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Network Meta-analysis and Economic Evaluation of
Neurostimulation Interventions for Chronic Nonsurgical

Refractory Back Pain

Sam Eldabe, MD,* Sarah Nevitt, PhD,† Anthony Bentley, MSc,‡

Nagy A. Mekhail, MD, PhD,§ Christopher Gilligan, MD,∥ Bart Billet, MD,¶
Peter S. Staats, MD,# Michelle Maden, PhD,** Nicole Soliday, MPH,††

Angela Leitner, MS,†† and Rui V. Duarte, PhD**††

Objectives: Different types of spinal cord stimulation (SCS) have
been evaluated for the management of chronic nonsurgical refrac-
tory back pain (NSRBP). A direct comparison between the different
types of SCS or between closed-loop SCS with conventional medical
management (CMM) for patients with NSRBP has not been pre-
viously conducted, and therefore, their relative effectiveness and
cost-effectiveness remain unknown. The aim of this study was to
perform a systematic review, network meta-analysis (NMA) and

economic evaluation of closed-loop SCS compared with fixed-out-
put SCS and CMM for patients with NSRBP.

Methods: Databases were searched to September 8, 2023.
Randomized controlled trials of SCS for NSRBP were included.
The results of the studies were combined using fixed-effect NMA
models. A cost-utility analysis was performed from the perspective
of the UK National Health Service with results reported as incre-
mental cost per quality-adjusted life-year (QALY).

Results: Closed-loop SCS resulted in statistically and clinically sig-
nificant reductions in pain intensity (mean difference [MD] 32.72
[95% CrI 15.69-49.78]) and improvements in secondary outcomes
(Oswestry Disability Index [ODI] and health-related quality of life
[HRQoL]) compared with fixed-output SCS at 6-month follow-up.
Compared with CMM, both closed-loop and fixed-output SCS
resulted in statistically and clinically significant reductions in pain
intensity (closed-loop SCS vs. CMM MD 101.58 [95% CrI 83.73-
119.48]; fixed-output SCS versus CMM MD 68.86 [95% CrI 63.43-
74.31]) and improvements in secondary outcomes (ODI and
HRQoL). Cost-utility analysis showed that closed-loop SCS dom-
inates fixed-output SCS and CMM, and fixed-output SCS also
dominates CMM.

Discussion: Current evidence showed that closed-loop and fixed-
output SCS provide more benefits and cost-savings compared with
CMM for patients with NSRBP.

Key Words: economic evaluation, network meta-analysis, neuro-

stimulation, nonsurgical refractory back pain, spinal cord

stimulation

(Clin J Pain 2024;40:507–517)

L ow back pain (LBP) affected 619 million people world-
wide in 2020, with an estimated prevalence of 843 mil-

lion by 2050.1 LBP is the single greatest cause of years lived
with disability worldwide.1 After an initial acute episode of
LBP, between 32% and 60% of people are estimated to have
recurrences or experience chronic low back pain CLBP.2,3

The personal and socioeconomic burden is substantial.
Approximately 15.4% of the United States workforce
report, on average, 10.5 lost workdays per year due to
CLBP, equivalent to approximately 264 million workdays
lost every year.4 The cost of LBP has been estimated to
account for approximately one-fifth of the total health care
expenditure in the United Kingdom or 1.5% of the annual
gross domestic product.5 The management of chronic back
pain has been estimated to have annual costs of £11 billion
in the United Kingdom.6 Back pain represented the highestDOI: 10.1097/AJP.0000000000001223
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amount of health care spending in the United States in 2016,
with an estimated $134 billion per year.7

Treatment options for the management of CLBP start
with the least costly and invasive options.8 Patients who do
not obtain satisfactory pain relief or experience intolerable
side effects are considered to experience chronic refractory
back pain. For those patients, treatment options with
greater costs and potential risks are then considered. Spinal
surgery is an invasive, irreversible and expensive approach
to manage LBP, although its benefit is often suboptimal.9

Estimates suggest that persistent spinal pain syndrome type
2 (PSPS-T2; ie, despite surgery) is observed in 5000 new
patients annually with each new cohort costing the UK
health care system in excess of £70 million over the first
10 years alone.10

Spinal cord stimulation (SCS) is a recommended
intervention for the management of PSPS-T2.11 PSPS-T2
is characterized by pain in the low back area that radiates to
one or both legs that did not resolve with back surgery.12

Earlier randomized controlled trials (RCTs) of fixed-output
low-frequency stimulation aimed to evaluate improvements
in leg pain due to challenges in obtaining paresthesia in the
lower back region.13,14 Since then, novel modalities of SCS
have been developed that do not rely on patient report of
paresthesia to determine whether the electrical stimulation
delivered activates the spinal cord cells and/or fibers that
contribute to the inhibition of pain transmission in the
dorsal horn of the spinal cord. The use of novel SCS
modalities such as fixed-output high-frequency SCS, burst
SCS, and closed-loop SCS has been evaluated in RCTs15–17

that included participants with nonsurgical refractory back
pain (NSRBP), also referred to as persistent spinal pain
syndrome type 1 (PSPS-T1).12 A direct comparison between
the different types of SCS or between closed-loop SCS with
conventional medical management (CMM) for patients with
NSRBP has not been previously conducted, and therefore,
their relative efficacy remains unknown. Network meta-
analysis (NMA) can combine direct and indirect evidence,
including all relevant data from studies with at least 2
treatment arms, and therefore allow assessment of inter-
ventions that may not have been evaluated in a head-to-
head comparison. NMA results can also be used to inform
clinical parameters of economic models.

The aim of this study was to perform an NMA and
develop an economic model to assess the relative effective-
ness and cost-effectiveness of closed-loop SCS compared
with fixed-output SCS and CMM in patients with NSRBP.

MATERIALS AND METHODS
The systematic review is reported in accordance with

the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses incorporating NMA (PRISMA-NMA).18

The protocol for the review is registered on PROSPERO
as CRD42023449215. The economic evaluation is reported
in line with the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) statement19 and based on
NICE reference methods.20

Search Strategy
The databases MEDLINE, Cochrane Central Register

of Controlled Trials (CENTRAL), Embase, and WikiStim
were searched from inception to September 8, 2023. The
search strategies were designed using a combination of both
indexing and free-text terms with no restriction on language

or date. The search strategies are presented in Supplemen-
tary Material 1, Supplemental Digital Content 1, http://
links.lww.com/CJP/B121. Database searches were supple-
mented by screening reference lists of topic-relevant system-
atic reviews and eligible studies.

Study Selection
The citations identified were assessed for inclusion in

the review using a 2-stage process. First, 2 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 2
reviewers (RVD and NS) for inclusion, using consensus for
any disagreements. Studies were eligible for inclusion if they
met the following criteria: (1) adult patients (18 y of age or
older) with chronic NSRBP; (2) evaluation of SCS (any
stimulation paradigm); (3) compared with CMM, an active
intervention (including another stimulation paradigm) or
placebo; (4) in a parallel group RCT study design; and (5)
reported in a full-text publication.

Outcomes
The primary outcome was percentage reduction from

baseline in back pain score according to the visual analog
scale (VAS) or numeric rating scale (NRS). Secondary
outcomes were:
� proportion of patients achieving ≥ 50% reduction in back

pain VAS or NRS score
� proportion of patients achieving ≥ 80% reduction in back

pain VAS or NRS score
� proportion of patients with ≥ 10-point reduction in

Oswestry Disability Index (ODI) score
� change from baseline in ODI score
� change from baseline in health-related quality of life

(HRQoL [EQ-5D-5L index score])
� proportion of patients improved or very much improved/

better or a great deal better according to Patient Global
Impression of Change (PGIC)
Primary and secondary outcomes were considered at

3 months and 6 months post-implantation. Crossover was
permitted within both groups in the SENZA-NSRBP15 and
DISTINCT RCT17 at 6 months post-implantation, there-
fore only data before crossover were considered for
inclusion in analysis. Adverse events and device explants
were considered at last follow-up reported.

Risk of Bias Assessment
The risk of bias (RoB) was assessed by using the revised

Cochrane RoB tool (RoB 2.0).21 RoB assessment of the
included studies was undertaken by one reviewer and
verified for agreement by a second reviewer. 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 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 compara-
tors, and outcome data, including the number of partic-
ipants and the measurement time of the outcome. Data were
extracted from the subgroup of patients with NSRBP only
from the EVOKE RCT.16

Eldabe et al Clin J Pain � Volume 40, Number 9, September 2024

508 | www.clinicalpain.com Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.

D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
://jo

u
rn

a
ls

.lw
w

.c
o

m
/c

lin
ic

a
lp

a
in

 b
y
 B

h
D

M
f5

e
P

H
K

a
v
1

z
E

o
u

m
1

tQ
fN

4
a

+
k
J
L

h
E

Z
g

b
s
IH

o
4

X
M

i0
h

C
y
w

C
X

1
A

W
n

Y
Q

p
/IlQ

rH
D

3
i3

D
0

O
d

R
y
i7

T
v
S

F
l4

C
f3

V
C

4
/O

A
V

p
D

D
a

8
K

2
+

Y
a

6
H

5
1

5
k
E

=
 o

n
 0

9
/1

1
/2

0
2

4

http://links.lww.com/CJP/B121
http://links.lww.com/CJP/B121


Outcome data were extracted for inclusion in analysis
in the first instance from intention-to-treat (ITT) popula-
tions with or without imputed missing data (eg, last value
carried forward [LVCF]). Where data from ITT populations
were not available, outcome data from those completing
3 months and 6 months in the study respectively were
included in analysis.

To standardize outcome data to a single scale for pain
intensity, it was assumed that the VAS scale (0 to 10 cm) and
the NRS scale (0 to 10) were equivalent, and the VAS scale
(0 to 100 mm) was converted by dividing pain scores by
10.22,23

In addition to the direct comparisons of fixed-output
SCS versus CMM and closed-loop SCS versus fixed-output
SCS made within the 3 RCTs, an indirect comparison of
closed-loop SCS and CMM was made using NMA
methodology. To conduct an NMA, high-frequency SCS
used in SENZA-NSRBP,15 open-loop SCS used in
EVOKE16 and burst SCS used in DISTINCT17 were
assumed to form a single treatment node of fixed-output
SCS in the network (Fig. 1).

The measure of treatment effect for outcomes meas-
ured as a continuous change from baseline was mean
difference (MD; ie, the absolute difference in the average
change from baseline between intervention and control
groups), and for outcomes measured as proportion of
patients was risk difference (RD; ie, absolute difference in
the proportion of patients experiencing an outcome between
intervention and control groups, a measure that can be
calculated and interpreted when the number of people
experiencing an outcome is very low or zero in one or both
of the treatment groups). Descriptive statistics were used to
summarize adverse events and device explants.

Statistical analyses were conducted in a Bayesian
framework using the multinma24 command in R version
4.2.0. All results were generated using 100,000 iterations on
3 chains after a burn-in of 100,000 and vague prior
distributions were used for intercept, treatment, and
heterogeneity parameters. NMAs were performed using
fixed-effect and random-effects models; however, due to
sparse data, convergence issues occurred for random-effects
NMA models, resulting in unstable effect estimates. There-
fore, treatment effect estimates and 95% credible intervals
(CrIs) estimated using fixed-effect NMA models only are
presented. The probability that each treatment is the best is

also presented for each outcome based on the results of
fixed-effect NMA.

Health Economic Analysis
A cost-utility analysis with a 15-year time horizon was

performed from the perspective of the UK National Health
Service to estimate the long-term costs and benefits of
closed-loop SCS, fixed-output SCS, and CMM for a
population of adult patients with NSRBP. The economic
evaluation is based on previously published methodology
and aligns with the same set of assumptions.25 Health care
resource use was costed at 2022 prices. An annual discount
rate of 3.5% was applied for both costs and outcomes in line
with NICE recommendations.20 The results were reported
as incremental cost-utility ratio (ICUR) by calculating the
ratio of the difference in mean costs and mean change in
quality-adjusted life years (QALYs). Full details of the
health economic analysis methods are presented in Supple-
mentary Material 2, Supplemental Digital Content 1, http://
links.lww.com/CJP/B121.

RESULTS
The searches resulted in the identification of 2075

potentially eligible records after deduplication. Following
the screening of titles and abstracts, 16 records were
retrieved for assessment of the full-text publication. After
review of the full-text publications, 3 unique studies (371
participants) were included in the review. Thirteen studies
were excluded on review of the full-text publication; 2
studies were not RCT in design,26,27 1 study was only
available as conference abstract,28 2 follow-up reports of the
EVOKE RCT were excluded because data were not
presented for the subpopulation of NSRBP,29,30 1 follow-
up report of SENZA-NSRBP was excluded due to only
presenting data after crossover,31 7 studies were not in a
population with NSRBP, or this was a subpopulation with
the results not presented specifically for patients with
NSRBP.32–38 Adverse events and device explants were
extracted from the last follow-up reports of the included
studies.29–31 The PRISMA flow diagram detailing the study
selection process is presented in Figure 2.

The characteristics and outcomes of the included RCTs
are summarized in Table 1. The RCTs were funded by
industry, multicenter and conducted in the United States.
SENZA-NSRBP compared high-frequency SCS to CMM,15

DISTINCT compared Burst SCS to CMM,17 while
EVOKE compared closed-loop SCS to open-loop SCS.16

All RCTs included a temporary screening trial before
implantation of the permanent SCS device. The populations
included in the RCTs were of similar age and had similar
diagnosis. Patients in SENZA-NSRBP had shorter duration
of pain than those reported in the other studies.

Risk of Bias Assessment
The summary of the RoB assessment is presented in

Table 2. The RCTs were judged to have a low RoB for the
domains of the process of randomization and deviations
from intended interventions. Patients randomized to the
CMM group in SENZA-NSRBP received best standard of
care, which was required to be consistent with clinical and
interventional pain management guidelines.15 In DIS-
TINCT, patients randomized to CMM could receive non-
interventional therapies, medications, and interventional
therapies as decided by the investigator.17 Although the
descriptions of CMM are limited, RoB due to deviations

FIGURE 1. Network diagram of fixed-output SCS, closed-loop SCS
and CMM at 6 months follow-up. CMM indicates conventional
medical management; NSRBP, non-surgical refractory back pain;
RCT, randomized controlled trial; SCS, spinal cord stimulation.
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from intended interventions was not considered to be present
in the trials as the populations in SCS studies would already
have tried several, if not all types of CMM. The level of
missing data for the EVOKE NSRBP subgroup was judged
as presenting some concerns due to imbalance in the number
of completers between treatment groups, which may have
biased outcome data in favor of fixed-output SCS. This bias
does not apply to the trial as a whole but only to the EVOKE
NSRBP subgroup. DISTINCT and SENZA-NSRBP were
judged to have high RoB for the outcome measurement
domain as the trial was open-label, with participants and
outcome assessors aware of the interventions received.15,17 In
EVOKE, patients, investigators, and staff, including outcome
assessors were blinded and the study was therefore judged to
have low RoB for the outcome measurement domain.16

DISTINCT was judged as presenting some concerns for the
selection of the reported results domain because study pro-
tocol was not available and not explicitly mention that a
prespecified statistical analysis plan was followed.17 The
overall bias for DISTINCT and SENZA-NSRBP was judged
to be high because at least 1 domain was judged to have a high
RoB. The overall bias for the EVOKENSRBP subgroup was
judged to present some concerns.

Outcomes
Outcomes and adverse events reported in the included

studies are presented in Table 3. Results were available for

all outcomes from the EVOKE NSRBP subgroup with
missing values imputed (LVCF; n= 50 at 3 months and
n= 48 at 6 months) and for pain outcomes from the
EVOKE NSRBP subgroup who completed the study
(completers; n= 41 at 3 months and n= 39 at 6 months).
Results were only available for completers from SENZA-
NSRBP (n= 143 at 3 months and n= 140 at 6 months) and
from completers from DISTINCT at 6 months (n= 183).

In this section, results are presented from NMAs,
including the EVOKE NSRBP subgroup with LVCF and
completers from SENZA-NSRBP and DISTINCT. Results
of NMAs, including completers from the EVOKE NSRBP
subgroup (where available) and completers from SENZA-
NSRBP and DISTINCT are presented in Supplementary
Material 3, Supplemental Digital Content 1, http://links.
lww.com/CJP/B121. Results from NMAs at 3 months
include SENZA-NSRBP and EVOKE only, as results at
this timepoint were not reported for DISTINCT.

Primary Outcome: Change From Baseline in Pain
Score

Meta-analysis results for primary and secondary out-
comes are reported in Table 4. All RCTs reported the mean
percentage reduction from baseline back pain VAS or NRS
score and the proportions of patients with 50% reduction
and 80% reduction from baseline back pain VAS score at
6 months.

FIGURE 2. PRISMA 2020 flow diagram.
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A much larger percentage reduction in back pain VAS
or NRS score was achieved on both fixed-output SCS and
closed-loop SCS compared with CMM at both 3 months
and 6 months follow-up. Furthermore at 6 months, more
patients achieved 50% reduction and 80% reduction in back
pain VAS score on fixed-output SCS or closed-loop SCS
compared with CMM.

Closed-loop SCS was superior to fixed-output SCS in
reducing back pain VAS or NRS score, achieving 50%
reduction and 80% reduction of baseline back pain VAS or
NRS score.

Results of NMAs, including completers from the
Evoke NSRBP subgroup and completers from SENZA-
NSRBP and DISTINCT (Table S3, Supplemental Digital
Content 1, http://links.lww.com/CJP/B121, Table S4, Sup-
plemental Digital Content 1, http://links.lww.com/CJP/
B121) and the proportions of patients with 50% reduction
from baseline back pain VAS or NRS score at 3 months
(Table S5, Supplemental Digital Content 1, http://links.lww.
com/CJP/B121) were similar for fixed-output SCS and
closed-loop SCS compared with CMM. When including
completers from the EVOKE NSRBP subgroup and
completers from SENZA-NSRBP, no difference was found
between closed-loop SCS and fixed-output SCS for most
pain outcomes (Table S3–S5, Supplemental Digital Content
1, http://links.lww.com/CJP/B121). However, it should be
noted that all noncompleters from the EVOKE NSRBP
subgroup were in the fixed-output SCS group and the
imbalance between the number of completers in the treat-
ment groups was likely to have biased the change in pain
score outcome data in favor of fixed-output SCS.

Secondary Outcomes
All 3 trials reported the proportion of patients with

≥ 10-point reduction in ODI score from baseline. The mean
change in ODI score was reported in DISTINCT and
EVOKE NSRBP subgroup at 6 months. The mean change
from baseline in EQ-5D-5L index score was reported in
SENZA-NSRBP and EVOKE NSRBP subgroup at
3 months and at 6 months.

There were more ODI responders and a greater
improvement from baseline in EQ-5D-5L index score on
fixed-output SCS or closed-loop SCS compared with CMM
at both 3 months and 6 months. There were also more ODI
responders on closed-loop SCS compared with fixed-output
SCS at both 3 months and 6 months and a greater
improvement from baseline in EQ-5D-5L index score on
closed-loop SCS compared with fixed-output SCS by
6 months, but not at 3 months. There was also a greater
improvement from baseline in ODI score on fixed-output
SCS or closed-loop SCS compared with CMM and on
closed-loop SCS compared with fixed-output SCS at
6 months.

More patients were improved or very much improved/
better or a great deal better according to PGIC on fixed-
output SCS or closed-loop SCS compared with CMM, and
also on closed-loop SCS compared with fixed-output SCS at
both 3 months and 6 months (Table S6, Supplemental
Digital Content 1, http://links.lww.com/CJP/B121).

Anticipated absolute effect for primary and secondary
outcomes is presented in Table S7, Supplemental Digital
Content 1, http://links.lww.com/CJP/B121.

Closed-loop SCS has the highest probability of being
the best treatment option for all outcomes at all timepoints
(Table 5).T
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Health Economic Analysis
Closed-loop SCS was estimated to result in lower

costs per patient (£84,466, $106,847) than fixed-output
SCS (£85,478, $108,127) and CMM (£106,949, $135,287).
Closed-loop SCS generated more QALYs (6.973), than
fixed-output SCS (5.627) and CMM (4.855). Cost-utility
analysis shows that closed-loop SCS dominates fixed-
output SCS and CMM (ie, cost-saving and generates more
QALYs than the alternatives). Fixed-output SCS was also
found to dominate CMM. Closed-loop SCS dominates
fixed-output SCS as soon as year 1 and CMM at year 5.
Both closed-loop SCS and fixed-output SCS incur higher
initial costs due to device cost. Cost-effectiveness accept-
ability curve for the base-case analysis shows that closed-
loop SCS has a 97% likelihood of being cost-effective
at a willingness-to-pay threshold of £20,000/QALY
when compared with fixed-output SCS and CMM. Full
results of the cost-utility analysis, deterministic sensitivity
analysis, probabilistic sensitivity analysis and scenario
analysis, are presented in Supplementary Material 4,
Supplemental Digital Content 1, http://links.lww.com/
CJP/B121.

DISCUSSION
The results of the NMA of 3 RCTs and a total of 371

patients show that closed-loop SCS resulted in statistically
and clinically significant reductions in pain intensity, a
greater proportion of patients with ≥ 50% and with ≥ 80%
pain reduction, a greater proportion of patients with ≥ 10-
point reduction in ODI score, statistically and clinically
significant improvements in ODI and HRQoL, and a
greater proportion of patients improved or very much
improved based on PGIC response when compared with
fixed-output SCS. Closed-loop SCS and fixed-output SCS
result in statistically and clinically significant reductions in
pain intensity, a greater proportion of patients with ≥ 50%
and with ≥ 80% pain reduction, a greater proportion of
patients with ≥ 10-point reduction in ODI score, statistically
and clinically significant improvements in ODI and
HRQoL, and a greater proportion of patients improved or
very much improved based on PGIC response when
compared with CMM. The cost-utility analysis indicates
that both closed-loop and fixed-output SCS are cost-saving
and provide incremental benefits when compared with
CMM, and closed-loop SCS dominates fixed-output SCS
(lower costs and additional benefits).

The statistically and clinically significant improvements
observed with SCS (both closed-loop and fixed-output) when
compared with CMMwere expected and also align with RCT
evidence of SCS compared with CMM in other patient
populations.14,35,39–42 Substantial evidence suggests that SCS
(generally) is superior to CMM for PSPS-T2,14 painful
diabetic neuropathy (PDN),39–41 and NSRBP.15,17 We

suggest that SCS should be considered as the standard of
care for these patient populations and therefore the com-
parator of choice for future treatment options. Currently,
SCS is considered for patients with chronic pain refractory to
CMM options. The trivial benefit observed for patients
randomized to CMM in most trials can be explained by the
fact that this population will have failed to obtain long-term
benefit with most, if not all CMM options available before
trial entry, thereby potentially generating negative expect-
ations in the CMM participants.43 Recognition of SCS as
standard of care is essential for comparisons of different
forms of SCS to be considered for decision-making. NMAs
can be a useful tool in decision-making to enable assessment
of the relative treatment effects of interventions for which
head-to-head comparisons may not have been conducted.
The evidence reported herein suggests that closed-loop SCS is
superior to fixed-output SCS.

The magnitude of the treatment effect of SCS when
compared with CMM is expected to be greater than that
observed for comparisons of different types of SCS. Future
research should consider that the absence of significant
treatment effects when comparing different types of SCS is
plausible, given that this is an active intervention. In these
instances, it may be more relevant to interpret clinically
meaningful changes from baseline for the different types of
SCS. Absence of significant differences between 2 different
types of SCS should not translate or be interpreted as
absence of clinically meaningful improvements when
compared with baseline.

Burst SCS and high-frequency SCS provide different
forms of stimulation; however, both use a fixed pattern of
electrical output and do not provide measurements of neural
activation to allow objective assessment of therapy delivery,
outcomes or guide device programming. The current analysis
uses all the evidence available in a single network. Analyses
that consider burst SCS and high-frequency SCS as different
types of stimulation would be limited given the small number
of RCTs of SCS for an NSRBP population, and it would not
be possible to do an NMA as the single node of “fixed-
output” is required for the indirect comparison between
closed-loop and CMM. As new studies are reported (eg,
SOLIS [NCT04676022], NOVA [NCT04571242]), the NMA
could be updated to include the new evidence. Despite the
updates and emergence of new evidence, the conclusion that
SCS is superior to CMM is unlikely to change. Consistent
with the current results, a previous NMA of SCS in patients
with PDN found low-frequency and high-frequency SCS to
provide more patient benefits than CMM.23A full NMA that
includes all SCS RCT evidence is currently ongoing and may
provide more granular comparative effects of different types
of stimulation.

There were no important differences in baseline
characteristics across the included studies, which are likely

TABLE 2. Risk of Bias Assessment

References

Randomization

process

Deviations from

intended interventions

Missing

outcome data

Measurement of

the outcome

Selection of the

reported result

Overall

bias

Deer et al17 DISTINCT Low Low Low High Some concerns High
Kapural et al15 SENZA-

NSRBP
Low Low Low High Low High

Mekhail et al16 EVOKE
NSRBP subgroup

Low Low Some
concerns

Low Low Some
concerns
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TABLE 3. Outcomes of Randomized Controlled Trials Included in the Systematic Review

References Intervention Control

Outcomes included in the analysis at

6 mo Key findings Adverse events at last follow-up Explants at last follow-up

Deer et al17

DISTINCT
B-SCS (fixed-
output SCS)

CMM Percent pain reduction from baseline
Proportion of patients with ≥ 50% pain

reduction
Proportion of patients with ≥ 80% pain

reduction
Change in ODI

Proportion of patients with MCID ≥

10 in ODI
Proportion of patients reporting “better or

a great deal better” in PGIC

↑ P< 0.001
↑ P< 0.001

B-SCS 42.2%/CMM 1.2%

↑ P< 0.001
B-SCS 91.2%/CMM 16.0%

↑ P< 0.001

Fourteen nonserious device- or
procedure-related events were

reported in the B-SCS arm (14/162,
8.6%), of which 6 lead migrations
(3.7%), 2 infections (1.2%), 2 skin
reactions, 2 IPG pocket pain, 1

CSF leakage, and 1 IPG
migration. Three SAEs were
reported, of which 2 were

infections that required explant, 1
was postprocedural abdominal

pain resolved with pain
management without sequelae

At 6 mo there were 2 explants due
to infections; no explants reported

due to LoE

Kapural et al15

SENZA-
NSRBP

HF-SCS (fixed-
output SCS)

CMM Percent pain reduction from baseline
Proportion of patients with ≥ 50% pain

reduction
Proportion of patients with ≥ 80% pain

reduction
Proportion of patients with MCID ≥ 10 in

ODI
Change in HRQoL (EQ-5D utility)

Proportion of patients reporting “better or
a great deal better” in PGIC

↑ P< 0.001
↑ P< 0.001

HF-SCS 58.5%/CMM 0%

↑ P< 0.001

↑ P< 0.001
↑ P< 0.001

At 12 mo there were 5 SAEs (2
implant site infections, 1 poor
wound healing, 1 lethargy, 1

osteomyelitis). Over 24 mo, there
were 51 study-related AEs.32 The
most common AE was implant site
pain (13 events in 12/145 patients
[8.3%]; 8 [5.5%] required IPG
repositioning. Implant site
infection was reported by 6

patients (4.1%), and 3 patients
(2%) had transient CSF leakage.
Six patients (4.1%) underwent lead
revision due to lead dislodgment

Over 24 mo there were 6 (4.8%)
explants out of 125 SCS devices.
(32) Three (2.4%) were due to
patient dissatisfaction with SCS
therapy (inefficacy, LoE), and 3
(2.4%) due to infection (2 of these
patients received a replacement

device)

Mekhail et al16

EVOKE
NSRBP
subgroup

CL-SCS OL-SCS
(fixed-
output
SCS)

Percent pain reduction from baseline
Proportion of patients with ≥ 50% pain

reduction
Proportion of patients with ≥ 80% pain

reduction
Change in ODI

Proportion of patients with MCID ≥ 10 in
ODI

Change in HRQoL (EQ-5D utility)
Proportion of patients reporting

“improved or very much improved” in
PGIC

↑ P< 0.001
↑ P< 0.01

↑ P< 0.05

↑ P< 0.01
↑ P< 0.01

↑ P< 0.001
↑ P< 0.001

At 36 mo there were 7 AEs in 6
(24%) patients in the OL-SCS
group and 13 AEs in 8 (32%)

patients in the CL-SCS group (rate
difference 8.0 [95% CI: −16.8 to
32.8]). Most frequently reported

AEs were IPG pocket pain (2 [8%]
in OL-SCS group and 3 [12%] in

CL-SCS group) and lead
migration (2 [8%] in OL-SCS
group and 2 [8%] in CL-SCS

group)

Over 36 mo there were 5 (10%)
explants. 1 (4%) explant due to
LoE in OL-SCS, 2 explants due to
need for MRI (1 [4%] in OL-SCS
and 1 [4%] in CL-SCS), and 2
explants due to subsequent

unrelated comorbid conditions (1
[4%] in OL-SCS and 1 [4%] in CL-
SCS); no explants reported due to

LoE for CL-SCS

(-) no statistically significant differences between groups.
↑ statistically significant between groups in favor of intervention group.
AE indicates adverse event; B-SCS, burst SCS; CL-SCS, closed-loop SCS; CMM, conventional medical management; CSF, cerebrospinal fluid; HF-SCS, high-frequency spinal cord stimulation; HRQoL, health-related

quality of life; IPG, implantable pulse generator; LoE, loss of efficacy; MCID, minimal clinical important difference; NSRBP, non-surgical refractory back pain; ODI, Oswestry Disability Index; OL-SCS, open-loop SCS;
PGIC, Patient Global Impression of Change; SAE, serious adverse event; SCS, spinal cord stimulation.

C
lin

J
P
a
in

�
V
o
lu
m
e
4
0
,
N
u
m
b
e
r
9
,
S
e
p
te
m
b
e
r
2
0
2
4

N
M
A
a
n
d
Eco

n
o
m
ic
Eva

lu
a
tio

n
o
f
S
C
S
fo
r
N
S
R
B
P

C
o
p
y
rig

h
t
©

2
0
2
4
T
h
e
A
u
th
o
r(
s)
.
P
u
b
lish

ed
b
y
W
o
lters

K
lu
w
er

H
ea
lth

,
In
c.

w
w
w
.clin

ica
lp
a
in
.co

m
| 5
1
3

T
h
is
p
ap
er

can
b
e
cited

u
sin

g
th
e
d
ate

o
f
access

an
d
th
e
u
n
iq
u
e
D
O
I
n
u
m
b
er

w
h
ich

can
b
e
fo
u
n
d
in

th
e
fo
o
tn
o
tes.

Downloaded from http://journals.lww.com/clinicalpain by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0h
CywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC4/OAVpDDa8K2+Ya6H515kE= on 09/11/2024



to impact the generalizability of the findings. In addition,
the 3 RCTs were homogenous in that they were all funded
by industry and conducted in the United States. A previous
systematic review observed that outcomes reported in
industry-funded RCTs that compared SCS with CMM were
not significantly different from those observed in RCTs
independent from industry.44 The same review observed
greater improvements with SCS in studies based in the
United States but noted that the results should be
interpreted with caution since only one of the studies
included in that specific meta-analysis had been conducted
in that setting.44 Whether similar findings in an NSRBP
population are reproduced in other health care and funding
settings and in studies independent from industry should be
further investigated.

Some bias may have been introduced because both
SENZA-NSRBP and DISTINCT were open-label RCTs.
While EVOKE was designed as a double-blind RCT and

judged to have low risk of bias for the outcome measure-
ment domain, this is an exception rather than the rule in
parallel RCTs of SCS. Double-blind crossover RCTs of
SCS have compared different types of SCS and their
efficacy compared with placebo/sham stimulation.23,45,46

However, most of the SCS waveforms evaluated in these
studies were experimental and not used in clinical
practice.47,48 Therefore, current evidence from placebo-
controlled crossover RCTs is of very limited value to
inform decision-making.

The cost-utility analysis presented further confirms the
advantages of SCS over CMM and closed-loop SCS over
fixed-output SCS. The health economic evidence in support
of SCS is robust. Several studies and systematic reviews of
economic evaluations have found SCS to be cost-effective or
dominant when compared with CMM.49–54 Further, novel
types of SCS seem to provide incremental benefits when
compared with traditional types of SCS.25,55

TABLE 4. Primary and Secondary Outcomes: Fixed-effect NMA Results

Mean percentage reduction from baseline back pain VAS/NRS score

Mean difference (95% CrI): %

Comparison* 3 mo† 6 mo‡

Closed-loop SCS vs. Fixed-output SCS 26.38 (8.18-44.59) 32.72 (15.69-49.78)
Fixed-output SCS vs. CMM 74.34 (66.62-82.06) 68.86 (63.43-74.31)
Closed-loop SCS vs. CMM 100.72 (80.92-120.51) 101.58 (83.73-119.48)

Proportion of patients with 50% and 80% reduction from baseline back pain VAS/NRS score at 6 mo
Risk Difference (95% CrI)

Comparison§ 50% reduction‡ 80% reduction‡,∥
Closed-loop SCS vs. fixed-output SCS 0.46 (0.21-0.71) 0.29 (0.05-0.53)
Fixed-output SCS vs. CMM 0.78 (0.72-0.85) 0.48 (0.40-0.56)
Closed-loop SCS vs. CMM 1.24 (0.98-1.50) 0.77 (0.52-1.02)

Proportion of patients with ≥ 10-point reduction in ODI score (ODI responders) from baseline
Risk Difference (95% CrI)

Comparison§ 3 mo† 6 mo‡
Closed-loop SCS vs Fixed-output SCS 0.36 (0.13-0.58) 0.37 (0.14-0.61)
Fixed-output SCS vs CMM 0.69 (0.57-0.81) 0.75 (0.68-0.82)
Closed-loop SCS vs CMM 1.05 (0.79-1.30) 1.12 (0.87-1.37)

Mean change from baseline in ODI
Mean difference (95% CrI)

Comparison* ODI (6 mo)¶
Closed-loop SCS vs. fixed-output SCS 14.48 (5.97-23.03)
Fixed-output SCS vs. CMM 28.68 (24.06-33.29)
Closed-loop SCS vs. CMM 43.15 (33.47-52.84)

Mean change from baseline in EQ-5D-5L Index score
Mean difference (95% CrI)

Comparison* 3 mo† 6 mo#
Closed-loop SCS vs. fixed-output SCS 0.07 (−0.03 to 0.18) 0.12 (0.02-0.22)
Fixed-output SCS vs. CMM 0.20 (0.16-0.25) 0.24 (0.20-0.29)
Closed-loop SCS vs. CMM 0.28 (0.17-0.39) 0.36 (0.25-0.47)

*Mean difference > 0 favors the first intervention in the comparison over the second intervention.
†EVOKE NSRBP subgroup with LVCF (n= 50) and completers from SENZA-NSRBP (n= 143).
‡EVOKE NSRBP subgroup with LVCF (n= 48) and completers from SENZA-NSRBP (n= 140) and DISTINCT (n= 183).
§Risk difference > 0 favors the first intervention in the comparison over the second intervention.
∥Convergence problems occurred due to very low numbers of patients (0 to 1) achieving ≥ 80% pain reduction in CMM group of SENZA-NSRBP and

DISTINCT.
¶Evoke NSRBP subgroup with LVCF (n= 48) and completers from DISTINCT (n= 183).
#Evoke NSRBP subgroup with LVCF (n= 48) and completers from SENZA-NSRBP (n= 140).
CMM indicates conventional medical management; CrI, Credible interval; NMA, network meta-analysis; NRS, numeric rating scale; ODI, Oswestry

Disability Index; SCS, spinal cord stimulation; VAS, visual analog scale.
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Limitations
The results of the NMA are limited to evidence from 3

RCTs. Due to sparse data within the network of 3 RCTs,
results for the primary and secondary outcomes were
associated with uncertainty reflected in large mean differences
or risk differences and wide credible intervals, particularly for
the indirect comparison of closed-loop SCS versus CMM.
Since the network is small and has no closed loops,
inconsistency between “direct” and “indirect” evidence
cannot be assessed, so it is unknown if any inconsistency is
present in the results. The results of the NMA should be
interpreted with caution also due to 2 of the RCTs being
open-label and assessing subjective outcomes and different
types of fixed-output stimulation, and due to imbalance in the
number of completers between treatment groups of the
EVOKE NSRBP subgroup, which may have biased outcome
data in favor of fixed-output SCS. Data for closed-loop SCS
were derived from an NSRBP subgroup from the EVOKE
RCT and were not a randomized subgroup. Currently, no
long-term data are available to inform comparison in the
NMA beyond a 6-month follow-up. A report of the findings
from the EVOKE NSRBP subgroup up to 24-month follow-
up is in preparation. Strengths andweakness of the cost-utility
analysis are similar to those reported in previous studies.25

CONCLUSIONS
Current evidence showed that both closed-loop and

fixed-output SCS provide more benefits than CMM for an
NSRBP population. Closed-loop SCS was found to result in
improved outcomes compared with fixed-output SCS. The
certainty in the magnitude of effect may change with more
evidence. However, despite the absence of head-to-head
RCT evidence and limitations of current head-to-head RCT
evidence, it is highly unlikely that the conclusions for the
comparison of both types of SCS versus CMM or closed-
loop versus fixed-output SCS would change considerably
given that all the patients who received an SCS device had
tried and failed to obtain satisfactory benefits with CMM.
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