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Introduction: Chronic pain is a common clinical condition and is frequently treated with a variety of medications, but pharma-
cotherapy is oftentimes not the optimal long-term treatment option. Safe and effective long-term pain relief for trunk and limb pain is 
available using high-frequency spinal cord stimulation at 10 kHz (10 kHz SCS), which is delivered using a rechargeable implantable 
pulse generator (IPG). Although rechargeable devices have been shown to reduce patient risk and overall cost by eliminating the need 
for periodic surgeries to replace depleted non-rechargeable IPGs, there is little published evidence that rechargeable technology is 
practical and convenient for patients, especially in the context of 10 kHz SCS.
Objective: This analysis of real-world patients implanted with 10 kHz SCS devices was undertaken using patient data from an 
industry-maintained database to investigate whether there was a substantial burden associated with rechargeable SCS and the degree of 
patient satisfaction or dissatisfaction with 10 kHz SCS.
Results: This study included 10,391 men and women who were implanted with 10 kHz SCS devices to treat chronic pain of the trunk 
and/or limbs. They received stimulation for a median of 361 days (180–1550 days), and 65.48% had previous spine surgery. In this 
patient sample, most patients were satisfied with the efficacy of 10 kHz SCS, including 77% who would repeat the procedure and 71% 
who would recommend it to other patients with similar pain. In regards to IPG recharging, 70% were satisfied or very satisfied and 
19% were neutral, and a majority of patients recharged their device daily for 30 to 60 minutes.
Conclusion: These results indicate most patients do not find IPG recharging inconvenient or burdensome. In addition, IPG recharging 
is not a barrier to the majority of patients benefitting from 10 kHz SCS for long-term pain relief.
Keywords: SCS, spinal cord stimulation, satisfaction, real-world

Introduction
Chronic pain is a common clinical condition, which has been estimated to affect over 20% of the adult population in the 
United States, with 8% suffering with chronic pain that substantially impacts their quality of life, such as limiting daily or 
work activities.1 Pain is frequently treated with medications, including opioid analgesics, but such treatment has not been 
proven effective for long-term pain relief.2–4 Spinal cord stimulation (SCS) has been used clinically since the 1980s, and has 
been proven to provide long-term, non-pharmacologic pain relief for chronic intractable pain from a variety of etiologies.5 

Conventional SCS involves programming frequencies of less than 1000 Hz, most commonly in the 40–60 Hz range, and 
produces the sensation of paresthesia, which must overlap the area of pain to provide analgesia; however, paresthesia can also 
cause discomfort that limits its use in some patients.6 High-frequency SCS, delivered at 10 kilohertz (10 kHz SCS), is an 
alternative form of SCS that functions in a paresthesia-free manner and has been shown to provide superior pain relief for 
low back and lower limb pain.7 SCS devices are powered by implantable pulse generators (IPGs) that generate the current 
delivered by the leads. Conventional, non-rechargeable (NRC) IPGs must be replaced periodically with a new device via 
surgery once its power reserve is depleted. In 2005, rechargeable (RC) IPGs were introduced, offering reduced risk by 
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avoiding the requirement for additional surgery to replace a depleted IPG.8 Recharging is done via an external charger placed 
next to the skin, thus patients are limited in their activities during recharging periods. Conventional SCS can be provided by 
NRC or RC devices, while 10 kHz SCS is only available as an RC device.

Published estimates of the comparative costs of NRC versus RC devices delivering conventional, low-frequency SCS 
for chronic pain have predominantly found the longer lifespan of the RC devices makes them more cost-effective 
overall.9–14 A longer lifespan for RC devices results in fewer surgeries, such as those to replace depleted IPGs. 
Undergoing multiple revision surgeries is known to increase the risk of infection, particularly among patients with 
other risk factors such as uncontrolled diabetes mellitus,15 and studies examining the effect of different IPGs on 
outcomes have found RC devices are indeed associated with lower rates of complications than NRC devices.11 

A recent comparative study by Luecke et al showed patients treated with RC devices have reduced pain diagnoses, 
hospitalizations, physician visits, and use of pain medications compared to patients treated with NRC devices.16

In addition to costs and objective outcomes, patient satisfaction with the use of RC or NRC devices is critical for 
determining how broadly useful these therapies can be for treating patients with chronic pain; however, there has been 
little published research on this topic. Previous, small surveys of real-world patient cohorts revealed most individuals 
preferred RC to NRC devices, and the biggest patient-perceived downside to NRC devices was the possibility there could 
be an extended period without pain relief if implantation of the new IPG was delayed.17 Finally, a minority of real-world 
patients reported that lifestyle costs outweighed the benefits of RC devices, particularly among those individuals who 
were older and those who recharged more often.18 Although the published literature supports the use of RC IPGs from 
a cost and longevity standpoint, concern exists regarding patient dissatisfaction with this IPG option given the “burden” 
of necessary recharge for on-going device use. Our objective was to evaluate patient dissatisfaction with IPG recharge 
requirement following implantation of a RC IPG for various chronic pain indications.

Methods
This real-world, retrospective study included patients implanted with a 10 kHz SCS system (Nevro Corp, Redwood City, 
California) to treat chronic refractory pain of the trunk and/or limbs. Patient data from October 2, 2016 through 
January 29, 2020 was obtained from an industry-maintained registry, HFX CloudTM (Nevro Corp).

Procedures
Trial stimulation and implant procedures for 10 kHz SCS have been previously described.19 Briefly, patients underwent 
implantation of octapolar leads in the epidural space at locations determined by the area of the patient’s pain. The patients 
first underwent a trial of 10 kHz stimulation for up to 14 days, and those who had pain relief of ≥50% were eligible for 
a permanent implant. Stimulation was delivered at a frequency of 10 kHz, pulse width of 30 μs, and amplitudes adjusted 
to maximize each individual patient’s pain relief.

Patient-Reported Outcomes
Patient-reported outcomes (PROs) were collected when patients were contacted by telephone at 3, 6, 12, and 24 months after 
implant. The only criterion for inclusion was being previously implanted with a 10 kHz SCS device, and no specific exclusion 
criteria were used. Responses from all patients who were successfully contacted within 2 weeks of the relevant timepoint (3, 6, 
12, or 24 months) were included, and no responses were excluded. Some of the responses were obtained over the telephone by 
a therapy support specialist employed by Nevro Corp, while other data were collected with a survey administered via text 
messaging, which the patient filled out independently, without any direct human involvement. Individual patients may have 
provided multiple responses over time; if so, the reported data is the most recent patient response available. Given the nature of 
this data, results are reported descriptively, and median values are reported where appropriate.

Ethics Consideration
All data were collected independent of the centers in which patients were implanted and were obtained fully deidentified, 
thereby obviating the need for ethics board review approval of this evaluation per United States 45 Code of Federal 
Regulations (CFR) § 46.104(d)(2)(i).
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Results
Patient Demographics
The study population had more women (56.12%) than men and included a mix of patients with and without previous 
spine surgery (Table 1). The median follow-up was one year, and the majority of patients had no previous experience 
with neuromodulation. All patients in this study received 10 kHz SCS to treat chronic pain of the trunk and/or limbs, and 
most had pain in the lower back and lower limbs.

Patient Satisfaction
Over 80% of the patients in this study rated their activity limitations, symptoms, emotions, and overall quality of life as 
“a great deal better” or “moderately better” since initiating 10 kHz SCS, while only 5% reported a worsening of these 
same outcomes (Figure 1).

Table 1 Patient Demographics

N 10,391

Mean Age 67 years

Median Follow-up Time 361 days

Range of Follow-up Time 180–1550 days

Female 5831 (56.1%)

Previous Neuromodulation 1389 (16.2%)

Previous Spine Surgeries 5607 (65.5%)

Figure 1 Most patients were satisfied with the efficacy and tolerability of 10 kHz SCS. The graphs show (A) the change in patients’ activity limitations, symptoms, emotions, 
and overall quality of life since initiating 10 kHz SCS treatment (n = 10,390), (B) patients’ willingness to repeat the process of receiving SCS therapy again to achieve the same 
results (n = 10,391) and the likelihood they would recommend 10 kHz SCS to someone with similar pain (n = 10,369), and (C) whether patients slept (n = 10,388) or drove 
(n = 10,035) with their SCS device powered on.
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More than 70% reported being “likely” or “very likely” to repeat the procedure again to get the same results or to 
recommend 10 kHz SCS to another individual with a similar pain experience. Finally, 96% of patients reported sleeping 
with the 10 kHz SCS device powered on. Of the subgroup of patients who had prior experience with SCS (N = 1205), 
three-fourths rated 10 kHz SCS a “great deal better” or “moderately better” than conventional SCS (Figure 2).

IPG Charging
Most patients surveyed did not individually adjust the therapy settings of their 10 kHz SCS device. About half reported never 
using their remote to adjust therapy settings, and an additional one-third adjusted it once per week or less (Figure 3).

Seventy percent were “satisfied” or “very satisfied” and 19% were “neutral” with the convenience of recharging 
requirements for their 10 kHz SCS device. Of the 11% who were “dissatisfied” or “very dissatisfied”, 64% reported “a 

Figure 2 Patients with previous experience with neuromodulation preferred 10 kHz SCS to conventional SCS (n = 1205).

Figure 3 Most patients were satisfied with the recharging demands of their device. The graphs show (A) the frequency with which patients needed to adjust the settings of 
their device using the remote (n = 10,387), (B) patients’ satisfaction with the convenience of recharging the device (n = 10,387), and (C) the frequency (n = 10,385) and time 
(n = 10,386) needed for IPG recharging.
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great deal better” or “moderately better” overall quality of life since initiating 10 kHz SCS. More than 50% of these 
patients who were dissatisfied with recharging requirements also responded that they would recommend the same therapy 
to friends or family members with similar pain. About two-thirds of the survey population reported recharging their 
device daily, and a similar proportion reported a recharging time of 30 to 60 minutes.

Discussion
The efficacy of 10 kHz SCS for relieving chronic pain has been documented in many clinical trials,7,19–24 but there is 
a paucity of data assessing patient perceptions and benefits of RC IPGs. This study of over 10,000 patients demonstrates 
high satisfaction rates amongst patients that use 10 kHz SCS for chronic pain, in addition to other benefits including 
patients’ functioning and quality of life. A large majority of patients in our sample indicated that their activity, 
limitations, symptoms, emotions, and overall quality of life was “better” or “a great deal better” than before beginning 
10 kHz SCS, would be willing to undergo the same process again to achieve the same result, and would recommend it to 
friends or family members with similar pain. These results are in line with previous studies of low-frequency SCS with 
RC IPGs,25 suggesting that for most patients the benefits of stimulation were of a large enough magnitude to be worth the 
risks, costs, and any perceived inconveniences associated with testing and implanting a SCS device, including necessary 
recharging of the IPG.

Paresthesia-free pain relief is one of the primary advantages of 10 kHz SCS over low-frequency modalities, since 
paresthesia can be uncomfortable, or even intolerable to some patients, and paresthesia-based stimulation cannot be used 
during certain activities such as driving.6 Our results also confirm that in these patients 10 kHz SCS provided effective 
pain relief without paresthesia, and nearly all patients slept and drove with their device powered on, activities which are 
not usually possible or permitted when using low-frequency SCS. Previous research has also reported that pain relief 
from 10 kHz SCS is durable over time,26–28 and our results showed that pain relief from 10 kHz SCS was, likewise, 
consistent and stable over time. Nearly half of the respondents never adjusted the therapy settings of their device, and 
a large majority adjusted their pain relief settings once per week or less. This is vastly different than prior reports, which 
suggested that patients make approximately 18 to 31 adjustments per day.29 This durability and consistency in pain relief 
is essential for any treatment for chronic pain. Finally, a subset of the patient sample had previous experience with low- 
frequency SCS, allowing an indirect comparison of that modality with 10 kHz stimulation. Among these patients, the 
majority responded that 10 kHz SCS was “a great deal better” than their previous SCS experience, and only 1 in 
20 perceived 10 kHz SCS as worse.

Although RC devices have been used clinically for some time with all SCS modalities, few studies have assessed 
patients’ recharging behavior or determining whether patients are comfortable and satisfied with the recharging process. 
Patients with chronic pain may have difficulties with the recharging process, and it has been shown that for low- 
frequency SCS, NRC devices may be the best treatment option.18 To our knowledge, no assessment of patients’ 
recharging experience has yet been published for 10 kHz SCS.

In this sample of over 10,000 patients, a large majority reported being either “very satisfied”, “satisfied”, or “neutral” 
with the convenience of the recharging process, which is reflective of results in patients with RC devices for low- 
frequency SCS.17,18,25 The frequency of recharging and length of individual recharge sessions can impact the conve-
nience of the recharging process as well as the amount of time the device is available to provide pain relief. Our results 
showed that two-thirds of respondents charged their device daily and that the majority spent 30 to 60 minutes in each 
charging session, and nearly one-quarter of respondents charged for less than 30 minutes at each recharge session. These 
data suggest that although daily charging is often needed for 10 kHz SCS, the aggregate time spent in charging is 
comparable to those for low-frequency stimulation.18

There are several limitations within this study that must be addressed. Because only a single SCS technology was 
used in this survey, it is not known if these results are broadly applicable. However, the programming variations used in 
this sample affect the amount of time that is required to charge the IPG, consistent with previously published literature.30 

Provenzano et al, (2021) reported that patients using pulse dosing of 10kHz SCS reported similar pain relief and 
satisfaction to those on standard dosage.30 This variation in the individual charging experience of each patient suggests 
responses on charging satisfaction are broadly applicable. Another limitation concerns the reliability of comparisons of 
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RC IPGs with NRC IPGs due to the relatively small number of patients with a previous history using NRC systems (a 
subset of N=1205 patients). The rest of the results, in comparison, were derived from a pool of over 10,000 patients. 
Additionally, using data obtained from an industry-maintained registry may have introduced bias into the results, but 
industry involvement in the database is restricted to maintaining the data and making the data available. The patient 
survey was administered partially by text message, minimizing possible influence on the data. Finally, not all implanted 
patients responded to all questionnaire requests and data on how many patients were initially contacted with the 
questionnaire are unavailable, however, the percentage change between responses was relatively small due to the large 
number of patients, minimizing resulting gaps in the data.

Conclusion
Within this large patient dataset of over 10,000 individuals, 70% of implanted patients were “satisfied” or “very 
satisfied”, 19% were “neutral”, and 11% were “dissatisfied” or “very dissatisfied” with the convenience of the IPG 
recharging process. It does not appear that IPG recharging detrimentally affects therapy outcome or patient satisfaction 
following 10 kHz SCS implantation.
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