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Purpose: Spinal cord stimulation (SCS) is a highly effective treatment for chronic neuropathic pain. Despite recent advances in 
technology, treatment gaps remain. A small SCS system with a miniaturized implantable pulse generator (micro-IPG; <1.5 cm3 in 
volume) and an externally worn power source may be preferred by patients who do not want a large, implanted battery. We report here 
the long-term outcomes from the first-in-human study evaluating the safety and performance of a new neurostimulation system.
Patients and Methods: This was a prospective, multi-center, open-label, single-arm study to evaluate this SCS system, in the 
treatment of chronic, intractable leg and low-back pain. Consented subjects who passed screening continued on to the long-term phase 
of the study. One-year, patient-reported outcomes (PRO’s) such as pain (Numeric Rating Scale, NRS), functional disability, quality of 
life, and mood were captured.
Results: Twenty-six (26) evaluable subjects with permanent implants were included in this analysis. The average leg pain NRS score 
decreased from 6.8 ± 1.2 at baseline to 1.1 ± 1.2 at the end of the study (p < 0.001), while the average low-back pain NRS score 
decreased from 6.8 ± 1.2 to 1.5 ± 1.2 (p < 0.001). The responder rate (proportion with ≥50% pain relief) was 91% in the leg(s) and 
82% in the low back. There were significant improvements in functional disability (Oswestry Disability Index) and in mood (Beck 
Depression Inventory), demonstrating a 46% and 62% improvement, respectively (p < 0.001). Eleven-point Likert scales demonstrated 
the wearable to be very comfortable and very easy to use.
Conclusion: There were considerable challenges conducting a clinical study during the COVID-19 pandemic, such as missed study 
programming visits. Nevertheless, subjects had significant PRO improvements through 1-year. The small size of the implanted device, 
along with a proprietary waveform, may allow for improved SCS outcomes and a drop in incidence of IPG-pocket pain.

Plain Language Summary: Chronic neuropathic pain of the low back and legs is a common affliction. Unfortunately, many of these 
cases are medically intractable and require more invasive treatments. One such treatment is spinal cord stimulation, in which very 
small, cylindrical electrodes (leads) are percutaneously introduced into the epidural space where they deliver mild electrical pulses to 
the spinal cord thereby blocking the pain signals from reaching the brain. Among the shortcomings of this general approach is the 
bulkiness of the implanted battery and electronics that power the electrodes, which can be as large as 44 cm3 in volume. We report here 
the results of a study employing a very small spinal cord stimulator implant (<1.5 cm3 in volume) that is externally powered by 
a wearable device. The results of this multi-center, prospective, open-label, single-arm study are reported here. Following 1 year of 
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spinal cord stimulation therapy, the average pain reduction was 79% in the legs and 81% in the back, both of which were statistically 
significant at the p<0.001 level. At the same study endpoint, patient-reported outcomes demonstrated significant improvements in 
functional disability (p < 0.001) and mood (p < 0.05). These outcomes are comparable to many of the other larger, fully implantable 
systems. 

Keywords: implantable pulse generator, IPG, battery free, neuropathic pain, pulsed stimulation pattern, micro-IPG, persistent spinal 
pain syndrome, failed back surgery syndrome, FBSS

Introduction
Spinal cord stimulation (SCS) is a highly effective treatment for chronic neuropathic pain that is not adequately managed with 
medical treatments. The most common indications for SCS are Persistent Spinal Pain Syndrome (PSPS) and complex regional 
pain syndrome (CRPS),1–4 although a wide range of pain etiologies are amenable to treatment.5,6 A search for SCS case reports in 
the National Library of Medicine’s PubMed yielded nearly 1500 titles. Current estimates of yearly implantation may exceed 
36,000 in the Medicare population alone.7 Compared to other therapeutic options such as neurosurgical ablative procedures and 
implanted drug pumps, SCS may be preferable due to its minimally invasive, reversible, and drug-free nature.8

SCS exerts its neuromodulatory effects by delivering mild electrical pulses in the epidural space above the dorsal column, of 
the spinal cord, to create an energy field that can alter the transmission of pain signals to the brain.9 Traditional SCS systems 
typically deliver a specific stimulation pattern or waveform to tap into a hypothetical mechanism of action (MOA).9 Recent 
estimates suggest that 50% to 80% of patients may respond well to SCS therapy, defined as a 50% reduction in pain compared to 
baseline, prior to intervention.10–12 Even so, therapy gaps remain. A lack of therapeutic benefit is the motivation for device 
removal in 44% to 65% of explants, according to three studies.13–15 In addition, adverse events (AEs) such as infection and IPG- 
pocket pain may also necessitate surgical revision or removal.16–20

This micro-IPG system supports a variety of lead configurations that support SCS and peripheral nerve stimulation 
applications. For this study, standard 8-contact leads were used. The system uses a unique, proprietary pulsed stimulation 
pattern (PSP), which delivers therapy in a paresthesia-independent manner. PSP is a unique, layered therapeutic approach 
that allows each of three stimulation layers (pulse patterns, trains, and dosages) to be adjusted in a hierarchical structure 
to individualize therapy for each patient. Each of these layers may simultaneously access different potential MOAs, 
providing multiple pathways of relief.21 The system also provides advanced programming features such as scheduling, 
layering, and current steering as well as standard Tonic waveforms.

Ninety-day (90-day) results from this population of subjects have previously been published,22 which showed that PSP 
treatment relieved both low-back and leg pain, with comparable efficacy to other commercially available SCS treatment options. 
This report documents the long-term safety and efficacy of this SCS system, delivering PSP, in the same population of subjects.

Materials and Methods
This was a prospective, multi-center, open-label, trial conducted in accordance with Good Clinical Practice guidelines, 
ISO 14155 and the Declaration of Helsinki. The study was approved by an independent Ethics Committee (Bellberry Ltd, 
SA, Australia) and registered publicly on the Australian New Zealand Clinical Trials Registry (ANZCTR); registration 
number ACTRN12618001862235. Subjects were recruited from 6 pain-management practices across Australia and gave 
their written informed consent prior to any study activities. A previous publication described the initial 90-day outcomes 
for these subjects.22 This study involved a miniaturized implantable pulse generator (micro-IPG) with a volume of less 
than 1.5 cm3. The micro-IPG is powered by an externally worn battery known as a Therapy Disc (TD; Nalu 
Neurostimulation System, Carlsbad, CA, USA). The TD can store up to 8 stimulation programs and provides two-way 
communication with the micro-IPG via a radiofrequency (RF) link. The two-way communication allows impedance 
checks and verification that treatment is indeed being delivered. The TD is placed over the micro-IPG site and affixed to 
the skin with an adhesive clip or a custom belt, provided by the manufacturer (See Malinowski et al23 for device details).

Eligible subjects had predominantly neuropathic pain, of the legs and/or low back, with a diagnosis of PSPS. To meet the 
inclusion criteria, the pain had to be chronic (defined as more than a 6-month duration), with an intensity of ≥6 on a 0–10 numeric 
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rating scale (NRS; 0 = no pain, 10 = worst pain imaginable), collected via a pain diary. Subjects were unresponsive to conservative 
treatment and were able to appropriately place an adhesive clip on their back, to hold the TD in place. Subjects were excluded from 
participation in the study if they had previously failed SCS, were sensitive to adhesives worn on the skin, were taking greater than 
120 mg-morphine equivalents per 24 hours, had mechanical spine instability, or had comorbidities or circumstances that could 
interfere with study participation.

Study assessments were completed prior to implant (baseline) and at multiple points following the activation of the permanent 
system. Follow-up visits were completed at protocol-specified time points, including 90 days, 185 days, and 1 year, reported here. 
The widespread healthcare disruptions caused by the COVID-19 pandemic24 made it exceptionally challenging for the subjects to 
attend follow-up visits in the clinic. Consequently, many data collection points were missing, and a Last Observation Carried 
Forward (LOCF) analysis was completed to allow for all evaluable subjects to be included in the 1-year endpoint.

Prior to the SCS trial phase, subjects were asked to undergo a wearability assessment (for a minimum of 7 days) in 
which an inactive Therapy Disc (TD), and affiliated adhesive clip, were worn to identify the ideal location of the micro- 
IPG (<1.5 cm3). Based upon TD comfort and ease of placement, the preferred position of the adhesive clip and disc on 
the torso was documented in collaboration with the implanting physician.

Subjects underwent a trial phase in one of two ways: 1) temporary leads were placed and then removed at the end of 
the trial (temporary trial), or 2) the full micro-IPG system was implanted to be left in after a successful trial (IPG trial; 
see Salmon et al22 for details). Subjects returned to the clinic after a 7–21 day trial period. If a subject reported a 50% or 
greater pain relief relative to their baseline diary, they were considered a responder and moved into the long-term phase 
of the study, which included a micro-IPG implant in the case of the temporary trial. In the case of a successful IPG-trial, 
the subject kept the micro-IPG. Non-responders from a temporary trial were exited from the study, whereas non- 
responders after an IPG trial were followed for safety, as they still kept the device.

In all study subjects, two eight-contact leads were implanted. Each lead was inserted into the epidural space and advanced such 
that the contacts of both leads spanned the T9 vertebral body. Lead placement was typically completed using anatomic landmarks 
and fluoroscopy, rather than intra-operative paresthesia mapping to guide placement. At the time of micro-IPG implant, a small, 
1.5-cm-long incision was made to create a miniature IPG pocket, to accommodate the size of the micro-IPG (See Malinowski 
et al23 and Salmon et al22 for a detailed description of the implant procedure). Impedance measurements were always taken prior to 
closing to ensure communication and proper device function.

By modulating a fundamental carrier frequency with multiple patterning envelopes, stimulation was optimized for each 
subject with this paresthesia-independent waveform (See Desai et al21 for a detailed description of the PSP waveform). Subjects 
were able to choose among customized, pre-specified PSP programs with a remote-control application loaded on their smart 
phone.

Subjects underwent multi-modal screening assessments to verify their suitability for treatment with the SCS system and for 
inclusion in the study (see above for eligibility criteria). At pre-implant baseline, subjects completed the in-office assessments 
regarding pain (100-mm visual analog scale [VAS], 0–10 numeric rating scale [NRS],25 Brief Pain Inventory [BPI]),26 functional 
disability (Oswestry Disability Index [ODI]),27 quality of life (EuroQol questionnaire [EQ-5D-5L])28 mood (Beck Depression 
Inventory [BDI]).29 At post-implantation follow-up visits, these PROs were repeated, along with device-comfort and ease-of-use 
questionnaires. A 7-point Likert scale (Patient Global Impression of Change [PGIC])30 was also completed. An NRS pain diary 
was also completed during the 7 days prior to each study visit, including baseline. Adverse events were collected at all follow-up 
visits.

Statistical Analysis
Study data were recorded in an electronic data capture system, which was periodically monitored by Sponsor representatives. As 
this was a first-in-human trial, no a priori sample size calculations were performed. Study data were analyzed using SAS v9.4 
(SAS Institute Inc., Cary, NC, USA). Unless otherwise stated, descriptive statistics were expressed as means ± 1 standard 
deviation (SD) and percentages. Hypothesis testing was conducted using t-tests based on paired data accepting significance as 
p<0.05. The Australian COVID-19 restrictions wrought havoc with the data collection, primarily at the 1-year follow-up visits, 
where only 12 subjects had available data at that endpoint. This, in turn, led us to add the Last Observation Carried Forward 
(LOCF) strategy to the outcomes, allowing a direct comparison between both the 1-year and LOCF endpoints. The last collected 
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data point was carried forward to 1-year, for subjects who had missed the protocol specified 1-year visit, as long as they still had an 
implant. Hence, outcomes of one patient who had their device explanted, due to infection were not included in the LOCF analysis.

Results
A total of 35 subjects were enrolled across 6 comprehensive pain centers in Australia. Eighty-nine percent (89%) of 
subjects (31/35) had successful trials with ≥50% pain relief compared to baseline. Three additional subjects were 
withdrawn for study non-compliance post-trial and 1 subject was excluded post-trial due to COVID-19 restrictions 
(Figure 1). During the study, 1 subject was excluded from analysis due to lack of adherence to study requirements, thus 
leaving a total of 26 evaluable subjects. The long-term visits (>90 days post-device activation) saw the most missing 

Figure 1 Study subject flow.
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data, largely due to pandemic-related issues (see Figure 1). The group was made up of 46% male subjects, and the 
average age was 61.0 years (range: 36–82; see Table 1).

Analysis of the NRS pain outcomes captured in each subject’s pain diary is shown in Figure 2 as a function of follow- 
up visits from the low back and the leg. Both leg and low-back average NRS-diary-pain scores were 6.8 at baseline (11- 
point, NRS scale) prior to intervention, and they dropped (improved) to average scores of 1.4 in the leg and 1.7 in the low 
back, at 90 days (p < 0.001). This significant pain relief was maintained through all time points (p < 0.001) with the 
following NRS averages in the leg: 1.3 at 185 days, 1.1 at 1 year, and 1.5 in the LOCF analysis. In the low back, the NRS 
averages were as follows: 1.5 at 185 days, 1.5 at 1 year and 1.6 in the LOCF analysis. Each pair-wise comparison 
between baseline scores and the scores at each of the follow-up visits was statistically significant (p < 0.001).

In terms of NRS responder rates (≥50% NRS improvement relative to baseline), outcomes at each time point, in both 
the leg and back, were at or above 78%. Responder rates in the leg were as follows: 83% at 90 days, 86% at 185 days, 
91% at 1 year and 80% for the LOCF analysis. Responder rates in the low back were as follows: 78% at 90 days, 86% at 

Table 1 Patient Baseline Demographics and Clinical Characteristics

Characteristics Evaluable Population (N=26)  
Mean ± SD (N) [Minimum, Maximum] or %(N)

Age, years 61.01 ± 13.23, 26, [36.28, 81.66]

Male 46% (12)

Female 54% (14)

BMI 30.86 ± 4.85, 26, [21.5, 42.1]

Years since Diagnosis 20.46 ± 14.68, 26, [2, 48]

Back and leg pain 96% (25)

Bilateral leg pain 38% (10)

Unilateral leg pain 62% (16)

No. of back surgeries 2.23 ± 1.92, 26, [1,9]

Figure 2 Numeric Rating Scale (NRS) pain scores as a function of time following device activation. Responder Rate = ≥ 50% NRS improvement relative to baseline. *p < 
0.001 at all timepoints compared to baseline. 
Abbreviation: LOCF, Last Observation Carried Forward.
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185 days, 82% at 1 year, and 83% for the LOCF analysis. High responder rates (≥80% improvement) at 1 year were 55% 
and 45% in the legs and back, respectively, and high responder rates, based upon the LOCF analysis, were 52% in the leg 
and 50% in the low back. The percent drop in NRS pain scores relative to baseline ranged from 78% to 82% in the leg 
and from 73% to 76% in the back, looking across all follow-up visits including the LOCF analysis. The percent drop in 
leg NRS pain scores were as follows: 79% at 90 days, 81% at 185 days, 82% at 1 year, and 78% for the LOCF analysis. 
The percent drop in low-back NRS pain scores were as follows: 73% at 90 days, 76% at 185 days, 76% at 1 year, and 
74% for the LOCF analysis.

BPI scores and the 24-hour VAS scores are captured in Table 2. The BPI severity scores and interference scores 
(which are “overall” pain scores) were both 6.6 and 6.6 at baseline, compared to 1.6 and 1.9, respectively, at 1 year. In- 
office 24-hr VAS scores were also captured. At the baseline, the average 24-hr VAS was 78.1 for the leg and 64.2 for the 
low back. At 90 days, these VAS scores fell to 14.6 in the leg and 15.5 in the low back, whereas they dropped to 9.3 in 
leg and 6.3 in low back at 1 year (p < 0.001). The 1-year LOCF analysis yielded VAS scores of 16.4 in the leg and 12.4 in 
the low back. With respect to VAS responder rates, for the leg these ranged from 88% to 100%, and for the low back, 
responder rates ranged from 83% to 100%. VAS high responder rates (≥80% improvement) were 75% and 83%, in the 
leg and the low back, respectively, at 1 year.

Findings with respect to functional disabilities (ODI) and mood (BDI) also showed strong and statistically significant 
improvements. Improvements in ODI ranged from 38% at 90 days to 46% at 1 year, whereas the LOCF analysis showed 
a 40% improvement (p < 0.001; Figure 3). When looking at Table 3, 62% (16/26) of subjects reported severe or crippling disability 

Table 2 Pain Scores Captured with BPI and VAS

Questionnaire BPI Severity BPI Interference VAS Leg (24-hrs) VAS Back (24-hrs)

Visit N Mean (±SD); *p<0.001

Baseline 26 6.6 (±1.6) 6.6 (±1.9) 78.1 (±14.0) 64.2 (±22.5)

90 Days 24 2.4 (±2.1) * 2.6 (±1.8) * 14.6 (±18.1) * 15.5 (±17.0) *

185 Days 22 2.3 (±2.0) * 2.1 (±1.6) * 12.3 (±17.8) * 13.5 (±15.9) *

1 Year 12 1.6 (±1.6) * 1.9 (±1.5) * 9.3 (±10.9) * 6.3 (±7.6) *

LOCF 25 2.2 (±2.2) * 2.5 (±2.2) * 16.4 (±23.6) * 12.4 (±15.5) *

Notes: Values in parentheses correspond to number of subjects (n) who fell into that category. *p < 0.001 at all timepoints compared to 
baseline. 
Abbreviations: BPI, Brief Pain Inventory; VAS, Visual Analog Scale; LOCF, Last Observation Carried Forward.

Figure 3 Oswestry Disability Index (ODI) as a function of time following device activation. Negative values indicate improvement in functional disability. Values in 
parentheses correspond to number of subjects (n) at that time point. *p < 0.001 at all timepoints compared to baseline. 
Abbreviation: LOCF, Last Observation Carried Forward.
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at baseline. However, by 1 year 0% of subjects reported severe or crippling disability. In the case of the LOCF analysis, 12% (3/25) 
of the subjects remained either severely disabled or crippled. The Minimal Clinically Important Difference (MCID) shown for 
ODI is a 10-point change.31 Similarly, the BDI improvements in mood ranged from 48% at 90 days to 62% at 1 year, and the 
LOCF analysis showed a 53% improvement (Figure 4). The BDI MCID (dashed line) displayed in Figure 4 is 17.5%.32 Table 4 
shows that 52% (13/25) of subjects were mildly, moderately or severely depressed at baseline. By 1 year only 16% (2/12) fell into 
these three categories, and the LOCF analysis found only 12% (3/25) in these three categories.

EQ-5D-5L was used to record quality of life (QOL); change in QOL was measured on a VAS scale (0–100 mm; 0 = 
worst imaginable health, 100 = best imaginable health). QOL VAS scores improved by 70% at 90 days (p < 0.05) and 
77% (p < 0.001) at 1-year with the LOCF analysis yielding a 67% (p < 0.001) improvement from baseline. 
A combination of individual dimension scores of the EQ-5D-5L were converted into an index value for health status 
(0 = worst possible health, 1 = best possible health), which reflects the health state according to the preferences of the 
general population of a country/region. Index values were calculated based on general population valuation surveys, in 
various countries. Index values are not available for the general population in Australia; hence, the US value set was used 
as a comparison. The EQ-5D-5L mean index value at baseline was 0.56 ± 0.15 and increased to 0.77 ± 0.10 at 90 days 
(p < 0.001); this further increased at 1-year to 0.84 ± 0.09 at 1-year (p < 0.001). The LOCF analysis reported the mean 
index value at 0.78 ± 0.14, which was also statistically significant at p < 0.001. The closer the mean index value is to 1.0, 
the better the QOL of the population.

The PGIC LOCF analysis (Figure 5) showed that 96% of subjects found themselves as feeling very much improved 
(60%), much improved (20%) or minimally improved (16%) at 1 year. Hence, 96% of subjects demonstrated a favorable 

Table 3 Oswestry Disability Index

Oswestry Disability Index Baseline 90 Days 185 Days 1 Year LOCF

Minimal Disability [0–20] 4% (1) 25% (6) 36% (8) 50% (6) 36% (9)

Moderate Disability [21–40] 35% (9) 67% (16) 55% (12) 50% (6) 52% (13)

Severe Disability [41–60] 46% (12) 8% (2) 9% (2) 0% (0) 8% (2)

Crippled [61–80] 15% (4) 0% (0) 0% (0) 0% (0) 4% (1)

Bed Bound [81–100] 0% (0) 0% (0) 0% (0) 0% (0) 0% (0)

Notes: Values in parentheses correspond to number of subjects (n) who fell into that category. 
Abbreviation: LOCF, Last Observation Carried Forward.

Figure 4 Beck Depression Inventory (BDI) as a function of time following device activation. Negative values indicate improvement in mood. Values in parentheses 
correspond to number of subjects (n) at that time point. *p < 0.001 at 90 days, 185 days and LOCF compared to baseline; **p < 0.05 at 1-year compared to baseline. 
Abbreviation: LOCF, Last Observation Carried Forward.
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MCID impression of change.33 The remainder of the subjects demonstrated no change (4%). No subjects (0%) reported 
a decline in their global impression.

Subjects were asked to rate the ease of use and comfort of the wearable aspects (adhesive clip and TD) of the device 
on an 11-point Likert scale, where 0 was very comfortable/very easy to use, and 10 was very uncomfortable/very difficult 
to use. At 90 days and at 1 year, 75% (18/24) and 73% (8/11), respectively, found the device to be very comfortable 
(Likert scores of 0). At 90 days, 88% (21/24) found the device very easy to use, whereas at 1 year, 92% (11/12) found it 
very easy to use (Likert scores of 0).

Since the 3-months results were published,22 11 additional (9 subjects) non-serious adverse device effects were 
reported, which were typical of SCS systems.34 One of these remained unresolved at the time of publication. This subject 
reported mild, tender lumps (lead anchors) around the midline scar and was prescribed a topical cream. There continued 
to be no reports of pocket pain associated with the micro-IPG. Four (4) additional SAEs were reported, none of which 
were device and/or procedure related.

Discussion
This single-arm, prospective, observational, study followed subjects implanted with the micro-IPG system for 1 year. All 
subjects were given the option of multiple therapeutic waveforms including tonic and the novel, paresthesia-independent 
PSP waveform, with the amplitude optimized for each subject. All subjects preferred the PSP waveform over the more 
traditional Tonic therapy, during the long-term follow-up stage of this study.

The 1-year follow-up portion of this study was, in large part, managed during the peak of the COVID-19 pandemic. 
As such, the study subjects had limited contact with the clinicians and limited access to device/programming support, due 
to quarantine and travel restrictions. This, in turn, led to a paucity of long-term outcomes, although attempts were made 
to collect missing data from all subjects. Given what appeared to be a therapeutic carry-over effect of PSP stimulation, 
many subjects choose to self-dose their therapy, only using the system when they felt a return of pain, sometimes lasting 

Table 4 Beck Depression Inventory

Beck Depression Inventory Baseline 90 Days 185 Days 1 Year LOCF

Minimal Depression [0–13] 48% (12) 96% (22) 95% (20) 83% (10) 88% (22)

Mild Depression [14–19] 28% (7) 4% (1) 0% (0) 8% (1) 4% (1)

Moderate Depression [20–28] 12% (3) 0% (0) 5% (1) 8% (1) 4% (1)

Severe Depression [29–63] 12% (3) 0% (0) 0% (0) 0% (0) 4% (1)

Notes: Values in parentheses correspond to number of subjects (n) who fell into that category. 
Abbreviation: LOCF, Last Observation Carried Forward.

Figure 5 Patient Global Impression of Change (PGIC). Left) PGIC at 1 year following device activation. Right) analysis at 1 year. 
Abbreviation: LOCF, Last Observation Carried Forward.
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up to two weeks or more. In these instances, subjects often failed to complete a pain diary since they may not have been 
using the system at the study-dictated time. It may well be the case that these patients who are only applying the minimal 
amount of stimulation to maintain therapeutic effect are thereby avoiding stimulation habituation issues that can sabotage 
long-term outcomes in fully implanted patients.

In this study, 12 of 22 subjects were followed through 1 year and overall they demonstrated statistically significant 
improvements in pain, functional disability, quality of life, and depression at all study follow-up visits. In addition to 
being robust and consistent with previous reports,21,22 the effects were durable and maintained through the duration of 
the study. The confluence of similar trends across multiple domains of patient-reported outcomes suggests that the 
treatment effects are real and important.

The 1-year results captured here were comparable to recent Randomized Controlled Trials (RCTs) with other SCS 
devices12,35,36 (Table 5). All of the novel waveforms and newer therapies appear to yield similar results in terms of pain 
reduction and responder rates. In the current study, the responder rates ranged from 78% (low back at 90 days) to 91% 
(leg at 1 year) when looking at diary-based NRS (Figure 2) across all study time points. When considering the VAS- 
based responder rates at 1 year (Table 2 and Table 5), the LOCF analysis showed 88% both in the leg and the low back. 
The average percent pain reduction (VAS) at 1 year (LOCF analysis) was 81% in the back and 79% in the leg (Table 5). 
Responder rates among the 3 RCTs, shown in Table 5, were similar to the current findings ranging from 79 to 83% in the 
leg and 79 to 84% in the back; whereas, percent pain reduction in the leg ranged from 70 to 76% and in the low back 
ranged from 67 to 76%. In general, the outcomes reported here appeared to be slightly better than the RCTs cited in 
Table 5. These differences were on the order of a few to several percentage points; however, these differences are 
unlikely to be clinically meaningful.

Despite considerable advances in lead anchoring methods, rechargeable battery technology and novel stimulation 
waveforms/patterns, typical IPGs remain relatively large in volume ranging from 1437 to 4038 cm3. These large devices 
implanted just below the skin can lead to pocket pain and infection via erosion, which in turn can lead to explant or 
revision surgery.39 For example, reports of pocket pain can be as high as 64% according to one report.40 The small size of 
the micro-IPG may reduce the incidence of pocket pain, as reported in one case41 and corroborated in the current study, 
in which there were no reports of micro-IPG pocket pain. At the time of the writing of this manuscript there were no 
reports of pocket pain associated with this micro-IPG in the peer-reviewed literature. The risk of infection is also 
considered to have a significant relationship to the size of the IPG, and although the sample size in this study was too 
small to demonstrate an advantage it can be anticipated that infection risk will be markedly reduced when utilizing the 
micro-IPG.

This neurostimulation system is composed of a microstimulator devoid of an implanted power source; rather, it is 
powered by an externally worn TD, which is radio frequency (RF) coupled to the micro-IPG. The micro-IPG contains 
microchip technology, which allows the generation of a family of complex pulsed stimulation patterns (PSP). The micro- 
IPG generates the electrical stimulation pulses inside the implant, unlike implants that are simple passive receivers.

There are additional reasons for explantation of traditionally sized IPGs beyond those mentioned above. For example, 
22% of reportable events related to traditionally sized IPGs, in the FDA’s Manufacturer and User Facility Device 
Experience (MAUDE) database,42 arise from battery issues. Even in the world of rechargeable IPGs, there remains 

Table 5 1-Year VAS Pain Outcomes Compared to Published RCTs

N Leg: Responder  
Rate

Back: Responder  
Rate

Leg: Pain  
Reduction

Back: Pain  
Reduction

Current Study* 26 88% 88% 79% 81%

Kapural, 201535 90 79% 79% 70% 67%

Mekhail, 202012 59 83% 80% 73% 69%

Fishman, 202136 42 80% 84% 76% 76%

Note: *Last Observation Carried Forward.
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a limited life of 7.2 years,43 whereas primary-cell IPGs last only 3.7 years.43 However, in the case of the micro-IPG, there 
is an 18-year service life,44 facilitated by the fact that there is no implanted battery – the battery resides in the TD worn 
on the skin, over the micro-IPG. Additional explants of traditionally sized IPGs arise from a need to upgrade those 
traditional SCS systems with newer software and/or newer technology. In the case of the micro-IPG system, the software 
can be upgraded via the TD, removing the need for surgery.

The bulkiness of the traditional IPGs can also limit the options in terms of implant location. This micro-IPG, with 
a volume of up to 27 times smaller than conventional IPGs, at <1.5 cm3, provides many more options for implant 
location. In fact, prior to surgery, the subjects and implanting physician choose the best micro-IPG location based upon 
the comfort of the subject and the surgical considerations of the implanter. Subjects in this study rated the device, 
including the externally worn TD, to be very comfortable. This remained consistent throughout the 1-year reporting 
period of this study.

Despite its small size, this micro-IPG system can deliver multiple-complex waveforms, including a family of novel 
PSPs. The PSP is paresthesia independent and is postulated to operate under multiple mechanisms of action (MOA). PSP 
is a layered waveform that allows each of three stimulation layers (pulse patterns, trains, and dosages) to be adjusted in 
a hierarchical structure to individualize therapy for each patient (see Desai et al21 for a detailed description of the PSP 
waveforms).

Limitations of this study include its relatively small sample size and instances of missing data, which was unavoid
able due to the COVID-19 pandemic. Last observation carried forward (employed here) is a common statistical approach 
used in the analysis of longitudinal repeated measures data where some follow-up observations may be missing. In this 
analysis, a missing follow-up visit value was replaced by a subject’s previously (most recently) observed value. The 
combination of the observed and imputed data was then analyzed as though there were no missing data. Unfortunately, an 
inherent assumption of the LOCF approach is that all the samples (actual and imputed) are drawn from the same 
distribution, which may not be the case. Therefore, caution should be exercised when interpreting the results of the LOCF 
analysis.

Despite the global pandemic, the favorable outcomes reflect the flexibility that many pain physicians were obliged to 
adopt to maintain good patient care.24 Importantly, the fact that excellent clinical outcomes were observed despite 
massive worldwide disruptions in healthcare, including the inability to provide additional re-programming visits, 
provides empirical validation of this therapy through 1 year of treatment.

Conclusions
The favorable results reported here demonstrate the long-term sustainability of this therapy. Outcomes are comparable to 
recent large RCTs, showing greater than 80% responder rates and greater than 70% pain reduction at 1 year. Alternate 
PROs such as functional disability and mood also displayed impressive improvements out to 1 year, in the range of ~45% 
to ~60%. Device comfort and ease of use were both highly rated. These outcomes show that SCS therapy with a micro- 
IPG, an external TD, and the PSP waveform may represent an important new option for patients with intractable pain.
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