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Introduction: Spinal cord stimulation (SCS) is an established strategy for pain reduction used in whole world including
Japan to treat chronic intractable pain. Pain is a frequent comorbidity of Parkinson's disease (PD), leading to poorer
quality of life. SCS has been reported to effectively reduce pain in PD and may also improve motor function, but
most studies have employed the modality of tonic stimulation. As such, the effects of SCS using the newly developed
paradigm of burst stimulation in PD remain relatively unexplored.
Methods: This case series reviewed PD patients who underwent SCS using BurstDR stimulation to treat intractable
lower back pain (LBP). Pain and motor outcomes were assessed before and at several timepoints after implantation
over a 24-week observation period.
Results: Pain indices (visual analogue scale [VAS] and short-form McGill Pain Questionnaire 2 [SF-MPQ-2] scores) im-
proved in nearly all patients. Improvements were especially notable in the dimension of affective pain (SF-MPQ-2). Func-
tional motor improvements were evident in the Unified Parkinson's Disease Rating Scale (UPDRS), especially walking-
related items, and timed-up-and-go (TUG) test performance, which generally persisted through week 24 of observation.
Conclusion: Burst SCS improved pain (especially the affective component) in PD patients with LBP, with effects generally
lasting for at least 24 weeks. Neither paresthesia nor obvious adverse events were experienced in any case. Motor
symptoms as scored of UPDRS Part III had the trends of improvement in lower limb akinesia at week 24 and gait at
week 4. These findings suggest that burst SCS may be an effective treatment option for LBP and may be influenced to
gait-related motor symptoms in PD.

© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Pain, such as lower back pain (LBP), which is one of the non-motor symp-
toms of Parkinson's disease (PD), is seen relatively early and gradually
worsens [1], significantly reducing activities of daily living and their
quality of life. Drug treatment is successful in the early stages of PD, but if spi-
nal deformity and gait and posture disturbance occur with the progress of the
condition, the pain changes to symptoms of drug resistance and becomes in-
tractable. In 2012, Agari et al. reported first a series of cases in which spinal
cord stimulation (SCS) therapy underwent, established for chronic intractable
pain treatment, showed not only improved pain but also reduced posture and
gait disturbance in PD [2]. Since then, SCS has been tried as one of the ther-
apeutic methods for these refractory symptoms.
Ltd. This is an open access article u
SCS was invented based on the gate control theory of pain proposed by
Melzack and Wall. In conventional SCS, a tonic stimulation (TS) is applied
at the affected area, masking pain by evoking paresthesia. Evidence is still
less available for the efficacy of SCS for pain in PD, but at least some of
the case series demonstrated that TS-SCS reduced pain and improved
some motor symptoms [3].

However, there were some disadvantages to conventional SCS for PD
patients. At first due to posture fluctuation in PD, enough paresthesia was
not obtained in the preferred position due to migration of the electrode or
the difference in position. Moreover, for PD patients with impaired pain
sensitivity, TS feels negatively discomfort so that it is difficult to continue
treatment and there were cases where device was removed. For these rea-
sons, it may still be considered difficult to progress spreading SCS clinically
for unstable outcomes, even if these are not published in papers.

Recently, a new high frequency, paresthesia free stimulation modality
has been developed, called burst stimulation (BS) [4]. A few reports
about BS-SCS for pain in PD can be already seen. Kobayashi et al. detailed
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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the pain relief of BS-SCS in a single case of PD [5], and Mazzone et al. re-
ported about the BS for pain andmotor deficit of PD [6]. Their data showed
that the BS-SCS relieved pain and improved motor symptoms, too.

Though, the common understanding about SCS for PD remains rela-
tively unexplored. Here, we report the scored outcomes about pain and
motor symptoms for five PD patients administered BS-SCS to treat refrac-
tory low back pain (LBP).
2. Methods

2.1. Subjects

Five idiopathic PD patients, 2males and 3 females, aged 66-81 years old
(mean 74.0), Hoen & Yarh stage 2–4 (mean 3.0), underwent BS-SCS im-
plantation surgery to treat refractory LBP in our hospital between April
and December 2018 were reviewed. The duration of PD was 5-31 years
(mean 12.4). Refractory LBP was defined as pain in the lumbar region
which was poorly responsive to anti-Parkinson's drug regimen changes, an-
algesic administration, nerve blocks. None of them had severe neuropathic
pain due to spondylosis. Theywere possible towalk>10mwithoutwalking
device, and there were few problems with their cognitive function. PD was
confirmed using the clinical diagnostic criteria of the International
Parkinson's and Movement Disorder Society.
2.2. Spinal cord stimulation

SCS device implantation was performed according to the standard tech-
nique. Percutaneous insertion of a single electrode was done into the epidu-
ral space under local anesthesia, with the tip placed at the thoracic level of
T8–9. Patients initially underwent a trial stimulation using the external
pulse generator. The electrode placement was established by applying TS,
adjusted to cover with paresthesia on the low back and bilateral lower
limbs, along the dermatome at the level from L1 to sacral area. As soon as
once confirmed, stimulation was switched to BS then it was continued.
The intensity of BS was set at 60% of paresthesia level. Since the pain re-
duced, the implantable pulse generator (IPG) was placed at the buttock 3
to 7 days after first operation. During about 12 weeks after the implanta-
tion, the modification of the stimulation site was done to be covered
whole lumbar region. We used the devices, Lamitrode™ S-8 Lead, Burst
DR™ (pulse width: 1000 μs, inter-burst rate: 40 Hz, intra-burst rate:
500 Hz), Proclaim™ Elite IPG system, distributed in Japan by Abbott Med-
ical Japan.
2.3. Pain and motor assessments

Pain indices were assessed using a visual analogue scale (VAS) and the
short-form McGill Pain Questionnaire 2 (SF-MPQ-2). Motor function metrics
were assessed using Part III of the Unified Parkinson's Disease Rating Scale
(UPDRS-III) and timed-up-and-go (TUG) test. All the assessments were per-
formed at pre-trial period (baseline), 4, 12, and 24 weeks continuing with
BS. Pain etiology was categorized according to Ford's classification [1]. Eval-
uation of pain and motor function, UPDRS was performed by the same eval-
uator, clinical psychologist, physiotherapist, and doctor for all patients.
Patients with wearing-off were assessed in the ‘on’ state. Adverse events
were monitored throughout the evaluation period.
2.4. Statistical analysis

Assessment data are presented as mean± standard deviation (SD). Rat-
ing differences at each post-treatment time point with respect to baseline
were tested using the Wilcoxon signed-rank test. Statistical significance
was defined as p < .05.
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2.5. Ethical considerations

This study was approved by the ethics committee of the National Center
of Neurology and Psychiatry (NCNP), and informed consent was obtained
from all patients.

3. Results

Five patients underwent BS-SCS for the refractory LBP. No obvious ad-
verse events were observed throughout the evaluation period. Wearing
off was experienced in two patients but the changes in the drug did not af-
fect the extent of the pain.

Fig. 1 shows the changes in pain and motor function scores before and
after BS. VAS scores at baseline (BL), week 4 (W4), week 12 (W12), and
week 24 (W24), respectively, are 64.6 ± 30.3，32.4 ± 28.3(P = .079)，
30.2 ± 30.4(P < .05)，57.0 ± 33.2 and respectively it decreased at W4,
W12, but increased again at W24. Total pain score (SF-MPQ-2) in turn, 83.8
± 46.3, 20.4 ± 17.0, 29.4 ± 11.1, 38.6 ± 16.3, showed lower than BL at
W4 andW12 for all cases (p< .05) and at W24 for four cases(P= .079). No-
tably, affective pain score (SF-MPQ-2), 22.4± 9.9, 4.4 ± 3.3, 6.8 ± 4.8, 9.6
±4.8, showed lower thanBL for all patients at all assessment points (p<.05).

Severity of motor symptoms (UPDRS items) demonstrated positive
trends (Figs. 1 and 2). The score 34.6 ± 12.8, 23.8 ± 4.4, 23.6 ± 6.4,
25.0 ± 9.7, showed significantly lower than BL at W4 in all cases (p <
.05). Total UPDRS-III reduced score was maintained at W24 in four cases
(P = .079). TUG time, 23.1 ± 11.9, 21.3 ± 10.9, 17.7 ± 7.9, 12.7 ±
4.7, tended to improve throughout the evaluation period in all cases; a sig-
nificant reduction relative to BL was observed at W12 and W24.

Changes in the details of MDS-UPDRS Part III are shown in Fig. 2. For in-
dividual UPDRS-III items, improvements in lower limb akinesia (item7 & 8,
right and left totals) and gait (item 10) were observed at W4 in all cases (p
< .05), which were maintained through W24 only in lower limb akinesia.
Freezing of gait (FOG, item 11) were seen in three patients at BL, one of
them was improved from the score 3 to 1, and two of them extinguished
the score 1 and 2 to zero at W24, but it was not significant(P= .11). Tremor
(item 12) had the slight tendency but had no significance. There was no
change in the score on the posture, body bradykinesia in our cases.

4. Discussion

4.1. Tonic SCS for pain in PD

Evidence of SCS for pain in PD has been reviewed by De Andrade et al.
[3]. According to this, positive report cases of pain relief effects caused by
TS exists. As the report of Agari et al. [2], Nishioka et al. showed that the
UPDRS PartIII scores were improved even in motor symptoms of tremor
and rigidity by TS for pain in PD [7]. Both suggest very meaningful that
the original effect of SCS for neuropathic pain derived from the spine was
obtained even in PD, then the motor symptoms of PD improved together.
The LBP in our cases did not include such a neuropathic pain but included
the body axis painwhich is difficult to obtain the effect of TS-SCS. Although
the types of pain are classified by Ford et al., more discussion is needed to
define pain according to like this.

4.2. Burst SCS for pain in PD

Burst stimulation is a novel high frequency, paresthesia free technologies.
De Ridder designed a new stimulation method named BurstDR™ (a patent
fromAbbott), whichwas resemble the physiological firing patterns of subtha-
lamic neurons [4]. Clinical efficacy was investigated in the SUNBURST trial,
compared TS versus BS in 100 individuals with neuropathic pain of the trunk
and limbs using the VAS score [8]. Our investigation revealed significantly
improvements in five PD patients with LBP scored by SF-MPQ2 (that is
lower than BL, as the score of total pain at 12 W, and as it of affective pain
further at 24 W) by BS-SCS. Thus, the SCS using BurstDR™ stimulation for
pain in idiopathic PD might have positive effect, as same as TS, although a
higher evidence-level design is required.
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Fig. 1. Changes in pain and motor function scores before and after burst spinal cord stimulation.★:P < 0.05

Fig. 2. Changes in the details of MDS-UPDRS PartIII ★:P<or ≓0.05, *:P ≓ 0.1

Y. Furusawa et al. Clinical Parkinsonism & Related Disorders 3 (2020) 100043

3

Image of Fig. 1
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What is characteristic of our research is the difference between VAS
score and SF-MPQ-2 score evaluation results (Fig. 1). This is considered
that it is difficult to evaluate the degree of pain themselves, but it may be
easier to be aware of relieving affliction associated with pain.

4.3. The mechanisms of the pain relief by BS

There are two ascending pathway of pain: “medial pathway” of the sen-
sory identification system and the other is “lateral pathway” of the emo-
tional system connecting at the dorsal Anterior Cingulate Cortex (dACC)
which is responsible for encoding pain memories. An EEG-based compari-
son of BS and TSmodes in SCS found BS to significantly increase neural syn-
chronization in the dACC [9]. Our clinical data are consistent with these
knowledges that maymodulate the affective component of pain via theme-
dial pathway. DACC is also involved in motor learning by linking it with
areas related to motor output, associating with episodic memory through
pain discomfort. Our data of TUG, that is said to correlate with cognitive
function, decreased at W12 and W24 significantly. It is very interesting of
thinking about the relation of affective pain and motor learning.

4.4. SCS and motor symptoms in PD

The matter currently unresolved is whether the effect for motor is the
direct one of SCS or is the secondary. The study by Samotus et al. of SCS
in PD without pain show the trends for improvements were observed in
Freezing of Gait Questionnaire score (albeit non-significant) [10]. This is
still controversial, but Fuentes et al., in 2009 [11] and Bryset et al. in
2017 [12] showed the direct effect of motor symptoms in animal model
PD. It should be proposed that also the TS-SCS affect motor symptoms in
PD aside pain, by concerning the central nervous system through the medi-
ation of sensory tracts of spinal cord. It is natural to think that it is effective
for both pain and motor symptoms when returning to the discussion of
dACC. To argue about the superiority of BrustDR for motor function on
PD, further studies like about the gait analysis or the motor performance
are expected in the future.

4.5. Limitations

This is a case series of a retrospective study with a small number of pa-
tients. The long-term effects of SCS were not assessed since the observation
period lasted only 24 weeks. Because the treatment was continued during
the evaluation period, difference in the state where SCS was turned on
and off was unknown. All cases were hospitalized until W4, and they
underwent regular rehabilitation.

A prospective case control trial including more patients will be neces-
sary to confirm the BS-SCS how reduce pain and improve motor symptoms
in PD. Further studies using only PD patients without pain symptoms will
be needed to substantiate its efficacy of BS-SCS in motor symptoms of PD.
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