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Issue

Issue Description

Multiple reconsideration requests have been received regarding a variety of electrical nerve stimulation services. 
There have been significant advancements to the field since the publication of the Spinal Cord Stimulators LCD, 
therefore this LCD intends to address nerve stimulators (both spinal cord and peripheral nerve) in the context of 
chronic intractable pain in the Medicare population, using current peer-reviewed evidence.

CMS National Coverage Policy

This LCD supplements but does not replace, modify or supersede existing Medicare applicable National Coverage 
Determinations (NCDs) or payment policy rules and regulations for nerve stimulators. Federal statute and 
subsequent Medicare regulations regarding provision and payment for medical services are lengthy. They are not 
repeated in this LCD. Neither Medicare payment policy rules nor this LCD replace, modify or supersede applicable 
state statutes regarding medical practice or other health practice professions acts, definitions and/or scopes of 
practice. All providers who report services for Medicare payment must fully understand and follow all existing laws, 
regulations and rules for Medicare payment for nerve stimulators and must properly submit only valid claims for 
them. Please review and understand them and apply the medical necessity provisions in the policy within the context 
of the manual rules. Relevant CMS manual instructions and policies may be found in the following Internet-Only 
Manuals (IOMs) published on the CMS Web site: 
 
IOM Citations:

CMS IOM Publication 100-03, Medicare National Coverage Determinations (NCD) Manual,
Chapter 1, Part 2, Section 160.18 Vagus Nerve Stimulation, Section 160.19 Phrenic Nerve Stimulator, 
Section 160.24 Deep Brain Stimulation for Essential Tremor and Parkinson’s Disease, Section 160.7 
Electrical Nerve Stimulators, Section 160.7.1 Assessing Patient's Suitability for Electrical Nerve 
Stimulation Therapy, Section 230.18 Sacral Nerve Stimulation for Urinary Incontinence

•

CMS IOM Publication 100-08, Medicare Program Integrity Manual,•
Chapter 13, Section 13.5.4 Reasonable and Necessary Provision in LCDs•

Social Security Act (Title XVIII) Standard References:

Title XVIII of the Social Security Act, Section 1862(a)(1)(A) states that no Medicare payment may be made for 
items or services which are not reasonable and necessary for the diagnosis or treatment of illness or injury.

•

Coverage Guidance

Coverage Indications, Limitations, and/or Medical Necessity

Compliance with the provisions in this policy may be monitored and addressed through post payment data analysis 
and subsequent medical review audits. 
 
History/Background and/or General Information 
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Electrical nerve stimulators such as spinal cord stimulators (SCS) and peripheral nerve stimulators (PNS) are 
important tools for managing chronic intractable pain. Neuromodulation in the form of SCS and PNS has 
demonstrated utility in managing chronic pain conditions which have not responded to other treatments.1 Clinical 
goals of this therapy include the following: 1) pain relief, 2) improvement to quality of life, and 3) improvement to 
functional ability. 
 
While there may be other appropriate uses for neuromodulation outside of pain management, the scope of this LCD 
is implanted SCS and PNS devices for chronic intractable pain in the Medicare population. 
 
Definitions 
 
Pain – As defined by the International Association for the Study of Pain (IASP), pain is “an unpleasant sensory and 
emotional experience associated with, or resembling that associated with, actual or potential tissue damage.”2

Neuropathic Pain – pain which originates from nerve damage or altered nerve function; can be described as 
a burning, tingling, shooting, or electric sensation1 
 

Nociceptive Pain – pain which results from mechanical, chemical, or thermal irritants; can be described as an 
aching, dull, throbbing, or sharp sensation1 
 

Chronic Pain – pain which lasts longer than the usual course of acute injury or illness (generally more than 
three to six months) and has an effect on wellbeing1 
 

Chronic Intractable Pain - does not have a clear definition or diagnostic criteria; however, it is understood 
that it should meet the definition for chronic pain (extending beyond the usual course of acute illness or injury) 
as well as being refractory (having failed multiple evidence-based biomedical therapies used in a clinically 
appropriate fashion, in the absence of contributing psychiatric or psychosocial factors)3 (p.1423)

 
Spinal Cord Stimulation (SCS) – involves the placement of an electrode(s) in the epidural space of the bony spinal 
canal, adjacent to the area of pain.1 
 

Peripheral Nerve Stimulation (PNS) – involves the placement of an electrode(s) in the direct vicinity of a specific 
peripheral nerve located outside the brain or spinal cord, thereby directly stimulating the painful peripheral nerve.1 
 

Peripheral Nerve Field Stimulation (PNFS) – involves the placement of an electrode(s) in an area of pain outside 
the brain or spinal cord, thereby indirectly stimulating a painful peripheral nerve.1 
 

Tonic – traditional, low-frequency stimulation, which provides continuous stimulation at frequencies between 20-120 
Hz. In many cases, this results in patients having the perception of paresthesia (numbness, tingling) in the area 
where they previously felt pain.4 
 

High-Frequency – also called 10 kHz stimulation, this is a newer technology which provides continuous stimulation 
at frequencies between 500-10,000 Hz. This type of stimulation allows patients to experience pain relief without 
paresthesia.4 
 

Burst – provides high-frequency stimulation in a “burst” pattern, rather than continuously. This type of stimulation 
attempts to mimic the firing patterns of neurons in the spinal cord (which allow communication between spinal cord 
and brain).4 
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Covered Indications 
 

A. Spinal Cord Stimulation:

Spinal cord stimulation is considered medically reasonable and necessary for the treatment of chronic 
intractable pain in patients who meet ALL of the following criteria:

Pain must have a neuropathic cause,5 AND1. 
Pain must be chronic and intractable resulting in functional deficit measured using a disability scale 
and/or pain scale*, AND

2. 

The use of a spinal cord stimulator is a late or last resort for pain management, after documented failure 
to respond to pharmacologic, non-invasive non-pharmacologic management (as tolerated), or targeted 
interventional pain procedures (e.g., epidural spinal injections), AND

3. 

The device chosen must be approved by the FDA for the diagnosis being treated, AND4. 
Pain is caused by a diagnosis with evidence of efficacy to support that spinal cord stimulation is 
an effective treatment for pain relief. Based on current evidence-based literature, these diagnoses 
include:

Back pain related to failed back surgery syndrome (FBSS) in the absence of neurological 
progression requiring surgical intervention.1,3,6

•

Axial back pain refractory to conventional medical management, with or without radicular pain.3,7•
Complex regional pain syndrome (CPRS) I & II.3,6•
Upper extremity neuropathic pain syndromes, including radiculopathy.6•
Ischemic peripheral neuropathic pain from peripheral artery disease, when the patient cannot 
undergo revascularization or when revascularization has failed to relieve painful symptoms and the 
pain has not responded to medical management.6

•

Painful diabetic neuropathy refractory to conventional medical management,8,9,10,11 AND•

5. 

Performance and documentation of a successful stimulation trial precedes permanent neurostimulator 
placement.12 A successful trial is characterized by:

Greater than or equal to 50% reduction in patient pain from baseline, AND/OR •
Substantial objective improvement in functional ability measures (e.g., walking tolerance, 
performance of ADLs, sleep, etc.) from baseline.1

•

6. 

All indications in NCD 160.7 Electrical Nerve Stimulators must be met.7. 

*Pain assessment and/or disability assessment must be performed and documented at baseline, at follow-up visits, 
and after the trial stimulation period using the same validated scale for each assessment.

 
B. Peripheral Nerve Stimulation:

Peripheral nerve stimulation is considered medically reasonable and necessary for the treatment of chronic 
intractable pain in patients who meet ALL of the following criteria:

Pain must have a neuropathic cause,5 AND1. 
Pain must be chronic and intractable resulting in functional deficit measured using a disability scale and/or 
pain scale*, AND

2. 

The use of a peripheral nerve stimulator is a late or last resort for pain management, after documented failure 
to respond to pharmacologic, non-invasive non-pharmacologic management (as tolerated), or targeted 
interventional pain procedures (e.g., epidural spinal injections), AND

3. 
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The device chosen has been approved by the FDA for the diagnosis being treated, AND4. 
Pain is caused by a diagnosis with evidence of efficacy to support peripheral nerve stimulation is an 
effective treatment for pain relief. Based on current evidence-based literature, these use cases include:

Occipital nerve, supraorbital nerve, or supratrochlear nerve stimulation for the management of 
treatment-resistant migraines.13,14

1. 

Vagus nerve stimulation for the management of treatment-resistant migraines and cluster headaches.
13,14

2. 

Sphenopalatine ganglion stimulation for the treatment of cluster headaches.13,153. 
Medial branch nerve stimulation for the treatment of chronic low back pain, including that related to 
failed back surgery syndrome (FBSS). 13,15

4. 

Upper and lower extremity nerve stimulation for the treatment of phantom limb (postamputation) 
syndrome.15 AND

5. 

5. 

Performance and documentation of a successful stimulation trial precedes permanent neurostimulator 
placement.12 A successful trial is characterized by:

Greater than or equal to 50% reduction in patient pain from baseline AND/OR •
Substantial objective improvement in functional ability measures (e.g., walking tolerance, performance 
of ADLs, sleep, etc.) from baseline.1

•

6. 

All indications in NCD 160.7 Electrical Nerve Stimulators must be met.7. 

*Pain assessment and/or disability assessment must be performed and documented at baseline, at follow-up visits, 
and after the trial stimulation period using the same validated scale for each assessment. 
 
Limitations 
 
Under the following circumstances, the implantation of electrical nerve stimulators (spinal cord or peripheral nerve), 
or services and supplies related to such implantation, are considered not medically reasonable and necessary:

Patients with a correctable pathology such as nerve entrapment;16,171. 
Patients who have a current substance abuse disorder;162. 
Patients with inadequately controlled psychiatric or psychological problems;163. 
Patients with significant surgical risks such as systemic infection or coagulopathy;16,174. 
Patients cognitively unable to give informed consent and participate in their care (control the device);165. 
Patients who are not willing and/or able to follow institutional protocol for follow-up assessments;166. 
Patients with a life expectancy less than 12 months;16(p578)7. 
Patients who had a negative response to a trial, as evidenced by:

Less than 50% reduction in patient pain from baseline, OR1. 
No objective improvement in functional deficits;12. 

8. 

The use of SCS or PNS for any conditions other than those listed in indications, including post-herpetic 
neuralgia;15

9. 

The implantation of more than one spinal cord stimulator or peripheral nerve stimulator device in the same 
patient at the same time.18 SCS and PNS device implantation is limited to once per lifetime per patient, unless 
the device must be revised or replaced (e.g., due to device malfunction);

10. 

Peripheral nerve field stimulation (PNFS) for any indication.15,1911. 

Note: For additional coverage information regarding electrical nerve stimulators or services and supplies related to 
such implantation, please refer to NCD 160.7 Electrical Nerve Stimulators.

Note: For additional information regarding patient selection and suitability for electrical nerve stimulation therapy, 
please refer to NCD 160.7.1 Assessing Patients Suitability for Electrical Nerve Stimulation Therapy.
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Notice: Services performed for any given diagnosis must meet all of the indications and limitations stated in this 
policy, the general requirements for medical necessity as stated in CMS payment policy manuals, any and all existing 
CMS national coverage determinations, and all Medicare payment rules.

Provider Qualifications

Patient safety and quality of care mandate that healthcare professionals who perform nerve stimulator trials or 
permanent implantation are appropriately trained and credentialed by an accredited interventional pain medicine 
training program or an accredited surgical training program.16(p574) At a minimum, training should include patient 
selection criteria, contraindications to neuromodulation, identification and management of complications, and 
collaboration with other interdisciplinary professionals.1(p531)

Services will be considered medically reasonable and necessary when:

All aspects of care are within the scope of practice of the provider’s professional licensure, and•
Services are performed according to the supervision requirements per state scope of practice laws, and•
All procedures are performed by appropriately trained providers in the appropriate setting.•

Summary of Evidence

Introduction 
 
Please refer to the “History/Background and/or General Information” section for general information on nerve 
stimulators. 
 
This evidence review focuses on nerve stimulators (both spinal cord and peripheral), and whether the evidence 
currently available is adequate to draw conclusions about improved health outcomes for the Medicare population. 
Ideal patient outcomes demonstrate equal to or greater than 50% pain reduction, substantially improved functional 
ability, and improved quality of life. 
 
Internal Technology Assessment 
 
A literature search was conducted via PubMed and Google Scholar using the following key words: nerve 
stimulators/stimulation; peripheral nerve stimulators/stimulation; dorsal column stimulators/stimulation; spinal cord 
stimulators/stimulation; pain management; chronic intractable pain; guidelines; society guidelines; clinical practice 
guidelines; best practice; standard of care; recommendations; regulations. The literature search was filtered to 
locate full-text articles published within 5-10 years, with preference given to randomized controlled trials (RCTs), 
prospective trials, and systematic reviews.  
 
In a search for professional society guidelines for spinal cord stimulation or peripheral nerve stimulation, several 
guidelines are available from the Neuromodulation Appropriateness Consensus Committee (NACC) and/or the 
International Neuromodulation Society (INS). Additionally, one summary of best practices which references NACC 
parameters and one practice recommendation from the U.S. Food and Drug Administration (FDA) were located. 
 
Spinal Cord Stimulation (Traditional and High-Frequency) 
 
In a multi-national, multi-center prospective study, Scalone et al20 assessed health-related quality of life (HRQoL) in 
patients with FBSS, the relationship between pain, disability, and HRQoL, and how these health outcomes change 
over a two-year period from a SCS intervention. FBSS can be defined as “chronic low back and/or leg pain persisting 
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or recurring after one or more lumbar surgeries” and is associated with reduced quality of life and function, in 
addition to loss of productivity and economic impact. This study uses real-world context in an attempt to establish 
instruments for use in clinical practice to guide optimal treatment decisions for patients with FBSS. 
 
This study took place across nine specialty centers (six specialized in pain, and three specialized in neurosurgery) 
across Italy, each having at least five years of experience in using SCS to treat patients with FBSS. Between June 
2005 and October 2007, 80 patients met inclusion criteria and agreed to participate. Inclusion criteria required 
patients to be at least 18 years of age, have FBSS pain radiating to lower limbs for at least six months, rate their 
pain as greater than 5 on a numeric rating scale (NRS) of 0-10, have failed conservative therapy, and consent to the 
procedure and study participation. Patients were excluded if they had another pain condition besides FBSS, were 
unable to manage the neurostimulator, were illiterate or did not speak Italian, or had other contraindications to 
spinal cord stimulation (such as coagulation problems, psychiatric disorder, or pregnancy).  
 
During the study, each patient underwent a percutaneous lead implantation and were observed during a trial period 
of 15 days. Patients who responded positively to the trial (defined as at least 50% pain reduction and 80% overlap of 
paresthesia with painful area) were implanted with a non-rechargeable totally implantable pulse generator and were 
followed for up to two years. Data, including socio-demographic information, clinical characteristics, pain intensity, 
physical ability, and HRQoL, was collected using a Case Report Form and a patient diary. Data collection occurred 
during the pre-SCS period (12 months prior to enrollment), and at every follow-up visit for two years after 
implantation. Pain intensity was assessed using the NRS. Patients were asked to rate their average and maximum 
perceived pain using the NRS in the previous 12 months (at enrollment) or in the previous six months (during the 
follow-up window). Disability was assessed using the Oswestry Disability Questionnaire (ODI), a back pain-specific 
survey covering several dimensions of functional ability. Patients were asked to rate their severity of limitation for 
each dimension, according to their current status. HRQoL was assessed using two questionnaires (the Medical 
Outcome Study Short Form 36, and the EQ-5D) which assess physical and psychological health. A multilevel random 
intercept regression linear analysis was utilized to estimate the relationships between pain, functional ability, and 
HRQoL during the observation period. 
 
On average, patients reported high levels of pain perception, low levels of ability function, and low HRQoL at 
baseline. The mean pain level assessed with the NRS was 7.6, and the maximum was 9.2 at baseline. 65% of 
patients reported extreme pain or discomfort on the ODI, and overall, the mean ODI score was 61.6. On the EQ-5D 
HRQol assessment, 41.3% of patients reported extreme problems performing usual activities. It was also identified 
that study subjects had an impaired HRQoL compared to the general population of the same age, sex, and education 
level. Using the multilevel regression model, authors identified that patients with higher NRS or ODI scores also had 
worse HRQoL (the authors determined statistical significance for every parameter). 
 
While other studies and literature reviews have concluded that SCS is a safe and effective treatment for intractable 
pain conditions, Scalone et al identified that six months after SCS implantation, “an improvement of health was 
found in every domain of every instrument used.”20(p7) During the follow-up period, pain and disability scores 
decreased, while HRQoL increased significantly during the first six months post-implantation, remaining stable after 
the first six months. This real-world study suggests that pre- and post-implantation assessment of not only pain, but 
disability and health-related quality of life as well, are relevant for patients being treated with spinal cord stimulation 
for failed back surgery syndrome. 
 
In their pivotal multicenter, randomized controlled trial (the SENZA-RCT), Kapural et al7 examined the efficacy and 
safety of 10-kHz SCS compared to traditional low-frequency SCS systems for the management of back pain. While 
SCS has been indicated for the management of chronic back pain, the authors identified that traditional low-
frequency SCS devices are not always effective for this indication due to challenges associated with obtaining 
adequate and stable paresthesia coverage in this region. That said, 10-kHz SCS does not produce paresthesia, which 
eliminates these challenges. The primary endpoint for the study was to identify the percentage of patients who 
experienced greater than or equal to 50% pain reduction using SCS, without experiencing a neurological deficit. 
Secondary endpoints included percentage changes from baseline back or leg pain, ODI scores and opioid utilization. 
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Patients were assessed for eligibility at 10 comprehensive pain centers. Patients were included in the study if they 
had chronic, intractable pain of the trunk or limbs which was refractory to other treatments and had been present for 
at least three months, and met the identified criteria for back pain, leg pain, and perceived disability. Patients were 
excluded if they had active psychiatric disorders, spine instability, prior experience with SCS, or were unable to 
comply with the study requirements. One hundred ninety-eight patients meeting these inclusion criteria were 
randomized 1:1 to receive a traditional or high-frequency SCS system. Of those, 171 had successful 14-day trials 
and proceeded to permanent implant. Study participants had an average of 13.6 years since diagnosis and had a 
mean age of 54.9. Of the study participants, 86.6% had previous back surgery, and 77.1% were diagnosed with 
failed back surgery syndrome. 
 
Responders for the study were defined as achieving 50% or greater pain reduction with no neurological deficit. At 
three months, 84.5% of patients with back pain who received high-frequency SCS devices were treatment 
responders, compared with 43.8% of patients with traditional SCS devices. For patients with leg pain, 83.1% of 
patients with high-frequency SCS devices were treatment responders, compared with 55.5% of those with traditional 
SCS devices. These results were sustained through 12 months; 80% of patients with either back or leg pain who 
received high-frequency SCS devices were treatment responders at month 12, compared with 50-55% of patients 
with traditional SCS devices. 
 
The authors reported that level of disability (measured using ODI) improved for both treatment groups; at month 12, 
of patients in the high-frequency SCS group 62.9% reported minimal or moderate disability, compared with 45.7% of 
patients in the traditional SCS group. Kapural et al also identified that 35.5% of patients who received high-
frequency SCS devices were able to decrease or eliminate opioid medication use after 12 months of therapy, 
compared with 26.4% of patients who received traditional SCS devices. Furthermore, at 12 months, 62.9% of 
patients who received high-frequency SCS devices reported minimal or moderate disability, compared with 45.7% of 
patients who received traditional SCS devices. Both treatment groups reported high satisfaction with their SCS 
treatment. 
 
The most significant limitation of the SENZA-RCT was the lack of blinding; since traditional SCS produces paresthesia 
and high-frequency SCS does not, it was impossible to blind patients to their treatment methodology. Furthermore, 
since investigators had to program the devices, they could not be masked. The study was also industry-funded. 
Despite these limitations, the authors concluded that high-frequency SCS was superior to traditional SCS over 12 
months, for patients with either back or leg pain. 
 
DiBenedetto et al21 describes a retrospective single-center study which attempts to evaluate both the clinical 
outcomes and healthcare utilization of patients who received conventional medical management (CMM) in addition to 
SCS for low back and leg pain at 12-months post-implantation, as compared to a matched sample of patients who 
received CMM only. This study was performed using data from a single community-based interdisciplinary pain 
center.  
 
During the identified time-period (December 1, 2014, through December 31, 2017), thirty-two patients had a 10-kHz 
SCS device placed. Patients included in SCS + CMM group were also required to have been active patients at the 
clinic for at least one year before and one year after the implantation, and could not have had the device removed 
during the study. A 2:1 matched sample of patients receiving CMM was also identified; these patients were required 
to have been active patients at the clinic for at least two years during the same timeframe, and not have a SCS 
placed. A propensity-score matching approach was utilized, with criteria including age, gender, pain severity at 
baseline, visit and procedure volume over the prior 12 months, and opioid dose at baseline. The authors felt it was 
important to use visit volume in the matching criteria because “patients who are in the clinic monthly vs once per 
year receive a different level of engagement in education and exposure to the clinic’s philosophy to prioritize 
functional outcomes,” in addition to the clinical differences associated with frequently seen patients vs infrequently 
seen patients.  
 

Created on 08/11/2022. Page 8 of 26



Patients in both study groups were seen and treated for low back pain, with or without lower extremity pain. The 
authors analyzed both groups’ clinical outcomes (identified by self-reported pain severity and progress towards 
functional goals), and healthcare utilization (identified by opioid dose and visit volume). Pain severity was assessed 
on two scales: the Functional Pain Scale (FPS) and the NRS. Neither group had a statistically significant change in 
pain using the FPS. Patients in the SCS + CMM group had a significant reduction in low back pain (42.6%) and lower 
extremity pain (50.9%), measured by the NRS.  
 
To determine patient functional ability, patients were assessed using several measures, including the pain 
catastrophizing scale, the World Health Organization Disability Assessment Schedule 2.0 (WHO-DAS 2.0), the 
Roland-Morris Disability Questionnaire (RMDQ), and the patient health questionnaire (PHQ-9), which is a widely 
accepted measure of depression severity. There was no significant difference between the two groups’ RMDQ scores. 
Not all patients completed the other functional assessments, therefore there was no statistical significance. 
 
Both groups had daily opioid dose (in morphine milligram equivalent [MME]) assessed three times during the study. 
For individuals who were prescribed opioid medications, a significant reduction was identified in the SCS + CMM 
group (mean of 92.2 MME at baseline and 66.0 MME at 12 months post-implant). 71.4% of patients in the SCS + 
CMM group had dose decreases during the study. Comparatively, only 47.4% of patients in the CMM group had a 
dose decrease, and 31.6% of patients had a dose increase during the study. 
 
Both the SCS + CMM group and the CMM group had a decrease in office visit volume during the study, but only the 
CMM group’s change was statistically significant (and the authors noted this could have been due to the 2:1 sample). 
There was no statistically significant difference between the two groups’ visit volume, however, there was a 
significant difference in interventional procedure volume. Interventional procedures for this study included injections 
(epidural steroid, facet joint, major joint), and radiofrequency ablations. The SCS + CMM group underwent less than 
half as many interventional procedures during the study period as the CMM group.  
 
Limitations of this study include its retrospective cohort design, subjective patient-reported measures as outcomes, 
and small sample size. The study was also industry-funded. That said, the retrospective nature of the study also 
allows it to reflect real-world data and treatment decisions without interference from research objectives. The 
authors concluded that 10-kHz SCS is associated with positive clinical outcomes and decreased healthcare utilization 
for the population of patients with low back and lower extremity pain and self-reported disability. 
 
Deer et al3 conducted a systematic literature review on SCS for pain, on the basis that neurostimulation is a 
treatment option for chronic refractory pain and while there have been consensus and best practice statements 
issued, no comprehensive systematic review of the evidence has been published. The intention of this review was to 
analyze the quality of the available evidence and foundational knowledge about SCS for the treatment of chronic 
intractable pain. 
 
A comprehensive literature search was conducted, limiting included studies to RCTs which enrolled patients who 
reported chronic and intractable pain for at least one year, and had a minimum patient follow-up of at least six 
months. The authors used the following definition for intractable pain: “1) multiple evidence based biomedical 
therapies used in clinically appropriate and acceptable fashion have failed to reach treatment goals that may include 
adequate pain reduction and/or improvement in daily functioning or have resulted in intolerable adverse effects, and 
when 2) psychiatric disorders and psychosocial factors that could influence pain outcomes have been assessed and 
appropriately addressed.”3(p1423) Six RCTs that met inclusion criteria were identified. 
 
The authors used several tools for assessing study quality. First, the Cochrane Collaboration’s Risk of Bias tool was 
utilized to assess risk of bias. Next, the Interventional Pain Management Techniques—Quality Appraisal of Reliability 
and Risk of Bias Assessment (IPM-QRB), developed by the American Society of Interventional Pain Physicians 
(ASIPP), to assess RCTs, was utilized to evaluate each study. Finally, the US Preventative Services Task Force 
(USPSTF) hierarchy of studies was utilized to determine a final “grade” for the evidence. Reviewers independently 
reviewed the literature and assigned grades to the evidence; if a discrepancy resulted in differing quality scores, two 
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additional reviewers assessed the evidence. In addition to study quality, the authors also utilized a qualitative 
approach to grade and describe the evidence. For instance, for a study to receive a Level 1 (Strong) rating, the 
requirements are as follows: “evidence obtained from multiple relevant high-quality randomized controlled trials for 
effectiveness, or evidence obtained from multiple relevant high-quality observational studies or large case series for 
assessment of preventative measures, adverse consequences, and effectiveness of other measures.”3(p1425)  
 
Based on these criteria, the authors provided an analysis of the evidence on axial back and radicular pain and CPRS. 
Axial back and radicular pain was found to have Level 1 evidence, based on five RCTs focused on treating low back 
pain (with and without radicular pain) with SCS. The studies were identified to have high-quality design and low to 
moderate risk of bias. Other key points identified in the review of the literature suggested that for patients with 
FBSS, SCS may offer more effective pain relief than reoperation or conventional medical management alone. CPRS 
was also found to have high-quality evidence, however, this was based upon a single randomized trial which focused 
on treating CPRS with SCS in addition to physical therapy versus physical therapy alone. The evidence for CPRS 
could not be classified as Level 1 because the Level 1 criteria require at least two trials. The study was found to have 
low to moderate risk of bias. The authors concluded that while additional research may be needed, pain management 
using SCS for chronic spine and lower extremity pain and CPRS are both supported by high-quality evidence. 
 
In a multicenter, randomized controlled trial, Slangen et al8 randomized 36 patients with painful diabetic peripheral 
neuropathy (PDPN) to receive either best medical treatment (BMT) alone, or BMT in combination with spinal cord 
stimulation. The intent of this study was to determine if SCS may be an effective modality of pain management for 
PDPN, which is a common complication of diabetes, but generally not successfully managed by pharmacological 
therapies.  
 
Patients were screened at two diabetic outpatient clinics and were included in the study if they met the following 
criteria: age between 18 and 80, diagnosis of moderate to severe PDPN in the lower limbs, insufficient pain relief or 
unacceptable side effects with pharmacological therapy, pain present for greater than 12 months, and mean pain 
intensity at least 5 or higher on a numeric rating scale (0-10). Patients were randomized 3:2 (22 patients to the SCS 
group and 14 patients to the BMT group). Outcome measurements included pain severity and intensity compared to 
baseline, interference with daily life, health related quality of life, sleep, mood, and medication use. These outcomes 
were assessed at baseline, three months, and six months.

All patients in the SCS group underwent a two-week trial stimulation, and only those with a successful trial (defined 
as at least 50% improvement in pain intensity, or a score of 6 or higher on the patient global impression of change 
scale [indicating pain and sleep were “much improved” or “very much improved”]) were implanted with a SCS. Trial 
stimulation was successful in 17 patients (77%). At six months, Slangen et al identified that 13 patients (59%) in the 
SCS group experienced treatment success, compared to one patient (7%) in the BMT group. Mean daytime pain 
score for the SCS group was reduced by 3.1 points, and nine patients reported greater than or equal to 50% daytime 
pain relief; comparatively, the BMT group reported no change in pain score or percentage pain relief. Additionally, 
the authors noted that nine patients in the SCS group were able to reduce or eliminate pharmacological treatments 
for pain; however, in both the SCS and BMT groups, the majority of patients (12 and 9, respectively) reported no 
change in medication use. 
 
It should be noted that two patients had serious events (subdural hematoma in one patient, infection of the SCS 
system in the other). Limitations of the study included the small sample size, lack of blinding, and inability to 
generalize the outcomes for patients with less pain; as identified by Henson et al22, this creates an elevated risk of 
bias. Additionally, the study was industry sponsored. That said, the findings presented demonstrate SCS in 
combination with BMT as a viable pain management solution for patients with PDPN. 
 
In a multicenter, randomized trial, de Vos et al9 randomized 60 patients with PDPN to receive either conventional 
medical therapy alone (control), or in combination with spinal cord stimulation. The intent of this study was to 
determine the effect of SCS on PDPN. Patients were screened at seven pain clinics and were included in the study if 
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they met the following criteria: at least 18 years of age, presence of diabetic neuropathic pain, pain present for at 
least one year, pain determined to be refractory as evidenced by failure of conservative treatments, and average 
pain score of at least 50 on a visual analogue scale (0-100). Patients were randomized 2:1 (40 patients to the SCS 
group and 20 patients to the control group). Outcome measurements included pain severity and intensity compared 
to baseline, interference with daily life, health related quality of life, and medication use. These outcomes were 
assessed at baseline, three months, and six months after enrollment or initiation of SCS treatment. 
 
All patients in the SCS group underwent a seven-day trial stimulation, and only those with a successful trial (defined 
as at least 50% improvement in pain intensity) were implanted with a SCS. The short trial period was chosen due to 
patients with diabetes’ susceptibility to infections. Trial stimulation was unsuccessful in three patients, and one 
additional patient withdrew from the study prior to the six-month mark. In the control group, five patients withdrew 
from the study. Thirty-six patients in the SCS group and 18 patients in the control group were followed for the 
complete six-month study window. 
 
At six months, de Vos et al identified that 26 patients (65%) in the SCS group experienced much or very much pain 
reduction (more than 50%) compared to baseline, compared to three patients (15%) in the control group. 
Additionally, 35 patients (95%) in the SCS group reported they might or would recommend this treatment modality 
to other patients with PDPN, while only four patients (20%) of the control group reported the same.  
 
Adverse events related to SCS implantation were as follows: pain due to the implanted pulse generator (two 
patients), electrode lead migration (one patient), infection (one patient), and coagulopathy (one patient). No serious 
adverse events were noted. Limitations of the study included the open label design, lack of blinding, and potential 
bias created by offering patients in the control group a crossover to SCS after six months; as identified by Henson et 
al22 this study has an elevated risk of bias. That said, the findings presented demonstrate SCS in combination with 
conventional medical therapy has the potential to both reduce pain and improve quality of life in patients with PDPN. 
 
The Comparison of 10-kHz SCS Combined with CMM to CMM Alone in the Treatment of Neuropathic Limb Pain 
(SENZA-PDN) randomized control trial described by Petersen et al10 aimed to discover whether 10-kHz SCS 
improved outcomes for patients with PDPN. PDPN usually presents distally and symmetrically and effects activities of 
daily living, work, sleep, and mental wellbeing due to neuropathic pain in the hands and feet. There are also higher 
healthcare costs and utilization seen with PDPN; therefore, there is an increasing interest in finding non-medicative 
options for treatment. One such proposed treatment is high-frequency SCS at 10-kHz. High-frequency SCS at 10-kHz 
uses a 10,000 Hz waveform to provide pain relief without causing paresthesia. This treatment technique has shown 
potential for usage in PDPN treatment. This study attempts to extend observations from low-frequency SCS studies 
and solidify 10-kHz SCS as a treatment option for this patient population. 
 
Patients with PDPN for one year or more refractory to gabapentinoids and at least one other analgesic class, lower 
limb pain intensity of 5 cm or more on a 10-cm visual analogue scale (VAS), body mass index (calculated as weight 
in kilograms divided by height in meters squared) of 45 or less, hemoglobin A1c (HbA1c) of 10% or less, daily 
morphine equivalents of 120 mg or less, and medically appropriate for the procedure were recruited from clinic 
patient populations and digital advertising. Patients were enrolled from multiple sites across the U.S., including 
academic centers and community pain clinics, between August 2017 and August 2019 with six-month follow-up and 
optional crossover at six months.  
 
Screening of 430 patients resulted in 214 who were excluded or declined participation and 216 who were 
randomized. At six-month follow-up, 187 patients were evaluated. The prespecified primary end point was 
percentage of participants with 50% pain relief or more on VAS without worsening of baseline neurological deficits at 
three months. Secondary end points were tested hierarchically, as prespecified in the analysis plan. Measures 
included pain VAS, neurological examination, health-related quality of life (EuroQol Five-Dimension questionnaire), 
and HbA1c over six months. 
 
Randomized patients had a mean age of 60.8 years, median duration of diabetes of 10.9 years, and median duration 

Created on 08/11/2022. Page 11 of 26



of peripheral neuropathy of 5.6 years. Seventy-five patients (79%) in the SCS plus CMM group achieved at least 
50% pain reduction from baseline, as compared to five patients (5%) in the CMM group. There were two incidences 
of infection requiring device explant in the SCS plus CMM group. For the 10-kHz SCS plus CMM group, the mean pain 
VAS score was 7.6 cm at baseline and 1.7 cm at six months, compared to the CMM group mean pain VAS score of 
7.0 cm at baseline and 6.9 cm at six months. Investigators observed neurological examination improvements for 52 
of 84 in the 10-kHz SCS plus CMM group (62%) and 3 of 92 patients in the CMM group (3%) at six months. Petersen 
et al concluded that the substantial pain relief and improved health-related quality of life sustained over six months 
demonstrates 10-kHz SCS can safely and effectively treat patients with refractory PDPN. 
 
In a 12-month follow-up study, Petersen et al11 identified that 10-kHz SCS maintained effectiveness for patients 
with PDPN. Treatment responders were defined as those with at least 50% pain relief from baseline. At both 6 and 
12 months, 86% of patients who had SCS devices implanted (72 of 84) were treatment responders. This study used 
pain VAS scores to measure results from baseline, month six, and month 12. The mean lower limb pain VAS was 7.6 
cm for 10-kHz SCS + CMM patients at baseline, 1.7cm at six months, and maintained at 1.7cm at 12 months. This 
represents a 77.1% mean pain relief. Lower limb pain VAS for the crossover group (who did not have >50% pain 
relief with CMM alone and elected to receive a 10-kHz SCS implant after the six-month mark) was 7.2cm at baseline, 
with no change at six months but improvement after crossover. Those originally assigned to 10-kHz SCS had a mean 
70.3% pain relief at 12 months. After 12 months, Petersen et al determined that high-frequency SCS is associated 
with substantial and durable pain relief for patients with refractory PDPN. 
 
It should be noted that there were also eight procedure related infections during this study, five of which required 
explant of the device. That said, there were no explants during the study due to loss of efficacy. Additional limitations 
of both Petersen et al studies included lack of blinding and potential bias, as well as potential placebo effects.  
 
Eckmann et al18 describe a single case in which a patient was implanted with two separate spinal cord stimulators 
(one to treat upper extremity pain and one to treat lower extremity pain, with four leads total) for the treatment of 
whole-body pain associated with small fiber neuropathy. The authors described the patient as a 20-year-old male 
with neuropathic pain in the legs, hands, arms, trunk, and face for approximately one year. Previous treatments 
were limited to several classes of medication. After extensive testing for potential etiology by neurology, the patient 
was referred to a pain clinic, where other treatment options were discussed, but not attempted. Additional 
pharmacologic treatments were attempted without success. Approximately three years after his initial visit to 
neurology, the patient agreed to a SCS trial with both cervical and thoracic leads. The authors did not discuss what 
defined a successful trial, but stated the patient had a “great response.”18(p2) 
 
At six months post-implant, the patient reported complete resolution of his pain, and was using the stimulation 
intermittently for pain flares. The authors discuss that SCS has limited indications, and very little literature exists 
supporting SCS for small fiber neuropathy, however, their case demonstrated its effectiveness for this purpose. 
Furthermore, the authors identified that the patient studied was only using his SCS intermittently to circumvent pain 
flares, which is not a typical application. The case study did not include reference to any other studies where patients 
were implanted with more than one SCS pulse generator, and while the authors stated they were hopeful to illustrate 
a unique use of multiple spinal cord stimulators, their findings cannot be generalized to other patient populations or 
other patients with the same diagnosis. 
 
In September 2020, the FDA published a letter to healthcare providers reminding them that conducting a trial 
stimulation to confirm satisfactory pain relief prior to implanting a spinal cord stimulator is best practice to prevent 
complications12. This letter was published subsequent to the FDA receiving a high number of medical device reports 
(MDRs) between July 27, 2016, and July 27, 2020, associated with SCS devices for pain management. MDRs could 
be related to patient problems (serious side effects) or device problems (device failures). During that timeframe, a 
total of 107,728 MDRs were received by the FDA, including “497 associated with a patient death, 77,937 with patient 
injury, and 29,294 with device malfunction.”12 The most common patient problem, accounting for approximately 
28% of patient-related MDRs, was inadequate pain relief. Because of this unfortunate statistic, the FDA states that 
“permanent SCS should only be implanted in patients who have undergone and passed a stimulation trial,” and 
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defines a successful trial as a 50% reduction in pain symptoms. This is consistent with other published clinical 
guidelines and best practice recommendations. 
 
The NACC has published several systematic reviews attempting to evaluate the safety and efficacy of 
neuromodulation for the treatment of chronic pain,1,16 in addition to identifying potential complications of 
neuromodulation.23,24 “The NACC was formed to evaluate current literature and best practice, to collect expert 
opinions, and to give guidance to physicians, other health-care providers, and payors on the appropriateness of PNS 
and SCS for chronic disease and pain.”1(p517) NACC guidelines are established utilizing a combination of literature 
review, expert opinion, clinical experience, and individual research by members of the committee, as appropriate. 
Additionally, guidelines related to the appropriate use of neurostimulation were developed in collaboration with the 
International Neuromodulation Society (INS), which “determined that there is a need for guidance regarding safety 
and risk reduction for implantable neurostimulation devices.”16(p572) 
 
NACC strength of recommendation is intended to rank published works in categories, from the highest level of 
evidence (RCTs) to the lowest level of evidence (expert committee consensus and opinions). In order to achieve the 
NACC’s highest recommendation (Level IA, strongly recommended), the level of evidence for a SCS indication must 
be supported by well-designed experimental, clinical, or epidemiological studies. In order to achieve Level IB 
(recommendable), the level of evidence for a SCS indication must be supported by some studies (experimental, 
clinical, or epidemiological), as well as having a strong theoretical rationale. The NACC is clear that while RCTs are 
considered to be the highest level of evidence, it is still important to individualize patient care and use the good 
clinical judgement of a multidisciplinary team of professionals.1(p519)  
 
As other reviews have mentioned, appropriate patient selection is a cornerstone for SCS success. In their summary 
of NACC recommendations, Sitzman and Provenzano6 also highlight the importance of a successful multiday trial 
prior to permanent SCS implantation, using the NACC definition of a successful trial (>50% pain relief and subjective 
functional improvement). In addition to the successful trial stimulation requirement, NACC recommendations for 
patient selection include failure of conservative or less invasive treatments for at least three to six months, 
predominantly neuropathic pain, lack of untreated psychiatric conditions or drug use, life expectancy greater than 
twelve months, and the ability to cognitively participate in care.16(p575-578) The NACC also cautions that PNS 
“should be reserved for patients in whom the pain distribution is primarily in and in close proximity to a named nerve 
known to innervate the area of pain.”1(p527) Likewise, Level IA and IB NACC recommendations for disease-specific 
indications include FBSS, significant axial low back pain, CPRS type I and II, upper extremity neuropathic pain 
syndrome, and ischemic peripheral neuropathic pain secondary to peripheral artery disease. Other indications are 
noted as having lower levels of evidence, or more appropriate to be handled on a case-by-case basis. 
 
Because there is a risk for both patient- and device-related complications secondary to neurostimulator implantation, 
NACC-recommended standards include assessment for psychiatric comorbidities, preoperative MRI to assess for 
alternate pathologies causing the pain, health management to promote wound healing and reduce infection risk, 
assessment for systemic infection or abnormal blood clotting, and preoperative screening for carriers of 
Staphylococcus aureus.24  
 
The NACC also provides recommendations for implanters of neuromodulation devices, emphasizing that implanters 
should be “properly trained and credentialed by either an accredited interventional pain medicine training program or 
an accredited surgical training program,”16(p574) and that such training should include patient selection, 
contraindications, anatomy, identification and management of complications (both patient- and device-related), and 
device troubleshooting, in addition to interdisciplinary collaboration.16(p581) The NACC cautions that while trial 
extracranial neurostimulation systems may be implanted in the office setting, providers “must obtain privileges to 
perform implantation in an accredited hospital setting, properly certified surgical center, or similar facility,” 16(p581) 
and suggests that any provider who cannot obtain these privileges should not perform implantations. Additionally, 
the NACC recommends against permanent implantation of any neurostimulation devices in the office setting. As 
concluded by Sitzman and Provenzano6, following the NACC guidelines for patient selection, SCS indications, training 
recommendations, and perioperative standards are necessary to achieve optimal patient safety and patient 
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outcomes. 
 
Peripheral Nerve Stimulation and Peripheral Nerve Field Stimulation 
 
In a randomized controlled trial of patients implanted with a high-frequency SCS (58 patients) or PNS (11 patients), 
Finch et al25 conducted a clinical audit and examined the effect of 10-kHz stimulation on pain using two study 
protocols (stimulator either on or off for two hours or four hours). Patients and investigators were both blinded to the 
stimulation settings in both protocols, to limit placebo effects. 
 
All patients included in the study had a successful stimulation trial prior to SCS or PNS electrode placement between 
January 8, 2013, and February 14, 2014. Electrode placements included the dorsal epidural space, along a branch of 
the occipital or trigeminal nerve, along a limb nerve, near the S1 nerve root, near the genito-femoral nerve, and near 
the ileo-inguinal nerve. Diagnoses treated included a variety of neuropathic pain conditions. For 12 months after the 
SCS or PNS electrode placement, the patients’ medical charts were assessed for changes in medication intake, 
physical impairment, satisfaction with the intervention, and pain relief. Not all patients had pain scores available for 
the full follow-up period. Decreases in pain were noted in both SCS and PNS groups after 12 months, however the 
authors noted greater change in pain in the PNS group. Likewise, patients in the PNS group also had more significant 
decrease in medication use, greater gains in physical ability, and higher satisfaction than patients in the SCS group. 
This suggests that high-frequency stimulation may be more effective for PNS indications than for SCS indications. 
 
Patients were then randomized into one of two study protocols. Protocol 1 participants arrived at the study with their 
stimulator switched on; the stimulator was adjusted after two hours, with neither the patient nor the investigator 
knowing if it was on or off. Protocol 2 participants were instructed to switch their stimulator device off the evening 
before the trial, so it was off for approximately 12 hours. The stimulator was adjusted, with neither the patient nor 
the investigator knowing if it was on or off and left in that setting for four hours. In both protocols, patients had 
quantitative sensory testing (QST, including pressure pain threshold, sharp stimulus sensitivity, light touch, tactile 
sensitivity, cold, and heat) performed before, during, and after the trial. The second arm of the Protocol 2 trial was 
completed between 7 and 84 days later (stimulator off if previously on, and on if previously off). 
 
In Protocol 1, pain intensity did not change when the stimulator was turned off, and there was not a significant 
difference in patient QST scores. The authors identified this could have been related to inadequate time with the 
device turned off (not enough time for pain to fully return). Likewise, in Protocol 2, pain intensity higher at baseline 
than in Protocol 1, and there was a reduction in pain ratings with the device turned on. There was not a significant 
difference in patient QST scores in this protocol either. The authors concluded that PNS at 10-kHz leads to reduced 
pain intensity when conducted for at least four hours. 
 
Deer et al13 conducted a systematic literature review on PNS and peripheral nerve field stimulation (PNFS) for pain, 
on the basis that neurostimulation is a treatment option for chronic refractory pain and while there have been 
consensus and best practice statements published, no comprehensive systematic review of the evidence has been 
published. The intention of this review was to analyze the quality of the available evidence and foundational 
knowledge about PNS for the treatment of chronic intractable pain. 
 
A comprehensive literature search was conducted, limiting included studies to RCTs which enrolled patients with 
intractable pain and had a minimum patient follow-up of at least two months. The authors used the following 
definition for intractable pain: “1) multiple evidence based biomedical therapies used in clinically appropriate and 
acceptable fashion have failed to reach treatment goals that may include adequate pain reduction and/or 
improvement in daily functioning or have resulted in intolerable adverse effects, and when 2) psychiatric disorders 
and psychosocial factors that could influence pain outcomes have been assessed and appropriately addressed.”
13(p1591) Fourteen RCTs that met inclusion criteria were identified. 
 
The authors used several tools for assessing study quality. First, the Cochrane Collaboration’s Risk of Bias tool was 
utilized to assess risk of bias. Next, the IPM-QRB developed by the ASIPP to assess RCTs, was utilized to evaluate 
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each study. Finally, the USPSTF hierarchy of studies was utilized to determine a final “grade” for the evidence. 
Reviewers independently reviewed the literature and assigned grades to the evidence; if a discrepancy resulted in 
differing quality scores, two additional reviewers assessed the evidence. 
 
In addition to study quality, the authors also utilized a qualitative approach to grade and describe the evidence. For 
instance, for a study to receive a Level 1 (Strong) rating, the requirements are as follows: “evidence obtained from 
multiple relevant high-quality randomized controlled trials for effectiveness, or evidence obtained from multiple 
relevant high-quality observational studies or large case series for assessment of preventative measures, adverse 
consequences, and effectiveness of other measures.”13(p1593) 
 
Based on these criteria, the authors provided an analysis of the evidence on several chronic pain conditions, with 
level of evidence being based upon specific indications. Level 1 evidence (four high-quality RCTs and one moderate-
quality RCT) was available to support occipital nerve stimulation for the treatment of migraines. Level 1 evidence 
(three high-quality RCTs) was available to support PNS for the treatment of chronic low back pain. Level 2 evidence 
(one RCT each) was available to support sphenopalatine ganglion stimulation for cluster headaches, PNS for 
poststroke shoulder pain, and PNS for neuropathic pain of the extremities and trunk. Level 3 evidence (two low-
quality RCTs and one moderate-quality RCT) was available to support peripheral tibial nerve stimulation for chronic 
pelvic pain.  
 
The authors noted that while there are other diagnoses which may benefit from PNS, there is currently insufficient 
literature to support these indications. Furthermore, while the authors mentioned three studies investigating PNFS 
for chronic low back pain, two studies had significant weaknesses limiting their generalizability, and one was 
terminated early due to slow recruitment. 
 
Zhou et al14 conducted a systematic review of the literature in order to assess the clinical evidence for PNS in 
treating chronic and intractable headaches. Headaches are one of the most common medical complaints worldwide, 
causing a significant burden on the healthcare system. As the authors identified, PNS and PNFS have recently 
emerged as a potential treatment option for individuals with chronic and intractable headaches. While there are few 
specific guidelines regarding the use of PNS, it is generally indicated for “chronic neuropathic pain disorders 
originating from specific peripheral nerves,” which “should logically follow that of a specific nerve distribution.”14(p2) 
Via a comprehensive search of the literature, the authors identified RCTs and observational studies on occipital nerve 
stimulation (ONS), supraorbital nerve stimulation (SNS), infraorbital nerve stimulation (INS), transcutaneous SNS 
(tSNS), supratrochlear nerve stimulation (STN), vagus nerve stimulation (VNS), and noninvasive VNS (nVNS). The 
intent of this review was to summarize and synthesize the evidence on the subject. In order to be high-quality, an 
indication was required to be supported primarily by RCTs, and in order to be moderate quality, an indication could 
be supported by a mix of observational studies and RCTs. 
 
ONS yielded the highest number of studies (24 observational studies, and 7 RCTs). The largest RCT reviewed 
examined 157 patients at 12-week and 52-week follow-ups, concluding that patients who received ONS reported less 
headache days and migraine-related disability. Despite that, patients did not have greater than 50% reduction in 
pain scores. Other studies had similar findings; in a single-center RCT, Mekhail et al26 found patients who received 
ONS reported 8.51 fewer headache days per month than control groups. Zhou et al concluded for ONS, there was 
high-quality evidence supporting chronic migraines as an indication. Likewise, the authors also concluded there was 
high quality evidence supportive of tSNS for episodic and acute migraines, as well as nVNS for cluster headaches. 
Moderate quality evidence was identified for tSNS for chronic migraines, STN for chronic migraines, and nVNS for 
both chronic migraines and episodic migraines. All other indications were identified as having low quality evidence. 
Zhou et al concluded that PNS offers promising treatments for intractable headaches, but additional research is 
needed in order to use PNS for indications beyond those identified above. 
 
Xu et al15 conducted a systematic review of the literature in order to assess the clinical evidence for PNS in treating 
acute and chronic pain. The intention of this review was to synthesize evidence from RCTs and observational studies, 
in order to determine what indications have high-level supporting evidence. 
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A comprehensive search of the literature was performed, using several databases, with preference given to 
prospective RCTs and meta-analysis. Two hundred twenty-seven studies met inclusion criteria and were analyzed. 
The authors synthesized studies focused on PNS for headaches, limb pain (including CPRS and postamputation pain), 
torso pain (including postherpetic neuralgia), and lower back pain, in addition to PNFS.  
 
Study quality was assessed using several tools, including the Cochrane Collaboration’s Risk of Bias tool, the American 
Society of Interventional Pain Physicians’ IPM-QRB, and the USPSTF hierarchy of studies. Reviewers independently 
reviewed the literature and assigned grades to the evidence; if a discrepancy resulted in differing quality scores, a 
third reviewer assessed the evidence in order to establish a consensus. In addition to study quality, the authors also 
utilized a qualitative approach to grade and describe the evidence, using levels 1 through 5. For instance, for a study 
to receive a Level 1 (Strong) rating, the requirements are as follows: “evidence obtained from multiple relevant high-
quality randomized controlled trials.”15(p26) 
 
For headaches, Xu et al reviewed studies on both migraines and cluster headaches. Several studies on migraines 
(Mekhail et al26, Saper et al27, Serra and Marchioretto28) trialed occipital nerve stimulation for chronic pain 
associated with migraines and determined that PNS of the occipital nerves reduced both pain and disability. Only one 
RCT29 studied sphenopalatine ganglion (SPG) stimulation for chronic cluster headaches and determined it to be a 
safe and effective modality. The authors summarized that there is Level 1 evidence supporting PNS for migraines, 
and Level 2 evidence supporting PNS for cluster headaches, indicating PNS should be a treatment option when these 
conditions are nonresponsive to more conservative measures. 
 
For limb pain, Xu et al reviewed studies on peripheral neuropathic pain, CPRS, postamputation pain, and shoulder 
pain. Most RCTs focused on peripheral neuropathic pain included etiologies secondary to traumatic injury. The 
authors summarized that there is Level 2 evidence (only one high-quality study) supporting PNS for peripheral 
neuropathic pain secondary to trauma or surgery (all other evidence is case reports), indicating PNS could be 
considered for peripheral neuropathic pain when it is nonresponsive to more conservative measures. Studies focused 
on CPRS were limited to case series or reports; however, both studies reviewed (Hassenbusch et al30 and Cooney31) 
identified that PNS is likely to be more effective in cases where patient symptoms are isolated to one major 
peripheral nerve. Xu et al concluded that there is Level 4 evidence for PNS as it pertains to CPRS treatment. For 
postamputation pain, studies reviewed included both traditional PNS modalities and high-frequency stimulation 
modalities. The authors identified that while there are a few high-quality studies supporting PNS for postamputation 
pain, they all had small sample sizes, therefore the evidence could not be rated higher than Level 2. However, the 
authors indicated that due to the difficulty with treating postamputation pain, PNS should be considered. For 
shoulder pain, the authors reviewed one small RCT and one case study, mostly focused on hemiplegic shoulder pain 
secondary to stroke. Both studies demonstrated improvement to pain and quality of life after PNS implantation; 
therefore, the evidence was scored as Level 2. Xu et al identified that further research is needed on the subject of 
PNS for limb pain, as the literature on many of these indications was limited by study design or sample size. 
 
For torso pain, Xu et al reviewed studies on thoracic postherpetic neuralgia, and inguinal/genital/pelvic pain. In both 
cases, there was a scarcity of published evidence and limited high-quality studies supportive of PNS for these 
indications, so the authors were unable to provide a rating of the evidence. 
 
Finally, the authors reviewed several studies focused on PNS for the management of chronic lower back pain, 
including that related to FBSS. The studies analyzed (Eldabe et al19, Cohen et al32) demonstrated clinically 
significant pain reduction as compared to conservative medical management. While the evidence reviewed for this 
indication was scored as Level 2 and Level 3, the authors noted that further high-quality research is necessary to 
support this indication. 
 
Xu et al also reviewed several studies on PNFS, for indications including craniofacial pain, back pain, and other 
neuropathic pain conditions. The evidence for PNFS in craniofacial pain was limited to Level 3; a high revision rate 
was also noted for this use, indicating there are associated hardware and/or technical issues. Likewise, the evidence 
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for PNFS in back pain was not provided an evidence level, as it included conflicting results, small sample sizes, and 
significant limitations. The largest of these studies was Eldabe et al19, with a sample size of 116 patients from 21 
different medical centers. The results from this indicate PNFS in addition to medical management is more effective 
than medical management alone; however, this study was terminated early due to recruitment difficulty. Xu et al 
identified that other neuropathic pain conditions were studied in a small prospective case series, but the evidence for 
these conditions was not rated; therefore, further studies are necessary to elucidate the evidence for PNFS. 
 
In a prospective multicenter RCT, Eldabe et al19 randomized patients with FBSS 1:1 to either receive optimized 
medical management (OMM) alone, or in combination with peripheral nerve field stimulation, which they refer to as 
subcutaneous nerve stimulation (SQS). The primary outcome of this study was to determine the percentage of 
patients in the study who had greater than or equal to 50% reduction in pain from baseline at nine months, as 
measured by VAS. The authors also wanted to assess the mean change in back pain intensity from baseline to either 
six or nine months in both cohorts. 
 
Patients were screened at 25 sites across Europe, Israel, and Australia, and were eligible to be included in the study 
if they were diagnosed with FBSS which was intractable and persistent for six months following their most recent 
back surgery, had no further therapeutic surgical options, and were an appropriate candidate for implantation. 
Patients were excluded if they had previously been treated with an implanted device for pain management, had 
evidence of a disruptive psychiatric disorder, had a prior spinal fusion at more than three levels, or had another 
chronic pain condition besides their FBSS. A total of 116 patients were randomized (56 to SQS + OMM, and 60 to 
OMM alone). 
 
For patients randomized to the SQS+ OMM cohort, a trial stimulation period was conducted. A successful trial was 
defined as greater than 30% pain reduction along with improved function, quality of life, or reduction in pain 
medications. Fifty-two patients had a trial stimulation, of which 46 (90.2%) were successful. One patient withdrew 
from the study after the trial, so a total of 45 patients successfully received permanent SQS implants. 
 
For the primary outcome, 33.9% of patients in the SQS + OMM cohort had a greater than or equal to 50% reduction 
in back pain at the nine-month mark, compared to 1.7% of patients in the OMM cohort. This was consistent at the 
six-month assessment as well. Mean baseline VAS scores were 68.8 in the SQS + OMM cohort and 70.2 in the OMM 
cohort. In the SQS + OMM cohort, mean VAS was reduced to 38.4 at six months, and 36.9 at the nine-month mark. 
Comparatively, in the OMM cohort, mean VAS was 69.8 at month six, and 67.5 at month nine. Patients in the OMM 
cohort had the opportunity to crossover after the nine-month visit. 
 
The authors noted 193 events throughout the study period (178 adverse events, and seven strictly device-related 
issues). The most common adverse event was back or extremity pain. There were four infections, three lead 
fractures, and two lead dislocations noted. 
 
A significant limitation of this study was its early termination due to challenges with enrollment. Originally, the study 
intended to obtain 314 participants, and follow them for 36 months. While the primary and secondary endpoints of 
the study were met, this early termination creates bias because the opportunity to follow up at six and nine months 
was not available to all patients. Lack of blinding is another limitation. Ultimately the authors concluded that while 
SQS + OMM is clinically more effective at relieving pain than OMM alone, the long-term effectiveness of this 
treatment has yet to be determined.

Analysis of Evidence (Rationale for Determination)

Neuromodulation in the form of SCS and PNS is an important tool in the treatment algorithm for chronic and 
intractable pain, refractory to treatments such as medications, physical therapy, psychological therapy, nerve blocks, 
corticosteroid injections, or facet joint injections. Nerve stimulation is, however, a challenging subject due to 
variability in the literature and lack of well-defined diagnostic criteria and indications for use. 
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Chronic and intractable pain can stem from various etiologies and can therefore be difficult to treat. Because chronic 
pain conditions are often associated with reduced functional ability, reduced health-related quality of life, and 
increased healthcare utilization, there exists the need to identify treatment modalities with evidence of efficacy for 
this purpose. There is not a widely accepted definition of chronic intractable pain; however, it would be expected that 
a majority of patients were being treated in the biopsychosocial model of chronic pain through a multidisciplinary 
team approach, nerve stimulation is a late or last resort in the algorithm of pain management, and that prior to a 
nerve stimulation trial, several pharmacologic, non-invasive non-pharmacologic, or targeted interventional pain 
procedures have been trialed and determined to be unsuccessful or unsuitable. Several studies on SCS for pain 
management have also utilized presence of pain for a minimum of one year as inclusion criteria. This is also 
consistent with NCD 106.7 Electrical Nerve Stimulators, which states that these devices be a “late or last resort” for 
patients with chronic intractable pain. 
 
For some conditions, SCS and PNS have published high-quality peer-reviewed literature supporting their uses for 
pain reduction. For other conditions, there is a scarcity of high-quality evidence supporting the effectiveness of 
neuromodulation. Therefore, in order to improve health outcomes and limit the use of treatments that are unlikely to 
be effective, it is necessary to identify best practices for the use of SCS and PNS devices, including patient selection, 
disease-specific indications, limitations and contraindications, management of complications, and implanter training. 
 
Coverage of items and services in the Medicare program is based on reasonable and necessary services. The decision 
to trial neurostimulation via SCS or PNS should be reserved for circumstances when the treating provider has 
evaluated the patient and 1) identified that the patient’s chronic and intractable pain has failed to respond to 
pharmacologic, non-invasive non-pharmacologic management, or targeted interventional pain procedures, 2) 
determined that the pain has a neuropathic cause and no correctable pathology, 3) determined that the cause of the 
pain is a diagnosis with evidence of efficacy supporting SCS or PNS as an appropriate treatment, 4) chosen a device 
which has been approved by the FDA for the diagnosis being treated, and 5) determined that the patient has no 
other contraindications to neurostimulator placement (including but not limited to: a substance use disorder, 
inadequately controlled psychiatric or psychological problems, or cognitive deficits limiting the ability to provide 
informed consent or control the device). Because implantation of a neurostimulator does have inherent risks 
(including but not limited to infection, lead fracture or failure, spinal cord injury, nerve injury, or dural puncture), 
proper patient selection is critical for risk mitigation. 
 
Appropriate patients should always undergo a successful trial stimulation period prior to neurostimulator 
implantation. While some studies have defined trial success differently, published guidelines from the NACC and/or 
the INS define a successful trial as greater than or equal to 50% reduction in patient’s pain from baseline in 
combination with objective improvement in functional deficits (e.g., walking tolerance, performance of ADLs, sleep, 
quality of life, etc.). The importance of a trial stimulation is corroborated by an FDA letter to providers, encouraging 
the use of a trial stimulation in order to prevent patient- and device-related complications. The FDA noted that 
between July 27, 2016, and July 27, 2020, they received 107,728 MDRs related to spinal cord stimulator 
complications including device malfunction, patient injury, and patient death. The most common MDR was related to 
inadequate pain relief, supporting the need for proper patient selection and a successful trial stimulation. 
 
Published literature generally agrees that SCS and PNS are best suited for patients with chronic and intractable 
neuropathic pain conditions and that a neurostimulation trial may be appropriate after more conservative measures 
fail. The strongest available data related to spinal cord stimulation is supportive of FBSS and CPRS as indications. In 
a multi-center, multi-national prospective study, Scalone et al identified that SCS was associated with an 
improvement in pain, perceived disability, and health-related quality of life for patients with FBSS. In a systematic 
review of the literature, Deer et al, using the USPSTF hierarchy of studies, determined there was Level 1 evidence 
supporting SCS for axial back and radicular pain. Deer et al’s review also suggested SCS may offer more effective 
pain relief for individuals with FBSS than reoperation. Deer et al also identified Level 2 evidence for CPRS, based 
upon a single high-quality study. Another systematic review included upper extremity neuropathic pain syndromes 
and ischemic peripheral neuropathic pain from peripheral artery disease as NACC-recommended indications when 
conservative treatments fail to provide relief of pain. There is currently a lack of high-quality peer-reviewed evidence 
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available to support other indications. 
 
Spinal cord stimulation for the management of painful PDPN is a challenging area. Two reconsideration requests were 
received on this topic, with a total of 27 pieces of literature submitted. All 27 articles relevant to these 
reconsideration requests were reviewed during the development of this LCD. There have been several well-designed 
RCTs on tonic and high-frequency SCS for PDPN, including the SENZA-PDN study. These RCTs support that tonic and 
high-frequency SCS are both effective for the management of pain associated with PDPN. Much of the recently 
published literature provides follow-up to these RCTs, and conclude the same results, supporting longer-term 
efficacy. It should be noted, however, that almost all of the literature on SCS for PDPN was industry-sponsored, 
which is an area of bias. Despite that, because of the challenges associated with managing PDPN, results from the 
RCTs reviewed support it as an indication for SCS, when other appropriate patient selection criteria are met. 
 
The strongest available data related to peripheral nerve stimulation is supportive of cranial nerve stimulation for 
migraines and cluster headaches, medial branch nerve stimulation for chronic low back pain, and upper and lower 
extremity nerve stimulation for phantom limb (postamputation) syndrome. In a systematic review of the literature, 
Deer et al determined, based on the USPSTF hierarchy of studies, that there was Level 1 evidence supportive of PNS 
for migraines and chronic low back pain. Level 2 evidence was identified to support sphenopalatine ganglion 
stimulation for cluster headaches, PNS for hemiplegic shoulder pain, and PNS for neuropathic pain of the extremities 
and trunk. These indications each only had one RCT demonstrating safety and efficacy. Two other systematic reviews 
(Xu et al and Zhou et al) focused on PNS for chronic and intractable headaches, identifying high-quality or Level 1 
evidence supporting migraines and cluster headaches. Xu et al also identified phantom limb (postamputation) 
syndrome as having Level 2 evidence; however, because this is a difficult condition to treat, they recommended PNS 
be included in the treatment algorithm. The authors of all three systematic reviews concluded that there may be 
other diagnoses which could benefit from PNS, however, there is currently insufficient published evidence supportive 
of these indications. 
 
Additionally, Eckmann et al described a single case in which a patient was implanted with two separate spinal cord 
stimulators for the treatment of whole-body pain associated with small fiber neuropathy. The case study did not 
include reference to any other studies where patients were implanted with more than one SCS pulse generator. 
There is currently insufficient published evidence supportive of the use of multiple spinal cord stimulators in the same 
patient. 
 
While the literature is not complete in terms of efficacy and patient selection for SCS and PNS, these devices offer 
the potential to avoid more invasive procedures or repeat surgery. They also may reduce opioid use, justifying 
maintaining SCS and PNS as a treatment option in the management of certain neuropathic conditions in properly 
selected patients despite these limitations. However, as neuromodulation technology advances, new modalities of 
stimulation are becoming more popular. That said, the amount of high-quality peer reviewed literature available for 
tonic (low frequency) stimulation in the last several years is limited, as most recent research is focused on high 
frequency, burst, and DRG stimulation modalities. Several studies comparing tonic stimulation to high frequency 
stimulation (Kapural et al7), and tonic stimulation to burst stimulation (Demartini et al33) support the safety and 
efficacy of these modalities for appropriately selected patients. Part of determining if SCS or PNS is an appropriate 
treatment should include selection of the most suitable stimulation modality for the patient’s diagnosis. 
 
Additionally, alternatives to traditional PNS have been proposed, including PNFS. There is insufficient evidence in the 
published medical literature to determine the safety and efficacy of these emerging alternative modalities or 
approaches for the treatment of chronic intractable pain. While there have been several studies examining PNFS for 
chronic low back pain, they have mostly involved small sample sizes with limited generalizability. In a systematic 
review, Xu et al could not provide a level of evidence for PNFS because studies contained conflicting results, small 
sample sizes, and significant limitations. Eldabe et al, the largest of these studies, had a sample size of 116 patients 
and was terminated early due to recruitment difficulty, creating bias as some patients in the study were unable to 
complete the required follow-up visits. Therefore, further high-quality prospective studies are needed to support 
PNFS for chronic intractable pain management. 
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Finally, because there is a non-negligible risk of complications associated with neurostimulator implantation, it is 
critically important that the provider trialing or implanting SCS or PNS devices is well-trained on patient selection, 
contraindications, anatomy, identification and management of complications, device troubleshooting, and 
interdisciplinary collaboration. The NACC recommends that implanters be “properly trained and credentialed by either 
an accredited interventional pain medicine training program or an accredited surgical training program,” 16(p574) 
and cautions providers to only perform implantation of neurostimulators in ASC or hospital settings.

 

In summary, neuromodulation via SCS or PNS has the potential to improve patient outcomes by helping to manage 
chronic and intractable pain which has otherwise failed to respond to treatment. As outlined in this LCD, careful 
observation of appropriate indications, patient selection, and provider training are necessary in order to achieve the 
highest quality patient outcomes.

Proposed Process Information
Synopsis of Changes

CHANGES FIELDS CHANGED

Not Applicable N/A

Associated Information
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