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Table 1. Sources of risk of bias and Cochrane Review rating system.
	
	
	

	A
	1. Was the method of randomization adequate?
	Yes/No/Unsure

	B
	2. Was the treatment allocation concealed?
	Yes/No/Unsure

	C
	Was knowledge of the allocated interventions adequately prevented during the study?
	

	
	3. Was the patient blinded to the intervention?
	Yes/No/Unsure

	
	4. Was the care provider blinded to the intervention?
	Yes/No/Unsure

	
	5. Was the outcome assessor blinded to the intervention?
	Yes/No/Unsure

	D
	Were incomplete outcome data adequately addressed?
	

	
	6. Was the drop-out rate described and acceptable?
	Yes/No/Unsure

	
	7. Were all randomized participants analyzed
in the group to which they were allocated?
	Yes/No/Unsure

	E
	8. Are reports of the study free of suggestion
of selective outcome reporting?
	Yes/No/Unsure

	F
	Other sources of potential bias:
	

	
	9. Were the groups similar at baseline regarding the most important prognostic indicators?
	Yes/No/Unsure

	
	10. Were co-interventions avoided or similar?
	Yes/No/Unsure

	
	11. Was the compliance acceptable in all groups?
	Yes/No/Unsure

	
	12. Was the timing of the outcome assessment similar in all groups?
	Yes/No/Unsure



Source: Furlan AD, Pennick V, Bombardier C, van Tulder M; Editorial Board, Cochrane Back Review Group. 2009 updated method guidelines for systematic reviews in the Cochrane Back Review Group. Spine (Phila Pa 1976) 2009; 34:1929-1941(37)
Table 2. Item checklist for assessment of randomized controlled trials of IPM techniques utilizing IPM – QRB. 
	
	
	Scoring

	I.
	CONSORT OR SPIRIT 
	

	1.
	Trial Design Guidance and Reporting
	

	
	Trial designed and reported without any guidance 
	0

	
	Trial designed and reported utilizing minimum criteria other than CONSORT or SPIRIT criteria or trial was conducted prior to 2005
	1

	
	Trial implies it was based on CONSORT or SPIRIT without clear description with moderately significant criteria for randomized trials or the trial was conducted before 2005
	2

	
	Explicit use of CONSORT or SPIRIT with identification of criteria or trial conducted with high level reporting and criteria or conducted before 2005
	3

	II.
	DESIGN FACTORS
	

	2.
	Type and Design of Trial
	

	
	Poorly designed control group (quasi selection, convenient sampling)
	0

	
	Proper active-control or sham procedure with injection of active agent 
	2

	
	Proper placebo control (no active solutions into active structures)
	3

	3.
	Setting/Physician
	

	
	General setting with no specialty affiliation and general physician 
	0

	
	Specialty of anesthesia/PMR/neurology/radiology/ortho, etc.
	1

	
	Interventional pain management with interventional pain management physician
	2

	4.
	Imaging
	

	
	Blind procedures
	0

	
	Ultrasound 
	1

	
	CT
	2

	
	Fluoro 
	3

	5.
	Sample Size
	

	
	Less than 50 participants in the study without appropriate sample size determination
	0

	
	Sample size calculation with less than 25 patients in each group 
	1

	
	Appropriate sample size calculation with at least 25 patients in each group
	2

	
	Appropriate sample size calculation with 50 patients in each group
	3

	6.
	Statistical Methodology
	

	
	None or inappropriate 
	0

	
	Appropriate
	1

	III.
	PATIENT FACTORS
	

	7.
	Inclusiveness of Population
	

	7a.
	For epidural procedures:
	

	
	Poorly identified mixed population
	0

	
	Clearly identified mixed population
	1

	
	Disorders specific trials (i.e., well defined spinal stenosis and disc herniation, disorder specific, disc herniation or spinal stenosis or post-surgery syndrome) 
	2

	7b.
	For facet or sacroiliac joint interventions:
	

	
	No diagnostic blocks
	0

	
	Selection with single diagnostic blocks
	1

	
	Selection with placebo or dual diagnostic blocks 
	2

	8.
	Duration of Pain
	

	
	Less than 3 months
	0

	
	3 to 6 months
	1

	
	> 6 months
	2

	9. 
	Previous Treatments 
	

	
	Conservative management including drug therapy, exercise therapy, physical therapy, etc. 
	

	
	Were not utilized 
	0

	
	Were utilized sporadically in some patients 
	1

	
	Were utilized in all patients
	2

	10.
	Duration of Follow-up with Appropriate Interventions
	

	
	Less than 3 months or 12 weeks for epidural or facet joint procedures, etc., and 6 months for intradiscal procedures and implantables
	0

	
	3 to 6 months for epidural or facet joint procedures, etc., or 1 year for intradiscal procedures or implantables
	1

	
	6 months to 17 months for epidurals or facet joint procedures, etc., and 2 years or longer for discal procedures and implantables
	2

	
	18 months or longer for epidurals and facet joint procedures, etc., or 5 years or longer for discal procedures and implantables
	3

	IV.
	OUTCOMES
	

	11.
	Outcomes Assessment Criteria for Significant Improvement 
	



	
	No descriptions of outcomes 
OR
 < 20% change in pain rating or functional status
	0

	
	Pain rating with a decrease of 2 or more points or more than 20% reduction 
OR
functional status improvement of more than 20% 
	1

	
	Pain rating with decrease of ≥ 2 points 
AND
≥ 20% change or functional status improvement of ≥ 20%
	2

	
	Pain rating with a decrease of 3 or more points or more than 50% reduction 
OR
functional status improvement with a 50% or 40% reduction in disability score 
	2

	
	Significant improvement with pain and function ≥ 50% or 3 points and 40% reduction in disability scores
	4



	12.
	Analysis of All Randomized Participants in the Groups
	

	
	Not performed
	0

	
	Performed without intent-to-treat analysis without inclusion of all randomized participants
	1

	
	All participants included with or without intent-to-treat analysis
	2

	13.
	Description of Drop Out Rate 
	

	
	No description of dropouts, despite reporting of incomplete data or ≥ 20% withdrawal
	0

	
	Less than 20% withdrawal in one year in any group 
	1

	
	Less than 30% withdrawal at 2 years in any group
	2

	14.
	Similarity of Groups at Baseline for Important Prognostic Indicators
	

	
	Groups dissimilar with significant influence on outcomes with or without appropriate randomization and allocation 
	0

	
	Groups dissimilar without influence on outcomes despite appropriate randomization and allocation
	1

	
	Groups similar with appropriate randomization and allocation
	2

	15.
	Role of Co-Interventions
	

	
	Co-interventions were provided but were not similar in the majority of participants 
	0

	
	No co-interventions or similar co-interventions were provided in the majority of the participants 
	1

	V.
	RANDOMIZATION
	

	16.
	Method of Randomization
	

	
	Quasi randomized or poorly randomized or not described 
	0

	
	Adequate randomization (coin toss, drawing of balls of different colors, drawing of ballots)
	1

	
	High quality randomization (computer generated random sequence, pre-ordered sealed envelopes, sequentially ordered vials, telephone call, pre-ordered list of treatment assignments, etc.)
	2

	VI.
	ALLOCATION CONCEALMENT
	

	17.
	Concealed Treatment Allocation
	

	
	Poor concealment of allocation (open enrollment) or inadequate description of concealment
	0

	
	Concealment of allocation with borderline or good description of the process with probability of failure of concealment 
	1

	
	High quality concealment with strict controls (independent assignment without influence on the assignment sequence) 
	2

	VII.
	BLINDING
	

	18.
	Patient Blinding 
	

	
	Patients not blinded
	0

	
	Patients blinded adequately
	1

	19.
	Care Provider Blinding
	

	
	Care provider not blinded 
	0

	
	Care provider blinded adequately 
	1

	20.
	Outcome Assessor Blinding
	

	
	Outcome assessor not blinded or was able to identify the groups
	0

	
	Performed by a blinded independent assessor with inability to identify the assignment-based provider intervention (i.e., subcutaneous injection, intramuscular distant injection, difference in preparation or equipment use, numbness and weakness, etc.) 
	1

	VIII.
	CONFLICTS OF INTEREST 
	

	21.
	Funding and Sponsorship
	

	
	Trial included industry employees
	-3

	
	Industry employees involved; high levels of funding with remunerations by industry or an organization funded with conflicts
	-3

	
	Industry or organizational funding with reimbursement of expenses with some involvement
	0

	
	Industry or organization funding of expenses without involvement
	1

	
	Funding by internal resources only with supporting entity unrelated to industry 
	2

	
	Governmental funding without conflict such as NIH, NHS, AHRQ
	3

	22.
	Conflicts of Interest 
	

	
	None disclosed with potential implied conflict 
	0

	
	Marginally disclosed with potential conflict
	1

	
	Well disclosed with minor conflicts
	2

	
	Well disclosed with no conflicts
	3

	
	Hidden conflicts with poor disclosure 
	–1

	
	Misleading disclosure with conflicts 
	–2

	
	Major impact related to conflicts
	–3

	TOTAL MAXIMUM
	48


Source: Manchikanti L, Hirsch JA, Cohen SP, et al. Assessment of methodologic quality of randomized trials of interventional techniques: development of an interventional pain management specific instrument. Pain Physician. 2013;17(3):E263-290(47).

Table 3. IPM checklist for assessment of nonrandomized or observational studies of IPM techniques utilizing IPM-QRBNR. 

	I.
	STROBE OR TREND Guidance 
	Scoring

	1.
	Study Design Guidance and Reporting 
	

	
	Case report/case series 
	0

	
	Study designed without any guidance 
	1

	
	Study designed with minimal criteria and reporting with or without guidance
	2

	
	Study designed with moderately significant criteria or implies it was based on STROBE or TREND without clear description or the study was conducted before 2011 or similar criteria utilized with study conducted before 2011
	3

	
	Designed with high level criteria or explicitly uses STROBE or TREND with identification of criteria or conducted prior to 2011
	4

	II.
	DESIGN FACTORS
	

	2.
	Study Design and Type
	

	
	Case report or series (uncontrolled – longitudinal) 
	0

	
	Retrospective cohort or cross-sectional study 
	1

	
	Prospective cohort case-control study 
	2

	
	Prospective case control study
	3

	
	Prospective, controlled, nonrandomized
	4

	3.
	Setting/Physician
	

	
	General setting with no specialty affiliation and general physician 
	0

	
	Specialty of anesthesia/PMR/neurology, etc.
	1

	
	Interventional pain management with interventional pain management physician
	2

	4.
	Imaging
	

	
	Blind procedures
	0

	
	Ultrasound 
	1

	
	CT
	2

	
	Fluoro 
	3

	5.
	Sample Size
	

	
	Less than 100 participants without appropriate sample size determination
	0

	
	At least 100 participants in the study without appropriate sample size determination
	1

	
	Sample size calculation with less than 50 patients in each group 
	2

	
	Appropriate sample size calculation with at least 50 patients in each group
	3

	
	Appropriate sample size calculation with 100 patients in each group
	4

	6.
	Statistical Methodology
	

	
	None 
	0

	
	Some statistics 
	1

	
	Appropriate
	2

	III.
	PATIENT FACTORS
	

	7.
	Inclusiveness of Population
	

	7a.
	For epidural procedures:
	

	
	Poorly identified mixed population
	1

	
	Poorly identified mixed population with large sample (≥ 200)
	2

	
	Clearly identified mixed population
	3

	
	Disorders specific trials (i.e., well defined spinal stenosis and disc herniation, disorder specific, disc herniation or spinal stenosis or post-surgery syndrome) 
	4

	7b.
	For facet or sacroiliac joint interventions:
	

	
	No specific selection criteria 
	1

	
	No diagnostic blocks based on clinical symptomatology
	2

	
	Selection with single diagnostic blocks
	3

	
	Selection with placebo or dual diagnostic blocks 
	4

	8.
	Duration of Pain 
	

	
	Less than 3 months
	0

	
	3 to 6 months
	1

	
	> 6 months
	2

	9. 
	Previous Treatments 
	

	
	Conservative management including drug therapy, exercise therapy, physical therapy, etc. 
	

	
	Were not utilized 
	0

	
	Were utilized sporadically in some patients 
	1

	
	Were utilized in all patients
	2

	10.
	Duration of Follow-up with Appropriate Interventions
	

	
	Less than 3 months or less for epidural or facet joint procedures, etc., and 6 months for intradiscal procedures and implantables
	1

	
	3-6 months for epidural or facet joint procedures, etc., or 1 year for intradiscal procedures or implantables
	2

	
	6-12 months for epidurals or facet joint procedures, etc., and 2 years or longer for discal procedures and implantables
	3

	
	18 months or longer for epidurals and facet joint procedures, etc., or 5 years or longer for discal procedures and implantables
	4

	IV.
	OUTCOMES 
	

	11.
	Outcomes Assessment Criteria for Significant Improvement
	

	
	No descriptions of outcomes 
OR
 < 20% change in pain rating or functional status
	0

	
	Pain rating with a decrease of 2 or more points or more than 20% reduction 
OR
functional status improvement of more than 20% 
	1

	
	Pain rating with decrease of ≥ 2 points 
AND
≥ 20% change or functional status improvement of ≥ 20%
	2

	
	Pain rating with a decrease of 3 or more points or more than 50% reduction 
OR
functional status improvement with a 50% or 40% reduction in disability score 
	2

	
	Significant improvement with pain and function ≥ 50% or 3 points and 40% reduction in disability scores
	4

	12.
	Description of Drop Out Rate
	

	
	No description despite reporting of incomplete data or more than 30% withdrawal
	0

	
	Less than 30% withdrawal in one year in any group 
	1

	
	Less than 40% withdrawal at 2 years in any group
	2

	13.
	Similarity of Groups at Baseline for Important Prognostic Indicators
	

	
	No groups or groups dissimilar with significant influence on outcomes despite proper allocation
	0

	
	Groups dissimilar without significant influence on outcomes despite proper allocation
	1

	
	Groups similar with appropriate allocation 
	2

	14.
	Role of Co-Interventions
	

	
	Dissimilar co-interventions or similar co-interventions in some of the participants
	1

	
	No co-interventions or similar co-interventions in majority of the participants
	2

	V.
	ASSIGNMENT
	

	15.
	Method of Assignment of Participants 
	

	
	Case report/case series or selective assignment based on outcomes or retrospective evaluation based on clinical criteria
	1

	
	Prospective study with inclusion without specific criteria 
	2

	
	Retrospective method with inclusion of all participants or random selection of retrospective data
	3

	
	Prospective, well-defined assignment of methodology and inclusion criteria (quasi randomization, matching, stratification, etc.)
	4

	VI.
	CONFLICTS OF INTEREST 
	

	16.
	Funding and Sponsorship
	

	
	Trial included industry employees with or without proper disclosure
	-3

	
	Industry employees involved; high levels of funding with remunerations by industry or an organization funded with conflicts
	-3

	
	Industry or organizational funding with reimbursement of expenses with some involvement or no information available
	0

	
	Industry or organization funding of expenses without involvement
	1

	
	Funding by internal resources only
	2

	
	Governmental funding without conflict such as NIH, NHS, AHRQ
	3

	TOTAL MAXIMUM
	48


Source: Manchikanti L, Hirsch JA, Heavner J, et al. Development of an Interventional Pain Management Specific Instrument for Methodologic Quality Assessment of Nonrandomized Studies of Interventional Techniques. Pain Physician. 2014;17:E291-E317(48).

Table 4. ASIPP grading of evidence.
	AI 
	Evidence obtained from multiple relevant high quality randomized controlled trials. 
 

	Level II 
	Evidence obtained from at least one relevant high quality randomized controlled trial or multiple relevant moderate or low quality randomized controlled trials

	Level III
	Evidence obtained from at least one relevant moderate or low quality randomized controlled trial with multiple relevant observational studies. 
or
Evidence obtained from at least one relevant high quality nonrandomized trial or observational study with multiple moderate or low-quality observational studies. 


	Level IV 
	Evidence obtained from multiple moderate or low quality relevant observational studies. 
 

	Level V 
	Opinion or consensus of large group of clinicians and/or scientists
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Figure 1.  Flow Diagram of Study Selection
	Computerized and manual search of the literature  
	2635

	excluded by title
	2533

	Potential articles
	     102

	Abstracts reviewed
	     102

	Abstracts excluded
	     21

	Full manuscripts reviewed
	     81

	Manuscripts excluded
	     61

	Manuscripts included
	     20

	    RCTs
	       8

	    Observational studies
	     12



Table 5 List of Excluded Randomized and Non-randomized Studies.
	Study
	Indication
	Number of
Patients/treatment
	Follow-up Period
	Outcomes: 
	Reason for Exclusion


	Randomized Controlled Trials
	
	
	
	
	

	Chae et al. 2005(137)
	Hemiplegic shoulder pain post stroke
	61/terminal branches of axillary nerve stimulation
	12 months
	63% of treated group had ≥2 point improvement in NRS vs. 21% of control
	Definition of success was only 2 points on NRS.

	McRoberts et al. 2013(130)
	Chronic intractable back pain
	32/peripheral nerve field stimulation with minimal, subthreshold, low frequency and standard stimulation
	12 months
	24 patients were responders
	Peripheral nerve field stimulation

	Van Gorp et al. 2016(129)
	Failed back surgery syndrome
	52/Spinal cord stimulation with active vs. sham subcutaneous leads
	3 months
	49% of the active group had ≥50% relief vs 4% of the control
	Peripheral nerve field stimulation

	Ruiz-Tovar and Llavero 2017(85)
	Chronic anal fissure
	80/tibial nerve stimulation vs glyceryl trinitrate ointment
	8 weeks
	87.5% of the stimulation group healed vs 65% of the ointment
	Study dealt with wound healing, not pain relief

	Wilson et al. 2017(133)
	Shoulder pain after stroke 
	25/3 week trial of PNS vs PT
	4 months
	There was greater pain relief with PNS
	Follow up study of patients in Wilson et al. 2014(132)

	Finch et al. 2019(65)/ 
	peripheral neuropathic 
	11 patients who had previously been implanted with PNS at 10 kHz.
	2 and 4 
	Study evaluated wash-in and wash out of pain relief.
	Less than 20 patients

	Eldabe et al. 2019(128)
	Failed back surgery syndrome
	116/subcutaneous nerve stimulation with medication management vs medication management
	9 months
	34% of treatment group had >50% relief
	Peripheral nerve field stimulation

	Cohen et al. 2019(87)
	Post amputation pain
	28/sciatic or femoral nerve stimulation
	60 days
	75% had ≥50% relief
	Summary of Gilmore et al. 2019(94)

	Gilmore et al. 2019(94)
	Traumatic lower extremity amputees with residual and/or phantom limb pain
	28/sciatic or femoral nerve stimulation vs sham with crossover
	8 weeks
	58% of treated group vs 14% of sham had ≥50% relief
	Same group of patients as Gilmore  et al. 2020(88)

	Rosenow et al. 2019(90)
	Residual and/or phantom limb pain after amputation
	28/ SPR Sprint® active vs sham stimulation 
	1 year
	56% of stimulation group had ≥50% relief at 12 months
	Same group of patients as Gilmore et al. 2020(88)

	Non-Randomized Studies
(Case series or case reports)
	Indication
	Number of
Patients/treatment
	Follow-up Period
	Outcomes: 
	Reason for Exclusion


	Wall and Sweet 1967(7)
	Chronic cutaneous pain
	8/ stimulation of sensory nerve roots
	1 day
	4 of 8 had relief for more than 30 minutes after 2 minutes of stimulation
	<20 patients in study


	Cauthen and Renner 1975(114)
	Pain syndromes of various sources
	120/ 113 Transcutaneous, 7 percutaneous: 2 ulnar, 1 sciatic PNS, 2 paraplegics with spinal cord stimulation and 2 patients with L5 nerve root stimulation at the foramen. 
	The three PNS patients were followed for 8,6 and 4 months.
	38 had definite relief; 20 had equivocal relief and 62 had no relief.
The three PNS patients were “extremely happy” at 8,6 and 4 months.
	Heterogeneous methods of stimulation; all but seven patients had transcutaneous stimulation.

	Picaza et al. 1975(112)

	Intractable median, ulnar, cervical plexus, occipital, femoral, sciatic, and fibular nerve pain
	23/Implanted PNS
	6-20 months
	20 of 23 had 50-100% relief
	Patient overlap with Picaza et al 1977(113)

	Sweet 1975(115)
	
	69/surgically implanted leads
	Up to 10 years
	17/69 had long-term relief
	Heterogeneous population

	Waisbrod et al. 1984(111)
	Locally demyelinating nerve lesion
	15/ Sciatic, femoral, median, fibular, tibialis posterior, intercostal, lateral femoral cutaneous
	1-2 years
	11 of 15 patients were pain free
	<20 patients in study


	Novak and MacKinnon 2000(79)
	Neurogenic pain
	17/ PNS
	
	10/17 had good or fair relief; 6 returned to work
	<20 patients in study


	Dunteman 2002(124)
	Ophthalmic post herpetic neuralgia
	2/ supratrochlear and supraorbital nerves
	3 years
	~50% pain relief
	<20 patients in study


	Johnson and Burchiel 2004(125)
	Trigeminal neuropathic pain after herpes or trauma
	10/ supraorbital or infraorbital nerves
	Mean 26.6 months
	≥50% relief in 70% of patients
	<20 patients in study


	Yakovlev and Peterson 2007(106)
	Post herpetic neuralgia
	1/ intercostal
	6 months
	100% relief
	<20 patients in study


	Oberoi et al. 2008(86)
	Facial pain
	3/ supraorbital/occipital
	Up to 2 years
	Decreased opioid use/return to work
	<20 patients in study


	Huntoon and Burgher 2009(100)
	Neuropathic or mixed neuropathic/nociceptive pain
	8/ Radial, median, ulnar, fibular, posterior tibial
	≥8 months in 5 patients and ≤2 months in 2 patients
	7 of 8 patients had ≥50% relief and 43% had ≥80% relief
	<20 patients in study


	Jeon et al. 2009(89)
	CRPS
	1/ open placement, median nerve
	10 months
	55% with good relief
	<20 patients in study


	Kouroukli et al. 2009(82)
	Post-herpetic neuralgia
	2/thoracic PNS
	3 and 6 months
	“Very satisfied” and “dramatic reduction
	<20 patients in study

	Narouze et al. 2009 (92)
	Femoral nerve injury
	1/ femoral nerve
	20 months
	“Pain free”
	<20 patients in study

	Van Calenbergh et al. 2009(81)
	Neuropathic pain due to peripheral neuropathy
	11 patients, of whom 5 were available for follow up/ circumferential Avery electrode
	Average 22 years
	Average ~50% relief
	<20 patients in study

	Deer et al. 2010 (13)
	Carpal tunnel syndrome
	8/ median nerve Bioness Stimrouter®
	5 days
	2 patients had >30% relief
	<20 patients in study

	Hahn 2011(119)
	Ilioinguinal nerve entrapment
	19/ surgical vs medical treatment
	
	Surgery was more effective than medical treatment
	No PNS

	Verrills et al. 2011(105)
	Chronic cranialfacial, thoracic, lumbosacral, abdominal, pelvic and groin pain
	100/peripheral nerve field stimulation
	Mean 8.1 months
	Peripheral nerve field stimulation can be safe and effective
	No PNS

	Yakovlev et al. 2011(83)
	Anal fissure pain
	5/sacral nerve root 20 minutes 3 times/day for 3 weeks
	3 weeks
	10 hours of pain relief with healing of fissure
	<20 patients in study

	Burgher et al. 2012(101)
	Axial neck and back pain
	6/ appears to be peripheral nerve field stimulation
	2-9 months
	Average 45% relief
	<20 patients in study
PNFS

	Vaisman et al. 2012(122)
	Trigeminal Autonomic Cephalalgia
	5/ supraorbital and supratrochlear
	18-36 months
	Average 80% reduction in pain
	<20 patients in study


	Lepski et al. 2013(118)
	Post herniorrhaphy pain
	4/ combined PNFS and spinal cord stimulation
	14 days
	Combined stimulation was more effective
	<20 patients in study
PNFS

	Elahi and Reddy 2014(109)
	Shoulder pain
	1/ suprascapular nerve
	3 months
	>80% relief
	<20 patients in study


	Rauck et al. 2014(80)
	Post amputation pain
	16/ sciatic and/or femoral nerve PNS SPR Sprint®
	4 weeks
	14/16 responded, 9 completed trial.  80% had ≥30% relief
	<20 patients in study


	Reverberi et al. 2014(84)
	Neuropathic pain/CRPS
	15/open exposure suprascapular/foramen ovale/brachial plexus/median/ulnar/radial/posterior tibial/fibular
	Average 9.3 months
	Average 60% reduction in NRS
	<20 patients in study

	Stevanato et al. 2014(123)
	Neuropathic brachial plexus and upper extremity pain
	7/ stimulation of branch of brachial plexus for either median or radial nerve involvement
	12 months
	NRS reduction of 71.5%
	<20 patients in study


	Wilson et al. 2014(117)
	Refractory subacromial impingement syndrome
	10/ percutaneous PNS applied through a percutaneous electrode to the axillary motor points of the deltoid muscle
	4 months
	Significant improvement at all measured periods
	<20 patients in study


	Lerman et al. 2015(126)
	Post herpetic neuralgia
	1/ supraorbital
	9 months
	≥80% relief
	<20 patients in study


	Soin et al. 2015(127)
	Post amputation pain
	10/ PNS cuff electrode 10 kHz
	3 months
	Average 75% reduction of pain and prolonged pain relief after 30 minutes of stimulation
	<20 patients in study


	Kurt et al. 2016(110)
	Shoulder pain
	1/ suprascapular nerve
	9 months
	“No pain”
	<20 patients in study


	Billet et al. 2017(120)
	Post lumbar surgery syndrome and post herpetic neuralgia
	2/ L2 DRG Stimwave
	3 months
	60% pain improvement
	No PNS

	Sokal et al. 2017(77)
	Neuropathic pain due to peripheral neuropathy
	13/ Tibial nerve BlueWind Reprieve system 
	6 months
	6 of 13 patients had system implanted; 
	<20 patients in study


	Billet et al. 2018(107)
	Post-herpetic neuralgia
	1/ intercostal StimWave
	3 months
	More than 50% pain relief
	<20 patients in study


	Freitas et al. 2018(75)

	Painful mononeuropathy due to leprosy
	23, 10 of whom went on to permanent placement
	12 months
	60% of those with permanent implant had ≥50% relief
	<20 patients in study


	Kurklinsky et al. 2018(67)

	Post-herpetic neuralgia
	2/ PNS
	Up to 2.5 years
	80% relief
	<20 patients in study


	Wilson et al. 2018(72)

	Refractory shoulder pain in stroke survivors
	28, 5 of whom had permanent implants/ Axillary nerve stimulation.  3-week trial of blinded sham followed by 3-week trial of active simulation, with permanent implant in successful trial patients.
	24 months
	All 5 patients with permanent implants had ≥50% relief at 12 months

Only 5 of 28 patients went on to permanent implant.
	<20 patients in study


	Dewandre et al. 2019(73)

	Median nerve injury
	1/ Median nerve stimulation
	
	“excellent” relief
	<20 patients in study


	Gilmore et al. 2019(93)
	Low back pain
	9/ medial branch of the dorsal ramus SPR Sprint® 
	4 months
	80% had >50% relief
	<20 patients in study
Same patient group as Gilmore et al. 2020(97)


	Goroszeniuk 2019(102)
	Sacroiliac joint
	12/ Lateral branches of sacral dorsal rami
	18 months
	Average 85% relief
	<20 patients in study


	68Herschkowitz and Kubias 2019(108)
	CRPS
	1/ Median and radial nerves StimWave
	1 year
	>40% relief
	<20 patients in study

	Manzi et al. 2019(76)

	Shoulder pathologies
	1/ suprascapular nerve StimQ
	3 months
	60% relief and 60% reduction in opioid use
	<20 patients in study


	Abd-Elsayed 2020(78)

	Peripheral neuralgia
	5/ wireless PNS 
Superior cluneal, ilioinguinal, sural
	1 month
	>80% relief
	<20 patients in study


	Gilmore et al. 2020(97)
	Chronic low back pain
	9/ Medial branch of the dorsal rami SPR Sprint®
	12 months
	67% had >50% relief
	<20 patients in study


	Langford and Mauck 2020(69)

	Post lumbar surgery radiculopathy
	1/ sural nerve stimulator
	2 years
	50% relief
	<20 patients in study


	Mainkar et al. 2020(96)
	Neuropathic pain from cancer
	7/ upper and lower extremity and truncal SPR Sprint®
	60-day implantation
	7 of 12 patients had an average of 75% relief
	<20 patients in study


	Mansfield and Desai 2020(68)

	Shoulder pathologies
	8/ Axillary nerve Bioness StimRouter®
	Average 445 days
	NRS, 88% had >50% relief
	<20 patients in study


	Martin et al. 2020(70)

	Mesh-induced pelvic pain
	1/ PNS
	1 year
	>90% relief
	<20 patients in study

	Chmiela et al.2020(138)
	Retrospective review of PNS for CRPS from 1990-2017.
	Surgically placed leads over major nerves
	Mean follow up was 14 months
	Mean pain score reduction was 1.87
	Less than 2-point reduction in pain score.

	Federico and Frietas 2020(141)
	CRPS
	Percutaneous brachial plexus stimulation
10 of 14 patients went to permanent implantation
	12 months
	VAS improved by 57%
	<20 patients in study

	Amorizzo and Colini-Baldeschi 2021(139)
	Two patients with neuropathic pain of the femoral branch of the genitofemoral nerve and the infrapatellar branch of the saphenous nerve
	Bioness StimRouter®
	12 months
	Significant pain relief and decrease or cessation of opioid use
	<20 patients in study

	Deer et al. 2021(140)
	 Patients with persistent axial low back pain after medial branch radiofrequency ablation
	Medial branch stimulation using the Sprint® PNS system 
	5 months
	67% of patients had ≥50% relief
	<20 patients in study


PNS = peripheral nerve stimulation; PNFS = Peripheral nerve field stimulation CRPS = Complex Reginal Pain Syndrome; VAS = Visual analog scale; NRS = Numeric Rating Scale; 

Table 6 Characteristics of included randomized trials and observational studies.
	Study/Indications evaluated
	Number of
Patients

	Treatment vs.
Comparator

	Length of Follow-Up

	Outcome Parameters
	
	Comments

	Randomized Controlled Trials
	
	
	
	
	
	

	Kabay et al. 2009(136)
Chronic prostatitis or pelvic pain
	89
	Tibial nerve stimulation v sham
	12 weeks
	VAS, Chronic Prostatitis Symptom Index
	
	Large, short-term RCT evaluating both pelvic pain and prostatitis

	Gokyildiz et al. 2012(134)
Chronic pelvic pain
	24
	30-minute sessions of tibial nerve stimulation one a week for 12 weeks vs usual therapy
	12 weeks
	VAS, SF-36, MPQ, female sexual function index
	
	Small short-term study looking at pain and sexual function.  

	Schoenen et al 2013(131)
Cluster headache
	32
	Sphenopalatine ganglion stimulator:  full, sub-perception or sham stimulation
	3 months
	Pain relief, attack frequency
	
	Multi-center RCT evaluating SPG stimulation for cluster headaches

	Istek et al. 2014(135)
Chronic pelvic pain
	33
	30-minute sessions of tibial nerve stimulation one a week for 12 weeks vs usual therapy
	6 months
	VAS, SF-36, MPQ
	
	RCT looking at pain and quality of life.  These appear to be a different cohort of patients than Gokyildiz et al. 2012(134)


	Wilson et al. 2014(132)
Stroke survivors with chronic hemiplegic shoulder pain
	25
	PNS vs. usual care
	3 months
	NRS
	
	Single-center RCT evaluating PNS for shoulder pain after stroke

	Deer et al. 2016(64)/post traumatic or post-surgical neuralgia, excluding craniofacial pain
	94
	Bioness StimRouter® vs. no stimulation, for 90 days.  Medication management unchanged in both groups.
	90 days for primary endpoint; 12 months for safety and secondary measures.
	NRS, BPI, QoLSFSF-12v2
	
	Well-structured RCT evaluating short-term stimulation

	
	
	
	
	
	
	

	Garcia-Bermejo et al.2020(95)
Unilateral anterior knee pain
	28
	Femoral nerve stimulation on the side of the painful knee vs femoral nerve stimulation on the side of the non-painful knee
	1 week
	NRS, range of motion, functionality
	
	Small, short-term study looking at efficacy of femoral nerve stimulation for knee pain 

	Gilmore et al. 2020(88)
Traumatic lower extremity amputees with residual and/or phantom limb pain
	28
	8 weeks of PNS, SPR Sprint®, vs 4 weeks of placebo followed by 4 weeks of crossover PNS
	12 months
	NPS, BPI, PGIC
	
	Well-designed and implemented multi-center study assessing the efficacy of PNS for residual and phantom limb pain

	Non-Randomized Studies
	
	
	
	
	
	

	Campbell and Long 1976(98)
Chronic pain

	33
	PNS along the major nerves in the area of the patients’ pain
	Up to 5 years
	Pain relief, narcotic withdrawal, return to work, sleep pattern, relief of depression
	
	Retrospective review of heterogeneous population treated with surgical placement of leads

	Picaza et al. 1977(113)
Peripheral nerve disorders, amputation, soft tissue injuries, post-surgical pain
	37
	Sciatic, ulnar, and occipital nerve placement
	12-46 months
	NRS
	
	Observational case series with surgical lead placement

	Law et al. 1980(116)
Primarily post traumatic neuropathy
	22
	Surgically implanted leads
	Average 25 months
	NRS
	
	Retrospective observational study of surgically placed leads.

	Strege et al. 1994(103)
Chronic somatic peripheral nerve pain

	24
	“Direct electrical nerve stimulation”
	
	NRS, opioid use
	
	Prospective case series.

	Hassenbusch et al. 1996(99)
Complex regional pain syndrome

	30
	Surgical placement of leads over major peripheral nerve
	2-4 years
	NRS, vasomotor tone, patient activity, allodynia, return to work
	
	Prospective case series with long-term follow up of surgically placed leads

	Van Balken et al. 2003(121)
Chronic pelvic pain
	33
	30-minute sessions of tibial nerve stimulation one a week for 12 weeks
	12 weeks
	VAS, SF-36
	
	Prospective case series with short-term follow up of pelvic pain

	Eisenberg et al. 2004(91)
Intractable pain from peripheral nerve injuries
	46
	PNS
	3-16 years
	Pain intensity
	
	Large retrospective case series of PNS 

	Mobbs et al. 2007(104)
Patients with pain in the distribution of a peripheral nerve pain from trauma, iatrogenic, inadvertent injection, or entrapment 

	38
	Placement of modified Medtronic Resume lead.
	Mean 31 months
	NRS, opioid use, return to work
	
	Large retrospective case series of surgically placed PNS lease

	Bouche et al. 2017(74)
Upper extremity neuropathic 
	26, 16 with CRPS
	Brachial plexus or suprascapular nerve stimulation
	Mean 27.5 months
	NRS, opioid intake, return to work.
	
	Pilot case-series study showing the PNS is safe and effective

	Colini Baldeschi et al. 2017(71)
Patients with neuropathic pain caused by peripheral nerve injury of traumatic, iatrogenic, compressive or ischemic etiology
	74
	Quadripolar percutaneous leads (Lightline or Fixline, Neurimpluse)
	6 months
	NRS, drug intake, work status, PGII, SF-36, 
	
	Large scale observational study evaluating the effectiveness of PNS with an IPG implanted close to the target nerve

	Oswald et al. 2019(66)
Mononeuropathies
	39
	 PNS Bioness StimRouter®
	3-6 months
	VAS, activity, opioid consumption
	
	Multi-center post implant study

	Warner et al. 2021(142)
Patients receiving PNS from 2004 to 2017
	72 patients.  
47% were for occipital neuralgia; 17% for lower extremity neuropathies.  The remainder were for other headaches, low back pain, upper extremity neuralgia, CRPS, post herpetic neuralgia, trunchal pain and radiculopathy
	SCS leads and generator
	48 patients had 6-month follow-up.
	NRS, opioid use, daily functioning
	
	Long-term single institution study of efficacy of and experience with PNS



RCT = Randomized controlled trial; NRS = Numeric Rating Scale; CRPS = complex regional pain syndrome; BPI = Brief Pain Inventory; QoLSF-12v2 = Quality of Life Short Form-12v2 Health Survey; QST = Quantitative Sensory Testing; ODI = Oswestry Disability Index; PGII = Patient’s Global Impression of Improvement; PGIC = Patient’s Global Impression of Change; IPG = implantable programmable generator; MPQ = McGill Pain Questionnaire; SCS=spinal cord stimulator


Table 7, Cochrane Review Bias Analysis for RCTs

	Study name
	Kabay et al. 2009(136)
	Gokyildiz et al. 2012(134)

	Schoenen et al 2013(131)

	Istek et al. 2014(135)

	Wilson et al. 2014(132)


	Randomization adequate
	-
	+
	+
	+
	+

	Concealed treatment allocation 
	-
	-
	+
	+
	+

	Patient blinded
	-
	-
	+
	-
	-

	Care provider blinded
	-
	-
	+
	-
	-

	Outcome’s assessor blinded
	-
	-
	+
	-
	+

	Drop-out rate described
	-
	+
	+
	+
	+

	All randomized participants analyzed in the group
	+
	+
	+
	+
	+

	Reports of the study free of suggestion of selective outcome reporting
	+
	+
	+
	+
	+

	Groups similar at baseline regarding most important prognostic indicators
	+
	+
	+
	+
	+

	Co-intervention avoided or similar in all groups
	+
	+
	+
	+
	+

	Compliance acceptable in all groups
	+
	+
	+
	+
	+

	Time of outcome assessment in all groups similar
	+
	+
	+
	+
	+

	Score
	6/12
	7/12
	12/12
	9/12
	10/12




	Study name
	Deer et al. 2016(64)
	Finch et al. 2019(65)
	Garcia-Bermejo et al.2020(95)
	Gilmore et al. 2020(88)

	Randomization adequate
	+
	+
	+
	+

	Concealed treatment allocation 
	+
	+
	-
	+

	Patient blinded
	-
	+
	-
	+

	Care provider blinded
	-
	+
	-
	-

	Outcome’s assessor blinded
	-
	+
	-
	+

	Drop-out rate described
	-
	+
	+
	+

	All randomized participants analyzed in the group
	+
	+
	+
	+

	Reports of the study free of suggestion of selective outcome reporting
	+
	+
	+
	+

	Groups similar at baseline regarding most important prognostic indicators
	+
	+
	+
	+

	Co-intervention avoided or similar in all groups
	+
	+
	+
	+

	Compliance acceptable in all groups
	+
	+
	+
	+

	Time of outcome assessment in all groups similar
	+
	+
	+
	+

	Score
	8/12
	12/12
	8/12
	11/12


Furlan AD, Pennick V, Bombardier C, van Tulder M. 2009 updated method guidelines for systematic reviews in the Cochrane Back Review Group. Spine (Phila Pa 1976). 2009;34(18):1929-1941(26).

Table 8 IPM Checklist of Randomized Trials utilizing IPM – QRB criteria.

	Study Name
	
	Kabay et al. 2009(136)
	Gokyildiz et al. 2012(134)

	Schoenen et al 2013(131)

	Istek et al. 2014(135)


	I.
	Trial design and guidance reporting
	
	
	
	

	1.
	Consort or Spirit
	0
	0
	0
	0

	II.
	Design Factors
	
	
	
	

	2.
	Type and design of trial
	2
	2
	2
	2

	3.
	Setting/physician
	0
	0
	1
	1

	4.
	Imaging
	0
	0
	2
	0

	5.
	Sample size
	2
	0
	2
	1

	6.
	Statistical methodology
	1
	1
	1
	1

	III.
	Patient factors
	
	
	
	

	7.
	Inclusiveness of population
	2
	2
	2
	2

	8.
	Duration of pain
	2
	2
	2
	2

	9.
	Previous treatments
	2
	2
	2
	2

	10.
	Duration of follow-up with appropriate interventions
	0
	0
	1
	2

	IV.
	Outcomes
	
	
	
	

	11.
	Outcome’s assessment criteria for significant improvement
	4
	0
	2
	2

	12.
	Analysis of all randomized participants in the groups
	2
	1
	2
	2

	13.
	Description of dropout rate
	0
	0
	0
	0

	14.
	Similarity of groups at baseline for important prognostic indicators
	1
	2
	2
	1

	15.
	Role of co-interventions
	1
	1
	1
	1

	V.
	Randomization
	
	
	
	

	16.
	Method of randomization
	0
	1
	2
	2

	VI.
	Allocation concealment
	
	
	
	

	17.
	Concealed treatment allocation
	0
	0
	2
	2

	VII.
	Blinding
	
	
	
	

	18.
	Patient blinding
	0
	0
	1
	0

	19.
	Care provider blinding
	0
	0
	1
	0

	20.
	Outcome assessor blinding
	0
	0
	1
	0

	VIII.
	Conflicts of interest
	
	
	
	

	21.
	Funding and sponsorship
	0
	0
	0
	3

	22.
	Conflicts of interest
	0
	3
	2
	3

	Total
	
	19/48
	17/48
	31/48
	29/48



	Study Name
	
	Wilson et al. 2014(132)
	Deer et al. 2016(64)
	Finch et al. 2019(65)
	Garcia-Bermejo et al.2020(95)

	I.
	Trial design and guidance reporting
	
	
	
	

	1.
	Consort or Spirit
	0
	2
	2
	0

	II.
	Design Factors
	
	
	
	

	2.
	Type and design of trial
	2
	2
	2
	2

	3.
	Setting/physician
	1
	2
	3
	0

	4.
	Imaging
	0
	3
	3
	1

	5.
	Sample size
	1
	2
	0
	0

	6.
	Statistical methodology
	1
	1
	1
	1

	III.
	Patient factors
	
	
	
	

	7.
	Inclusiveness of population
	2
	1
	0
	1

	8.
	Duration of pain
	1
	1
	2
	1

	9.
	Previous treatments
	2
	2
	0
	0

	10.
	Duration of follow-up with appropriate interventions
	1
	1
	0
	0

	IV.
	Outcomes
	
	
	
	

	11.
	Outcome’s assessment criteria for significant improvement
	0
	1
	0
	0

	12.
	Analysis of all randomized participants in the groups
	2
	2
	2
	1

	13.
	Description of dropout rate
	0
	0
	0
	0

	14.
	Similarity of groups at baseline for important prognostic indicators
	2
	2
	2
	2

	15.
	Role of co-interventions
	0
	1
	1
	1

	V.
	Randomization
	
	
	
	

	16.
	Method of randomization
	2
	2
	2
	1

	VI.
	Allocation concealment
	
	
	
	

	17.
	Concealed treatment allocation
	2
	2
	2
	2

	VII.
	Blinding
	
	
	
	

	18.
	Patient blinding
	0
	0
	1
	0

	19.
	Care provider blinding
	0
	1
	1
	0

	20.
	Outcome assessor blinding
	1
	1
	1
	0

	VIII.
	Conflicts of interest
	
	
	
	

	21.
	Funding and sponsorship
	3
	2
	2
	2

	22.
	Conflicts of interest
	1
	-2
	3

	3

	Total
	
	24/48
	29/48
	30/48
	18/48




	Study Name
	
	Gilmore et al. 2020(88)

	I.
	Trial design and guidance reporting
	

	1.
	Consort or Spirit
	3

	II.
	Design Factors
	

	2.
	Type and design of trial
	2

	3.
	Setting/physician
	2

	4.
	Imaging
	1

	5.
	Sample size
	1

	6.
	Statistical methodology
	1

	III.
	Patient factors
	

	7.
	Inclusiveness of population
	2

	8.
	Duration of pain
	2

	9.
	Previous treatments
	2

	10.
	Duration of follow-up with appropriate interventions
	2

	IV.
	Outcomes
	

	11.
	Outcome’s assessment criteria for significant improvement
	2

	12.
	Analysis of all randomized participants in the groups
	1

	13.
	Description of dropout rate
	0

	14.
	Similarity of groups at baseline for important prognostic indicators
	2

	15.
	Role of co-interventions
	1

	V.
	Randomization
	

	16.
	Method of randomization
	2

	VI.
	Allocation concealment
	

	17.
	Concealed treatment allocation
	2

	VII.
	Blinding
	

	18.
	Patient blinding
	1

	19.
	Care provider blinding
	0

	20.
	Outcome assessor blinding
	1

	VIII.
	Conflicts of interest
	

	21.
	Funding and sponsorship
	3

	22.
	Conflicts of interest
	2

	Total
	
	35/48




Manchikanti L, Hirsch JA, Cohen SP, Heavner JE, Falco FJE, Diwan S, Boswell MV, Candido KD, Onyewu O, Zhu J, Sehgal N, Kaye AD, Benyamin RM, Helm S, Singh V, Datta S, Abdi S, Christo PJ, Hameed H, Hameed M, Vallejo R, Pampati V, GB R, Raj P. Assessment of Methodologic Quality of Randomized Trials of Interventional Techniques:  Development of an Interventional Pain Management Specific Instrument. Pain Physician 2014;17:E263-E290.(47)


Table 9. IPM checklist for assessment of observational studies utilizing IPM-QRBNR.
	
	
	Campbell and Long 1976(98)
	Picaza et al. 1977(113)
	Law et al. 1980(116)
	Strege et al. 1994(103)

	I.
	Study design and guidance reporting
	
	
	
	

	1.
	Strobe or trend guidance
	0
	0
	0
	0

	II.
	Design factors
	
	
	
	

	2.
	Study design and type
	0
	0
	0
	0

	3.
	Setting/physician
	1
	1
	1
	1

	4.
	Imaging
	0
	0
	0
	

	5. 
	Sample size
	0
	0
	0
	0

	6. 
	Statistical methodology
	1
	1
	1
	1

	
III.
	Patient factors
	
	
	
	

	7.
	Inclusiveness of population
	3
	3
	3
	3

	8.
	Duration of pain
	2
	2
	2
	2

	9.
	Previous treatments
	1
	2
	2
	2

	10.
	Duration of follow-up with appropriate interventions
	2
	3
	3
	3

	IV.
	Outcomes
	
	
	
	

	11.
	Outcome’s assessment criteria for significant improvement
	2
	2
	0
	2

	12.
	Description of dropout rate
	1
	0
	1
	1

	13.
	Similarity of groups at baseline for important prognostic indication
	0
	0
	0
	0

	14.
	Role of co-interventions
	2
	2
	2
	2

	V.
	Assignment
	
	
	
	

	15.
	Method of assignment of participants
	1
	1
	1
	1

	VI.
	Conflicts of interest
	
	
	
	

	16.
	Funding and sponsorship
	2
	0
	0
	0

	Total
	
	18/48
	17/48
	16/48
	18/48




	
	
	Hassenbusch et al. 1996(99)
	Van Balken et al. 2003(121)
	Eisenberg et al. 2004(91)
	Mobbs et al. 2007(104)

	I.
	Study design and guidance reporting
	
	
	
	

	1.
	Strobe or trend guidance
	0
	0
	0
	0

	II.
	Design factors
	
	
	
	

	2.
	Study design and type
	0
	0
	0
	0

	3.
	Setting/physician
	1
	1
	1
	1

	4.
	Imaging
	3
	0
	3
	3

	5. 
	Sample size
	0
	0
	0
	0

	6. 
	Statistical methodology
	2
	2
	2
	1

	
III.
	Patient factors
	
	
	
	

	7.
	Inclusiveness of population
	3
	3
	3
	3

	8.
	Duration of pain
	2
	2
	2
	2

	9.
	Previous treatments
	2
	2
	2
	2

	10.
	Duration of follow-up with appropriate interventions
	3
	1
	3
	3

	IV.
	Outcomes
	
	
	
	

	11.
	Outcome’s assessment criteria for significant improvement
	4
	2
	2
	2

	12.
	Description of dropout rate
	0
	0
	0
	0

	13.
	Similarity of groups at baseline for important prognostic indication
	0
	0
	0
	0

	14.
	Role of co-interventions
	2
	2
	2
	2

	V.
	Assignment
	
	
	
	

	15.
	Method of assignment of participants
	1
	1
	1
	1

	VI.
	Conflicts of interest
	
	
	
	

	16.
	Funding and sponsorship
	0
	0
	0
	0

	Total
	
	23/48
	16/48
	21/48
	20/48




	
	
	Bouche et al. 2017(74)
	Colini Baldeschi et al. 2017(71)
	Oswald et al 2019(66)
	Warner et al. 2021(142)

	I.
	Study design and guidance reporting
	
	
	
	

	1.
	Strobe or trend guidance
	0
	0
	0
	0

	II.
	Design factors
	
	
	
	

	2.
	Study design and type
	0
	0
	0
	0

	3.
	Setting/physician
	1
	2
	2
	1

	4.
	Imaging
	1
	3
	1
	0

	5. 
	Sample size
	0
	0
	0
	0

	6. 
	Statistical methodology
	2
	2
	2
	1

	
III.
	Patient factors
	
	
	
	

	7.
	Inclusiveness of population
	4
	4
	3
	2

	8.
	Duration of pain
	2
	2
	2
	2

	9.
	Previous treatments
	2
	2
	2
	1

	10.
	Duration of follow-up with appropriate interventions
	3
	1
	2
	2

	IV.
	Outcomes
	
	
	
	

	11.
	Outcome’s assessment criteria for significant improvement
	2
	2
	2
	1

	12.
	Description of dropout rate
	1
	1
	0
	0

	13.
	Similarity of groups at baseline for important prognostic indication
	0
	0
	0
	0

	14.
	Role of co-interventions
	2
	2
	2
	0

	V.
	Assignment
	
	
	
	

	15.
	Method of assignment of participants
	1
	1
	1
	1

	VI.
	Conflicts of interest
	
	
	
	

	16.
	Funding and sponsorship
	0
	2
	0
	2

	Total
	
	21/48
	24/48
	19/48
	13/48




Manchikanti L, Hirsch JA, Heavner J, et al. Development of an Interventional Pain Management Specific Instrument for Methodologic Quality Assessment of Nonrandomized Studies of Interventional Techniques. Pain Physician. 2014;17:E291-E317.(46)



[bookmark: _2bn6wsx][bookmark: _qsh70q][bookmark: _Hlk38462162][bookmark: _Hlk38539860]Appendix III, Study Characteristics
Table 10 Summary of Study Results

	Study 

Study Characteristic Methodological Quality Scoring
	Number of Patients & Selection Criteria
	Interventions/Control
	Outcome measures
	Time of Measurement
	Results
	Weaknesses
	Strengths
	Conclusions

	Randomized Controlled Trials
	
	
	
	
	
	

	Schoenen et al 2013(131)
RA, sham controlled, N of 1.
31/48

	28
Chronic cluster headache
	Stimulator implanted in sphenopalatine fossa; paresthesia, subparesthesia and sham stimulation
	Decrease of pain on ordinal scale, relief in ≥50% of attacks, and ≥50% decrease in attack frequency
	8 weeks for study with 12 months open label follow up.
	67% of treated attacks had pain relief compared to 7.3% of sham and 78.4% of subparesthesia.

	Moderate quality, small study; Surgically implanted leads
	N of one design
	Sphenopalatine ganglion fossa stimulation can abort attacks of refractory cluster headaches

	Istek et al. 2014(135)
RA; active treatment vs no treatment
29/48
	33
Chronic pelvic 
	Tibial nerve stimulation once a week for 30 minutes for 12 weeks at which time stimulation stopped
	VAS, SF-36, short form McGill pain questionnaire
	6 months
	55% mean reduction in pain in the treatment group
	Moderate quality, small study;
Treatment group was younger and had higher VAS than control
	Well defined patient population and treatment
	Tibial nerve stimulation can decrease pain severity and increase quality of life in chronic pelvic pain.

	Wilson et al. 2014(132)
RA; active treatment vs. usual treatment
24/48
	25
Hemiplegic shoulder pain after stroke
	Lead placement in deltoid muscle with 6 hours of stimulation/day for 3 weeks with a total of 126 hours, then removal of lead.
	NRS
BPI-SF3
VGRS of the shoulder
SF-36
	16 weeks
	60% reduction in shoulder pain at 1 6 weeks
	Moderate quality study; 
Small study with short-term follow up
	Well defined patient population and treatment
	Short-term stimulation for 3 weeks leads to relief at least 4 months.

	Deer et al. 2016(64)
RA
All patients had Bioness StimRouter® systems placed.  Active stimulation vs. no stimulation with cross over allowed at 90 days.
29/48
	94
Upper extremity, lower extremity, or truncal peripheral nerve pain
	Percutaneously implanted with external generator.  
10 minutes to 12 hours of stimulation per day, mean 6 hours, for 3 months, 
	NRS, BPI, 
QoLSF-12v2,
PGIC
	3 months for pain relief; 1 year for safety
	Mean reduction of pain at 3 months was 27%
	Moderate quality, industry sponsored study with heterogenous population; modest pain relief.
30% pain relief for success
	Well-designed study
	PNS met safety and efficacy endpoints

	
	
	
	
	
	
	
	
	

	Gilmore et al. 2020(88)
RA, DB
Amputees with residual limb pain or phantom limb pain
35/48
	28 randomized, with 15 followed for 1 year.
Ultrasound placed SPR PNS placed over the sciatic and femoral nerves.
	Group I had 8 weeks of stimulation; Group 2 have 4 weeks of sham stimulation then crossed over to stimulation for 4 weeks.
Leads were removed at 8 weeks.
	≥50% reduction in NRS, BPI, PGIC, 

	12 months
	67% of treated group had ≥50% reduction in pain at 12 months.
0% of sham group had ≥%50% relief of pain.
17% of sham group had ≥50% relief of pain after cross over.
	Sham group did not have lead position optimized.
High dropout rate.
	High quality, well designed study showing long-term relief with 60 days of stimulates.
	PNS for 60 days provided long-term relief with a high safety profile

	
	
	
	
	
	
	
	
	

	Study 

Study Characteristic Methodological Quality Scoring
	Number of Patients & Selection Criteria
	Interventions
	Outcome measures
	Time of Measurement
	Results
	Weaknesses
	Strengths
	Conclusions

	Case Series
	
	
	
	
	
	

	Hassenbusch et al. 1996(99)
Case series.
Complex regional pain syndrome with symptoms in the distribution of one major peripheral nerve
CRPS present for 4 months to 8 years.
23/48
	32
≥50% and functional improvement with a trial placement of a paddle electrode over the nerve.
	Placement of paddle electrode and implantable generator.  Nerves were median/ulnar, radial, common fibular, posterior tibial
	Good result=≥50% pain relief and improvement in 2 out of 3 physical categories: vasomotor tone, trophic changes, motor changes  
Fair result==≥50% pain relief and improvement in 0 or 1 physical categories or 25-49% relief and improvement in at least one category
	1 month and last follow up, varying between 9 months and 3.5 years.
The 19 successful patients were followed for a mean of 2.2. years
	63% had good to fair relief.  
Best relief was with pain and vasomotor tone.
ADLS, including work status, sleep, motor strength and driving, improved.
	Early study, small, using paddle leads.
Case series with no control
	Rigorous outcome criteria with both pain relief and functional improvement.
Long-term follow up.
	PNS can provide good relief for CRPS limited to the distribution of a major nerve.

	Eisenberg et al. 2004(91)
Case series.
Intractable pain from peripheral nerve injuries.

21/48
	46 patients with refractory nerve pain, “dragging, drilling, cutting, burning.”
42 had neurolysis.
Most common cause was nerve lesion after hip or knee surgery, then nerve entrapment.


	Placement of cuff, later paddle, lead over involved nerve.
Most common sciatic, femoral, median, and ulnar.
	Good relief = >50% pain relief and no need for analgesics.

	3-16 years.

	78% had good relief.
VAS changed from 69 to 24.
Best results from post-surgical nerve injuries and entrapment. Patients with pain following a nerve graft responded poorly.  
	Moderate quality case series; no control
Electrodes placed only between 1982-1995, both cuff and paddle electrodes.
	Very long-term follow-up.
Good standard of success, including both pain relief and stopping analgesics.
	PNS can provide long-term relief in patients with peripheral nerve injury resulting from a variety of causes, including intra-operative injury and nerve entrapment.

	Bouche et al. 2017(74)
Case series.
Upper extremity neuropathic pain
21/48

	26 patients with upper extremity neuropathic pain.  
CRPS=10
Direct peripheral nerve injury=10
	Ultrasound guided brachial plexus or suprascapular nerve placement
	≥50% relief
	All patients had >1 year follow up;
14 patients had >2 year follow up
	20 of 26 patients used the PNS at last follow up.
Mean pain relief was 67%; all had >40% relief; 65% had ≥50% relief.
Results were similar in CRPS and peripheral nerve injury groups
	Moderate quality small, retrospective pilot study.
No control group.

	Long-term follow up.
Homogenous population
	PNS is effective in relieving upper extremity neuropathic pain

	Colini Baldeschi et al. 2017(71)
Case series.
Refractory peripheral nerve injury with or without loss of motor function, of at least 6 months’ duration

24/48

	74 patients with peripheral nerve injury from trauma, compression, ischemic or iatrogenic origin.
0f the 74 trialed, 58 were implanted.
29 0f 58 had CRPS.
Cranial, upper extremity, truncal, lower extremity nerves and spinal roots were stimulated.
	Ultrasound guided placement of a peripheral nerve lead with a generator implanted adjacent to the lead and nerve.
	NRS relief of ≥50%, drug use, Work status, PGIC, SF-36
	1, 3 and 6 months
	Mean relief at 6 months was 61%.
69% had ≥50% relief at 6 months.
	Moderate quality study with no control group.
Relatively short follow up.
	Large, multicenter study with robust outcomes and diverse peripheral nerve pathologies.
	PNS is effective, reliable, and safe.
Over half the patients had CRPS.


[bookmark: _3as4poj]RA = randomized; DB = double-blind; PNS = peripheral nerve stimulation
VAS = Visual Analog Scale; NRS=Numeric Rating Scale; BPI = Brief Pain Inventory; QoLSF-12v2= Quality of Life SF-12v2 Health Survey; PGIC = Patient Global Impression of Change; QST = quantitative sensory testing; ADL = Activities of Daily Living; CRPS = Complex Regional Pain Syndrome
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