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Burst Spinal Cord Stimulation Evaluated in
Patients With Failed Back Surgery Syndrome
and Painful Diabetic Neuropathy
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Objective: Spinal cord stimulation (SCS) is used for treating intractable neuropathic pain. Generally, it induces paresthesia in the
area covered by SCS. Burst SCS was introduced as a new stimulation paradigm with good pain relief without causing paresthesia.
Good results have been obtained in patients who were naive to SCS. In this study we assess the effectiveness of burst stimulation
in three groups of chronic pain patients who are already familiar with SCS and the accompanying paresthesia.

Methods: Forty-eight patients with at least six months of conventional, tonic stimulation tested burst stimulation for a period of
two weeks. They were classified in three different groups: a cross-section of our population with painful diabetic neuropathy (PDN),
a cross-section of our population with failed back surgery syndrome (FBSS), and FBSS patients who over time had become poor
responders (PR) to SCS. Visual analog scale scores for pain were assessed prior to implantation, with tonic stimulation, and after two
weeks of burst stimulation.

Results: Burst stimulation reduced pain significantly for almost all patients. When compared with tonic stimulation, burst stimu-
lation led to a significant additional pain reduction of on average 44% in patients with PDN (p <0.001) and 28% in patients with
FBSS (p < 0.01). Patients from the PR group benefitted less from burst stimulation on average. In addition, burst stimulation caused
little or no paresthesia whereas tonic stimulation did induce paresthesia. Most patients preferred burst stimulation, but several
preferred tonic stimulation because the paresthesia assured them that the SCS was working.

Conclusion: About 60% of the patients with tonic SCS experienced further pain reduction upon application of burst stimulation.

Keywords: Burst stimulation, diabetic neuropathic pain (DNP), failed back surgery syndrome (FBSS), paresthesia, spinal cord
stimulation (SCS)
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INTRODUCTION

Spinal cord stimulation (SCS) is an invasive technique that admin-
isters electrical stimulation to the dorsal columns of the spinal cord
to reduce pain perception. SCS has shown to be an effective treat-
ment for various neuropathic pain conditions (1-7).

To achieve the most beneficial pain relief for an individual patient,
SCS parameters like the configuration of active electrodes, the
stimulation frequency, pulse width, and pulse amplitude can be
adjusted to the patient’s needs. The electrical stimulation of the
large-diameter fibers in the dorsal column elicits tingling sensations
(paresthesia) in most patients (8,9). The perception and appreciation
of this paresthesia varies to a great extent among patients and is
heavily influenced by the stimulation parameters used.

The frequencies of SCS that are most often used in the clinic are
around 50 Hz and generally vary between 30 and 120 Hz. New types
of stimulation paradigms for SCS using high-frequency stimulation
up to 10 kHz have been introduced (10,11). Recently, burst stimula-
tion was introduced as a new stimulation paradigm (12,13) combin-
ing features of high-frequency stimulation with conventional, tonic
stimulation. The burst stimulation used provided pulse trains of five
high-frequency pulses at 500 Hz (=500 Hz spike frequency) occur-

ring 40 times a second (=40 Hz burst frequency). The pulse width
was fixed at 1 msec and the amplitude was optimized for each indi-
vidual patient. Burst stimulation could be programmed in standard
Eon implantable pulse generators (IPG) (St. Jude Medical, Plano, TX,
USA). Burst stimulation was tested during a one-month trial stimu-
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lation period in 12 patients who were naive to SCS. The pain reduc-
tion obtained with burst stimulation was comparable or compared
favorably with tonic stimulation and paresthesias were, in contrast
to tonic stimulation, barely present (12). In a subsequent random-
ized placebo controlled trial in 15 patients, burst stimulation dem-
onstrated to be significantly better than placebo stimulation and
better for global pain than tonic stimulation (13).

The goal of this study is to assess the effectiveness of burst stimu-
lation in chronic pain patients who are already receiving SCS treat-
ment for at least six months. This is a challenging group, because
these patients are used to feeling paresthesias when the SCSis active.
It can be expected that these patients are conditioned to associate
pain reduction with paresthesia, and will report lesser gains in pain
reduction upon the introduction of paresthesia-free stimulation
when compared with patients who never experienced SCS.

METHODS

Patients with an Eon IPG (St. Jude Medical) and using tonic SCS for
at least six months tested burst stimulation for two weeks. Three
groups of patients were included: two groups of patients who par-
ticipated in previous studies—that is, patients with painful diabetic
neuropathy (PDN) and patients with low back and leg pain (failed
back surgery syndrome [FBSS] (14)), and one group of patients with
low back and leg pain (FBSS) who over time had started to experi-
ence insufficient effect of tonic stimulation (poor responders: PR).
The study conformed to the Declaration of Helsinki and was
approved by the Institutional Review Board Twente. All patients
gave written informed consent.

Prior to implantation of the SCS system, all patients underwent a
psychological screening and filled out several questionnaires about
their pain and quality of life, like Symptom Checklist 90, McGill pain
questionnaire, EQ5D, and Rand SF-36. These data were used to
define the baseline situation of the patients.

To acquire the data on tonic stimulation, patients visited the hos-
pital and filled out questionnaires about their pain and experiences
with tonic stimulation. Burst stimulation was programmed with set-
tings similar to those used before (five spikes at 500 Hz spike mode,
40 Hz burst mode, 1 msec pulse width) (12) and amplitude was set
at 90% of the paresthesia threshold. The patients evaluated the
burst stimulation for two weeks, which was double the evaluation
time used in previous studies in patients naive to SCS (12,13). During
the evaluation period, patients were at home and kept a diary about
their pain and its impact on daily life. After two weeks, patients
visited the hospital again, filled out questionnaires about their pain
and experiences with burst stimulation, and were asked whether
they preferred to either return to tonic stimulation or keep burst
stimulation.

Pain scores were acquired for feet, legs, and back separately for
both tonic and burst stimulation conditions. Patients from the three
groups had pain in various body parts. To be able to compare the
different groups with each other, the highest pain score for any of
their body parts was used for analyses. Within a group we assessed
the effect of burst stimulation on feet, legs, and back separately.

To relate the electrical current output of tonic and burst stimula-
tion in our patients to the electrical current in previous studies and
modeling experiments (12,13,15), two quantities were determined
by the charge per stimulation pulse, calculated as the product of the
current amplitude (ampere) and pulse duration (sec), and the stimu-
lation current, calculated as the product of the charge per pulse
(coulomb) and the number of pulses per second. The data were
normally distributed and paired samples t-tests were performed
within each group of patients to detect statistically significant
changes in current delivery.

A repeated measures analysis of variance was conducted with
stimulation (baseline, tonic, and burst stimulation) as within-
subjects variable and three different groups of patients (PDN, FBSS,
and PR to conventional tonic stimulation) as a between-subjects
variable. Within each group of patients, paired samples t-tests were
performed to test whether there were statistically significant
changes in pain perception due to burst stimulation as compared
with tonic stimulation. In addition, paired samples t-tests were per-
formed to compare the visual analog scale (VAS) scores between
tonic and burst stimulation on, respectively, the pain patients per-
ceived in their feet, legs, and back for three different groups of
patients (PDN, FBSS, and PR) separately.

RESULTS

Study Population

Forty-eight patients from Medisch Spectrum Twente Hospital
with an SCS system and tonic stimulation participated in the study.
Their average age was 56 years (SD = 9; range: 29-80 years) and they
had on average been experiencing pain for 10 years (SD = 6; range:
2-30 years). All patients had been using tonic stimulation for at least
six months (mean = 2.5 years, SD = 2.6, range: 0.5-18 years) and
evaluated burst stimulation for a two-week period.

Three different groups of patients were included: 12 patients with
PDN, 24 patients with FBSS, and 12 patients belonged to the PR
group (Table 1). Both the PDN group and the FBSS group repre-
sented a cross-section of the patient population who had an IPG
implanted in Medisch Spectrum Twente Hospital. The PR group is a
group of patients with low back and leg pain (FBSS) who had a
successful trial stimulation period, but had reversion of their pain
over time. This pain could not be ameliorated anymore by adjusting
tonic stimulation. For this group, burst stimulation was the last
option that could be offered.

Scores.
Gender Age Duration of
(M/F) (years) pain (years)
PDN 6/6 57 9
FBSS 12/12 59 11
PR 4/8 50 9

Table 1. Overview of the Patients of the Three Groups, Including the Average Age, Average Duration of Pain, and Spinal Cord Stimulation and Average Pain

SCS, spinal cord stimulation; PDN, painful diabetic neuropathy; FBSS, failed back surgery syndrome; PR, poor responders; VAS, visual analog scale.

Duration of General pain
tonic SCS (years) scores VAS

Baseline Tonic Burst
1.8 70 28 16
29 82 49 35
24 82 74 64
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Figure 1. The average visual analog scale scores for pain for all 48 patients assessed preoperative, with tonic stimulation and with burst stimulation, respectively.

Error bars represent standard errors.

Pain Reduction

Both tonic stimulation and burst stimulation led to pain reduction
in almost all patients. Statistical analysis revealed that overall a sig-
nificant effect was obtained for stimulation (F = 66.3; p < 0.001).
Tonic stimulation caused an average reduction of 37% in VAS score
in comparison with the baseline situation. Burst stimulation caused
a 25% further pain reduction compared with tonic stimulation
which resulted in an average reduction of 52% in VAS score in com-
parison with the baseline situation. Figure 1 shows the average pain
patients perceived prior to stimulation, with tonic and with burst
stimulation.

Pain reduction, however, was strongly dependent on etiology
(i.e, PDN, FBSS, and PR). The effect for burst stimulation was stron-
gest for PDN (decrease of 77%), followed by FBSS (decrease of 57%)
and PR (decrease of 23%) in comparison with the baseline. A com-
parison between tonic stimulation and the baseline also revealed
the strongest pain reduction for PDN (decrease of 58%), followed by
FBSS (decrease of 41%) and PR (decrease of 10%). Figure 2 shows
the average VAS scores for pain of the three groups of patients for
the baseline, tonic, and burst stimulation, respectively.

PDN

The 12 patients with PDN had an average pain score of 70 prior to
implantation. Tonic stimulation reduced their average pain score to
28 which was a significant reduction compared with baseline (see
Table 2). After two weeks of burst stimulation, the average pain
score was significantly further reduced to 16. There were 8 out of 12
patients (67%) who had extra pain reduction with burst stimulation
as compared with tonic stimulation. One patient, however, experi-
enced some pain increase comparing burst with tonic stimulation.
Patients with PDN primarily had pain in their feet (see Fig. 3). Pain
relief by burst stimulation is also predominantly in the feet, on
average a further 50% (p < 0.05). No statistically significant effects
were obtained for the legs or the back.

FBSS

The 24 patients with FBSS had an average pain score of 82 prior to
implantation. With tonic stimulation a significant reduction in com-
parison with baseline was obtained, with an average pain score of
49. After two weeks of burst stimulation, the average pain score was
further reduced to 35, with a significant effect in comparison with
baseline and tonic stimulation. Fourteen patients (58%) experi-
enced additional pain reduction with burst stimulation as compared
with tonic stimulation; four patients experienced some pain
increase.

Patients with FBSS primarily had pain in their legs and back. Forty-
six percent of the patients also had pain in their feet. In this patient
group, pain in the feet was generally not altered by burst stimula-
tion in comparison with tonic stimulation, but average pain in the
legs and back was reduced by burst stimulation from VAS score 35
to 20 and from 44 to 31, respectively (see Fig. 3).

PR

This group consisted of 12 patients with FBSS who experienced
insufficient pain relief with tonic stimulation. They had an average
pain score of 82 prior to implantation. After on average two and a
half years of tonic stimulation, their average pain score was only
reduced to 74. After two weeks of burst stimulation, the average
pain score was further reduced to 64. Six patients (50%) experienced
additional pain reduction with burst stimulation as compared with
tonic stimulation, of which three patients experienced a pain reduc-
tion of more than 30%. However, one patient experienced a pain
increase of 40%.

No significant effect was obtained for this group comparing pain
in their feet, which was 46 with tonic stimulation and 38 with burst
stimulation. A significant effect was obtained for the legs for burst
stimulation (50) in comparison with tonic stimulation (65). A mar-
ginal significant difference was obtained for the back when compar-
ing tonic stimulation (70) and burst stimulation (56).
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Figure 2. Visual analog scale scores for pain of the three groups of patients (painful diabetic neuropathy [PDN], failed back surgery syndrome [FBSS], and poor
responders). Scores are assessed preoperative, with tonic stimulation and with burst stimulation. Bars represent the average pain score for all patients in a group; error

bars represent standard errors.

Table 2. Average Pain Scores at Baseline, With Tonic and With Burst Stimulation for the Three Patient Groups.

Baseline Tonic Burst
VAS (SD) VAS (SD) VAS (SD)
PDN (N=12)
General pain 70(9) 28(23) 16 (18)
Pain feet 28(23) 14(18)
Pain legs 7(12) 4(8)
Pain back 3(8) 0(0)
FBSS (N=24)
General pain 82(7) 49 (25) 35(22
Pain feet 13(16) 12(18
Pain legs 35(25) 20 (22
Pain back 44 (28) 31 (24
PRIN=12)
General pain 82(10) 74(16) 64 (27
Pain feet 47 (35) 38 (31
Pain legs 65(21) 50 (24
Pain back 70(16) 56 (28

SD, standard deviation; PDN, painful diabetic neuropathy; FBSS, failed back surgery syndrome; PR, poor responders; VAS, visual analog scale.

p-Value
base-tonic

p-Value
base-burst

p-Value
tonic-burst

<0.001 <0.001 <0.05
<0.05
0.5
0.2
<0.001 <0.001 <0.01
0.7
<0.01
<0.05
<0.01 <0.05 0.1
0.1
<0.05

0.09

Patient Preference

Tonic stimulation is usually accompanied by paresthesia, while
burst stimulation is aimed to be subthreshold for paresthesia and
should therefore not be sensed by the patients. The perception and
appreciation of paresthesias accompanying tonic stimulation varied
to a great extent among the patients (see Table 3), which influenced
the patients’ preferences for either of the two types of stimulation.
Phrases used by patients to describe their experience of the tonic
paresthesias were, for example, annoying, irritating, neutral, part of
me, comfortable, pleasant, and distraction from the pain.

In contrast to tonic stimulation, there is no possibility yet for
patients to adjust the amplitude of burst stimulation themselves.
Four patients of the PDN group and ten patients of the FBSS group
saw that as a drawback of burst stimulation. These patients gen-

erally valued tonic paresthesia as comfortable or were used to
increasing the stimulation amplitude during episodes of increased
pain.

Eight patients with PDN and twelve patients with FBSS preferred
burst stimulation over tonic stimulation. Six patients from the PR
group preferred burst stimulation, even though pain relief obtained
with burst stimulation was on average limited. For many patients
the absence of paresthesia is an important advantage of burst
stimulation.

Side Effects
Burst stimulation appeared to be accompanied by side effects,
both positive and negative, in patients of all three groups. Negative
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Figure 3. VAS scores for pain of the patients with painful diabetic neuropathy (PDN), failed back surgery syndrome (FBSS), and the poor responders (PR) perceived
in their feet, legs, and back, with tonic and burst stimulation. Bars represent the average pain score in a body part; error bars represent standard errors.

side effects mentioned by patients were headaches, dizziness, and
the sensation of “heavy legs!” Three patients experienced headaches
and dizziness; in two patients these side effects were sustained
during the two-week evaluation period, while in the other patient
these side effects diminished after a few days. The sensation of
heavy legs appeared after half a day of burst stimulation in two
patients and continued for the rest of the evaluation period. Positive

side effects of burst stimulation mentioned by several patients were
the sensation of warm feet and the sensation of peaceful rest in the
legs. One patient reported having lower and more stable blood
glucose levels during the evaluation period of burst stimulation.
Although burst stimulation should not elicit paresthesia, several
patients did feel paresthesia when in supine position with burst
stimulation at amplitudes that were used. Most of the time the
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the Number of Patients of Fach Group.

Table 3. Overview of the Rating of the Perceived Tonic Paresthesia, the Desire to Adjust the Burst Stimulation Amplitude, and the Stimulation Preferences of

Tonic paresthesia Adjust amplitude Burst Preference Off
Comfort Neutral Discomfort Yes No Tonic Either
PDN 2 8 2 4 8 8 4 - -
FBSS 8 9 7 10 14 12 11 - 1
PR - 5 7 2 10 6 - 2 4

PDN, painful diabetic neuropathy; FBSS, failed back surgery syndrome; PR, poor responders.

sensation was not experienced as unpleasant, but in a few cases the
sensations were perceived as very uncomfortable.

Electrical Charge Delivery

The electrical charge per stimulation pulse and the stimulation
current were calculated for each patient. Pulse amplitudes used for
burst stimulation were lower than for tonic stimulation. Therefore,
converting patients from tonic to burst stimulation led to a reduc-
tion in the average charge per stimulation pulse from 1.1 uC to
0.85 uC (p=0.09), from 2.8 uCto 1.6 uC (p < 0.01), and from 3.2 uC to
3.0 uC (p = 0.81) for the PDN, FBSS, and PR group, respectively. The
average stimulation current, however, rose from 91 pA to 176 pA
(p = 0.09), from 177 pA to 322 uA (p < 0.001), and from 218 A to
669 LA (p < 0.05), respectively, for the same groups, as the number
of pulses per second increased when burst stimulation was applied.

DISCUSSION

Burst stimulation caused pain reduction in almost all patients. On
average, burst stimulation caused a significantly larger pain reduc-
tion in all three patient groups than tonic stimulation, and burst
stimulation caused little or no paresthesia in most patients. About
60% of patients (67% for PDN, 58% for FBSS, and 50% for the PR
group) experienced further pain reduction when applying burst
stimulation in comparison with tonic stimulation. An increase in
perceived pain as compared with tonic stimulation, starting after
one to seven days of burst stimulation, was however mentioned by
six patients.

Pain Reduction

In PDN patients, the neuropathic pain in their feet and sometimes
lower legs already responded very well to tonic stimulation, but
burst stimulation reduced the pain even further, in a statistically
significant and clinically relevant way. With an average additional
pain reduction of 44%, this patient group benefitted relatively most
from switching to burst stimulation.

Eleven of the FBSS patients who participated in this study had
pain in their feet as well, but burst stimulation was not able to
reduce this pain in those patients. This could be due to the position
of the electrode lead in the spinal cord, as it was placed to primarily
target the lower back and legs. In FBSS patients the tip of the elec-
trode was positioned T7-T10, while in PDN patients the electrode
was positioned more caudal: T10-T12. When compared with tonic
stimulation, the average pain-reducing effect of burst stimulation
on leg pain (43%) is somewhat higher than on back pain (30%) in
FBSS patients. These relative decreases in back and leg pain in this
group are comparable with the results of burst stimulation in
patients who were naive to SCS (13).

The PR group who had low back and leg pain and over time lost
effect of tonic SCS was a more heterogenic group and consequently
had more heterogenic responses as well. Two patients had no pref-
erence for either tonic or burst stimulation, four patients rather had
their stimulator removed, and six patients preferred burst stimula-
tion. Even though the average pain relief was limited in this group,
three patients (25%) did benefit significantly from switching to burst
stimulation.

Paresthesia

All patients in this study were familiar with tonic stimulation
before they received burst stimulation. They were used to or at least
familiar with the paresthesia. Several patients of both the PDN and
the FBSS groups also indicated that they actually liked the paresthe-
sia. The loss or change of the paresthesia and the inability to
increase the stimulation amplitude and thereby the paresthesia
intensity led some patients to prefer tonic stimulation over burst
stimulation, in certain cases even despite of the larger pain reduc-
tion that was obtained by burst stimulation. In addition, some
patients did not perceive the paresthesia as particularly comfort-
able, but were able to shift their attention from the pain to the
paresthesia and therefore appreciated it as a distraction from the
pain. These patients mentioned that they missed the paresthesia as
a feedback signal that the SCS system is functioning.

In the studies performed by De Ridder et al. (12,13), patients were
naive to any form of SCS. The test period of one week of tonic
stimulation was probably too short to have patients get acquainted
with the paresthesias accompanying pain reduction. Consequently,
those patients did not associate pain reduction with paresthesia
and were most likely able to focus primarily on the pain-reduction
effects of the stimulation paradigms that were tested. As a result, all
patients preferred burst stimulation.

The majority of the patients in this study, however, did associate
paresthesia with pain reduction, which complicated the evaluation
of the pain reduction effects of burst stimulation. This is possibly
due to the fact that paresthesias reassure the patient that the stimu-
lator is active, a prerequisite for conditioned pain relief. Twenty-six
(54%) of all patients in this study preferred burst stimulation.

Stimulation Amplitude

In this study, only a two-week evaluation was performed, without
the possibility to adjust the amplitude during or after the two
weeks. This technical inadequacy is important as it can be expected
that the efficacy of burst stimulation could be further improved if
patients could control the intensity of the stimulation. This could
give the patients a feeling of control over their pain, important
features in subjective pain perception (16,17).

We have no neurological explanation for the side effects and
sensations, both positive and negative, described by some of the
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patients. Except for the patient who had indeed lower and more
stable blood glucose levels during the evaluation period, we were
not able to objectify the side effects. However, the side effects must
be induced by burst stimulation in general or by high amplitudes of
burst stimulation, as they disappeared when the patients were con-
verted to tonic stimulation again or when the amplitude was
lowered during programming burst stimulation.

It is possible that many of the side effects and paresthesias could
have been reduced or eliminated by lowering the amplitude, while
further pain reduction might have been achieved by increasing the
stimulation amplitude. A two-week evaluation period is, however,
minimally necessary for patients who are already familiar with tonic
stimulation. Patients need to get used to the change in sensation,
considering the fact that they have been conditioned to associate
pain reduction with the presence of paresthesias. An extended
evaluation period that includes the option to adjust stimulation
parameters after one or two weeks of stimulation might have been
preferable to assess the full possibilities of burst stimulation.

It has been suggested by De Ridder et al. (12) that burst stimula-
tion suppresses pain via the electrophysiologic gate-control mecha-
nism before the clinical paresthesia threshold is reached, as the
amplitude of effective burst stimulation pulses is lower than the
amplitude of effective tonic stimulation pulses. In all three patient
groups the charge per pulse in burst stimulation is lower than in
conventional tonic stimulation. However, a larger pulse duration
and higher pulse frequency in burst stimulation still lead to an
increased average stimulation current, which in turn implies an
increase in energy consumption and accelerated battery depletion.
Future studies should look at intermittent burst stimulation in order
to try and decrease energy delivery to the spinal cord. In view of the
current calculations and the previously published calculations (12),
a 1:2 or 1:3 ratio on : off would be theoretically ideal to exert an
energy delivery that is equal to tonic stimulation.

CONCLUSION

Burst stimulation compares favorably with tonic stimulation for
most patients, generally without eliciting paresthesia. On average,
burst stimulation causes significantly more pain reduction in
patients with PDN and in patients with FBSS. A trial period of at least
two weeks of burst stimulation for every patient with a spinal cord
stimulator would likely increase the efficacy of SCS therapy. Still,
further research should elucidate optimal burst stimulation param-
eters for patients who are already familiar with SCS.
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BURST SPINAL CORD STIMULATION EVALUATED

COMMENTS

The test period for burst stimulation is too short compared to con-
ventional SCS. There is no information about the positioning of the
leads that were positioned for conventional SCS and therefore not
ideally for burst stimulation. As the author said, there was no adjust-
ment of the stimulation parameters in burst stimulation. How do they
know the settings were optimal for pain relief as there are mostly no
paresthesias?

The conclusions are poor. There is no explanation why the results are
better in patients with PDN than in the other indications. It could be
the amount of energy delivered to the spinal cord that has an effect on
the fibers in the dorsal horn responsible for the sacral area and foot,
which is difficult to reach with conventional SCS as demonstrated by
both Barolat and Nakamura (1,2).

Jean Pierre van Buyten, M.D.
Sint-Niklaas, Belgium
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Eaad

The purpose of this clinical research report was to determine how
patients who had already experienced the effects of tonic SCS respond
to burst SCS. The authors examined these comparisons in patients with
painful diabetic neuropathy, failed back surgery syndrome and a poor
responders group. The consistent and significant observation was that
burst SCS provided a favorable comparison to tonic SCS but without
generating paresthesia. It was also noted that burst SCS significantly
reduced pain more than tonic SCS in patients with painful diabetic
neuropathy and failed back surgery syndrome. Furthermore, numerous
issues were presented in the results when comparing these two modes
of stimulation in the different groups of patients. This study provides
new and interesting information about the comparison of burst SCS
and tonic SCS in patients who were previously implanted and treated
with tonic SCS.

Robert Foreman, Ph.D.
Oklahoma City, OK, USA

Eaad

The landmark demonstration by Bhadra and Kilgore of reliable and
reversible peripheral nerve blockade in mammals using high fre-
quency alternating current kindled an upsurge in higher frequency
neurostimulation1. In peripheral nerves, the concept is easy to grasp: a
cuff electrode is placed around the nerve and when high frequency
stimulation (10 kHz-30 kHz) is applied, motor and sensory nerve block-
ade occurs. The concept is not as simply delineated with high fre-
quency spinal cord stimulation (HFSCS). Standard (non-cuff like) leads
are placed in the posterior epidural space similar to conventional non-
high frequency SCS and no apparent disruption of nerve conduction is
noted. Animal experimental data suggest potentially different periph-
eral and segmental spinal mechanisms for pain relief between conven-
tional and HFSCS2; however, there appears to be no difference in

effectiveness on mechanical hypersensitivity between low, mid and
HFSCS in a rat model of painful diabetic polyneuropathys3.

Clinically, HFSCS has been used with frequencies as low as 500 Hz in
a burst pattern4, 5 and as high as 10 kHz tonically6. Interestingly, and
unlike conventional spinal cord stimulation, HFSCS does not result in
perceptible paresthesias. Hence, HFSCS presents a golden opportunity
to conduct double blind randomized trials on the efficacy of the
therapy—an unfeasible feat with conventional SCS. To date, there has
been one study that examined HFSCS compared to sham stimulation
in a double blind format7. In this crossover study performed in 42
patients who have achieved stable relief with conventional SCS, HFSCS
at 5 kHz was equivalent to sham as far as patient’s global impression of
change, pain scores (VAS) and functional outcomes (EQ-5D). However,
a more recent smaller study examined burst stimulation vs. conven-
tional tonic stimulation vs. placebo in 15 consecutive pain patients.
Burst stimulation was found to be superior to conventional stimulation
and to placebo5.

In the current paper by de Vos etal, in this issue of
Neuromodulation, two weeks of burst stimulation resulted in signifi-
cantly larger pain reduction in the majority of patients who were
exposed to conventional SCS for at least six months. While adding to
the literature on clinical use of HFSCS, this study fell short of its poten-
tial to test burst stimulation in a double blind fashion. According to the
authors, the majority of patients were not willing to participate in the
study if they were to be without stimulation for two weeks. However,
this did not appear to be an issue for a similar group of patients in the
two other studies that used a double blind paradigm of HFSCS5, 7.
Hence, efficacy of HFSCS remains contested: open label studies of
burst stimulation at 500 Hz4 or tonic HFSCS at 10 kHz6, as well as one
small double blind study on burst stimulation5, suggest efficacy of
HFSCS whereas a larger double blind randomized cross-over trial sug-
gests the opposite: HFSCS at 5 kHz is equivalent to sham stimulation7.
Clearly, larger well-controlled double blind randomized studies are
needed to answer important questions of mechanisms, efficacy and
parameters—especially in this day and age of evidence-based
medicine.

Salim M Hayek, M.D,, Ph.D.
Cleveland, OH, USA

REFERENCES

1. Bhadra N, Kilgore KL. High-frequency electrical conduction block of mammalian periph-
eral motor nerve. Muscle Nerve. Dec 2005,32(6):782-790.

2. Shechter R, Yang F, Xu Q, et al. Conventional and Kilohertz-frequency Spinal Cord Stimu-
lation Produces Intensity- and Frequency-dependent Inhibition of Mechanical Hyper-
sensitivity in a Rat Model of Neuropathic Pain. Anesthesiology. Aug 2013;119(2):422-432.

3. Pluijms WA, van Kleef M, Honig WM, Janssen SP, Joosten EA. The effect of spinal cord
stimulation frequency in experimental painful diabetic polyneuropathy. Eur J Pain. Oct
2013;17(9):1338-1346.

4. De Ridder D, Vanneste S, Plazier M, van der Loo E, Menovsky T. Burst spinal cord stimu-
lation: toward paresthesia-free pain suppression. Neurosurgery. May 2010;66(5):986-990.

5. De Ridder D, Plazier M, Kamerling N, Menovsky T, Vanneste S. Burst Spinal Cord Stimu-
lation for Limb and Back Pain. World Neurosurg. Jan 12 2013.

6. Van Buyten JP, Al-Kaisy A, Smet |, Palmisani S, Smith T. High-frequency spinal cord
stimulation for the treatment of chronic back pain patients: results of a prospective
multicenter European clinical study. Neuromodulation. Jan-Feb 2013;16(1):59-65; discus-
sion 65-56.

. Perruchoud C, Eldabe S, Batterham AM, etal. Analgesic efficacy of high-frequency
spinal cord stimulation: a randomized double-blind placebo-controlled study.
Neuromodulation. Jul 2013;16(4):363-369.

~

Comments not included in the Early View version of this paper.

www.neuromodulationjournal.com

© 2013 International Neuromodulation Society

Neuromodulation 2014; 17: 152-159

651




