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Abstract

Objective. Clinical review on outcomes using burst spinal cord stimulation (SCS) in the treatment of chronic, intractable
pain. Design. Narrative clinical literature review conducted utilizing a priori search terms including key words for burst
spinal cord stimulation. Synthesis and reporting of data from publications including an overview of comparative SCS
outcomes. Results. Burst SCS demonstrated greater pain relief over tonic stimulation in multiple studies, which in-
cluded blinded, sham-controlled, randomized trials. Additionally, burst stimulation impacts multiple dimensions of
pain, including somatic pain as well as emotional and psychological elements. Patient preference is weighted toward
burst over tonic due to increased pain relief, a lack of paresthesias, and impression of change in condition. Conclusion.
Burst SCS has been shown to be both statistically and clinically superior to tonic stimulation and may provide addi-
tional benefits through different mechanisms of action. Further high-quality controlled studies are warranted to not
only elucidate the basic mechanisms of burst SCS but also address how this unique stimulation signature/pattern may
more adequately handle the multiple affective dimensions of pain in varying patient populations.
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Introduction results from the lack of knowledge or translation of re-

Despite of the immense burden that chronic pain has on
patients, payers, and caregivers, it is rarely treated ade-
quately and may even go untreated altogether [1,2].
Pharmacological treatments for neuropathic pain states
are frequently ineffective [3], and opioid drugs, though
effective in selective patients, may lead to harmful effect
for both individuals [4] and society [5,6]. Much of the
challenge in the development in new pharmacotherapies
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search from animal to human species [7,8].

The safety, efficacy, and cost-effectiveness of spinal
cord stimulation have, in randomized controlled trials,
been proven for failed back surgery syndrome (FBSS),
complex regional pain syndrome (CRPS), and painful di-
abetic neuropathy (PDN) [9-11]. More than five decades
of clinical experience with electrostimulation of the dor-
sal columns (and adjacent dorsal neural structures) for
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intractable pain conditions have established this treat-
ment in the armamentarium of pain practitioners, anes-
thesiologists, and neurosurgeons [12-17]. Despite
continuous improvement in the physical and functional
aspects of implanted hardware and increased under-
standing of the limitations and possibilities of the treat-
ment, the nature of the delivered stimulus to the spinal
cord has remained unchanged for many years. The con-
ventional paradigm of SCS is to elicit comfortable pares-
thesias in the painful area using a tonic stimulus pattern
at low frequencies (typically 30-70 Hz). However, dur-
ing the past decade, a number of novel stimulus para-
digms have been introduced for clinical use, resulting in
improved outcomes and reduction in unwanted side
effects [13,18].

The concept of burst spinal cord stimulation (burst
SCS), introduced in 2010 by DeRidder and colleagues
[19], targets the dorsal columns in stimulus bursts com-
prised of five 1-ms pulses with an intraburst frequency of
500 Hz, delivered with a frequency of 40 Hz in a passive
recharging paradigm to maintain charge balance across
the electrical contacts (Figure 1) [18]. In contrast to other
novel stimulus paradigms, burst SCS stems from original
observations of thalamo-cortical firing patterns, which
have the ability to strengthen synaptic connectivity
[20,21]. It was originally applied to the auditory cortex
in an attempt to treat tinnitus with transcranial magnetic
stimulation resistant to tonic stimuli [22]. When the burst
SCS pattern was electrically applied to the dorsal col-
umns at adequate settings, it was effective at producing
analgesia without the need for paresthesias [19,23,24].
Most recently, burst SCS was shown to result in statisti-
cally superior pain relief compared with tonic stimulation
in a large prospective, randomized, controlled clinical
trial [25].

Apart from affecting pain intensity, evidence suggests
that burst SCS may impact important aspects of the
chronic pain condition, such as pain vigilance, pain cata-
strophizing, and depression [18,26,27]. The purpose of
this narrative review is to explore the available evidence
for burst SCS spinal cord stimulation, providing a clinical
perspective on the possible distinct therapy features, ben-
efits, and limitations.

Methods

Literature Search Strategy

The reviewed literature was compiled by searching the
MEDLINE and EMBASE databases using the search
term “burst” combined with “dorsal column stim-
ulation” or “spinal cord stimulation.” Google Scholar
and the journal Neuromodulation were searched using
the term “burst spinal cord stimulation.” Citation lists
from contemporary reviews on spinal cord stimulation
were also surveyed, and additional literature was added
as appropriate.
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Figure 1. Burst stimulation pattern and waveform signature.
Pulse trains are separated by an interburst interval of stimula-
tion quiescence. Note the increasing pulse amplitude during
the burst. During the interburst interval, a passive charge bal-
ance occurs that dissipates any charge imbalance that might
occur across the electrodes.

Selection of Literature

Literature included both prospective and retrospective
studies reporting clinical outcome measures when treat-
ing chronic pain using burst SCS, regardless of the under-
lying pain condition or length of treatment time. All
included papers were peer reviewed, except two confer-
ence reports [28,29].

Articles were excluded on the following criteria:
Indications other than pain of the trunk or limbs, nonhu-
man studies, published study protocols, technical reports
with no outcome measurements, conference proceedings
on smaller cohorts and treatments other than spinal cord
stimulation. All authors participated in the selection pro-
cess. Disagreement on selection of literature was resolved
by consensus. Published papers were also graded by level
of evidence utilizing standardized methods on a scale
from level 1 (RCT) to 5 (Expert Opinion) [30,31].

In total, 20 papers were included in this review. All
evaluated changes in pain intensity or pain quality with
burst SCS (Table 1). Other secondary outcomes were
reported and those varied between the studies.

Burst SCS Lead Placement, Contact
Selection, and Stimulation Parameters

Lead Placement and Contact Selection

For years, the correct placement of SCS leads and electro-
des was dependent upon generating a concordant overlap
of paresthesia coverage in the area/region of pain.
Conceptually, this technique targets the large-diameter
fibers in the dorsal columns that in turn project to the an-
atomically correct pain processing neurons in the spinal
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Table 1. Literature included in the narrative review and summary

Reference Study Type (LOE) Sample Size ~ Diagnosis Follow-up
Courtney et al. [32] (2015) Prospective 22 FBSS/radiculopathy/CRPS Tonic at baseline, then
(level 2) burst for 7and 14 d
De Ridder et al. [19] (2010) Prospective 12 Radiculopathy On the table—1 h each
(level 2)
De Ridder et al. [24] (2013) RCT 15 FBSS/neuropathy 1 wk each
(level 1)
De Ridder et al. [33] (2015) Prospective 102 FBSS/PDN 2 wk each
(level 2)
De Ridder et al. [34] (2015) Retrospective cohort 49 FBSS/PDN 2 wk each
(level 3)
De Vos et al. [35] (2015) RCT 48 FBSS/PDN/PR 2 wk
(level 1)
Deer et al. [25] (2018) RCT 96 FBSS/neuropathy/PR 24 wk and 12 mo
(level 1) (12 mo used for pain)
Kinfe et al. [36] (2016) Prospective 16 FBSS 3 mo
(level 2)
Kinfe et al. [37] (2017) Prospective 12 FBSS 2y
(level 2)
Kriek et al. [38] (2017) RCT 29 CRPS 2 wk each of burst, tonic
(level 1) (3 options), and placebo
Muhammad et al. [39] (2018) Prospective 12 FBSS 15 mo (average 12-19)
(level 2)
Schu et al. [40] (2014) RCT 20 FBSS 2 wk each
(level 1)
Tjepkema-Cloostermans et al. [41] (2016) RCT 40 FBSS/PR/neuropathy 2 wk each
Bara et al. [42] (2013) Retrospective cohort 29 FBSS 12 mo median
(level 3)
Colini-Baldeschi et al. [28] (2016) Retrospective cohort 61 Chronic low back and leg pain 3,6,12 mo
(level 3)
Espinet et al. [43] (2014) Retrospective cohort 22 N/A Tonic at baseline,
(level 3) then burst for 14 d
Kretzschmar et al. [44] (2017) Retrospective cohort 100 N/A ly
Kriek et al. [45] (2015) Case study 1 CRPS 2y
(level 4)
Rasekhi et al. [46] (2018) Case study 1 Neuropathy N/A
(level 4)
Wahlstedt et al. [29] (2017) Retrospective cohort 8 Upper extremity pain 4 mo
(level 3)

CRPS = complex regional pain syndrome; PDN = painful diabetic neuropathy; FBSS = failed back surgery syndrome; LOE = level of evidence; PR = poor re-

sponder; RCT = randomized controlled trial.

cord. In general, before switching to burst SCS mode, pri-
mary lead placement is also mapped using paresthesia
coverage with tonic stimulation.

This paradigm has changed slightly with the develop-
ment of new stimulation parameters, such as with higher
frequencies where paresthesias may not be perceived by
the patient. With the introduction of 10-KHz stimulation
frequencies, it has become possible to place SCS electro-
des in anesthetized patients with a standardized, anatom-
ically based procedure; this is not to assume that leads
can simply be placed anywhere, as the physiologically
relevant underlying neural structures must still be influ-
enced by the electrical field. Similarly, preliminary results
from a prospective, multicenter study have shown that
anatomical lead placement near the T9-10 junction in
patients suffering from FBSS and utilizing burst SCS can
lead to subsequent pain relief [47]. These results showed
visual analog scale (VAS) reductions of low back and leg

pain from baselines of 79 mm and 60 mm to approxi-
mately 20-24 mm and 13-17 mm, respectively, at three
months (N =30). Follow-up at six months showed simi-
lar results. Importantly, reported pain reduction, using
either paresthesia mapping or strict anatomical place-
ment, did not differ. These results suggest that, like
higher-frequency studies, anatomical lead placement
with burst SCS might be effectively used near the T9-10
epidural space to treat low back and leg pain.

Although the literature shows pulse train activation
patterns in alpha, beta, and theta ranges and beyond, the
stimulation pattern utilized clinically by burst SCS is five
pulses (1-msec duration) being delivered at 500 Hz at a
40-Hz burst frequency. Importantly, the system under-
goes a passive recharge cycle at the end of the burst
phase, as opposed to an active recharge phase, to provide
charge balance [18]. Varying burst frequencies have been
tested clinically; based on a preclinical study, clinical
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outcomes, and power consumption, an interburst fre-
quency of 500Hz was found to be preferential [48].
Similar studies have been completed in animal models,
demonstrating frequency-dependent effects on pain proc-
essing neurons in the dorsal horn [49].

Pulse amplitudes used during burst stimulation gener-
ally are much lower than during tonic stimulation
[25,35]. This is partly due to the higher frequency (reduc-
ing charge per pulse to accommodate increased total
charge delivered) used during the burst period, as well as
the 1-ms pulse width utilized. A recent substudy of the
SUNBURST pivotal trial found that patients not only
preferred lower-amplitude intensities, but also gained
more pain relief at those settings [50]. This might seem
counterintuitive compared with the dose-response rela-
tionship in low-frequency SCS (LF-SCS). Although it is
not exactly clear why lower-intensity pulse amplitudes
with burst SCS provide potentially better outcomes, con-
ceptually, using the least amount of electrical “dose”
needed helps both the battery use in the system and the
potential to induce plastic adaptations by the nervous
system. In an animal study published by Tang and col-
leagues, lower pulse amplitudes utilized in burst SCS
were more effective in reducing neural responses to nox-
ious pinch, reinforcing the concept of a therapeutic win-
dow [51]. Similarly, reductions in pulse amplitude
showed a different response in LF-SCS, demonstrating a
clear point of separation vs tonic stimulation with respect
to pulse amplitude. There is increasing evidence that
demonstrates a difference in the neurophysiologic
responses to burst SCS [52]. These types of neural
responses might allow a phasic approach to the use of
burst SCS, further reducing the energy delivery require-
ments while maintaining clinical outcomes [53].

“Paresthesia-Free” Stimulation

Burst SCS was introduced to modulate the somatic ner-
vous system without the need for the conventional
paresthesia-dependent overlap as a means of analgesia
[19]. As discussed previously, given the frequency of
stimulation during the burst, the amplitude is reduced to
a subperceptive level [19,24]. Although an in-depth dis-
cussion of the potential mechanisms underlying
paresthesia-independent or paresthesia-free analgesia as-
sociated with burst SCS is beyond the scope of this re-
view, multiple papers have highlighted this clinical
observation and underlying neurophysiology
[19,24,25,35,41]. Lower pulse amplitudes can partly ex-
plain the decreased somatic sensation of paresthesia, as
can decreased sensitivity or conduction failure of ortho-
dromically mediated action potentials in the dorsal col-
umn nuclei [18]. Schultheis et al. showed in a case series
of six patients with chronic axial neck pain, cervicobra-
chialgia, and occipital neuralgia after neck surgery that
pain relief could be achieved without significant overlap
of paresthesias [54]. The latter findings, in conjunction

with other studies, indicate that burst SCS may not only
generate analgesia without paresthesias, but that the lead
position utilized with burst SCS may not produce concor-
dant paresthesias when low-frequency tonic stimulation
is utilized. The implications for these findings are a po-
tential difference in ideal or efficacious lead position
when burst stimuli are used in a lead positioned with
tonic stimulation. Moreover, it is consistent with differ-
ent underlying mechanisms of analgesia between tonic
and burst SCS.

Clinical Outcomes Using Burst SCS: Pain
Relief

The first peer-reviewed evidence on burst SCS was pub-
lished by De Ridder and colleagues in 2010 [19]. In this
prospective controlled study, patients were exposed to
both burst SCS and LF tonic stimulation (LF-SCS) in a
randomized, crossover fashion. In patients with primarily
FBSS and failed neck surgery syndrome (FNSS), with a
mean follow-up at 20.5 months, effective long-term pain
suppression was demonstrated, and evidence for pares-
thesia-free spinal cord stimulation with burst SCS was
established.

De Ridder et al. followed up this study in 2013 with a
first-of-its-kind ~ prospective, ~ randomized, = sham-
controlled clinical study [24]. During the trial phase, 15
patients diagnosed with FBSS were exposed to one-week
periods of either tonic, burst SCS, or sham; the latter was
accomplished by turning the stimulation amplitude to
zero. Pain intensity scores demonstrated a statistically
significant improvement of back, leg, and general pain
with burst SCS as compared with sham. Interestingly,
isolated back and leg pain intensities were not signifi-
cantly different from tonic back and leg pain during tonic
stimulation. However, combined general pain was signif-
icantly different between burst and tonic stimulation,
possibly demonstrating that the proposed different cen-
tral pain processing of pain with burst SCS is reflected in
the perception of general pain intensity. Remarkably,
burst SCS showed significant improvement over placebo
for back, leg, and general pain. Indeed, central processing
of pain as a cognitive construct has implicated both affec-
tive and somatic discriminatory brain areas as well as the
connectivity between these regions [55,56].

In clinical practice, unresolved and often intractable
low back and leg pain after spinal surgery (FBSS) [57]
has served as the most common indication for SCS
[12,58,59]. The published body of evidence for tradi-
tional tonic stimulation reflects this, as FBSS is the most
thoroughly studied indication for SCS [58,60].

Multiple prospective and cohort-designed review stud-
ies have been published that demonstrate the clinical effi-
cacy of burst SCS on FBSS, as well as a number of other
low back pain conditions (Table 2) [14,18,26,33]. Schu
and colleagues conducted a sham-controlled randomized
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trial comparing burst SCS with both placebo control and
a continuous 500-Hz tonic paradigm in patients with
FBSS already receiving LF-SCS—thus controlling for the
higher frequency of stimulation without the interburst in-
terval or the charge accumulation and passive discharge
found in the burst SCS stimulation paradigm. The
authors found that burst SCS demonstrated significantly
better pain relief (P < 0.05) as compared with the other
cohorts studied. The studies by Schu and DeRidder pro-
vide important and reliable data on burst SCS by utilizing
sham controls, a study design element that is either not
possible with LF-SCS or rarely attempted—in both cases,
burst SCS was shown to be superior to sham. Courtney
and colleagues published similar findings from a prospec-
tive multicenter study; subjects (N =22) with a primary
diagnosis of FBSS already receiving LF-SCS demonstrated
superior pain relief when switched to burst SCS [32].
These findings are comparable to some of the original
prospective data by DeRidder et al. [19] on FBSS patients
showing superior “paresthesia-free” low back and limb
pain relief in patients who had previously been treated
with LF-SCS. Similar findings of significant pain relief
when FBSS patients are provided with burst SCS have
further  supported these multiple  observations
[35,36,41,48].

The SUNBURST trial, published in 2017, is the largest
prospective, multicenter randomized controlled trial evalu-
ating burst SCS to date [25]. This study was conducted to
obtain Food and Drug Administration (FDA) approval
and was therefore performed under strict FDA guidance. It
was designed as a noninferiority crossover trial to compare
burst SCS with control LF-SCS; subsequent superiority
testing of secondary powered outcomes was also con-
ducted, as outlined in the a priori statistical analysis plan.

After a successful LF-SCS trial stimulation and im-
plant, subjects received, in randomized order, 12 weeks
of either LF-SCS or burst SCS. After 12 weeks, subjects
then crossed over to the other group. After 24 weeks, par-
ticipants were allowed to use the stimulation mode of
their choice, and subjects were followed until all subjects
passed the one-year mark, with some subjects having
two-year follow-up. FBSS and radiculopathies were the
primary diagnoses of the study population, but pain con-
ditions such as CRPS, degenerative spine disease, and
postoperative pain were also included, thus reflecting the
variability in SCS indications in everyday clinical settings.
The primary outcome variable was difference in pain in-
tensity between burst SCS and LF-SCS stimulation. The
mean difference in pain intensity for general pain was
5.1mm (VAS, 0-100 mm), resulting in burst SCS demon-
strating both noninferiority and superiority compared
with LF-SCS. The group difference in pain intensity was
smaller in this study as compared with other trials
reviewed comparing burst and tonic stimulation.
However, it must be considered that only subjects proven
to be responders to tonic stimulation were included in
the trial, which potentially might disfavor burst SCS over

tonic stimulation (enrich an LF-SCS responding popula-
tion). Moreover, it is worth noting that despite the mod-
erate difference in pain intensity between the stimulation
modes, 70.8% of the study subjects preferred the burst
stimulation mode over tonic stimulation. When ques-
tioned about the primary reason for preferring burst SCS,
roughly half of the subjects answered superior pain relief,
the other half lack of paresthesia. This potentially sug-
gests that burst SCS targets other aspects of the pain or
therapy experience, as indicated by earlier investigators
demonstrating significant differences in pain vigilance
and a possible difference in central processing of pain be-
tween burst SCS and LF-SCS [24].

The SUNBURST trial data point to clinically impor-
tant relationships between stimulation amplitude, pares-
thesia, and analgesic effects for burst SCS, essentially a
therapeutic window of optimal efficacy. Despite the fact
that considerable burst SCS programming experience
existed in Europe at the time the trial started in the
United States, subjects were not programmed in the same
standardized manner at the onset of SUNBURST. During
the course of the study, there was a tendency toward
higher stimulus amplitudes, and in a programming opti-
mization substudy of 32 patients having completed the
first 24 weeks of the SUNBURST trial, additional im-
provement and fewer paresthesias were observed after a
lowering of stimulation amplitudes into the presumptive
therapeutic window [50].

Burst SCS has also shown promising results in other
pain patient populations, beyond low back pain and
FBSS. De Vos and colleagues investigated the effective-
ness in three cohorts: FBSS, poor responders (PRs) to
tonic stimulation, and painful diabetic neuropathy [35].
Twelve patients with benefit from tonic stimulation for
PDN were switched to burst SCS for two weeks, resulting
in a 44% decrease in pain intensity from tonic baseline.
The pain reduction in the PDN cohort surpassed both the
FBSS and PR cohorts. Evidence for traditional tonic stim-
ulation in PDN had previously been established in a mul-
ticenter randomized clinical trial [35], and despite
methodological weaknesses such as short follow-up time
in the burst SCS trial from the same author, evidence sug-
gests that burst SCS is at least as effective as tonic stimu-
lation in producing a substantial, clinically meaningful
effect on pain in PDN, without paresthesias.

Burst SCS Regaining Pain Relief in Failed Tonic
SCS

A number of studies have compared the analgesic efficacy
of burst in patients with effective tonic therapy (Table 2),
as well as salvage therapy with burst SCS in patients fail-
ing tonic therapy. Burst SCS may offer advantages over
tonic stimulation, as the data suggest improved patient
tolerance, increased function, and success in a subset of
patients refractory to tonic SCS. De Vos et al. [35] tested
burst SCS for two weeks in 48 patients with tonic
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stimulation for at least six months. The 48 patients were
divided into three groups: 12 patients with painful dia-
betic neuropathy, 24 patients with FBSS who had signifi-
cant pain reduction with tonic stimulation, and 12
patients with FBSS who did not benefit from tonic stimu-
lation. After two weeks of burst SCS, pain scores were re-
duced significantly. Burst produced an additional pain
reduction of 44% in PDN and 28% in the patients with
FBSS who had already experienced pain reduction with
tonic stimulation. On average, poor responders to tonic
SCS reported decreased pain intensity by 23% when
burst SCS was utilized. Although poor tonic responders
seemed to benefit less, there was still a meaningful reduc-
tion in pain when compared with tonic SCS. Overall,
burst SCS was able to produce an additional pain-
relieving effect in almost 60% of the pain patients. In a
separate study, DeRidder and colleagues reported that
62.5% of the patients not responding to LF-SCS did re-
spond positively to burst SCS [34], similarly demonstrat-
ing that burst SCS can result in analgesia when LF-SCS
fails.

Intuitively, it makes sense that a stimulation paradigm
acting through different neurophysiologic mechanisms
would be able to provide analgesia when a different stim-
ulation mode has lost effect. Although it appears that
burst SCS can provide pain relief for those patients who
have failed tonic stimulation [26], further research is re-
quired to more fully elucidate this in multiple patient
populations.

Studies Comparing Burst SCS with Higher-
Frequency Paradigms

To the best of our knowledge, only three trials have
compared burst SCS with another higher-frequency
tonic  stimulation mode (HF-SCS) (Table 2)
[36,40,61,62]. HF-SCS therapy delivers tonic stimula-
tion to the spinal cord at a frequency at or near
10 kHz. Kinfe et al. randomized 16 patients with FBSS
and predominant low back pain to either HF-SCS or
burst SCS and followed up at three months and
12 months [36,62]. Both treatments resulted in a ro-
bust therapeutic effect on back pain intensity and func-
tional outcomes. The result was slightly in favor of
burst SCS, but this result should be cautiously inter-
preted, considering the small sample size and single-
center design. Schu and colleagues compared burst SCS
with a 500-Hz tonic SCS stimulation pattern, thus
matching the intraburst signal frequency. These authors
found burst to provide better analgesia in patients with
FBSS when compared with the 500-Hz group [40]. In
patients suffering from CRPS, no clear preference for burst
or other HF-SCS paradigms, including frequencies at 500
and 1200 Hz, could be demonstrated [61]. This suggests
that there may be a difference in this patient population
when compared with those suffering predominantly from
low back pain.

Blinded, Sham-Controlled Studies Utilizing Burst
SCS

Burst SCS has been studied in a total of 11 prospective
studies (Table 1). Of these, four have also included sham/
placebo controls (Table 3) [24,40,41,61]. This far
exceeds any other cohort of placebo-controlled studies
examining a specific stimulation frequency or pattern,
where similar stimulation parameters might slightly vary
between studies (including HF-SCS) [63,64]. In all but
one study [41], burst SCS outperformed placebo control
(sham stimulation); however, in that study, the “sham”
stimulation was comprised of the stimulating amplitude
being set at 0.1 mA, or as the authors termed it, the
“low-burst” setting. This is in opposition with the other
three studies, which set the device amplitude to 0 mA
[24,27,61], and suggests that burst SCS may provide
therapeutic benefit even at very low amplitudes. This is
consistent with the concept that higher stimulation
amplitudes, in general, may be less effective than lower
amplitudes [50], with a lower dose-response curve
“floor” than tonic stimulation. These consistent findings
are in contrast to other placebo-controlled studies show-
ing inconsistent and conflicting findings on differences
between HF-SCS and sham stimulation [63,64].

Emotional and Affective Component of Pain

The individual’s perception of pain is the result of a com-
plex integration of sensory, emotional, and cognitive ce-
rebral input. It is believed that the discriminative/sensory
part of pain perception (e.g., exact location, character,
intensity of pain) follows the lateral pathway via the an-
terior spinothalamic tract, which projects mainly to the
S1 and S2 regions of the somatosensory cortex and the
operculum of the insula. The affective/emotional part of
pain perception follows the medial pathway via the lat-
eral spinothalamic tract, which projects to the operculum
part of the insula, anterior cingulate cortex (ACC), and
other brain regions [18,23] The medial thalamic complex
is believed to potentiate the ACC by burst firing patterns.
Activation of the ACC is involved in processing the atten-
tion paid to pain [65] and the unpleasantness of pain per-
ception [66,67]. This connection has been implicated in
the evolution of acute to chronic pain as a result of low-
frequency firing patterns within the spinothalamic—cingu-
late complex. This anatomic pathway might also facili-
tate pain-induced attention, memory, fear, and anxiety
behaviors as a contextual basis for pain [18,68,69]. The
mechanism of action article in this supplement, as well as
other reviews, gives detailed information on the evidence
gained over the years to support the possible clinical effi-
cacy of burst SCS, as this simulation paradigm tends to
act on the ACC [15,18]. Spinal, supraspinal, and neuro-
immunological mechanisms of burst SCS might help ex-
plain its clinical effects on the affective component of
pain perception.
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Table 3. Sham-controlled study outcomes utilizing burst SCS

Sample

Reference Size Diagnosis Time Course, wk Baseline Pain Burst SCS Pain Sham/Placebo

Kriek et al. [38] (2016) 29 CRPS 2 72.74 47.98 63.7

Schu et al. [40] (2014) 20 FBSS 2 N/A 47 83

Tjepkema-Cloostermans 40 FBSS/PR/neuropathy 2 N/A 42 40

etal. [41] (2016)

De Ridder et al. [24] (2013) 15 FBSS/neuropathy 1 82 (overall) 37 (overall) 73 (overall)
74 (back/trunk) 34 (back/trunk) 60 (back/trunk)
75 (leg) 36 (leg) 66 (leg)

CRPS = complex regional pain syndrome; FBSS = failed back surgery syndrome; PR = poor responder; SCS = spinal cord stimulation.

We identified multiple studies describing the effects of
burst SCS on validated clinical affective outcome param-
eters. In the Beck Depression Inventory (BDI), a validated
questionnaire that looks at three domains of depression,
the degree of symptoms is categorized as minimal, light,
moderate/severe, or severe, with score ranges of 0-13,
14-19, 20-28, and 29-63, respectively. Four papers with
a total of 128 patients used the BDI as a secondary out-
come measure (Table 4). Unfortunately, the most com-
prehensive study used moderate/severe depression (BDI
> 24) as an exclusion criterion [25]. For this reason, only
patients with low BDI scores were included in this trial.
Thus, the reported BDI scores in this pivotal study have
no clinical meaning in further analysis. The smaller stud-
ies show a clinically meaningful reduction in BDI score
for burst SCS compared with baseline measurements.

The Pain Catastrophizing Scale (PCS) is a validated
questionnaire that looks at three domains of pain cata-
strophizing: rumination, magnification, and helplessness.
The maximum score is set at 52, with a total PCS score
of 30 representing clinically relevant catastrophizing. A
total PCS >30 results in a significant chance of prolonged
unemployment and total disability for occupation-related
activities. There is a strong correlation between high PCS
scores and high BDI scores. Three papers with a total of
57 patients investigated PCS as a secondary outcome
measure (Table 5). Results from multiple studies indicate
that pain catastrophizing can be significantly reduced
with burst SCS. Currently, it is unclear if the greater
reductions in pain observed with burst SCS are a primary
effect on the PCS; this could also result from direct neu-
romodulatory effects on supraspinal regions in the cere-
brum. Further studies are needed to better elucidate the
effects observed on the PCS and to better understand the
cause and effect properties.

The insula and ACC in the brain play a pivotal role in
attention to pain and may influence pain-related behav-
ior [55,56]. Moreover, pain hypervigilance is associated
with greater clinical pain severity and enhanced experi-
mental pain sensitivity in chronic pain patients [70]. The
Pain Vigilance and Awareness Questionnaire (PVAQ) is
a validated questionnaire that scores two domains of

attention to pain: actual attention and change in atten-
tion. The maximum score is set at 80. To support its va-
lidity, PVAQ scores are related to perception of bodily
awareness and negatively correlated with the ability to
ignore pain [71,72]. Thus, the amount of awareness or
attention to pain is a contextually important factor in
terms of how much pain a person perceives. Three papers
with a total of 50 patients that studied the PVAQ as a
secondary outcome measure were analyzed (Table 6). In
two studies, there was a reduction of PVAQ reported.
Although the reductions were modest, it is unclear how
the results would differ in a cohort of de novo stimula-
tion patients who had not undergone prior stimulation
therapy where partial relief may have already been
attained or the attentional context had already been
altered.

Overall, clinical data suggest that burst SCS is able to
alter the affective and emotional components of pain,
probably by modulation of the brain regions involved in
affective and emotional pain processing [23,24,73].
Psychological comorbidities such as depression and pain
catastrophizing are viewed as negative predictors of a
beneficial long-term outcome of SCS [74,75]. Novel stim-
ulation paradigms such as burst SCS, due to proposed
distinct differences in mode of action, may provide chal-
lenging patient populations with a better chance of suc-
cess utilizing SCS therapy. As many of these outcomes
are interrelated and covary with one another in a typical
clinical setting, it will be interesting to see how burst SCS
may directly influence the affective component of pain
via modulation of centrally projecting pathways.

Explant Data

Lack or loss of efficacy is the most frequent reason for
explant of neuromodulation systems [76-79]. This repre-
sents a tremendous burden for the patient, medical staff,
and social care systems alike. In a multicenter retrospec-
tive study examining neuromodulation system explants
(N =352), Pope et al. found that 43.9% were explanted
due to loss or lack of efficacy with tonic stimulation. The
majority of the patients treated (45.7%) suffered from
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Table 4. Published papers including the Beck Depression Inventory as an outcome measure and the results

Reference SCS Indication No.  Follow-up, wk  Baseline BDI Burst BDI Comparator BDI
Deer et al. [25] Mixed neuropathic pain 100 52 10.1 (£ 6) 8.9 (+7.6) Tonic: 9.6 (= 7)
Kinfe et al. [36] (2016) FBSS 8 12 23.3 (=2.1) 13.5 (x4.5) Burst = HF-SCS
Kinfe et al. [37] (2017) Refractory FBSS 12 12 20.83 (£ 3.56) 10.92 (= 0.75) Control 2.0 (= 0.5)
Muhammed et al. [62] (2017) FBSS 8 80 25.88 10.87 NR

BDI = Beck Depression Inventory; FBSS = failed back surgery syndrome; HF-SCS = high frequency SCS; NR = not reported; SCS = spinal cord stimulation.

Table 5. Published papers including the Pain Catastrophizing Scale as an outcome measure and the results

Reference SCS Indication No.  Follow-up, wk  Baseline PCS  Burst PCS Comparator PCS
Deer et al. [25] (2018) Mixed neuropathic pain 100 52 NNR NNR Tonic = burst
Courtney et al. [32] (2015) Mixed neuropathic pain 22 2 NR 10.3(%£9.9) Tonic: 17.9 (£ 12.9)
Schu et al. [40] (2014) FBSS 20 3 18.5(+13.9) NR NR

Van Havenbergh et al. [48] (2014) FBSS 15 4 NNR NNR Burst 500 Hz >

burst 1000 Hz

FBSS = failed back surgery syndrome; NNR = difference reported, no absolute numbers; NR = not reported; PCS = Pain Catastrophizing Scale; SCS = spinal

cord stimulation.

Table 6. Published papers including the Pain Vigilance and Awareness Questionnaire as an outcome measure and the results

Reference SCS Indication No. Follow-up, wk Baseline PVAQ Burst PVAQ Comparator PVAQ LOE

De Ridder [24] (2013) FBSS 15 3 34.5% 31.4% Tonic: 36* 1b

Schu et al. [40] (2014)  FBSS 20 3 35.4 (= 12.1) NR NR 1c

Van Havenbergh FBSS 15 4 NNR NNR Burst 500 Hz = 2b
et al. [48] (2014) burst 1000 Hz

FBSS = failed back surgery syndrome; LOE = level of evidence; NNR = difference reported, no absolute numbers; NR = not reported; PVAQ = Pain Vigilance

and Awareness Questionnaire; SCS = spinal cord stimulation.
*Summation of the attention to pain and attention to change in pain.

FBSS [76]. Explants after SCS were also recently analyzed
by Jean Pierre Van Buyten et al. [77]. A retrospective
chart review of 955 implants over a five-year time period
from centers in three different countries were analyzed,
and a mean explant rate of 7.9% annually was detected.
The total number of unanticipated implanted pulse gen-
erator (IPG) explants was 180 (19%). Of these 180
explants, 94, or a little more than half, were due to inade-
quate pain relief; 14.2% of the patients utilizing HF-SCS
(10 kHz) therapy were explanted due to inadequate pain
relief. In patients treated with tonic SCS, the explant rate
due to inadequate pain relief was 11.2% for the recharge-
able system and only 6.9% for the nonrechargeable sys-
tem [77]. In an eight-year follow-up of 234 patients with
different pain pathologies, Hayek et al. found that 32
patients (13.7%) reported loss of efficacy, which was the
most common reason for all explants (39%). The median
time until explant was 19.6 months [79].

In an effort to decrease device explants and exiting
from neuromodulation therapy, switching to burst SCS
when tonic stimulation fails (and vice versa) has been
shown to be a clinically valid approach [35]. Moreover,
if pain relief has subsided due to adaption or accommo-
dation of the nervous system, switching to a different

stimulation paradigm with a different mechanism of
action makes sense [18].

Conclusions

There is a high level of clinical evidence for the efficacy
of burst SCS on pain intensity after one year of therapy in
patients suffering from a variety of chronic pain condi-
tions. Moreover, there are many blinded, sham-
controlled RCTs indicating clinical superiority over both
placebo and tonic SCS. In addition to high-quality data
from controlled trials, there is a plethora of evidence
from observational studies that demonstrates that burst
SCS produces improvement, not only in pain intensity
but over a range of other clinically meaningful patient-
reported outcomes. Multiple sources of evidence suggest
that burst SCS appears to interfere with the affective
component of pain perception, indicating that unique
changes in the central processing of pain are induced by
this therapy.

The overall level of evidence in trials reviewed for this
paper is variable, ranging from high-quality prospective
trials with long follow-up periods to a number of low- to
medium-quality trials. Randomized trials comparing
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different stimulation patterns powering for affective com-
ponents of pain are needed to confirm the reported posi-
tive effects in prior reports. Although there are data on a
variety of neuropathic pain conditions, future studies
should also better focus on individual pain conditions,
like FNSS, CRPS, peripheral neuropathies, postsurgical
chronic pain, ischemic pain conditions, visceral pain, and
central pain conditions (e.g., poststroke pain). A compre-
hensive means to approach this is bundling the existing
data in an international database and running registry-
based RCTs [80]. In this manner, new indications can be
studied in real-world populations with a long follow-up
period, gaining increasing clinical evidence levels.

It will be useful to best understand patient phenotypes
that may best respond to burst SCS either before receiv-
ing any form of neuromodulation, or as a secondary at-
tempt at regaining analgesia in patients losing efficacy
with tonic or HF-SCS. Real-time pain intensity recording,
validated questionnaires in affective pain perception,
real-time functional outcome measures (e.g., pedometry
and sleep quality), and standardized additional investiga-
tion (e.g., neuroimaging, neuro-electrophysiology, bio-
metrics) may help in this process and push personalized
pain therapies forward.
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