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ABSTRACT

Background/importance Existing systematic reviews
and meta-analyses of randomized trials of spinal cord
stimulation (SCS) for people with chronic pain have
consistently excluded direct comparisons between
different types of SCS and are therefore at major risk of
publication bias.

Objective The aim of this systematic review and
network meta-analysis (NMA) was to combine both
direct and indirect randomized trial evidence on
treatment effects of SCS for pain intensity, physical
function, and health-related quality of life (HRQoL).
Evidence review MEDLINE, Cochrane Central
Register of Controlled Trials (CENTRAL), Embase, and
WikiStim were searched from inception to December
19, 2024 for parallel-arm randomized trials comparing
SCS to conventional medical management (CMM),

an active intervention (including other types of SCS)
or placebo for adults with chronic pain. The measure
of treatment effect for the primary outcome (pain
intensity) and for secondary outcomes (physical
function, HRQoL) was mean difference (MD) and 95%
Cl, and for responder rate was OR and 95% Cl. NMA
was performed in a frequentist framework.

Findings 23 reports of 16 unique randomized

trials were included. All but one trial was assessed

as having a high risk of bias. Results of NMA show
significant reductions in pain intensity scores (0—10)
at last follow-up (within the first 24 months) were
observed with all types of SCS compared with CMM,
with MD range from —2.37 (95% Cl —3.54 to —1.20)
to —5.55 (95% Cl —7.34 to —3.76; 15 trials, 1479
participants; low certainty evidence). Improvements
in physical function (MD range from —0.20, 95%

Cl —10.24 t0 9.85) to —31.04 (95% Cl —44.36 to
—17.33; 8 trials, 837 participants; low certainty
evidence) and HRQoL (MD range from 0.15 (95% Cl
0.09 t0 0.20) to 0.29 (95% C1 0.20 to 0.37; 8 trials,
942 participants; moderate certainty evidence) were
observed for SCS compared with CMM at 6 months.
Patients were found to have a higher likelihood to

be a responder to treatment (ie, =50% reduction in
pain intensity) with all forms of SCS in comparison

to CMM at last follow-up (OR range from 9.75 (95%
Cl 4.07 to 23.25) to OR 63.4 (18.76 t0 212.55; 13
trials, 1887 participants; very low certainty evidence).
Clinically meaningful improvements were observed for
pain intensity, HRQoL, and in some comparisons for
physical function.

,* Corey W Hunter, Joshua M Rosenow,*
78 Maarten Moens,®”® Hemant Kalia, "

> Rod S Taylor,' Peter S Staats'

Conclusions There is low to moderate certainty of
evidence that all types of SCS are superior to CMM for
the management of chronic pain conditions.

INTRODUCTION
Spinal cord stimulation (SCS) is a treatment option
for people with chronic pain who do not obtain
satisfactory pain relief with conventional medical
management (CMM). SCS is commonly indicated
for chronic pain etiologies including persistent
spinal pain syndrome type 1 and type 2 (PSPS-T1
and PSPS-T2), complex regional pain syndrome
(CRPS), painful diabetic neuropathy (PDN), and
other neuropathic pain syndromes.! > The only
type of stimulation available for several decades
was low-frequency fixed-output stimulation (herein
referred to as conventional SCS).> However, the
last decade has seen the development and adoption
of a number of novel and distinct SCS modalities
such as high-frequency SCS (HF-SCS), burst SCS
and differential target multiplexed (DTM) SCS, and
also EVOKE closed-loop SCS (closed-loop system
maintaining system amplitude at or above ECAP
level).*®

In order to demonstrate superiority, and in
compliance with the US Food and Drug Adminis-
tration standards, novel waveforms therapies have
typically been compared with established therapies.
However, recent systematic reviews of SCS have
excluded randomized trials that compared different
types of SCS with no clear justification for this omis-
sion; therefore, disregarding a considerable body of
evidence.” 1 Furthermore, these previous reviews,
and others,'"™® have been limited to meta-analysis
of data based on head-to-head trials (or “direct”)
trial comparisons only. Network meta-analysis
(NMA) allows a more comprehensive assessment
by combination of direct and indirect evidence (eg,
allowing estimation effect for treatment A vs C indi-
rectly from a trial directly comparing treatment A vs
B and a trial directly comparing B vs C), including
all relevant data from studies with at least two treat-
ment arms and producing a more precise treatment
effect estimate than direct evidence from random-
ized trials or indirect evidence could alone.'” "

The aim of this study was to evaluate the rela-
tive effectiveness of the different types of SCS for
the management of chronic pain. Considering the
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Review

findings of published randomized controlled trials (RCTs), we
hypothesize that novel SCS modalities (HF-SCS, burst, DTM,
and closed-loop SCS) provide superior pain relief and greater
improvements in physical function and health-related quality
of life (HRQoL) compared with conventional SCS and other
comparators in patients with chronic pain conditions. The
current systematic review and NMA overcomes the method-
ological limitations of previous reviews and provides the first
assessment of the relative effectiveness of the different types of
SCS currently used in clinical practice for the management of
chronic pain.

METHODS

The systematic review is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses incorporating NMA (PRISMA-NMA).?* The protocol
for the review is registered on PROSPERO as CRD42023449215.
A protocol was not submitted for publication in a peer-reviewed
journal.

Search strategy

The databases MEDLINE (Ovid), Cochrane Central Register
of Controlled Trials (CENTRAL via The Cochrane Library),
Embase, and WikiStim were searched from inception to
December 19, 2024 by a reviewer (MMa). The search strategies
were designed using a combination of both indexing and free-
text terms with no restriction on language or date. Full trans-
lations of articles in languages other than those of the author’s
native languages would be obtained through native speakers in
our institutions. The search strategies are presented in online
supplemental material 1. Database searches were supplemented
by screening reference lists of topic-relevant systematic reviews
and eligible studies.

Study selection

The citations identified were assessed for inclusion in the review
using a two-stage process. First, two reviewers (RVD and NS)
independently screened all titles and abstracts identified by the
database searches to identify potentially relevant articles to be
retrieved. Second, full-text copies of these studies were obtained
and assessed independently by two reviewers (RVD and NS) for
inclusion, using consensus for any disagreements, and if neces-
sary, a third reviewer (SE) would be consulted. Studies were
eligible for inclusion if they met the following criteria: (1) adult
patients (18 years of age or older) with chronic pain; (2) eval-
uation of SCS (any stimulation paradigm); (3) compared with
CMM, an active intervention (including another stimulation
paradigm) or placebo; (4) assessed pain intensity, physical func-
tion, or HRQoL; (5) in a parallel group randomized trial study
design (ie, sample size estimation was based on a parallel-group
design); and (6) reported in a full-text publication.

Outcomes
The primary outcome was pain intensity score measured with
the Visual Analog Scale (VAS) or Numeric Rating Scale (NRS).
Secondary outcomes were:
» Responder rate (the proportion of patients achieving =50%
reduction in pain).?!
» Physical function (eg, Oswestry Disability Index scale).
» HRQoL (eg, EuroQol 5-Dimension questionnaire (EQ-5D)
utility scores).
Primary and secondary outcomes were considered at last
follow-up of the trial (within the first 24 months) and at 6

months postimplantation, where available. As patient treatment
group crossover was permitted in 8 RCTs at 6 months postim-
plantation,’ ©***” and in 1 RCT at 24 months,® only data before
crossover were considered for inclusion in analysis.

Risk of bias assessment

Risk of bias (RoB) for the primary outcome was assessed by using
the revised Cochrane RoB tool (RoB 2.0).2® RoB assessment of
the included studies was undertaken by one reviewer (RVD)
and verified for agreement by a second reviewer (SN). Authors
involved in the systematic review who were involved in the orig-
inal studies did not assess RoB of included randomized trials.
Any disagreements were resolved by consensus, and if necessary,
a third reviewer (SE) would be consulted.

Data extraction and statistical analysis

Data extracted were study author and year of publication,
study design characteristics, demographic data (ie, age and sex),
details on the intervention and comparators, and outcome data,
including the number of participants and the measurement time
of the outcome. Data extraction was performed by one reviewer
(SN) and checked for accuracy by a second reviewer (RVD).

Outcome data were extracted for inclusion in analysis in the
first instance from intention-to-treat (ITT) populations with or
without imputed missing data (eg, last value carried forward).
Where data from ITT populations were not available, outcome
data for those completing to 6 months and last follow-up in the
trial, respectively, were included in analysis. Missing data were
not requested from the original study authors. Outcome data
available only in graphical format were extracted using WebPlot
Digitizer (https://automeris.io/WebPlotDigitizer/).

To standardize outcome data to a single scale for pain inten-
sity, it was assumed that the VAS scale (0-10 cm) and the NRS
scale (0-10) were equivalent, and the VAS scale (0-100 mm) was
converted by dividing pain scores by 10.* One RCT reported
pain intensity separately during the day and during the night.*®
To allow pooling of pain intensity outcome data, an average of
the day and night mean pain scores and data was used. Where
included studies reported pain intensity scores and/or responder
rates for (lower) back pain and for leg pain separately, in our
primary approach, we included back pain scores in analysis and
conducted sensitivity analysis including leg pain scores.

The measure of treatment effect for the primary outcome
(pain intensity) and for continuous outcomes physical function
and HRQoL was mean difference (MD) and 95% CI and for
responder rate was OR and 95% CI.

Network meta-analysis

In addition to direct comparisons of SCS and CMM, and
comparisons of SCS made within the included trials, NMA
was performed to allow for indirect comparisons to be made
between all interventions included within networks for each
outcome (online supplemental figures S1 and S2).

Conventional low-frequency SCS delivers evenly spaced
pulses at a fixed amplitude, while closed-loop SCS continuously
adjusts amplitude in real time based on evoked compound action
potentials (ECAPs), resulting in a non-constant waveform.* This
dynamic modulation may affect clinical outcomes and patient
experience, justifying its classification as a distinct SCS type
rather than grouping it with conventional SCS.

The assumption of transitivity was considered within
our specific inclusion criteria and outcome definitions to
ensure consistent study designs and patient populations when
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constructing treatment networks. We assessed the level of clinical
heterogeneity present between trials by comparison of trial (eg,
comparator type, duration of follow-up) and participant charac-
teristics (eg, age, sex, duration of pain) and deemed that some
clinical heterogeneity of trial designs (including control groups,
see below), patient populations, and treatment protocols was
present, but included studies were not so inconsistent to violate
the assumption of transitivity. Due to the presence of this clinical
heterogeneity, random-effects NMA was used as a conservative
approach, and heterogeneity was assessed statistically according
to the I? statistic (the percentage of variability between trials that
is due to statistical heterogeneity) and the 1 statistic (an absolute
estimate of the between-study variance in the NMA).

Inconsistency (incoherence) was assessed globally across
networks with at least one closed loop of evidence by testing
between-designs based on a design-by-treatment interac-
tion random-effects model (ie, a design-based decomposition
of Cochran’s Q statistic).>® Where global inconsistency was
detected (ie, p value between-designs <0.05), incoherence
within loops of evidence was further explored by comparing
direct and indirect estimates using node-splitting®' using a back-
calculation method?* based on the direct evidence proportion
to calculate the contribution indirect evidence had to the NMA
estimates. Publication bias and small study effects were assessed
using comparison-adjusted funnel plots for all outcomes,*
including Egger’s test for asymmetry for NMAs with at least 10
comparisons.

NMA was performed in a frequentist framework using the
netmeta command®** in RStudio V.4.3.1. The method assumes
a common heterogeneity variance for tau-squared. We used the
default settings in netmeta, including the default method for esti-
mating tau-squared (a special case of DerSimonian-Laird esti-
mate) as we had no grounds or a good reason for selecting any
alternative methods.

Control group responder rates and pain intensity scores

Nine included trials used CMM, one trial used physical therapy,
and seven included trials used conventional SCS (compared with
other types of SCS) as a control group. Therefore, we antici-
pated variability in control group responder rates and pain
intensity scores, which may impact relative treatment effect sizes
estimated within the NMA of different types of SCS compared
with CMM and different types of SCS compared with each
other. We calculated responder rates and mean (95% CI) values
for each control group and compared these results by type of
control group and over time using forest plots (produced in Stata
V.18),%¢ to aid with interpretation of NMA results.

Certainty of evidence

We present NMA results for all outcomes in a summary of
findings table, adapted from the template tables developed by
Yepes-Nufiez et al.’’ Comparisons are presented for SCS inter-
ventions against CMM as reference treatment, and for other
SCS interventions against conventional SCS (ie, low-frequency
fixed-output SCS). We assessed the confidence in the NMA
results (ie, a framework similar to Grading of Recommendations
Assessment, Development and Evaluation (GRADE) certainty of
the evidence) according to the Confidence in Network Meta-
Analysis (CINeMA) approach,®® which assesses six domains:
within-study bias, reporting bias, indirectness, imprecision,
heterogeneity, and incoherence (inconsistency). We downgraded
evidence by one level if we considered the limitation relating to
a domain to be “serious” and two levels if we considered it to

be “very serious.” Certainty of evidence was assessed by SN and
RVD with input from coauthors.

Deviations from protocol: In addition to reporting outcomes
at 6-month follow-up, we elected to report pain intensity at the
last available follow-up because some studies did not report
data at the 6-month time point. To maximize data inclusion and
provide a more comprehensive analysis, we also used the longest
follow-up within the first 24 months for each study. We did not
evaluate the proportion of patients with =80% reduction in pain
intensity due to limited reporting of this outcome. Subgroup
meta-analyses by pain diagnosis were not conducted as these
have been previously conducted for PSPS-T1,* PSPS-T2,* and
PDN.*! An NMA evaluating SCS for CRPS may be addressed
in a future manuscript. Finally, the current manuscript does not
explore whether the effectiveness of SCS varies by type of pain;
this may also be the subject of subsequent work.

RESULTS
The searches resulted in the identification of 2548 potentially
eligible records after deduplication. Following the screening of
titles and abstracts, 32 records were retrieved for assessment
of the full-text publication. After review of the full-text publi-
cations, 23 reports of 16 unique studies were included in the
review and NMA. All the reports included for each of the studies
identified are cited in table 1. Citations and reasons why studies
were excluded on review of the full-text publication are listed
in online supplemental material 2. The PRISMA flow diagram
detailing the study selection process is presented in figure 1.
The characteristics of the included randomized trials are
summarized in table 1. In the included trials, conventional SCS
as the intervention of interest or comparator was evaluated
versus CMM in 4 RCTs,* % 2¢ *? dorsal root ganglion stimula-
tion (DRGS) in 1 RCT,* DTM SCS in 2 RCTs,” 7 HF-SCS in
2 RCTs,> ** closed-loop SCS in 1 RCT,* and physical therapy
in 1 RCT.* Comparisons of HF-SCS vs CMM were performed
in 2 RCTs,” ** DTM SCS versus CMM in 1 RCT,** and burst
SCS versus CMM in 1 RCT.® One three-armed randomized trial
compared HF-SCS, conventional SCS, and CMM.* Network
plots for the different outcomes evaluated are presented in
online supplemental figures S1 and S2. All two-arm RCTs with
CMM as a comparator and follow-up longer than 6 months
included optional crossover at the 6 months time point.® ¢ 2272
Only two RCTs that compared different types of SCS included an
optional crossover at 6 months®” and at 24 months.® Participants
in the randomized trials presented with chronic pain conditions
commonly managed with SCS including CRPS with upper or
lower limb involvement, PSPS-T1 (chronic low back pain with or
without radiculopathy and no prior surgery), PSPS-T2 (chronic
low back pain with or without radiculopathy after or as a conse-
quence of surgery), and PDN. Commonly reported pain etiolo-
gies are presented in table 1.

Risk of bias assessment

The RoB summary table for the primary outcome is presented in
table 2. One study was judged as presenting some concerns for
the randomization process domain due to some baseline imbal-
ances observed including pathology and years since diagnosis.*
There is often a lack of detail when describing the comparator,
particularly if this consists of CMM. RoB 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. Further, for SCS, it is
plausible for deviations from the intended intervention to occur
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Table 1  Characteristics and outcomes of randomized controlled trials included in the systematic review

Author (y), follow-up Intervention vs  Number randomized, sex, and mean Most common diagnosis and Pain intensity, physical function, and HRQoL

duration Country comparator agex+SD duration of pain Outcomes Key findings
Canos-Verdecho et al Spain HF-SCS vs C-SCS,  HF-SCS N=10, F=7 (70%), 46.3+10.0y C-  CRPS Type | with upper limb involvement Pain intensity (NRS) (-) p=0.257
(2021)* 12 months CMM SCS N=12, F=8 (66.7%), 48.7+8.8y CMM  HF-SCS 4.7+6Y (range 1-19) C-SCS Improvement in ODI () p=0.089
N=19, F=17 (89.5%), 51.2+11.1y 1.8+0.9y (range 1-3) CMM 2.3+0.5y  Absolute improvement in pain 1 p=0.019
(range 2-3) Relative improvement in pain (%) (-) p=0.097
De Andres et al (2017)* Spain HF-SCS vs C-SCS  HF-SCS N=26, F=11 (42.3%), 51.6+9.3y PSPS-T2>6 months Reduction in pain (-) p=0.560
12months C-SCS N=29, F=18 (62.1%), 53.8+11.4y Improvement in ODI (-) p=0.059
de Vos et al (2014)* 7 The Netherlands, C-SCS vs CMM C-SCS N=40, F=15 (37.5%), 58+11y CMM PDN C-SCS 76y CMM 76y Proportion of patients with =50% pain reduction 1 p<0.001
6months Denmark, Belgium, N=20, F=7 (35%), 6112y Pain intensity (VAS) 1 p<0.001
and Germany HRQoL (EQ-5D utility) 1 p<0.05
Deer et al (2017)" USA DRGS vs C-SCS DRGS N=76, F=39 (51.3%), 52.4+12.7y ~ CRPS Type | or causalgia in the lower Proportion of patients with >50% pain reduction 1 p<0.004
12 months C-SCS N=76, F=39 (51.3%), 52.5+11.5y  extremities DRG 7.5y C-SCS 6.8y
Deer et al (2023)° USA Burst SCS vs CMM  Burst SCS N=162, F=96 (59%), 58.1+13.0y PSPS-T1 — nonspecific low back pain, Percent pain reduction from baseline 1 p<0.001
12 months Crossover CMM N=107, F=52 (51%), 59.1+12.4y lumbar spondylosis, radiculopathy, Proportion of patients with =50% pain reduction 1 p<0.001
option at 6 months degenerative disc disease, spinal stenosis Improvement in ODI 1 p<0.001

Burst SCS 11.9+10.6y CMM 13.1+12.4y
DTM SCS vs C-SCS DTM SCS N=67, F=34 (50.7%), 61.3£12.2y PSPS-T2, radiculopathy, degenerative Proportion of patients with >50% LBP reduction
C-SCS N=61, F=34 (55.7%), 60.7+11.8y  disc disease, spondylosis, mild to Proportion of patients with >50% LP reduction
moderate spinal stenosis, and other DTM Minimal or moderate disability in ODI
SCS 12.6+13.1y C-SCS 12.9+11.2y

Fishman et al (2021)" USA
12 months

DTM SCS 84%/C-SCS 51%
DTM SCS 80%/C-SCS 75%
DTM SCS 76%/C-SCS 62%

Kallewaard et al (2024) Belgium, Germany, DTM SCSvs CMM DTM SCS N=51, F=29 (57%), 55.9+13.0y  PSPS-T1 — degenerative disc disease, Proportion of patients with =50% pain reduction 1 p<0.0001
12 months Crossover the Netherlands, and CMM N=57, F=28 (49.1%), 56.9+12.8y  lumbar-facet-mediated pain, Improvement in ODI 1 p<0.001
option at 6 months Spain radiculopathy, mild/moderate spinal HRQoL (EQ-5D utility) 1 p<0.001
stenosis, internal disc disruption/
annular tear DTM SCS 10.4+10.9y CMM
11.6+10.8y
Kapural et al (2015/2016)° USA HF-SCS vs C-SCS  HF-SCS N=92, F=57 (62%), 54.6+12.4y PSPS-T2, radiculopathy, degenerative Proportion of patients with =50% LBP reduction 1 p<0.001
74 24 months C-SCS N=87, F=51 (58.6%), 55.2+13.4y disc disease, spondylosis, mild to Proportion of patients with =50% LP reduction 1 p=0.003

moderate spinal stenosis, and other HF-  Minimal or moderate disability in ODI HF-SCS 65%/C-SCS 49%

SCS 13.0+10.4y C-SCS 14.2+12.2y

890/01-G20z-Wwdei/9g| |0L:10p "€1—1:0:9207 PaN Uled yisauy bay “Je 18 'S aqep|

Kapural et al (2022)” USA HF-SCSvs CMM  HF-SCS N=83, F=50 (60%), Mdn=53y PSPS-T1 — degenerative disc Proportion of patients with =50% pain reduction 1 p<0.001
24months Crossover (29-87) CMM N=76, F=40 (53%), disease, spondylosis, radiculopathy, Percentage reduction in VAS back pain 1p<0.001
option at 6 months Mdn=58.5y (26-77) mild/moderate spinal stenosis, HRQoL (EQ-5D utility) 1 p<0.001
spondylolisthesis, sacroiliac dysfunction
HF-SCS Mdn=8.5y (0.5-52) CMM
Mdn=8y (1-59)
Kemler et al The Netherlands C-SCSvs PT C-SCS N=36, F=22 (61%), 40+12y PT CRPS Type | C-SCS 40+28m PT 34+22m  Pain intensity (VAS) (-) p=0.25
(2000/2004/2008)" "> 76 N=18, F=15 (83%), 358y Proportion of patients with =50% pain reduction LF-SCS 23% (7/31)/PT NR
60 months HRQoL (-) p=0.80
Kumar et al (2007)* 77 Australia, Belgium, ~ C-SCS vs CMM C-SCS N=52, F=22 (42.3%), 48.9+10y PSPS-T2>6 months Proportion of patients with >50% LP reduction 1 p<0.001
24 months Crossover Canada, Israel, Italy, CMM N=48, F=27 (56.2%), 52.0+10.7y Reduction in LBP 1 p=0.008
option at 6 months Spain, Switzerland, Reduction in LP 1 p<0.0001
and UK Improvement in ODI 1 p<0.001
HRQoL (EQ-5D utility) 1 p<0.001
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Table 1  Continued

Author (y), follow-up Intervention vs  Number randomized, sex, and mean Most common diagnosis and Pain intensity, physical function, and HRQoL

duration Country comparator agexSD duration of pain Outcomes Key findings

Mekhail et al USA CL-SCS vs C-SCS  CL-SCS N=25, F=12 (48%), 53.0+8.3y C-  Degenerative disc disease, mild- Proportion of patients with =50% pain reduction 1 p=0.001

(2020/2022/2024)®*° SCS N=25, F=12 (48%), 55.6+11.3y moderate spinal stenosis, radiculopathy, Percentage reduction in overall pain 1 p=0.01

78 36 months Crossover spondylosis without myelopathy CL-SCS  Improvement in ODI )

option at 24 months 17.2£12.1y C-SCS 12.4+10.6y HRQoL (EQ-5D utility) (-)

Petersen et al (2021)% USA HF-SCSvs CMM  HF-SCS N=113, F=43 (38.1%), 60.7+11.4y PDN HF-SCS 7.4+5.7y CMM 7.1+5.1y  Proportion of patients with =50% pain reduction 1 p<0.001

24 months Crossover CMM N=103, F=37 (35.9%), 60.8+9.9y Pain intensity (VAS) 1 p<0.001

option at 6 months HRQoL (EQ-5D utility) 1 p<0.001

Rigoard et al (2019)* Belgium, Canada, C-SCS vs CMM C-SCS N=110, F=68 (61.8%), 52.8£12.5y  PSPS-T2 C-SCS 6.4+7.4y CMM 7.0+7.1y Proportion of patients with >50% LBP reduction 1 p=0.036

12 months Crossover Colombia, France, CMM N=108, F=64 (59.3%), 55.1+10.2y Proportion of patients with >50% LP reduction 1 p<0.0001

option at 6 months Germany, the Reduction in LBP 1 p<0.001
Netherlands, Spain, Reduction in LP 1 p<0.001
UK and USA Improvement in ODI 1 p<0.001

Slangen et al (2014)%® The Netherlands C-SCS vs CMM C-SCS N=22, F=7 (31.8%), 57.1+12.4y PDN C-SCS 6.0+5.1y CMM 4.9+3.6y Proportion of patients with >50% pain reduction (day) 1 p<0.001

60months Crossover CMM N=14, F=5 (35.7%), 56.5+8.0y Proportion of patients with =50% pain reduction (night) 1 p<0.01

option at 6 months Pain intensity during the day (NRS) 1 p<0.001

Pain intensity during the night (NRS) 1 p<0.003

White et al (2024)”
12 months Crossover
option at 6 months

USA

DTM SCS vs C-SCS

DTM SCS N=51, F=29 (56.9%), 62.9+13.5y
C-SCS N=54, F=33 (61.1%), 59.6+12.1y

PSPS-T1—radiculopathy, degenerative
disc disease, spondylosis, mild/moderate
stenosis DTM SCS 9.5+8.0y C-SCS
9.4+8.4y

() no statistically significant differences between groups.1 statistically significant between groups in favor of intervention group.
.CL-SCS, closed loop SCS; CMM, conventional medical management; CRPS, complex regional pain syndrome; C-SCS, conventional SCS; DRGS, dorsal root ganglion stimulation; DTM, differential target multiplexed; F, female; HF-SCS, high-

frequency spinal cord stimulation; HRQoL, health-related quality of life; LBP, low back pain; LP, leg pain; Mdn, median; NR, not reported; NRS, Numeric Rating Scale; ODI, Oswestry Disability Index; PDN, painful diabetic neuropathy; PSPS-T1,
persistent spinal pain syndrome type 1; PT, physiotherapy; VAS, Visual Analog Scale; y, years.

HRQoL (EQ-5D utility)
Proportion of patients with >50% LBP reduction
Proportion of patients with >50% LP reduction

Improvement in ODI
HRQoL (EQ-5D utility)
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DTM SCS 88%/C-SCS 28%
DTM SCS 93%/C-SCS 36%
1 p<0.01

1 p<0.01

"BILIOSUOD Y4OA JO 1Un 1€ 9202 ‘€ dunp uo /wod fwq wdel//:dyy woly papeojumoq ‘920z Alenuer 9 uo 890/01-620z-wdel/ggL 1 01 Se paysiiqnd 1Sy :pajy uled yisauy Boy



http://rapm.bmj.com/

via other

[ Identificati

Citation searching (n =7)

.

Reports not retrieved
(n=0)

!

Reports assessed for eligibility

Reports excluded
(n=0)

Identification of and regi }
—
_5 Records identified from:
= MEDLINE (n = 808) Record§ removed before ) )
) CENTRAL (n = 684 screening: Records identified from:
£ (f =684) Duplicate records removed
€ Embase (n = 1845) (n = 1026)
3 WikiSTIM (n = 237)
_
T3\ i
Records screened Records excluded
(n = 2548) (n =2516)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval
2 (n=32) (n=0) (n=7)
=
Q
: '
O
7]
Reports assessed for eligibility
(n=32) Reports excluded: n=7)
No relevant outcome data (n = 9)
Wrong intervention (n = 3
Conference abstract (n = 2)
Crossover design (n = 2)
S
A
° Studies included in review
]
B (n=16)
° Reports of included studies
£ (n=23)
—
Figure 1 PRISMA 2020 flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

(eg, variation in stimulation received due to postural changes
or limited use of the device). Only one study® reported device
metrics or use of the SCS system throughout the study. Such
information is essential to evaluate adherence to the interven-
tion. Most studies were open-label trials with outcome assessors
aware of the interventions received and were therefore judged
to have a high RoB for outcome measurement. For participant-
reported outcomes, the outcome assessor is the study partici-
pant; therefore, the subjective nature of the pain assessments
and the plausibility that knowledge of the received intervention
and beliefs of potential beneficial effects could have influenced

these outcomes. As such, open-label trials were judged to have
high risk of bias for the outcome measurement domain. In one
study, patients, investigators, and staff, including outcome asses-
sors, were blinded, and the study was therefore judged to have
low RoB for the outcome measurement domain.® Studies were
judged as presenting some concerns for the selection of the
reported results domain where no study protocol was available
or not explicitly mentioned that a prespecified analysis plan was
followed. The overall bias for 15 studies was high because at
least one domain was judged to have a high RoB, and the overall
bias for 1 study was low.

Table 2 Risk of bias assessment

Deviations from intended Missing outcome

Measurement of Selection of the

Author (year) Randomization process interventions data the outcome reported result  Overall bias
Cands-Verdecho et al (2021) Some concerns Low Low High Some concerns High
De Andres et al (2017)* Low Low Low High Some concerns High
de Vos et al (2014)* Low Low Low High Some concerns High
Deer et al (2017)® Low Low Some concerns High Some concerns High
Deer et al (2023)° Low Low Low High Low High
Fishman et a/ (2021)’ Low Low Some concerns High Low High
Kallewaard et al (2024)? Low Low Low High Low High
Kapural et al (2015)° Low Low Low High Some concerns High
Kapural et af (2022)* Low Low Low High Low High
Kemler et al (2000)* Low Low Some concerns High Some concerns High
Kumar et al (2007)? Low Low Low High Some concerns High
Mekhail et al (2020)° Low Low Low Low Low Low
Petersen et al (2021)%* Low Low Low High Low High
Rigoard et al (2019)* Low Low Low High Low High
Slangen et al (2014)% Low Low Low High Some concerns High
White et al (2024) Low Low Low High Low High

Eldabe S, et al. Reg Anesth Pain Med 2026;0:1—13. doi:10.1136/rapm-2025-107068
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NMA results

Pain intensity score

15 trials (1479 participants), including conven-
tional SCS, HF-SCS, Burst SCS, closed-loop SCS, DTM SCS,
physical therapy, and CMM groups, reported pain intensity at
last follow-up time and at 6 months (online supplemental figure
S1A).

Statistically significant reductions in pain intensity scores at
last follow-up were observed with all types of SCS compared
with CMM (figure 2A). Reductions in pain intensity with SCS
ranged between MD —2.37 (95% CI —3.54 to —1.20) and MD
—5.55 (95% CI —7.34 to —3.76). Burst SCS, DTM SCS, and
HF-SCS significantly reduced pain intensity at last follow-up
compared with physical therapy, and DTM SCS was statistically
significantly superior to both conventional SCS and HF SCS. No
other statistically significant differences in pain intensity score
were observed between other types of SCS (online supplemental
table S1). Results for pain intensity score at 6-month follow-up
are presented in online supplemental table S2.

The certainty of the evidence was low, due to serious risk of
bias due to lack of blinding of pain outcomes and substantial
heterogeneity. Therefore, although it is likely that SCS interven-
tions reduce pain compared with CMM and that some types of
SCS may be superior to conventional SCS, the magnitude of pain
reduction is uncertain (online supplemental summary of findings
table 1).

3 5-8 22-27 42 44-46

Responder rates
13 trials (1887 participants),’ = 277 #* % including evaluations
of conventional SCS, HF-SCS, burst SCS, closed-loop SCS,
DTM SCS, DRGS, and CMM groups, reported responder rates
at last follow-up (online supplemental figure S1B) and 12 trials
(1735 participants),® 5 227 *2 including conventional SCS,
HF-SCS, burst SCS, closed-loop SCS, DTM SCS, and CMM
groups, reported responder rates at 6 months (online supple-
mental figure S1C).

NMA results show that it is statistically significantly more likely
for a patient to be considered a responder (ie, =50% reduction

Treatment vs. CMM

Treatment (Pain Intensity at last follow-up) MD 95%-Cl
DTM SCS — -5.55 [-7.34,-3.76]
Burst SCS — -5.15 [-8.01;-2.30]
Closed loop SCS -3.37 [-6.42;-0.32)
HF-SCS —— -3.34 [-4.95;-1.74]
Conventional SCS — -2.37 [-3.54,-1.20]

Physical Therapy |

——————— 0.24 [-2.96; 3.44]
T T T T T 1

8 6 4 -2 0 2 4
Favours Treatment Favours CMM

Treatment vs. CMM

Treatment (ODI at 6 months) 95%-Cl
Burst-SCS -31.04 [-44.36;-17.73]
DTM SCS -24.00 [-35.01;-12.99]

Closed loop SCS
Conventional SCS
HF-SCS

-16.01 [-29.13; -2.88]
-7.31 [-14.28; -0.33]
| -0.20 [-10.24; 9.85]

‘—1
-50 -40 -30 -20 10 0 10
Favours Treatment Favours CMM

in pain intensity) with any type of SCS compared with CMM at
last follow-up (figure 2B). ORs of response for different types of
SCS were large and imprecise, ranging from OR 9.75 (95% CI
4.07 t0 23.25) and OR 63.4 (18.76 to 212.55), likely due to very
low response rates, including no responders, observed in CMM
groups within the included RCTs.

There were no statistically significant differences between any
type of SCS or DRGS at last follow-up (online supplemental
supplement table S3). Results for the proportion of patients with
=50% reduction in pain intensity at 6-month follow-up were
similar, with the exceptions of statistically significant advan-
tages for HF-SCS and DTM SCS over conventional SCS (online
supplemental table S4).

Sensitivity analysis of the proportion of patients with =50%
reduction in pain intensity and pain intensity scores showed
similar results, and conclusions were unchanged (online supple-
mental table S5 to S8).

Certainty of the evidence was very low, due to serious risk of
bias due to lack of blinding of pain outcomes, substantial hetero-
geneity, and imprecision, likely due to very low response rates,
including no responders, observed in CMM groups within the
included RCTs. Therefore, although it is likely that SCS inter-
ventions reduce pain by =50% compared with CMM and that
some types of SCS may be superior to conventional SCS, the
magnitude of improvement in responder rates is very uncertain
(online supplemental summary of findings table 2).

Physical function

Eight trials (837 participants),’* ¢ ® 2> %> 4 including conven-
tional SCS, HF-SCS, Burst SCS, closed-loop SCS, DTM SCS,
and CMM groups, reported physical function at 6 months
(online supplemental figure S2A).

Conventional SCS (MD —7.31, 95% CI —14.28 to —0.33),
burst SCS (MD —31.04, 95% CI —44.36 to —17.33), DTM
(—24.00, 95% CI —35.01 to —12.99), and closed-loop SCS
(MD —16.01, 95% CI —29.13 to —2.88) were found to provide
a statistically significant improvement in physical function
compared with CMM at 6-month follow-up (figure 2C). No

Treatment vs. CMM

Treatment (50% pain reduction atlastFU) OR 95%-CI
DTM SCS —+—— 63.14 [18.76; 212.55]
HF-SCS — 38.94 [13.54; 111.97]
Closed loop SCS ——— 31.77 [5.18;194.86]
Burst SCS —_— 23.66 [4.37;128.00]
DRGS — 20.72 [3.53;121.75]
Conventional SCS[ | — — | 975 [4.07; 23.35)
051 2 300
Favours CMM  Favours Treatment
Treatment vs. CMM
Treatment (EQ-5D Index at 6 months) MD 95%-CI
DTM SCS —=— 0.29 [0.20; 0.37]
Closed loop SCS —- 0.22 [0.14; 0.30]
HF-SCS - 0.17 [0.12;0.21]
Conventional SCS . o 0.15 [0.09; 0.20]

T I T 1

04 02 0 02 04
Favours CMM Favours Treatment

Figure 2 Network meta-analysis of (A) pain intensity score (VAS, 0-10 cm) at last follow-up; (B) proportion of patients with =50% reduction in
pain intensity at last follow-up (ITT analysis); (C) physical function at 6-month follow-up; and (D) EQ-5D utility scores at 6-month follow-up. CMM,
conventional medical management; DRGS, dorsal root ganglion stimulation; DTM, differential target multiplexed; EQ-5D, EuroQol 5-Dimension scale;
FU, follow-up; HF-SCS, high-frequency spinal cord stimulation; ITT, intention-to-treat; MD, mean difference; ODI, Oswestry Disability Scale; VAS, Visual

Analog Scale.

Eldabe S, et al. Reg Anesth Pain Med 2026,0:1-13. doi:10.1136/rapm-2025-107068
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Review

statistically significant differences were observed for HF-SCS
compared with CMM (MD —0.20, 95% CI —10.24 to 9.85).
Burst SCS results in statistically significant improvements in
physical function compared with conventional SCS and HF-SCS.
No significant differences in physical function improvements
were observed between burst SCS, DTM, and closed-loop SCS
(online supplemental table S9).

The certainty of the evidence was low, due to serious risk of
bias due to lack of blinding and substantial heterogeneity. There-
fore, although it is likely that SCS interventions improve physical
function compared with CMM and that some types of SCS may
be superior to conventional SCS, the magnitude of improvement
is uncertain (online supplemental summary of findings table 3).

Health-related quality of life

Eight trials (942 participants),® ® 272¢ * including conventional
SCS, HF-SCS, closed-loop SCS, DTM SCS, and CMM groups,
reported EQ-5D utility scores at 6 months (online supplemental
S2B).

Statistically significant improvements in EQ-5D utility scores
were observed for all types of SCS compared with CMM
(figure 2D). Improvements in EQ-5D utility scores ranged
between MD 0.15 (95% CI 0.09 to 0.20) and MD 0.29 (95% CI
0.20 to 0.37). Statistically significant advantages for closed-loop
SCS and DTM SCS over conventional SCS and for DTM SCS
over HF-SCS were also observed at 6 months (online supple-
mental table S10).

The certainty of the evidence was moderate, due to serious risk
of bias. SCS interventions probably improve HRQoL compared
with CMM, and some types of SCS may be superior to conven-
tional SCS (online supplemental summary of findings table 4).

Heterogeneity, inconsistency (incoherence), and publication bias/
small study effects
Substantial statistical heterogeneity was present in the NMAs of
pain outcomes; for responder rates, I statistics ranged between
589% and 70% and 1° statistics ranged from 0.50 to 0.78 and
for pain intensity outcomes I” statistics ranged between 85%
and 90% and 17 statistics ranged from 1.5 to 2 (online supple-
mental table S11). Statistically significant global incoherence was
also detected for pain intensity outcomes (online supplemental
table S11), but when further examining this global incoherence
via node splitting of the comparisons forming closed loops in
the network, no statistically significant differences were found
between direct and indirect evidence contributing to the NMA
estimates for these comparisons (online supplemental table S12).
Similarly, substantial statistical heterogeneity (I*=60%,
12=22.09) and statistically significant global incoherence
(p=0.04) was present in the NMA of physical function (online
supplemental table S11), but no statistically significant differ-
ences were found between direct and indirect evidence contrib-
uting to the NMA estimates for the comparisons forming closed
loops in node-splitting analyses (online supplemental table S12).
There was no evidence of statistical heterogeneity in the anal-
yses of HRQoL, and incoherence could not be assessed for this
outcome due to lack of closed loops in the network (online
supplemental figure S2B), (online supplemental table 11).
Therefore, we conclude that heterogeneity and global inco-
herence present within these analyses likely originates from
differences in study and participant characteristics (table 1) and
due to differences in control group results within different types
of control group, particularly for pain outcomes (see Control
group results section).

Control Group and Mean
First Author (Year) (95% ClI)
Control = CMM
Kumar, 2007 — 5.16 (4.37, 5.95)
Canos-Verdecho, 2021 —_— 5.70 (3.99, 7.41)
Slangen, 2014 — 6.45 (5.30, 7.59)
De Vos, 2014 — 6.64 (5.70, 7.59)
Petersen, 2021 - 6.90 (6.50, 7.30)
Rigoard, 2019 - 7.20 (6.84, 7.56)
Deer, 2023 — 7.43 (6.64, 8.22)
Kallewaard, 2024 - 7.90 (7.50, 8.30)
Control = Conventional SCS
De Vos, 2014 e 3.18 (0.05, 6.32)
Mekhail, 2020 —_— 3.36 (0.41, 6.31)
Canos-Verdecho, 2021 — 3.60(3.01,4.19)
Fishman, 2021 — 3.87 (3.15, 4.60)
Slangen, 2014 —_— 3.97 (0.84, 7.09)
Kumar, 2007 —_— 4.06 (1.64, 6.48)
Kapural, 2016 — 4.17 (3.48, 4.86)
Kemler, 2000 —— 4.21(1.51,6.91)
White, 2024 —_—— 5.44 (4.58, 6.30)
De Andres, 2017 — 5.78 (5.06, 6.50)
Rigoard, 2019 _— 6.00 (4.32, 7.68)
Control = Physical Therapy
Kemler, 2000 —_— 7.31(6.28, 8.33)
T T T T T

Figure 3  Pain intensity scores observed in control groups at 6 months
follow-up. CMM, conventional medical management; SCS, spinal cord
stimulation.

There is no evidence of publication bias or small study
effects (i.e. comparison-adjusted funnel plot asymmetry) for
any outcome (online supplemental figure S3 and S4). However,
assessments are limited for Physical Function and HRQoL due
to fewer than 10 RCTs (comparisons) contributing data to these
outcomes.

Control group results

The pain intensity scores at 6-month follow-up were consistently
greater with CMM and physical therapy than with conventional
SCS as the control group (figure 3). While pain intensity scores
for CMM at 6 months ranged between mean 5.16 (95% CI 4.37
to 5.95)° and mean 7.90 (95% CI 7.50 to 8.30),% there was
generally more variability in conventional SCS groups with pain
intensity scores ranging between mean 3.18 (95% CI 0.05 to
6.32)* and mean 6.00 (95% CI 4.32 to 7.68).”

In line with the pain intensity scores observed, the responder
rate with CMM at 6 month follow-up ranged between 0% (95%
CI 0% to 23%)*® and 8% (95% CI 2% to 20%)° (figure 4).
Although the responder rates with conventional SCS as the
control group were generally higher, these were very variable
and ranged between 149% (95% CI 8% to 21%)> and 60% (95%
CI 43% to 75%).*

Similar patterns were observed for conventional SCS groups
irrespective of time point of follow-up based on pain intensity
scores (figure SA) and responder rates (figure 5B).

DISCUSSION

Overall findings

The results of this NMA show that all types of SCS currently
used in clinical practice are superior to CMM and provide statis-
tically and clinically significant reductions in pain intensity (we
considered a minimal clinically important difference (MCID) of
2 points in a 0-10 NRS scale),*” a greater proportion of patients
with =50% pain reduction, and statistically and clinically signif-
icant improvements in HRQoL (we considered a MCID of
0.074).*® Conventional SCS, closed-loop SCS, DTM, and burst
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First

Author (Year) ES (95% Cl)

Control = CMM

Slangen, 2014 +— 0.00 (0.00, 0.23)
-—

Kapural, 2022
Kallewaard, 2024 -+—

0.03 (0.00, 0.09)
0.04 (0.00, 0.12)

Rigoard, 2019 -— 0.05 (0.02, 0.10)
Deer, 2023 -~ 0.05 (0.02, 0.11)
Petersen, 2021 S 0.05 (0.02, 0.11)
de Vos, 2014 —_— 0.05 (0.00, 0.25)
Kumar, 2007 —— 0.08 (0.02, 0.20)
Control = Conventional SCS
Rigoard, 2019 —— 0.14 (0.08, 0.21)
White, 2024 —_— 0.28 (0.16, 0.42)
Fishman, 2021 —_— 0.36 (0.24, 0.49)
Slangen, 2014 ———————  0.41(0.21,064)
Kapural, 2016 —_—— 0.43 (0.33, 0.54)
Kumar, 2007 —_—— 0.46 (0.32, 0.61)
Mehkail, 2020 —— 0.55(0.43,0.67)
de Vos, 2014 ———— 0.60 (0.43, 0.75)

T T T T

0 25 5 J5

Figure 4 Responder rates observed in control groups at 6 months
follow-up. ES (proportion of achieving =50% reduction in pain VAS or
NRS score). CMM, conventional medical management; ES, effect size;
NRS, Numeric Rating Scale; SCS, spinal cord stimulation; VAS, Visual
Analog Scale.

SCS were found to provide a statistically significant improve-
ment in physical function compared with CMM, with clinically
meaningful improvements observed only for some comparisons
(we considered a MCID of 10 points).* While some differences
in outcomes were seen between novel types of SCS and conven-
tional SCS, no statistically significant differences were observed
between the different novel types of SCS for most outcomes
evaluated.

Follow-up and First

Mean
Author (Year) (95% CI)

Implications for research
The variability observed within CMM and conventional SCS
groups can affect comparisons across the different novel SCS
modalities. Generally, interventions compared head-to-head in
trials with well-performing control groups will have less potential
to demonstrate important relative treatment effects than inter-
ventions compared with poorer performing treatment groups.
The impact of the variability of control group results on relative
treatment effects can also be exacerbated within NMA where
indirect comparisons are made; for example, an indirect compar-
ison of two types of SCS anchored by a “common” comparison
of conventional SCS from RCTs where the conventional SCS
groups have performed differently. Across the different time
points, the conventional SCS group that was used in an RCT as
a comparator to closed-loop SCS*® had consistently one of the
highest responder rates and respective low pain intensity scores
within conventional SCS groups. The results can, however, be
explained due to the use of ECAPs to assist the programming of
the conventional SCS arm (ie, it was possible to confirm neural
activation in the conventional SCS arm). Therefore, it would
be difficult to observe large advantages for closed-loop SCS
when compared with conventional SCS within the RCT and for
closed-loop SCS compared with other types of SCS in the NMA.
Conversely, when considering DTM, one study compared
DTM to a CMM control group.”* As shown in figure 4, CMM
cohorts generally present lower rates of response and higher
pain scores than conventional SCS as a control group. Two
studies used conventional SCS as a control group.”?” However,
the conventional SCS control groups in these studies did not
perform as well as the conventional SCS control group in the
trial of closed-loop SCS in terms of responder rates or of a
reduction in pain intensity score. Therefore, it is more likely for
DTM to show advantages over the other interventions evalu-
ated within the respective trials and within the NMA. The same
can be said for burst SCS, compared in an RCT to a CMM
control group,® and also HF-SCS, where one RCT compared

Author (Year) ES (95% Cl)

Follow-up = 3 months Follow-up = 3 months
De Vos, 2014 2.91(-0.28, 6.10)
Mekhail, 2020 3.31(0.28, 6.34) Kapural, 2016 —_— 0.36 (0.27, 0.46)
Slangen, 2014 337046028 White, 2024 _— 0.37 (0.24, 0.51)
anos-Verdecho, 1 —_— .50 (2.52, 4.48) Fishman, 2021 —_— 0.38 (0.26, 0.51)
Fishman, 2021 — 3.95 (3.20. 4.70)
Kapural, 2016 —_— 4.26 (3.62. 4.90) Deer, 2017 —— 0.51(0.40, 0.63)
Kemler, 2000 4.53 (1.86,7.21) Mehkail, 2020 —_—— 0.57 (0.44, 0.69)
White, 2024 —_— 4:90 (3.96, 5.84)
De Andres, 2017 — 5.71(5.09. 6.33) Follow-up = 6 months
Follow-up = 6 months Rigoard, 2019 —_— 0.14 (0.08, 0.21)
De Vos, 2014 318 Eg.g?, ggg; White, 2024 _— 0.28 (0.16, 0.42)
ekhail, ) .41, 6. : —_—
Canos-Verdecho, 2021 — 3560 (3.01. 4.19) Eishman, 2021 0:36(0.24,.0.49)
Fishman, 2021 — 3.87 (3.15, 4.60) Slangen, 2014 S S—— 0.41(0.21, 0.64)
Slaﬁgen2v 20014 3.87 (0.24, é.Og) Kapural, 2016 —_—— 0.43 (0.33, 0.54)
Kumar, 2007 —_— 4.06 (1.64, 6.48) Kumar, 2007 _— 0.46 (0.32, 0.61)
Kapural, 2016 — 4.17 (348, 4.86 . : g
Komler, 2000 421 21451‘ oo Mehkail, 2020 ————  055(0.43,067)
White, 2024 —— 5.44 (4.58, 6.30) de Vos, 2014 ——¢—— 0.60(0.43, 0.75)
De Andres, 2017 —_— 5.78 (5.06, 6.50)
i —_—
Rigoard, 2019 6.00 (4.32, 7.68) T
Follow-up = 12 months Fishman, 2021 —— 0.31(0.20, 0.44)
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Follow:iip = 24 oAt Kapural, 2016 — 0.36 (0.27, 0.46)
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Kapural, 2016 —_— 4.47 (3.74,5.21)
Kemler, 2000 —_—— 451 (2.35, 6.68)
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Figure 5 (A) Pain intensity scores observed in conventional SCS groups by time point; (B) Responder rates observed in conventional SCS groups

by time point. ES (proportion of achieving =50% reduction) in pain VAS or NRS score. ES, effect size; NRS, Numeric Rating Scale; SCS, spinal cord

stimulation; VAS, Visual Analog Scale.
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the intervention to CMM,?*® and two RCTs had poor-performing
conventional SCS as a control group.® *' In summary, NMA
results should be interpreted in the context of control group
responder rates and pain scores, due to variability in the types
and performance of control groups. Further, a head-to-head trial
with a poor-performing control group can lead to inflated effect
sizes for the difference between groups and generate number
needed to treat (NNT) estimates closer to 1 for an intervention.
However, if the same intervention was compared with a well-
performing control group, the difference between groups would
be smaller and consequently NNT estimates would be further
from 1. The variability observed for CMM and conventional
SCS groups in this systematic review suggests that the choice of
control group can substantially impact the outcomes of a trial.
It is therefore essential that the control groups are adequately
described, including the neural dose (eg, ECAP amplitude and
time above ECAP threshold), or electrical dose (eg, charge per
pulse [amplitude (mA)Xpulse width (ms) or charge per second
[amplitude (mA) x frequency (Hz)Xpulse width (ms))* > 2 or
system settings and system utilization when the comparator is a
SCS modality. Future directions may include machine learning-
driven dose response optimization and multisite ECAP mapping
to address complex pain topographies.

Future studies should report the proportion of patients
with=80% reduction in pain intensity, which was not possible
to evaluate in the current review given the limited data available.

Implications for practice

The variation observed in this study for conventional SCS
suggests that treatment effects with this intervention may be
inconsistent. Similar variation may occur in treatment effects
for other types of SCS. Such variation without explanation as
to the potential reasons has resulted in SCS being questioned
as a treatment option for chronic pain. It should be noted that
SCS is also used for the management of diverse conditions with
beneficial treatment effects reported for restoration of sensory
feedback from the missing foot following lower-limb amputa-
tions,”® walking without falling in people with late-stage Parkin-
son’s disease,’* restoration of trunk and leg motor functions
after complete paralysis,” recovery of over-ground walking,*®
restoration of walking after complete spinal cord injury,’” and
reduction of attack frequency in people with medically intrac-
table chronic cluster headache.’® The treatment effects of SCS in
these areas have not been questioned. One of the reasons is the
subjectivity of pain and of the outcomes used to evaluate treat-
ment effects. Another reason has been the lack of transparency
in reports of SCS (eg, in most instances, adherence to therapy
is not reported and as such, it is not possible to confirm if the
patients received a useful therapeutic dose). There have been
concerted efforts to overcome limitations in the field of SCS,
from the development and validation of composite outcomes to
provide a comprehensive assessment of the chronic pain expe-
rience,”! ¥ calls to report the device metrics,” *° and develop-
ment of SPIRIT- and CONSORT-iNeurostim guidelines for the
reporting of RCTs of implantable neurostimulation devices.®'™*
The authors expect these endeavors will promote increased trans-
parency and completeness of SCS study reports and improve the
reproducibility and consistency of SCS treatment effects.

Only one of the included RCTs was judged to have low RoB.*
The high RoB in all but one study due to lack of blinding of pain
outcomes, in addition to substantial heterogeneity, has resulted
in the certainty of evidence to be judged as low for pain and
physical function outcomes. Although SCS interventions likely

improve pain and physical function compared with CMM and
some types of SCS may be superior to conventional SCS, the
magnitude of improvement remains uncertain. Importantly,
the certainty of evidence for HRQoL was judged as moderate,
indicating that SCS interventions probably improve HRQoL
compared with CMM and some types of SCS may be superior
to conventional SCS. Low certainty means that confidence in
the effect estimate is limited and thus, the true effect may be
substantially different from the estimate of effect observed in
the current NMA. Moderate certainty means there is moderate
confidence in the effect estimate and thus, the true effect is likely
to be close to the estimate of effect, but there is the possibility
that the effect could be substantively different. Instead of more
RCT evidence, or trials independent from industry, what the
field of SCS needs to improve the certainty of evidence is RCTs
with low RoB that are reported appropriately to enable replica-
tion not only for other trials but also for clinical practice. Calls
for additional RCT evidence when good quality RCTs with low
RoB are available can be considered analogous to research waste.
Recent systematic reviews of SCS have not observed differences
between independent studies and those funded by industry."* '
Reporting guidelines for protocols and RCTs of implantable
neurostimulation devices have now been developed to promote
increased transparency, clarity, and completeness of reports.®*

Strengths and potential limitations

Our findings are consistent with a recent NMA that showed
that both conventional and novel types of SCS were superior to
CMM.** However, important methodological differences distin-
guish our analysis. The previous NMA pooled all novel SCS
types into a single node, precluding comparisons of the different
novel SCS types with CMM and with conventional SCS, did
not comment on potentially different treatment effects across
conventional SCS or CMM nodes, and did not assess certainty of
evidence or publication bias. Moreover, the systematic review was
not registered, and the literature searches were up to September
2, 2022, with new evidence for novel SCS types published since.
Similarly, another recent NMA combined all types of SCS into a
single node and concluded that neuromodulation was the most
effective treatment option for PSPS-T2 compared with conser-
vative and minimally invasive treatment options, and placebo/
sham.*® Other NMAs have focused on specific pain conditions
of PDN and PSPS-T1.* *! Importantly, all NMAs have included
types of SCS that are used in clinical practice and consistently
show that SCS is superior to CMM.

This study has some limitations that should be taken into
consideration. All but one study was judged to have high
RoB. No sham-controlled parallel arm RCTs were identified
from which to draw any conclusions about the effectiveness
of active SCS compared with sham stimulation. Our findings
diverge notably from previous Cochrane reviews that included
sham-controlled trials of SCS.” '° To date, all sham-controlled
evidence of SCS for chronic pain conditions comes from cross-
over RCTs.”"'! Besides the methodological shortcomings of this
evidence (eg, short crossover phases, challenges in blinding of
participants),®’ crossover RCTs have mostly evaluated experi-
mental types of SCS of no proven clinical benefit to maintain the
rigor of blinding. These experimental types of SCS are not used
in clinical practice and, as such, have limited external validity
or value to inform decision-making.***” A notable example is
the sham-controlled crossover trial that evaluated a type of burst
SCS.”° To maintain participant blinding, stimulation amplitude
was set at 50%-70% of the paresthesia perception threshold.
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Besides this approach not being used in routine clinical practice,
a previous study reported that the same type of burst stimula-
tion at 90% of paresthesia perception threshold was not superior
to sham stimulation.”* Although comparisons between SCS and
sham stimulation are important, such evidence, and its inclu-
sion in NMAs should be considered with caution. The relative
effects of an experimental type of SCS vs sham stimulation can
result in misleading findings when comparing SCS as used in
clinical practice to sham stimulation in an NMA. In contrast, our
analysis included only parallel-arm trials that evaluated SCS as
intended for use in clinical practice, versus various comparators
and conducted an NMA that distinguished between different
SCS modalities. Substantial statistical heterogeneity and incon-
sistency were present in the NMAs of pain outcomes and phys-
ical function, likely due to differences in control group results.
Eight of the included RCTs permitted crossover at the 6-month
time point; therefore, analysis at later time points is limited. The
networks were sparse due to limited evidence available. We did
not present treatment rankings using surface under the cumula-
tive ranking curve or other ranking methods, as such approaches
can be easily misinterpreted, particularly likely in this scenario
where some NMA results were associated with imprecision due
to low response rates and variation of control groups. Instead,
and in line with recommendations by Mbuagbaw ez al,”* we eval-
uated the relative effectiveness of different types of SCS through
presentation of treatment effect estimates with measures of
precision visually within forest plots and drawing conclusions
based on these effect estimates and their associated uncertainty
according to the CINEMA framework. Certainty of the evidence
was low for the primary outcome (pain intensity score), and
physical function, very low for responder rate (=50% reduc-
tion in pain intensity), and moderate for HRQoL. Finally, given
that we conducted an aggregate data NMA, we acknowledge the
potential for ecological fallacy.

CONCLUSIONS

This comprehensive systematic review and NMA shows that
all types of SCS are superior to CMM for the management of
chronic pain conditions with improvements in pain intensity (low
certainty evidence), physical function (low certainty evidence),
and HRQoL (moderate certainty evidence). Compared with
conventional SCS, novel SCS modalities were found to provide
statistically significant reductions in pain intensity (DTM SCS),
greater proportion of patients with =50% reduction in pain
intensity (DTM SCS and HF-SCS), greater improvements in
physical function (burst SCS), and HRQoL (closed-loop SCS and
DTM SCS). No statistically significant differences were observed
between the different novel types of SCS for most outcomes eval-
uated. Examination of control groups shows variability within
conventional SCS and CMM groups that can impact the magni-
tude of treatment effect observed not only in head-to-head trials
but also within NMA comparisons between the different novel
types of SCS. The results of our analysis support the continued
policy of the use of SCS for people with chronic pain refractory
to CMM.
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