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OBJECTIVE The objective of this study was to evaluate the 24-month durability of pain relief, function, quality of life, 
and safety outcomes for patients with nonsurgical refractory back pain (NSRBP) treated with high-frequency spinal cord 
stimulation (SCS) within a large, national, multicenter randomized controlled trial (RCT).
METHODS Following the completion of an RCT comparing high-frequency SCS plus CMM with CMM alone for the 
treatment of NSRBP, patients gave additional consent for a follow-up extension to 24 months. Presented is the cohort 
analysis of all patients treated with high-frequency SCS following the optional crossover at 6 months. The outcomes as-
sessed to 24 months included responder rate of ≥ 50% pain relief measured according to the visual analog scale [VAS]), 
disability (Oswestry Disability Index [ODI]), quality of life (EQ-5D 5-level [EQ-5D-5L]), opioid reduction.
RESULTS Of the 125 patients who received a permanent implant, 121 completed the 12-month follow-up, 101 gave ad-
ditional consent for extended follow-up, and 98 completed the 24-month follow-up. At 24 months after implantation, the 
mean back pain VAS score was reduced by 73% and the responder rate was 82%. ODI and EQ-5D-5L both improved 
by at least double the minimal clinically important difference for each measure. No unexpected adverse events were 
observed, and the rates of serious adverse events (3.4%) and device explantations (4.8%) were low.
CONCLUSIONS The addition of high-frequency SCS to CMM in patients with NSRBP offers profound improvements at 
24 months in pain, function, quality of life, and reduced opioid use. This study provides much-needed evidence to inform 
current clinical practice for managing patients with NSRBP.
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ChroniC low-back pain (CLBP) is a leading cause of 
disability worldwide and affects an estimated 13% 
of adults in the United States.1,2 CLBP is associated 

with increased patient comorbidities and has detrimental 
effects on mental health and quality of life and is one of 
the most common reasons for patients seeking healthcare 
across a range of medical specialties, including primary 
and emergency care.3,4 It also exacts a substantial soci-
etal burden stemming from direct costs associated with 
increased healthcare utilization and indirect costs related 
to lost productivity.2

Treating CLBP presents challenges due to multifacto-
rial etiologies and its frequently refractory nature.5 Cur-
rent clinical guidelines recommend a range of conventional 
medical management (CMM) strategies, often prescribed 
by primary care providers, that include physical therapies, 
oral medication trials, and pain management procedures.6,7 
Spine surgery becomes an option when CLBP presents 
with an identifiable etiology and surgical target; however, 
many patients present with nonspecific CLBP not amena-
ble to surgical intervention.8 Nonsurgical refractory back 
pain (NSRBP) describes chronic back pain refractory to 
CMM in patients with no history of spine surgery who are 
not acceptable candidates for spine surgery.9 These patients 
often do not achieve therapeutic goals with nonoperative 
medical management, leaving physicians and patients with 
few options, which can lead to escalating use of opioids 
and their associated risks and detriment to quality of life.10

Spinal cord stimulation (SCS) is a well-established 
treatment for chronic pain conditions including refrac-
tory CLBP in the setting of failed spine surgery. However, 
this is yet to be demonstrated in a randomized controlled 
trial (RCT) specific to the surgery-naive patient popula-
tion.5,11,12 A recent systematic review identified 10 primary 
studies in 357 surgery-naive patients with back pain that 
consistently demonstrated improved pain, function, and 
quality of life with SCS treatment.12 While mostly small, 
observational, single-arm studies, they supported SCS as a 
potential option for surgery-naïve patients.12–15

To address the small patient numbers studied and the 
lack of comparative effectiveness data, we designed a na-
tional, multicenter RCT to evaluate the efficacy and cost-
effectiveness of high-frequency SCS plus CMM com-
pared with CMM alone in a large cohort of patients with 
NSRBP.9 The initial efficacy, safety, and cost-effectiveness 
outcomes have been reported previously.16,17 Here, we 
present 24-month follow-up data in all patients who re-
ceived treatment with high-frequency SCS and discuss the 
future of SCS in current clinical management paradigms 
for NSRBP.

Methods
Study Design

The design of this multicenter RCT has been published 
previously,9 with the trial protocol registered prior to pa-
tient enrollment (identifier no. NCT03680846, Clinical-
Trials.gov). Protocol and reporting followed CONSORT 
guidelines and included outcomes were consistent with 
IMMPACT (Initiative on Methods, Measurement, and 
Pain Assessment in Clinical Trials) guidelines.

Patients diagnosed with chronic, neuropathic, axial, 
low-back pain refractory to CMM with no previous spine 
surgery who were deemed unsuitable candidates for spine 
surgery as assessed by a spine surgeon were eligible for 
inclusion. The important elements of the inclusion were 
refractory pain defined based on a published guideline18 
and the requirement of an MRI-based diagnosis and eval-
uation by a spine surgeon. Data collected during screen-
ing included the painDETECT questionnaire that was de-
signed to evaluate the predominance of neuropathic pain 
and was available to aid the investigator in making that 
clinical assessment.19 Patients who met all eligibility crite-
ria (Supplementary Table 1) were randomized 1:1 to CMM 
alone or high-frequency SCS plus CMM. The contraindi-
cations for the surgical implantation of the high-frequency 
SCS system according to the physician’s manual included 
patients who are poor SCS surgical candidates including 
those with hemoglobin A1c > 10%, those who do not re-
ceive effective pain relief during trial stimulation, and pa-
tients who are unable to operate the SCS system.

CMM was the best standard of care as determined by 
the study investigator for each individual patient, consis-
tent with American College of Physicians and American 
Pain Society clinical guidelines and American Society of 
Interventional Pain Physicians management guidelines.

Patients randomized to high-frequency SCS underwent 
trial stimulation of up to 14 days using percutaneous leads 
placed in the epidural space at the T8–11 vertebral levels. 
Paresthesia-free stimulation was delivered at a 10-kHz 
frequency with pulse width of 30 µsec and current am-
plitude adjusted to maximize pain relief. Patients with a 
successful trial (defined as ≥ 50% pain relief) were eligible 
for permanent SCS implantation (Senza, Nevro Corp.).

Patients were assessed at baseline and follow-up visits 
for 12 months after permanent implantation. The prima-
ry endpoint was responder rate (≥ 50% pain relief) at 3 
months. Hierarchical secondary endpoints evaluated im-
provements in disability, pain intensity, function, quality 
of life, and opioid medication usage at 6 months. Adverse 
events (AEs) were assessed at all visits. Optional crossover 
was available for both arms after 6 months. Patients with 
a permanent implant (both original group and crossovers) 
who completed the original 12-month study were eligible 
for continued follow-up through 24 months after provid-
ing additional written informed consent.

Outcomes
Patient outcomes were assessed through 24 months after 

permanent implantation. Pain relief was measured using a 
10-cm visual analog scale (VAS), with response defined as 
≥ 50% pain relief, a threshold typically used as the efficacy 
standard for SCS studies.14,20,21 Disability was assessed us-
ing the Oswestry Disability Index (ODI), with response 
defined as ≥ 10-point improvement in ODI score, which 
represents the minimal clinically important difference 
(MCID).22 Health-related quality of life was assessed using 
the EQ-5D 5-level (EQ-5D-5L) instrument score, which 
evaluates changes across mobility, self-care, usual activi-
ties, pain/discomfort, and anxiety/depression.23 EQ-5D-5L 
MCID varies with disease state and patient population; we 
used the upper end of the estimated range of 0.037– 0.069 
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for analysis.24 Patient satisfaction with treatment was as-
sessed using the Patient-Reported Global Impression of 
Change (PGIC). Changes in opioid use from baseline were 
recorded in patients who were taking opioids at baseline.

Analyses
As previously described, the original study sample 

size calculation was based on an assumption that 60% 
of the treated group and 36% of the control group would 
meet the primary endpoint of at least 50% pain relief at 
3 months.9 The primary endpoint was assessed in both 
the intent-to-treat population and per-protocol population 
defined as only patients who completed the visit pertain-
ing to the endpoint. The 6- and 12-month endpoints were 
assessed in the per-protocol population. The analysis 
population for 24-month follow-up included all patients 
who received permanent SCS implantation, termed the 
permanent implant (PI) subgroup. The PI subgroup re-
sponder rates were calculated using two imputation meth-
ods for missing 24-month VAS back pain scores: multiple 
imputation using nonmissing scores at other time points 
and last observation carried forward (LOCF) using the 
score from the last visit attended. Results from the two 
analyses, and the tipping point analysis performed, are 
presented in Supplementary Table 2 and Supplementary 
Fig. 1. We report results from the LOCF imputation anal-
ysis because it produced the most conservative responder 
rates. Responder rates are also reported using complete 
case analysis, which includes all reported outcomes at 
each time point. Responder rates are presented with 95% 
Wilson score confidence intervals. Changes in pain, dis-
ability, quality of life, and PGIC were analyzed in the 
PI subgroup using LOCF imputation for missing values. 
The mean change and the 95% CI for the mean change 
from baseline at each visit were calculated, and the p 
value from a paired t-test is reported. When analyzing 
the proportion of minimally disabled patients (ODI ≤ 20) 
and severely disabled patients (ODI ≥ 41) at baseline and 
24 months, Wilson score confidence intervals are used 
for the proportions at each time point. McNemar’s test 
is used to test for a difference in proportions at the two 
timepoints. A p value < 0.05 was considered statistically 
significant.

Results
Patient Disposition

Patient enrollment began September 5, 2018, with 159 
patients meeting the eligibility criteria randomized to 
high-frequency SCS plus CMM (n = 83) or CMM (n = 
76). Of patients randomized to high-frequency SCS, 74 of 
80 underwent successful trial stimulation, and 69 received 
a permanent implant. Specific reasons for not undergoing 
implantation after the trial have been published in detail 
(Fig. 1).16 At 6 months, no patients randomized to high-
frequency SCS elected to cross over to CMM, while 65 of 
the 75 patients randomized to CMM elected to cross over 
to high-frequency SCS. Of those, 61 underwent successful 
trial stimulation and 56 received a permanent implant. A 
total of 125 patients received a permanent implant, with 
121 completing the 12-month follow-up,16 101 consent-

ing to the 24-month follow-up, and 98 completing the 
24-month follow-up (Fig. 1). The final visit was completed 
on November 18, 2022.

Patient Demographics and Baseline Characteristics
At baseline, all patients had CLBP, with a median of 

8 years since diagnosis; 61% also had leg pain (details 
described previously16 and summarized in Table 1, with 
the randomized groups similar in terms of all recorded 
baseline characteristics). Patients presented with multiple 
pain etiologies, most commonly degenerative disc disease 
and spondylosis. All patients had previously tried at least 
one therapy to manage CLBP, with physical therapy and/
or injections (e.g., epidural injections, nerve root blocks, 
and facet injections) tried by > 90% of patients before the 
study (Supplementary Table 3).

12-Month Outcomes
Outcomes through to 12 months have been reported 

previously.16 Briefly, the responder rate at 3 months was 
significantly higher for high-frequency SCS (80.9%) ver-
sus CMM alone (1.3%, p < 0.001; primary outcome), with 
similar responder rates in both groups at 6 months (80% 
and 2.7% for the high-frequency SCS and CMM alone 
groups, respectively). All secondary endpoints were ach-
ieved at 6 months. Patient-reported back pain (according 
to the VAS) was reduced by 72% ± 32% at 6 months in the 
high-frequency SCS group versus a mean increase of 6% 
± 21.7% in the CMM-alone group (p < 0.001). A 10-point 
ODI improvement was achieved in 79% of patients at 6 
months in the high-frequency group versus 4% of the 
CMM-alone group (p < 0.001). A PGIC improvement 
of “better” or “a great deal better” was reported by 71% 
of the high-frequency group compared with 1.3% of the 
CMM alone group (p < 0.001). Similarly, the EQ-5D-5L 
utility index increased by 0.201 ± 0.136 in the treatment 
group, and the mean daily opioid dose was reduced by 17.7 
± 27.0 morphine milligram equivalents (MME) with no 
change in the CMM alone group (p < 0.001).

24-Month Outcomes
Pain Relief

In the PI subgroup (n = 125), the mean VAS back pain 
score was significantly decreased from 7.4 at baseline to 
2.2 at 3 months after implantation (70% reduction; p < 
0.001) and maintained at 6 and 12 months after implan-
tation (p < 0.001 vs baseline). The mean VAS back pain 
score at 24 months after implantation was 1.9, representing 
a 5.5-point (74%) reduction from baseline (p < 0.001; Fig. 
2A). The mean VAS leg pain score at 24 months was 2.0, 
representing a 71% reduction from baseline (p < 0.001). 
The responder rate was 79.2% at 3 months after implanta-
tion and was maintained for the duration of the study (Fig. 
2A). Overall, 81.6% of all patients who received a PI were 
classified as pain responders (achieved ≥ 50% pain relief) 
at 24 months, with 58.4% of all patients classified as pro-
found responders who achieved ≥ 80% pain relief (Fig. 
2B). In the complete case analysis (n = 98), the responder 
rate at 24 months was 87.8%.
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Disability
In the PI population, the mean ODI score was signifi-

cantly decreased from 47 at baseline to 26 at 3 months 
after implantation; this 20-point reduction was main-
tained through 24 months after implantation (p < 0.001 
vs baseline for all time points; Fig. 3A). At baseline, 73% 
of patients reported severe levels of disability (defined as 
an ODI score 41–60), with only 1% reporting minimal 
levels of disability (defined as an ODI score 0–20). At 
3 months after permanent implantation, the proportion 

of patients reporting severe disability decreased to 19%, 
while the proportion reporting minimal levels of disability 
increased to 46%. These improvements were maintained 
through 24 months (p < 0.001 vs baseline for all time 
points; Fig. 3B). Overall, 75.2% of patients were classified 
as ODI responders, achieving ≥ 10-point improvement in 
ODI score, which represents an MCID (Fig. 3C).

Quality of Life
In the PI subgroup, the mean EQ-5D-5L score was 

FIG. 1. Disposition of patients participating in the 12-month crossover RCT and the 24-month extension study. MV = missed visit. 
aConcern about COVID-19 risk due to older age and multiple comorbidities. bDiagnosis of ruptured discs; study exit to seek surgi-
cal interventions. cDiagnosis of cervical myelopathy and subsequent cervical spine surgery. dSubject experienced increased pain 
during stimulation. eExplant due to infection. fPatient required hip surgery. gFall due to increased leg weakness. hPerceived risk due 
to comorbidity.
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significantly increased from 0.570 at baseline to 0.766 at 
3 months after implantation (p < 0.001). This 0.19-point 
improvement was maintained at 6, 12, 18, and 24 months 
after implantation (p < 0.001 vs baseline at all time points; 
Fig. 3D). At each time point, the average change in the 
EQ-5D-5L score was ≥ 2.5 times greater than the MCID 
of 0.069 points (Fig. 3E).

High levels of patient satisfaction were recorded at 24 
months, with 76% of patients reporting that their condition 
was “better” or “a great deal better” on PGIC (data not 
shown). Of the 98 patients who completed the 24-month 
visit, 45 reported using opioids during the study. Opioid 
use was decrease or stopped in 28 (62%) of these 45 pa-
tients, with the mean dose in the PI subgroup decreasing 
from 35 ± 39 MME at baseline to 15 ± 35 MME at 24 
months (data not shown).

Safety
Five study-related serious adverse events (SAEs) were 

reported during 12-month follow-up, including implant 
site infection, poor wound healing, postimplant narcotic-
induced lethargy, and osteomyelitis (Supplementary Table 
4).16 No further study-related SAEs occurred between 12 
and 24 months. Fifty-one study-related AEs were reported 
during 24-month follow-up, and all but 6 occurred in the 
first 6 months after permanent implantation. Study-related 

AEs and their management and outcome are described in 
Supplementary Table 5.

Over the entirety of the 24-month observation 6 (4.8%) 
of 125 explantations were performed. Three of the explan-
tations were due to patient dissatisfaction with SCS ther-
apy (2.4%) and 3 because of infection (2 of these patients 
received a replacement device). Surgical revisions were re-
quired in 15 (12%) of 125 patients: 5 for lead dislodgment, 
5 because of pain at the implantable pulse generator site, 1 
for pain at the lead anchors, and 4 for lead repositioning to 
address inadequate pain relief.

Discussion
Evidence for high-frequency (10-kHz) SCS in treat-

ing refractory CLBP is well established,20,21,25,26 although 
generalizability to surgery-naive patients has only recent-
ly been addressed.12–15 We previously reported profound 
improvements in pain, function, and quality of life in pa-
tients with NSRBP treated with high-frequency SCS plus 
CMM versus CMM alone, representing the first RCT in a 
large NSRBP population.16 Here, we present the 24-month 
outcomes, demonstrating durability of responses across 
patients treated with high-frequency SCS in addition to 
CMM.

Most patients maintained a clinically significant re-

TABLE 1. Patient demographics and baseline clinical characteristics of the original randomized cohort

CMM (n = 76) 10-kHz SCS (n = 83) p Value

Age in yrs, median (range) 58.5 (26.0–77.0) 53.0 (29.0–87.0) 0.364
F/M sex, n 40:36 50:33 0.496
Yrs since diagnosis of CLBP, median (range) 8.00 (1.0–59.0) 8.50 (0.0–52.0) 0.986
Back pain VAS score
 Mean (SD)
 Median (range)

7.2 (1.0)
7.2 (4.5–9.9)

7.4 (1.2)
7.6 (4.0–10.0)

0.333

Baseline leg pain present, n (%)* 45 (59.2) 52 (62.7) 0.745
Pain etiology, n (%)†
 Degenerative disc disease
  Internal disc disruption/annular tear
 Spondylosis
  Lumbar facet-mediated pain
 Radiculopathy
 Mild/moderate spinal stenosis
 Spondylolisthesis
 Sacroiliac dysfunction

52 (68.4)
6 (7.9)

49 (64.5)
25 (32.9)
35 (46.1)
24 (31.6)
9 (11.8)
5 (6.6)

60 (72.3)
8 (9.6)

55 (66.3)
24 (28.9)
34 (41.0)
23 (27.7)

7 (8.4)
3 (3.6)

0.493

0.975

0.527
0.607
0.488
0.481

Total painDETECT score‡
 Mean (SD)
 Median, range

17.2 (7.4)
17.5 (0.0–37.0)

17.8 (6.9)
18.0 (1.0–33.0)

0.577

Nonsurgical candidate reason, n (%)
 Not a good surgical candidate based on presentation & underlying pathology
 Candidate for surgery but declined
 Not recommended due to moderate to high surgical risk related to comorbidities  
 or other clinical conditions (e.g., smoking, obesity, chronic heart failure)

61 (80.3)
10 (13.2)
5 (6.6)

65 (78.3)
11 (13.3)
6 (7.2)

0.868

CLBP = chronic low back pain; CMM = conventional medical management; SCS = spinal cord stimulation; VAS = visual analog scale.
* Only patients with a left or right lower limb baseline pain score ≥ 5 included.
† Patients may have more than one pain etiology.  
‡ The painDETECT is a patient-reported assessment of neuropathic pain; scores range from  −1 to 38, with scores ≥ 19 indicating likelihood (> 90% probability) of 
neuropathic pain. 
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sponse out to 24 months, with 82% reporting ≥ 50% pain 
relief and 58% reporting ≥ 80% pain relief, with an aver-
age 73% reduction in VAS back pain score from baseline. 
High-frequency SCS therapy resulted in clinically signifi-
cant improvements in disability and quality of life at 24 
months, with a 20-point reduction in ODI score represent-
ing double the MCID22 and a 0.19-point reduction in EQ-
5D-5L score representing ≥ 2.5 times the MCID.24 It is 
uncertain whether conventional low-frequency SCS would 
produce similar outcomes, as substantially less evidence 
is available for this modality in the NSRBP population.12

The initial 80% response rate at 6 months we previously 
reported was comparable to the 75% response rate report-
ed in a small feasibility study of high-frequency SCS in 17 
surgery-naive patients with CLBP.14,16 Both studies dem-
onstrated similar durability of response: an 82% response 
rate at 24 months in this study and 80% response rate at 
36 months in the feasibility study.13 Clinically significant 
decreases in disability were also observed in both the cur-
rent study (average 20-point reduction in ODI score at 24 
months) and the feasibility study (average 31-point reduc-
tion at 36 months), with up to 50% of patients reporting 

FIG. 2. A: Responder rate (the percentage of patients who achieved ≥ 50% pain relief are shown on the right axis) and reduction 
from baseline in the mean VAS back pain score (left axis) at 3, 6, 12, 18, and 24 months after permanent implantation (p < 0.001 vs 
baseline for all time points). B: Individual pain relief outcomes at 24 months, measured as the percent change from baseline in the 
VAS back pain score. Responders achieved ≥ 50% pain relief, profound responders achieved ≥ 80% pain relief. Figure is available 
in color online only.
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FIG. 3. A: Proportion of ODI responders (the percentage of patients who achieved ≥ 10-point improvement in ODI score are shown on the right axis) 
and reduction from baseline in mean ODI score (left axis) at 3, 6, 12, 18, and 24 months after permanent implantation (p < 0.001 vs baseline at all time 
points). B: Proportion of patients reporting minimal (ODI score 0–20), moderate (ODI score 21–40), and severe (ODI score 41–60) levels of disability at 
baseline and at 3, 6, 12, 18, and 24 months after permanent implantation (p < 0.001 vs baseline for all time points, McNemar’s test for difference in pro-
portions). C: Individual ODI scores at 24 months, measured as the point change from the baseline ODI score. Responders achieved ≥ 10-point improve-
ment in the ODI score, which represents an MCID. D: Increase from baseline in mean EQ-5D-5L score at 3, 6, 12, 18, and 24 months after permanent 
implantation (p < 0.001 vs baseline for all time points). E: The mean change in EQ-5D-5L score at 3, 6, 12, 18, and 24 months after permanent implanta-
tion was ≥ 2.5 times greater than the MCID. aMCID of 0.069 points (upper end of estimate ranging 0.037–0.069).24 Figure is available in color online only.
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minimal levels of disability after long-term treatment.13 
Given that CLBP represents a leading cause of disability 
and socioeconomic burden globally,27 functional improve-
ment is an important measure to evaluate. Treatments that 
help improve function as well as pain may help address 
high levels of healthcare utilization currently seen in pa-
tients with CLBP.2

No new safety signals were identified during the 
24-month follow-up, with most study-related AEs occur-
ring in the first 6 months after permanent implantation and 
no additional SAEs beyond the 6 reported at 12 months.16 
The observed safety profile is consistent with types and 
rates of real-world AEs reported for high-frequency SCS, as 
well as safety outcomes generally associated with SCS.28,29 
The explantation rate due to inefficacy was 2.4%, compa-
rable to published explant rates of 5.9% and 7.7% for SCS 
devices implanted for various chronic pain etiologies.30,31

The patients in this study had a median of 8 years since 
their initial diagnosis of NSRBP. SCS therapy provides an 
opportunity for patients with chronic pain to reduce opioid 
use, which we and others have observed.16,32–34 We sug-
gest that earlier use of SCS may help patients minimize 
adverse effects and increased healthcare utilization asso-
ciated with the long-term use of opioids. Long delays in 
treatment are also problematic because increased pain on-
set–to–SCS implant time is associated with lower efficacy 
for pain relief and higher healthcare resource utilization 
after implantation.35,36

A recent retrospective chart review of patients with 
NSRBP provides real-world evidence that high-frequency 
SCS significantly reduces pain and healthcare utilization in 
the 12 months after implantation.37 When evaluating cost-
effectiveness, we found that the addition of high-frequency 
SCS to CMM was associated with significant improvement 
in quality of life, reduced frequency of healthcare utiliza-
tion, and lower costs at 12 months, with high-frequency SCS 
predicted to be cost-effective for treating NSRBP within 
2.1 years.17 This analysis assumed that patients would ex-
perience continued improvement in quality of life out to 
2 years,17 which was confirmed in the current 24-month 
follow-up. These data support adoption of high-frequency 
SCS therapy in the management of select patients with 
NSRBP, given its demonstrated potential to reduce the bur-
den of increased opioid use and healthcare utilization and 
improve quality of life. The results presented here are con-
gruent with a recent healthcare utilization analysis using a 
claims database that also supports a 2-year time frame to 
cost-effectiveness for SCS in NSRBP patients.38

Limitations
Limitations associated with study design, and how 

they were addressed, have been discussed previously.9,16 A 
limitation of this 24-month analysis is that it is a single 
cohort analysis of all patients who were treated with high-
frequency SCS in the original RCT. Because of the high 
crossover rate (67 of 75 in the CMM group elected to cross 
over) at 6 months to the high-frequency SCS treatment 
group, there could be no statistical comparison between 
the original groups following that time point. We analyzed 
the group who did not cross over to determine if there 
were characteristics that differentiated this patient group 

and found that they were similar in all baseline charac-
teristics (Supplementary Table 6). In addition, there was 
no difference in the reported pain at 6 months, with the 
crossover group reporting a mean back pain VAS score of 
7.8 ± 1.3 versus 7.2 ± 1.3 in the group who did not cross 
over (p = 0.21).

In addition, the original RCT contemplated a 12-month 
follow-up; therefore, the 2-year follow-up required recon-
sent. The 12-month attrition for the PI group was only 3% 
(4/125). For the 24-month extension, 101 patients gave 
their consent and 98 (78.4%) of 125 patients who received 
a permanent implant completed the 24-month follow-up. 
Most of the attrition at 24 months occurred because of 
nonconsent to study extension (n = 20). To mitigate effects 
of the reduced follow-up rate, the primary analysis pre-
sented used LOCF imputation to account for missing data. 
This produced the most conservative results over a mixed-
effects repeated measures model with multiple imputa-
tions. Complete accountability records including reasons 
for withdrawal and nonconsent for the extension study al-
low evaluation of probability of attrition bias and support 
accurate long-term effectiveness reporting.

The definition of NSRBP used in this study could be 
criticized as being not sufficiently specific or standard-
ized, as it does not call out specific etiologies or reasons 
a patient may be not be a surgical candidate. However, 
it is based on the recommendation of the spine surgeon 
because patients may present with spinal conditions for 
which surgery is typically indicated but the patient might 
be considered ineligible for surgery due to lack of severity 
or lack of clearly identifiable structural cause for pain.

CMM modalities were not dictated by protocol but rath-
er based on individualized best practice that included all 
available nonoperative therapies. The pragmatic inclusion 
criteria and absence of standardized CMM were deliber-
ate choices to demonstrate whether high-frequency SCS 
is beneficial for NSRBP in the context of current clinical 
practice, an outcome highly relevant to real-world patients 
and their treating physicians.

Future Directions
Efficacy of high-frequency SCS in patients with 

NSRBP is supported by this study; however, challenges 
remain to incorporate SCS into clinical management para-
digms. Current published guidelines recommend SCS for 
patients with persistent back pain after spine surgery who 
do not achieve adequate pain relief and functional restora-
tion with nonsurgical therapies.7,39–42 For patients with re-
fractory CLBP who have not undergone spine surgery, less 
clarity exists, although guidelines do support SCS to treat 
general neuropathic pain.43 

Our study outcomes afford the following potential man-
agement algorithm to guide patient selection for SCS ther-
apy in the absence of expert recommendations for spine 
surgery in patients with NSRBP (Fig. 4). First, clinical 
evaluation by a primary care provider to exclude pain eti-
ologies necessitating surgical treatment and documented 
attempts of all appropriate nonsurgical therapies are rec-
ommended. Guidelines state that pharmacotherapy trials 
should last at least 3 months and that interventional proce-
dures may be started 3 months from the onset of pain if 
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indicated,44,45 suggesting a minimum CMM trial period 
of 6 months before referral for SCS.46,47 If pain remains 
refractory to CMM, defined as failure to reach treatment 
goals including pain relief and/or functional improvement, 
surgical consultation is recommended. Patients deemed 
unsuitable for spine surgery (i.e., not candidates because of 
a lack of clear cause or surgical target, or patients consid-
ered at high risk due to comorbidities) or declining surgery 
can be considered for a trial of SCS. Only patients who 
achieve clear therapeutic benefit from an SCS trial should 
proceed to permanent implant. In addition, standard of 
care includes a psychiatric evaluation, which is intended to 
identify patients who will achieve maximum benefit with 
SCS therapy. Evaluation of depression, anxiety, somatiza-
tion, coping skills, and patient’s expectations for the ther-
apy are included.48

Conclusions
Patients with NSRBP who are not surgical candidates 

and have not achieved adequate pain relief with best CMM 
represent a challenging population for treating physicians. 
The addition of high-frequency SCS to CMM offers pro-
found and durable improvements in pain, function, and 
quality of life for these patients. This study addresses the 
unmet need in treating NSRBP and provides evidence to 
inform current clinical management, highlighting the po-
tential benefits of adding high-frequency SCS therapy to 
the treatment paradigm.
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