Neuromodulation: Technology at the Neural Interface

Received: October 21, 2014 Revised: February 2, 2015 Accepted: February 18, 2015

(onlinelibrary.wiley.com) DOI: 10.1111/ner.12294

Improved Pain Relief With Burst Spinal Cord
Stimulation for Two Weeks in Patients Using
Tonic Stimulation: Results From a Small
Clinical Study
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Objectives: Conventional spinal cord stimulation (SCS) delivers a tonic waveform with consistent stream of pulses; burst delivers
groups of pulses separated by short pulse-free periods. The current study compared the short-term safety and efficacy of burst
with tonic stimulation in subjects already receiving SCS.

Materials and Methods: At 4 IRB-approved sites, 22 subjects previously implanted with an SCS device for intractable, chronic
pain gave informed consent and received burst stimulation for 14 days. Subjects reported average daily Visual Analog Scale (VAS)
for overall, trunk, and limb pain using tonic stimulation and after 7 and 14 days of burst stimulation. Thoughts about pain were
assessed using the Pain Catastrophizing Scale. Areas of paresthesia were assessed during tonic and burst stimulation using body
maps. Assessment of patient satisfaction and preferred stimulation occurred after 14 days of burst.

Results: Average daily overall VAS reduced 46% from a mean of 53.5 (+20.2) mm during tonic SCS to 28.5 (+18.1) mm during burst
(p <0.001); trunk and limb VAS scores were also reduced by 33% and 51%, respectively. During burst, 16 subjects (73%) reported
no paresthesia, 5 (23%) reported a reduction, and 1 (4%) reported increased paresthesia. After 14 days, 21 subjects (95%) reported
being very satisfied or satisfied with burst. Burst was preferred by 20 subjects (91%), tonic by 1 (5%), and 1 (5%) reported no
preference. Better pain relief was the most common reason cited for preference.

Conclusions: A majority of subjects reported improved pain relief using burst compared with tonic stimulation. Most subjects
experienced less paresthesia during burst and preferred burst citing better pain relief.
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INTRODUCTION
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reduces pain and medication use, improves quality of life, allows
some patients to return to work, and provides cost savings with
minimally significant adverse events (AE) for refractory neuropathic
back and leg pain (1). However, an estimated 30-50% of patients

receiving permanent SCS fail to achieve and/or maintain a 50%
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reduction in pain intensity on the Visual Analog Scale (VAS), indicat-
ing that a subset of patients may benefit from technological devel-
opments in SCS therapy (2-4).

Conventional SCS uses a tonic waveform that delivers a consis-
tent stream of pulses at a pre-set amplitude, frequency and pulse
width creating paresthesias intended to cover most or all of the
areas of pain. By making adjustments to frequency, pulse width, and
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amplitude, or by using cycle mode programs, patients can maximize
the area of paresthesia coverage over the painful area. The burst
waveform has been previously described in detail (5,6). Briefly, burst
programming delivers groups of pulses, called burst trains, which
are separated by quiescent periods, called interburst intervals. Each
burst train contains a series of pulses at constant pulse amplitude,
pulse width, and interpulse frequency delivered in a pattern similar
to that of burst firing neurons that are known to exist, alongside
tonic firing neurons, in some pain pathways (7).

A form of burst stimulation for the treatment of pain has been
used with transcutaneous electrical nerve stimulation devices (8,9).
More recently, de Ridder and colleagues compared the burst and
tonic waveforms for subjects with chronic pain during an SCS trial
period (6,10). In both de Ridder studies, burst provided statistically
superior pain relief, and all subjects preferred burst mode over tonic
stimulation. AEs were not reported. Together, the work of de Ridder
and colleagues suggests that burst stimulation is effective at reduc-
ing pain in SCS-naive subjects.

de Vos and colleagues reported the use of burst stimulation in 48
subjects who had six months of experience with tonic stimulation
(11). VAS scores were reduced by 37% from baseline using tonic
stimulation. After two weeks using burst stimulation, VAS scores
were reduced by 62% from baseline. Subjects with failed back
surgery syndrome (FBSS) whose response to tonic stimulation
waned over time reported a 10% improvement in pain with burst,
and FBSS subjects who maintained their response to tonic stimula-
tion reported a 41% reduction in pain. Subjects with diabetic neu-
ropathy reported a 58% reduction with burst. Three subjects
reported mild AEs while using burst stimulation similar in type and
severity to those reported in tonic SCS studies. The study by deVos
and colleagues indicates that burst stimulation provided pain relief
superior to tonic with limited side effects for subjects who were
accustomed to tonic stimulation.

In a prospective, randomized trial, Schu and colleagues compared
pain outcomes for one week each of tonic stimulation, burst stimu-
lation, and placebo stimulation in subjects with FBSS who had at
least three months of experience using tonic stimulation (6). Sub-
jects reported the lowest pain scores while using burst stimulation,
and 80% of subjects reported a preference for burst. No AEs were
reported during the study.

This evidence suggests that burst stimulation may provide
improved pain relief compared with tonic stimulation. The safety
profile for burst, however, is also not well documented in the litera-
ture. The current study sought to evaluate the short-term safety and
efficacy of burst stimulation compared with tonic stimulation in
subjects who were receiving tonic stimulation for at least 90 days.

METHODS

This open-label, multi-site study compared burst stimulation to
tonic stimulation. Subjects with a previously implanted SCS device
were programmed with burst stimulation for 14 days. Subject
assessment occurred while using tonic stimulation at the start of the
study and again during burst stimulation at 7- and 14-day visits.
Subject enrollment occurred at 4 investigational sites in Australia
from November 27 to December 5, 2013. All sites obtained appro-
priate institutional review board approval prior to recruitment.

Subjects
The number of subjects at each site was not controlled; consecu-
tive, potentially eligible subjects were approached for participation

in the study until 22 subjects, the maximum defined by the study
protocol, were enrolled. Before enrollment, subjects provided
written informed consent in which they were informed that the
form of programming they would receive during the study may or
may not produce paresthesia while providing pain relief. Subjects
were not required to discontinue other current treatments, to
modify current medications, or to undergo additional surgical pro-
cedures to participate in the study.

Subjects were enrolled if they: 1) provided informed consent and
were willing to participate in study visits, 2) were at least 18 years of
age, 3) had a diagnosis of chronic intractable pain of the trunk
and/or limbs, 4) were previously implanted with an SCS device that
was compatible with the investigational programmers, and 5) had at
least 90 days with tonic stimulation. Subjects were not eligible for
enrollment if they: 1) were currently participating in another study
with an active study arm, 2) had SCS components that were incom-
patible with the investigational programmers, 3) had more than one
IPG, 4) had peripheral leads, 5) had an infusion pump, or 6) were
pregnant.

Devices and Stimulation Parameters

At the start of the study, subjects were assessed while using their
favorite tonic stimulation program and cathode-anode configura-
tion. For burst programming, investigational device programmers
were used in conjunction with commercially available SCS system
components and leads (St. Jude Medical, Plano, TX). The investiga-
tional programmer allowed programming of burst stimulation
mode, collection and transfer of stimulation parameters, and
control of the patient programmer options. At the initial burst pro-
gramming, the clinician programmed the electrode configurations
and amplitude for burst stimulation based on the subject’s effective
tonic parameters and clinician discretion for achieving pain cover-
age. Programming sessions, initial or at seven days, were aimed at
optimizing pain relief. For all subjects, burst programming con-
tained burst trains occurring with a frequency of 40 Hz. Within each
burst train, 5 pulses occurred at a frequency of 500 Hz with a pulse
width of 1000 ps.

The patient programmer provided one burst program, allowed
the subject to turn the stimulation on or off, and allowed the subject
to adjust amplitude for the burst program. Subjects were unable
to switch to tonic stimulation for the duration of the study. At
the end of the study, subjects were returned to tonic stimulation
programming.

Assessment Tools

Pain intensity was assessed using the VAS. Subjects indicated pain
intensity by drawing a line on a 100 mm horizontal axis anchored by
descriptors on each end (no pain and worst imaginable pain). Pain
intensity was measured in mm from the left side of the scale (no
pain) to the location indicated by the subject. Higher scores indi-
cated greater pain intensity. Subjects were asked to complete three
VAS scales at each of the three study visits recalling their average
overall daily pain, average daily trunk pain, which includes back
pain, and average daily limb pain during the previous week.

Subjects reported paresthesia using a standard body map labeled
with numbered sections. The participant was instructed to shade in
or place an X in the area(s) where sensations of stimulation/
paresthesia were present. If marking the body map was not appli-
cable due to a total lack of paresthesia, subjects were asked to
indicate this in a check box on the body map form. Subject’s pares-
thesia was classified as “no paresthesia” or by the percentage of
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change in the number of paresthesia areas during burst stimulation
compared to the number of areas of paresthesia reported during
tonic stimulation at the start of the study.

Subjects completed the validated Pain Catastrophizing Scale
(PCS), which assesses feelings and thoughts experienced when a
patient is experiencing pain (i.e., not at the current moment) (12).
Pain catastrophizing, as a psychosocial aspect of the pain experi-
ence, has been linked to functional disability and may lead to
delayed recovery for chronic pain patients (13). The scale includes
13 statements concerning pain experiences that are rated by the
subject on a scale between 0 (“not at all”) and 4 (“always”). The scale
is self-administered and examines the following three domains:
Rumination, Magnification and Helplessness. A higher score indi-
cates a higher level of catastrophizing.

Subject satisfaction with burst stimulation was assessed using a
5-item Likert scale (ranging from greatly dissatisfied to greatly sat-
isfied) and by asking their preferred stimulation type (burst or tonic).
Information about device usage and programming was collected
via subject report.

Study Visits

Site investigators conducted study visits. Clinician reported the
site investigator completed programming information and assess-
ments. Either the site investigator or a nurse functioning as a study
coordinator supervised self-reported subject assessments.

Study Initiation

While continuing to use tonic SCS, the following assessments
were conducted: VAS, demographics, pain history, PCS, and pares-
thesia mapping. After the tonic stimulation assessment, the sub-
ject’'s device was reprogrammed for burst stimulation. Each
subject’s burst program was defined as described above in the
Devices and Stimulation Parameters section.

After Seven Days of Burst

Subjects returned to the clinic after seven days (+2 days) of burst
stimulation. VAS, paresthesia mapping (only if their programming
was modified), and programming information were recorded. If sub-
jects requested changes to their stimulation, adjustments were
made to the burst programming parameters to optimize pain relief,
but subjects were not switched back to tonic stimulation at any
point during the study.

After 14 Days of Burst

At a minimum of 14 days, but no more than 21 days, after the
initial burst stimulation programming, subjects attended the final
follow-up and were exited from the study. Subjects reported VAS,
PCS, programming information, paresthesia mapping (all subjects),
satisfaction ratings, and subject preference of tonic or burst stimu-
lation. Subjects were then exited from the study and returned to
their original tonic stimulation mode with approved programming
devices.

Safety

AEs and adverse device effects (collectively termed AEs) were
solicited at every study visit, including any unscheduled visits. All
AEs volunteered by the subject or elicited by the investigator were
recorded from the time of consent through to the end of study
whether or not considered device or procedure-related. In the event
of areported AE, an appropriate intervention was initiated to ensure
subject safety.

Data Analysis

Data from 22 subjects were included in analyses. The analyses
were conducted with Microsoft Excel and SAS v9.3.using the avail-
able data; missing data were excluded. Significant effects were
those with a probability lower than o. = 0.05. The primary endpoint
of this study was VAS scores during burst stimulation compared
with baseline tonic stimulation. For each VAS score (trunk, limb, and
overall daily), repeated measures analysis of variance (RMANOVA)
determined differences in pain scores across study visits. For signifi-
cant global F tests, Bonferroni-corrected t-tests provided pairwise
comparisons between tonic stimulation and the 14-day burst stimu-
lation follow-up. Effect sizes to estimate the magnitude of statisti-
cally significant effects are reported as Cohen’s d for pairwise
comparisons.

Secondary measures of paresthesia, change in paresthesia, satis-
faction, and stimulation mode preference were examined using rel-
evant descriptive statistics. Changes in thoughts about pain were
inspected by computing a change in the PCS total score and
subscale scores between tonic and burst stimulation. The distribu-
tion of subject’s reported overall daily VAS while using tonic stimu-
lation was examined, using metrics defined statistically by Aicher
(14), as an exploratory inspection of possible influences on reported
differences in pain intensity between burst and tonic stimulation.

RESULTS

Subjects

A total of 44 patients were screened for enrollment; 23 subjects
were enrolled. The most cited reason for a screen failure was lack of
interest in the study. One subject was ineligible for inclusion
because of an incompatible device and was withdrawn from the
study before undergoing any study procedures. A total of 22 sub-
jects were included in the study and received burst stimulation for
14 days. One subject failed to report VAS scores during tonic stimu-
lation and was excluded from the primary analyses; this subject’s
data is included for descriptive measures not dependent on tonic-
burst comparison (e.g., preference, demographics, satisfaction).
Subjects were, on average, 58 years old (£13.9), 13 (60%) were
female, and 100% were Caucasian. The primary indications for these
subjects were failed back surgery syndrome (N = 7, 32%),
radiculopathies (N = 8, 36%), complex regional pain syndrome type
I (N=1, 4%), and 6 (26%) subjects reported chronic pain conditions
of other origins, including disc injury/disease, nerve injury and neu-
ropathic pain. Subjects reported an average of 8.9 years (+4.0) since
the onset of their pain symptoms. The majority of subjects in the
study were unemployed (N = 16, 73%), for the following reasons:
disability (N = 3, 14%), retired (N = 6, 27%), or no reason provided
(N =7, 32%). Four (18%) subjects reported working full time, and
2 (9%) subjects reported working part time.

Devices and Stimulation Parameters

All subjects had percutaneous leads and a rechargeable implant-
able pulse generator (IPG); 21 (95.5%) subjects were implanted with
2 leads and 1 (4.5%) subject was implanted with 1 lead. Seventeen
subjects (77%) had 8-contact percutaneous leads; 4 subjects had
Lamitrode S8 percutaneous paddle leads, and 1 subject did not
report the lead model number. Twenty-one of the 22 subjects had
thoracic leads (19 with T8—T12 placement, 2 with T4—T7 place-
ment). One subject had cervical (C6) lead placement.

The majority (14/22; 63.6%) of subjects used tonic stimulation for
18-24 h/d; 4 (18.2%) used tonic for 12-18 h/d, and the remaining 4
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Tonic
Mean SD Min
Perception amplitude 4.2 23 1.0
Comfort amplitude 6.5 34 1.0
Max tolerable amplitude 89 5.0 1.0
Frequency 54.8 18.8 30.0

Pulse width (us) 3195 780 200.0

Table 1. Summary of Programming Parameters for Both Tonic and Burst Stimulation.

**For all patients, burst was set to 40 Hz with an intraburst rate of 500 Hz, 5 pulses per burst, and a pulse width of 1000 ps.

Burst
Max Mean SD Min Max
9.0 03 0.5 0.05 20
14.0 14 1.0 0.05 4.2
21.0 25 0.8 0.03 5.0
SOOO *% *% *% *%

100
o Baseline Tonic
% 80
i @ 7 Days of Burst
2
g 60 * . 14 Days of Burst
" * *
(2] *
40
g
&
S 20
=
0
Overall VAS Trunk VAS Limb VAS

Figure 1. VAS Scores at Baseline, 7 days, and 14 days. Mean VAS scores (£5D)
during baseline tonic stimulation, after 7 days of burst stimulation, and after 14
days of burst stimulation. * indicates statistically significant difference compared
with baseline tonic stimulation (p < 0.05).

subjects (18.1%) used the stimulator for less than 12 h/d. Most sub-
jects (15/22; 68.2%) reported recharging their IPG either two to
three times per week or weekly and reported that recharging
required less than two hours (18/22; 81.8%).

After 14 days of burst stimulation, the majority (20/22; 90.9%) of
subjects used their device 18-24 h/d; 2 subjects reported using
burst for 12-18 h/d. Most subjects (16/22; 72.7%) reported IPG
recharging at a frequency of two to three times per week. Three
subjects (13.6%) reported charging daily and three (13.6%) subjects
reported recharging weekly or every other week while using burst
stimulation. While using burst stimulation, the majority of subjects
(11/22; 50.0%) reported needing less than 30 min to recharge the
IPG.

During the subject’s favorite tonic program, mean comfort ampli-
tude was 6.5 mA (£3.4). Mean comfort amplitude during burst pro-
grams was 1.4mA (£1.0). See Table 1 for perception and max
tolerable amplitudes for both tonic and burst programs.

Efficacy

The average overall daily VAS reported during tonic stimulation
was, on average (+SD), 54.0 mm (£19.8), compared with 28.3 mm
(£23.0) after seven days of burst stimulation, and 28.3 mm (£17.3)
after 14 days of burst stimulation. RMANOVA revealed a significant
difference across time (F[2,21] = 20.08, p < 0.001). Pairwise compari-
sons indicated that overall daily VAS was significantly reduced from
tonic after both seven days [t(21) =—-5.08, p=0.001,d=1.12] and 14
days [t(21) =-5.89, p < 0.001, d = 1.18] of burst stimulation (Fig. 1).
The mean percentage change from tonic stimulation for overall
daily VAS scores was 50% after seven days of burst stimulation and
46% after 14 days of burst stimulation. Of the 21 subjects with
overall daily VAS scores at the start of the study, 16 (76%)

reported a reduction in pain intensity after 14 days of burst stimu-
lation. Five (24%) reported an increase in overall daily VAS scores
after 14 days of burst. The increase for these subjects was 5%, on
average, and no subjects had an increase in overall daily VAS greater
than 10 mm on the scale.

When subjects were stratified by overall VAS reported during
tonic stimulation, 8/21 subjects (38%) reported overall daily VAS <
47 mm with a mean (£SD) of 31.5 mm (£9.6); mean reported overall
daily VAS while using burst stimulation for this group was 20.6 mm
(£10.9). Five of the 8 subjects (63%) with a VAS < 47 reported a
reduction in VAS of any magnitude-using burst. Thirteen of 21 sub-
jects (62%) reported VAS > 47 mm using tonic stimulation with a
group mean (£SD) of 67.9 mm (£7.4). Mean (£SD) overall daily VAS
for subjects with a VAS > 47 was 32.7 mm (£25.6) after using burst
stimulation for 14 days. Eleven of the 13 subjects (85%) with a VAS >
47 while using tonic reported a reduction in VAS of any magnitude
while using burst stimulation.

At the start of the study, 16 subjects provided trunk VAS.
Average trunk VAS was 44.2mm (+27.5), 31.3mm (+£27.0) and
17.9 mm (£19.8) for tonic stimulation, day 7, and day 14 of burst,
respectively. RMANOVA of trunk VAS scores indicated a significant
difference across time (F[2,18] = 8.55, p = 0.002). Bonferroni com-
parisons revealed a significant reduction in trunk VAS scores after
14 days of burst [t(18) = —4.10, p = 0.002, d = 0.78] compared to
tonic stimulation. Trunk VAS scores after seven days of burst were
not significantly different from tonic stimulation [t(18) = -2.16, p =
0.13] (Fig. 1). The mean percentage of change in trunk VAS scores
from tonic to burst stimulation was 31% at 7 days and 33% at 14
days.

For the 21 subjects reporting limb pain, mean (£SD) VAS was
58.2 mm (+21.2) during tonic stimulation, 26.4 mm (+20.2) after 7
days of burst stimulation, and 28.3 mm (+22.8) after 14 days of burst
stimulation. A significant difference across time was revealed for the
limb pain VAS (F[2,21] = 25.22, p < 0.001). Bonferonni comparisons
indicated that limb VAS scores were significantly reduced after both
7 days [t(21) =—6.63, p < 0.001, d = 1.28] and 14 days [t(21) =-6.17,
p < 0.001, d = 1.20] of burst compared to tonic stimulation (Fig. 1).
Limb VAS scores changed from tonic, on average, by 51% after both
7 and 14 days of burst stimulation.

A reduction in overall daily VAS scores, of any magnitude, was
reported by 76% (16/21) of subjects. Fourteen of 21 (67%) subjects
reported a 30% or greater change in pain intensity; 10 of 21 (48%)
subjects reported a 50% or greater change in overall daily VAS
scores. Ten of the 16 subjects (63%) reporting trunk VAS scores at the
start of the study reported both a 30% and 50% or greater reduction
in pain. For limb VAS scores, 15 of 21 (71%) subjects reported at least
a 30% pain reduction, and 10 (48%) reported at least a 50% reduc-
tion in pain scores.
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Table 2. Satisfaction Ratings at Each Follow-Up Visit.

n(%) Out of 22 total patients 7 days 14 days

Very satisfied 16 (73%) 18 (82%)
Satisfied 4(18%) 3(14%)
Neither satisfied or dissatisfied 0(0%) 0(0%)

Dissatisfied 2(9%) 1 (5%)

Very dissatisfied 0(0%) 0(0%)

Safety

A total of 4 AEs were reported by 3 subjects. Two events for the
same subject were classified as device-related. On 1 occasion, a
subject reported dizziness along with a sensation of warm feet; at a
later date, the same subject reported a persistent warm sensation of
the foot at a moderate level of discomfort. The remaining 2 AEs were
unrelated to the study procedures or device.

Paresthesia

All 22 subjects reported at least one area of paresthesia during
tonic stimulation on the body map. After 14 days of burst stimula-
tion, 16 subjects (73%) reported no paresthesia, 3 subjects (14%)
reported between a 50% and 99% reduction in the number of par-
esthesia areas, 2 subjects (9%) reported between a 1% and 49%
reduction in the number of paresthesia areas, and 1 subject (5%)
reported an increase in the number of paresthesia areas.

Pain Catastrophizing Scale

During tonic stimulation, the mean total PCS score was 17.9
(£12.9). After 14 days of burst stimulation, mean total PCS score was
10.3 (£9.9), representing a mean difference of 7.6 points in PCS
scores. While the decrease in scores was small for most subjects, the
pattern of results was consistent, as indicated by a statistically sig-
nificant difference (Cl =-10.59, —4.61; p < 0.001).

The significant decrease in total PCS score reflects a decrease in all
three subscales. Rumination scores decreased from 6.0 (+4.4) during
tonic stimulation to 3.6 (£3.7) after 14 days of burst stimulation
(Cl = =3.52, —1.39; p < 0.001). The magnification subscale was 3.6
(£3.2) during tonic stimulation and decreased to 1.7 (£1.8) at the
end of 14 days of burst stimulation (Cl =-2.96, -0.95; p < 0.001). The
average helplessness subscale score was 8.2 (£6.1) during tonic
stimulation and 5.1 (£5.4) after 14 days of burst stimulation
(CI=-5.02,-1.34; p = 0.002).

Satisfaction With Burst Stimulation and Preference

As shown in Table 2, 20 subjects (91%) reported being either very
satisfied or satisfied with burst stimulation after seven days. After 14
days, 21 subjects (95%) reported being very satisfied or satisfied
with the stimulation mode. The remaining subjects, 2 at 7 days and
1 at 14 days, reported being dissatisfied with burst stimulation.

After 14 days of burst stimulation, burst mode was preferred by
20 subjects (91%), tonic was preferred by 1 subject (5%), and 1
subject (5%) reported no preference. The most common reason
cited for preference was better pain relief with the preferred stimu-
lation type. See Table 3 for more details.

DISCUSSION

The results of our study suggest that burst stimulation, in the
short term, is better than or equivalent to tonic stimulation for

Table 3. Stimulation Preference and Reasons for Preference.

n(%) Out of 22 total patients 7 days 14 days
Preferred burst 19 (86%) 20(91%)
Better pain relief 16 18

Lack of paresthesia 3 2
Preferred tonic 2 (9%) 1(5%)
Better pain relief 1 1
Prefer paresthesia 1% 0

No preference** 1 (5%) 1 (5%)
No reason provided 1 0

No significant difference between therapies 0 1
*Patient preferring tonic for paresthesia at day 7, changed preference to
burst for better pain relief at day 14.

**The same patient rated no preference at both assessments.

reducing pain intensity in subjects with chronic, intractable pain
who have at least 90 days of experience using tonic stimulation.
Most subjects (76%) reported a reduction in overall daily pain inten-
sity while using burst stimulation compared to tonic. Significant
decreases in rumination about pain, magnification of pain, and feel-
ings of helplessness attributed to pain were also noted at the end of
the two-week study period as evidenced by reduced PCS total
scores and reduced scores for each subscale. A majority of subjects
reported reductions in paresthesia sensations and preferred burst
to tonic stimulation citing better pain relief. Safety-related events
were mild and were similar to those seen during tonic stimulation.

IMMPACT recommendations suggest that a 15-20% change in
VAS is clinically minimal (15). A VAS change of 30% or more is asso-
ciated with a clinically meaningful change in pain intensity, and VAS
improvements of 50% or more are linked to substantial changes in
pain. After 14 days of burst stimulation, a majority of subjects in this
study achieved a clinically meaningful reduction from tonic stimu-
lation for average overall daily (63.3% of patients), average daily
trunk (62.5% of patients), and average daily limb (68.2% of patients)
pain, as indicated by a 30% or greater change in recalled VAS scores.
Additionally, about half of the subjects (45-50%) reported a 50% or
more reduction in pain intensity, achieving substantial changes in
pain for each of the three VAS scores.

A proportion of the subjects (24%) reported an increase in
average overall daily VAS. The increases for these subjects were less
than 10 mm on the 100 mm scale, which according to IMMPACT
recommendations is not a clinically meaningful change (15). For
these subjects not reporting a decrease in pain intensity, pain while
using burst stimulation was similar to that reported while the sub-
jects used tonic stimulation indicating that, over the short-term,
burst stimulation is at least equivalent to tonic stimulation at reduc-
ing pain.

The differences between the mean pain intensity for tonic and
burst stimulation revealed by this analysis may be driven by sub-
jects whose pain scores were high at the start of the study while
using tonic stimulation. In our sample, a larger proportion of sub-
jects (85%) with higher pain intensities while using tonic reported
reduced pain intensity while using burst; 63% of subjects with lower
pain intensities using tonic reported a reduction using burst. By
Aicher’s metric defined statistically in headache subjects, VAS > 47 is
considered severe pain (14). Jenson and colleagues, using means
from postoperative pain subjects, defined a VAS from 45 to 74 as
moderate pain and VAS > 75 as severe pain (16). By either metric,
subjects in our study with a VAS over 47 continued to experience
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moderate to severe pain despite the use of tonic stimulation. While
most subjects reported a reduction in pain intensity using burst
stimulation, the magnitude of change appears to be larger for the
subjects with a VAS > 47 while using tonic. These subjects may be
driving the statistically significant differences revealed by our analy-
sis. Larger studies are needed to properly investigate the ability of
burst stimulation to provide rescue pain relief for subjects who are
not achieving ideal pain relief using tonic stimulation.

The inferences drawn from this study are limited by the small
cohort size, lack of a control group, and the short treatment dura-
tion. While most subjects experienced an improvement in pain relief
using burst compared to tonic in the short term, this study pre-
cludes any conclusions about the long-term safety and efficacy of
burst stimulation. Moreover, limitations in study design do not rule
out possible confounding influences such as additional attention to
the subject by study personnel, biases inherent to convenience
sampling, and lack of comparison to pre-SCS baseline pain. The
potential measurement error introduced by using recall for pain
assessment in this study is likely minimized by the short duration of
the study.

While providing additional safety information regarding burst
stimulation, the results of this study show that burst stimulation
may provide additional pain relief to some patients who have expe-
rience with tonic stimulation. The cohort for this study contained a
variety of chronic pain conditions, increasing the representative
value of our patient sample to heterogeneous chronic pain popula-
tions receiving treatment with SCS. Within the limitations of our
study design, these findings supplement the growing body of lit-
erature supporting the use of burst stimulation for the treatment of
chronic pain.
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COMMENT

This is yet another small size study confirming superiority of burst
over tonic stimulation. The study has many limitation including the lack
of clear inclusion criteria apart from having an implanted device and
willingness to participate; this may well introduce a combined patient
and investigator bias in that subjects satisfied with status quo are
unlikely to participate and physicians may be more inclined to include
dissatisfied subjects in search for a solution. This as well as the short
duration of follow up and limited number of patents make any statis-
tics difficult and risky to conduct, let alone interpret. However of inter-
est is the continued report of variable paraesthesia sensations
experienced by patients with the burst mode of stimulation with a
minority of subjects describing paraesthesias. This has been consistent
across studies. What is now needed is an adequately powered and well
conducted study comparing burst to other modes in order to clearly
establish the role of this new modality in our practice. | am not clear
that more small size short term follow up studies necessarily advance
our knowledge in this arena.

Jane Shipley
Baltimore, Maryland
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