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Spinal cord stimulation (SCS) is a well-established treatment modal-

ty in patients with chronic low back and leg pain [ 1–3 ]. The majority of

igh-level evidence focused on treating patients who have not achieved

dequate pain relief from corrective spinal surgeries (Persistent Spinal

ain Syndrome, PSPS-type 2, PSPS-T2 [ 4 ]). Historically, the conven-

ional SCS (Conv-SCS) programming approach have used paresthesia-

ased parameters. Recently, novel paradigms that include 10 kHz SCS

 5 ], burst SCS [ 6 ], closed loop feedback [ 7 ], and differential target mul-

iplexed SCS (DTM SCS) [ 8 ] have been introduced. Randomized con-

rolled trials (RCTs) have shown them to be superior to the modest long-

erm relief provided by Conv-SCS for chronic low back pain (CLBP).

mong these approaches, 10 kHz SCS [ 5 ] and DTM SCS [ 8 ], reported

LBP responder rate (percent of patients reporting ≥ 50% relief vs. base-

ine) of 80% or more, significantly superior to that with Conv-SCS (about

0%) at the 3-month primary endpoint, which was sustained at the 12-

onth follow up. 

There are many patients who experience CLBP and have not un-

ergone spinal surgeries (classified as PSPS-type 1, PSPS-T1 4 ). Conven-

ional medical management (CMM), including medication and physical

herapy, has been the main alternative for these patients and is often
2
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s for intractable chronic low back pain (CLBP) in patients who are not eligible for

The superior efficacy of differential target multiplexed spinal cord stimulation

(Conv-SCS) on the treatment of CLBP in patients with persistent spinal pain

 surgical interventions (PSPS-T2) motivated the evaluation of DTM SCS versus

re non-surgical candidates (PSPS-T1). 

en label, crossover, post-market randomized controlled trial in 20 centers across

ts were randomized to either DTM SCS or Conv-SCS in a 1:1 ratio. Primary

te (percentage of subjects with ≥ 50% CLBP relief) at 3-month in randomized

odified intention-to-treat population). Patients were followed up to 12 months.

nge of CLBP and leg pain, responder rates, changes in disability, quality of life,

pression of change, and safety profile. An optional crossover was available at

ects with CLBP and leg pain mostly associated with degenerative disc disease

not eligible for spine surgery were randomized. CLBP responder rate with DTM

-SCS (36.4%) at the primary endpoint. Superior CLBP responder rates (88.1%–

 SCS at all other timepoints. Mean CLBP reduction with DTM SCS (6.52 cm)

S (3.01 cm) at the primary endpoint. Similar CLBP reductions (6.23–6.43 cm)

ther timepoints. DTM SCS provided significantly better leg pain reduction and

isability and quality of life, and better patient satisfaction and global impression

jects who crossed over were CLBP responders at completion of the study. Similar

een the two groups. 

 CLBP in nonsurgical candidates is superior to Conv-SCS. Improvements were

t benefits on the management of these patients. 

nadequate. Unfortunately, opioid medication therapy may lead to un-

esirable side effects including addiction. Imaging is often performed to

ssess candidacy for back surgery, which may be indicated for patients

ith mechanical spine instability, severe spinal canal stenosis or nerve

mpingement. Unfortunately, for many PSPS-T1 patients where imag-

ng does not reveal a clear cause of CLBP, or when comorbid medical

onditions preclude an invasive surgical procedure, there are limited

reatment options. 

The improved CLBP relief obtained with 10 kHz and DTM SCS treat-

ents in PSPS-T2 patients prompted their clinical evaluation for the

reatment of low back and leg pain in PSPS-T1 patients who have been

ound ineligible for spine surgeries. An RCT evaluating 10 kHz SCS ver-

us CMM demonstrated that 10 kHz was superior to CMM on relieving

LBP with 81% and 78% responder rates in those patients who were

ssessed at the 3-month endpoint and 12-month follow up, respectively

 9 ]. A recent RCT comparing burst SCS and CMM demonstrated a CLBP

esponder rate of 73% for burst SCS at the 6-month endpoint [ 10 ]. 

This manuscript reports results of an RCT that evaluated DTM SCS

ersus Conv-SCS for the treatment of intractable CLBP and leg pain in

 subset of PSPS-T1 patients who are not candidates for spine surgery.

his is the first and only RCT in which Conv-SCS is used as an active

ontrol arm for this patient population. Additionally, this RCT provided
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Table 1 

Key eligibility criteria of the study. 

Inclusion Exclusion 

Adult patients ( ≥ 18 y) 

Candidate for SCS system as per labeled indication ∗ (back pain with or without leg 

pain) 

Refractory axial CLBP with a neuropathic component and not eligible for spine 

surgery (e.g. lumbar fusion, discectomy, laminectomy, laminotomy) 

Average CLBP intensity ≥ 6 cm on the 10 cm Visual Analog Scale (VAS) 

Stable pain medication regime for at least 30 d prior to enrollment 

Willing to not increase pain medications through the 3-mo visit 

Willing and capable of giving written informed consent 

Willing and capable of subjective evaluation, read and understand written 

questionnaires 

Willing and able to comply with study-related requirements, procedures, and visits 

Previous lumbar spinal surgery (e.g., lumbar fusion, discectomy, laminectomy, 

laminotomy) 

A medical, anatomical, and/or psychosocial condition that contraindicated the 

commercially available study neurostimulation system 

Mechanical spine instability 

An existing active implanted device 

Diagnosis of a condition with inflammatory causes of back pain (e.g. onset of severe 

pain with activity), serious spinal pathology and or neurological disorders 

Experienced an interventional procedure, within 30 d prior to enrollment, to treat 

back and/or leg pain that provided significant pain relief 

Pain in other area(s) and/or medical condition requiring the regular use of 

significant pain medications 

Pregnancy 

Concurrent participation in another clinical study 

Unresolved major issues of secondary gain (e.g., social, financial, legal) 

Involved in an injury claim under current litigation or a pending or approved 

worker’s compensation claim 

∗ Indications included degenerative disc disease or herniated discs refractory to conservative and surgical interventions or patients with radicular pain syndrome. 
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n optional cross over, which provided an opportunity to evaluate the

otential benefits of DTM SCS on salvaging non-surgical PSPS-T1 pa-

ients who might have been treated with Conv-SCS without adequate

ain relief, and vice versa. 

aterials and methods 

tudy design and patient selection 

This multi-center, prospective, open-label, crossover, postmarket

CT has been designed to assess DTM SCS as compared with Conv-

CS in PSPS-T1 subjects with CLBP who were deemed ineligible to un-

ergo spinal surgery. The study was conducted at 20 investigational

ites across the United States. The study protocol and informed consent

orms were approved by the WCG Institutional Review Board (WCG IRB,

rinceton, NJ) and the Ochsner Clinic Foundation IRB (New Orleans,

A). This study was registered in clinicaltrials.gov (NCT04571242).

able 1 lists key eligibility criteria. 

andomization and masking 

Qualified subjects were randomized 1:1 to DTM SCS or Conv-SCS.

andomization assignments were computer-generated and designated

ia a centralized secured Electronic Data Capturing (EDC) system by

ite using a random permuted block design, stratified by gender and

hether the subject had leg pain or not at baseline. Due to the different

ature of the treatment arms (programming algorithm to reduce pares-

hesia in DTM SCS vs programming to have paresthesia in Conv-SCS)

nd the optional crossover at the primary endpoint, masking of subjects

nd investigators was not possible. 

rocedures 

Randomized subjects underwent a standard SCS trial phase. Using

uoroscopic x-ray guidance, investigators placed one or two cylindrical

ercutaneous temporary leads (Vectris 1 × 8 compact, Medtronic, Min-

eapolis, MN) in the thoracic epidural space spanning the T8-T11 verte-

ral levels as described in the lead implant manual [ 11 ]. Leads were ex-

ernally anchored and connected to a wireless external neurostimulator

WENS, 97725, Medtronic, Minneapolis, MN). Anterior-posterior (AP)

nd lateral x-ray images of the final position of the leads were obtained

fter lumbar flexion. SCS was programmed according to the randomiza-

ion assignment by a site clinician assisted by a representative of either

he device manufacturer for Conv-SCS or the study sponsor for DTM SCS.

or Conv-SCS, therapy was programmed according to traditional prac-

ice [ 12 , 13 ]. For DTM SCS, therapy was programmed as previously de-
3

cribed [ 8 ]. Briefly, subjects were given three therapy options to choose

rom, each consisting of multiple pulsed signals set with independent

arameters (programs). Each DTM SCS option consisted of four signals

ultiplexed using four programs. In general, one program in each op-

ion consisted of a 50 Hz signal (200 μs pulse width, PW) and the other

hree consisted of signals at 300 Hz (170 μs PW). Each option delivered

he multiplexed signals at different locations that accounted for variable

natomical characteristics of the subjects. Intensities were set according

o a DTM SCS algorithm, starting at a percentage below the threshold

or perception and working them up at regular intervals until reaching

herapeutic levels. Subjects adjusted intensities and selected their DTM

CS options based on optimal pain relief. Subjects who had a “successful

rial phase ” ( ≥ 40% CLBP reduction from baseline) could advance to per-

anent implantation of a neurostimulation system. Two percutaneous

ermanent leads (Vectris Surescan 1 × 8 compact, Medtronic, Minneapo-

is, MN) were positioned and anchored at the location that rendered the

uccessful Trial Phase before connecting to a neurostimulation system

Intellis 97715, Medtronic, Minneapolis, MN) placed in a subcutaneous

ocket. AP and lateral x-ray imaging were obtained to document the po-

ition of the leads. Subjects who did not achieve a successful Trial Phase

ere discontinued from the study after removal of the leads. 

An optional crossover to the other study arm was available to all sub-

ects remaining in the study at the 6-month timepoint who were not suc-

essfully responding (i.e., experiencing < 50% back pain relief relative

o baseline) and were dissatisfied with the initially assigned treatment. 

easurements and outcomes 

Standard patient-reported assessment tools were used. Back and leg

ain levels were measured using a 10-cm VAS [ 14 ]. Functional disabil-

ty was assessed using the Oswestry Disability Index (ODI) questionnaire

 15 ], Quality of life was evaluated using the EQ-5D-5L questionnaire

 16 ]. Likert scale-based questionnaires evaluated the Patient Global Im-

ression of Change (PGIC) [ 17 ] and patient satisfaction. Measurements

rom these tools, along with reports of adverse events (AEs) were col-

ected at baseline, end of the Trial Phase (EOT), and 1-, 3-, 6-, 9- and

2-month visits and securely recorded by the site researchers directly

nto the EDC system. Changes relative to baseline were assessed at the

arious time points. An individual responder to treatment was any sub-

ect who reported a decrease in pain ≥ 50% relative to baseline. 

The primary endpoint was the CLBP responder rate defined as the

ercentage of individual responders to the assigned treatment (DTM

CS or Conv-SCS) at the 3-month. The primary outcome was the com-

arison of CLBP responder rates at the 3-month endpoint for a mod-

fied intention-to-treat (mITT) population using a non-inferiority hy-

othesis followed by a superiority hypothesis (see Statistical Analysis
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or details). Secondary CLBP-related outcomes included the comparison

f mean changes from baseline in CLBP VAS scores with study treat-

ents at the 3-, 6-, 9- and 12-month visits, and the comparison of CLBP

esponder rates of study treatments evaluated at 6-, 9- and 12-month

isits. Additional outcomes included the comparison of responder rates

nd mean changes from baseline in leg pain VAS scores for subjects who

eported ≥ 5 cm baseline leg pain, the comparison of mean changes in

DI, and the comparison of mean changes in EQ-5D-5L indexes. Also,

atient satisfaction and PGIC were collected. Analyses for postcrossover

isits for test and control arms each included data of the subjects that

rossed over, taking into account that subjects that crossed over were

onsidered nonresponders to their original randomization assignment.

afety outcome was based on the frequency of treatment emergent AEs

elated to the study. 

tatistical analysis 

A sample size calculation based on a non-inferiority hypothesis for

he primary endpoint between treatment groups using a one-sided (0.05

lpha level, ≥ 90% power) Farrington-Manning binomial test for propor-

ions indicated that at least 50 subjects per group were required assum-

ng a responder rate of 50% for the control arm and 20% difference with

he test arm. 

An intention to treat (ITT) population consisting of all randomized

ubjects was used in the analysis of the safety outcome. Given that a

umber of randomized subjects could be discontinued early from the

tudy due to unforeseeable reasons (inability to place leads in the epidu-

al space, non-compliance with study directions, lack of commercial in-

urance approval), the study design prespecified that a mITT popula-

ion, consisting of subjects who completed the Trial Phase, was used

or primary and secondary analyses. Subjects who failed the Trial Phase

nd subjects that withdrew from the study due to lack of effective CLBP

elief before the 3-month endpoint were considered nonresponders to-

ard the primary endpoint. Missing data toward primary and secondary

nalyses were accounted for using a repeated measures model impu-

ation method. Analyses for additional outcomes used subjects within

he mITT population who completed assessments while carrying for-

ard data for nonresponders in the Trial Phase. Subjects that opted to

ross over at the 6-month timepoint were considered nonresponders to

heir originally assigned treatment at this timepoint and their baseline

ata were carried forward. Subjects that crossed over contributed data

o their new treatment in the 9- and 12-month analyses. Analyses for

utcomes in the subjects that crossed over were done using the mITT

opulation that completed assessments. 

One-sided (0.05 alpha) Farrington-Manning binomial tests assessed

he non-inferiority (10% margin) and superiority of DTM SCS compared

o Conv-SCS for the primary endpoint. A p-value ≤ .05 in each of the

ypothesis tests indicated non-inferiority or superiority. Binomial tests

ere used for secondary endpoint analyses pertaining to binary out-

omes. The statistical significance of comparisons of results from ad-

itional outcomes was calculated from 2 sample t-tests for continuous

ata and Fisher’s Exact test for categorical data. Results are reported as

ean ± standard deviation (SD) unless otherwise indicated. 

All study-related AEs and serious adverse events (SAEs) were re-

orted for the ITT population by treatment group. Rates were reported

s the number of subjects who experienced at least one event during the

nalysis interval out of the total number of subjects who were treated. 

esults 

tudy subjects 

Study started on August-2020 and was completed on April-2023.

ig. 1 shows the disposition of subjects in the study. The Trial Phase

as completed by 51 subjects in the DTM SCS (49 responders) and 54

n the Conv-SCS (42 responders). These comprised the mITT analysis
4

opulation (3- and 6-month visits). For 9-, and 12-months, the analysis

opulation for DTM SCS increased to 65 due to the additional subjects

hat crossed over. 

Demographic and baseline data are displayed in Table 2 . About 57%

ere female in the DTM SCS arm and 61% in the Conv-SCS arm. Age,

MI, and number of years with chronic pain were similar in both groups.

ean baseline CLBP VAS scores were also similar (7.9 and 8.0 cm for

TM and Conv-SCS). Mean baseline leg pain VAS scores including all

ubjects reporting leg pain was 6.7 cm for DTM SCS and 7.8 cm for

onv-SCS. This was the only baseline characteristic in which there was

 statistically significant difference between the groups. All subjects had

een diagnosed with a neuropathic pain component and 85.7% had leg

ain at baseline. In terms of pain etiology, there were no significant

ifferences in the distribution between the two arms. Radiculopathy was

he etiology present in the largest percentage of subjects (88% in the

TM SCS and 85% in Conv-SCS) followed by degenerative disc disease

75% in DTM SCS, 78% in Conv-SCS). 

ain relief outcomes 

ow back pain relief 

CLBP responder rates at the 3-month primary endpoint were 93.5%

95% CI: 81.6%–97.9%) with DTM SCS, which was superior (p < .0001)

o 36.4% (95% CI: 23.6–51.4) with Conv-SCS for the mITT populations

sing imputation of missing data. Responder rates without imputation

ere similar. A sensitivity analyses for the primary endpoint using a tip-

ing point was carried out by considering worst- and best-case scenarios

f the imputed data (5 subjects for DTM SCS and 10 subjects for Conv-

CS). In the worst-case scenario for DTM SCS, responder rate would be

4.3%, with 48.1% in the best-case scenario for Conv-SCS, which is still

 superior (p < .0001) result for DTM SCS. Superiority of CLBP responder

ate was sustained throughout the length of the study ( Fig. 2 ). The re-

ponder rate for subjects who were implanted and completed the back

ain assessment at the 3-month endpoint (PP analysis) was 97.7% for

ubjects treated with DTM SCS, which was superior (p = .0007) to the

3.3% obtained with Conv-SCS treatment. 

Figs. 3 and 4 show CLBP VAS scores CLBP reduction relative to base-

ine for the mITT population using imputation. Treatments significantly

educed VAS scores, although DTM SCS was more efficacious. CLBP re-

uction of 6.52 cm (95% CI: 5.80–7.24) at the 3-month primary end-

oint with DTM SCS was statistically superior (p < .0001) to the 3.01 cm

95% CI: 2.27–3.75) reduction with Conv-SCS. CLBP reduction due to

TM SCS was sustained and superior to Conv-SCS at all time points. 

eg pain relief 

Fig. 5 shows leg pain VAS scores in patients with baseline leg pain

AS score ≥ 5 cm, and Fig. 6 shows leg pain responder rate (percent-

ge of subjects with ≥ 50% leg pain relief) and reduction in leg pain

elative to baseline for the mITT population using imputation. Leg pain

esponder rate with DTM SCS was 88.2% (95% CI: 72.5%–95.5%) at the

-month visit, 93.3% (95% CI: 76.9–98.3%) at the 6-month visit and re-

ained above 80% in subsequent visits. In contrast, leg pain responder

ate with Conv-SCS decreased from 51.4% at 3 months to 22.9% at 12

onths. Leg pain responder rate with DTM SCS was superior to Conv-

CS at all timepoints. Leg pain reduction with DTM SCS was superior to

onv-SCS, being 6.27 cm (95% CI: 5.39–7.16 cm) at 3-month, 6.44 cm

95% CI: 5.53–7.36 cm) at 6-month, and ≥ 6.0 cm at subsequent visits. 

ther patient-reported outcomes 

xtent of functional disability 

Fig. 7 shows the reduction of the ODI relative to baseline. Data

rom subjects who crossed over was included and baseline data for non-

esponders to trial was carried forward. A reduction of ODI reflects an

mprovement in the ability to function in daily life activities. Differences
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Fig. 1. Subject disposition of study subjects. 

5
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Table 2 

Baseline demographics and characteristics of the study subjects (mITT population). 

Characteristics DTM SCS (N = 51) Conv-SCS (N = 54) p-value ∗ 

Sex N (%) .695 

Female / male 29 (56.9%) / 22 (43.1%) 33 (61.1%) / 21 (38.9%) 

Age (y) .183 

Mean ± SD 62.9 ± 13.5 59.6 ± 12.1 

BMI (kg/m 

2 ) .525 

Mean ± SD 30.2 ± 4.5 30.9 ± 6.1 

Years with pain N (%) .902 

Mean ± SD 9.5 ± 8.0 9.4 ± 8.4 

Baseline back pain (VAS) (cm) .857 

Mean ± SD 7.9 ± 1.0 8.0 ± 1.1 

Leg pain n (%)(%) † N = 45 N = 45 1.000 

Unilateral 14 (31.1%) 15 (33.3%) 

Bilateral 31 (68.9%) 30 (66.7%) 

Baseline leg pain (VAS) (cm) † N = 45 N = 45 .009 

Mean ± SD 6.7 ± 2.4 7.8 ± 1.6 

Pain diagnosis 

Chronic intractable back pain 51 (100.0%) 54 (100.0%) N/A 

Chronic intractable leg pain 45 (88.2%) 45 (83.3%) .581 

Pain etiology 

Neuropathic pain 51 (100.0%) 54 (100.0%) N/A 

Radiculopathy 45 (88.2%) 46 (85.2%) .777 

Degenerative disc disease 38 (74.5%) 42 (77.8%) .819 

Spondylosis 35 (68.6%) 40 (74.1%) .666 

Mild/moderate spinal stenosis 27 (52.9%) 19 (35.2%) .079 

Lumbar facet-mediated pain 15 (29.4%) 13 (24.1%) .660 

Sacroiliac dysfunction 9 (17.6%) 6 (11.1%) .409 

Internal disc disruption/annular tear 8 (15.7%) 7 (13.0%) .784 

Spondylolisthesis 5 (9.8%) 5 (9.3%) 1.000 

Other chronic pain 22 (43.1%) 29 (53.7%) .331 

∗ p-values for continuous data were calculated from two sample t-test. p-values for categorical data 

were calculated from Fisher’s Exact test. 
† Subjects with leg pain at baseline. Subgroup analysis was performed on baseline leg pain and there 

was no statistical evidence of a differential treatment effect for the significant difference at baseline. 

Fig. 2. Back pain responder rate at various time points of the study. Error bars 

are 95% CI. DTM SCS was superior at all time points. Results are obtained for the 

mITT using a repeated measures model for imputation of missing data. Crossover 

data was censored in this analysis. 

i  

i  

w  

w  

I  

p  

a

Fig. 3. Back pain VAS scores along the 12-month follow up visits for DTM SCS 

and Conv-SCS in the mITT population and with crossover data censored. Error 

bars correspond to standard errors. 

C

 

i  

l  
n ODI changes between DTM SCS and Conv-SCS are statistically signif-

cant (p < .01) throughout the study. Improvement in ODI at 3-month

ith DTM SCS was 22.7 ± 12.4, down from 50.3 at baseline, which

as sustained at 6-month (24.3 ± 15.5) and 12-month (23.5 ± 16.1).

n contrast, improvement in ODI with Conv-SCS was about half of that

rovided by DTM SCS, being 12.0 ± 13.6 at 3-months, down from 47.9

t baseline, and 9.7 ± 13.9 at 12-months. 
6

hanges in quality of life 

Fig. 8 shows changes in EQ-5D-5L index and EQ-5D-5L VAS score. An

ncrease of these values reflects an improvement in health and quality of

ife. Differences in EQ-5D-5L index changes due to DTM SCS and Conv-
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Fig. 4. Back pain reduction relative to baseline at the various time points of the 

study. Error bars are 95% CI. DTM SCS was superior at all time points. Results 

were obtained for the mITT population using a repeated measures model for 

imputation of missing data. Crossover data was censored in this analysis. 

S  
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a  

i  

a  

0

S

 

t  

Fig. 5. Leg pain VAS scores along the 12-month follow up visits for DTM SCS 

and Conv-SCS in the mITT subjects with baseline leg VAS ≥ 5 cm, including the 

record for subjects that crossed over from the control to the test arm. Error bars 

correspond to standard errors. 
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CS were statistically significant (p < .01) at all timepoints. EQ-5D-5L

ndex at 3-month increased with DTM SCS (0.230 ± 0.172, up from

.513 at baseline), which was sustained at 6-month (0.237 ± 0.151)

nd 12-month (0.232 ± 0.162). In contrast, the increase in EQ-5D-5L

ndex with Conv-SCS was 0.115 ± 0.124 at 3-months, up from 0.547

t baseline, and slightly lower at 6- and 12-month (0.094 ± 0.150 and

.090 ± 0.128, respectively). 

atisfaction, and impression of change 

Tables 3 and 4 show satisfaction and PGIC. About 93% of subjects

reated with DTM SCS were very satisfied/satisfied at 3-month. This
ig. 6. Leg responder rate (left graph) and leg pain reduction from baseline (right g

uperior at all time points. Results obtained for the mITT using a repeated measures

rossed over from Conv-SCS to DTM SCS at the 6-month visit. 

7

evel was sustained at subsequent timepoints. These were better than

hose reported with Conv-SCS before crossover. Similarly, PGIC with

TM SCS was better than with Conv-SCS. About 91% of subjects treated

ith DTM SCS reported to be very much improved/much improved at

-month, in contrast to 73% with Conv-SCS. This level of improvement

ith DTM SCS was sustained at the later study timepoints. 

rossover outcomes 

None of the subjects randomized to DTM SCS crossed over to Conv-

CS. Fourteen out of the 30 subjects (46.7%) in Conv-SCS who com-
raph) at various time points of the study. Error bars are 95% CI. DTM SCS was 

 model for imputation of missing data, including the record from subjects that 
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Table 3 

Patient satisfaction results. 

Very satisfied Satisfied Not sure Dissatisfied Very dissatisfied 

3-mo DTM SCS 33 (75.0%) 8 (18.2%) 0 (0.0%) 1 (2.3%) 2 (4.5%) 

Conv-SCS 13 (43.3%) 13 (43.3%) 4 (13.3%) 0 (0.0%) 0 (0.0%) 

6-mo DTM SCS 32 (80.0%) 4 (10.0%) 3 (7.5%) 1 (2.5%) 0 (0.0%) 

Conv-SCS 13 (44.8%) 8 (27.6%) 6 (20.7%) 2 (6.9%) 0 (0.0%) 

9-mo DTM SCS 38 (70.4%) 14 (25.9%) 1 (1.9%) 1 (1.9%) 0 (0.0%) 

Conv-SCS 8 (57.1%) 5 (35.7%) 0 (0.0%) 1 (7.1%) 0 (0.0%) 

12-mo DTM SCS 40 (75.5%) 9 (17.0%) 2 (3.8%) 1 (1.9%) 1 (1.9%) 

Conv-SCS 7 (50.0%) 5 (35.7%) 1 (7.1%) 0 (0.0%) 1 (7.1%) 

Table 4 

Patient global impression of change (PGIC) results. 

3-mo 6-mo 9-mo 12-mo 

DTM SCS Conv-SCS DTM SCS Conv-SCS DTM SCS Conv-SCS DTM SCS Conv-SCS 

Very much improved 23 (52.3%) 8 (26.7%) 26 (65.0%) 9 (31.0%) 24 (44.4%) 4 (28.6%) 30 (56.6%) 7 (50.0%) 

Much improved 17 (38.6%) 14 (46.7%) 9 (22.5%) 10 (34.5%) 24 (44.4%) 7 (50.0%) 17 (32.1%) 5 (35.7%) 

Minimally improved 2 (4.5%) 6 (20.0%) 3 (7.5%) 6 (20.7%) 4 (7.4%) 2 (14.3%) 3 (5.7%) 2 (14.3%) 

No change 1 (2.3%) 2 (6.7%) 1 (2.5%) 3 (10.3%) 0 (0.0%) 0 (0.0%) 2 (3.8%) 0 (0.0%) 

Minimally worse 1 (2.3%) 0 (0.0%) 1 (2.5%) 0 (0.0%) 2 (3.7%) 0 (0.0%) 1 (1.9%) 0 (0.0%) 

Much worse 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (3.4%) 0 (0.0%) 1 (7.1%) 0 (0.0%) 0 (0.0%) 

Very much worse 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Fig. 7. Improvement in functional disability (ODI) along the 12-month visits for 

DTM SCS and Conv-SCS. Error bars correspond to standard errors. Differences 

of mean improvement between treatments are significant. 
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leted the 3-month primary endpoint opted to cross over to DTM SCS.

ne of these subjects withdrew before the 9-month visit. Out of the re-

aining, 12 were CLBP responders to DTM SCS at the 9-month and 12-

onth visit. CLBP reduction went from 2.33 ± 2.75 cm with Conv-SCS

t the 6-month crossover timepoint to 5.95 ± 2.24 cm with DTM SCS

t the 12-month visit. 9 of 11 subjects who crossed over with baseline

eg pain ≥ 5 cm ended the study being leg pain responders to DTM SCS.

ean leg pain reduction was 6.00 ± 2.43 cm with DTM SCS at the final

isit, a large improvement when compared to the 3.35 ± 2.51 cm due
o Conv-SCS at the time of crossover. t  

8

When considering together subjects randomized to treatment with

TM SCS and those who crossed over, the mITT population treated with

TM SCS at the 9- and 12-month study visit consisted of 65 subjects.

LBP responder rates of 89.3% (95% CI: 78.1–95.1%) and 90.9% (95%

I: 80.0%–96.2%) were obtained at the respective visits after missing

ata was imputed. CLBP VAS reduction from baseline were 6.13 cm

95% CI: 5.45–6.80 cm) at 9-month and 6.32 cm (95% CI: 5.64–7.00

m) at 12-month. Corresponding leg pain responder rates were 81.4%

95% CI: 67.0%–90.4%) and 88.4% (95% CI: 74.9%–95.1%) and leg

ain VAS reduction from baseline were 5.95 cm (95% CI: 5.15–6.75

m) and 6.12 cm (95% CI: 5.32–6.92 cm). 

afety outcomes 

Table 5 shows a summary of study-related AEs. There were 28 study-

elated AEs involving 16.5% of the randomized subjects. There were

 SAEs in 3 subjects, which were procedure related. Two SAEs were

ecorded from one subject who developed a spinal epidural hematoma

nd paralysis. The other 2 were respiratory arrest while under anesthesia

nd post-dural puncture headache. No device-related AE was serious or

nanticipated. No study-related deaths were reported. To date, 3 of the

AEs had been resolved and one (paralysis) was still ongoing. 

Procedural related incidents were the most common study-related

E, accounting for 53.6% of AEs. Four were pocket pain (14.3%) and

nother 4 were lead malfunction (14.3%). There were 4 lead migrations

14.3%), 3 of each (10.7%) of post-procedure pain, and allergic reaction,

s well as 2 overstimulation, 2 infections at site and 1 IPG malfunction.

hree of these required lead surgical revision, and 3 required surgical

evision of the IPG. Only 1 patient was explanted. 

iscussion 

This RCT demonstrated that DTM SCS provides superior CLBP relief

hen compared with Conv-SCS in a subset of PSPS-T1 patients with in-

ractable CLBP and leg pain deemed not eligible for spinal surgery. This

s the only RCT in which a novel approach such as DTM SCS is compared

o an active control SCS in this patient population. The superior efficacy

f DTM SCS was sustained throughout 12-month. CLBP responder rates

ith DTM SCS were ≥ 85% at every timepoint. Despite PSPS-T1 patients

eing a more difficult-to-treat population, responder rates were consis-

ent to those reported when using DTM SCS for CLBP in PSPS-T2 patients
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Fig. 8. Change in EQ-5D-5L index (left graph) and EQ-5D-5L VAS score (right graph) relative to baseline along the 12-month visits for DTM SCS and Conv-SCS. 

Error bars correspond to standard errors. Differences between mean improvement between treatment are significant for all comparisons except for EQ-5D-5L VAS 

score at 9 months. 

Table 5 

Summary of adverse events through the 12-month follow up of study subjects. 

DTM SCS (N = 63) Conv-SCS (N = 58) Total (N = 121) 

# AEs Subjects with AEs # AEs Subjects with AEs # AEs Subjects with AEs 

All study-related AEs 19 13 (20.6%) 9 7 (12.1%) 28 20 (16.5%) 

Study-related SAEs 2 1 (1.6%) 2 2 (3.4%) 4 3 (2.5%) 

Procedure-related AEs 11 9 (14.3%) 4 4 (6.9%) 15 13 (10.7%) 

Device-related AEs 3 2 (3.2%) 4 3 (5.2%) 7 5 (4.1%) 

SAEs, serious adverse events; Study-related AE, any AE that is deemed to be related to the treatment by the investigator; Procedure- 

related AE, any study-related AE that is deemed to be related to the procedures associated with implanting the device; Device-related 

AE, any study-related AE that is deemed to be related to the functioning of the device. 
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 8 ]. CLBP responder rates with DTM SCS are among the highest when

onsidering RCTs evaluating other SCS modalities on a similar popu-

ation of PSPS-T1 patients not eligible for spine surgery [ 9 ]. Superior

eduction of CLBP level from baseline with DTM SCS was more than 6.2

m. This corresponds to ≥ 78% CLBP relief and is congruent with previ-

usly reported values using DTM SCS for CLBP in PSPS-T2 subjects [ 8 ].

hese are also among the highest reductions reported in RCTs [ 9 , 10 ]. 

Improvement of leg pain with DTM SCS in patients reporting a VAS

core ≥ 5 cm at baseline was also superior to Conv-SCS. Leg responder

ate with DTM SCS was ≥ 81% at all the timepoints, with a mean reduc-

ion in leg pain VAS score ≥ 6 cm. This reduction is comparable to that

eported in other RCTs [ 8–10 ], including that reported using DTM SCS

or PSPS-T2 patients [ 8 ]. 

Subjects who opted to cross over from Conv-SCS to DTM SCS also

xperienced similar improvement. This demonstrates, for the first time,

hat it is possible to use DTM SCS to rescue non-surgical PSPS-T1 with

LBP and leg pain who have been ineffectively treated with Conv-SCS. 

DTM SCS significantly reduced the extent of disability and improved

he quality of life, translating into considerable PGIC and satisfaction.

he 21–24 points reduction in mean ODI during the study period is

bout twice the minimally clinical important difference (MCID) previ-

usly reported [ 18 ]. Considering that the baseline ODI (around 50) rep-

esents a crippled population, a reduction of 24 points with DTM SCS

ranslates into an improvement of two ODI categories, representing a

ean population with moderate disability. Furthermore, the 0.20–0.24

mprovement in EQ-5D-5L index due to DTM SCS treatment is also more

han twice the MCID previously reported [ 19 ]. 90%–96% of patients
9

reated with DTM SCS also felt very satisfied/satisfied. This extent of

atisfaction was larger than the one reported with Conv-SCS. The dif-

erence is larger when considering that 70%–80% of patients treated

ith DTM SCS felt very satisfied, in contrast with 43%–57% reported

y those treated with Conv-SCS. 

Attrition rates within the mITT population in the DTM SCS arm, ex-

luding subjects who failed the trial phase and thus exited the study,

ere 7.8% at permanent implant, 9.8% at the 3-month endpoint, and

7.6% at completion. These rates are not dissimilar to those found in

ther SCS RCT’s [ 6–10 ]. For example, in another SCS RCT using non-

urgical PSPS-T1 patients, attrition rates for the test arm were 6.3%, at

ermanent implant, 7.5% at 3-months, and 12.5% at 12-months [ 9 ]. An-

ther RCT with a similar population reported 16.2% at 6-month [ 10 ].

he Conv-SCS arm in the current study experienced a higher attrition

ate, being 20.4% at the time of permanent implant. Interestingly, 8 out

f 42subjects who reported a successful Trial Phase with Conv-SCS with-

rew consent before permanent implant. It is noteworthy to mention

hat this study was carried out in the middle of the Covid-19 pandemic,

herefore the risk of exposure to viral infection in a hospital setting may

ave overcome the benefit of the marginal pain relief obtained during

he Trial Phase. Post-implant attrition rates were low, being 2.2% for

TM SCS and 6.3% for Conv-SCS at the 3-month primary endpoint and

1.1% and 15.6% respectively at the study completion. These are within

he expected range based on attrition in other RCTs [ 7 , 8 ]. It is inter-

sting to note that post-implant attrition rate for Conv-SCS arm in the

SPS-T2 study evaluating DTM SCS vs. Conv-SCS was larger than the

urrent study for PSPS-1 patients. This may be due to the crossover op-
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ion in the current study that allowed control subjects to continue the

tudy with DTM SCS treatment rather than withdrawing due to inad-

quate pain relief. Indeed, 13 out of the 14 subjects who crossed over

ompleted the study. 

This is the first RCT in which a novel programming approach is

ompared to Conv-SCS in a population of PSPS-T1 patients who suffer

rom intractable CLBP and are not surgical candidates. Baseline CLBP

evel was around 8 cm, meaning that patients were experiencing se-

ere back pain. Most CLBP in patients was associated with radiculopa-

hy (87%), degenerative disc disease (76%), spondylosis (71%), and/or

ild/moderate spinal stenosis (44%). The superior performance of DTM

CS at providing CLBP relief as well as significantly better reduction

f functional disability and improvement in quality of life implies that

TM SCS is a suitable alternative for PSPS-T1 patients who have no fur-

her therapeutical options. It is interesting to note that Conv-SCS did not

eem to perform adequately at sustainably reducing CLBP in the PSPS-T1

opulation of this study despite the fact that 77.8% of patients reported

 successful trial. Of those that were implanted and completed the pri-

ary endpoint visit, 53.3% reported ≥ 50% relief. By the 6-month follow

p visit, the responder rate in this population had dropped to 41.4%.

otably, all patients but one that crossed over and completed the study

ere responders with DTM SCS, suggesting that DTM SCS may be used

o rescue PSPS-T1 patients not eligible for spine surgery and who had

een inadequately treated with Conv-SCS. 

The incidence of study-related AEs and SAEs were consistent with

hat was anticipated based on other SCS studies [ 5–10 ]. There were no

evice-related SAEs. 

Due to inherent differences of the DTM SCS and Conv-SCS programs,

ubjects, physicians, or clinical site personnel could not be blinded,

hich is a limitation of the study. Efforts were made to reduce bias

uring study design. Consistent with a previous implementation, pro-

ramming support for DTM SCS was provided by representatives of the

ponsor and that for Conv-SCS by representatives of the device manu-

acturer. This reduced preference bias toward the test arm that could

e introduced when programming support of both arms is provided by

epresentatives of a single organization since it was in the interests of

epresentatives from the sponsor and device manufacturer to support

heir respective patients optimally. 

The study provided the option to cross over in order to rescue pa-

ients who felt inadequately treated with their allocated treatment at

he 6-month post-device activation. Although this provided a potential

enefit to patients, the inability to cross over at other time points may

ave hindered the benefits to other patients who may have needed it at

 later time. The study was also not designed to cross over to the other

reatment arm for subjects who failed the trial phase, or those who were

ot satisfied with their treatment before the 6-month cross over time-

oint. 

As with many other studies, the primary outcome was mainly based

n self-reported pain level. Although it would have been better to uti-

ize a primary outcome that combined pain level and other patient-

eported outcomes such as changes in functional disability and/or qual-

ty of life, the lack of previously standardized and validated methods to

eport combined outcomes at the time of study design prevented such

pproach. It is encouraging to see, however, that improvements in dis-

bility and quality of life, as well as levels of satisfaction and global

mpression of change are consistent with the CLBP responder rate based

n pain relief assessments. 

onclusion 

CLBP responder rate with DTM SCS for nonsurgical PSPS-T1 patients

ith degenerative disc disease and radiculopathy was statistically supe-

ior to that with Conv-SCS throughout the duration of the study. Signifi-

antly greater reduction in CLBP and leg pain levels relative to baseline

ere also observed with DTM SCS throughout the study. Consistent with

uperior pain relief, improvements in functional disability and quality
10
f life with DTM SCS were significantly better than those obtained with

onventional SCS and surpassed by large margin what is considered

he minimally clinical improvement value, demonstrating that DTM SCS

rovided robust and positive benefits that were sustained over time. The

requency, type, seriousness, and severity of study-related AEs were sim-

lar in both groups and demonstrated an acceptable risk profile. The su-

erior benefits of the DTM SCS programming offers clinicians and PSPS-

1 patients who are not surgical candidates a highly efficacious option

or the treatment of intractable chronic back pain. 
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