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Abstract
Objectives—Subthalamic nucleus (STN) deep brain stimulation (DBS) is an effective
intervention in advanced Parkinson's Disease (PD), but its efficacy and safety in early PD are
unknown. Our team is conducting a randomized pilot trial investigating DBS in early PD. This
report describes one participant who received bilateral STN-DBS.

Materials/Methods—Thirty subjects have been randomized to either optimal drug therapy
(ODT) or DBS + ODT. Microelectrode recordings from the STN and substantia nigra (SN) are
collected at implantation. The Unified Parkinson's Disease Rating Scale Motor Subscale (UPDRS-
III) is administered in the ON and OFF states semi-annually and neuropsychological function and
quality of life are assessed annually. We describe a 54-year-old man with a two-year history of PD
who was randomized to DBS + ODT and followed for two years.

Results—The subject showed a lower STN to SN ratio of neuronal activity than advanced PD
patients, and higher firing rate than non-PD patients. The subject's ON total UPDRS and UPDRS-
III scores improved during the two-year follow-up, while his OFF UPDRS-III score and levodopa
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equivalent daily dose (LEDD) increased. Quality of life, verbal fluency and verbal learning
improved. He did not experience any serious adverse events.

Conclusions—This report details the first successful application of bilateral STN DBS for early
stage PD during a clinical trial.

Keywords
Parkinson's disease (PD); deep brain stimulation (DBS); early stage; Unified Parkinson's Disease
Rating Scale-Motor Subscale (UPDRS-III)

Introduction
Parkinson's disease (PD) is a progressive and disabling neurodegenerative disorder affecting
over one million Americans.1 The current standard of care, dopamine replacement with
levodopa, improves the symptoms but to date, no pharmaceutical, biologic, procedure, or
device has been proven to slow the relentless progression.2 Increasingly higher doses of
anti-PD medications are needed for adequate symptom control, and the risk of developing
motor complications of therapy reaches 50-75% within seven years of initiation;3 the
development of disease-modifying interventions is therefore imperative. Recent animal
reports have indicated that bilateral deep brain stimulation (DBS) of the subthalamic nucleus
(STN) may slow the rate of nigral dopaminergic cell depletion when it is applied relatively
early in the disease course.4-6 The influence of DBS on the progression of clinical symptoms
of PD has not been measured in humans; to date, all trials have included patients with
relatively advanced disease, without clinical progression as a stated endpoint.

Even without considering the possible influence on clinical progression, applying DBS in
earlier stages of PD holds promise because, when applied in the advanced stages, it appears
to provide better symptom control7 and quality of life8,9 than medications alone.
Furthermore, after implantation, patients with DBS require 25-35% less medication,10 and
when applied in the early stages, this could delay onset of medication-associated motor
complications.

We are conducting a single-blind, parallel-group, randomized pilot assessment of DBS in 30
subjects with early stage PD to collect preliminary data necessary to plan a multi-center
clinical trial. This illustrative case describes one of the first surgical subjects to complete the
two-year follow-up of the trial.

Methods
Participants and Setting

The investigation was approved by the Vanderbilt Institutional Review Board. Participants
are recruited from the Movement Disorders Clinic of Vanderbilt University Medical Center
and through radio and print advertisements in Nashville and the surrounding area. Inclusion
and exclusion criteria were designed to exclude patients with potential secondary
parkinsonism or Parkinson-plus syndromes. Namely, eligible subjects are between the ages
of 50 and 75 and have Hoehn & Yahr Stage II idiopathic PD that has responded to levodopa
or dopamine agonist therapy for greater than six months (measured by a 30% or greater
reduction in UPDRS-III score after 36-hour levodopa withdrawal followed by
administration of 150% normal dose) but have been on therapy less than four years and are
without motor fluctuations, dementia, or previous brain operation or injury.
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Baseline and Follow-up Procedures
Subjects are admitted to the Vanderbilt General Clinical Research Center (GCRC) in the
ON-medication state. On Day 1, subjects complete an 8-hour Hauser diary11 and are rated
using the Unified Parkinson's Disease Rating Scale (UPDRS), including the videotaped
Motor Subscale (UPDRS-III), by a neurologist with fellowship training in movement
disorders. By 4:00 pm on Day 1, ON-medication testing is completed and subjects
discontinue all antiparkinsonian medications; they are then rated daily for one week with the
UPDRS-III. Subjects also undergo an annual battery of neuropsychological testing for safety
evaluation and quality of life testing using the Parkinson's disease questionnaire (PDQ-39).
On Day 8 of the subject's stay in the GCRC (after seven days without medication), subjects
undergo another videotaped UPDRS-III assessment to document disease severity in the OFF
state and provide more accurate preliminary insights into underlying disease progression.
After this assessment is complete, subjects resume antiparkinsonian medications and are
randomized to either optimal anti-parkinsonian drug therapy (ODT) or ODT plus deep brain
stimulation of the bilateral subthalamic nucleus (DBS + ODT).

Subjects who are randomized to DBS + ODT are implanted within two months of
randomization. All subjects return to the GCRC and undergo an assessment identical to
baseline (with the exception of neuropsychological testing performed annually) four
additional times at six-month intervals for a total of two years of follow-up. Subjects
randomized to DBS + ODT have their devices turned off in addition to forgoing
antiparkinsonian medication at each follow-up to allow videotaped evaluation of motor
function in both the fully ON (day 1; receiving both medication and stimulation) and fully
OFF (day 8; after 7 days without medication and without stimulation) states. After collection
of two year-follow-up data is complete in all subjects, these videotapes will be sent to a
blinded reviewer who will view the videotapes and assign motor scores, thus adding a
single-blinded component to the trial.

DBS Implantation and Programming
The DBS implantation procedure for the study is identical to the standard methodology
utilized at Vanderbilt University by the surgeon (PEK) since 2002,12 and uses a rapid
prototyped stereotactic system (WayPoint® Stereotactic system; FHC Inc; Bowdoin, ME).
The surgery is performed in three steps, and is briefly reviewed as follows. The first stage is
an outpatient procedure in which the patient undergoes high resolution CT and MRI imaging
under anesthesia in addition to fiducial marker placement. Stereotactic trajectory planning
and design of the rapid prototyped frame (microTargeting® platform, FHC, Inc.) is
performed in this first step.

The patient returns within one week of the first procedure to undergo stereotactic mapping
of the STN nucleus and bilateral placement of the DBS quadripolar leads (#3389; Medtronic
Neurological, Inc; Minneapolis, MN). This second step is usually performed with the subject
awake and minimally sedated to observe clinical efficacy and side effects to semi-micro-
stimulation of the region surrounding the STN nucleus. In particular, once the stereotactic
platform is applied and the burr hole created, micro-electrode recordings (MER) are first
made, followed by semi-microstimulation of the region of interest. MER data are collected
in ten-second epochs as multiple microelectrodes (impedance range typically 0.2-0.6 M
ohm; Model MP1, FHC, Inc.) spaced 2 mm apart are simultaneously advanced in 0.5-1.0
mm increments along the optimal trajectory from 10 mm above to 5 mm below the planned
STN target. Localization within STN and SN is determined by a neurophysiologist (CCK or
MSR) based on increased background activity and high frequency, irregular firing.13,14

Microelectrode signals are band pass filtered (0.5 – 5 kHz), amplified, displayed, and
digitally stored. Offline, individual neurons are isolated using automated cluster analysis of
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principal components (Spike Sorter 2, Plexon, Dallas, TX) and further refined by visual
inspection. Single unit firing frequency is calculated with Neuroexplorer 4 (Nex
Technologies, Littleton, MA). A custom MATLAB routine (MathWorks, Natick, MA) is
used to calculate root mean square (RMS) amplitude. Finally, the ratio of STN/SN RMS
activity, a measure of neuronal background activity which has the advantage of being
independent of variables such as impedance, size, configuration of electrode and dynamic
changes of neuronal firings, is also calculated.

After MER data are collected and an initial superior and anterior border of the STN
identified, semi-microelectrode stimulation is performed using a 0.4mm × 1mm monopolar
electrode (FHC, Inc.). Neurological changes resulting from stimulation are documented by a
movement disorders neurologist (PDC) for numerous points of interest surrounding the STN
region. The final position of the DBS lead is chosen based on analysis of MER data and
optimal reduction in rigidity versus stimulation induced side-effects. A permanent DBS lead
(Model #3389, Medtronic Neurological, Inc.; Minneapolis, MN) is then inserted and
anchored to the skull such that the two middle contacts surround the intended final target.
Final lead position is confirmed with postoperative CT imaging within 24 hours. This
surgical method has been described by our team elsewhere,12,15 and results in clinical
accuracy and electrode placement error rates that are similar to other centers using either
traditional stereotactic frames or miniature platforms.

The third step of DBS implantation is performed as an outpatient procedure under general
anesthesia within two weeks of the electrode implant. This procedure connects each DBS
electrode to a single channel, internal pulse generator (SoletraTM, Medtronic Neurological,
Inc.; Minneapolis, MN) located in the infraclavicular region ipsilateral to the lead. All trial
participants received bilateral internal pulse generators, according to the protocol in place
with the FDA for Investigational Device Exemption status in 2004 related to this study.

The device is initially turned off to allow adequate time for resolution of any intracranial air
and impedance stabilization associated with healing. The implant is turned on at an initial
programming visit four weeks after lead implantation. At this visit, stimulation mapping is
performed to characterize the intensity threshold (in Volts) for both clinical benefit and side
effects. Clinical benefit is assessed by the neurologist and patient perception of improvement
in rigidity, bradykinesia and tremor. Stimulators are turned on in a monopolar configuration
with the selected contact negative and case positive at a low initial setting just above the
efficacy threshold (typically 0.8V for subjects in this study) with pulse width 60 μs and rate
130 Hz and left for approximately one month in that state. Following this visit, subjects visit
the clinic as necessary (for no fewer than three sessions) for therapy optimization before the
first follow-up visit, six months after the baseline visit. Subjects in either study arm may
have medication and stimulation adjustments made as needed throughout the trial, and no
specific guidelines are placed on individual patient treatment regimens with the exception of
excluding other experimental therapies.

Illustrative Case
All 30 subjects have enrolled in the study and been randomized (15 ODT, 15 DBS + ODT).
They are 27 men and 3 women aged 60 ± 6.6 years (mean ± standard deviation) who have
been on antiparkinsonian medication an average of 2.2 ± 1.2 years at randomization.

The subject described in this report is a white right-handed male, aged 54 years with Hoehn
& Yahr Stage II PD, who was diagnosed with PD at age 52 and had been a stable responder
to antiparkinsonian medications for almost two years without development of motor
fluctuations. Other medical history included atrial fibrillation and cranial nerve IV palsy.
The subject's UPDRS-III score after 36 hours OFF medication was 12, which improved to 8
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one hour following levodopa challenge (33.3% reduction). Results of the baseline evaluation
are described in Table 1. At completion of the baseline visit, the subject was randomized to
DBS + ODT.

The target identified using preoperative image acquisition and trajectory planning software
is described in Table 2. In the operating room, four microrecording electrodes were passed
simultaneously through the left brain targeting STN; all of these leads pierced the STN.
During the initial pass on the right side, only one of the four microelectrodes pierced the
STN. Offset was required and the array was passed once more for a total of eight passes,
five of which pierced the STN. Overall, average firing rate in the STN was 38.0 ± 5.3 Hz,
and background amplitude was 9.1 ± 0.6 mV. The root mean square of STN/SN activity was
1.27 on the left side and 0.97 on the right (Figures 1 and 2); the higher overall background
activity in the left STN was accompanied by more severe right-sided parkinsonism at
baseline evaluation in both the ON (right: 6; left: 4) and OFF (right: 9; left: 6) states (Table
1). High frequency test stimulation produced significant reduction in rigidity and
bradykinesia at low amplitudes, with paresthesias and involuntary muscle spasms noted at
higher amplitudes. The final target position is described in Table 2. Related post-operative
adverse events were nausea, vomiting, and pain, and these resolved without sequelae.

All study visits were completed and outcome measures collected within the specified time
frames with the exception of the baseline visit, which was repeated to comply with the time
frame specified in the study protocol. Table 1 lists the primary measures collected at every
endpoint (Baseline, 6-month, 12-month, 18-month, and 24-month follow-ups). The subject's
total UPDRS score in the ON state decreased by 18 points over the follow-up period,
primarily due to an improved activities of daily living rating (subscale II) and improved
motor ability rating (subscale III), which remained lower than baseline scores by 13 and 4
points, respectively, two years after implantation (Figure 3). The decrease in the ON
UPDRS-III score was a result of improved posture, facial expression, and leg agility. These
clinical improvements were achieved by increases in both medication dose and stimulation
amplitude (Table 1). The subject did not experience dyskinesias or wearing-off phenomena
at any point in the study.

Table 3 lists the results of neuropsychological testing at baseline and 12- and 24-month
follow-ups. Overall, the subject showed no significant decrease in any aspect of
neuropsychological functioning. Significant improvements were seen in verbal fluency
(FAS), as well as word naming and color naming on the Stroop Test. In addition, verbal
memory (Word List Learning) showed an improvement, which became more pronounced
with time.

The subject experienced one device-related adverse event. Eighteen months after
implantation the pulse generator began to turn off unexpectedly, at which time the subject
would experience worsening of PD symptoms. The generator was replaced and post-explant
analysis by the device maker revealed failure of an electrical connection within the pulse
generator. The subject has experienced no other complications since replacement. Other
adverse events experienced over the course that were possibly related to study participation
were dizziness and insomnia. Adverse events unrelated to study participation were transient
weight gain, sleep apnea, frequent urination, and back pain.

Discussion
The application of DBS in early stage PD holds great potential, including reduction in
medication dose, delay of motor fluctuations and alteration of clinical progression. Even if
these postulated benefits are confirmed, patients and physicians must still weigh them
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against the risk of DBS therapy. The safety profile of the surgical implantation procedure
and stimulation in advanced PD is well known, and includes cognitive decline, affective
changes, and intracranial hemorrhage causing permanent disability or death. In addition, it is
currently unclear whether administration of stimulation in subjects with early stage PD
would cause some unexpected effect, such as the runaway dyskinesias in subjects during the
fetal nigral dopaminergic cell trials of the 1990s.16 No such unexpected adverse events
occurred in this case, as the adverse events experienced by this single subject were all mild
and have been reported in advanced PD patients implanted with DBS.

In advanced PD, STN hyperactivity serves as a landmark for neurophysiological mapping
and lead implantation, but it was not clear at study inception whether early PD patients
would exhibit the same hyperactivity. The subject's average STN firing rate (38.1 ± 5.3 Hz)
was comparable to previously published rates in advanced PD (33 – 42 Hz),13,17,18 and
higher than essential tremor patients (19.3 Hz),14 indicating higher frequency is associated
with presence of disease. The overall activity in the STN (9.1 ± 0.6 mV) was lower than
previously published data from advanced PD patients (140 mV),18 with lower STN/SN
ratios (1.27 on the left and 0.97 on the right) than the average ratio of 2.4 in advanced PD.19

Furthermore, the higher STN/SN ratio in the left hemisphere correlated with more severe
symptoms on the right side. The higher ratio could reflect STN hyperactivity (as a reaction
to neuronal loss in the SN) or decreased SN activity from the neuronal loss.

Total UPDRS scores typically worsen by 8-14 points per year in patients with early stage
PD,19-20 while the subject in this case had an improvement of 9 points per year. Similarly,
previously published rates of motor decline (measured by the UPDRS-III) range from
1.9-6.7 points per year,21,22 and our subject declined by only two points per year in the OFF
state and improved in the ON state. This observation may be consistent with the hypothesis
that DBS in early stage PD provides a disease-modifying effect but may also be due to
optimized treatment. The subject's anti-PD medication increased from 225 to 361 mg of
levodopa equivalents (60%) over the two-year period, a substantial increase but one that is
within the range of previously published rates.23

Quality of life measures have gained attention in recent years, and patients with advanced
PD treated with DBS experience better quality of life than patients treated with medication
alone.7,9 This subject's PDQ-39 and UPDRS-II (ADL subscale) scores both improved after
implantation, suggesting that in this single case, the procedure had a positive impact on
quality of life and function. Perhaps most importantly for patients with early stage disease,
who must weigh the known and potential adverse effects of DBS with the therapeutic effect,
clinical improvement occurred without significant adverse events. This is contradictory to
some reports indicating higher rates of disability-causing adverse events and
neuropsychological consequences of DBS compared to medication alone. Interestingly,
adverse cognitive outcomes often involve aspects of frontal-executive functioning, including
verbal fluency.24,25 This subject displayed improvement in both verbal fluency and verbal
learning. Further study is necessary to investigate the potential influence of DBS on
neuropsychological function when it is applied in the early stages of the disease.

The pilot trial from which this case is taken represents a first step in exploring the use of
DBS in early stage PD, but there are several limitations, the most obvious of which is the
single-blind design. In the case described, neither the physician rater nor the subject were
blinded to treatment assignment or duration of follow-up. When designing the study, we
acknowledged that positive findings from a double-blind trial would be ideal, but ultimately
failed to conceive of a method of blinding patients that was both effective and ethically
defensible. The current design, which includes a single-blinded videotaped component,
represents our best attempt to balance these considerations. Another limitation is the
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possibility that one or more participants may actually have atypical or secondary
parkinsonism rather than true idiopathic PD. This chance is unavoidable for any clinical trial
in early PD because an objective biomarker to diagnose or measure progression does not
currently exist. However, our inclusion and exclusion criteria are designed to exclude
patients with prominent atypical features (most specifically in the requirement of a six-
month stable medication response documented by challenge test)26 and any revised
diagnoses, if made, will be considered in the final analysis.

The most important result of this single case was that stimulation did not cause unforeseen
worsening of any aspect of motor or cognitive function. In fact, the total UPDRS, a measure
of the overall burden of parkinsonism, actually improved over the two-year period, with the
most dramatic decreases seen in the motor function and ADL subscales. No conclusions can
be made from these data given the extreme variability of natural progression between
patients as well as the substantial increases in both stimulation and medical therapy, but
further consideration of a role for DBS in disease modification may be warranted. If
substantiated by results from the pilot trial, these findings provide a rationale and practical
guidance for conducting a multicenter clinical trial to determine whether DBS is safe,
efficacious, and positively affects the progression of early stage PD.
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Figure 1.
Upper panel: Microelectrode recordings in the left STN and SNr (frequency of neuronal
firing vs. distance above or below target) along the optimal track and the final lead implant
position. The midpoint of the lead is represented by the red line. Lower panel: Neuronal
firing patterns at -1.0 mm (STN) and 4.0 mm (SN) along the same track.
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Figure 2.
Upper panel: Microelectrode recordings in the right STN and SNr (frequency of neuronal
firing vs. distance above or below target) along the optimal track and the final lead implant
position. The midpoint of the lead is represented by the red line. Lower panel: Neuronal
firing patterns at -0.1 mm (STN) and 4.0 mm (SN) along the same track.
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Figure 3.
Change in Unified Parkinson's disease rating scale (UPDRS) total score and subscale scores
in a patient with early stage Parkinson's disease treated with B-STN DBS for two years.
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Table 3
Neuropsychological testing results at baseline and follow-up

Measure: Baseline: 12-Month Follow-up: 24-Month Follow-up:

Wisconsin Card Sorting Test

 Categories  Achieved 6/6* 6/6 6/6

 Perseverative Errors 13 11 10

 Total Errors 13 12 11

Stroop Word/Color Test

 Word 6 10 9

 Color 8 13 13

 Color-Word 14 11 15

Verbal Fluency Test

 Phonemic (FAS) 8 13 13

 Categorical (Animals) 11 13 10

Paced Auditory Serial Addition Test Heaton Version

 2.4 second 12 13 12

 2.0 second 14 14 14

 1.6 second 11 14 14

 1.2 second 14 13 12

WAIS-III Digit Span

 Score 14 13 15

Wechsler Memory Scale-III

 Faces I 19 18 19

 Faces II 18 18 19

 Word List I 9 13 16

 Word List II 10 12 16

Boston Naming Test

 Score 15 16 16

Benton Judgment of Line Orientation Test

 Score 12 15 15

*
Except where indicated otherwise, all test results are scaled scores, with M = 10 and SD = 3. An increase in scaled score of at least 4 to 5 points

was used as the minimum in judging significant improvement between baseline and follow-up tests.
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