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ABSTRACT

Objective: Burst spinal cord stimulation (B-SCS) has been shown to reduce neuronal firing in the anterior cingulate cortex
through selective modulation of the medial pain pathway tract. This pain pathway communicates the affective component of
pain processing. The purpose of this study was to assess the effect of B-SCS on psychosocial functioning and its influence on
pain and quality of life.

Materials and Methods: Eligible patients with chronic, intractable pain of the trunk, and/or lower limbs were enrolled. After a
successful trial period, subjects received a permanent implant and returned for follow-up at 6- and 12-months.

Results: In total, 269 patients were enrolled at 22 centers. Trial success rate was 90%. Significant improvements in pain, physi-
cal, mental, and emotional functioning were observed from baseline to the 6- and 12-month follow-up (p < 0.001). Overall,
patients had improved quality of life, became more active, and the negative impact of pain on daily life was decreasing. At
one year, 81% of subjects were satisfied or very satisfied with their therapy. Subjects showing significant improvements on
mental health outcomes reported enhanced pain relief and quality of life scores compared with subjects with continued
impaired mental health at follow-up. At one year, 89% of subjects who were taking opioids at baseline decreased or stayed at
the same level of opioid use; 19% stopped taking any opioids. No unanticipated adverse events have been reported.

Conclusions: One-year outcomes after B-SCS show improvements across all evaluated psychological measures with the largest
impact observed on catastrophizing and depression (the affective component of pain processing). These pain-related beliefs
and behaviors, and not pain intensity, have been shown to put patients at greatest risk of a poor prognosis and quality of life.
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INTRODUCTION

Chronic pain affects approximately 30% of adults worldwide
and is consistently associated with psychological disorders across
all geographies (1, 2). Patients seek medical care for pain not only
for diagnostic evaluation and symptom relief, but also because
pain interferes with daily activities, causes worry and emotional
distress, and undermines confidence (1). The association between
major depression and chronic low back pain is particularly well
known among pain physicians, and several studies recommend
targeting depression as an integral component of pain manage-
ment programs (3-5).
Spinal cord stimulation (SCS) is an established therapy for

patients suffering with chronic neuropathic pain. It has been
shown to reduce pain, improve quality of life, reduce analgesic
use, allow patients to return to work, and result in significant cost
savings over time compared to conventional medical manage-
ment (6). Within the last decade, new stimulation designs have
emerged that deviate from low-frequency tonic SCS. These novel
therapies include high-frequency tonic SCS and BurstDR™ SCS (B-
SCS; Abbott, Plano, TX, USA) stimulation (7, 8).
A large amount of preclinical and clinical data is available that

provides insight into the different mechanism of action and neu-
rophysiological effects of B-SCS compared with tonic stimulation
patterns (9-16). Importantly, in addition to somatosensory modu-
lation, multiple neuroimaging and direct neuronal recording stud-
ies have revealed that B-SCS modulates the medial
spinothalamocortical pathways, having a greater effect than tonic
SCS on targets of the brain that are associated with the affective/
attentional or emotional aspects of pain processing (12, 17-20).
The full clinical implications of these differences have not been
established, although B-SCS has shown to be more effective than
tonic stimulation in several comparative studies (8, 17, 21-26).
Although pain relief is the primary outcome in many SCS stud-

ies, quality of life may be more significantly affected in chronic
pain patients. The importance of non-pain measures has been
stressed by the IMMPACT group and the CDC; both entities
encourage the evaluation of functional improvement and psycho-
social factors beyond pain relief alone (27, 28). Expanding the lit-
erature on quality of life outcomes will provide clinicians
additional data to better educate patients about the benefits of
SCS and set comprehensive goals for treatment outcomes. In
addition, subjects with substantial depression at baseline were
not eligible to participate in the SUNBURST trial, and the study
consequently did not demonstrate significant differences for cat-
astrophizing and SF-36 quality of life assessment between the
burst and tonic arms (8). Depression has been shown to be
directly correlated with catastrophizing, among other psychoso-
cial factors. The main purpose of the TRIUMPH study was there-
fore to examine psychosocial functioning and its influence on
pain relief and quality of life after implantation of a B-SCS system
in real-world settings. Finally, the SUNBURST study used only tonic
in the trial phase resulting in an enriched cohort that were initial
responders to tonic stimulation (8). This study set out to assess
outcomes for B-SCS when burst, and not tonic stimulation, is pres-
ented as the initial SCS experience.

MATERIALS AND METHODS

TRIUMPH is an ongoing prospective, multi-center, international
study being conducted at sites in the United States, Canada, and

Europe (ClinicalTrials.gov registration NCT03082261). Enrollment
completed in June 2018 and is currently in the follow-up phase,
which will extend to 24 months. This study was performed
according to Good Clinical Practices, the Declaration of Helsinki,
and before initiating the study, Institutional Review Board or
Ethics Committee approval was received at each site.

Patients
Centers were instructed to approach all eligible patients and

ask for their interest in participating in the study. Patients
(≥18 years of age) with chronic, intractable pain of the trunk,
and/or lower limbs, recommended by a physician for SCS therapy,
were recruited for this study. This included patients with
radiculopathy, failed back surgery syndrome (FBSS), and other
chronic pain conditions who passed a psychological screening
according to the standard of care of individual sites. Eligible
patients had a baseline score on the Numeric Rating Scale
(NRS) ≥ 6 over the past 24 hours for average pain specific to the
area(s) of chronic pain being treated with SCS. Patients with an
existing SCS system, who previously failed SCS, were planning to
have a different neurostimulation system or drug pump
implanted, or had a primary diagnosis of peripheral vascular dis-
ease, angina pectoris, or chronic migraine were excluded from
the study.

Procedures
After providing written informed consent, subjects underwent

an SCS trial according to the investigator’s clinical practice. B-SCS
stimulation parameters (i.e., monopolar burst at 500 Hz delivered
in groups of five pulses, with passive discharge between bursts,
repeated at a 40 Hz frequency, with a 1 ms pulse width) were
configured using the clinician programmer and delivered using
an external pulse generator. Trial success was determined by the
investigator and defined as 50% pain relief and the subject’s inter-
est in placement of a permanent implant. Subjects who went on
to permanent implant received either a rechargeable (Prodigy,
Abbott, Plano, TX, USA) or recharge-free (Proclaim, Abbott, Plano,
TX, USA) SCS system at the physician’s discretion. Subjects subse-
quently returned for follow-up at 3, 6, and 12 months. Future
follow-up visits are planned at 18 and 24 months. The three-
month follow-up did not include the full battery of psychosocial
and functional outcome measures and are not reported here.

Measures
Endpoints of this study are psychosocial and functional out-

comes and pain relief (on NRS) at 6- and 12-month follow-up. Psy-
chometrics were assessed using the following validated clinical
questionnaires: Pain Catastrophizing Scale (PCS), Patient Health
Questionnaire Depression scale (PHQ-9), State-Trait Anxiety Inven-
tory (STAI), Tampa Scale for Kinesiophobia (TSK), EuroQol
5-Dimensions (EQ-5D), 8-item PROMIS physical function short
form (PROMIS-8), and Medical Outcomes Survey (MOS) Sleep
Index II.
Additional outcome measures included Patient Global Impres-

sion of Change (PGIC), patient reported pain relief (PRPR), therapy
satisfaction, and activity level. Chronic pain medication use was
collected at baseline and at all follow up timepoints. This included
opioids, analgesics, anticonvulsants, muscle relaxants, non-
steroidal anti-inflammatory drugs, and psychiatric mediation.
Given the epidemic of abuse and overdose related to opioids in
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the United States and various other countries, we focused on pre-
senting the usage of these substances. Opioid medication use
was standardized by converting each drug to morphine milligram
equivalents (MMEs) using CDC validated conversion factors (29).
Adverse device effects (ADEs) and serious adverse device

effects (SADEs), defined as adverse events related to the device or
procedure, were collected for all enrolled subjects.

Statistical Analysis
Outcomes were analyzed by calculating the absolute and per-

centage change (%) from baseline. Two-tailed paired t-test was
used for continuous variables, such as patient reported outcomes,
and Chi-square test was used to compare the frequency of pro-
portions between two groups. The Kruskal-Wallis test was used
for multiple comparisons between groups. All statistical analyses
were performed with a significance level of p < 0.05. No adjust-
ments for multiplicity have been made. Imputations methods
were used as appropriate to account for missing data, subject
dropouts, and withdrawals.
Published clinical impact scores (i.e., values at or above which

significant intervention is required) and/or clinically meaningful
changes, including minimal clinically important difference (MCID),
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Table 2 Demographics and Baseline Characteristics.

All patients (n = 269)

Sex, n (%)
Female 166 (61.7%)
Male 103 (38.3%)

Age (years)
Mean � SD 59 � 14
Range (Min-Max) 18–89

Years with chronic pain
Mean � SD 9.7 � 8.6
Range (Min-Max) 0–54

Impact of pain, n (%)
Minimal 5 (1.9%)
Moderate 53 (19.7%)
Major 211 (78.4%)

Activity level, n (%)
Sedentary 42 (15.6%)
Minimally active 146 (54.3%)
Moderately active 73 (27.1%)
Very active 8 (3.0%)

Work status, n (%)*
Full time 37 (13.8%)
Part time 16 (5.9%)
Home maker 17 (6.3%)
Volunteer 2 (0.7%)
Retired 109 (40.5%)
Disabled 70 (26.0%)
None of the above 26 (9.7%)

Pain diagnosis, n (%)†

Radiculopathy 156 (58.0%)
Failed back surgery syndrome 131 (48.7%)
Complex regional pain syndrome 18 (6.7%)
Intervertebral disc disorder 15 (5.6%)
Other 19 (7.0%)

SD, standard deviation.
*Subjects could select more than one category.
†A subject might have up to two pain diagnoses.
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were collected for a responder rate analysis. Population norms for
all patient reported outcomes (PROs) are also reported; an over-
view is provided in Table 1.
In addition, we performed a remitter analysis on mental health

outcomes. A remitter was defined as a subject who met the
impact score to detect clinically significant symptoms on PHQ-9
and STAI State scale at baseline and improved to a level below
the impact score at 6- and/or 12-months; non-remitters remained
above the impact score at 6- and/or 12-months. Subjects who
were not clinically impacted at baseline were categorized as non-
impacted. NRS and EQ-5D outcomes were compared across the
three groups: remitter, non-remitter, and non-impacted.
The primary cohort consists of subjects who successfully com-

pleted the trial phase with B-SCS, had a permanent system
implanted, and completed the 12-month visit. Subjects who
underwent an on-the-table trial and completed the 12-month visit
are also included in this cohort. Subjects who did not respond to
B-SCS during the trial phase were given the opportunity to extend
the trial period using tonic stimulation. These subjects who were
implanted after a successful tonic trial were analyzed separately.

RESULTS

The study enrolled 269 subjects at 22 investigational sites
between March 2017 and February 2018. The mean � SD age
was 59 � 14 years, and 62% of the subjects were female. Subjects
had experienced pain for a mean � SD of 9.7 � 8.5 years at the
time of study enrollment. Demographics and baseline characteris-
tics are summarized in Table 2. Radiculopathy and FBSS, diag-
nosed separately or combined with another chronic pain

condition, were the most frequent etiologies in the study. Fig. 1
shows the disposition of the subjects.

Trial Phase
Nearly all trials were performed with percutaneous leads

(98.1%; 252/257); only five subjects were trialed with a paddle
lead. The trial success rate was 90% (219/243). The mean � SD
reported pain relief was 70% � 16, and 97% of subjects were sat-
isfied or very satisfied with the therapy at the end of the trial
period. The median trial length was seven days (Q1, five days; Q3,
seven days). Trial success in subjects with baseline values meeting
the clinical impact score on mental health outcomes (PHQ-9
[≥ 10] and STAI State [≥ 40]) did not differ significantly from sub-
jects with baseline values below the clinical impact score on these
scales (91% vs. 89%, p = 0.68 and 90% vs. 91%, p = 0.69, respec-
tively). Thirteen subjects who failed to achieve ≥50% pain relief
using B-SCS underwent an extended trial with tonic stimulation.
Of these 13 extended trials, five (38%) were successful; one sub-
ject with a successful tonic trial withdrew from the study, four
received a permanent implant and were analyzed separately.

Primary Cohort
After a successful B-SCS trial, 194 subjects received a perma-

nent IPG. Of these, 160 subjects (82%) received a recharge-free
IPG; 125 subjects (64%) received percutaneous leads, and 69 sub-
jects (36%) received a paddle lead. Significant improvements from
baseline to the 6- and 12-month follow-up period were observed
for all psychosocial and functional measures (p < 0.0001)
(Table 3). The mean PCS score improved by 48% to 13.2 at
six months, and by 44% to 14.2 at 12 months, and mean PHQ-9
score improved 28% and 25%. Mean EQ-5D score improved 51%
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Figure 1 Subject disposition.
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and 44%, within a SD of the population norm. Improvements
were observed for each EQ-5D category from baseline to 6- and
12-months with the most prominent change in the pain/discom-
fort category (Fig. 2).
The responder analysis for each psychosocial outcome measure

is presented in Table 4. At one year, 89% of subjects achieved a
clinically significant improvement in at least one of the seven
predefined outcome measures. Of note, 70% and 72% of subjects
who were clinically catastrophizing and 80% and 70% of subjects
who were showing fear avoidance behavior (on TSK) at baseline,
were not at 6- and 12-months, respectively. MCID of 0.074 on EQ-
5D was achieved by 68% and 60% of subjects at 6- and
12-months, respectively.
Mean PRPR was 58% and 59% at 6- and 12-months, respec-

tively. Other outcome measures including activity level, impact of
pain on daily life (Fig. 3 and B), and PGIC (Fig. 3C) show continued
improvement across all measures up to one-year post-permanent

implant. Furthermore, 78% and 81% of subjects were satisfied or
very satisfied with their therapy, 84% and 83% would have the
procedure again at 6- and 12-months, and 89% would recom-
mend the procedure at both follow-up timepoints.
Remitters and non-impacted subjects on the depression and

state anxiety scales had considerably greater improvements in
pain relief (NRS) and quality of life (EQ-5D) than non-remitters
(Fig. 4).

Opioid Medication Use
At baseline, 79% of subjects in the six months cohort (125/159)

and 77% of subjects in the 12 months cohort (121/157) were tak-
ing opioids. Of note, 88% (110/125) and 89% (108/121) of subjects
decreased or stayed at the same level of opioid use at 6- and
12-months, respectively. There was a 26% reduction in the mean
opioid dose from 49.2 MME pre-operatively to 36.2 MME at

585

Table 3 Six- and 12-Month Psychosocial and Functional Outcomes (Primary Cohort), Reported as Mean � SD (n).

Outcome Baseline 6 Months p-value* 12 months p-value*

Catastrophizing (PCS) 25.5 � 12.7 (162) 13.2 � 12.0 (158) p < 0.0001 14.2 � 12.9 (156) p < 0.0001
Depression (PHQ-9) 10.4 � 6.3 (162) 7.5 � 6.4 (158) p < 0.0001 7.8 � 6.6 (156) p < 0.0001
State anxiety (STAI state) 43.9 � 13.5 (162) 38.2 � 12.8 (158) p < 0.0001 39.1 � 14.4 (156) p < 0.0001
Fear avoidance (TSK) 28.7 � 7.8 (162) 24.7 � 7.2 (158) p < 0.0001 24.4 � 7.2 (156) p < 0.0001
Quality of life (EQ-5D) 0.44 � 0.21 (162) 0.66 � 0.20 (158) p < 0.0001 0.63 � 0.23 (156) p < 0.0001
Physical capability (PROMIS-8) 17.6 � 5.7 (155) 22.5 � 7.9 (151) p < 0.0001 21.6 � 7.7 (149) p < 0.0001
Sleep problems (MOS sleep index II) 53.0 � 21.2 (162) 44.9 � 23.0 (158) p < 0.0001 45.7 � 23.6 (156) p < 0.0001

*p-values are from two-tailed paired-sample t-tests.

Figure 2 The five dimensions of the EQ-5D score at baseline and at 6- and 12-months follow-up. Activity, Anxiety, Mobility, and Selfcare are presented in panel
a; Pain/Discomfort is presented in panel b. [Color figure can be viewed at wileyonlinelibrary.com]
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6 months and from 49.7 MME pre-operatively to 37.0 MME at
12 months. Of note, 19% of subjects who were taking opioids at
baseline were not at both follow-up timepoints. Table 5 summa-
rizes the opioid medication data.

Tonic Cohort
The group of four subjects who were implanted after a success-

ful tonic trial was too small for meaningful statistical analyses.
Point estimates at baseline, and at 6- and 12-months are pres-
ented in Supporting Information Table S1.

Safety
No unanticipated adverse events have been reported. Among

the 269 enrolled subjects, there were a total of 47 complications in
41 subjects (15.2%). Twenty events were considered SADEs and
were reported in a total of 17 subjects (6.3%). Twelve events
occurred during trial phase. The most common occurrence was
change in stimulation due to loose electrical connections (n = 2) or
lead migration (n = 2). Overall infection rate during trial phase was
<1% (2/269). During the permanent implant phase, 35 events were
reported; 12 of which were device-related. Most common adverse
events during permanent implant phase were infection (n = 6),
pain at IPG site (n = 5), and lead failure/lead migration (n = 5).
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Table 4 Six- and 12-Month Responder Analysis (Primary Cohort).

Outcome Criterion 6 months 12 months

Catastrophizing (PCS) Impact score: ≥ 30 at BL; < 30 at follow-up 41/69 (69.5%) 41/57 (71.9%)
Clinical meaningful change: 44% decrease 97/158 (61.4%) 84/156 (53.8%)

Depression (PHQ-9) Impact score: ≥ 10 at BL; < 10 at follow-up 45/81 (55.6%) 40/80 (50.0%)
Clinical meaningful change: 5-point decrease 54/158 (34.2%) 52/156 (33.3%)

State anxiety (STAI state) Impact score: ≥ 40 at BL; < 40 at follow-up 41/100 (41.0%) 42/98 (42.9%)
Fear avoidance (TSK) Impact score: ≥ 38 at BL; < 38 at follow-up 16/20 (80.0%) 14/20 (70.0%)

Clinical meaningful change: 4-point decrease 79/158 (50.0%) 86/156 (55.1%)
Quality of life (EQ-5D) Clinical meaningful change: 0.074-point increase 108/158 (68.4%) 94/156 (60.3%)
Physical capability (PROMIS-8) Impact score: < 43.1 at BL; ≥ 43.1 at follow-up 25/148 (16.9%) 22/146 (15.1%)

Clinical meaningful change: 5-point increase 57/151 (37.7%) 47/149 (31.5%)
Sleep problems (MOS sleep index II) Impact score: > 33.33 at BL; ≤ 33.33 at follow-up 25/125 (20.0%) 25/123 (20.3%)

Responder in one or more domains* 139/158 (88.0%) 139/156 (89.1%)

BL, baseline.
*Calculated based on clinically meaningful changes for PCS, PHQ-9, TSK, EQ-5D, and PROMIS score and proportion of subjects who dropped below clinical
impact score for State Anxiety and MOS Sleep Scale.

Figure 3 Activity level (a) and impact of pain on daily life (b) at baseline and at 6- and 12-months follow-up. Patient Global Impression of Change (c) at 6- and
12-months follow-up. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 4 NRS (a and b) and EQ-5D (c and d) scores for non-impacted, remitters, and non-remitters on mental health outcomes (depression and state anxiety,
respectively) at baseline and at 6- and 12-months follow-up. Box plots represent median and interquartile range (IQR, Q1-Q3). Outliers, represented by points, are
≥1.5 IQR.

Table 5 Opioid Medication Usage.

6 months (n = 159)

Subjects, n/N (%) Baseline MME, mean � SD 6 months MME, mean � SD

Subjects with >0 MME 125/159 (78.6%) 49.2 � 56.6 36.2 � 53.5
Completely off 24/125 (19.2%) 30.9 � 33.3 0.0 � 0.0
Decrease 67/125 (53.6%) 54.5 � 63.3 23.0 � 47.1
Same 43/125 (34.4%) 47.0 � 51.1 47.0 � 51.1
Decrease/Same 110/125 (88.0%) 51.5 � 58.7 32.4 � 49.9
Increase 15/125 (12.0%) 32.2 � 34.6 64.0 � 71.2

12 months (n = 157)

Subjects, n/N (%) Baseline MME, mean � SD 12 months MME, mean � SD

Subjects with > 0 MME 121/157 (77.1%) 49.7 � 57.3 37.0 � 55.8
Completely off 23/121 (19.0%) 23.3 � 19.2 0.0 � 0.0
Decrease 69/121 (57.0%) 53.2 � 64.4 25.3 � 54.3
Same 39/121 (32.2%) 43.3 � 47.8 43.3 � 47.8
Decrease/Same 108/121 (89.3%) 49.6 � 58.9 31.8 � 52.5
Increase 13/121 (10.7%) 50.7 � 43.7 80.4 � 65.0

MME, morphine milligram equivalents; SD, standard deviation.
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DISCUSSION

One-year after implantation of a B-SCS system, subjects showed
significant and sustained improvements in physical, mental, and
emotional functioning. Furthermore, physical activity levels were
increasing and the impact of pain on daily life in this patient pop-
ulation was considerably diminished. The most impactful effect of
the therapy was observed on mental health; catastrophizing ret-
urned to similar levels as observed in a healthy non-chronic pain
population. Furthermore, individuals suffering from critical levels
of depression no longer required intervention. These outcomes
resulted in significant improvement in quality of life as measured
by EQ-5D.
The trial success rate was high and was not affected by the

subject’s mental health state (i.e., depression or anxiety). Scores
on all PROs significantly improved at 6- and 12-months follow-up.
The highest relative changes were observed for pain cat-
astrophizing (PCS), depression (PHQ-9), and quality of life (EQ-5D).
The responder rate analysis confirmed the impact of B-SCS on
these three outcomes, but additionally indicated that a high per-
centage (>70%) of subjects with clinically significant fear avoid-
ance (on TSK) were not showing this behavior at follow-up.
Multiple neuroimaging and direct neural recording studies have
shown the selective effect of B-SCS on cortical areas (targets of
the medial spinothalamic pathway) that modulate the attentional,
emotional, and motivational aspects of pain and pain related cog-
nition and behavior (12, 17-20); this study extends these neuroim-
aging findings with real-world effectiveness data.
A study on the influence of different types of SCS waveforms

on somatosensory evoked potentials and electromyographic
(EMG) signals further highlighted the unique characteristics of B-
SCS (30). Unlike low-frequency tonic, burst activates the distal
muscles first at lower amplitudes and more proximal muscles at
higher amplitudes as well as creates a hyperexcitability state facili-
tating more robust responses when returning to tonic stimulation.
In addition, B-SCS elicits only one large summated EMG signal,
whereas other stimulation patterns with active recharge produce
four equipotent EMG signals, and high-frequency tonic waveforms
did not generate any observable EMG responses. These potent
effects of B-SCS are generated at the lowest thresholds
suggesting energy efficiency over other stimulation designs.
Interestingly, remitters on depression and anxiety outcomes

reported significantly improved pain relief and quality of life
scores compared with non-remitters, even outperforming subjects
who were not clinically impacted at baseline. The absence of
depression and anxiety at baseline seemed to result in favorable
pain relief and quality of life after treatment; but, the results were
no better than in subjects who were in remission for these psy-
chological factors. Non-remitters remained associated with high
levels of impairment.
Chronic pain is complex and multifactorial. Pain scores alone

can be unreliable and often do not reflect a patient’s current
health state, or correlate with quality of life (31). Persistent pain
can lead to emotional and behavioral consequences that are dele-
terious to pain recovery and functional rehabilitation (32). In a
cohort study of 1208 patients, pain catastrophizing, and not pain
intensity, was most closely associated with quality of life out-
comes (33). In addition, other pain beliefs that have been shown
to put patients at greatest risk of a poor prognosis are fear avoid-
ance and poor expectations for recovery (34). The fear-avoidance
model is a cognitive-behavioral account that integrates these

psychological factors (35). A cycle is initiated when pain is inter-
preted in a catastrophizing manner. These thoughts can lead to
pain-related fear and associated avoidance behavior, eventually
causing aggravated pain that becomes chronic due to disuse,
depression, and disability. Breaking this vicious cycle by lowering
pain catastrophizing is essential for recovery as patients accept
and confront their pain. Our results show that B-SCS significantly
decreases catastrophizing, depression, and fear avoidance behav-
ior. In fact, pain catastrophizing dropped below the population
norm (of 13.9 points) at follow-up.
PGIC, EQ-5D, and patient satisfaction are outcomes that have

been evaluated in several SCS studies using different stimulation
designs and modalities. In a study comparing tonic SCS plus opti-
mal medical management (OMM) treatment to OMM only in a
FBSS population (PROMISE study), subjects reported a PGIC of
59% at six months, compared with 68% satisfaction in our study
(36). Our results show that B-SCS improves patient quality of life,
as measured on EQ-5D; mean values at 6- and 12-months were
0.66 and 0.63, respectively. Similar to PGIC, our results compare
favorably to data on other stimulation designs. The PROMISE
study reported EQ-5D index scores of 0.49 and 0.48 at 6- and
12-months, respectively. In a small study of 20 patients that evalu-
ated outcomes using multiple stimulation frequencies (PROCO
study), EQ-5D index values ranged from 0.5 to 0.6 (37). The pro-
portion of patients who were satisfied or very satisfied with their
therapy is consistent across SCS studies and was around 80%,
similar to results presented here (36, 38).
Opioid misuse and addiction in the United States is still

peaking; more than 130 people die each day due to opioid over-
dose (39). As a non-pharmacologic option for chronic pain man-
agement, spinal cord stimulators have been put forward as one of
the key therapies to counteract the opioid epidemic (40, 41). In
our study, 90% of subjects decreased or stayed at the same level
of opioids at follow up; an opioid reduction protocol was not in
place. Of note, 19% of subjects who were taking opioids at base-
line were not at the follow-up timepoints.
Of the 24 subjects (10%) who failed a trial with B-SCS, 13 were

trialed with tonic stimulation, of which five (38%) were successful.
This result raises questions about the utility of a tonic trial for non-
responders to B-SCS in the trial phase. Switching to tonic stimula-
tion to obtain a successful trial does not mean that patients will
only respond to tonic stimulation after permanent implant; the four
subjects who were permanently implanted eventually chose to use
both B-SCS and tonic to manage their pain.

Limitations
The TRIUMPH study was not designed to compare tonic and

burst groups. The tonic group derived from subjects who received
an extended trial showed less improved psychological outcomes
at follow up compared with the burst group. However, given the
large difference in sample size, it would be inappropriate to make
comparisons or draw conclusions.
As this is a real-world study, stringent programming and cycling

guidelines could not be imposed. Recent research has shown the
benefits of optimizing clinical settings for B-SCS. The BOLD study
revealed that lower-energy, intermittent doses of burst stimula-
tion are as effective as continuous burst stimulation, thereby
potentially mitigating therapy habituation (42).
The TRIUMPH study had broad inclusion criteria and minimal

exclusion criteria. As a result, IPG systems and electrode
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configurations were used according to physician preference. Thus,
our study represents real-world outcomes, illustrating the effec-
tiveness of B-SCS to address the affective component of pain in a
representative population rather than in a tightly controlled envi-
ronment. Future research is needed to further refine program-
ming and stimulation configurations in the field of
neuromodulation.

CONCLUSIONS

One-year outcomes after B-SCS show improvements across all
evaluated psychological measures with the largest impact
observed on catastrophizing and depression (the affective com-
ponent of pain processing). These pain-related beliefs and behav-
iors, and not pain intensity, have been shown to put patients at
greatest risk of a poor prognosis and quality of life.
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