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Abstract

Introduction: Peripheral Nerve Stimulation (PNS) is an established modality for treating chronic peripheral neuralgia/
neuropathy. Recent data from the COMFORT RCT demonstrated significant, sustained long-term improvements. Real-world 
evidence may confirm these outcomes, provide clinical practice insights, and enable comparison with RCT data. This work 
represents the largest, long-term report of Real-World Data (RWD) on patients with a permanent PNS implant. Methods: 
Anonymized records were reviewed from a national real-world, Institutional Review Board (IRB) approved registry of patients 
implanted between 12/8/2021 and 3/06/2024. Data consisted of standardized Patient Global Impression of Change (PGIC) 
responses. Surveys were completed following permanent implantation of a micro-IPG PNS system. A responder was defined 
as those achieving the Minimal Clinically Important Difference (MCID) for PGIC. Results: A total of 2,273 patients were 
included in this analysis. Major anatomic regions treated were head/neck 7% (158/2,273), trunk 42.8% (973/2,273), upper 
extremity 14.1% (321/2,273), and lower extremity 36.1% (821/2,273). Sixty primary nerve targets and/or nerve combinations 
were treated. The responder rate was 94% (2,137/2,273) for all patients. Sixty-five percent reported “Very Much Improved” 
or “Much Improved”, 29% reported “Minimally Improved”, 4% reported “No Change” and 1% reported any worsening. 
Response rates were consistent across all anatomic targets. Conclusions: These real-world results confirm the COMFORT 
PNS RCT findings of long-term improvements and demonstrate generalizability of the data from that RCT. Additional data 
from this registry will be reported as it becomes available.
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Introduction

Chronic pain affects approximately 20% of adults in the United 
States, impacting over 50 million individuals and creating an 
enormous economic burden [1,2]. Beyond economic costs of 
at least $560 to $635 billion annually [3], chronic pain takes a 
significant, multifaceted toll on patients’ quality of life, interfering 
with daily activities and straining personal relationships [4].

Peripheral Nerve Stimulation (PNS) is a well-established and 
effective option for chronic pain management that has been 
used clinically for over 50 years [5-7]. Recent advancements in 
PNS technology, including the development of miniaturized, 
permanently implanted devices with advanced programming 
capabilities such as the micro implantable pulse generator (µ-IPG), 
have led to substantial and lasting pain relief, achieving levels 
similar to those previously only seen with Spinal Cord Stimulation 
(SCS) [8,9].

As PNS technology has evolved, so too has the approach to 
evaluating its effectiveness. Real- World Data (RWD) is now 
recognized as a valid source of reliable and practical data [10] 
and has increasingly been incorporated into the milieu of clinical 
research [11] to complement findings from RCTs.

Here we report RWD from the largest, long-term real-world 
patient registry on patients with a permanent PNS implant. This 
study aims to expand the evidence base by evaluating real-world 
patient outcomes, documenting the effectiveness of PNS therapy 
in a broader population, and providing confirmatory data for the 
sponsor’s PNS RCT.

Methods

Device Description

The micro-IPG device (Nalu Neurostimulation System, Carlsbad, 
CA, USA) is a non-integrated system with a volume of less than 
1.5 cc and is FDA-cleared for both PNS and spinal cord stimulation 
(SCS) with an 18-year service life and MRI-conditional labelling 
for full body (510(k) K201618, K232415) (Figure 1). The 
system is powered by a small, externally worn rechargeable 
battery known as a Therapy Disc (TD). The device has advanced 
complex programming capabilities including stable high energy 
delivery, pulse widths up to 2K µs, frequencies up to 1.499kHz, 
multi-electrode configurations, multi-area treatments, scheduling, 
current steering and a proprietary waveform. The device can be 
operated remotely by a smartphone application (iOS or Android). 
The system can hold up to 8 unique programs that are tailored to 
the patient’s preferences. Patients can select which program they 

prefer to use, or can rely on the independent scheduling feature to 
cycle through the pre-installed programs.

Figure 1: Micro-implantable pulse generator device.

All patients who received micro-IPG for PNS therapy were offered 
the opportunity to participate in a real-world patient registry. 
The registry, sponsored by the device manufacturer, received 
IRB approval from WCG IRB (Puyallup, WA; Reference No. 
20221779). Patients who completed the registry questionnaire 
received a modest remuneration. This analysis reviewed 
anonymized Patient Global Impression of Change (PGIC) data 
from patients who received a PNS implant between December 8, 
2021 and March 6, 2024.

No investigational devices or procedures were used. Following 
the standard of care pathway, all patients underwent a successful 
temporary trial procedure before receiving a permanent implant. A 
successful trial was defined as achieving ≥50% reduction in pain. 
Those who met this criterion proceeded to a permanent implant. 
The implant procedure followed standard clinical practice at each 
center or hospital. After the surgical wound healed, the micro-IPG 
device was activated and programmed to optimize pain relief based 
on patient preferences. As part of routine care, reprogramming was 
performed as needed.

After a period of 3 to 6 months, patients were asked to complete 
a post-permanent-implant survey, which included a standardized 
PGIC questionnaire [12]. 

In exchange for completing the survey, patients received a modest 
remuneration consisting of disposable wearable components for 
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the TD. The survey was then completed approximately every 6 
months.

A responder was defined as a patient who met the Minimum 
Clinically Important Difference (MCID) for the PGIC. The MCID 
for the PGIC was defined as “minimally improved, moderately 
improved or very much improved” [13] and was consistent with 
other published data related to this micro-IPG system [14,15].

Statistics

There was no formal hypothesis or hypothesis testing. Since 
the data were from a real-world registry, the sample size was 
determined by the number of patients implanted with the Nalu 
PNS device who enrolled in the registry and who had complete 
data. Summary statistical analysis was performed.

Results

A total of 2,273 patients with a micro-IPG implant for PNS met 
the eligibility criteria and were included in the analysis. Of these, 
60% were female and the average age was 68.3 years (range, 19.2-
98.5). The permanent implants were performed at a total of 154 
clinical sites across the United States. All patients underwent the 
requisite successful trial prior to receiving the permanent implant. 
Data were obtained an average of 6.6 months post permanent 
implant (range 1 to 31 months) (Table 1).

Since beginning treatment with your stimulator, how would 
describe the change in ACTIVITY LIMITATIONS, SYMPTOMS, 
EMOTIONS, and OVERALL QUALITY OF LIFE related to your 
pain condition?
 
 Very much improved
 Much improved
 Minimally improved
 No change
 Minimally worse
 Much worse
 Very much worse

Table 1: Patient Global Impression of Change survey.

To align with the formatting used by private insurance payors, the 
areas of the body where the permanent devices were implanted 
were grouped into four anatomic regions: head/neck, 7% 
(158/2,273); trunk, 42.8% (973/2,273); upper extremity, 14.1% 
(321/2,273); and lower extremity, 36.1% (821/2,273). The areas of 
pain within those anatomic regions are listed in Table 2. Although 
the system is not indicated for use in the head and neck region, 
this data is reported here to represent real-world experience. There 
were 15 areas of pain (regions targeted to treat the pain) ranging 
from the head to the feet, and a total of 31 primary nerves were 
targeted (Table 3).

Anatomic Region (n) Area of pain (n)

Head/Neck (158)
Head (85)

Neck (73)

Upper Extremity (321)

Shoulder (258)
Upper Arm (39)
Lower Arm (13)

Hand (11)

Trunk (973)

Abdomen (25)
Upper Back (32)

Lower Back (896)
Pelvis (20)

Lower Extremity (821)

Hip (62)
Upper Leg (91)

Lower Leg (100)
Knee (364)
Foot (146)

Table 2: Distribution of PNS Stimulation.

Axillary (48) Medial Branch Cervical 
(83) Sacral (17)

Brachial Plexus (20) Medial Branch Lumbar 
(215) Saphenous (49)

Cluneal (561) Medial Branch Thoracic 
(311) Sciatic (114)

Dorsal Scapula (1) Median (2) Superior Genicular (289)

Femoral (21) Obturator (2) Suprascapular (221)

Greater Auricular (2) Occipital (88) Sural (8)

Iliohypogastric (3) Peroneal, Common (41) Tibial (46)

Ilioinguinal (18) Peroneal, Deep (9) Trigeminal (4)

Inferior Genicular (46) Peroneal, Superficial (7) Ulnar (6)

Intercostal (15) Pudendal (9) Not specified (2)

Lateral Femoral 
Cutaneous (11) Radial (4)

Table 3: Primary Nerves Targeted.
For all 2,273 patients, 94% (2137/2273) achieved MCID for 
PGIC, with 19% (441/2273) reporting “Very Much Improved”, 
46% (1046/2273) reporting “Much Improved”, 29% (650/2273) 
reporting “Minimally Improved”, 4% (102/2273) reporting “No 
Change” and 1% (34/2273) reported any worsening (Figure 2). 
Sixty-five percent (1487/2273) reported “Very Much Improved” 
or “Much Improved”. 
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Figure 2: PGIC distribution for the entire cohort. Data indicate that 
most patients experienced notable improvement, with the majority 
reporting either “Very Much Improved” or “Much Improved” 
outcomes.
The outcomes were consistent regardless of the anatomic region, 
with MCID achieved in 97% of head/neck patients, 95% of upper 
extremity patients, 93% of trunk patients and 94% of lower 
extremity patients (Figure 3). Only 5% or less of patients reported 
“No Change” in any anatomic region. And no more than 2% of 
patients in any anatomic region reported a worse change. This 
data is consistent with the sponsor’s PNS RCT in which 95% of 
subjects met the MCID for PGIC [8].

Figure 3: Comparison of subjects achieving MCID by anatomic 
region.

The consistency of outcomes across regions indicates that no 
single region skewed the data. Each region’s outcomes compared 
favourably to the overall assessment in all patients (Figure 4).

Figure 4: Comparison of outcomes by anatomic region.
Discussion
Real-World Data (RWD) is recognized as a valid and reliable 
source of practical data and has been increasingly incorporated 
into clinical research. While it does not replace the need for data 
from RCTs, it is now widely accepted by US and international 
regulatory agencies (e.g., FDA, EMA) as evidence to support 
market clearance, product approvals, and post-market follow-up 
requirements. One of RWD’s greatest strengths is demonstrating 
the generalizability of RCT outcomes to the broader population 
[15]. In this way, it has the potential to instill confidence that a 
particular therapy remains appropriate for an individual patient 
over time [16]. Patient registries, a well-established source of 
RWD, provide a comprehensive view of treatment outcomes 
across diverse populations [17,18]. This particular registry, which 
had minimal eligibility criteria, offered an “all-comers” snapshot 
of clinical practice.
Different evaluation standards apply when comparing RWD with 
RCT data. RWD should be assessed with realistic expectations, 
acknowledging that patient adherence and variations in treatment 
are inherent aspects of real-world practice.
The benefits of RWD include confirming findings from controlled 
clinical trials, providing insights into treatment outcomes in 
everyday settings and offering a longitudinal perspective on 
disease and condition progression, thereby supporting translational 
research [19,20].
Additionally, since RWD reflects outcomes from a broader range 
of patients and clinical settings than RCTs, RWD allows clinicians 
to cite actual clinical use when counselling patients about potential 
treatments [21]. RWD may also provide data not typically available 
in RCTs, such as results from patients with off-label indications, 
comorbidities or other factors that might have excluded them from 
RCT participation [22].
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PGIC is a well-accepted and validated endpoint in chronic 
pain research, providing meaningful insights into the patient’s 
perspective on treatment effectiveness [23]. In a review of 96 
clinical trials on chronic pain, PGIC was the most commonly used 
end point, occurring in more than half of the studies while other 
endpoints were much less frequently mentioned [24]. IMMPACT 
(Initiative on Methods, Measurement, and Pain Assessment in 
Clinical Trials) recommends PGIC for the evaluation of chronic 
pain [13], and the FDA considers PGIC to “represent meaningful 
within-patient change in the target population.” [25] Unlike pain 
scores alone, PGIC is preferred due to its clinical applicability, 
greater responsiveness to change compared to other instruments, 
and its ease of use by patients [26]. It assesses the overall impact 
of treatment on a patient’s well-being, encompassing a broader 
and more meaningful evaluation than traditional pain scores. 
PGIC captures not only pain severity but also changes in physical 
function and quality of life, including psychological and emotional 
status [27]. It is especially applicable to real-world research 
because it better reflects real-world clinical practice more closely 
than other metrics and directly captures the patient’s perception of 
improvement or worsening of their condition—a factor that may 
not be represented in other patient-reported outcome measures 
[28].

Differentiating PNS from PNfS, PENS, and TENS Devices

This study focused on outcomes related to the micro-IPG PNS 
system. Although several FDA- cleared devices exist for PNS 
applications, insurance coverage policies sometimes conflate 
different neuromodulation modalities. Understanding the 
distinctions between devices is essential for contextualizing the 
study findings. Furthermore, it is critical to note that Level 1 
evidence exists for PNS therapy, while this is not the case for the 
other modalities [8].

PNS devices (FDA product code GZF), including the micro-IPG 
PNS system, are designed for permanent implantation to provide 
long-term stimulation. Importantly, PNS devices require a short-
term trial in which patients must demonstrate ≥50% pain reduction 
to qualify for permanent implantation. These devices typically have 
more advanced programming options than other neuromodulation 
devices.

In contrast, PNfS (Peripheral Nerve Field Stimulation) involves 
the placement of electrodes near the general area of the pain in 
the subcutaneous tissue, instead of directly targeting specific 
peripheral nerves. PNfS is less precise than PNS, as it stimulates 
a broader nerve field and targets the very distal nerve branches 
rather than specific nerves [29]. It is important to note that PNfS is 
considered investigational by insurance companies.

PENS (Percutaneous Electrical Nerve Stimulation) and TENS 

(Transcutaneous Electrical Nerve Stimulation) are both temporary 
methods. The PENS device (FDA product code NHI) uses 
percutaneous, non-permanent electrodes for short-term pain relief, 
but is not indicated for use as a trial device before permanent 
implantation of a PNS device. Again, PENS is generally considered 
investigational and not covered by most if not all insurance 
companies.

TENS devices (FDA product code GZJ) deliver non-invasive 
electrical stimulation through electrodes placed on the skin and are 
typically used for short-term, at-home pain management. While 
TENS devices are frequently used clinically, the mechanism of 
action is likely very different from PNS devices.

Key Differences Between Permanent and Temporary Devices

The PNS devices used in this study are designed for permanent 
implantation, providing consistent and ongoing stimulation to 
alleviate chronic pain. Unlike PENS and TENS devices, PNS 
devices involve a permanent Implantable Pulse Generator (IPG) 
and electrodes placed next to the targeted nerve(s). This distinction 
is important since permanent implants provide ongoing, consistent 
stimulation, which can result in sustained pain relief, whereas 
temporary devices are short-term solutions that do not allow for 
the same degree of long-term pain management.

Limitations

Since this study relies on real-world data, some variability in the 
data is inherent and expected. Additionally, the survey did not 
account for medication adjustments or concurrent treatments, 
which may have influenced patient outcomes. As previously 
noted, there was variability in the time period between permanent 
implantation and PGIC data reporting.

Conclusions

This is the first large-scale report of RWD analysis related to 
the micro-IPG. Findings from this cohort of 2,273 patients 
demonstrate that use of the micro-IPG results in clinically 
meaningful improvement in chronic pain conditions. The large 
sample size not only validates the results of the COMFORT trial, 
but also broadens their generalizability. Moreover, the consistent 
improvements observed across a large, diverse sample of real-
world clinic patients treated in multiple anatomic regions and 
nerve combinations, emphasizes the broad applicability of PNS 
therapy delivered by the micro-IPG PNS system. The authors will 
continue to report new findings as additional data emerges.
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