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ABSTRACT 

Background/Importance: Concerns have been raised that effects observed in studies of 

spinal cord stimulation (SCS) funded by industry have not been replicated in non-industry 

funded studies and that findings may differ based on geographical location where the study 

was conducted. 

Objective: To investigate the impact of industry funding and geographical location on pain 

intensity, function, health-related quality of life and adverse events reported in randomised 

controlled trials (RCTs) of SCS. 

Evidence Review: Systematic review conducted using MEDLINE, CENTRAL, EMBASE and 

WikiStim databases until September 2022. Parallel-group RCTs evaluating SCS for patients 

with neuropathic pain were included. Results of studies were combined in random-effects 

meta-analysis using the generic-inverse variance method. Sub-group meta-analysis were 

conducted according to funding source and study location. Risk of bias was assessed using 

Cochrane RoB 2.0 tool. 

Findings: Twenty-nine reports of 17 RCTs (1823 participants) were included. For the 

comparison of SCS with usual care, test for subgroup differences indicate no significant 

differences (p=.48, moderate certainty evidence) in pain intensity score at 6-months for studies 

with no funding or funding not disclosed (pooled mean difference [MD] -1.96 [95% CI -3.23 to 

-0.69; 95% prediction interval [PI] not estimable, I2=0%, Tau2=0]), industry funding (pooled MD 

-2.70 [95% CI -4.29 to -1.11; 95% PI -8.75 to 3.35, I2=97%, Tau2=2.96) or  non-industry funding 

(MD -3.09 [95% CI -4.47 to -1.72]; 95% PI, I2 and Tau2 not applicable). Studies with industry 

funding for the comparison of high-frequency SCS (HF-SCS) with low-frequency SCS (LF-

SCS) showed statistically significant advantages for HF-SCS compared to LF-SCS while 

studies with no funding showed no differences between HF-SCS and LF-SCS (low certainty 

evidence). 

Conclusion: All outcomes of SCS versus usual care were not significantly different between 

studies funded by industry and those independent from industry. Pain intensity score and 

change in pain intensity from baseline for comparisons of HF-SCS to LF-SCS seem to be 

impacted by industry funding. 
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INTRODUCTION 

Spinal cord stimulation (SCS) is a recommended intervention for the management of chronic 

neuropathic pain conditions.1 2 For nearly 50 years, since SCS was first described in 19673 

until 2014, the randomised controlled trial (RCT) evidence for SCS was limited to three trials.4-

6 The last decade has seen the emergence of new stimulation paradigms and with these, an 

increase in the number of RCTs conducted.7-13 Industry sponsorship and funding have been 

essential drivers of innovation, technological advances and evidence generation. 

The influence of industry on the outcome of studies may include direct sponsorship which 

usually includes framing of the research question, study design and conduct, data analysis 

and potential selective reporting leading to inappropriate conclusions. In other cases, industry 

may act as funders and part collaborators of investigator-initiated trials to include provision of 

technical know-how or statistical analysis as well as partnership on framing the research 

question. Finally, some industry-funded studies are conducted without input from the funder. 

Sources of funding and role of funders should be reported.14 Industry-sponsored studies of 

drugs or medical devices are more likely to produce results favouring the company product 

than non-industry sponsored studies.15-19 Recent reviews have observed that methodological 

and reporting deficiencies are common in RCTs of SCS.20 21 Further, conflicting results have 

been observed questioning the relative effectiveness of different stimulation paradigms,22 23 

with suggestions that industry funding may drive discrepancies in SCS outcomes.24 

To the best of our knowledge, no previous systematic review or meta-analysis has 

investigated the impact of industry finding and study location (i.e., geographical location where 

the study was conducted) on outcomes of SCS studies. The aim of this systematic review was 

to investigate the impact of industry funding and study location on outcomes of pain intensity, 

physical function, health-related quality of life (HRQoL), adverse events and device explants 

reported in RCTs of SCS. 

 



 

 5 

METHODS 

This article focuses on evidence from parallel group RCTs of SCS. The protocol for this review 

was registered in PROSPERO (CRD42022332075). We did not seek publication of the 

protocol in a peer-reviewed journal. This systematic review is reported in accordance with the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).25 No 

protocol changes occurred after registration of the review. 

 

Data sources and searches 

An information specialist (MM) searched Ovid MEDLINE, Cochrane Library (CENTRAL), 

EMBASE and WikiStim from database inception to 17 December 2021, with updated searches 

to 13 September 2022. Electronic database selection follows Cochrane recommendations.26 

The search strategies are presented in Supplement 1 of this manuscript. The searches were 

supplemented by screening reference lists of relevant systematic reviews and eligible studies. 

 

Study selection 

Studies were eligible for inclusion if they met the following criteria: i) adult patients (18 years 

of age or older) with chronic neuropathic pain (persistent spinal pain syndrome type 2 [PSPS-

T2], complex regional pain syndrome [CRPS], painful diabetic neuropathy [PDN]), ii) 

evaluation of SCS (all stimulation paradigms and types of lead), iii) compared to usual care 

(UC) as specified in the individual studies, an active intervention or placebo, iv) reported pain 

intensity, physical function, HRQoL, adverse events or device explants, v) in a parallel group 

RCT study design, vi) any setting and vii) reported in a full-text publication. There were no 

language restrictions, however only English-language studies were identified. Two 

investigators (RVD and SC) independently reviewed abstracts and full-text articles against the 

prespecified eligibility criteria, using consensus with a third investigator (SE) for any 

disagreements. 

 

Outcomes 

The primary outcome of the reviews was pain intensity score measured using a visual 

analogue scale (VAS) or numeric rating scale (NRS). Secondary outcomes were change in 

pain intensity from baseline, the proportion of patients achieving at least 50% reduction in 

pain, measures of physical function, HRQoL, adverse events and device explants. The 

primary timepoint of interest was 6 months; all outcomes were also considered at 3 months, 
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12 months and last-follow-up. Where cross-over from the control group to SCS was allowed 

after primary study endpoint, pain, physical function and HRQoL data from the last follow-up 

before cross-over only were considered for inclusion in the analysis. Longer-term follow-ups 

of the included RCTs were assessed for reports of adverse events and device explants. 

Outcomes were considered as final values and as change from baseline at 3 months, 6 

months, 12 months and last follow-up. Data extraction was performed by one reviewer (SC) 

and verified by two reviewers (RVD and SN). 

 

Risk of bias assessment 

Risk of bias (RoB) was assessed by using the revised Cochrane RoB tool (RoB 2.0).27 RoB 

assessment of the included studies was undertaken by one reviewer (SC or MM) and verified 

for agreement by a second reviewer (RD or MM). Authors involved in the systematic review 

who were involved in the original studies did not assess RoB of included RCTs. Any 

disagreements were resolved by consensus. 

 

Data extraction and data synthesis 

Individual participant data (IPD) were available from the authors of two RCTs28 29 meeting the 

inclusion criteria and data items were extracted at study level from the other eligible RCTs. 

Data extracted (at the study level) or available within IPD (study level or participant level) 

refers to study author and year of publication, country where the study was conducted, funding 

sources, demographic data (i.e., age, sex), diagnosis, duration of pain, intervention, 

comparator, duration of follow-up, and outcome data including the number of participants 

included in the analysis. No attempts were made to retrieve missing data from investigators. 

IPD were cross-checked and outcomes calculated as previously reported.30 Additional details 

on data synthesis are presented in Supplement 2. 

Four main comparisons were identified within the RCTs, i) SCS compared to usual care (e.g., 

conventional medical management [CMM], physical therapy), ii) high-frequency (HF) SCS 

compared low-frequency (LF) SCS, iii) SCS compared to other interventions (e.g., other types 

of stimulation, surgery), and iv) comparison of different modalities of SCS (e.g., closed-loop 

compared to open-loop SCS, SCS with or without a trial period, multicolumn compared with 

monocolumn). One three-armed RCT13 comparing HF-SCS, LF-SCS and CMM was included 

within the comparison of SCS to usual care by splitting the control group,31 and also the 

comparison of HF-SCS to LF-SCS. 
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Clinical heterogeneity of included studies was assessed by comparing study design 

characteristics, participant characteristics and definitions of outcomes. 

We deemed studies to be sufficiently clinically homogenous in terms of study characteristics 

and population to perform a meta-analysis for comparisons of SCS compared to UC and HF-

SCS compared to LF-SCS. Sufficient outcome data were reported to perform meta-analysis 

for these comparisons for outcomes pain intensity at 3, 6, 12-months and last follow-up, 

proportion of patients achieving at least 50% reduction in pain from baseline at 6-months, EQ-

5D VAS score and Index score and Oswestry Disability Index (ODI) score. Outcome data 

available only in graphical format were extracted using WebPlot Digitizer 

(https://automeris.io/WebPlotDigitizer/). 

The measure of treatment effect for pain intensity and HRQoL outcomes was mean difference 

(MD) and 95% confidence interval (CI), and for at least a 50% reduction in pain intensity was 

risk ratio (RR) and 95% CI. 95% prediction intervals were also presented. Random-effects 

meta-analysis was performed using the generic-inverse variance method, using the meta 

command32 in R version 4.0.2, with restricted maximum likelihood (REML) used to estimate 

heterogeneity variance.33 We assessed statistical heterogeneity in meta-analysis according to 

the I2 statistic (the percentage of variability between trials that is due to statistical 

heterogeneity) with higher values corresponding to higher levels of statistical heterogeneity.34 

Subgroup meta-analyses were conducted according to funding source (industry funding 

received or no industry funding received or declared), by location (USA, USA and the rest of 

the world [RoW] and RoW) and by pain diagnosis (e.g., CRPS, PSPS-T2, PDN). 

A narrative synthesis was performed for outcomes and comparisons where clinical 

heterogeneity was too great, or outcome data reported were too variable or too limited to allow 

data to be pooled in meta-analysis. Descriptive statistics were used to summarise adverse 

events and device explants. 

We assessed the certainty of the evidence for the comparisons and outcomes included in 

meta-analysis using the GRADE framework (high, moderate, low or very low certainty of 

evidence).35 Magnitude of effect and certainty of the evidence were considered when drawing 

conclusions. 

 

https://automeris.io/WebPlotDigitizer/
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FINDINGS 

The searches resulted in the identification of 1797 potentially eligible records after 

deduplication. Following screening of titles and abstracts, 50 records were retrieved for 

assessment of the full-text publication. After review of the full-text publications, 29 reports of 

17 unique studies (1823 participants) were included in the review. Citations and reasons why 

studies were excluded on review of the full-text publication are listed in Supplement 3. The 

PRISMA flow diagram detailing the study selection process is presented in Figure 1. 

The characteristics of the included RCTs are summarised in Supplement 4, Table S1. Twelve 

of the included RCTs received industry funding,5-11 28 36 37 39 40 while 5 RCTs did not receive or 

declare industry funding or sponsorship.4 12 13 29 41 Only 1 RCT funded by industry was a single 

centre study,5 with 3 out of 5 the RCTs that did not receive industry funding conducted in a 

single centre.4 12 13 Seven RCTs were conducted in the United States,5 7-11 39 9 in countries 

other than the United States (hereafter referred to as rest of the world [RoW])4 6 12 13 28 29 36 40 41 

and 1 in the United States and RoW.37 All non-industry funded studies took place outside the 

United States. 

In the included RCTs, LF-SCS as the intervention of interest or comparator was evaluated 

versus CMM,6 28 36 37 dorsal root ganglion stimulation (DRGS),39 differential target multiplexed 

(DTM) SCS,9 HF-SCS,10 12 closed-loop SCS,8 reoperation,5 subcutaneous stimulation in 

addition to SCS,40 and physical therapy.4 Two RCTs compared HF-SCS to CMM.7 11 One 

three-armed RCT compared HF-SCS, LF-SCS and CMM,13 1 RCT evaluated SCS with or 

without a trial period,29 and 1 RCT compared multicolumn to monocolumn programming.41 
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Figure 1. PRISMA 2020 flow diagram 

 

Risk of Bias assessment 

The RoB summary table is presented in Supplement 5, Table S2. One study was judged as 

presenting some concerns for the randomisation process domain due to some baseline 

imbalances observed including pathology and years since diagnosis.13 There is often a lack 

of detail when describing the comparator particularly if this consists of CMM. Risk of bias due 

to deviations from intended interventions was not considered to be present in these instances 

as the population in SCS studies would already have tried several, if not all types of CMM. It 

is however plausible, that results of CMM in these patients would be similar to no intervention 

or being on a waiting list. Most studies were judged to have a high risk of bias for outcome 

measurement as all but one study8 were open-label trials with outcome assessors aware of 

the interventions received. For participant-reported outcomes, the outcome assessor is the 

study participant, therefore the subjective nature of the pain assessments and the plausibility 

that knowledge of the intervention and beliefs of beneficial effect could have influenced these 

outcomes. In one study,29 patients were not blind to whether they received a screening trial, 

however, this knowledge was considered as unlikely to influence participant-reported 

outcomes. Studies were judged as presenting some concerns for the selection of the reported 
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results domain where no study protocol were available or not explicitly mentioned that a 

prespecified analysis plan was followed. One study was judged as having some concerns for 

the selection of the reported results domain because the primary outcome differed between 

the protocol and study report and because ODI was a secondary outcome but results were 

only presented for the 12-month follow-up and not at the end of the 6-month primary study 

endpoint before crossover.41 The overall bias for 14 studies was considered to be high 

because at least one domain was judged to have a high risk of bias. The overall bias was 

judged to be some concerns for 1 study not funded by industry.41 The overall bias for 2 studies 

was considered to be low, 1 study was industry funded based in the US,8 and 1 study was not 

funded by industry and based in RoW.29 

 

Outcomes 

Pain, physical function and HRQoL outcomes are presented in Table 1 for RCTs that received 

industry funding and RCTs not funded by industry. Statistically significant results were more 

commonly observed in favour of the intervention in industry-funded studies. All industry-

funded studies reported statistically significant findings for the trial primary endpoint. Of the 

studies not funded by industry that found no statistically significant differences for the primary 

outcome, 1 compared HF-SCS to LF-SCS,12 1 compared SCS with or without a trial period,29 

and 1 compared multicolumn to monocolumn programming.41 One study reported statistically 

significant differences at 6-months4 but these were not maintained at last follow-up of 60-

months.42 One study observed statistically significant differences between SCS (HF-SCS and 

LF-SCS) and CMM but no differences between HF-SCS and LF-SCS.13 

Device explants were not observed in 5 RCTs (3 funded by industry,5 6 28 2 not funded by 

industry12 13 / 1 USA based5 and 4 RoW based).6 12 13 28 Reasons for device explant were 

usually reported with the most common reason being due to wound infection following SCS 

implant. A total of 8 explants reported in 2 studies, both funded by industry were due to loss 

of efficacy of the SCS device.43 44 In addition, studies have recently started to explicitly state 

when device explants were not observed due to loss of efficacy.10 43 45 
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Table 1. Outcomes of randomised controlled trials included in the systematic review 
Author (y), 
follow-up 

Intervention Control Outcomes  Key findings Adverse events at last follow-up Explants at last-
follow-up 

Industry funding received 

De Vos (2014)28 46 
 
6 months 

LF-SCS CMM Proportion of patients with ≥50% pain reduction 
Pain intensity (VAS) 
MPQ NWC-T 
MPQ PRI-T 
MPQ QoL 
HRQoL (EQ-5D utility) 
HRQoL (EQ-5D VAS) 
PGIC pain 
Satisfaction with treatment 

↑ p<0.001 
↑ p<0.001 
↑ p<0.01 
↑ p<0.01 
↑ p<0.001 
↑ p<0.05 
↑ p<0.01 
↑ p<0.01 
↑ p<0.001 

1 infection during the screening trial, 2 patients 
perceived an incomplete overlap of the paraesthesia 
with the painful area during the screening trial, 2 
patients with pain due to the IPG and 1 patient with 
coagulopathy complicating the implantation 
procedure 

No device explants 
reported 

Deer (2017)39 
 
12 months 

DRGS LF-SCS Proportion of patients with ≥50% pain reduction 
BPI severity score 
BPI interference score 
BPI activity dimension of interference 
BPI Affective dimension of interference 
Satisfaction with treatment 

↑ p<0.004 
(-) 
↑ p<0.05 
↑ p<0.05 
↑ p<0.05 
(-) 

SAEs were 10.5% (8/76) in the DRGS arm and 
14.5% (11/76) in the SCS arm (p=0.62). 52 
procedure-related AEs were reported by 35 patients 
(46.1%) in the DRGS arm, and 29 procedure-related 
AEs were reported by 20 patients (26.3%) in the 
SCS arm (p=0.018). 39 device-related AEs were 
reported by 28 patients (36.8%) in the DRGS arm, 
and 24 AEs were reported by 20 patients (26.3%) in 
the SCS arm 

Device explant required 
for 2 patients with SCS 
following infection 

Fishman (2021)9 
 
12 months 

DTM SCS LF-SCS Proportion of patients with ≥50% LBP reduction 
 
Proportion of patients with ≥80% LBP reduction 
 
Proportion of patients with ≥50% LP reduction 
 
Minimal or moderate disability in ODI 
 
PROMIS global health (very good or good) 
 
PGIC proportion reporting “a great deal better” 
 
Satisfaction with treatment 

DTM SCS 84% / 
LF-SCS 51% 
DTM SCS 63% / 
LF-SCS 28% 
DTM SCS 80% / 
LF-SCS 75% 
DTM SCS 76% / 
LF-SCS 62% 
DTM SCS 52% / 
LF-SCS 46% 
DTM SCS 43% / 
LF-SCS 30% 
DTM SCS 62% / 
LF-SCS 46% 

13 SAEs in the DTM SCS group and 11 in the LF-
SCS group. 4 study-related AEs in the DTM SCS 
group and 8 in the SCS group, the most common 
included trial lead dislodgement and incisional pain 

1 explant following 
implant-site infection 

Kapural 
(2015/2016)7 38 47 
 
24 months 

HF-SCS LF-SCS Proportion of patients with ≥50% LBP reduction 
Proportion of patients with ≥50% LP reduction 
Proportion of patients with LBP remission (pain≤2.5) 
Proportion of patients with LP remission (pain≤2.5) 
Minimal or moderate disability in ODI 
 
PGIC proportion reporting “a great deal better” 
 
Satisfaction with treatment 

↑ p<0.001 
↑ p=0.003 
↑ p=0.003 
↑ p=0.001 
HF-SCS 65% / LF-
SCS 49% 
HF-SCS 34% / LF-
SCS 21% 
HF-SCS 60% / LF-
SCS 40% 

5% SAEs in the HF-SCS group and 7.2% in the LF-
SCS group (p=0.56); AEs in 27.7% of HF-SCS 
patients and 33% in LF-SCS patients (p=0.44) and 
uncomfortable paraesthesias in 0.0% of HF-SCS 
patients and 11.3% of LF-SCS subjects (p<0.001). 
Lead migration resulting in surgical revision occurred 
in 3.0% of HF-SCS and 5.2% of LF-SCS (p=0.49). 
LoE reported for 2 (2%) patients in HF-SCS and 7 
(7.2%) in LF-SCS 

At 12-months, 5 (5.6%) 
of patients with HF-SCS 
and 9 (11.1%) with LF-
SCS had a device 
explant. 1 patient with 
HF-SCS was explanted 
and then re-implanted a 
month later 
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Kapural (2022)10 
 
6 months 

HF-SCS CMM Proportion of patients with ≥50% pain reduction 
Proportion of patients with ≥80% pain reduction 
 
Percentage reduction in VAS back pain 
Proportion of patients with MCID ≥10 in ODI 
Change in HRQoL (EQ-5D utility) 
PGIC proportion reporting “better or a great deal 
better” 

↑ p<0.001 
HF-SCS 58.5% / 
CMM 0% 
↑ p<0.001 
↑ p<0.001 
↑ p<0.001 
↑ p<0.001 

At 12-months there were 5 SAEs (2 implant site 
infections, 1 poor wound healing, 1 lethargy, 1 
osteomyelitis). 41 AEs in 35 patients (24.1%), 
including 36 (87.8%) of 41 AEs that were either mild 
or moderate in severity. The most common AE was 
implant site pain (7 patients [4.8%]; 3 [2%] required 
IPG repositioning. Implant site infection was reported 
by 5 patients (3.4%), and 3 patients (2%) had 
transient CSF leakage. Five patients (3.4%) 
underwent lead revisions, 3 due to lead dislodgment 
and 2 due to lack of therapeutic effect 

At 12-months there 
were 2 explants due to 
infections both of whom 
underwent 
reimplantation at a later 
date; no explants 
reported due to LoE 

Kumar (2007)6 48 49  
 
6 months 

LF-SCS CMM Proportion of patients with ≥50% LP reduction 
Proportion of patients with ≥80% LP reduction 
Reduction in LBP 
Reduction in LP 
Improvement in ODI 
HRQoL (EQ-5D utility) 
Satisfaction with treatment 

↑ p<0.001 
(-) 
↑ p=0.008 
↑ p<0.0001 
↑ p<0.001 
↑ p<0.001 
↑ p<0.001 

At 24 months 19 patients (45%) experienced a total 
of 34 SCS-related complications. The most frequents 
were electrode migration (14%), loss of paraesthesia 
(12%), pain at the IPG site (12%) and infection or 
wound breakdown (10%). 5 patients (12%) with LoE, 
lost or unpleasant paraesthesia. For 13 patients 
(31%) surgical revision was required 

No device explants 
reported 

Mekhail 
(2020/2022)8 43 
 
24 months 

CL-SCS OL-SCS Proportion of patients with ≥50% overall pain reduction 
Proportion of patients with ≥80% overall pain reduction 
Percentage reduction in overall pain 
Improvement in ODI 
HRQoL (EQ-5D utility) 
HRQoL (EQ-5D VAS) 
HRQoL (SF-36 PCS) 
 
PGIC very much or much improvement 

↑ p=0.001 
 
↑ p=0.047 
 
↑ p=0.01 
(-) 
(-) 
(-) 
CL-SCS ↑ / OL-
SCS ↑ 
CL-SCS 84% / OL-
SCS 81% 

4 SAEs in 4 patients (3.0%), 2 in each group were 
wound infection (2 [1.5%]), epidural abscess (1 
[0.7%]), and lead breakage/fracture (1 [0.7%]). 42 
study related AEs in 28 patients (20.9%) 28 in CL-
SCS group and 14 in OL-SCS group. Most 
frequently reported AEs were IPG pocket pain (10 
AEs, 6.7% patients) and lead migration (10 AEs, 
6.7% patients) 

2 (3%) explants due to 
LoE in the OL-SCS 
group and 3 (4.5%) 
explants due to 
procedure-related 
infections (2 [3%] in CL-
SCS and 1 [1.5%] in 
OL-SCS); no explants 
reported due to LoE in 
the CL-SCS group 

North (2005)5 
 
6 months 

LF-SCS Reoperation Proportion of patients with ≥50% pain reduction 
Improvement in function 
Satisfaction with treatment 

↑ p<0.01 
(-) 
↑ p<0.01 

1 patient had an infection at the IPG site with the 
system being replaced, 3 patients had hardware 
revisions because of electrode migration or 
malposition 

No device explants 
reported 

Petersen (2021)11 

45 
 
6 months 

HF-SCS CMM Composite of 50% pain reduction and no deterioration 
on neurological examination 
Proportion of patients with ≥50% pain reduction 
Pain intensity (VAS) 
Proportion of patients with VAS ≤3 for 6 consecutive 
months 
HRQoL (EQ-5D utility) 
HRQoL (EQ-5D VAS) 

↑ p<0.001 
 
↑ p<0.001 
↑ p<0.001 
↑ p<0.001 
 
↑ p<0.001 
↑ p<0.001 

At 12-months, 2 treatment related SAEs (device 
extrusion and wound infection) and 18 AEs in 14 HF-
SCS patients. At 6 months, the most frequent AEs 
were infection (n=3) and wound dehiscence (n=2) 
while a paraesthesia related adverse event was 
reported by 1 patient. At 12 months follow-up there 
were 8 procedure-related infections (3 resolved with 
conservative management), 2 participants had the 
location of the IPG revised, and 1 participant 
experienced lead migration that required a revision 
procedure 

Device explant was 
required for 5 patients 
following infection with 1 
patient later 
reimplanted; no 
explants reported due to 
LoE 

Rigoard (2019)37 
 
6 months 

LF-SCS CMM Proportion of patients with ≥50% LBP reduction 
Proportion of patients with ≥50% LP reduction 
Reduction in LBP 
Reduction in LP 
Improvement in ODI 
HRQoL (SF-36 PCS) 

↑ p=0.036 
↑ p<0.0001 
↑ p<0.001 
↑ p<0.001 
↑ p<0.001 
↑ p<0.001 

At 24 months there were 24 SAEs and 63 AEs in 44 
patients. The most common SAEs and AEs were 
implant site infection, device stimulation issue and 
implant site pain. The infection rate was 5%. 2 
patients reported the therapeutic device as being 
ineffective 

1 device explant in a 
patient that had an 
extradural abscess and 
also experienced 
hematoma and 
monoparesis 
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Slangen (2014)36 44 
 
6 months 

LF-SCS CMM Proportion of patients with ≥50% pain reduction (day) 
Proportion of patients with ≥50% pain reduction (night) 
Pain intensity during the day (NRS) 
Pain intensity during the night (NRS) 
HRQoL (EQ-5D utility) 
HRQoL (EQ-5D VAS) 
PGIC pain 
PGIC sleep 
Treatment success * 

↑ p<0.001 
 
↑ p<0.01 
 
↑ p<0.001  
↑ p<0.003 
(-) 
(-) 
↑ p<0.001 
↑ p<0.05 
↑ p<0.01 

1 patient developed PDPH following a dural puncture 
complicated by a lethal subdural hematoma 3 days 
after the procedure. During the 5 years follow-up, 10 
patients reported pain in the IPG pocket, 1 patient 
experienced discomfort due to the battery for a long 
period, 4 leads were damaged and replaced and 
another 5 leads were repositioned to optimize 
paraesthesia coverage 

2 patients required 
device explant due to an 
infection after 
implantation of the SCS 
system. 6 explants due 
to LoE 

van Gorp (2016)40 

50 
 
3 months 

SubQs+LF-
SCS 

LF-SCS Proportion of patients with ≥50% LBP reduction 
Proportion of patients with ≥50% LP reduction 
Pain intensity (VAS) back 
Pain intensity (VAS) leg 
HRQoL (EQ-5D utility) 
HRQoL (SF-36 PCS) 
Improvement in ODI 
PGIC 

↑ p=0.001 
(-) 
↑ p<0.001 
(-) 
↑ p=0.015 
(-) 
(-) 
↑ p=0.036 

At 12-months there were 37 AEs in 28 patients out of 
65 randomised. Most frequent AEs were pain at the 
location of IPG implantation (9.2%) and electrode 
migration in the epidural space (6.2%) and in the 
subcutaneous tissue (6.2%). 12 (18.5%) patients 
required surgery to resolve their AEs and 5 patients 
(7.7%) of this group of 12 were operated because of 
two different AEs. 4 IPGs were replaced due to high 
energy consumption and early battery depletion 

2 patients required 
device explant 

No industry funding received or declared 

Canós-Verdecho 
(2021)13 
 
12 months 

HF-SCS LF-SCS, 
CMM 

Pain intensity (NRS) 
Improvement in ODI 
Absolute improvement in pain 
Relative improvement in pain (%) 
Absolute improvement in DN4 
Relative improvement in DN4 (%) 

(-) p=0.257 
(-) p=0.089 
↑ p=0.019 
(-) p=0.097 
(-) p=0.265 
(-) p=0.548 

5 patients with LF-SCS complained of perceiving 
discomfort paraesthesias with postural changes. 1 
patient with HF-SCS presented occipital headache 
three months after implantation and 1 LF-SCS 
patient presented generator discomfort 

No device explants 
reported 

De Andrés 
(2017)12 
 
12 months 

HF-SCS LF-SCS Reduction in pain 
Improvement in ODI 
PGIC 
CGI improvement 

(-) 
(-) 
(-) 
(-) 

4 HF-SCS patients with lead migration from trial to 
permanent implant, 1 10kHz patient and 2 LF-SCS 
patients had lead migration with replacement at 12 
months 

No device explants 
reported 

Eldabe 
(2020/2022)29 51 
 
36 months 

No screening 
trial** 

Screening 
trial** 

Proportion of patients with ≥50% pain reduction 
Proportion of patients with ≥30% pain reduction 
HRQoL (EQ-5D utility) 
HRQoL (EQ-5D VAS) 
Improvement in ODI (6 months) 
PGIC (6 months) 

(-) 
(-) 
(-) 
(-) 
(-) 
(-) 

14 AEs in the trial group and 12 AEs in the no trial 
group. The most common AEs were superficial 
wound infection and pain around the IPG site 

3 explants in the trial 
group (2 due to wound 
infection and 1 due to 
device not switching on 
[patient rescheduled for 
implant]) and 1 explant 
in the no trial group due 
to pain at the IPG site 

Kemler 
(2000/2008)4 42 52 
 
60 months 

LF-SCS PT Pain intensity (VAS) 
Proportion of patients with ≥50% pain reduction 
 
Proportion of patients with ≥30% pain reduction 
 
HRQoL 
Proportion of patients much improved in GPE 

(-) p=0.25 
LF-SCS 23% 
(7/31) / PT NR 
LF-SCS 29% 
(9/31) / PT NR 
(-) p=0.80 
(-) p=0.24 

29 complications occurred during 5 years of 
treatment, 21 (72%) took place in the first 2 years. 
10 (42%) of 24 patients underwent reoperation as a 
result of 29 complications. IPGs were replaced 4 
times in 1 patient, 2 times in another, and once in 11 
patients 

2 explants due to 
recurrent rejection or 
relapsing ulcerative 
colitis ascribed to the 
system. 1 explant due to 
infection, patient 
received a replacement 
IPG 
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Rigoard (2021)41 
 
6 months 

Multicolumn Monocolumn Back pain intensity (VAS) 
Leg pain intensity (VAS) 
Back pain ≥50% pain reduction 
Leg pain ≥50% pain reduction 
HRQoL (EQ-5D utility) 
HRQoL (EQ-5D VAS) 

(-) p=0.3 
(-) p=0.3 
(-) p=0.5 
(-) p=0.4 
(-) p=0.8 
(-) p=0.2 

65 AEs were reported during the 12-months of the 
study. Most common were postoperative pain at the 
site of lead/IPG implantation (22.2%; 24/108 
patients), while the rate of device-related infection 
was 10.2% (11/108 patients implanted with a 
multicolumn lead 

6 explants due to 
infection 

AE=adverse event; CGI=clinical global impression; CL-SCS=closed-loop spinal cord stimulation; CMM=conventional medical management; DRGS=dorsal root ganglion stimulation; DTM=differential target multiplexed; 
GPE=global perceived effect; HRQoL=health-related quality of life; IPG=implantable pulse generator; LoE=loss of efficacy; LP=leg pain; MCID=minimal clinical important difference; MPQ=McGill Pain Questionnaire; 
NR=not reported; NRS=numeric rating scale; NWC-T=total number of words chosen; ODI=Oswestry Disability Index; OL-SCS=open-loop spinal cord stimulation; PCS=Physical Component Score; PDPH=postdural 
puncture headache; PGIC=patient global impression of change; PRI-T=total pain rating index of words chosen; SAE=serious adverse event; SubQs=subcutaneous stimulation; VAS=visual analogue scale 
* Treatment success defined as ≥50% reduction in pain intensity during daytime or night-time, or an improvement for pain and sleep of ≥6 in the score of the PGIC scale 
(-) no statistically significant differences between groups 
↑ statistically significant between groups in favour of intervention group 
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Meta-analysis: comparison of SCS versus UC 

A summary of meta-analysis results for SCS versus UC is presented in Table S3. 

 

How does industry funding affect findings of RCTs of SCS? 

For all outcomes at all timepoints, results of meta-analysis showed statistically significantly 

greater improvements for SCS when compared to UC. Figure 2 shows the results of meta-

analysis of pain intensity, change in pain intensity from baseline and ODI. The confidence 

intervals for subgroups (no funding or funding not disclosed, industry funding, non-industry 

funding) overlapped between the subgroups and no statistically significant differences 

between subgroups were observed. Substantial heterogeneity was observed in the subgroup 

meta-analysis of industry studies for pain outcomes, which may originate from differences in 

study findings by study location (see next section). 

 

Figure 2. Meta-analysis comparing SCS with usual care based on whether funding from 

industry was received or not 
A. Pain intensity at 6-months (680 participants); B. Pain intensity at last follow-up (583 participants); C. Change in 
pain intensity at 6-months (373 participants); D. Change in pain intensity at last follow-up (370 participants); E. 
Pain intensity at 3-months (371 participants); F. ODI at 6-months (353 participants) 

 

A

C D

E F

B
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How does study location affect findings of RCTs of SCS? 

Tests of subgroup differences showed statistically significant differences for pain-related 

outcomes when considering study location (USA, RoW, USA and RoW) in subgroup meta-

analysis (Figure 3). One study conducted in the USA was included in meta-analysis which 

compared HF-SCS to UC and reported greater differences in pain outcomes.11 For example, 

the difference between HF-SCS and UC in pain intensity at 6-months in the study conducted 

in the USA (MD -5.20, 95% CI -5.77 to -4.63)11 was statistically significant when compared to 

the studies conducted in RoW (pooled MD -2.32, 95% CI -3.16 to -1.49) and conducted in 

sites in the USA and RoW (MD -1.20, 95% CI -1.73 to -0.67).37 No statistically differences 

between subgroups by study location were observed for ODI or EQ-5D index scores. 

 

Figure 3. Meta-analysis comparing SCS with usual care based on study location 
A. Pain intensity at 6-months (680 participants); B. Pain intensity at last follow-up (583 participants); C. Change in 
pain intensity at 6-months (373 participants); D. Change in pain intensity at last follow-up (370 participants); E. 
Pain intensity at 3-months (371 participants); F. Proportion of patients with 50% pain reduction (585 participants); 
G. ODI at 6-months (353 participants); H. EQ-5D index at 6-months (567 participants) 

A
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E F

B

G H
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Meta-analysis: Comparison of HF-SCS versus LF-SCS 

A summary of meta-analysis results for SCS versus UC is presented in Table S4. 

Meta-analysis results for comparison of HF-SCS with LF-SCS grouped by industry funding 

and by location are the same since the industry-funded study was based in the USA7 and the 

two studies not funded by industry were based in RoW.12 13 For all outcomes at all timepoints, 

results of meta-analysis showed no differences between HF-SCS and LF-SCS. Figure 4 

shows the results of meta-analysis of pain intensity, change in pain intensity from baseline 

and ODI. Tests of subgroup differences suggested a difference between the study with 

industry funding conducted in the USA and the studies with no funding conducted in RoW for 

pain intensity at 6-months (p=.007), 12-months (p=.001), last follow-up (p<.001) and change 

in pain intensity at last follow-up (p<.001), where studies with industry funding showed 

statistically significant advantages for HF-SCS compared to LF-SCS while studies with no 

funding showed no differences between HF-SCS and LF-SCS. However, only one and two 

studies respectively were included in the subgroups of industry funding and no funding. 

 

Figure 4. Meta-analysis comparing HF-SCS with LF-SCS based on whether funding from 

industry was received or not 
A. Pain intensity at 6-months (245 participants); B. Pain intensity at 12-months (243 participants); C. Change in 
pain intensity at 6-months (245 participants); D. Change in pain intensity at 12-months (243 participants); E. Pain 
intensity at last follow-up (230 participants); F. Change in pain intensity at last follow-up (230 participants) 

 

Sensitivity analysis including leg pain scores and meta-analysis results by pain diagnosis are 

presented in Supplement 6 (Figures S1 to S5). Meta-analysis could not be performed for 

comparisons of SCS to other interventions (e.g., other types of stimulation, surgery), and 
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E F
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comparisons of different modalities of SCS (e.g., closed-loop compared to open-loop SCS, 

SCS with or without a trial period, multicolumn compared with monocolumn). 

 

Certainty of evidence (GRADE) 

For the meta-analyses of pain, function and HRQoL outcomes, we consider that moderate 

certainty evidence is provided for the comparison of SCS versus UC (downgrade to the 

certainty of the evidence due to RoB in the measurement of the outcome in all studies) and 

low certainty evidence is provided for the comparison of HF-SCS versus LF-SCS (downgrades 

to the certainty of the evidence due to RoB in the measurement of the outcome in all studies 

and due to limited subgroup data available with one USA-based industry funded study and 

two studies without funding conducted in RoW included in meta-analysis). 

Substantial heterogeneity was observed for meta-analysis of pain outcomes in industry-

funded studies of SCS versus UC, which may be explained by differences in the findings of 

studies conducted in the USA compared to studies conducted in RoW, therefore no 

downgrade the certainty of evidence was made due to heterogeneity. 

Data for comparisons and outcomes assessed by narrative synthesis were very limited and 

heterogeneous. The effect of SCS on these outcomes is very uncertain. 

 

DISCUSSION 

The results of our meta-analysis show improved outcomes for patients with SCS compared to 

patients with UC. Improvements of at least one minimal clinical important difference (MCID) 

in pain, defined as a reduction ≥2 points on the NRS,53 were observed for the comparison of 

SCS with UC at 6-months (pooled MD -2.51, 95% CI -3.58 to -1.45) and last follow-up (pooled 

MD -2.04, 95% CI -3.33 to -0.74). No differences were observed for comparisons between 

HF-SCS and LF-SCS. While the differences between industry and non-industry funded studies 

were not statistically significant for all outcomes for comparisons of SCS with UC, statistically 

significant differences were observed for comparisons of HF-SCS with LF-SCS for pain 

intensity at 6-months, 12-months, last follow-up and change in pain intensity at last follow-up, 

however, only a limited number of studies could be included in the analysis. We are unable to 

explain this difference based on RoB assessment since all studies12 13 38 included in this 

comparison were judged to have high RoB. The potential for an industry bias cannot be 

excluded. A Cochrane systematic review of RCTs of SCS compared with placebo (sham) 

stimulation observed that the evidence base is dominated by industry-sponsored studies and 

a high rate of conflicts of interest.23 The authors suggested the existence of an industry bias 
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that cannot be explained by standard RoB assessments. It has been observed that 

sponsorship by industry may lead to more favourable efficacy results and conclusions than 

sponsorship by other sources.15-17 It should be noted that studies independent from industry 

showed that SCS resulted in clinically significant improvements in outcomes when compared 

to baseline,4 12 13 29 41 although not of the same magnitude as observed in studies funded by 

industry. 

Author’s relationships with SCS industry have also been raised as a concern and a possible 

reason to explain potential differences in results from industry and those independent from 

industry.54 These suggestions were made based on the Cochrane review findings which only 

included comparisons of SCS with placebo (sham) where the evidence base is limited to small 

crossover studies.23 The results of the Cochrane review were similar to those reported in an 

earlier systematic review.22 Analysis by report of conflicts of interest would provide the same 

results as analysis by industry since at least some of the authors in all the studies that were 

funded by industry reported conflicts of interest, and the authors of studies not funded by 

industry included in meta-analysis did not report conflicts of interest. There are several reports 

of negative findings by authors with relationships with industry.55 56 An author relationship with 

industry does not equate to lack of research ethics or not prioritising the best interest of their 

patients. We agree that results from SCS industry sponsored studies are not often observed 

in routine clinical practice and there is a need to improve the reporting of SCS trials.20 57 The 

overall bias for all studies included in meta-analysis was considered to be high. The need to 

improve the design and reporting of trials applies not only to industry funded studies but also 

to independent studies.57 58 The recent crossover RCT independent from industry by Hara et 

al,59 reported no difference between a type of burst-SCS and placebo stimulation. Although 

this study did not meet the eligibility criteria for inclusion in this review, in addition to the fact 

that the authors evaluated an experimental mode of SCS there are several methodological 

issues with the study that cast doubt on its findings.60 61 

Recent systematic reviews assessed the efficacy of SCS when compared to a placebo/sham 

control.22 23 62 The two Cochrane reviews suggest that SCS is of limited value.23 62 However, 

these reviews fail to mention that most of the crossover RCTs evaluated experimental modes 

of SCS that are not used in clinical practice. As such, those reviews are of limited value to 

inform patients, clinicals and policy makers since the results observed do not reflect the types 

of SCS used in clinical practice.63 

The selective eligibility criteria commonly used in RCTs although essential for internal validity, 

may lead to impaired generalisability of results to other patient populations.64 As psychosocial 

factors, patients expectations and healthcare economics vary from one country to another, 

study location may also have implications to generalisability to other settings, patient 
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populations and may require further exploration.65 Although the SCS procedure including use 

of screening trials prior to full implantation of the device and implanting techniques are fairly 

standardised across countries,29 55 the generalisability of RCT results from one country to 

another is not often considered, while this could be of major interest.66 

Significant differences for the comparison of SCS versus UC were observed for pain intensity 

outcomes when considering study location, with studies conducted in the USA reporting 

greater improvements with SCS than studies conducted in RoW. The results of the meta-

analysis by study location need to be interpreted with caution because only one of the studies 

included in meta-analysis was conducted in the USA and compared HF-SCS with UC.11 

However, this study reported significantly greater improvements for the SCS arm than the 

other studies included. It is interesting to note that differences when considering study location 

were only significant for pain related outcomes and no significant differences were observed 

for EQ-5D index. Outcomes beyond pain intensity alone should be explored to evaluate patient 

response to SCS.67 

 

Strengths and limitations 

As previously acknowledged in several publications there is a lack of RCTs of SCS not funded 

by industry. A RoB assessment was conducted for all included RCTs and all the findings 

presented. Five non-industry funded studies were identified in this systematic review, of which 

only three could be included in the meta-analysis. Only a very limited number of studies were 

available for the comparison of HF-SCS with LF-SCS. The use of different comparators in the 

included RCTs limits the number of studies that could be included in meta-analysis. Several 

comparisons were based on small sample sizes and subgroup analysis could be affected by 

other covariates. Several outcomes had high levels of heterogeneity despite subgroup 

analysis. Due to a small number of studies included in each meta-analysis, and each subgroup 

within each meta-analysis, we were not able to reliably assess the presence of publication 

bias and therefore cannot rule out the presence of publication bias in the meta-analyses. 

 

CONCLUSIONS 

Our findings suggest that the perceived impact of industry funding in findings of SCS studies 

may be overstated. SCS provides better outcomes than UC and the results do not differ 

significantly between studies funded by industry and those independent from industry. Industry 

funding seems to have played a part in comparisons between HF-SCS and LF-SCS. Meta-

analysis results showed no significant differences between HF-SCS and LF-SCS but 
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significant differences for subgroup meta-analysis based on industry funding for pain-related 

outcomes but no difference for quality of life. 
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