophic think-
ing reduced considerably over the same period. Most patients 
reported satisfaction with their therapy (91%).

Traditional LF-SCS nonresponders

Two studies analyzed subgroups of traditional LF-SCS nonre-
sponders treated with 10 kHz SCS. The first study, by Russo 
et al.,70 was a multicenter, retrospective review of 256 patients 
who were not candidates for traditional LF-SCS or were non-
responders. Among the cohort, almost half reported both 
chronic back and leg pain, and previously failed traditional 
LF-SCS or peripheral nerve field stimulation (PNFS) was 
noted in at least 30%. Results were reported for all patients 
(N = 256), and the subgroup of traditional LF-SCS/PNFS non-
responders (N = 76), up to 6 months implantation. In total, 
73% of the former group and 68% of the latter group com-
pleted successful trials and received permanent systems. At 
6 months, baseline NRS pain score reduced by around 50% in 
both groups (all patients: −3.8 points, p < 0.001, N = 125; tra-
ditional LF-SCS/PNFS nonresponders: −3.5 points, p < 0.001, 
N = 38). Among the traditional LF-SCS/PNFS nonresponders, 
55% reported ⩾50% pain relief, and 8% indicated ⩾80% pain 
relief. Among all patients, disability improved over the fol-
low-up period (ODI: 41.4%–32.8%, p < 0.001, N = 68). A 
positive correlation was also confirmed between the improved 
ODI score and the pain score at 6 months.

Stauss et al.63 also presented a subgroup of traditional 
LF-SCS nonresponders in their real-world, retrospective 
review outlined earlier. The subgroup baseline characteris-
tics, trial results, and pain relief outcomes were closely 
aligned with the primary cohort. At 3 months, 76% of 193 
patients with available data were responders. At 12 months, 
the responder rate was sustained (79% of N = 90 with avail-
able data), and confirmed by the last visit evaluation (74% of 
N = 266 with available data). Answers to the general survey 
questions administered during the last visit were also well-
aligned with the primary cohort: decreased medication intake 
was reported by 32% of those with available data, improved 
function by 82%, improved sleep by 70%, better QOL by 
88%, satisfaction with therapy by ⩾80%, and driving/sleep-
ing with the device switched on by 98%.

Discussion

Spinal cord stimulation at 10 kHz is associated with improved 
clinical outcomes in patients with various chronic pain 
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etiologies, while also improving QOL and reducing opioid 
intake.34,57,62–69,72–83 The primary aim of this review was to 
summarize the existing clinical evidence for the use of 
10 kHz SCS to treat chronic back and/or leg pain.

The pivotal SENZA-RCT, which compared 10 kHz SCS 
with traditional LF-SCS, underpins the clinical use of the 
therapy in this population.34,62,73 The study showed long-
term statistically superior pain relief among those treated 
with 10 kHz SCS. Two prospective, single-arm studies found 
comparable high levels of response to therapy,64,65,68 and two 
retrospective studies confirmed the efficacy of 10 kHz SCS 
in real-world, clinical settings.63,69 Overall, the five studies 
analyzed data from over 1000 subjects. At 12 months, at least 
70% of subjects were responders to therapy. Longer term, at 
24 months, the responder rate remained high, ranging from 
60% to 80%. Most studies reported concomitant improve-
ments in QOL as well as opioid reduction (Table 2). Most 
subjects (>80%) expressed satisfaction with their therapy.

Results from studies that evaluated 10 kHz SCS in other 
indications are also very encouraging. The prospective study 
by Al-Kaisy et al.,66 which included subjects with chronic 
back pain ineligible for spinal surgery, found a markedly 
high 12-month responder rate. The pooled subanalysis of 
nonsurgical refractory back pain subjects included in the 
SENZA-RCT and SENZA-EU studies also found a high rate 
of response to therapy.71 In another retrospective study by 
Al-Kaisy et al.,72 almost three-quarters of neuropathic limb 
pain patients responded to 10 kHz SCS. All three results rep-
resent an exciting prospect for patients with limited thera-
peutic options. In patients with previously failed traditional 
LF-SCS, 10 kHz SCS may also provide a valuable treatment 
alternative.63,70 Improved QOL and reduced opioid or medi-
cation consumption were common findings among these 
studies, regardless of indication. However, further investiga-
tions are desired to confirm the benefits of 10 kHz SCS in 
these newer potential treatment populations.

While our review brings together the existing evidence for 
10 kHz SCS for the treatment of chronic back and/or leg pain, 
it has several key limitations. First, this is not a true systematic 
review and meta-analysis, and as such, it should be interpreted 
with caution. In addition, apart from the RCT, the prospective 
studies included in the review were mainly single-arm in 
design, and some had small sample sizes. Study design of the 
articles included was not discussed in this review. Furthermore, 

head-to-head RCTs comparing subjects implanted with the 
Senza™ 10 kHz SCS system and newer SCS systems such as 
closed-loop LF-SCS based on ECAPs, have not yet been car-
ried out; therefore, these technologies could not be compared 
in this review. However, taken together, the included studies 
may provide insight into the effectiveness of the therapy in 
different clinical settings and inform future clinical research.

Conclusion

In conclusion, Level 1 evidence exists for the use of 10 kHz 
SCS to treat chronic back and leg pain. Additional comple-
mentary data collected in real-world, clinical settings cor-
roborate its use in this prevalent indication. The evidence 
base to date also suggests that the therapy improves QOL 
and reduces opioid consumption. Results in subjects with 
chronic back pain ineligible for spinal surgery, neuropathic 
limb pain, and previously failed traditional LF-SCS are 
promising and warrant further investigation.
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