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ABSTRACT

Introduction: Multicenter, randomized, dou-
ble-blinded crossover study. The Netherlands
(ClinicalTrials.gov NCT02112474). We hypoth-
esized that the pain suppressive effects of
1000 Hz and 30 Hz spinal cord stimulation
(SCS) strategies are equally effective in patients

with chronic, neuropathic, unilateral leg pain
after back surgery.
Methods: Thirty-two patients (18–70 years,
minimum leg pain 50 mm on 100 mm visual
analog scale (VAS), minimal back pain) were
randomized (1:1) to start 1000 Hz or 30 Hz
neurostimulation for 9 days. After a 5-day
washout, they crossed over, for another 9 days.
Primary outcome was pain suppression (mean
of VAS scores 49/day) during the crossover
period. The main investigators were blinded to
strategy allocation, patients were blinded to the
outcome, a blinded assessor analyzed the pri-
mary outcome.
Results: The primary outcome was analyzed in
26 patients. There was no period effect (delta
4 mm, p = 0.42, 95% CI [- 5, 13]), allowing
direct intrapatient comparison of the treatment
effect (delta 1 mm, p = 0.92, 95% CI [- 13, 14]).
Ninety-two percent of patients in both periods
experienced greater than 34% pain suppression
(minimal clinically important difference,
MCID). Secondary outcomes (22 patients): pain
suppression and improved quality of life were
sustained at 12 months; both were statistically
significant and clinically relevant. Fifty percent
of patients had greater than 80% pain suppres-
sion (p\ 0.001).At study termination, all events
were resolved; no unanticipated events were
reported. Medtronic provided a grant for addi-
tional study costs.
Conclusion: We conclude that our hypothesis
regarding the effect of 1000 Hz and 30 Hz
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stimulation strategies on pain suppression was
confirmed. Both stimulation strategies led to a
large, sustainable, clinically relevant pain sup-
pression and improvement in quality of life.

Keywords: Chronic pain; Neurostimulation;
Pain suppression; Quality of life; Sleep;
Patient-reported outcomes; Satisfaction;
Patient preference

Key Summary Points

Multicenter, randomized, double-blinded
crossover study.

Homogenous patient group: chronic,
unilateral, neuropathic leg pain after back
surgery.

Comparison of 1000 Hz and 30 Hz in the
30-day trial period.

There were no significant differences in
the treatment effects of 1000 Hz and
30 Hz at the end of the trial period.

A majority of the patients (16/27)
preferred sub-perception threshold
stimulation but this was not based on
their pain suppression.

Ninety-two percent of patients
experienced a minimally important
clinical difference (greater than 34% pain
suppression).

Fifty percent of patients experienced
greater than 80% pain suppression at
1 year.

Quality of life according to patient-
reported outcome measures improved at
1 month and were sustained through
1 year.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide to facilitate

understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.14447637.

INTRODUCTION

Chronic pain is a widespread disease, of mod-
erate to severe intensity, which occurs in
approximately 19% of adult Europeans, seri-
ously affecting the quality of their social and
working lives [1]. Chronic pain can be classified
into six categories, including chronic neuro-
pathic pain, according to the new International
Classification of Diseases, version 11 (ICD-11)
[2]. The effectiveness of conservative medical
management is limited and treatments such as
neurostimulation are used. One specific group
with chronic neuropathic pain is patients with
failed back surgery syndrome (FBSS). Spinal cord
stimulation (SCS) is well established in the
treatment of the neuropathic pain components
of FBSS [3].

Conventional SCS stimulation (30–80 Hz) is
a treatment option for patients with FBSS. At
the conception of this study, a number of
alternative SCS strategies became available.
These strategies utilize a higher electrical fre-
quency than conventional SCS (up to 10 kHz).
Randomized controlled trials (RCTs) using both
conventional and higher frequencies showed a
difference in effect between back and leg pain,
and between conventional and higher fre-
quencies [4–7].

The pathophysiology of low back pain is
complex and includes mechanical disorders,
non-mechanical diseases, and organ diseases.
Low back pain may therefore consist of a
mechanical, nociceptive, and/or neuropathic
component, of which only neuropathic pain
responds to spinal cord stimulation [8]. We
therefore chose to perform a study in the most
well accepted and clearly defined patient group
for SCS, namely predominant (greater than
80%) unilateral neuropathic leg pain. In order
to evaluate if one of these stimulation strategies
would be an equally effective and advantageous
treatment for unilateral neuropathic leg pain in
stimulation-naı̈ve patients, we decided to per-
form a study comparing a 1000 Hz strategy (the
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maximum frequency available in this neu-
rostimulation system) to a conventional SCS
strategy (30 Hz).

We hypothesized that SCS is effective in the
treatment of unilateral neuropathic leg pain,
and that a 1000 Hz strategy is equally as effec-
tive as a 30 Hz strategy in pain suppression.

METHODS

Design and Setting

This multicenter, double-blind, randomized
crossover study compared pain suppression in a
1000 Hz versus 30 Hz strategy (Fig. 1) in patients
with unilateral neuropathic leg pain during the
SCS trial. The study was approved by the
Medische Ethische Toetsings Commissie
(METC) of the Amsterdam UMC, location AMC,
on 23 December 2013 (METC 2013_271) and
registered with ClinicalTrials.gov
(NCT02112474) [9] on 25 March 2014, before
the first patient was enrolled (13 November
2014). It was conducted in compliance with all
applicable regulatory and institutional guideli-
nes (Declaration of Helsinki 1964 and its later
amendments). The Consolidated Standards of
Reporting Trials (CONSORT) reporting guideli-
nes and extension for crossover trials [10] and
International Committee of Medical Journal
Editors (ICMJE) recommendations [11] for
reporting were used in the writing of this report.

Participants

Stimulation-naı̈ve patients from five large pain
centers in the Netherlands, experienced in
neurostimulation, were approached to take part
in the study. These patients were already selec-
ted for neurostimulation according to national
standards (all had received conservative medical
management and minimally invasive treat-
ments with insufficient effect or unaccept-
able side effects).

Inclusion criteria were age 18–70 years, uni-
lateral neuropathic leg pain (dermatomes L4/
L5/S1), a minimum visual analogue scale (VAS)
leg pain score of at least 50 mm on a 100 mm
scale, with minimal back pain (VAS less than
40 mm) following back surgery, for a minimum
of 6 months, and stable use of medication in the
preceding 2 months.

Study Procedures

All patients signed an ethical committee
approved informed consent before taking part
in the study and for the use of their data in
publications. Baseline parameters were collected
(demographic data, short medical history, types
of pain medication used, current pain), and the
patients completed several validated question-
naires on patient-reported outcome measures
(PROMs).

Patients were implanted with one or two
8-polar leads, which were connected to an

Fig. 1 Crossover design. Patients were randomized to
30 Hz or 1000 Hz. After 9 days, they underwent a
washout period of 5 days and then underwent 1000 Hz

or 30 Hz for another 9 days. The trial period ended after
the second stimulation period
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external neurostimulator (Restore SensorTM,
made available for study purposes by Medtronic
International Trading Sàrl, Tolochenaz,
Switzerland), to facilitate both programming
strategies. If both strategies could be pro-
grammed with the first lead, only one lead was
placed. If the 30 Hz strategy stimulation gave
less than 80% coverage of the primary pain area,
a second lead was placed.

Stimulation Strategies

Stimulation strategies and electrode settings
were standard of care in the study centers.

Strategy 1000 Hz: 9 days, bipolar electrode
setting over T9–T10, 220 ls (maximum possible
pulse width related to frequency), amplitude
20% below perception level in the supine posi-
tion. Stimulation was not perceptible.

Washout: A minimum of 5 days, all stimu-
lation turned off (programming removed from
stimulator).

Strategy 30 Hz: 9 days, three or four electrode
setting (with anode(s) between cathodes) placed
where the best conventional stimulation was
felt, 300 ls (with the option of optimizing up to
450 ls), amplitude individualized to supra-per-
ception and maximum comfort. Stimulation
was perceptible.

After lead implantation, patients were ran-
domized to one of the two strategies for 9 days
(period 1). After this, they underwent a 5-day
washout period, with no stimulation, followed
by a crossover to the other strategy in period 2.

Apart from existing (stable) medication, no
concurrent treatment was allowed during the
crossover period.

Patients experiencing a minimum of 50%
pain suppression, in either period, received an
internal pulse generator (IPG), at the end of
period 2. At the end of the trial period (after the
second stimulation period), all patients indi-
cated their preference for stimulation strategy.
In the open-label period (12 months), patients
were free to change stimulation strategies.

Primary Outcome

The primary outcome of the study was the
comparison in amount of pain suppression, in
the crossover period, between 1000 and 30 Hz
stimulation strategy during the SCS trial.

Secondary Outcomes

Secondary outcomes included pain suppression,
PROMs on quality of life (EQ-5D-3L and SF-36),
sleep, patient satisfaction, employment status,
and global perceived effect scale (GPEs) of
change at 12 months follow-up. We also col-
lected patient preference at the end of the
crossover design and reviewed the reported
adverse events.

Measurements

Pain measurements were collected on self-re-
ported paper pain diaries with VAS (100 mm
line, anchored with ‘‘no pain’’ and ‘‘maximum
pain’’), scored four times a day (3 day measure-
ments and one night measurement on awak-
ening). The mean of all scores was calculated.

The validated PROMs were completed during
the regular visits to the outpatient clinic, before
optimization of the therapy. Quality of life was
measured with EQ-5D-3L (EuroQol group) and
SF-36TM, v2.0 (RAND Corporation). In addition,
we evaluated sleep and patient satisfaction,
using Likert items at baseline, 1 month, and
12 months. The Global Perceived Effect scale
was used to evaluate the patients’ recovery of
complaints at 1 month and 12 months.

Serious and Adverse Events

We collected all (serious) adverse events related
to the device or stimulation strategy, actively at
each follow-up visit or spontaneously reported.

Sample Size

A 20-mm difference in the delta change of VAS
scores between the results of 1000 Hz compared
to 30 Hz stimulation strategy was expected.
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Sample size calculation using G*Power [8, 12],
indicated that a minimum of 17 patients were
required to answer the research question (H0:
pain suppression 1000 Hz = pain suppression
30 Hz), with an a set at 0.05 and b at 0.20. To
account for non-responders (expected trial-to-
implantation rate of 90%) and attrition due to
withdrawals or lost to follow-up, we increased
the sample size to 30 and no patients were
replaced.

Allocation Concealment and Blinding

After lead placement and before the start of the
crossover period, the site sent an e-mail to an
independent third party (AW), who used the
ALEA computerized system to generate the
allocation for the patient. Allocation to one of
the stimulation strategies (1000 Hz or 30 Hz
first) was performed on a 1:1 basis, using ran-
dom blocks of four. The site received the allo-
cation by e-mail.

JB and FW were blinded to stimulation allo-
cation throughout the study (no access to the
ALEA system) and did not treat any patients. All
other investigators and treating staff were not
blinded. After blinded analysis of the primary
outcome (JB) and interpretation of the results
(JB ? FW), allocation was unblinded by an
independent third party (AW). To prevent bias
of pain reporting, patients were blinded to the
true outcome of the study (pain suppression).
Patients were given to understand that the pri-
mary outcome was their preference for the
stimulation strategy (as explained in the patient
information).

Data Management and Statistics

Data were monitored by an independent party,
according to a pre-defined plan. No interim
analysis was performed. A GCP-compliant
database (Castor EDC, version 2019.1.5) [13],
was used for electronic data entry. A random
10% sample of the entered data was double-
checked. Queries were resolved before the
database was locked. Data analysis was per-
formed with SPSS (version 24.0) and R (version
3.5.1 (2 July 2018)—‘‘Feather Spray’’).

Patient characteristics are presented with
descriptive statistics as a mean with standard
deviation, or a median with interquartile range
for continuous data and absolute numbers with
a percentage for categorical data.

Primary outcome data were screened for
outliers and missing data, and no data were
imputed. All patients who had a complete
dataset for baseline and both trial periods were
analyzed. The period effect was defined as the
difference between the delta VAS scores of
baseline–period 1 (T0–T1) and baseline–period 2
(T0–T2). The treatment effect was defined as the
difference between the mean delta VAS scores of
1000 Hz and 30 Hz. The period and treatment
effects were calculated using the two-sided
Wilcoxon rank sum test (Mann–Whitney U) for
non-normally distributed continuous data, with
Hodges–Lehmann estimator for the 95% confi-
dence interval. A p value of less than 0.05 was
considered statistically significant.

Secondary outcome data only included
patients who were implanted with a neu-
rostimulator and had a 12-month follow-up.
Descriptive and inferential statistics were used
as appropriate. Outcomes were reported using
either parametric or non-parametric testing,
depending on the distribution. Pain scores were
tested for significance with a Friedman’s test.
Effect size was calculated with Kendall’s W. Post
hoc testing was done with a Wilcoxon signed
rank sum and Bonferroni correction. Quality of
life was analyzed according to the specific
guidelines by EQ-5D-3L and SF-36. The EQ-5D-
3L index scores were calculated according to the
Dutch time trade-off (TTO) population valida-
tion. Kruskal–Wallis and Dunn’s test with Holm
correction were used for statistical testing. The
SF-36TM, v2.0 scores were calculated according
to the scoring system of the RAND SF-36. Data
were tested with a repeated-measures analysis of
variance (ANOVA) followed by post hoc testing
with a Bonferroni correction.

RESULTS

Thirty-two patients signed informed consent
and were enrolled and randomized. Two
patients had to be excluded after randomization
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as they retrospectively did not meet the inclu-
sion criteria. The study was completed accord-
ing to protocol with 30 patients. Data were
collected from November 2014 to October 2018
(12 month follow-up of last patient). Twenty-six
of the 30 randomized patients available had a
complete set of data needed for the analysis of
the primary outcome; four patients were
removed from this analysis beause of incom-
plete data (Fig. 2).

The baseline characteristics of the 26
patients included in the primary analysis are
described in Table 1. The mean VAS at baseline
was 68 mm (± 12 mm). The median duration of
chronic pain was 8 years (range 1–36 years).
Previous medical history showed that 81% of
patients had used opioids (50% used oxy-
codone), 54% had used non-steroidal anti-in-
flammatory drugs (NSAIDs), most notably
diclofenac (56%), and 73% had used antineu-
ropathics [primarily pregabaline (57%)]. Seven
patients had used three or more medication
groups simultaneously. All patients underwent
one or more nerve root blocks and seven
patients had undergone an epiduroscopy.

Primary Outcome

Pain Scores in Crossover Period
Figure 3a represents the VAS per period (base-
line, period 1, washout, period 2). This was cal-
culated as a mean value over the specific period
and based on the multiple entries per day in the
weighted VAS diaries.

Period Effect and Treatment Effect
In a crossover design, the period effect is first
tested. If there is no statistically significant dif-
ference, both periods can be pooled to deter-
mine the treatment effect. The period effect was
not statistically significant (delta 4 mm,
p = 0.42, 95% CI [- 5, 13]). The results of both
periods could therefore be pooled, allowing
direct intrapatient comparison for the treat-
ment effect of 1000 Hz and 30 Hz strategies.
There was no statistically significant difference
in the pain suppression of 1000 Hz in compar-
ison with 30 Hz strategy (delta 1 mm, 95% CI [-

13, 14], p = 0.92). The null hypothesis was not
rejected.

Percentage of Pain Suppression
In period 1, 69% of patients achieved greater
than 50% pain suppression and 92% of patients
achieved at least 34% pain suppression, repre-
senting an MCID from a patient’s perspective
[14]. The results in period 2 were similar.

Patient Preference for Stimulation
At the end of the crossover period, the majority
(16/27) reported a preference for the 1000 Hz
strategy; however, this was not statistically
significant.

Secondary Outcomes

Of the 32 patients enrolled, 27 received a neu-
rostimulator (trial-to-implant ratio of 84%) and
22 patients were followed for 12 months, and
used for analysis of the secondary outcomes
(Fig. 3b). The attrition rate (implanted patients
lost to follow-up, 5/27) was 19%. Additional
columns were added to Table 1, to describe the
characteristics of the 22 analyzed at 12 months
and the five who were lost to follow-up.

Pain Suppression at 12 Months
VAS scores of complete sets (n = 16) were com-
pared between baseline, 1 month, and
12 months. Three patients were missing the
1-month scores. Mean VAS at baseline was
64 mm (± 15 mm), at 1 month 16 mm
(± 20 mm), and at 12 months 19 mm
(± 18 mm). The VAS score was statistically sig-
nificantly different over time (Friedman test,
v2 = 18.97, p\0.001).

A pairwise Wilcoxon signed rank test
between groups revealed statistically significant
differences in VAS score between baseline and
1 month (p adj.\0.01) and baseline and
12 months (p adj.\ 0.01); there was no statis-
tically significant difference between 1 and
12 months (p adj. = 1.00).

At 1 month, 94% of the patients experienced
greater than 34% pain suppression and 56% had
greater than 80% pain suppression. At
12 months, 84% of the patients experienced
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greater than 34% pain suppression and 47% of
the patients experienced greater than 80% pain
suppression (Fig. 3b).

EQ-5D-3L
A comparison was made over time using a
Kruskal–Wallis test (p\0.01). Post hoc testing
(between baseline–1 month,

Fig. 2 HALO study flowchart. IPG Internal pulse generator
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baseline–12 months, and 1 month–12 months)
was done with a Dunn’s test and Holm correc-
tion. There is a statistically significant
improvement in the index scores from baseline
to 1 month (p\0.001) and baseline to
12 months (p\ 0.01). There is no difference in
the index scores between 1 and 12 months
(p = 0.60). Index scores rose from a median of
0.334 to 0.811 and 0.809, at 1 month and
12 months, respectively. A clinically relevant
result was also seen here; the normal value for
the Netherlands is 0.843 (perfect health with
moderate pain/discomfort) (Fig. 4a).

SF-36
Complete data was available for 22 patients. The
RM-ANOVA score was statistically significantly
different over the time period [F(2,16) = 19.0,
p\0.001, generalized eta squared = 0.27]. Post
hoc analyses with a Bonferroni adjustment
revealed that two pairwise comparisons (base-
line–1 month and baseline–12 months) were

statistically significant (p\0.01). The
improvement at 1 month was sustained at
12 months (Fig. 4b).

Sleep
Patients were asked about the quality of sleep in
the week before the hospital visit. The number
of patients reporting an improvement in quality
of sleep doubled from baseline (six patients) to
1 month (12 patients) and remained steady at
12 months. Eight patients reported no change.

Patients were also asked to compare their
quality of sleep before and after SCS. At
1 month, 75% of patients reported an
improvement; at 12 months, 77% reported
improvement.

Employment
The employment status at baseline was
unknown for two patients, three were pension-
ers, six were working (three full-time), and 11

Table 1 Patient characteristics

Primary outcome analysis
(crossover period)

Secondary outcome analysis (open
label, 12 months)

Excluded from
secondary analysis

n = 26 n = 22 n = 5

Characteristics

Age (years) 49 ± 12 51 ± 12 44 ± 12

Female 18 (69) 13 (59) 5 (69)

Height (cm) 174 ± 8 175 ± 8 170 ± 8

Weight (kg) 82 ± 14 82 ± 12 80 ± 14

BMI (kg/m2) 27 ± 4 26 ± 4 28 ± 4

VAS pain (mm) 68 ± 12 64 ± 15 71 ± 14

Medication previously used

Opioids 21 (81) 17 (77) 5 (100)

NSAIDs 14 (54) 14 (64) 2 (40)

Antineuropathics 19 (73) 19 (86) 5 (100)

Nerve blocks 26 (100) 22 (100) 5 (100)

Epiduroscopy 7 (27) 7 (32) 0 (0)

Data are presented as mean ± standard deviation or n (%)
BMI body mass index, VAS visual analog scale, NSAID non-steroidal anti-inflammatory drug
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were on disability grant/sick leave. At
12 months, the status for two patients was still
unknown, three were pensioners, ten patients
were working (four full-time), and seven were
on disability grant/sick leave.

Satisfaction and GPEs
At 1 month, 91–100% of the patients were sat-
isfied with pain suppression, with the therapy,
and with the change in pain as a result of SCS
and would undergo SCS again. At 12 months
the satisfaction in the aforementioned areas
ranged from 77% to 91%.

On the GPEs, ‘‘some to complete recovery’’
was reported by 100% of the patients at
1 month and 91% at 12 months. No patients
reported a ‘‘worsening of complaints’’ at any
time point.

Serious Adverse Events
Only device- and stimulation-related adverse
events in the period between implantation and
12 months follow-up were recorded and repor-
ted. No unanticipated events were reported and
all events were resolved at the end of the
study. Only one serious adverse event was
reported in one patient (soft tissue infection
followed by explantation of the system). There
were 13 reported adverse events in eight
patients. One adverse event was an increase in
pain at 12 months (resolved by reprogramming
of the neurostimulator). Six lead migrations
occurred, five during the trial period and one
during follow-up. There were six pocket prob-
lems reported, four were resolved operatively,
two resolved spontaneously.

Fig. 3 a Mean VAS during the crossover period. VAS
visual analog scale. Mean VAS during crossover period.
There was no statistically significant difference between
period 1 and 2 (no period effect), enabling the periods to
be combined for analysis of the treatment effect. There was
no statistical difference in the pain suppression effect of
1000 Hz and 30 Hz. b Percentage pain suppression in

open-label follow-up at 12 months. MCID minimal
clinically important difference, VAS visual analog scale.
Percentage pain suppression in open-label follow-up at
12 months: 85% of the patients had greater than 34% pain
suppression (MCID), 80% of the patients had greater than
50% pain suppression, and 45% patients had greater than
80% pain suppression
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DISCUSSION

We found that in our crossover study utilizing
1000 Hz and 30 Hz (each patient received both
strategies), both strategies have proven to be
equally effective in pain suppression in the SCS
trial. In the open-label period (12 month follow-
up), a large, sustainable, and clinically relevant
pain suppression and improvement in quality
of life was seen.

Different SCS strategies have proven to be
effective for pain suppression in populations
with mixed back and leg pain. The majority of
these studies included patients with a larger
back pain component, patients who had already
received stimulation before the study, or who
failed conventional SCS. Although some of
these studies report on leg pain, this is only part
of a subanalysis and not a primary outcome

[7, 15–18]. Our study design differed in the
following points: we had a homogenous group
with unilateral neuropathic pain, a minimal
back pain component, suppression of leg pain
was the primary outcome, no active stimulation
in the washout period, and the use of 1000 Hz
and 30 Hz. We showed that our strategies had a
large effect on the pain suppression in highly
selected patients with leg pain.

The profound, clinically relevant pain sup-
pression that we found at 1 month was sus-
tained at 12 months. Commonly reported
cutoff values of pain suppression are 34%
(MCID), 50%, and 80%. We found that 84%,
79%, and 47% of our patients, respectively,
were above these values at 12 months. The pain
suppression in our study falls within the specific
leg pain ranges published in larger RCTs, which
compared conventional SCS with different

Fig. 4 a Quality of life—EQ-5D-3L. EQ-5D-3L: Baseline,
1 month, and 12 months scores calculated from Dutch
time trade-off norms. A normal value for the Netherlands
is 0.843 (perfect health with moderate pain/discomfort).
*Indicates a statistically significant difference between
baseline and 1 month (p\ 0.001) and ** a statistically
significant difference between baseline and 12 months
(p\ 0.01). b Quality of Life—SF-36. PF physical

functioning, RP role physical, RE role emotional, VT
energy/vitality, MH mental health, SF social functioning,
BP bodily pain, GH general health. There was a statisti-
cally significant improvement between baseline and
1 month, and baseline and 12 months, in all domains of
the SF-36, with the exception of mental health and general
health
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alternative strategies [7, 15]. Kapural et al.
reported 51–78% of patients with greater than
50% and 42–67% of patients with greater than
80% leg pain suppression. The Evoke study, by
Mekhail et al., reported 61–83% of patients with
greater than 50% and 37–56% of patients with
greater than 80% leg pain suppression.

The EQ-5D-3L improved at 1 month and was
sustained through 12 months, at a level which
is almost equivalent to the Dutch National
norm, 0.843 (perfect health with moderate
pain/discomfort). The SF-36 also showed statis-
tically and clinically relevant improvements.
Patients were more socially active and reported
better general health, approaching the National
Dutch SF-36 norms for the majority of the
domains [19]. This is in line with other publi-
cations on SCS, reporting an improvement in
quality of life [4, 16]. Little is known about the
improvement in employment status of SCS
patients in the long term. In an RCT comparing
SCS to conventional medical management,
those who received SCS improved their
employment status [20]. In our study, the
improvement in SF-36 domains reflecting
employment status, in combination with pain
suppression, might be related to the positive
changes in quality of life.

Sleep is seldom used as an outcome measure,
although patients with chronic pain often
report sleep disturbances as a factor affecting
their well-being and pain. A recent systematic
review revealed that sleep is only used as a sec-
ondary outcome in 20.6% of the included SCS
studies [21]. Following initiation of SCS ther-
apy, we saw an improvement in different
aspects of sleep, reported by 75–77% of patients.
In addition, the majority of patients were very
satisfied with the SCS therapy and more than
half of the patients reported the effect of the
SCS therapy as ‘‘almost complete recovery of
complaints’’ or ‘‘complete recovery of
complaints’’.

Several papers have looked at possible factors
that influence patient preference for a specific
stimulation strategy [3, 22–24]. The choice
appears to be highly individual and possibly
related to age, technical ability, activity, or
previous experience with paresthesias. Patients
choosing paresthesia-based strategies do so for

reasons of control over the therapy, a preference
for the ‘‘tingling’’ sensation or a lack of main-
tenance (recharging burden). Although pain
suppression plays a role, it would not appear to
be the deciding factor. In our study, where pain
suppression with both strategies was equal, the
majority of these stimulation-naı̈ve patients
preferred the 1000 Hz, although this was not
statistically significant.

Our study is unique in that it evaluated a
well-defined, homogeneous, stimulation-naı̈ve
group of patients with unilateral neuropathic
leg pain in a double-blind crossover design.
Patients, main investigators, and assessors were
blinded. The study was sufficiently powered to
produce a robust effect size. Despite the length
of time needed to include patients, we were able
to complete enrollment according to the a pri-
ori sample size calculation. The trial to implant
ratio (84%) fell within the ranges reported in
other RCTs (75–94%) [4–6, 15]. Furthermore,
our attrition rate (19%) falls within the accepted
quality requirements for neurostimulation
studies (less than 20%) [25].

A limitation of the study is that we did not
ask patients the reason for their preference for
stimulation. Furthermore, the generalizability
of the results of this study may be limited by the
low number of patients with FBSS and pre-
dominant unilateral neuropathic leg pain. The
majority of them either had a larger back pain
component and/or radiation to both legs. We
found that the pain scores in the washout per-
iod for both strategies did not return to base-
line. We do not think this influenced our
results, as the possible bias is minimized by the
crossover design.

We conclude that a 1000 Hz strategy is
equally effective for pain suppression as a 30 Hz
strategy, in this population of patients with
FBSS with unilateral neuropathic leg pain, at the
end of the crossover period.

In the long term, pain suppression and
quality of life showed statistically and clinically
relevant improvements at 1 month that are
sustained through to 12 months. Patients also
reported an improvement in sleep and satisfac-
tion with the therapy.

On the basis of the large effect size found, we
would recommend further comparative studies
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in well-defined patient groups and indications,
evaluating the optimal SCS strategy for chronic
pain, with more focus on factors that influence
patient preference.
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