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Background and Objectives: A randomized clinical trial demonstrated that 10 kHz SCS 
(10kHz-SCS) therapy is superior to traditional low-frequency SCS (LF-SCS) at 12- and 24- 
month clinical follow-ups and led to Food and Drug Administration (FDA) approval of the 
therapy. The results of the study led our practices to trial 10kHz-SCS in patients who had not 
maintained pain relief with LF-SCS therapy. Here, we report a large set of data from two 
clinical sites to assess if 10kHz-SCS is an effective salvage modality when LF-SCS fails.
Methods: We conducted a retrospective chart review of 120 patients across two clinical 
sites who had LF-SCS implants and were salvaged with 10kHz-SCS.
Results: Data were analyzed from 105 patients between 28 and 90 years old (median 60) 
with chronic pain for 13.6 years. The mean duration of LF-SCS therapy was 4.66±3.9 years. 
The average Visual Analog Scale (VAS) decreased from 8.30±1.4 (median of 8) cm to 3.32 
±2.0 (median of 3) cm at 12 months and 3.36±2.0 (median of 3) cm at the most recent clinic 
visit (p<0.001) following salvage therapy. Pain relief of 50% or more was obtained in 85 out 
of 105 (81%) patients. Opioid usage decreased from 60.3±77.1 mg to 32.1±44.0 mg MSO4 
equivalents (p = 0.001) at 12 months after salvage therapy.
Conclusion: Eighty-one percent of patient cases reviewed, where LF-SCS had failed, 
achieved >50% pain relief with 10kHz-SCS, and almost all exhibited some clinical improve
ment. Therefore, 10kHz-SCS should be considered an appropriate option to rescue failed LF- 
SCS.
Keywords: spinal cord stimulation, high-frequency 10 kHz spinal cord stimulation, low- 
frequency spinal cord stimulation, neuromodulation, lower back pain, lumbosacral 
radiculopathy, post-laminectomy syndrome, failed back surgery syndrome

Introduction
Spinal cord stimulation (SCS) is considered a safe and efficacious strategy for 
treating select chronic refractory neuropathic, ischemic and other pain 
syndromes.1,2 According to the International Neuromodulation Society, SCS 
improved the quality of life for thousands of patients nationwide for decades, 
with close to 35,000 new devices implanted across the world annually.2 Despite 
the level of success of these systems, the rate of failure to accomplish long-term 
pain coverage still remains as high as 30%.3 Loss or lack of efficacy represents the 
most frequent reason for neurostimulator explant.4 The more commonly reported 
side effects documented amongst patients with these conventional low-frequency 
(40–1200 Hz) devices (LF-SCS) are unpleasant paresthesia or dysesthesia.2–4Correspondence: Leonardo Kapural  
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High frequency SCS at 10 kHz (10 kHz SCS) is known 
to produce no paresthesias and provides superior pain 
relief with a favorable safety and efficacy profile.5–8 This 
therapy, therefore, may be considered a viable salvage 
option to conventional SCS systems.9–11

Patients who do not reach treatment goals with LF-SCS 
may experience a significant improvement in pain scores 
after the SCS system is changed to a 10 kHz SCS device.

Methods
One hundred and twenty salvage replacements of tradi
tional low-frequency SCS systems were completed from 
June 2015 to July of 2019 at the Carolinas Pain Institute 
(Winston-Salem, NC) and Department of Anesthesiology, 
University of Kansas (Kansas City, KS). Patients were 
selected for procedure based on failure of conventional 
SCS to provide optimal pain relief and the patient’s desire 
to improve their outcomes. Some had associated discom
fort from paresthesias, but that was not the primary reason 
to replace the device in any of the studied patients. 
Following the Forsyth Medical Center IRB and 
University of Kansas IRB study approval, patient data 
were collected from 105 of our electronic medical records. 
The patient consent to review their medical records was 
not required by the IRBs and a waiver was received, as 
patient data confidentiality was preserved during data col
lection. The study was conducted in compliance with the 
Declaration of Helsinki. Fifteen patients had incomplete 
records, so they were excluded. The data collected from 
these records included patient identifier, demographics, 
diagnosis, and variables related to their traditional low- 
frequency SCS system prior to the salvage therapy which 
is summarized in Table 1. Those 105 patients were fol
lowed for more than a year after the salvage therapy and 
had complete data sets. Electronic medical records were 
analyzed to determine degree of improvement in pain 
scores, and use of opioids before and after salvage therapy 
occurred.

Statistical Analysis
Data were summarized using descriptive statistics for contin
uous variables. We used Student’s t-tests and the Mann– 
Whitney rank sum test to determine whether the Visual 
Analog Scale (VAS) pain scores attained following replace
ment with the 10 kHz SCS system were significantly different 
than prior to salvage therapy. A similar analysis was carried 
out to determine changes in daily opioid use before and after 
salvage therapy. We calculated percentage of the patients who 

maintained >50% pain relief following this change. All ana
lyses were completed using the program Sigma Plot for 
Windows (version 14.0, Carry, New York, USA)

Procedures Completed
All patients received salvage replacement from an inef
fective traditional SCS device to a 10 kHz SCS system, 
or they had a new 10 kHz SCS system placed after the 
traditional SCS system was previously removed. All 
patients received either a surgical procedure to replace 
an existing generator to one that can deliver 10 kHz 
SCS pulse frequency, or they received both, a new gen
erator and one or two octapolar leads. There were only 5 
traditional paddle leads implanted, the remainder were 
percutaneous. We salvaged 96 patients with 16 contact 
leads, 4 with 8 contact leads, and 5 with a 32 contact 
system. Almost all traditional systems explanted (103) 
were full systems from one of the three traditional SCS 
manufacturers, while two patients had a combination of 
leads and generators supplied by different manufac
turers. Implants/exchanges were completed under sterile 
conditions with fluoroscopic guidance while patients 
were under deep sedation as per International 
Neuromodulation Society Guidelines and 
manufacturer's recommendations. Anterior-posterior and 
lateral views were used to confirm a final placement of 
the leads. All implant procedures were completed as 
a part of our regular clinical practice.

Table 1 Data Items Extracted from Medical Records

Age

Gender
Years with chronic pain

Chronic Pain Diagnosis

Data regarding previous ineffective traditional low frequency 
SCS system
Type
Number of leads and contacts

Chronic Pain Diagnosis
Last Recorded Pain Score

Number of other chronic pain sources

Baseline daily opioid usage (MSO4 equivalents)

Data regarding 10 kHz SCS system
Reason for switch
Post switch pain scores (1, 6, and 12 months, and last patient visit)

Daily Opioid Usage at 12 months (MSO4 equivalents)
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Results
The 105 patients obtained from the database review are 
described in Table 2.

In addition to their primary diagnosis, patients had 
on average one or more sources of chronic pain (0–5; 
median 1). The majority of patients received their ori
ginal, traditional SCS for a diagnosis of post- 
laminectomy syndrome (failed back surgery syndrome, 
FBSS) followed by complex regional pain syndrome 
(CRPS) type 1, peripheral neuropathy, neuralgia/CRPS 
type 2, chronic abdominal pain, neck and upper extre
mity pain, and degenerative disc disease (DDD) with 
low back pain. On average they used their traditional 
SCS for 4.66 ± 3.9 years (median 4 years). Average use 
of opioids at the last office visit before salvage replace
ment with 10 kHz SCS was 60.3 ± 77.2 mg in MSO4 

equivalents (median 30). Details on patient disposition 
is shown in Figure 1. There was no correlation between 
age, gender, baseline opioid use (in MSO4 equivalents), 
or the amount of baseline pain, with pain relief achieved 
with the salvage therapy. The average Visual Analog 
Scale (VAS) score at the last clinical visit just before 
the salvage therapy was 8.3 ± 1.4 (median of 8) and 
decreased to 3.49 ± 2 (median of 4) at 1 month after the 
salvage, 3.65 ± 2.2 (median 4) six months after, 3.32±2 
(median of 3) at 12 months and 3.36 ± 2 (median of 3) 
at the most recent patient visit (median of 2 years; range 
1–4 years; Figure 2). At all of the follow up visits pain 
VAS was significantly lower than before the salvage 
therapy (p<0.001). In addition, there was no significant 
difference between VAS pain scores at 1, 6, or 12 
months after the salvage and most recent patients visit, 
suggesting that the profound improvement in VAS pain 
scores was maintained long term. There were 85 out of 
105 patients (81%) who improved with 50% or more 
pain relief (Figure 3) and 90% of the patients achieved 
at least 30% pain relief.

Opioid usage decreased from 60.3 ± 77.1 mg to 32.1 ± 
44 mg MSO4 equivalents (p = 0.001) at 12 months after 
salvage (Figure 4).

Twenty-five patients used more than 90 mg MSO4 
equivalents per day before salvage therapy. The average 
decrease of opioid use in that subgroup of patients was 
from 168.5 ± 89.7 to 77.8 ± 63.8 mg MSO4 equivalents. 
10 patients (out of 25) decreased their overall opioid use 
per day to ≤ 90 mg MSO4.

Table 2 Demographic Summary

Characteristics Subjects (N=105)

Gender - n (%)
Female 61 (58.1)

Male 44 (41.9)

Age (years) at enrollment

Median 60
Range 28–90

Baseline* Opioid Daily Dose (MME) (SD) 60.3 (77.2)
Baseline VAS (SD) 8.3 (1.4)

Note: *Baseline is prior to the switch. 
Abbreviations: SD, standard deviation; VAS, Visual Analog Scale.

Figure 1 Disposition of 120 consecutive patients who underwent change of their traditional SCS system to 10 kHz SCS.
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Discussion
A pivotal pre-market approval trial (PMA) demonstrated 
superior improvements in pain relief, effective components 

of pain and functional outcomes with 10 kHz SCS com
pared to conventional 40–1200 Hz, paresthesia-based SCS 
with documented follow-up at one year,5 and extended 

Figure 2 Change in VAS pain scores after salvage therapy. Shown are average pain scores ±standard error of the mean. The average VAS pain score at last patient clinical 
visit before the salvage therapy is shown as the first bar to the left. Note a significant decrease of the VAS pain scores (p<0.001) was maintained at 1, 6 and 12 months follow 
ups as well as the last patient clinical visit.

Figure 3 Tornado chart showing the percentage of VAS pain improvement following salvage therapy for each of 105 patients with a complete set of data. Note thatthe 
majority of patients (81%) received equal or more than 50% of pain relief.
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follow-up at two years6 to demonstrate the durability of 
the outcomes. The large difference in effect size between 
the 10 kHz treatment group and the conventional control 
group suggests a different or additional mechanism of 
action(s) for 10 kHz stimulation.12 This is supported by 
multiple subsequent observational studies demonstrating 
clinical improvement with 10 kHz stimulation in patients 
who previously failed conventional SCS.9–11

A previously published case series demonstrated 
improvement with temporary lead placement and 10 kHz 
SCS in patients who failed previous traditional low frequency 
SCS implantation. However, this study presents a large case 
series where all patients underwent full SCS salvage replace
ment with 10 kHz SCS without a repeated trial.

In this study, only three patients showed no improve
ment and 90% sustained greater than 30% pain relief. 
Eighty-one percent of patients had more than 50% pain 
relief. To properly implement our salvage therapy and 
avoid an infection from externalized leads, we went 
directly to full explant of the traditional system and 
implant of the 10 kHz system during the same procedure. 
The high responder rate in this cohort suggests that trialing 
of 10 kHz for rescue purposes is unnecessary. There was 
no correlation between age, gender, amount of baseline 
opioid use, or amount of baseline pain with the degree of 
pain relief achieved after salvage with 10 kHz SCS 

therapy. A correlation may have been obscured by the 
variety of diagnosis for which the SCS system was used, 
additional sources of chronic pain (on average one more 
source of chronic pain per patient), and the wide standard 
deviation in opioid usage in the cohort.

We found that the decrease in opioid usage was not 
only profound after an effective 10 kHz SCS stimulation 
therapy was established, but also that such an effect could 
be maintained long term (Figure 4; 12 months follow-up), 
adding another powerful weapon in the war against opioid 
over usage in our country. Further, those patients with the 
highest opioid daily requirements (≥ 90 mg MSO4 
per day) cut in half their daily opioid usage from 168.5 ± 
89.7 to 77.8 ± 63.8 mg MSO4 equivalents, and 10 out of 
25 decreased their usage below 90 mg of MSO4 equiva
lents. Although randomized prospective trials of 10 kHz 
SCS with reduction in opioid use at the primary outcome 
would be welcome to substantiate our data, other pub
lished studies on 10 kHz therapy have suggested the 
same.13,14

Previously, we attempted a similar therapeutic salvage 
tactic using the rate of 1000–1200 Hz and trialing various 
amplitudes in 105 consecutive patients who failed tradi
tional, paresthesia-based SCS.15 Although initially we 
found a modest therapeutic response, we could not sus
tain significant pain relief at one year in most patients 

Figure 4 Decrease in daily opioid usage after the salvage therapy expressed in morphine equivalents in mg. The daily MSO4 equivalent dosage (mg) decreased from 60.3 ± 
77.1 mg to 32.1 ± 44 mg (p = 0.001). Before Rescue is amount of MSO4 mg at the last office visit before the salvage therapy; After Rescue 10 kHz SCS is at 12 months after 
the salvage therapy.
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(98%) using such an approach.15 This study is in sharp 
contrast to our previous efforts at rescue and adds more 
evidence that frequencies higher than 5000 Hz may be 
required to provide additional pain relief as recently 
suggested in a randomized, sham controlled trial.16 Data 
were analyzed from 37 patients with back pain and 
lumbosacral radiculopathy without previous spinal sur
gery. Improvement in their pain scores was profound 
with 92% of this cohort achieving more than 50% pain 
relief. Although the outcomes were positive in both 
groups, comparing patients who underwent previous 
back surgery (listed as failed back and/or post- 
laminectomy syndrome patients) with those who had no 
previous spinal surgeries, the latter had the best outcomes 
with 10 kHz rescue for long-term pain relief. Such data 
are consistent with published European data showing 
profound relief of chronic back and leg pain when 10 
kHz is used in patients with back pain who had no 
previous lumbar spinal surgery.8

To conclude, most of our patients (81%) who were 
considered failures of traditional SCS received >50% 
pain relief when rescued with 10 kHz SCS. In addition, 
clinical improvement resulted in the in the indirect benefit 
of decrease in opioid usage. SCS at 10 kHz should be 
considered a viable therapeutic option to rescue failed 
traditional SCS and provide in this population of patients 
long-term relief from chronic pain.
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