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ABSTRACT

Background and Objectives: Multiple variables play a role in spinal cord stimulation (SCS) treatment outcomes, including
patient anatomy, pain pattern, lead location, stimulation parameters, and so on. A wide range of stimulation parameters are
considered safe and on-label, and as a result a growing number of new frequencies and frequency-combinations are being
incorporated into standard practice. A standardized approach to therapy delivery may provide more consistent outcomes for
more patients. The Vectors study evaluated whether there is significant sustained improvement in pain and functional out-
comes when therapy is delivered using a standardized approach.

Materials and Methods: Vectors, a post-market, single-arm study evaluated the safety and efficacy of SCS with an implantable
neurostimulator starting with 1 kHz stimulation, targeting the T9–T10 disc space following paresthesia mapping. Subjects with
chronic intractable low back and leg pain (visual analogue scale [VAS] ≥ 50 mm) were enrolled. The primary endpoint was
change in overall pain (VAS) at the three-month visit compared to baseline. Subjects were followed through 12 months.
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Secondary endpoints included changes in low back and leg pain, quality of life (European Quality of Life – Five Dimensions,
EQ-5D-5L), disability (Oswestry Disability Index, ODI), individual subject goals, and subject satisfaction.

Results: There was a significant reduction in overall pain (VAS; 45.4 mm) through the three-month visit, which was sustained
through 12 months. At 12 months, 79% of subjects had ≥50% improvement in at least one pain domain (overall, lowback or
leg) with 85% of subjects reporting therapy satisfaction. There was a decrease in disability and an improvement in quality of
life with 70% of subjects achieving a personal activity goal by the three-month visit.

Conclusions: Long-term pain relief and improvement in quality of life and function were achieved when following a standard-
ized workflow.
Clinical Trial Registration: The Clinicaltrials.gov registration number for the study is NCT03345472.
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INTRODUCTION

The clinical use of spinal cord stimulation (SCS) can be complex
for various reasons, such as variability in pain type and/or loca-
tion, programming, hardware choices, or individual patient prefer-
ences and expectations. A standardized approach to SCS therapy,
including lead location and stimulation parameters may help phy-
sicians achieve improved outcomes for their patients. In medical
practice, workflows have been used to standardize the approach
to patient care with clinical benefits (1,2). When considering a
standardized workflow for SCS, there is established evidence for
specific stimulation location and programming parameters (3–6).
Research and clinical experience indicate that targeting midline

of the spinal cord at the T9–T10 disc space is a favorable location
for SCS for the treatment of back pain while limiting undesired
chest or abdominal wall stimulation. In 1993, Barolat reported that
conventional SCS parameters provided fair to excellent pain relief
reported by 68.8% of patients for back pain and 88.2% of patients
for leg pain after one year with the majority of leads spanning the
T9–T10 disc space in 106 subjects (3). The significance of the
T9–10 disc space was reinforced by the publication of indepen-
dent case series by Sharan and North in which optimal program-
ming for back pain was achieved at this location (7–9). More
recently, SCS in the kilohertz frequency range has focused on
energy delivery around T9–T10, with evidence and clinical experi-
ence supporting its continued use across multiple parame-
ters (4–6).
The amount of electrical energy delivered by SCS devices is calcu-

lated from the frequency, pulse width, and amplitude (10,11). The
“pulse density” or duty cycle and the “charge per second” are two

ways to characterize energy delivery without relying on specific
waveform shape. These terms allow stimulation to be categorized as
low density (duty cycle �1–5%) or high density (duty cycle >5%), or
low dose (LD) and high dose (HD) when amplitude is considered.
There is a widening range of HD stimulation parameters for kilohertz
SCS from 10 kHz down to 1 kHz and below (4,5,12,13,6,14) being
used for SCS. Stimulation at 1 kHz has provided pain relief at trial
(15,16) and after implant in a number of published studies
reproduced at multiple sites using an array of devices (6,12,16,15).
The EvolveSM workflow provides a standardized approach to

SCS therapy incorporating both HD and LD therapy options for
patients (15,17). With increasing evidence for new stimulation
modalities, offering patients a workflow-based approach with
multiple options may allow optimization and individualized
therapy within a structured methodology. This standardized
workflow suggests delivering therapy starting with HD pro-
gramming parameters (90–220 μsec and 1 kHz) targeting the
T9–T10 disc space after paresthesia mapping. If HD therapy
does not provide adequate pain relief and symptom benefits,
LD programming remains a viable proven option for patients
(4,18–21). This workflow-based approach also includes regular
follow-up for the duration of the SCS trial with the goal of opti-
mized pain relief and functional outcomes.
The Vectors study was designed to assess the long-term effec-

tiveness of SCS when following a standardized workflow at trial
with a structured follow-up through 12 months after implant.
The purpose of the study was to evaluate changes in pain and
functional outcomes. The study design was intended to provide
clinicians with a replicable approach to the use of SCS aligned
with routine clinical practice.
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MATERIALS AND METHODS

This study was approved by Western Institutional Review Board,
Lehigh Valley Health Network IRB, and St. Luke’s University Health
Network IRB. The Vectors study is a post-market, single-arm study
evaluating the efficacy of SCS therapy for pain relief starting with
HD stimulation parameters targeting a specific anatomical loca-
tion following paresthesia mapping. The study was registered on
clinicaltrials.gov (NCT03345472).
Subjects with chronic intractable low-back and leg pain were

enrolled at 20 sites in the United States from November 2017
through July 2018. Subjects who were candidates for SCS were
screened for eligibility. Inclusion and exclusion criteria are detailed
in Table 1. Consented subjects who were indicated for SCS and
reported a pain score (as assessed by the visual analogue scale
[VAS, 0–100]) of at least 50 mm for both low back and leg pain
and had an Oswestry Disability Index (ODI) score in the range of
moderate to crippled at their baseline visit were eligible to con-
tinue to the temporary screening trial.
For the screening trial, leads were placed based on

intraoperative paresthesia mapping and if the lead placement
spanned the T9–T10 disc space after mapping, the subject could
remain in the study. During the trial, subjects were programmed
using a sequential clinical workflow. This began with an initial HD
program (pulse width of 90–220 μsec; rate of 1 kHz). Guidance
was to start with 90 μsec and then to widen the PW, if necessary
(depending on high impedances, subject’s comfort or lack of
efficacy).
Therapy was delivered starting with a bi-pole electrode

targeting the T9–T10 disc space. Amplitude was increased to per-
ception threshold and then adjusted to a comfort based on sub-
ject feedback. Subjects were instructed to increase or decrease
their therapy amplitude to maintain pain relief and comfort. If
necessary, a second HD program (adjusting electrode location)
and a subsequent LD program (based on best medical judgment
of the investigator) were evaluated. If subjects reported at least a
50% improvement in their overall pain to either of the HD pro-
grams, their leads were explanted, without exposure to the other
available program(s), and they were eligible to receive a perma-
nent SCS implant. Guidance suggested a minimum of 48 hours of

exposure to each program before assessing pain relief to allow
subjects time to respond to therapy. For all subjects, trials were
limited to no longer than 10 days, per labeling.
Subjects who had a successful HD screening trial were then

scheduled for a permanent implant. Implanted neurostimulators
(Intellis with AdaptiveStim technology) were activated 9–16 days
after implant, to allow time for healing, with stimulation parame-
ters starting at 90–220 μsec and 1 kHz with amplitude set to com-
fort. After evaluation of initial programming, subjects could be
programmed to other stimulation settings if needed as deter-
mined by the physician and the subject’s response to therapy.
Subjects were assessed for pain relief (VAS) in-clinic at 2, 4, and
6 weeks and 3, 6, and 12 months postactivation. If subjects had
≤50% improvement in overall pain at a study visit, they were
offered reprogramming.
The primary objective of the study was to demonstrate a signif-

icant improvement in overall pain intensity, as measured by the
VAS, from baseline to the three-month visit. Secondary objectives
were to characterize the overall, low back, and leg pain responder
rates, where a responder was defined as achieving at least a 50%
improvement in pain compared to baseline scores, as measured
by the VAS.
Following intention-to-treat principles, all implanted and acti-

vated subjects (treated analysis set) were included in the analysis
of the changes in pain and the responder rates. Missing 3-, 6-, or
12-month pain scores were imputed using multiple imputation
methods, where missing data were imputed multiple times, ana-
lyzed within each imputation, and then combined into one analy-
sis result at each follow-up time point. The statistical models
estimating changes in pain and responder rates were fit using the
pain scores collected at the 2-, 4-, and 6-week and 3-, 6-, and 12-
month visits. Sensitivity analyses were conducted for subjects
with complete 3-, 6-, and/or 12-month pain scores (completers
analysis set) to summarize the observed data and explore the
consistency of these results as compared to those from the
treated analysis set.
Additional study endpoints were evaluated using the data avail-

able at the associated follow-up visits. Using the European Quality
of Life – Five Dimension, Five Level (EQ-5D-5L) (22), changes in
health-related outcomes (utility score (23) and health state

558

Table 1. Inclusion and Exclusion Criteria.

Inclusion criteria Exclusion criteria

1. Willing and able to provide a signed and dated informed consent
2. At least 18 years old at the time of enrollment
3. Candidate per labeling for an SCS system (trial and implant) as an

aid in the management of chronic, intractable pain of the trunk and
limbs (low back and leg pain)

4. Baseline VAS is ≥50 mm for low back pain
5. Baseline VAS is ≥50 mm for leg pain
6. ODI score of 21–80 out of 100
7. On stable (no change in dose, route, or frequency) pain medications

(prescribed and over-the-counter) being used for back and leg pain,
as determined by the investigator, for at least 28 days prior to
enrolling in the study

8. Willing and able to attend visits and comply with the study protocol
9. Willing and able to not increase their pain medications (prescribed

and over-the-counter) being used specifically for back or leg pain
through the three months visit

1. Previously trialed or implanted with spinal cord stimulator, peripheral nerve
stimulator, or an implantable intrathecal drug delivery system

2. Expected to be inaccessible for follow-up
3. Subject is currently participating, or plans to participate, in another

investigational study unless written approval is provided by the Medtronic
study team

4. Current diagnosis of moderate to severe central lumbar spinal stenosis with
neurogenic claudication, as determined by the investigator

5. Major psychiatric comorbidity or other progressive diseases that may
confound study results, as determined by the investigator

6. Serious drug-related behavioral issues (e.g., alcohol dependency, illegal
substance abuse), as determined by the investigator

7. Pregnant or planning on becoming pregnant (if female and sexually active,
subject must be using a reliable form of birth control, be surgically sterile,
or be at least two years postmenopausal)
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[EQ VAS]) were measured at the 3-, 6-, and 12-month visits. In
addition to changes in the EQ-5D, the percentage of subjects with
a better health state as assessed by the EQ-5D was characterized,
where a better health state is defined as the EQ-5D assessment
had improved on at least one of the five dimensions (mobility,
self-care, usual activities, pain/discomfort, and anxiety/depression)
and had not worsened in any other dimension from the baseline
visit. Changes in functional disability were assessed at the 3-, 6-,
and 12-month visits using the ODI (24–26). Self-defined activity
goals were created at the baseline visit. Achievement of the activ-
ity goal was assessed beginning at the two-weeks visit through
the three-month visit. Subjects who achieved their activity goal
set a new one. Patient Global Impression of Change (PGIC) (27)
was measured at the 3-, 6-, and 12-month visits. Subject satisfac-
tion with the therapy was measured at the 3-, 6-, and 12-month
visits using a Likert scale from very unsatisfied to very satisfied.
The safety assessment characterized adverse events and device
deficiencies that occurred from device activation through the
study exit.
Prespecified hypothesis testing of the primary objective was

conducted using a one-sample t-test, which tested whether there
was a significant improvement in overall pain from baseline to
the three-month visit, based on the estimated change in overall
pain from the multiple imputations model. Post hoc statistical
testing of the change from baseline through the 12-month visit
was conducted using a repeated measures analysis of variance
(ANOVA) for each of the following patient-reported outcome mea-
sures: overall pain, low back pain, leg pain, EQ-5D utility score, EQ
VAS, and ODI. The t-value (df = 102) and corresponding p-value
associated with the evaluation of change from baseline to
12 months are shown for each outcome measure.
All analyses were performed using SAS software version 9.4

(SAS Institute Inc., Cary, NC, USA).

RESULTS

The study enrolled 175 subjects from 20 sites in the United
States. Of these subjects, 143 met all inclusion/exclusion criteria
and proceeded to screening trial: 122 subjects reported at least a
50% improvement in their pain using HD settings at the trial
day-2 or day-4 visit (85% HD trial success rate); an additional
seven subjects, when evaluated at the trial day-6 visit, reported at
least a 50% improvement in their pain after using parameters that
were all below a pulse density of 5% and based on physician pref-
erence. There was an overall trial success rate of 90%. Of the
122 subjects who reported a 50% or greater improvement in their
pain with HD settings, 103 proceeded to permanent SCS system
implant and device activation; the 19 subjects who had successful
trials but did not go onto implant were discontinued for various
reasons, such as physician decision, insurance denial, lost to
follow-up, or withdrawal by subject (Fig. 1). Ninety-eight subjects
completed the three-month visit, 96 subjects completed the six-
month visit, and 91 subjects completed the 12-month
visit (Fig. 1).

Demographics and Baseline Characteristics
See Table 2 for the demographics of implanted subjects.

Primary Objective
Within the treated analysis set, the average (SE) overall pain

score reduced from 77.2 (1.2) at baseline to 31.8 (2.5) at three
months (Fig. 2a). The mean (SE) decrease in overall pain of 45.4
(2.6) was statistically significant (t = 17.7, p < 0.0001). Subjects
demonstrated a significant improvement in overall pain intensity
from baseline to three months; therefore, the study met its pri-
mary objective. This result was consistent with the sensitivity anal-
ysis of the completers analysis set (n = 98), which had an
observed average (SE) decrease in overall pain of 45.8 (2.6) from
baseline to three months (Fig. 2b). This reduction in pain was
observed with the majority of subjects having three or fewer pro-
gramming changes and one or no unscheduled visits (74.5% and
72.4%, respectively).

Changes in Overall, Low Back, and Leg Pain Through
12 Months
Average pain scores at baseline and the 3-, 6-, and 12-month

visits are shown for the treated analysis set (Fig. 2a) and the com-
pleters analysis set (Fig. 2b). Within the treated analysis set, the
estimated average (SE) reduction in pain from baseline was also
significant and sustained through 12 months in overall (43.6 [2.3],
t = 18.3, p < 0.0001), low back (38.4 [2.4], t = 16.0, p < 0.0001),
and leg (47.5 [2.4], t = 19.7, p < 0.0001) pain. The average VAS
scores and percent decrease in pain from baseline to the 3-, 6-,
and 12-month visits are shown in Table 3.

Secondary Objectives of Overall, Low Back, and Leg Pain
Responder Rates Through 12 Months
Within the completers analysis set at three months, 69.4%,

61.2%, and 78.6%, of subjects achieved at least a 50% reduction in
their overall, low back, and leg pain, respectively (Table 4). These
results were sustained through 12 months and were consistent with
the analyses of the treated analysis set. At 3, 6, and 12 months, 87%,
83%, and 79% of subjects were responders in at least one pain
domain (overall, low back, or leg pain), respectively.

Changes in Disability and Functional Outcomes and Subject
Satisfaction Through 12 Months
The majority of subjects (75.5%, 75.0%, and 76.9%) had a better

health state as assessed by the EQ-5D at 3, 6, and 12 months,
respectively, compared with baseline. This improvement in health
state was also reflected in the EQ-5D-5L utility score, which signifi-
cantly increased from an average (SD) baseline score of 0.36 (0.22)
to 0.65 (0.22), 0.68 (0.20), and 0.73 (0.17) at 3, 6, and 12 months,
respectively (t = 16.7, p < 0.0001). The EQ VAS health score signifi-
cantly improved from an average (SD) of 56.4 (22.0) at baseline to
70.3 (16.9), 73.0 (16.4), and 73.8 (20.3) at 3, 6, and, 12 months,
respectively (t = 5.9, p < 0.0001). The average (SD) ODI score was
significantly reduced (i.e., improved) from a baseline score of 53.8
(12.1) to scores of 36.5 (16.9), 34.4 (16.3), and 32.2 (15.9) at 3, 6, and
12 months, respectively (t = 13.4, p < 0.0001); 65.3%, 66.7%, and
75.8% of subjects improved by at least one disability category at
3, 6, and 12 months. At baseline, 82.5% of subjects were classified
as severe or crippled based on the ODI, which reduced to 28.6% at
the 12-month visit (Fig. 3).
Secondary outcomes included achievement of personal activity

goals, overall therapy satisfaction and subject recommendation of
therapy to patients suffering from similar pain. At three-months
follow-up, 70.4% of subjects had achieved at least one of their
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activity goals, which they had set at baseline. Fifty-nine subjects
achieved their baseline goal and set additional goals at a subse-
quent follow-up visit through three months. On the Patient Global
Impression of Change (PGIC) 56.1% of subjects rated their experi-
ence with SCS as “better” to “a great deal” better (Fig. 4a) at

12 months. In assessing overall therapy satisfaction, 81.6%, 89.6%,
and 84.6% of subjects said they were very or somewhat satisfied
with the therapy at 3, 6, and 12 months, respectively (Fig. 4b).
Additionally, 82.4% of subjects said that they would recommend
the therapy at 12 months.
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Figure 1. Subject disposition in study from enrollment through 12-month visit or study exit.
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Changes in Medications Through 12 Months
The mean (SD) number of prescribed pain medications at base-

line and the 3-months visit was 2.3 (1.4) and 2.2 (1.5), respectively.
This was consistent through the 12-month visit with a mean (SD)
of 2.3 (1.5) and 2.4 (1.6) number of prescribed pain medications at
6 and 12 months, respectively. From baseline to the 12-month
visit, there was no change or a decrease in opioids in the majority
of subjects (87.4%) and no opioid use in 34.1% of subjects at
12 months. The average (SD) prescribed morphine milligram
equivalents (MME) for implanted subjects at baseline was 22.1
(36.5), and 35 subjects had 0 MMEs at baseline. There was no
change through the 12-month visit with 20.9 (34.1), 20.2 (33.2),
and 20.6 (31.4) average MMEs prescribed at 3, 6, and 12 months.
Nine subjects started with “high” MMEs at baseline (defined as
≥90); these subjects decreased from an average baseline MME of
120.5 (31.2) to 81.2 (56.1) at the 12-month visit.

Programming Characterization
HD programming during the SCS screening trial consisted of

1 kHz and a mean (SD) pulse width of 139 (55) μsec (range,
90–220 μsec). Mean amplitude was 3.5 (1.6) mA, ranging from 1.0 to
9.5 mA. Based on these settings, themean pulse density used at trial
was 13.9% (range, 9%–20%) and the mean charge per second was
490 μC (range, 90–1900 μC). At three months, 97% of subjects
remained on HD stimulation parameters. By 12 months, 95% were
still using HD stimulation parameters; of these, 60% remained on
90–220 μsec and 1 kHz, and 40% continued with a different HD pro-
gram above 5% pulse density. Mean amplitude for subjects using
HD stimulation parameters was 3.9 (1.8) mA, ranging from 0.4 to
8.2 mA. Based on these settings, the mean pulse density used at
12 months was 17.2% (range, 5.4%–25.0%), and the mean charge
per second was 683 μC (range, 80–1640 μC).

Safety
There was one device- or therapy-related serious adverse event

reported in the study, which was back pain exacerbation and it
resolved with medication. There were 83 device-, therapy-, or
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Table 2. Demographics and Baseline Characteristics of Implanted
Subjects.

Baseline characteristics (N = 103)

Age in years
Mean (SD) 60.8 (13.4)
Minimum to maximum 29–93

Sex (n, %)
Female 56 (54.4%)

Race (n, %)
Black or African American 10 (9.7%)
White 92 (89.3%)
Other 1 (1.0%)

Ethnicity (n, %)
Hispanic or Latino 4 (3.9%)
Not Hispanic or Latino 93 (90.3%)
Not reported 5 (4.9%)
Unknown 1 (1.0%)

Years from pain onset (n = 102)
Mean (SD) 12.9 (11.1)
Minimum to maximum 1–53

Primary diagnosis (n, %)
Postlaminectomy pain/FBSS* 46 (44.7%)
Radicular pain syndrome 28 (27.2%)
Degenerative disc disease 14 (13.6%)
Complex regional pain syndrome 1 (1.0%)
Other 14 (13.6%)

Number of prior surgical procedures
Mean (SD) 1.4 (1.4)
Median 1
Minimum to maximum 0–7

Overall pain (0–100)
Mean (SD) 77.2 (12.7)
Minimum to maximum 45 to 100

Low back pain
Mean (SD) 75.1 (12.8)
Minimum to maximum 50–100

Leg pain
Mean (SD) 74.4 (13.2)
Minimum to maximum 52–100

Top 3 classes of medications (n, %)
Opioids 66 (64.1%)
Anticonvulsants – GABAergic 51 (49.5%)
NSAID 28 (27.2%)

*Physicians had a choice to use diagnosis of either postlaminectomy
pain or FBSS.

Figure 2. Longitudinal average overall, low-back and leg VAS by visit.
a. There is a decrease in pain in all three pain domains from baseline through
the 12-month visit (treated analysis set [n = 103]). b. There is a decrease in
pain in all three pain domains from baseline through the 12-month visit
(completers analysis set). *Overall pain n=90. [Color figure can be viewed at
wileyonlinelibrary.com]
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procedure-related adverse events that occurred in 41.7% (43/103)
of subjects from device activation through study exit. The most
common event was uncomfortable stimulation or paresthesia
with 39 occurrences in 27.2% (28/103) of subjects. Of these
39 events, 38 resolved with reprogramming or without interven-
tion, and one resolved with a repositioning of the

neurostimulator. The second most common event was back pain
with 11 occurrences in 9.7% (10/103) of subjects.

DISCUSSION

The Vectors study demonstrated the long-term effectiveness of
SCS at 12-months when following a standardized workflow at
trial. The primary endpoint at three months showed a statistically
significant decrease in overall pain as measured by the VAS of
45.4 mm from 77.2 to 31.8. This effect was maintained through
12 months with subjects experiencing an estimated average
43.6 mm decrease on the VAS. Nearly 70% of the subjects had at
least a 50% improvement in overall pain at their three-month
visit, which was sustained through 12 months with 61.1% of sub-
jects who completed the 12-month visit being responders. Signifi-
cant improvements were also seen in ODI and EQ-5D.
Additionally, subjects were satisfied with their therapy through
12 months, and 70% achieved an activity goal set at their baseline
visit by the three-month visit. The study supports the long-term
use of HD stimulation parameters as an effective option for pain
management and the potential value of a standardized approach
to therapy providing ongoing access to both HD and LD
programming.
There are several limitations to this prospective, observational

study. Only subjects with a successful HD trial were followed long-
term, so the potential for using HD after use of LD at trial is
unknown. Only a small number of subjects (approximately 5%)
switched to LD stimulation during the follow-up, so no conclusions
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Table 3. VAS Scores and Percent Decrease in Overall, Low Back, and Leg Pain From Baseline Through the 12-Month Visit.

Overall pain Low back pain Leg pain

N Mean VAS (SE) Mean % Change Mean VAS (SE) Mean % Change Mean VAS (SE) Mean % Change

Treated analysis set
Baseline 103 77.2 (1.2) - 75.1 (1.3) - 74.4 (1.3) -

Three-month visit 103 31.6 (2.4) 58.6% 35.5 (2.8) 52.9% 24.9 (2.3) 66.2%
Six-month visit 103 32.9 (2.4) 57.9% 36.8 (2.7) 51.5% 25.4 (2.4) 65.8%
Twelve-month visit 103 33.6 (2.3) 56.7% 36.7 (2.5) 51.9% 27.3 (2.4) 63.7%

Completers analysis set
Baseline 103 77.2 (1.2) - 75.1 (1.3) - 74.4 (1.3) -

Three-month visit 98 31.4 (2.5) 59.1% 35.0 (2.8) 53.6% 24.4 (2.3) 66.9%
Six-month visit 96 32.2 (2.4) 58.8% 36.5 (2.8) 52.0% 24.4 (2.4) 67.1%
Twelve-month visit 91 32.6 (2.4)* 57.9%* 35.8 (2.6) 53.2% 26.0 (2.5) 65.3%

*N = 90; one subject with a 12-month visit did not report an overall pain score.

Table 4. Responder Rates in Pain From Baseline Through the 12-Month Visit.

Responder rate in VAS % (95% CI) N Overall pain Low back pain Leg pain

Treated analysis set
Three-month visit 103 68.3% (59.0–77.5%) 59.8% (49.9–69.7%) 77.4% (69.1–85.7%)
Six-month visit 103 66.2% (56.9–75.5%) 58.4% (48.8–68.1%) 72.2% (63.1–81.3%)
Twelve-month visit 103 59.1% (49.0–69.2%) 57.1% (47.1–67.1%) 67.9% (58.5–77.2%)

Completers analysis set
Three-month visit 98 69.4% (59.7–77.6%) 61.2% (51.3–70.3%) 78.6% (69.5–85.5%)
Six-month visit 96 67.7% (57.8–76.2%) 59.4% (49.4–68.7%) 74.0% (64.4–81.7%)
Twelve-month visit 91 61.1% (50.8–70.5%)* 59.3% (49.1–68.9%) 69.2% (59.1–77.8%)

*N = 90; one subject with a 12-month visit did not report an overall pain score.

Figure 3. Longitudinal ODI categories by visit. The change in the percentage
of subjects in each of the different ODI categories by visit is displayed. The
number of subjects in the minimal and moderate categories increased from
baseline through the 12-month visit. [Color figure can be viewed at
wileyonlinelibrary.com]
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can be made regarding the cumulative benefit of providing access
to multiple therapy options (HD and LD). Assessing the impact of
SCS on the achievement of personalized subject activity goals was
limited as goals were only captured and evaluated through the pri-
mary endpoint at three months, and a validated tool was not used
to measure activity. Another limitation of the study is its single-arm
study design and the lack of a control group.
Subjects included in the study had back and leg pain scores of

at least 50 mm and had a score between 21 and 80 on the ODI.
The study showed successful reduction in both low-back and leg
pain scores. Within all implanted subjects, low back pain
decreased by 39.5 mm at three months with a responder rate
(≥ 50% reduction in pain) of 59.8% and was sustained through
12 months. Leg pain decreased by 49.5 mm at three months with
a responder rate of 77.4% and was also sustained through
12 months. Although subjects were required to have at least
50 mm for both low back and leg pain at baseline, a subject could
have had more predominant low back or leg pain. The improve-
ments observed in low back pain using HD stimulation were bet-
ter than what has been observed historically using conventional
stimulation alone (4,21). While not all subjects were responders in
the low back pain domain, at three months 87% of subjects were

responders in at least one pain domain (overall, low back, or leg
pain). This trend was sustained through 12 months with 83% and
79% of subjects responding in at least one pain domain at 6 and
12 months, respectively. Although pain relief remains the primary
objective of SCS, there might be more clinical utility in taking a
more holistic view by assessing patients across multiple endpoints
(pain, quality of life, function, and medications) in a combined
analysis.
Improvements in quality of life and function as measured by

ODI and EQ-5D were achieved and sustained through 12-months
follow-up. At three months, 65% of subjects improved by one or
more ODI category and 76% of subjects were better in one or
more dimensions of the EQ-5D and no worse on any dimensions.
These results were maintained through 12 months for both ODI
(76% of subjects) and EQ-5D (77% of subjects). The mean
improvement in EQ-5D utility score through 12 months (0.37) was
greater than the average minimally important difference (MID) of
0.074 as determined in the study by Walters et al., which evalu-
ated the EQ-5D-3L from 11 clinical studies across a range of con-
ditions (28). The collection of individualized activity goal(s)
provides insights into subject’s expectations of SCS therapy
beyond reduction in pain. Seventy percent of subjects achieved a
self-defined activity goal by three months. The achievement of
activity goals, improvement in quality of life and meaningful pain
relief can be inferred to relate to the high degree of satisfaction
with the therapy reported by subjects (84.6%). There are multiple
factors that impact a patient’s response to therapy (SCS program-
ming, pain profile, energy delivery at the spinal cord, duration of
therapy, and patient expectations). It is important to consider
these when assessing the benefits of SCS. Every patient can pre-
sent a unique clinical profile extending beyond the direct man-
agement of their chronic pain symptoms (29).
Treating chronic pain with SCS may encourage the discontinua-

tion of opioids (30,31). This study was neither powered nor
designed to examine changes in MME over time. Subjects were
required to be on stable medication when entering the study and
were instructed not to increase pain medications for back or leg
pain through the three-month visit. The protocol did not dictate
medication management after three months; however, the major-
ity of subjects remained on low opioids throughout the study and
subjects entering the study with high opioid utilization ≥

90 MMEs) were able to decrease from an average of 120 MMEs at
baseline to 81 MMEs by the 12-month visit. This suggests that
SCS therapy may help patients in maintaining LD opioids or
reducing HD opioid consumption.
Applicability of clinical study outcomes into clinical practice is

often lacking. The Vectors study was intentionally designed so
that its outcomes and methodology could be replicated in clinical
practice. Subjects enrolled were representative of the general pain
population. The study protocol prescribed the use of a standard-
ized workflow, which provides clinical guidance starting with HD
stimulation and also maintains patient access to LD stimulation or
combination therapy as needed. The cadence of visits and subject
interaction was also designed to mirror a standard of care as
much as possible. The outcomes of the study demonstrate that
using a workflow approach to SCS resulted in clinically meaning-
ful outcomes and a predictable therapy experience for patients
and physicians with minimal touchpoints and programming
changes. At 12 months, 95% of subjects remained on HD while
5% of subjects switched to LD parameters. Results from Vectors
are consistent with previous research on this standardized
workflow and physician reported experience (15,32,17).
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a

b

Figure 4. Subject impression of and satisfaction with the therapy.
a. Subjects’ impression of change through the 12-month visit. b. Subjects’ sat-
isfaction with the therapy through the 12-month visit. [Color figure can be
viewed at wileyonlinelibrary.com]
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Published long-term outcomes with the use of HD stimulation
parameters as part of a clinical workflow is limited, and this study
adds longitudinal outcomes with a large sample size to the litera-
ture. Recent prospective studies of HD therapies using 1–1.2 kHz
have been short-term (10,6,33,16), have had small sample sizes
(34), or have only assessed HD after conventional programming
(35). In contrast, the Vectors study provides needed additional
prospective 12-months outcome evidence from a large cohort,
with a majority of patients programmed to HD therapy. While the
standardized workflow prescribed in this study provides a starting
point for incorporation into clinical practice and Vectors demon-
strated sustained clinically meaningful outcomes, there may be
future learnings that enable further optimization and delivery of
SCS therapy. The sustainability of outcomes and safety of new
SCS modalities should continue to be evaluated through robust
and transparent clinical studies.

CONCLUSIONS

This long-term prospective study demonstrated that significant
reduction in chronic pain is achieved when a workflow approach
to SCS therapy is followed. Guidance on initial programming set-
tings, electrode target, and patient follow-up allowed for consis-
tency in patient treatment across centers. Structured follow-up
and flexibility in programming provided long-term HD and LD
therapy options. The durable and sustained results at 12 months
for overall pain, back pain, and leg pain and the improvement in
quality of life demonstrated in the Vectors Study are expected to
be repeatable in clinical practice.
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COMMENT

This is an interesting study that attempts to answer an impor-
tant question about subthreshold stimulation and suprathreshold
SCS. Although the authors conclude that the results are applica-
ble in clinical practice; the study’s extensive inclusion-exclusion
list argues against that statement. For example, we remain unsure
if this combination is helpful in CRPS or other forms of neuro-
pathic pain where SCS may be utilized in clinical practice. The
study is otherwise well designed, and very well presented.

Sam Eldabe, MBBS
Middlesbrough, United Kingdom
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