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ABSTRACT
Objective: Low back pain is the leading cause of disability worldwide and one of the most common reasons for seeking
health care. Despite numerous care strategies, patients with low back pain continue to exhibit poor outcomes. Spinal cord
stimulation (SCS) is an evidence-based therapeutic modality for patients with failed back surgery syndrome. For patients without
a surgical lesion or history, minimally invasive interventions that provide long-term reduction of chronic back pain are needed.
Therefore, we conducted a systematic review of the evidence on SCS therapy in patients with chronic back pain who have not
undergone spinal surgery.

Materials and Methods: A systematic literature search was performed to identify studies reporting outcomes for SCS in chronic
back pain patients (with or without secondary radicular leg pain) without prior surgery using date limits from database inception
to February 2021. Study results were analyzed and described qualitatively.

Results: A total of ten primary studies (16 publications) were included. The included studies consistently demonstrated favorable
outcomes in terms of pain reduction and functional improvement following SCS therapy. Improvements also occurred in quality
of life scores; however, not all studies reported statistically significant findings. Additionally, the studies reported that SCS resulted
in high patient satisfaction, reductions in opioid use, and an acceptable safety profile, although these data were more limited.

Conclusion: Findings suggest that SCS is a promising, safe, minimally invasive, and reversible alternative option for managing
chronic back pain in patients who have not undergone spinal surgery.
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INTRODUCTION

Worldwide, low back pain is the leading cause of disability and
the second most common reason patients seek health care for
the relief of symptoms.1–3 According to recent estimates,
patients in the United States spent approximately $87.6 billion
on health care services for low back and neck pain, and these
costs are increasing rapidly.2,4 When indirect costs, such as lost
productivity, are considered, this cost estimate exceeds $100
billion per year.2,5

In this study, we focus on reviewing the use of spinal cord
stimulation (SCS) as a treatment for relieving chronic back pain in
patients who have not had prior back surgery. Many publications
show that SCS provides pain relief for chronic back and leg pain in
patients who have undergone surgery yet continue to experience
chronic back pain. The diagnosis most frequently ascribed to such
patients is failed back surgery syndrome (FBSS). Of note is that
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there is ongoing discussion about the utility of the term; however,
due to a lack of consensus on alternative terms,6,7 we use FBSS as it
is commonly used in the literature.
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SCS FOR CHRONIC BACK PAIN WITHOUT PRIOR SURGERY
Many other patients diagnosed with chronic back pain have not
had prior back surgery or are poor candidates for surgery, and
conventional medical management (CMM) has provided them
limited relief. We refer to these patients as having nonsurgical
refractory back pain (NSRBP),8 a condition that may be synonymous
with a recently introduced term, persistent spinal pain syndrome
type 1.6

Multiple conservative treatments exist for patients with back
pain, including physical therapy, medication management, and
percutaneous spine injections, but patients often become unre-
sponsive to these treatments or experience side effects from
medications over time and exhibit poor long-term outcomes.2,9–11

These patients may then receive expensive health care services
that provide minimal benefit or potentially cause harm, such as
opioids and spinal fusion surgery.2,10,12,13

SCS therapy creates a neuromodulatory effect on the nervous
system that can change the perception of pain by sending elec-
trical impulses into the spinal cord.14–18 It has become a popular
treatment for many chronic pain conditions.14,16,19,20 The SCS fre-
quency and pulse width can be adjusted, and in this review, high-
frequency SCS is defined as ≥10 kHz and low-frequency SCS as
<10 kHz. FBSS is the most common indication for SCS and has the
strongest evidence supporting its use.11,16,21 In contrast, the use of
SCS in surgery-naïve back pain patients currently has less
evidence-based support, but much clinical interest. It must be
noted that the evidence regarding long-term outcomes of
decompression- or fusion-type spinal surgeries is also less than
optimal.2,13,22,23 In many patients undergoing spinal surgery, a
specific, reliable source of pain is not identified.24–27 An additional
challenge occurs in the subset of patients for whom imaging
reveals no clear surgical target and who, despite exhaustive con-
servative measures (e.g., epidural and facet injections), fail to
receive sufficient pain relief. Given the concerns of invasiveness,
cost, and efficacy surrounding spinal surgery and the challenges of
treating patients with chronic pain in the absence of a clearly
identified surgical lesion, there is a need for less invasive inter-
ventions that provide long-term pain reduction and functional
restoration. Therefore, we sought to systematically review and
analyze the clinical evidence on SCS therapy in patients with
chronic back pain who have not previously undergone spinal
surgery.

MATERIALS AND METHODS

The study was conducted in accordance with the Meta-Analysis
of Observational Studies in Epidemiology and Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines.28,29
6

Search Strategy
A literature search was developed to identify peer-reviewed clin-

ical studies that evaluated SCS therapies in patients with chronic
back pain without prior surgery (Supplementary Information: Search
strategy). The following databases were searched from database
inception to February 11, 2021: Medline (via OVID), PubMed, Embase
(via OVID), and the Cochrane Library. Additional search restrictions
were implemented to exclude non-English publications and
review articles (ie, narrative, literature, and systematic reviews).
www.neuromodulationjournal.org © 2021 Published by Elsevier Inc. o
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Study Selection
Following the database searches, duplicate studies were identi-

fied and removed from the list of references. Two reviewers
(Christopher Vannaboutathong and Belinda J. Wagner) screened
the remaining titles and abstracts according to the eligibility criteria
(Supplementary Table S1). Studies were excluded if they were
nonclinical, not peer-reviewed, or not reported with completeness
(eg, conference abstracts or clinical trial registrations without
detailed methods and results); involved patients with angina,
peripheral nerve stimulation, peripheral vascular disease, peripheral
artery disease, or spinal cord injury; used SCS for movement
induction; or combined SCS with other treatments to address the
same indication (eg, intrathecal drug pump).
Full-text articles of the studies deemed potentially eligible were

subsequently retrieved after title and abstract screening and
screened for a final assessment of eligibility. Any disagreements
regarding study eligibility were resolved via discussion or, when
necessary, a third reviewer. References identified from other
sources (eg, industry or clinical experts, reference lists of included
articles, coauthors) were also reviewed for inclusion.

Data Extraction
The primary outcome measures were the magnitude of change

in pain from baseline to follow-up, the proportion of subjects
achieving a 50% reduction in pain, and adverse events (AEs) related
to the device or procedure. Outcome measures related to
improvements in quality of life (QoL), disability, function, and
changes in medication use were also extracted. Specifically, study,
treatment, and population characteristics and data related to the
outcomes of interest from each included study were extracted
(Supplementary Table S2).
Data Analysis
The results of individual studies were analyzed qualitatively,

including the similarity of subject populations, efficacy outcomes,
and safety outcomes across studies. Continuous data were
reported as mean or median values and categorical data as per-
centages. Due to the nature of the evidence on this topic, it was
determined that a meta-analysis of study outcomes was not
feasible.

Risk of Bias Assessment
The risk of bias (ROB) of eligible level I studies was evaluated

using the Cochrane Collaboration ROB tool.30 Studies were rated
based on six specific domains: 1) sequence generation, 2) allocation
concealment, 3) blinding, 4) incomplete outcome data, 5) selective
outcome reporting, and 6) other miscellaneous sources of bias.
Each domain was judged as having either a “low risk,” “unclear risk,”
or “high risk” of bias. A low ROB means that bias, if present, is
unlikely to seriously alter the results, an unclear ROB raises some
doubt about the results, and a high ROB may seriously alter the
results.
The ROB was assessed for each nonrandomized study using the

Risk of Bias in Nonrandomized Studies of Interventions tool.31 This
tool assesses seven domains through which bias may be intro-
duced into a nonrandomized clinical study: 1) bias due to con-
founding, 2) bias in the selection of participants, 3) bias in the
classification of interventions, 4) bias due to deviations from
n behalf of the International
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intended interventions, 5) bias due to missing data, 6) bias in the
measurement of outcomes, and 7) bias in the selection of the
reported results. Each domain was judged as having a “low,”
“moderate,” “serious,” or “critical” ROB, and the final assessments
for each domain were used to grade the overall ROB of each study.
When a study is judged to have a low ROB, it has low ROB
assessments for all seven domains and is comparable to a well-
performed randomized controlled trial (RCT). When a study is
judged to have a moderate ROB, it has low or moderate ROB
assessments for all seven domains and provides sound evidence for
a nonrandomized study, but cannot be considered comparable to a
well-performed RCT. When a study is judged to have a serious ROB,
it has a serious ROB assessment in at least one domain, no critical
ROB assessments in any of the six remaining domains, and its
design or conduct has several problems. When a study is judged to
have a critical ROB, it has a critical ROB assessment in at least one
domain, and its design or conduct is too problematic to provide
useful evidence and should be excluded from synthesis.

Quality of Evidence
The overall quality of evidence was rated using the Grading of

Recommendations, Assessment, Development, and Evaluations
(GRADE) approach.32–34 Evidence was rated using criteria such as
consistency, precision, indirectness, and study limitations, and
graded the quality of evidence for each outcome as “very low,”
“low,” “moderate,” or “high.” If the included evidence for an
outcome originates only from randomized trials, its corresponding
GRADE designation starts at high, whereas evidence originating
from observational studies starts at low. Reasons for downgrading
an initial GRADE designation include limitations in study quality
(eg, ROB), important inconsistencies or heterogeneity between
studies, uncertainty about the directness, imprecision or sparseness
of the data, or a high probability of reporting or publication bias.
Reasons for upgrading an initial GRADE designation include strong
evidence of association based on consistent evidence from two or
more studies, with no plausible confounders; evidence of a dose–
response relationship; or a determination that all plausible con-
founders would have reduced the effect.

RESULTS
Search Results
A total of 1221 references were identified from the electronic

database searches (Supplementary Fig. S1). Of these, 326 were
conference abstracts, 212 were duplicate publications, 58 were
commentaries, and 2 were short surveys; therefore, 623 citations
were reviewed during title and abstract screening. The full texts of
109 articles were subsequently screened for eligibility, and 16 were
included in this review, representing 10 primary studies and 6
secondary publications.35–50 Reasons for exclusion of articles during
abstract screening and full-text screening included not meeting the
criteria for patient populations, study designs, follow-up periods, or
interventions (ie, not SCS), irretrievable full texts, nonclinical
studies, and conference presentations.

Characteristics of the Included Studies
The included studies were published between 2004 and 2021

(Supplementary Table S3). Among the ten primary studies, six were
prospective cohort studies,35,37,43,47,49,50 two were retrospective
cohort studies,44,48 one was a retrospective database study,38 and
www.neuromodulationjournal.org © 2021 Published by Elsevier Inc. o
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one was subgroup data from a RCT.45 Four of these studies were
conducted in the United Kingdom (UK),37,38,43,48 three were con-
ducted in the United States (US),44,45,49 two were conducted in
Germany,35,47 and the remaining study was a multinational study.50

The sample sizes analyzed in the ten primary studies ranged from 8
to 1177 patients; the number of patients with back pain and no
prior surgery ranged from 8 to 159 (total surgery-naïve patients =
357). An additional six articles were secondary publications of the
aforementioned primary studies (Supplementary
Table S4).36,39–42,46 Final follow-up periods across all studies
ranged from 12 to 36 months, and mean follow-ups, when
reported, ranged from 10 months to 1.87 years. One retrospective
database study followed patients for up to 11 years.
In terms of the target patient populations, four studies limited

enrollment to patients with chronic back pain (with or without
secondary radicular leg pain) without prior spine surgery.35,37,43,48

Surgery-naïve back pain patients represented a subgroup of the
total enrollment in four studies.38,44,45,50 One study evaluated
scoliosis patients for whom surgical intervention was not suitable,47

and the remaining study enrolled patients with intractable
discogenic low back pain who did not have prior surgery
(Supplementary Table S3).49 With regard to the particular SCS
devices, four studies evaluated high-frequency SCS (HF-
SCS),35,37,43,50 three studies evaluated traditional SCS,47–49 two
studies included a mix of SCS devices,38,44 and the RCT compared
HF-SCS to low-frequency SCS.45 Thoracic (T) leads were placed in
the T8–T11 region in three studies,43,48,50 T8–T9 in two studies,37,45

and T7–T8 in two studies.45,49 One study stated that lead place-
ment was done on a “case-by-case basis.”47 Lead placement details
were not reported in three studies.35,38,44

The mean or median age across treatment groups ranged from
39 to 78 years, and the percentage of patients who were female
ranged from 41.7% to 83.3% (Supplementary Table S5). The mean
disease duration, when reported, ranged from 7.2 months to
13 years. The range of diagnoses for patients’ chronic back pain
was broad.
Efficacy Outcomes
Change in Pain Scores With SCS
To quantify pain, studies tended to use either the numeric rating

scale or the visual analog scale. Across these pain measures and at
varying time points, the studies consistently demonstrated reduc-
tions in pain scores with SCS (see Fig. 1 and Table 1 for summaries).
In a majority of studies, reductions in pain were observed as early
as 3 months after treatment,37,40,47,49 with reductions in pain also
evidenced at 6,37,40,43,47,49,50 9,37 12,37,40,43,44,49 24,41 and 36 months
postintervention.36

One study reported significant reductions in pain with traditional
SCS at three and six months. However, in the 8 of 16 patients for
whom 12-month data were available, the treatment effect did not
reach significance.47 In a comparison between traditional SCS and
intrathecal drug delivery (ITDD), Raphael et al48 reported that the
two treatments provided similar pain reduction. Vallejo et al49

found that SCS significantly reduced pain scores compared to
controls at 12 months (62% vs 0%). Finally, Campwala et al44

compared the degree of pain improvement from SCS between
patients who had prior back surgeries and NSRBP patients
and found similar levels of improvement at 12 months
postimplantation.
n behalf of the International
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Figure 1. Reduction of pain by SCS in surgery-naïve patients from baseline to
final follow-up.
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Pain Relief With SCS
Pain relief is also measured as patient-reported percentage relief

(range, 0%–100%). Response to therapy is defined as ≥50% pain
relief, whereas ≥30% pain relief is considered as a clinically
meaningful change.51 The response to HF-SCS therapy at
12 months across three studies ranged from 52% to 90%.37,40,43

Response rates at different time points were noted in three
studies. Al-Kaisy et al36,37 reported a response rate in 20 patients of
75% and 80% at 6 and 36 months, respectively, and Ahmadi et al35

reported a response rate of 37.5% (3 of 8 patients) after a mean
follow-up of 10 months.

Function and QoL With SCS
Improvements relative to baseline were seen in functional scores

across five studies according to the Oswestry Disability Index (ODI)
and in QoL scores across four studies according to the Short
Form-36 (SF-36) and EuroQoL-5D (EQ-5D; see Table 2 for a
summary).37,40,43,44,47–49 However, in Vallejo et al,49 the changes in
ODI scores relative to baseline were not statistically significant, and
in Lucia et al47 and Raphael et al,48 the changes in QoL relative to
baseline in the SCS patients were not significant. In comparative
studies, Raphael et al48 reported that the degree of improvement in
QoL at 12 months relative to baseline was significantly more
favorable in the ITDD group (n = 13) relative to the SCS group
(n = 12; p < 0.05).
Campwala et al44 found a significant improvement in ODI at

12 months relative to baseline (p < 0.001). Moreover, the degree of
improvement was similar between SCS patients who had prior
surgery (n = 82) and those with NSRBP (n = 52; p = 0.87).

Patient Global Impression of Change and Patient Satisfaction
With SCS
Patient outcomes using the Patient Global Impression of Change

(PGIC) and patient satisfaction rates were reported in Al-Kaisy et al37
www.neuromodulationjournal.org © 2021 Published by Elsevier Inc. o
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At 12 months, 80% of patients were “much improved” or “very much
improved” according to PGIC responses.37 Additionally, 90% and
85% of patients responded “satisfied” and “very satisfied” with their
treatment at 12 and 36 months, respectively, and all patients said
that they would recommend the treatment to others.36,37 In Raphael
et al,48 the authors only reported that there was no significant dif-
ference in patient satisfaction between SCS and ITDD.

Opioid Consumption With SCS
On average, opioid consumption declined following SCS

(Table 3). When reported, the proportion of patients who had
ceased opioid use at 12 months ranged from 16.7% to 66.7%
(Fig. 2).37,40,43,47,49

Safety Outcomes
Adverse Events
Pain at the implantable pulse generator (IPG) was the most

commonly reported AE, with incidence rates of 10% and 25%
reported in two studies (Table 3).35,37 Lead migration also occurred,
with incidence rates of 8.3% and 15% reported in two studies.37,48

Al-Kaisy et al36,37 stated that no serious AEs occurred in their study,
Raphael et al48 reported that no patients experienced a neuro-
logical complication, and Vallejo et al49 reported a 0% AE rate.

Surgical Revision and Explantation
Two studies reported surgical revision rates of 5% and 8.3%,

which were due to pain at the IPG and lead migration, respectively,
and two studies reported explantation rates of 5% and 16%
(Table 3).37,43,48 Additionally, in their multivariate regression anal-
ysis, Al-Kaisy et al38 found that SCS patients with a “virgin back”
were significantly less likely to have their device explanted relative
to patients with FBSS (p = 0.03). It is important to note that not all
explants occur for safety reasons; loss of efficacy, a need for
magnetic resonance imaging, and remission of pain accounted for
78% of explantations.38

Risk of Bias and Quality of Evidence
The ROB assessment is summarized in Supplementary Tables S6

and S7. Of the eight non-RCTs reporting pain outcomes, six were
deemed to have a moderate ROB and two to have a serious ROB. Of
the six non-RCTs reporting functional outcomes, five were consid-
ered to have a moderate ROB and one to have a serious ROB. Of
the four non-RCTs reporting QoL, three were deemed to have a
moderate ROB and one to have a serious ROB. Of the two non-RCTs
reporting patient satisfaction, both were deemed to have a mod-
erate ROB. Of the five non-RCTs reporting medication use, all were
considered to have a moderate ROB. Lastly, of the six non-RCTs
reporting safety data, all were deemed to have a moderate ROB.
Reasons for elevated ROB assessments were the variability in
disease diagnosis, pain etiologies, and follow-up periods; potential
recall bias in retrospective studies; incomplete data; and
unblinded outcomes assessment. For the RCT by Kapural et al,45

across the outcomes of pain, function, and medication use, all
domains of the Cochrane ROB were deemed as having low risk,
except for the blinding of patients/personnel and outcomes
assessment, which were deemed high risk.
Based on the included evidence and associated ROB assess-

ments, the overall quality of evidence was graded as “moderate” for
pain according to the GRADE criteria. The baseline GRADE for
observational studies was “low.” Pain was upgraded to a
n behalf of the International
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Table 1. Summary of Pain Outcomes for SCS Patients With Chronic Back Pain Without Prior Surgery.

Study Follow-up (months) Outcome and treatment group Results

Baseline Follow-up

Ahmadi (2017) Mean: 10 NRS (0–10)*
HF-SCS (n = 8)

8.9 4.8 (−4.1)‡

≥50% NRS reduction†

HF-SCS (n = 8) - 37.5%
Campwala (2020) 12 NRS (0–10) for average pain*

Any SCS (n = 30) 7.4 4.8 (−37.3%)‡

Lucia (2021) 12 NRS (0–10) for pain during motion*
SCS (n = 8) 8.8 (−1.4)

Raphael (2004) Mean: 22.4 NRS (0–10)* (p-value between groups >0.05)
SCS (n = 12) 9.0 6.5 (−2.0)‡

ITDD (n = 13) 8.5 5.5 (−4.0)‡

Vallejo (2012) 12 NRS (0–10)* (p-value between groups = 0.004)
SCS (n = 9) 7.8 2.9 (−62%)‡

Control (n = 4) 6.5 6.5 (0%)
Al-Kaisy (2018) 36 VAS (0–100)*

HF-SCS (n = 17) 79 10 (−69)‡

≥50% VAS reduction†

HF-SCS (n = 20) - 80.0%
Baranidharan (2020) 12 VAS (0–10)*

HF-SCS (n = 21) 8.0 (−4.6)‡

≥50% VAS reduction†

HF-SCS (n = 25) - 52.0%
Kapural (2015) (SENZA-RCT) 12 VAS (0–10)*

HF-SCS (n = 12) 7.2 2.5 (−4.7)
≥50% VAS reduction†

HF-SCS (n = 12) - 75%
Van Buyten (2013) (SENZA-EU) 12 VAS (0–10)*

HF-SCS (n = 14) at 12 m 8.1 2.4 (−5.7)
≥50% VAS reduction†

HF-SCS (n = 14) at 12 m - 71.4%

HF, high-frequency; ITDD, intrathecal drug delivery; m, months; n, number of patients analyzed; NR, not reported; NRS, numeric rating scale; SCS, spinal cord
stimulation; VAS, visual analog scale; y, years.
*Mean or median value (change or % change from baseline).
†Proportion of patients.
‡Statistically significant (p < 0.05) versus baseline value.
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“moderate” quality of evidence based on the magnitude and
consistency of the treatment effects exhibited across trials. All other
outcomes were graded as “low.”

DISCUSSION

The purpose of this systematic review was to identify and eval-
uate the clinical evidence on the use of SCS in patients with chronic
back pain (with or without secondary radicular leg pain) who have
not previously undergone spinal surgery. The evidence derived
from ten primary studies (including a total of 357 surgery-naïve
back pain patients) consistently demonstrated favorable outcomes
in terms of pain reduction and functional improvement. Improve-
ments also occurred in QoL scores; however, not all studies
demonstrated statistically significant findings. Additionally, the use
of SCS was associated with promising findings in terms of patient
satisfaction, reductions in opioid use, and an acceptable safety
profile, although the data were limited. These results were seen
across a range of different chronic back pain indications and over
months to years of treatment. Future research on this topic should
focus on its comparative effects and cost-effectiveness against
www.neuromodulationjournal.org © 2021 Published by Elsevier Inc. o
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other therapies indicated for this patient population, appropriate
patient selection for SCS therapy, its effects within more specific
patient populations and diagnoses, and whether lead placement
level affects patient outcomes.

Efficacy of SCS in Patients With Chronic Back Pain Without
Prior Surgery
SCS has been used in clinical practice for decades for the treat-

ment of chronic back and leg pain, traditionally related to patients
with FBSS.11,16,21,52,53 The studies included in the current review
showed that SCS was associated with pain relief, functional
improvements, and decreases in the consumption of opioid med-
ications in chronic back pain patients without prior surgery. In fact,
based on the reported data, pain relief and functional improve-
ments occur as early as three months and are sustained long term,
even multiple years postimplantation. The evidence also demon-
strated that SCS may improve patient satisfaction and QoL.
There are numerous high-quality studies supporting the use of

SCS in patients with FBSS.11,16,21,54–58 More specifically, in an RCT by
North et al,57 the authors compared SCS to repeated spine surgery
in FBSS patients and found that, at a mean follow-up of three years,
n behalf of the International
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Table 2. Summary of Studies Reporting Functional, Quality of Life, and Patient Satisfaction Outcomes for SCS Patients With Chronic Back Pain Without Prior
Surgery.

Study Function QoL Satisfaction

Al-Kaisy (2018) - ODI scores significantly
improved at 3, 6, 9, 12, and
36 months relative to
baseline (all p < 0.001)

- At 12 months, 80% of
patients were “much
improved” or “very much
improved” on the PGIC
relative to baseline

SF-36 PCS, SF-36 MCS, and
EQ-5D scores all signifi-
cantly improved at 3, 6, 9,
12, and 36 months relative
to baseline (all p < 0.05)

- 90% and 85% of patients
were “satisfied” or “very
satisfied” at 12 and
36 months, respectively

- 100% of patients said that
they “would recommend
the treatment to others” at
12 months

Baranidharan (2020) ODI scores significantly
improved at 6 and
12 months relative to
baseline (all p < 0.05)

EQ-5D scores significantly
improved at 6 and
12 months relative to
baseline (all p < 0.05)

NR

Campwala (2020) ODI scores significantly
improved at 12 months
relative to baseline
(p < 0.001)

NR NR

Lucia (2021) ODI scores significantly
improved at six months
relative to baseline
(p = 0.018)

SF-36 PCS and SF-36 MCS
scores did not significantly
improve at 3, 6, or
12 months relative to
baseline (all p > 0.05)

NR

Raphael (2004) NR QoL scores on the NRS did
not significantly improve
relative to baseline
(p < 0.1)

Only stated no significant
difference between SCS
and ITDD groups

Vallejo (2012) ODI scores at 12 months
improved, but were not
significantly different rela-
tive to baseline (p = 0.123)

NR NR

Kapural (2015) (SENZA-RCT);
Van Buyten (2013)
(SENZA-EU)

In the pooled analysis, ODI
scores improved at
12 months relative to
baseline

NR NR

EQ-5D, EuroQoL-5D; ITDD, intrathecal drug delivery; NR, not reported; NRS, numeric rating scale; ODI, Oswestry Disability Index; PGIC, patient global impression
of change; QoL, quality of life; SF-36: MCS, Short Form-36 Mental Component Summary; SF-36: PCS, Short Form-36 Physical Component Summary.
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SCS patients were more successful in terms of pain relief (47% had
≥50% pain relief vs 12% in the reoperation group; p < 0.01) and the
use of narcotics (p < 0.025) and were less likely to cross over to the
other treatment group (p = 0.02). Another RCT by Kumar et al56

compared SCS plus CMM to CMM alone in FBSS patients and
determined that those treated with SCS had greater pain relief
(48% had ≥50% pain relief vs 9% with CMM alone) at 6 months.
They also demonstrated more favorable QoL, function, and treat-
ment satisfaction.56 Similar findings have been shown in more
recent FBSS trials that compared SCS versus placebo.54,55,58 In the
current review, the included evidence showed that NSRBP patients
treated with SCS experience similar results, demonstrating signifi-
cant pain reductions and meaningful response rates. Of note, one
of the included studies compared SCS patients without prior back
surgery to those with prior surgery and found no statistically sig-
nificant differences between the two groups across a range of
clinical outcome measures.44 Additionally, novel neuromodulation
technologies are emerging that have demonstrated promising
results in comparison to traditional SCS devices. Such efforts have
multiple objectives: to develop more effective treatments for
www.neuromodulationjournal.org © 2021 Published by Elsevier Inc. o
Neuromodulation Society. This is an

CC BY-NC-ND license (http://creativecom
current SCS indications and treat a wider range of chronic pain
conditions.11,16,45

Safety of SCS in Patients With Chronic Back Pain Without
Prior Surgery
The results of this review demonstrated that SCS is a relatively

safe procedure given its low risk of serious AEs, surgical revision,
and neurological complications.37,48 The most common AEs are
pain at the IPG site and lead migration; however, these events are
not usually considered serious and can be resolved, if needed, with
surgical revision or explantation.11,52,59 Because SCS implantation is
a minimally invasive procedure, it is feasible to safely reverse.11,16,59

Notably, in the study by Al-Kaisy et al,38 patients who had not
previously undergone surgery and received HF-SCS were signifi-
cantly less likely to undergo device explantation relative to FBSS
patients (p = 0.03). Biological complications, such as infections,
seromas, dural puncture headaches, abscesses or hematomas,
or neurological problems, are uncommon following SCS.11,59 The
Neurostimulation Appropriateness Consensus Committee guide-
lines support the use of neurostimulation, in part due to its lack of
n behalf of the International
open access article under the
mons.org/licenses/by-nc-nd/4.0/).
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Table 3. Summary of Studies Reporting Medication Use and Safety Outcomes for SCS Patients With Chronic Back Pain Without Prior Surgery.

Study Medication use Safety

Ahmadi (2017) NR - Pain at IPG site: 25%
- Explantation: NR

Al-Kaisy (2018) - ME reduced by an average of 64% at 12 months
relative to baseline

- At 12 months, 16.7% of patients taking opioids at
baseline ceased their use

- Lead migration: 15%
- Pain at IPG site: 10%
- Surgical revision: 5% (due to pain at IPG site)
- Serious AE: 0%
- Explantation: 5% at <24 months due to loss of efficacy
(1/20)

Al-Kaisy (2020) NR - Explantation, OR for patients with “virgin back”: 0.67
(95% CI 0.39 to 1.42; p = 0.14) (from the univariate analysis)
relative to FBSS

- Explantation, OR for patients with “virgin back”: 0.48
(95% CI 0.25 to 0.92; p = 0.03) (from the multivariate
analysis) relative to FBSS

Baranidharan (2020) - ME reduced by an average of 18.9 mg at 12 months
relative to baseline (p = 0.018)

- At 12 months, 42.9% of patients taking opioids at baseline
ceased their use, 7.1% reduced their use, and 50%
maintained their use

- Explantation: 16% (4/20 required or requested)

Lucia (2021) - At 12 months, 20.0% of patients taking opioids at baseline
ceased their use

NR

Raphael (2004) NR - Lead migration: 8.3%
- Surgical revision: 8.3% (due to lead migration)
- Neurological complications: 0%
- Explantation: NR

Vallejo (2012) - ME reduced by an average of 69% at 12 months relative
to baseline (p = 0.036)

- At 12 months, 66.7% of patients taking opioids at baseline
ceased their use

Any AE during implantation: 0%
Explantation: NR

Kapural (2015) (SENZA-RCT);
Van Buyten (2013)
(SENZA-EU)

- In the pooled analysis, ME reduced by average of 45.5 mg
at 12 months relative to baseline

- In the pooled analysis, at 12 months, 28.6% of patients
taking opioids at baseline ceased their use, 23.8% reduced
their use, 33.3% maintained their use, and 14.3% increased
their use

NR

AE, adverse event; CI, confidence interval; IPG, implantable pulse generator; ME, morphine equivalents; mg, milligrams; NR, not reported; OR, odds ratio.
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side effects and the downward trend of device-related complica-
tions as the technology and surgical expertise for implanting the
device improve.52
Study Limitations and Future Directions
To generate comprehensive insights into the efficacy and safety

of SCS in chronic back pain patients without prior surgery, we
performed a systematic review, narrative synthesis, and ROB
assessment of the evidence; however, we acknowledge that this
review was limited by the quality of the included studies. Indeed,
they were predominantly observational with relatively small sample
sizes, including patients with a range of diagnoses and pain etiol-
ogies. In addition, due to their observational design, many studies
did not have a comparison or control group, meaning that the
results should be carefully interpreted. Not all of the studies
reported safety outcomes, and the retrospective studies included
patients with a range of different follow-up periods and reported
outcomes, making it difficult to generate a holistic account of the
long-term effects of SCS in these patients. However, findings
consistently suggested that SCS was effective and safe in this
patient population.
www.neuromodulationjournal.org © 2021 Published by Elsevier Inc. o
Neuromodulation Society. This is an

CC BY-NC-ND license (http://creativecom
To improve the evidence for SCS in chronic back pain without
prior surgery, future research should consider quantifying patient-
reported outcomes and systematically reporting AEs at specific
time points. This would provide more valuable and interpretable
results, especially when synthesizing the data and grading the
quality of evidence.
CONCLUSION

Findings from this systematic review suggest SCS has an
acceptable safety profile in patients with chronic back pain without
prior surgery and is associated with improvements in pain, func-
tion, and opioid consumption. Neurological injury and serious AEs
were not reported in any of the included studies; any reported AEs
were considered minor and amenable to treatment. This review
supports the notion of SCS as a first-line surgical therapy in
patients whose chronic back pain has been difficult to manage by
conservative treatment, particularly in the subgroup of patients
whose source of pain cannot be clearly identified or is multifac-
torial. Overall, the current evidence suggests that SCS is a prom-
ising, suitable, and minimally invasive therapy for managing
n behalf of the International
open access article under the
mons.org/licenses/by-nc-nd/4.0/).
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Figure 2. Cessation of opioid use in response to SCS treatment from baseline to
12 months.

SCS FOR CHRONIC BACK PAIN WITHOUT PRIOR SURGERY
chronic back pain patients who have not previously undergone
spinal surgery. Additional clinical research in this area, such as
comparing the effects and cost-effectiveness between SCS and
other therapies, would be valuable when making treatment
decisions.
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