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SPINAL CORD STIMULATION FAILED TO
RELIEVE AKINESIA OR RESTORE LOCOMOTION IN
PARKINSON DISEASE

Dorsal column spinal stimulation in dopamine-
depleted rodents was recently reported to disrupt
pathologic corticostriatal synchronization, alleviate
akinesia, and restore locomotion.1 This claim has
prompted consideration that spinal stimulation
“might become an efficient and less invasive alterna-
tive for treatment of Parkinson disease (PD) in the
future.”

In this study, we investigated whether dorsal col-
umn stimulation was of therapeutic benefit in 2 pa-
tients with PD.

Level of evidence. This study provides Class II evi-
dence that for patients with moderate to severe mo-
tor impairment from PD, high-frequency epidural
cervical spinal cord stimulation does not significantly
improve motor function as measured by the motor
subsection of the Unified Parkinson’s Disease Rating
Scale (UPDRS).

Methods. Two patients with PD had spinal stimula-
tors (Medtronic models 3487a or 3898) implanted
surgically into the high cervical epidural space with-
out complication, as described previously.2 Patient 1,
75 years old, had moderate motor impairment
(off/on medication motor UPDRS � 30/18). Pa-
tient 2, 77 years old, had more severe motor im-
pairment (off/on medication UPDRS � 51/38)
and was unable to walk without dopaminergic
medication. Both patients met UK Brain Bank cri-
teria for PD.3

Ten days postoperatively, both patients partici-
pated in a double-blind crossover study of the motor
effects of spinal stimulation. In an initial exploratory
phase, an antiparkinsonian effect of spinal stimula-
tion was sought over a range of frequencies (30–300
Hz) and intensities (up to 4.0 V and 240 �s). Having
failed to establish a clear benefit for any particular set
of parameters, for the purposes of the study, patient 1
was assigned to receive 130 Hz stimulation (a com-
mon frequency employed for deep brain stimulation
and beneficial in the rodent study) and patient 2 300

Hz (the most effective frequency in the rodent
study). At those frequencies, stimulation intensity
thresholds for the production of paresthesiae were
established. Patients were then assessed in the off
medication state (after overnight withdrawal of do-
paminergic medication) during 3 conditions: off
stimulation, subthreshold stimulation (without
paresthesiae), and suprathreshold stimulation
(with paresthesiae). Subthreshold and suprath-
reshold stimulation parameters were as follows: pa-
tient 1 130 Hz/2 V/240 �s and 130 Hz/3 V/240 �s;
patient 2 300 Hz/3 V/200 �s and 300 Hz/4 V/200
�s. The ordering of conditions was counterbalanced
so that each patient had 9 assessments. Outcomes
were assessed �20 minutes after switching stimula-
tion conditions (a period sufficient for most parkin-
sonian signs to return following subthalamic
stimulation).4 The primary outcome measure was the
motor subsection of the UPDRS (motor UPDRS,
mean score of 2 blinded neurologists rating from vid-
eotape).5 Secondary outcomes included the timed
Hand-Arm Movement test (number of alternating
movements between 2 fixed points 30 cm apart in
30 s, mean of both sides), timed foot tapping score
(number of foot taps in 30 s, mean of both sides),
and time to walk 10 m test.6 Paresthesiae were rated
by the subjects with a Visual Analogue Scale (10 cm
VAS).7

Standard protocol approvals, registrations, and patient

consents. Ethical approval was granted by the local
ethics committee and patients gave written informed
consent.

Results. Startle was not observed with changes to
stimulation in either patient. VAS scores for the su-
prathreshold condition were greater than the off
stimulation condition (mean 2.1 vs 0.68 cm, Z �

�2.03, p � 0.04 Wilcoxon). VAS scores for the sub-
threshold and off stimulation conditions were not
different (1.9 vs 0.68 cm, Z � �0.94, p � 0.35
Wilcoxon). There was strong interrater reliability be-
tween the motor UPDRS scoring of the 2 blinded
neurologists (Spearman rho � 0.92).

There was no difference in the primary outcome
measure of motor UPDRS between stimulation con-
ditions (�2 � 1.65, p � 0.44 Friedman). There were
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no differences in any other outcome measure with
stimulation (table). Dorsal column stimulation did
not restore the locomotion of patient 2, who re-
mained unable to walk in the off medication state.

Discussion. We assessed whether the benefits of
spinal stimulation, recently reported in parkinso-
nian rodents, could be translated to patients with
PD. While it is not possible to prove that spinal
stimulation in some form will never be of thera-
peutic value, we found that in 2 subjects, dorsal
column stimulation delivered continuously at
clinically acceptable stimulation intensities was
not clinically beneficial.

The difference in outcomes between the 2 studies
may reflect differences between species, models, or,
alternatively, the differing methods of stimulation.
In the rodent study, suprathreshold stimulation at
intensities sufficient to produce startle was applied
intermittently in 30–60 s bursts.1 Only during and
shortly after stimulation did beneficial effects occur,
which included reduced beta oscillations, alleviation
of akinesia, and increased locomotion. The authors
postulated that dorsal column stimulation may di-
rectly desynchronize pathologic oscillations, thereby
providing a state permissive for movement.

However, an alternative mechanism is simply that
bursts of startling stimulation increased arousal,
thereby precipitating movement, as occurs with par-
adoxical kinesis. The authors of the rodent study
controlled for startle-related phenomena by applying
startling trigeminal stimulation, but at lower inten-
sity thresholds than applied for spinal stimulation.
Locomotion not only increased in parkinsonian ro-
dents, but in healthy control rodents as well. Cru-
cially, the effect of chronic stimulation was not
reported so it is possible that habituation may have
occurred.

Intermittent startling spinal stimulation that
briefly precipitates locomotion by increasing arousal
would not be an acceptable therapy in patients.
However, we found that spinal stimulation admi-

nistered continuously, at the same frequencies and
at clinically acceptable intensities, failed to improve
motor deficits in 2 carefully evaluated patients
with PD.
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Table Outcomes from dorsal column stimulation in 2 patients with Parkinson diseasea

Motor UPDRS
(score/104)

Timed 10-meter
walk (s)

Timed hand–arm
movements (n/30 s)

Timed lower limb
tapping (n/30 s)

Baseline (off stimulation) 37.8 (11.5) 5.5 (1.2) 30.3 (15.9) 54.2 (21.9)

Subthreshold stimulation 35.4 (12.5) 5.4 (0.4) 32.7 (18.0) 54.2 (22.8)

Suprathreshold stimulation 37.3 (10.5) 5.6 (1.0) 31.2 (16.3) 52.0 (24.7)

Friedman (p value) 0.44 0.72 0.32 0.85

Abbreviation: UPDRS � Unified Parkinson’s Disease Rating Scale.
aValues are means (SD). There were 3 assessments per patient per condition. The timed 10-m walk results represent the
performance of patient 1 only (patient 2 was persistently unable to perform the task).
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Editor’s Note to Authors and Readers: Levels of Evidence coming to Neurology®

Effective January 15, 2009, authors submitting Articles or Clinical/Scientific Notes to Neurology® that report on clinical
therapeutic studies must state the study type, the primary research question(s), and the classification of level of evidence assigned
to each question based on the classification scheme requirements shown below (left). While the authors will initially assign a
level of evidence, the final level will be adjudicated by an independent team prior to publication. Ultimately, these levels can be
translated into classes of recommendations for clinical care, as shown below (right). For more information, please access the
articles and the editorial on the use of classification of levels of evidence published in Neurology.1-3
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