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Defi nition of terms

 Medtronic® DBS™ Therapy
Medtronic DBS Therapy for  Parkinson’s Disease—Generic 

name for a medical treatment developed by Medtronic in 

collaboration with medical researchers for suppressing some of 

the symptoms of levodopa-responsive Parkinson’s disease. The 

therapy uses an implantable medical device to deliver electrical 

stimulation to the internal globus pallidus or subthalamic 

nucleus of the brain.

Medtronic DBS Therapy for Tremor—Generic name for a 

medical treatment developed by Medtronic in collaboration with 

medical researchers for both the treatment of unilateral Essential 

and Parkinsonian tremor. The therapy uses an implantable 

medical device to deliver mild electrical stimulation to the 

thalamus of the brain.

 Anatomy
Globus Pallidus (GPi, GPe)—An anatomical structure of the 

brain which lies between the Thalamus and the Insular Cortex. It 

is divided into two regions called the internal segment (GPi) and 

the external segment (GPe). The GPi and the GPe are part of a 

sub-circuit of the brain called the Basal Ganglia which constitutes 

a feedback loop from the cortex back to the cortex through the 

Thalamus, and projects to the Brain Stem. The GPi is considered 

an output circuit of the Basal Ganglia with cells projecting to the 

Thalamus and Peduncular Pontine Nucleus.

Subthalamic Nucleus (STN)—An anatomical structure of the 

brain that lies just below the Thalamus. It is part of a sub-circuit of 

the brain called the Basal Ganglia which constitutes a feedback 

loop from the cortex back to the cortex through the Thalamus, 

and projects to the Brain Stem. 

Ventral Intermediate (Vim) Nucleus—The ventral intermediate 

nucleus (VIM) is the posterior part of the subdivision of the 

thalamus controlling motor function. It is located in the ventral 

lateral part of the thalamus. 

Clinical rating scales
Parkinson’s Disease Questionnaire (PDQ-39)—A standardized 

scale of 39 items regarding Quality of Life for PD patients.  Eight 

dimensions are assessed, including mobility, activities of daily 

living, emotional well-being, stigma, social support, cognition, 

communication, and bodily discomfort. 

Tremor rating scale—An internationally-utilized clinical rating 

scale to evaluate the severity of tremor at rest with posture 

holding, and with action, and can be used to assess tremor of 

diff erent etiologies. The tremor rating scale also assesses 

functional disability. The scale also provides defi nitions for 

allowing global assessments of tremor.

Unifi ed Parkinson’s disease rating scale (UPDRS)—A 

standardized rating scale for assessing Parkinson’s disease, 

consisting of six sections: I. mentation, behavior, and mood;  II. 

activities of daily living; III. motor examination; IV. complications 

of therapy; V. modifi ed Hoehn and Yahr staging scale; and VI. 

Schwab and England activities of daily living scale.

 Motor fl uctuations
“On” time—Good motor function and relief from Parkinsonian 

symptoms.

“On” time with dyskinesia—Good motor function and relief 

from Parkinsonian symptoms, but with markedly abnormal 

involuntary movements.

 Programmable parameters
Amplitude—A measure of the electrical intensity delivered in a 

stimulating pulse, measured in volts.

Anode—The positive pole of an electrical circuit. For Medtronic 

DBS Therapy, any one or more of the four lead electrodes or the 

neurostimulator case can be programmed as an anode.

Bipolar stimulation system—A system in which the current 

fl ows between two or more electrodes of the lead, where the 

lead has both positive and negative poles. Stimulation 

eff ectiveness is greater near the negative pole than the positive 

pole.

Cathode—The negative pole of an electrical circuit. For 

Medtronic DBS Therapy, any one or more of the four lead 

electrodes can be programmed negative and function as a 

cathode.

Electrode—The exposed end of a conducting wire (lead) where 

electrical current is transferred to the brain.

Parameter, programmable—A specifi c function with an 

operating range of selectable values (ie, amplitude, rate, pulse 

width) that enables the tailoring of a therapeutic modality for a 

patient.

Polarity—Electrical charge of an object which is either positive 

or negative.

Pulse width—A measure, in microseconds, of the duration of 

each stimulating pulse.

Rate—A measure, in pulses per second, that provides the 

number of times stimulating pulses are delivered each second.

Telemetry—Refers to the use of radio-frequency signals to 

confi rm or adjust programming information from the physician 

programmer to the neurostimulator.

Unipolar stimulation system—A system in which the electrical 

current fl ows between the electrode(s) of the lead and the 

neurostimulator case, which serve respectively as the negative 

and positive poles.
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Symptoms and side eff ects
Akinesia—Absence of movement.

Bradykinesia—Slowness of movement.

Chorea—Involuntary, dance-like movement of the extremities 

and head.

Dysarthria—Slurred speech.

Dyskinesia—Abnormal involuntary movements that can be 

caused by dopaminergic drug therapy.

Dystonia—Abnormal involuntary muscle contractions.

Postural instability—Impaired balance and coordination.

Rigidity—Stiff ness or infl exibility of the limbs and joints.

Tremor—Involuntary, regular, rhythmic shaking of a limb or 

other body part.

Terms used in clinical study and analysis
Off  medication or OFF medication or Off  med—A period of 

patient evaluation occurring after antiparkinson medications 

have been withheld (also referred to as “practically defi ned off ”). 

This is an attempt to approximate the patient’s “off ” time in a 

clinical study setting.

“Off ” state—The time period when PD subjects are not 

receiving relief from their Parkinson’s disease symptoms, also 

known as “off ” time, “off ” period, or “worst” condition.

On medication or ON medication or On med—A period of 

patient evaluation occurring while the patient is taking 

antiparkinson medication. This is an attempt to approximate the 

patient’s “on” time in a clinical study setting.

“On” state—The time period when PD subjects are receiving 

relief from their Parkinson’s disease symptoms, also known as 

“on” time, “on” period, or “best” condition.

Sequential lead implant procedures—Bilateral lead implant 

procedures performed in two or more operative sessions.

Serious adverse event—Any adverse event that:

• Results in death 

• Is life threatening, or places the participant at immediate risk 

of death from the event as it occurred 

• Requires or prolongs hospitalization 

• Causes persistent or signifi cant disability or incapacity 

• Results in congenital anomalies or birth defects 

• Is another condition which investigators judge to represent 

signifi cant hazards

Simultaneous lead implant procedures—Bilateral lead 

implant procedures performed in a single operative session.

Stimulation OFF or Off  stimulation or Off  stim—A period of 

patient evaluation occurring when the neurostimulator is turned 

off .

Stimulation ON or On stimulation or On stim—A period of 

patient evaluation occurring when the neurostimulator is turned 

on.

Replacement—Any component of the system removed and 

replaced regardless of the time interval between explant and 

replacement (eg, device explanted and subsequently replaced 2 

months later).

Explant—Any component of the system removed and not 

replaced.

System explant—A complete system (lead, neurostimulator, 

and extension) removed and not replaced.

System replacement—Any system removed and replaced with 

another complete system regardless of the time interval between 

system explant and subsequent system replacement.

Laterality—Side or sides of the brain in which a lead is implanted 

or in which a procedure or procedures are attempted (unilateral 

= 1 side; bilateral = 2 sides).

Levodopa equivalent (mg) or levodopa equivalent dose—

The calculation for levodopa equivalence to the defi ned doses of 

other medications, based on a 100-mg dose of levodopa and 

represents a daily dose. Refer to sections on individual studies for 

the detailed equivalency defi nition used by each study.
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 Introduction
The Medtronic Deep Brain Stimulation (DBS) system uses an 

implantable neurostimulator to deliver electrical stimulation. The 

system consists of a neurostimulator, a lead, and an extension that 

connects the lead to the neurostimulator. 

Neurologists and neurosurgeons have used electrical stimulation for 

more than 35 years as a way to locate and distinguish specifi c sites 

within the brain. In doing so, it was discovered that stimulating 

diff erent areas of the brain could suppress the symptoms of 

Parkinson’s disease (PD).

Unilateral thalamic stimulation using Medtronic DBS Therapy for 

Tremor is indicated for the suppression of tremor in the upper 

extremity. The system is intended for use in patients who are 

diagnosed with Essential Tremor or Parkinsonian tremor not 

adequately controlled by medications and where the tremor 

constitutes a signifi cant functional disability. Bilateral stimulation of 

the internal globus pallidus (GPi) or the subthalamic nucleus (STN) 

using Medtronic DBS Therapy for Parkinson’s Disease is indicated for 

adjunctive therapy in reducing some of the symptoms in individuals 

with levodopa-responsive Parkinson’s disease of at least 4 years’ 

duration that are not adequately controlled with medication, 

including motor complications of recent onset (from 4 months to 3 

years) or motor complications of longer-standing duration.

This Clinical Summary includes data from these sources:

• US Tremor Trial

• European Tremor Trial

• Medtronic Parkinson’s Disease Global Clinical Study.  This study 

was the basis for FDA approval for the Parkinson’s disease 

indications for use. 

• A Comparison of Best Medical Therapy and Deep Brain 

Stimulation of Subthalamic Nucleus and Globus Pallidus for the 

Treatment of Parkinson’s Disease Study: Phase I and Phase II. There 

are limitations associated with this study and a discussion has 

been provided in the Phase I and Phase II Limitations of the Study 

sections.

• The Eff ect of Deep Brain Stimulation of the Subthalamic Nucleus 

on Quality of Life in Comparison to Best Medical Treatment in 

Patients with Complicated Parkinson’s Disease and Preserved 

Psychosocial Competence (EARLYSTIM study). There are 

limitations associated with this study and a discussion has been 

provided in the Limitations of the study section.

 Tremor Clinical Summary
Medtronic DBS Therapy for Tremor is approved for unilateral 

stimulation only.

 Adverse events
The Medtronic DBS system was implanted in 424 patients in 4 

clinical studies involving 464 devices with a total device exposure 

of 347 device years. Twenty-seven of these patients were 

bilaterally implanted, while the balance were unilaterally 

implanted. Individual patient exposure to device averaged 11 

months (ranging from < 1 to 20 months).

Ten patients died during the clinical studies. One patient 

suff ered signifi cant neurological decline resulting from a 

postoperative intracranial hemorrhage, and died 2 weeks after 

surgery. Two patients died from perioperative myocardial 

infarctions. The other 7 patient deaths were judged unrelated to 

the therapy and procedure.

The most common adverse events reported in the trials (≥ 5% of 

patients) were postoperative pain, lead repositioning, stimulation 

not eff ective, paresthesia, dysarthria, disequilibrium, and paresis.

 Observed adverse events related to the device or procedure
 Table 1 lists the adverse events attributed to the device or the 

procedure reported in more than 1 patient. Adverse events 

reported in 1 patient each included attention or cognitive defi cit, 

cramping, diplopia, dysarthria, dysphasia, exacerbation of 

Parkinson’s disease, facial weakness, IPG changed from cycling 

mode to continuous mode, insuffi  cient oxygenation, no 

connection at “0” electrode, problem with lead/extension 

connection, broken tunneling rod, and twelfth cranial nerve 

palsy. Device failure was confi rmed in 1 case, and resulted from 

premature IPG battery depletion due to a defective integrated 

circuit.

Table 1.  Adverse events and surgical interventions related to the device or 
procedure reported in > 1 patient, all patients enrolled, N =  424, using the 
Itrel II Neurostimulator 

US Tremor EC Tremor Others* Total

Number of patients 84 113 227 424

Adverse Event (AE) Number of patients with the AE %

ANY (one or more) adverse event 32 20 68 120 28.3%

Postoperative pain, stress, or 
discomfort

11 9 8 28 6.6%

Lead repositioning 5 4 17 26 6.1%

Stimulation not eff ective/
insuffi  cient tremor control

5 3 17 25 5.9%

Lead migration/dislodgement 1 1 12 14 3.3%

Intracranial hemorrhage 5 3 5 13 3.1%

DBS explantation 4 1 7 12 2.8%

Infection 1 2 8 11 2.6%

Erosion 5 0 3 8 1.9%

Paresthesia 5 1 0 6 1.4%

Component malfunction (IPG, 
lead, extension)

2 1 2 5 1.2%

Seizures 1 0 4 5 1.2%

Subcutaneous hematoma 1 2 2 5 1.2%

Electrical shocking or jolting 1 0 3 4 0.9%

Headaches 2 1 1 4 0.9%

Lead fracture 1 0 3 4 0.9%

Paresis 3 0 1 4 0.9%

Disequilibrium 2 1 0 3 0.7%

Allergic reaction 0 0 2 2 0.5%

Burr hole ring and cap failure 0 1 1 2 0.5%

Electrode short circuit or open 
circuit

1 1 0 2 0.5%

*Basic safety and DBS for pain studies
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 Observed adverse events related to the therapy
Table 2 lists the adverse events attributed to the therapy (deep 

brain stimulation) which occurred in more than 1 patient. The 

number and percentage of patients with adverse events (any 1 or 

more) in the US and European Tremor Trials for patients with 

essential tremor was 43 of 78 (55%) compared to 33 of 111 (30%) 

for patients with Parkinson’s disease. The number and 

percentage of adverse events (any 1 or more) in the European 

Tremor Trial for all patients implanted bilaterally was 4 of 27 (15%) 

compared to 10 of 85 (12%) of patients implanted unilaterally. 

Table 2 combines the frequencies across diagnoses and 

unilateral/bilateral implants.

Table 2. Adverse events during stimulation reported in > 1 patient, all tremor 
patients, N = 189, using the Itrel II Neurostimulator

Adverse event # events # patients % patients

ANY (one or more) adverse events 242 76 40%

Paresthesia 123 63 33%

Dysarthria 22 17 9%

Disequilibrium 11 9 5%

Paresis 13 9 5%

Dystonia 17 6 3%

Gait disorder 5 5 3%

Initial jolt 8 5 3%

Headaches 5 4 2%

Pain, discomfort, or local stress 7 4 2%

Attention defi cit 3 3 2%

Dysphasia 3 3 2%

Initial tingling 3 3 2%

Insuffi  cient therapeutic eff ect 3 3 2%

Ataxia 3 2 1%

Dyskinesia 2 2 1%

Sensory defi cits 2 2 1%

Adverse events reported in one patient each included facial 

weakness, fatigue, intention coordination, loss of energy, 

numbness, other speech defi cits, rebound, and transient 

heaviness in arm.

Most (70%) of the therapy-related adverse events were tolerated 

by the patients and involved no clinical intervention. Stimulation 

parameters were adjusted in 22% of the cases. Other 

interventions included: patient education, adjustment of 

concomitant medications, and instructions to discontinue 

stimulation. Nine patients required lead repositioning to regain 

therapeutic eff ect.

Five essential tremor patients had their Medtronic DBS systems 

explanted. Four patients were explanted due to loss of 

eff ectiveness. One patient was explanted due to infection.

Of the 114 Parkinson’s disease patients (US and Europe), disease 

progression was reported in 10 patients and exacerbation of 

tremor in 3 patients (both occurred in 1 patient). These events 

were listed as adverse events, but attributed by the investigator 

to disease progression.

Three suicides were reported during the clinical studies. One 

patient implanted in the periventricular gray in a DBS for Pain 

clinical trial reported suicidal ideation present at high stimulation 

amplitudes. The suicide ideation was resolved when the 

stimulation parameters were decreased. Depression was 

reported in 2 patients in the tremor clinical studies. The 

depression was judged by the investigators to be related to 

disease progression and not to the therapy and procedure.

An autopsy report in 1 patient using a diff erent lead showed 

histopathological changes within 2 mm of the implanted lead. 

There was no report of an associated change in the patient’s 

neurologic status or the therapeutic eff ect of the stimulation.

A total of 11 leads were explanted during the US and European 

Clinical Studies. Of these leads, 6 were replaced once. No patients 

had leads removed and replaced more than once, and no leads 

were left in place while a second lead was implanted on the same 

side.

 Potential adverse events
Adverse events which may potentially occur, but were not 

reported in the clinical trials, include:

• Seroma at the IPG site

• Nausea and vomiting

• Aphasia

• Seizure

• Leakage of cerebrospinal fl uid

• Motor problems such as incoordination or muscle spasms

• Undesirable stimulation

• Undesirable sensations (temporary or permanent)

Tremor was studied in 2 multicenter trials (US and European 

Tremor Trials) using the Medtronic DBS system. The DBS Lead 

was implanted in the ventral intermediate nucleus of the 

thalamus after a pre-implant evaluation. A total of 220 IPGs were 

implanted in 189 patients.

Seven patients in the US and 1 patient in Europe were not 

implanted with the Medtronic DBS system. One patient had 

tremor suppression without stimulation, 2 patients had 

intracranial hemorrhages, and 2 patients had insuffi  cient tremor 

suppression. One patient had both an intracranial hemorrhage 

and insuffi  cient tremor suppression, 1 patient had a serious 

reaction to the general anesthetic, and 1 patient could not 

cooperate with the implant procedure.

 US Tremor Trial
The suppression of tremor due to essential tremor or Parkinson’s 

disease was evaluated at 1, 3, 6, 9, and 12 months post-implant. 

Optimal stimulation parameters were selected by the 

investigator at each visit. At the 3 month visit, patients were 

randomized to real or sham activation of the IPG, and tremor 

assessment was done in a randomized, controlled manner 

(primary outcome measure). Patients stopped medications and 

stimulation the evening before evaluation. Eff ect of the tremor 

suppression (with stimulation ON vs. OFF) was assessed by the 

investigator using the Tremor Rating Scale for essential tremor (0 

to 4), and the Unifi ed Parkinson’s Disease Rating Scale (0 to 4). 

Activities of daily living (secondary outcome measure) were 

evaluated with the stimulation ON.
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 Patients studied
Forty-fi ve essential tremor patients (38 males) and 39 Parkinson’s 

disease patients (31 males) were enrolled. Mean age was 66 years 

(range 31 to 80). Mean duration of implant was 10 months (range 

1 to 16 months). The 3-month randomized evaluation included 

29 essential tremor and 24 Parkinson’s disease patients.

 Results
A modifi ed Mini Mental Status Examination completed by the 

patients in the US Tremor Study showed no cognitive eff ects 

related to the therapy for tremor. Figure 1 shows the tremor 

scores for thalamic stimulation over time.

Activities of daily living (ADL) showed statistically signifi cant 

improvement in 7 scales for essential tremor patients. In patients 

with Parkinsonian tremor, ADL scores showed a trend in 

improvement in 4 scales, but only the tremor-specifi c ADL 

showed statistically signifi cant improvement. Patients’ 

assessment (subjective evaluation) of their disability was 

improved in both groups when compared to a preimplant 

assessment. During the clinical trial, 17 Parkinson’s disease 

patients increased use and 8 decreased use of levodopa. Six 

patients decreased use of anticholinergics.

Rebound is a phenomenon in which a patient’s tremor appears 

clinically exaggerated (compared to baseline tremor) after 

turning off  the stimulator. The exaggerated tremor generally 

stabilizes (returns to normal) within approximately 30 minutes.

In the US clinical study a maximum of 29% of Parkinson’s disease 

patients, and 28% of essential tremor patients experienced 

rebound lasting for a mean duration of 17 minutes and 22 

minutes, respectively.

Parkinson’s disease

Primary endpoint3

Stim Off Pre-implant 1 mo. 6 mos. 12 mos. Pre-implant 3 mos.

Mean
± SD(N)

3.38
± 0.71(39)

2.79
± 1.15(30)

2.89
± 1.10(28)

2.92
± 1.10(24)

3.36
± 0.50(11)

2.82
± 0.98(11)

Stim On Pre-implant 1 mo. 6 mos. 12 mos. Pre-implant 3 mos.

Mean
± SD(N)

3.38  
± 0.71(39)

0.90
± 0.94(31)

0.69
± 1.04(29)

0.78 
± 1.17(23)

3.15
± 0.90(13)

1.23 
± 1.17(13)

1 Primary endpoint: Parkinson’s disease with Stim On at 3 months.
2 Primary endpoint: essential tremor with Stim On at 3 months.
3  The primary statistical comparison, using the Wilcoxon Rank Sum Test, is the 3-month Stim Off  assessment vs. 

the 3-month Stim On assessment, in a randomized, controlled comparison.

Essential tremor

Primary endpoint3

Stim Off Pre-implant 1 mo. 6 mos. 12 mos. Pre-implant 3 mos.

Mean
 ± SD(N)

3.13 
± 0.41(45)

3.03 
± 0.83(40)

2.79 
± 0.93(34)

3.04 
 ± 0.89(26)

3.08 
 ± 0.49(13)

2.85
± 0.99(13)

Stim On Pre-implant 1 mo. 6 mos. 12 mos. Pre-implant 3 mos.

Mean
± SD(N) 

3.13 
 ± 0.41(45)

1.15 
± 0.74(40)

1.21 
 ± 0.98(33)

1.27 
 ± 0.92(26)

3.06 
 ± 0.44(16)

0.81
± 0.83(16)

1 Primary endpoint: Parkinson’s disease with Stim On at 3 months.
2 Primary endpoint: essential tremor with Stim On at 3 months.
3  The primary statistical comparison, using the Wilcoxon Rank Sum Test, is the 3-month Stim Off  assessment vs. the 

3-month Stim On assessment, in a randomized, controlled comparison.

Figure 1. US tremor score (0 to 4) for essential tremor and Parkinson’s 
disease with thalamic stimulation over time (Mean  ±  1.5 SEM)

 European Tremor Trial
The suppression of tremor was also evaluated in a European trial. 

Essential tremor and Parkinson’s disease patients were evaluated 

at 3, 6, and 12 months following implantation. Additionally, a 

cohort of patients who had completed 12 months of follow-up 

were randomized to real or sham activations of the IPG, and 

tremor assessment was done in a randomized, controlled 

fashion, similar to the US trial.

 Patients studied
Thirty-eight essential tremor patients and 75 Parkinson’s disease 

patients were enrolled. Mean age at implant was 63 years (range 

29 to 83). Mean duration of implant for all patients was 12 

months. The long-term randomized, controlled evaluation 

included 19 essential tremor patients and 17 Parkinson’s disease 

patients, with mean follow-up durations of 20.3 months for 

essential tremor patients, and 24.8 months for Parkinson’s disease 

patients.

 Results
Figure 2 shows tremor scores over time with unilateral thalamic 

stimulation for essential tremor patients. Both action/intention 

(kinetic) and postural tremor scores are provided. Figure 3 shows 

rest tremor scores over time with unilateral thalamic stimulation 

for Parkinson’s disease patients. Table 3 shows tremor scores for 

the subset of essential tremor and Parkinson’s disease patients 

implanted for more than 12 months who were evaluated in a 

randomized, controlled manner.

Activities of daily living and other functional improvements were 

statistically signifi cant in both essential tremor and Parkinson’s 

disease patients.

During the clinical trial, 17 Parkinson’s disease patients increased 

use and 11 decreased use of levodopa. Two patients decreased 

use of anticholinergics. 

0

1

2

4

3

0 6 12
Time after implant (months)

Tr
em

or
 s

co
re

ET-Off

PD-Off PD-On

ET-On

PPD1-On

PET2-On

3 9



Clinical Summary

  Clinical Summary 2015-11-01          English       11

0

1

2

4

3

0 3 6 12
Time after implant (months)

Tr
em

or
 s

co
re

A/I ET-On

P ET-OnP ET-Off

A/I ET-Off

Action/intention (kinetic) essential tremor

Stim Off Pre-implant 3 months 6 months 12 months

Mean 
 ± SD(N)

3.29
 ± 0.90(28)

2.92
 ± 1.04(25)

3.15
 ± 0.91(27)

3.32
 ± 0.80(25)

Stim On

Mean 
 ± SD(N)

3.29
 ± 0.90(28)

1.00
 ± 0.82(25)

1.15
 ± 0.82(27)

1.00
 ± 0.76(25)

Postural essential tremor

Stim Off Pre-implant 3 months 6 months 12 months

Mean 
 ± SD(N)

3.25
 ± 0.75(28)

2.48
 ± 1.12(25)

2.78
± 1.09(27)

2.80
 ± 1.26(25)

Stim On

Mean 
 ± SD(N)

3.25
 ± 0.75(28)

0.48
 ± 0.65(25)

0.44
 ± 0.75(27)

0.36
 ± 0.57(25)

Figure 2. European action/intention (kinetic) and postural tremor scores 
(0 to 4) for essential tremor patients with unilateral thalamic stimulation 
over time (Mean  ±  1.5 SEM)

Parkinson’s disease

Stim Off Pre-implant 3 months 6 months 12 months

Mean 
 ± SD(N)

2.93
 ± 1.27(57)

2.94
 ± 1.28(49)

3.07
 ± 1.25(45)

3.13
 ± 1.24(45)

Stim On

Mean 
 ± SD(N)

2.93
 ± 1.27(57)

0.46
 ± 0.61(50)

0.68
 ± 0.77(44)

0.69
 ± 0.92(45)

Figure 3. European rest tremor score (0 to 4) for Parkinson’s disease 
patients with unilateral thalamic stimulation over time (Mean  ±  1.5 SEM)
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Table 3. Tremor scores for the subset of essential tremor and Parkinson’s disease 
patients implanted for more than 12 months who were evaluated in a 
randomized, controlled manner

Primary endpoint1

Essential tremor (N = 19)

Stim Off Stim On

Mean 
 ± SD(N)

3.54
 ± 0.69(11)

3.36
 ± 0.81(11)

3.50
 ± 0.53(8)

1.38
 ± 0.92(8)

Parkinson’s disease (N = 17)

Stim Off Stim On

Mean 
 ± SD(N)

3.89
± 0.33(9)

3.67
 ± 0.71(9)

3.38
± 1.06(8)

0.63
 ± 0.52(8)

1 The primary statistical comparison, using the Wilcoxon Rank Sum Test, is the long-term Stim Off  assessment vs. 

the long-term Stim On assessment, in a randomized, controlled comparison.

 Individualization of treatment for Tremor
Best results are achieved when the patient is fully informed about 

the therapy risks and benefi ts, surgical procedure, follow-up 

requirements, and self-care responsibilities. Medtronic DBS 

Therapy for Tremor is appropriate for patients who meet the 

following criteria:

• Patients should have disabling tremor of the upper extremity 

due to essential tremor or Parkinson’s disease.

• The tremor should constitute a signifi cant functional 

disability.

• The tremor should be refractory to pharmacological 

therapies.

• Patients should be suitable candidates for stereotactic 

neurosurgery.

Medtronic DBS is not intended for the treatment of Parkinson’s 

disease symptoms such as bradykinesia/akinesia, rigidity, and/or 

postural instability.

Before the Medtronic DBS  system is implanted, the following 

conditions should be met:

• Tremor suppression by test stimulation should be 

demonstrated in the operating room; and 

• Tremor suppression should occur at less than 3 volts, and with 

minimal side eff ects such as paresthesia and speech 

diffi  culties.

Use extreme care with lead implantation in patients with a 

heightened risk of intracranial hemorrhage. Physicians should 

consider underlying factors, such as previous neurological injury, 

or prescribed medications (anticoagulants) that may predispose 

a patient to the risk of bleeding.

Physicians should be aware that the risk of initial surgery may 

increase with clinical conditions such as:

• Stroke or neurological disorders other than Parkinson’s 

disease or essential tremor

• Cardiovascular disease

• Renal or hepatic failure

• Diabetes mellitus
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Patients should be carefully selected to assure that their tremor is 

of physiologic origin. Also, patients must be appropriate 

candidates for surgery. To help ensure maximum benefi ts from 

the neurostimulation system, long-term, post-surgical 

management of patients is recommended. 

Stimulation parameters should be adjusted such that maximal 

tremor suppression is achieved with minimal side eff ects. High 

parameter values may indicate a system problem or less than 

optimal lead placement. Patients should be informed of the risks 

of higher parameters as noted in the Warning section of the 

appropriate information for prescribers booklet.

 Use in specifi c populations
The safety and eff ectiveness of this therapy has not been 

established for the following:

• Bilateral VIM stimulation

• Patients with neurological disease origins other than essential 

tremor or Parkinson’s disease

• Patients with a previous thalamotomy or surgical ablation 

procedure

• Pregnancy or delivery

• Pediatric use (patients under the age of 18 years)

• Patients over the age of 80 years

Parkinson’s disease Clinical Studies 

Medtronic Parkinson’s Disease Global 
Clinical Study
 Study design
Eighteen (18) centers participated in this study. Of these, 11 were 

in Europe (4 in Spain, 3 in Germany, 2 in France, and 1 each in Italy 

and Sweden); 4 were in the United States; 2 were in Australia; and 

1 was in Canada. Patients received deep brain stimulators 

implanted bilaterally in the GPi or the STN. Under certain 

circumstances, the second device system was not implanted. The 

study population included male and female patients, ages 30–75, 

diagnosed as having idiopathic Parkinson’s disease as 

determined by clinical presence of 3 of the 4 (or 2 of 3, as stated in 

the European protocol) cardinal features (tremor, rigidity, 

bradykinesia, and postural instability) and good levodopa 

response. Patients were to have a disability level due to 

Parkinson’s disease based on the following criteria:

• Hoehn and Yahr staging 3 or worse when the patient is in the 

“off ” state;

• Unifi ed Parkinson’s Disease Rating Scale (UPDRS) motor exam 

score of 30 or more in the “off ” state; and

• Complications of levodopa therapy motor responses, 

including motor fl uctuations and dyskinesias.

Patients participated in the studies for 12 months; there were 2 

pre-implant visits and 4 follow-up visits (1, 3, 6, and 12 months). 

See Figure 4 and Figure 5 for pre-implant and follow-up 

assessment schedules. Each patient’s dosage of antiparkinson 

medication was held constant for 1 month prior to surgery. 

Following surgery, physicians monitored antiparkinson 

medication status throughout the remainder of the study. For the 

purposes of this study, the defi nition of levodopa equivalent (mg) 

is the regular dose of levodopa plus carbidopa (or benserazide) + 

(0.75 X the dose of controlled-release levodopa plus carbidopa) + 

(10X the dose of bromocriptine) + (100X the dose of pergolide).1

Data collected at each pre-implant and follow-up visit included 

the Unifi ed Parkinson’s Disease Rating Scale (UPDRS) and 2-day 

patient diaries recorded prior to the visit. At each visit, patients 

were evaluated without medication (OFF medication) and with 

medication (ON medication). At follow-up visits, patients were 

also assessed without stimulation (stimulation OFF) and with 

stimulation (stimulation ON).

Figure 4. Pre-implant assessment schedule

Patient keeps diary
(two days prior to follow-up visit)

Patient turns stimulation OFF and 
does not take antiparkinsonian medication

Patient turns stimulation ON and
does not take antiparkinsonian medication

Evaluation with
stimulation OFF while OFF medication

Evaluation with 
stimulation ON while OFF medication

Patient turns stimulation OFF and
takes antiparkinsonian medication

Evaluation with 
stimulation OFF while ON medication

Patient turns stimulation ON

Evaluation with 
stimulation ON while ON medication

wait 30 minutes

wait 60 minutes

wait 30 minutes

wait 8–12 hours

Figure 5. Follow-up assessment schedule

 Patient accountability

Total patients enrolled—A total of 160 patients were enrolled: 

Spain (n = 30); France (n = 27); United States (n = 26); Canada 

(n = 20); Germany (n = 20); Sweden (n = 15); Australia (n = 

12); and Italy (n = 10).

1Lang et al., 1997.

Patient keeps diary
(two days prior to visit)

Patient does not take
antiparkinsonian medication

Patient takes
antiparkinsonian medication

Evaluation while
OFF medication

Evaluation while
ON medication

wait 60 minutes

wait 8–12 hours
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Protocol deviations—A total of 17/160 patients (10.6%) did not 

satisfy all eligibility criteria: Hoehn and Yahr Staging Scale 

score OFF medication < 3 (n = 5); UPDRS total motor 

examination scores OFF medication < 30 (n = 4); medications 

adjusted during pre-implant (n = 4); prior history of 

depression (n = 1); UPDRS total motor examination score 

OFF medication < 30, Hoehn and Yahr Staging Scale score 

OFF medication < 3 and prior history of depression

(n = 1); UPDRS total motor examination score OFF 

medication < 30 and Hoehn and Yahr Staging Scale score 

OFF medication < 3 (n = 1); and UPDRS total motor 

examination score OFF medication < 30 and medications 

adjusted during pre-implant (n = 1).

The majority of study patients were male (107/160; 66.9%). 

The mean age of disease onset was 43.9 years (range: 

16.5-68.8). Defi nitive diagnosis occurred approximately 2 

years later (mean age: 45.5 years; range: 22.5-70.1) and the 

mean age at implant was 58.1 years (range: 32.1-75.9).

Patients implanted by target site and laterality—Patient 

accountability information is presented in Table 4, Figure 6, 

and Figure 7. Of the 160 enrolled patients, 106 patients 

(106/160, 66.3%) underwent procedures that targeted the 

STN (bilateral: 96, unilateral: 6, not implanted: 4) and 54 

(54/160, 33.8%) underwent procedures that targeted the 

GPi (bilateral: 38, unilateral: 15, not implanted: 1).

 All patients were intended to receive bilateral system 

implants that could occur in simultaneous implant 

procedures or in staged implant procedures. However, the 

target of implant (STN or GPi) and neurosurgical procedures 

were at the implanting physician’s discretion. Upon 

completion of all procedures, 134 patients (134/160, 83.8%) 

had bilateral system implants and 21 patients (21/160, 

13.1%) had unilateral system implants.

Unilateral implants were permitted if there was a 

satisfactory result with the unilateral implant, the patient 

declined the second implant, or there was a concern for 

patient safety. For 26/160 patients (16.3%), bilateral system 

implants did not occur for the following reasons: satisfi ed 

with unilateral system implant (n = 11); declined second 

system (n = 5); second system not implanted due to safety 

concern (n = 5: intracranial hemorrhage [3], infection [2]); 

and no systems implanted (n = 5: intracranial hemorrhage 

[2], cognitive disorder [1], hemiparesis/hemiplegia [1], no 

therapeutic benefi t [1]). 

Thirteen of the 160 (13/160, 8.1%) enrolled patients 

underwent neurosurgical procedures that did not follow 

the planned surgical course. Five of the 13 patients (5/160, 

3.1%) had no systems implanted: surgical complications (n 

= 3: intracranial hemorrhage [2], hemiparesis/hemiplegia 

[1]); combative behavior/cognitive disorder (n = 1); and no 

therapeutic benefi t from intraoperative test stimulation (n 

= 1). Four patients who underwent bilateral procedures 

had only unilateral systems implanted (intracranial 

hemorrhage [3], infection [1]). Four patients underwent 

unsuccessful unilateral surgical procedures (positioning 

diffi  culty [1], diplopia [1], dyspnea/hypoventilation [1], 

intracranial hemorrhage [1]), but later were implanted 

successfully with bilateral systems.

Of the 160 enrolled patients, 139 patients (92 STN and 47 

GPi patients) completed 12 months of follow-up. Twenty-

one patients terminated before the 12-month follow-up 

visit: adverse events (n = 6: intracranial hemorrhage [4], 

cognitive impairment [1], infection [1]); no systems 

implanted (n = 5: intracranial hemorrhage [2], cognitive 

disorder [1], hemiparesis/hemiplegia [1], no therapeutic 

benefi t [1]); device explant (n = 4: infection [3], lead 

migration [1]); death (n = 3: end-stage Parkinson’s disease 

[1], esophageal neoplasia [1], myocardial infarction [1]); and 

lost to follow-up (n = 3: patient refused 12-month visit [2], 

patient withdrawal [1]).

Patient data included in safety and effi  cacy analyses—The 

product eff ectiveness data set excluded the results from 13 

patients, because there were suffi  cient concerns regarding 

the reliability of their eff ectiveness data. Consequently, all 

clinical outcomes of these patients were excluded from 

study eff ectiveness analyses, but were included in all safety 

analyses. In addition, effi  cacy analyses presented include 

only the subgroup of patients whose effi  cacy data were 

verifi ed with original source documentation. The number 

of patients presented in the effi  cacy histograms varies 

depending on the number of patients with verifi able data.

Table 4. Patient accountability: lead and system implant procedures

STN 

(n = 106)

GPi 

(n = 54)

Total 

(n = 160)

Type of Lead Implant Procedure

Simultaneous bilateral1 85 (80.2%) 28 (51.9%) 113 (70.6%)

Sequential bilateral1 14 (13.2%) 12 (22.2%) 26 (16.3%)

Median time between implants (days) 22.0 63.5 54.5

Unilateral 7 (6.6%) 14 (25.9%) 21 (13.1%)

Total failed procedures 
(no leads implanted)

12/210 (5.7%) 3/94 (3.2%) 15/304 (4.9%)

Systems Implanted

Patients with bilateral systems 96 (90.6%) 38 (70.4%) 134 (83.8%)

Second implant within 90 days 93 (87.7%) 35 (64.8%) 128 (80.0%)

Second implant greater than 90 days 3 (2.8%) 3 (5.6%) 6 (3.8%)

Patients with unilateral systems 6 (5.7%) 15 (27.8%) 21 (13.1%)

Patients with no systems 4 (3.8%) 1 (1.9%) 5 (3.1%)

Patients Undergoing Failed Procedures 10 (9.4%) 3 (5.6%) 13 (8.1%)

14 STN patients underwent attempted unilateral procedures prior to successful bilateral procedures.
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Figure 6. Flow diagram of total enrolled STN patients by systems implanted (n = 106)

Figure 7. Flow diagram of total enrolled GPi patients by systems implanted (n = 54) 
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 Effi  cacy results
A number of parameters were evaluated in the study, including 

the following:

• To evaluate PD symptoms, the Unifi ed Parkinson’s Disease 

Rating Scale (UPDRS) total motor examination score (Section 

III) at follow-up was compared to pre-implant. The UPDRS 

total motor examination includes 14 items, including 

separate questions for axial and peripheral symptoms, to 

evaluate speech, facial expression, tremor at rest, action or 

postural tremor of hands, rigidity, fi nger taps, hand 

movements, rapid alternating movement of hands, leg agility, 

arising from chair, posture, gait, postural stability, and body 

bradykinesia and hypokinesia. Each item is scored on a scale 

from 0 (normal) to 4 (severe), with the total possible score 

ranging from 0 to 108. At each visit, patients were evaluated 

both with medication (ON medication) and without 

medication (OFF medication). At follow-up, patients were 

also assessed with stimulation (stimulation ON) and without 

stimulation (stimulation OFF).

• To evaluate “on” time and “on” time with dyskinesia, patients 

recorded 2-day diaries before each visit. During these 2 days, 

patients recorded the amount of time they experienced “on” 

time (good motor function, relief from PD symptoms) and 

“on” time with dyskinesia (good motor function and relief 

from PD symptoms, but troubled by abnormal involuntary 

movements).

UPDRS Total Motor Examination (TME) scores —TME scores 

improved between pre-implant and 12 months for both GPi and 

STN patients when assessed while ON medication with 

stimulation ON and when assessed while OFF medication with 

stimulation ON (Figure 8 and Figure 9). 

For the subset of patients whose data were verifi ed against 

medical records:

• Symptoms of Parkinson’s disease (TME scores) improved for 

56/117 patients while ON medication.

• Symptoms of Parkinson’s disease (TME scores) improved for 

102/117 patients while OFF medication.

Patient diary results—“On” time improved between pre-

implant and 12 months for GPi and STN patients (Figure 10). “On” 

time with dyskinesia decreased between pre-implant and 12 

months for GPi and STN patients (Figure 11).

For the subset of patients whose data were verifi ed against 

medical records:

• The duration of “on” time increased by an average of 6.7 

hours in GPi patients and 6.1 hours in STN patients.

• The duration of “on” time with dyskinesias decreased by an 

average of 4.2 hours in GPi patients and 2.8 hours in STN 

patients.



Medtronic DBS Therapy for Parkinson’s Disease and Essential Tremor

16      English  Clinical Summary 2015-11-01

Figure 8. Change in UPDRS TME scores while ON medication by target1
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Figure 9. Change in UPDRS TME scores while OFF medication by target2

1 Absolute change in UPDRS TME scores while ON medication by target: pre-implant to 12 months

(GPi N =  44, STN N = 73). Data presented include 117 of 160 total patients who had verifi able source 

documentation for this effi  cacy measure.
2 Absolute change in UPDRS TME scores while OFF medication by target: pre-implant to 12 months

(GPi N = 44, STN N = 73). Data presented include 117 of 160 total patients who had verifi able source 

documentation for this effi  cacy measure.
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Figure 10. Change in ON time by target1

Figure 11. Change in ON time with dyskinesia by target2

1 Absolute change in “on” time by target: pre-implant to 12 months (GPi N = 24, STN N = 40). Data presented 

include 64 of 160 total patients who had verifi able source documentation for this effi  cacy measure.
2 Absolute change in “on” time with dyskinesia by target pre-implant to 12 months (GPi N  = 24, STN N = 40). Data 

presented include 64 of 160 total patients who had verifi able source documentation for this effi  cacy measure.
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 Safety results
The Medtronic DBS Therapy system was implanted in 155 of 160 

enrolled patients involving 289 implanted systems. A total of 134 

patients were implanted bilaterally and 21 patients were 

implanted unilaterally. 

Of the 289 systems implanted, 8 systems were removed and 3 

systems were replaced during the clinical study. A total of 293 

leads were implanted and 30 leads were removed during the 

clinical study. Of these leads, 20 were replaced. One bilaterally 

implanted patient had both leads replaced twice. No leads were 

left in place while a second lead was implanted on the same side; 

see Table 5.

Three patients died during the 12-month study period. Causes of 

death included esophageal neoplasia, myocardial infarction, and 

end-stage Parkinson’s disease. 

Table 5. Summary of implanted, internalized, replaced, and explanted device 
components

STN GPi All patients

Number of systems

Implanted (all components) 198 91 289

Replaced (all components)1 3 0 3

Total Implanted and Replaced (all components) 201 91 292

Explanted, not Replaced (all components)2 4 1 5

Total Number of Patients Successfully Implanted 
with a Bilateral System

96 38 134

Total Number of Patients with Bilateral Systems 
at 12-month Follow-up

85 35 120

Total Number of Patients with Bilateral Systems 
in Use at 12-month Follow-up

84 35 119

Number of DBS leads

Implanted 200 93 293

Replaced3 13 7 20

Total Implanted and Replaced 213 100 313

Repositioned 2 4 6

Explanted, not Replaced4 6 4 10

Number of neurostimulators

Internalized 198 91 289

Replaced5 4 3 7

Total Internalized and Replaced 202 94 296

Explanted, not Replaced6 6 2 8

Number of extensions

Internalized 198 91 289

Replaced7 5 6 11

Total Internalized and Replaced 203 97 300

Explanted, not Replaced8 6 3 9

1 Systems replaced due to: infection (n = 2), lead migration (n = 1).
2 Systems explanted (not replaced) due to: infection (n = 4), headache/infection (n = 1).
3  DBS leads replaced due to: positioning diffi  culties (n = 5), increased Parkinson’s disease symptoms (n = 5), lead 

breakage (n = 4), infection (n = 3), migration (n = 1), lead breakage/migration (n = 1), intermittent continuity (n = 

1).
4  DBS leads explanted (not replaced) due to: infection (n = 5), migration (n = 2), lead dislodgement (n = 1), 

intracranial hemorrhage (n = 1), headache (n = 1).
5  Neurostimulators replaced due to: infection (n = 3), infection/abnormal healing (n = 1), battery failure, normal (n 

= 2), migration (n = 1).
6  Neurostimulators explanted (not replaced) due to: infection (n = 8).
7  Extensions replaced due to: infection (n = 6), lead breakage (n = 2), increased PD symptoms (n = 1), conductor 

wire broken (n = 1), migration (n = 1).
8 Extensi ons explanted (not replaced) due to: infection (n = 9).

 Adverse events
All 160 enrolled patients were evaluated for the occurrence of 

adverse events. One hundred and fi fty-four (154/160, 96.3%) of 

the enrolled patients experienced 1 or more adverse events. 

Table 6 lists adverse events for all patients reported during the 

clinical investigation by major category and subcategories. 

Over the entire study duration, 12/160 patients (7.5%) had 

intracranial hemorrhage; 17/160 patients (10.6%) had device-

related infection; 16 patients (10.0%) had paresis/asthenia; and 

13/160 patients (8.1%) had hemiplegia/hemiparesis.

The rate of stimulation-related adverse events was 51.9% (83/160 

patients) and the rate of ongoing stimulation-related events was 

22.5% (36/160 patients). The rate of serious stimulation-related 

adverse events was 9.4% (15/160) and the rate of ongoing serious 

stimulation-related adverse events was 3.1% (5/160) patients. 

Ongoing serious stimulation-related adverse events included: 

worsening of motor impairment/PD symptoms (dyskinesia), 

sensory impairment (pain), and speech/language (dysarthria, 

hypophonia, and speech disorder). 

Other stimulation-related adverse events included: worsening of 

motor impairment/PD symptoms (worse motor fl uctuations, 

incoordination, abnormal gait, akinesia/bradykinesia, tremor, 

rigidity, myoclonus and dysphagia); sensory impairment 

(paresthesia, sensory disturbance, hypesthesia, hearing [tinnitus] 

and headache); speech/language (voice alteration); eye (visual 

disturbances [diplopia, abnormal vision and visual fi eld defect] 

and eye disorders [twitching]); cognitive (thinking abnormal, 

confusion, alteration of mentation [dizziness]); general 

(respiratory [laryngismus], musculoskeletal [abnormal posture], 

gastrointestinal [vomiting], urogenital [urinary incontinence], 

metabolic/nutritional [weight loss], skin and appendages 

[sweating] and systemic [accidental injury]); sleep [somnolence 

and insomnia]; neuropsychological (psychiatric disturbances 

[manic reaction and neurosis]); general paresis/asthenia; internal 

system events (shock/jolt, positioning diffi  culties); cardiovascular 

(cerebrovascular accident); hemiplegia/hemiparesis (asthenia); 

and depression.

The rate of device-related adverse events was 36.9% (59/160 

patients) and the rate of ongoing device-related events was 

10.0% (16/160 patients). The rate of serious device-related 

adverse events was 17.5% (28/160 patients) and the rate of 

ongoing serious device-related adverse events was 6.3% (10/160 

patients). Ongoing, serious device-related adverse events 

included: internal DBS system events (intermittent continuity, 

electromagnetic interference, and lead breakage); infection, 

worsening of motor impairment/PD symptoms (worse motor 

fl uctuations, and incoordination) due to loss of eff ect; and skin 

and appendages (erosion). Other device-related adverse events 

included: internal DBS system events (shock/jolt, dislodged, 

migration, normal battery failure, malfunction, current leak, wire 

breakage, kinked electrode, electrode problem, positioning 

diffi  culties, impedance low); external system events (diffi  cult to 

program, printer problem); sensory impairment (pain, sensory 

disturbance, paresthesia, and headache); speech/language 
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(hypophonia); skin and appendages (skin disorder); 

subcutaneous hemorrhage/seroma (seroma); paresis/asthenia; 

metabolic/nutritional (edema); and cerebral spinal fl uid 

abnormality (pneumocephalus).

One patient experienced manic symptoms (manic reaction) and 

attention and cognitive defi cits (thinking abnormal) concurrent 

with exposure to an electronic article surveillance 

(electromagnetic interference) device.

Table 6. Summary of adverse events for all patients reported at the Medtronic 
Parkinson’s Disease Global Clinical Study

Major category

All patients (n = 160)

# of events 

(serious)

Study 

related

# (%) of 

patients
95% CI1

Intracranial hemorrhage2 13 (8) 13 12 (7.5%) (3.4, 11.6)

Device-related infection2 32 (23) 31 17 (10.6%) (5.9, 15.4)

Infection with explant2 15 (15) 15 9 (5.6%) (2.1, 9.2)

Infection without explant2 17 (8) 16 12 (7.5%) (3.4, 11.6)

Paresis/asthenia2 16 (1) 6 16 (10%) (5.4, 14.7)

Hemiplegia/hemiparesis2 15 (8) 10 13 (8.1%) (3.9, 12.4)

Worsening of motor impairment/

PD symptom2 357 (48) 130 110 (68.8%) (61.6, 75.9)

Dyskinesia2 131 (22) 64 60 (37.5%) (30.0, 45.0)

Worse motor fl uctuations2 85 (15) 23 56 (35%) (27.6, 42.4)

Abnormal gait2 38 (4) 10 30 (18.8%) (12.7, 24.8)

Incoordination2 33 (3) 14 29 (18.1%) (12.2, 24.1)

Tremor2 22 (0) 4 18 (11.3%) (6.4, 16.2)

Akinesia/bradykinesia2 20 (0) 9 19 (11.9%) (6.9, 16.9)

Dysphagia2 13 (3) 2 12 (7.5%) (3.4, 11.6)

Rigidity2 13 (1) 3 12 (7.5%) (3.4, 11.6)

Myoclonus 1 (0) 1 1 (0.6%) (0, 1.9)

Therapeutic response, decreased 1 (0) 0 1 (0.6%) (0, 1.9)

Sensory impairment 2 148 (14) 59 79 (49.4%) (41.6, 57.1)

Pain2 71 (5) 15 50 (31.3%) (24.1, 38.4)

Paresthesia2 37 (1) 23 29 (18.1%) (12.2, 24.1)

Sensory disturbance2 18 (2) 11 16 (10%) (5.4, 14.7)

Headache2 16 (4) 8 14 (8.8%) (4.4, 13.1)

Neuralgia 3 (2) 0 3 (1.9%) (0, 4.0)

Hearing2 2 (0) 1 2 (1.3%) (0, 3.0)

Neuropathy 1 (0) 1 1 (0.6%) (0, 1.9)

Cognitive 2 142 (21) 61 72 (45%) (37.3, 52.7)

Confusion2 56 (5) 27 44 (27.5%) (20.6, 34.4)

Thinking abnormal2 39 (3) 16 33 (20.6%) (14.4, 26.9)

Hallucinations 15 (2) 1 11 (6.9%) (3.0, 10.8)

Alteration of mentation2 16 (5) 9 14 (8.8%) (4.4, 13.1)

Amnesia2 9 (2) 6 8 (5.0%) (1.6, 8.4)

Delusions2 5 (4) 0 4 (2.5%) (0, 4.9)

Dementia 2 (0) 2 2 (1.3%) (0, 3.0)

DBS System2 93 (33) 80 57 (35.6%) (28.2, 43.1)

Internal2 86 (33) 74 55 (34.4%) (27.0, 41.7)

External2 7 (0) 6 6 (3.8%) (0.8, 6.7)

Table 6. Summary of adverse events for all patients reported at the Medtronic 
Parkinson’s Disease Global Clinical Study

Major category

All patients (n = 160)

# of events 

(serious)

Study 

related

# (%) of 

patients
95% CI1

Speech/Language2 77 (15) 48 59 (36.9%) (29.4, 44.4)

Dysarthria2 47 (6) 32 42 (26.3%) (19.4, 33.1)

Speech/language2 30 (9) 16 23 (14.4%) (8.9, 19.8)

Neuropsychological2 55 (18) 6 31 (19.4%) (13.3, 26.0)

Psychiatric disturbances2 25 (8) 4 14 (8.8%) (4.4, 13.1)

Personality disorder 12 (4) 1 9 (5.6%) (2.1, 9.2)

Hostility 6 (2) 0 5 (3.1%) (0.4, 5.8)

Manic reaction2 5 (2) 2 3 (1.9%) (0, 4.0)

Neurosis2 1 (0) 1 1 (0.6%) (0, 1.9)

Paranoid reaction 1 (0) 0 1 (0.6%) (0, 1.9)

Anxiety2 25 (7) 2 20 (12.5%) (7.4, 17.6)

Apathy 4 (2) 0 4 (2.5%) (0, 4.9)

Suicide attempt 1 (1) 0 1 (0.6%) (0, 1.9)

Depression2 41 (10) 4 35 (21.9%) (15.5, 28.3)

Sleep2 45 (1) 8 37 (23.1%) (16.6, 29.7)

Eye2 48 (6) 25 39 (24.4%) (17.7, 31.0)

Visual disturbance2 33 (6) 20 30 (18.8%) (12.7, 24.8)

Eye disorder2 10 (0) 5 9 (5.6%) (2.1, 9.2)

Eye infection 5 (0) 0 4 (2.5%) (0, 4.9)

Subcutaneous hemorrhage/

seroma2 15 (6) 10 14 (8.8%) (4.4, 13.1)

Convulsions 7 (6) 5 7 (4.4%) (1.2, 7.5)

Death 3 (3) 0 3 (1.9%) (0, 4.0)

Cerebral spinal fl uid abnormality 5 (1) 5 5 (3.1%) (0.4, 5.8)

General 2 312 (52) 40 110 (68.8%) (61.6, 75.9)

Systemic2 75 (14) 7 49 (30.6%) (23.5, 37.8)

Gastrointestinal2 55 (5) 9 41 (25.6%) (18.9, 32.4)

Urogenital2 53 (7) 3 43 (26.9%) (20.0, 33.7)

Respiratory 43 (10) 8 30 (18.8%) (12.7, 24.8)

Metabolic/nutritional2 36 (4) 6 29 (18.1%) (12.2, 24.1)

Musculo-skeletal2 21 (7) 2 19 (11.9%) (6.9, 16.9)

Skin and appendages2 25 (5) 5 22 (13.8%) (8.4, 19.1)

Ecchymosis 1 (0) 0 1 (0.6%) (0, 1.9)

Erosion2 3 (3) 2 3 (1.9%) (0, 4.0)

Infection, fungal 2 (0) 0 2 (1.3%) (0, 3.0)

Lymphedema 1 (0) 0 1 (0.6%) (0, 1.9)

Petechia 1 (0) 0 1 (0.6%) (0, 1.9)

Psoriasis 1 (1) 0 1 (0.6%) (0, 1.9)

Rash 7 (0) 0 7 (4.4%) (1.2, 7.5)

Skin disorder 6 (1) 2 6 (3.8%) (0.8, 6.7)

Sweating2 3 (0) 1 3 (1.9%) (0, 4.0)

Ear 4 (0) 0 4 (2.5%) (0, 4.9)

Cardiovascular2 64 (14) 24 32 (20%) (13.8, 26.2)
1  Note: Exact 95% confi dence intervals were used when the # (%) of patients was 0 (0%) because the normal 

approximation to the binomial does not provide a confi dence interval. In every other case, the normal 

approximation to the binomial was used to calculate confi dence intervals.
2 Includes adverse events related to the system components.
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 Potential adverse events

Adverse events which may potentially occur, but were not 

reported in the clinical trials, include:

• Allergic response to, or rejection of, the implanted material

• Random neurostimulator component failure, which can 

potentially result in a charge imbalance that may cause 

tissue damage

 Conclusions drawn from Medtronic 

Parkinson’s Disease Global Clinical Study

The preclinical and clinical testing provide a reasonable 

assurance that Medtronic DBS Therapy for Parkinson’s Disease is 

safe and eff ective when used in accordance with its labeling.

 A Comparison of Best Medical 
Therapy and Deep Brain Stimulation 
of Subthalamic Nucleus and Globus 
Pallidus for the Treatment of Parkinson’s 
Disease Study: Phase I and Phase II

 Introduction

The study was conducted in partnership with the Veterans Aff airs 

(VA) Cooperative Studies Program (CSP), the National Institute of 

Neurological Disorders and Stroke (NINDS), and Medtronic.

This was a prospective, randomized, concurrent, controlled, 

multicenter study with blinded motor assessments in which subjects 

with Parkinson’s disease (PD) were enrolled at 13 VA and University 

medical centers. The objective of Phase I of the study was to 

compare Best Medical Therapy (BMT) versus Deep Brain Stimulation 

(DBS) outcomes at 6 months. The Phase II portion of the study 

compares Subthalamic Nucleus (STN) with Globus Pallidus internal 

(GPi) stimulation at 24 and 36 months and was required as a 

post-approval study for the Parkinson’s disease indication.

 Study design/methodology

Upon enrollment into the study, subjects were randomly assigned to 

one of two treatments: best medical therapy (BMT) or DBS. BMT for 

the subjects was under the direct supervision of a neurologist who 

specializes in the treatment of Parkinson’s disease. The baseline 

assessments for both groups were prior to medication changes and 

DBS implant as appropriate. Medications were adjusted to provide 

the best possible control of symptoms with the fewest medication-

related side eff ects. 

On/Off  medication and On/Off  stimulation assessments for the DBS 

group were conducted using the following methodology: subjects 

discontinued medication at least 12 hours prior to the evaluation 

and the stimulator was turned Off  at least 1 hour prior to conducting 

the Off  medication/Off  stimulation assessments. The stimulator was 

then turned On for 1 hour prior to conducting the Off  medication/

On stimulation assessments. Subjects then took their regular dose of 

medication and completed the On medication/On stimulation 

assessments. 

Subjects were stratifi ed based on age and study center. At the time 

of randomization, each subject who entered into the DBS treatment 

group was subsequently randomly assigned to receive deep brain 

stimulation in one of the two targets of stimulation: GPi or STN. These 

subjects underwent implantation within 1 month of randomization.

Subjects randomized to the BMT treatment group received best 

medical treatment for 6 months and completed follow-up visits at 3 

months and 6 months. At the 6 month follow-up visit, they were 

randomly assigned to receive deep brain stimulation in one of the 

two targets of stimulation: GPi or STN. Surgery occurred within a 

month following the 6-month assessment visit.

Subjects were followed in the study for a minimum of 2 years after 

DBS surgery. Subjects were to be followed after surgery for the 

shorter interval of (a) 3 years following surgery or (b) until the last 

subject enrolled reached his or her 2 year follow-up after surgery. 

Subjects returned for follow-up visits approximately 1 month, 3 

months, and 6 months after surgery and then every 6 months for 2 

years and again at 3 years (if the study was not yet completed). 

Figure 12 is a fl owchart of the overall study design.
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 Study Population
The inclusion and exclusion criteria were the following: 

Inclusion Criteria
• Idiopathic Parkinson’s Disease

• Hoehn & Yahr ≥ stage 2  “off ” meds

• L-dopa responsive with clear “on” periods 

• Persistent disabling symptoms despite medication therapy

• Stable on medication therapy ≥ 1 month

• Age ≥ 21 years

• Available for follow-up

Exclusion Criteria
• Parkinson’s plus syndromes, secondary or atypical Parkinson’s 

syndromes

• Previous PD surgery

• Medical contraindications to surgery

• Contraindication to MRI

• Active alcohol or drug abuse

• MMSE score ≤ 24 or other

neuropsychological dysfunction 

• Intracranial abnormalities to contraindicate surgery

• Pregnancy

• Participation in another research study

Table 7 describes the demographics of those subjects in the 

Phase I analysis.

Table 7. Phase I Baseline demographics characteristics

BMT (n=134) DBS (n=121)

Variable Result Result p-value

Age – yr (mean ± std) 62.3±9.0 62.4±8.8 0.974

No. of years since diagnosis of PD (mean ± std) 13.2±5.9 11.4±5.6 0.016

No. of years on PD medication (mean ± std) 12.6±5.6 10.8±5.4 0.013

% Male 82.1% 81.0% 0.872

Table 8 describes the demographics of those subjects in the 

Phase II analysis.

Table 8. Phase II Baseline demographics characteristics

GPI (n=152) STN (n=147)

Variable Result Result p-value

Age – yr (mean ± std) 61.8±8.7

(range, 39-82)

61.9±8.7

(range, 37-83)

0.925

No. of years since diagnosis of PD (mean ± std) 12.0±5.5 12.0±5.4 0.959

No. of years on PD medication (mean ± std) 11.5±5.4 11.1±5.0 0.469

% Male 87.5% 78.9% 0.062

Subject disposition for Phases I and II is shown in Figure 13.

Recruit eligible 
subjects from VA 
and university sites 

Best Medical 
Therapy  
(6-m delay in 
surgery) 

3, 6 m  F/U 

Immediate 
Surgery

 

GPi 

STN 

F/U @ 1, 3, 6,  
12, 18, 24,  
(& 36) m

F/U @ 1, 3, 6,  
12, 18, 24,  
(& 36) m 

F/U @ 1, 3, 6, 
18, 24, 30, 

 

(& 36) m

F/U @ 1, 3, 6, 
18, 24, 30,  
(& 36) m b

GPi  

STN 

Abbreviations: F/U = follow up; m = month(s); GPi = globus pallidus interna; STN = subthalamic nucleus; VA = Department of Veterans Affairs.

a
The recruitment process included these activities: First there was the screening activity where preliminary eligibility was assessed. If that was met, the 

informed consent was completed. After the consent was completed, the baseline assessment activity occurred with collection of baseline data and 

verification of eligibility (inclusion and exclusion criteria). If the eligibility criteria were verified, then the randomization activity ensued, with a random 

assignment to either the BMT or DBS treatment group.

b
Study visits represent time from DBS randomization. Analyses presented are for time from system implant.

a

 b

Figure 12. Study design
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316 Subjects enrolled and randomized

134 were initially
assigned to BMT

255 were included in safety analyses of BMT vs. DBS at 6 months
227 were included in the efficacy analyses*

17 BMT subjects 
withdrew

117 BMT continued to DBS
(randomized to GPi or STN)

147 STN152 GPi

299 randomized to target site for Phase II
(290 received implants)

14 subjects discontinued:
9 withdrew, 5 deaths

(2 before DBS, 12 after)

24 subjects discontinued:
16 withdrew, 8 deaths 

(7 before DBS, 17 after)

147 included in 24-month 
safety analyses,

137 included in 24-month
efficacy analyses***

152 included in 24-month
safety analyses,

147 included in 24-month
efficacy analyses***

GPi
36-month analysis

Efficacy = 106
Safety = 104

Total
36 Month

Efficacy: N=195
Safety: N=187

STN
36-month analysis

Efficacy = 89
Safety = 83

121 were initially
assigned to DBS 

(GPi or STN)

61 were assigned
directly to DBS after 

randomization to BMT
was closed** 

* 227 subjects (BMT, n=116; DBS, n=111) consented to release their data to Medtronic.
** 57 subjects (GPi, n=31; STN, n=26) consented to release their data to Medtronic.
*** 277 subjects (GPi, n= 147; STN, n= 137) consented to release their data to Medtronic.

Figure 13. Subject disposition (Phase I and Phase II).

Screened subjects not meeting eligibility requirements in 

Phase I—Of the 278 subjects who had been screened for 

eligibility, 23 did not meet the inclusion criteria before 

randomization. 

Table 9 summarizes reasons for non-participation of these 

subjects in Phase I. Note that some subjects had more than one 

reason.

Table 9.  Number of exclusions by reason in Phase I1

Reason for Exclusion Frequency

Not responsive to L-dopa (no clearly defi ned “on” periods) 2

Disabling symptoms < 3 hours per day 2

Not willing to participate in study follow-up procedures 9

Mini-mental score ≤ 24 4

Medical contraindication to surgery and/or stimulation 1

Other neuropsychological dysfunction that would contraindicate surgery 8

Met eligibility criteria but unwilling to participate 2

1Note: A subject may have had > 1 exclusion; 23 subjects were excluded.

 BMT Withdrawals/terminations following informed consent
The reasons for BMT subject withdrawal after the 6-month 

follow-up and before DBS randomization are shown in Table 10. 

Eleven BMT subjects withdrew informed consent, 2 BMT 

subjects withdrew from the study after randomization to BMT 

(ie, did not want to wait 6 months for DBS surgery), 2 subjects 

failed the neuropsychological tests, 1 BMT subject withdrew 

because the subject was doing well after 6 months of best 

medical therapy, and 1 BMT subject decided not to have surgery 

after 6 months of best medical therapy. 

Table 10.  Number of  BMT withdrawals/terminations following initial consent

Reason for Termination

BMT (n=134)

n %

Withdrew informed consent 11 8.2

Withdrew after randomized to BMT 2 1.5

Withdrew due to failing neuropsychological tests 2 1.5

Withdrew doing well at 6 months 1 0.8

Do not want to have surgery 1 0.8

Total 17 12.7

 Withdrawals/terminations after randomization in Phase II
There were 299 subjects who were randomized to a target site. 

Of these 299 subjects, 152 were randomized to the GPi group and 

147 were randomized to the STN group. A total of 38 subjects, 

14 GPi and 24 STN, withdrew or were terminated after 

randomization to a DBS target site. A total of 290 subjects 

received DBS surgery. 

Table 11 shows reasons for withdrawals/terminations overall.

Table 11. Number of subject deaths and withdrawals overall

Type of withdrawal n

Death 13

Withdrew consent 11

Withdrew due to medical conditions 11

Other 3

Total 38

Causes of death are described in the Phase II Adverse Event 

Overview section.

There were 187 subjects eligible for the 3-year safety cohort as 

they had a 2-year visit and consented to be followed to 3 years.

Of those, 159 subjects completed the 3-year visit. There were 25 

subjects who withdrew and 3 subjects who died after the 

24-month visit or could not make the 36-month visit. Reasons for 

withdrawal include the following: lack of transportation due to 

health, fi nancial, and family issues (6), subject did not return for 

the 36-month visit (5), terminated from study by site coordinator 

(5), withdrew consent (3), miscommunication with study 

coordinator (2), lost to follow-up (2), subject too diffi  cult to 

comply with protocol (1), and subject unwilling to comply with 

protocol (1). 

 Analysis methods
The primary analysis method for each endpoint was based on 

intent-to-treat (ITT) principles. Missing data were imputed using 

a multiple imputation strategy. This involved imputing data 
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multiple times, running the analysis on each iteration, and then 

combining the analyses into one analysis result with an 

appropriately increased variance. 

Sensitivity analyses were performed to assess the potential 

impact of subjects who withdrew from the study. The  sensitivity 

analyses, provided with each endpoint, were done using 2 

separate datasets: completers (ie, includes those subjects with 

data at baseline and the analysis timepoint with no imputation 

for missing values), and worst-case (based on the ITT data set). 

For Phase I, the worst-case imputation used the reported values 

within a treatment group that resulted in the best change for the 

BMT group and the worst change for the DBS group. For Phase II, 

the worst-case imputation used the reported values within a 

target site that resulted in the worst change for each respective 

target site.

Since there were a large number of endpoints and the statistical 

analysis plan did not specify a method for controlling for 

multiple endpoints, it is not appropriate to calculate p-values for 

the secondary endpoints. Completers and worst-case analyses 

have been provided for completeness.

Phase I continuous endpoints were analyzed with an analysis of 

covariance (ANCOVA) mixed model that included the covariates 

of number of years since diagnosis of PD and number of years on 

PD medication. These 2 baseline demographics were included 

because both showed statistically signifi cant diff erences 

between the BMT vs. DBS groups (refer to Table 7). Categorical 

endpoints were analyzed with a logistic regression model that 

included the same covariates: number of years since diagnosis of 

PD and number of years on PD medication. Data are presented 

by randomized treatment group assignment, BMT or DBS.

Phase II continuous endpoints were analyzed with an analysis of 

variance mixed model and categorical endpoints were analyzed 

with a logistic regression model or chi-square test.

 Data sets analyzed

Phase I
In Phase I, a total of 255 subjects were randomized to the study. 

Data considered for the effi  cacy analyses were from the 227 

subjects who consented to release their data to Medtronic (BMT 

n=116, DBS n=111). The data sets used for Phase I analyses are 

summarized in Table 12. 

Subjects with baseline and 6-month follow-up scores who 

consented to release their data to Medtronic were considered in 

the completers analyses.

The safety analysis included a total of 255 subjects who were 

randomized to BMT or DBS.

Table 12.  Phase I Effi  cacy and safety data sets analyzed

Phase I Data sets analyzed

Effi  cacy data sets Number of subjects

Intent -to-treat Total n=227; BMT n=116, DBS n=111

Completers Total n=209; BMT n=107, DBS n=102

Safety data sets

Safety Total n=255; BMT n=134, DBS n=121

Phase II
In Phase II, a total of 299 subjects were randomized to receive 

deep brain stimulation of the globus pallidus internal (GPi) or the 

subthalamic nucleus (STN). Data considered for the safety 

analysis for Phase II of the study were those data obtained after 

subjects had been randomized to the GPi or the STN target sites. 

Data considered for the effi  cacy analysis were from subjects who 

also consented to release their data to Medtronic for a total of 284 

subjects (GPi n=147, STN n=137). The data sets used for Phase II 

analyses are summarized in Table 13.

The completers analyses were based on data from those subjects 

who completed the required baseline and 24-month or 

36-month visits and who consented to release their data to 

Medtronic. The modifi ed-ITT cohort is defi ned as the 195 subjects 

who consented to be followed to the 36-month follow-up and 

who consented to release their data to Medtronic. Additional 

information regarding the 36-month effi  cacy cohort is provided 

in the Subgroup Comparisons section.

The 24-month safety analysis included a total of 299 subjects 

who were randomized to the GPi or the STN target sites. The 

36-month safety analysis included all subjects who completed 

the 24-month visit and who also had consented for the 36-month 

visit, as required by protocol amendment (n=187). 

Table 13.  Phase II Effi  cacy and safety data sets analyzed

Phase II Data sets analyzed

Effi  cacy data sets Number of subjects

Intent -to-treat (24-month) Total n=284; GPi n=147, STN n=137

Completers (24-month) Total n=254; GPi n=135, STN n=119

Modifi ed ITT (36-month) Total n=195; GPi n=106, STN n=89

Completers (36-month) Total n=157; GPi n=89, STN n=68

Safety data sets

Safety (24-month) Total n=299; GPi n=152, STN n=147

Safety (36-month) Total n=187; GPi n=104, STN n=83

 Protocol deviations Phases I and II
Major protocol deviations were from subjects in the DBS 

treatment group in Phases I and II and were defi ned as those that 

impinge on (a) subject well-being, (b) data integrity, or (c) subject 

participation. There were 27 major deviations: DBS surgery 

performed by non-study surgeon (7), necessary re-operation (6), 

DBS surgery outside of specifi ed visit window (4), deviation in 

approved surgical technique (3), DBS surgery not performed (3), 

randomization error (2), improper consent process (1), and device 

issue (1).
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 Phase I Results
Refer to the Limitations of the study section at the end of the 

Phase I results for a discussion of the study design and associated 

limitations.

A comparison of primary and secondary outcome measures for 

subjects < 70 years of age versus subjects ≥ 70 years of age has 

been provided in the “Phase I Subgroup comparisons” section.

 Primary outcome measures
The primary outcome for the comparison of DBS to BMT at 6 

months is change from baseline in motor function based on time 

spent in the “on” state without troubling dyskinesias. This was 

assessed using subject motor diaries. Subjects were asked to 

complete a motor diary for 2 days out of the 7 days during the 

week before baseline and study follow-up visits. In 30-minute 

intervals, the subject recorded whether he/she was “off ” state, “on” 

state, “on” with dyskinesias, or asleep. The variable is summarized 

in hours per day.

As supportive to the primary outcome measure, Table 14 also 

shows comparisons of motor diary outcomes “On” time with 

troublesome dyskinesias, “Off ” time, and Asleep time by 

treatment group from baseline to 6 months. The treatment eff ect 

p-values for “On” time without troublesome dyskinesias, “On” time 

with troublesome dyskinesias, and “Off ” time are statistically 

signifi cantly diff erent with the DBS group showing improvement 

over the BMT group. 

Table 14.  Phase I: Comparisons of motor diaries at 6 months by treatment group, 
Randomized, Open-label study
(intent-to-treat, multiple imputation)

Motor diaries Time

Best medical therapy

(BMT)

Deep brain stimulation 

(DBS)

P-value
n

(% missing)

Mean  ±  Std

(% chg)

n

(% missing)

Mean  ±  Std

(% chg)

“On” time 

without

troublesome

dyskinesias

(hours per day)

Baseline

6 Month

6 Month - BL

116

116

116

(8.6%)

6.9  ±  2.9

6.9  ±  3.4

0.0  ±  3.3

(0.0%)

111

111

111

(11.7%)

6.4  ±  2.8

11.6  ±  4.1

5.2  ±  4.0

(81.7%)

<0.001

“On” time with 

troublesome 

dyskinesias 

(hours per day)

Baseline

6 Month

6 Month - BL

116

116

116

(8.6%)

4.3  ±  3.1

4.1  ±  3.2

-0.2  ±  3.4

(5.1%)

111

111

111

(11.7%)

4.5  ±  3.1

1.6  ±  3.2

-2.9  ±  3.7

(-64.4%)

<0.001

“Off ” time

(hours per day)

Baseline

6 Month

6 Month - BL

116

116

116

(8.6%)

5.6  ±  2.8

5.5  ±  2.7

-0.1  ±  2.9

(-1.3%)

111

111

111

(11.7%)

5.9  ±  2.5

2.9  ±  2.9

-2.9  ±  3.6

(-49.9%)

<0.001

Asleep time

(hours per day)

Baseline

6 Month

6 Month-BL

116

116

116

(8.6%)

7.1  ±  1.6

7.3  ±  2.0

0.2  ±  1.9

(2.5%)

111

111

111

(11.7%)

7.3  ±  1.8

7.7  ±  2.0

0.4  ±  2.1

(5.9%)

0.328

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.

Note: For the measures of “On” time without troublesome dyskinesias and Asleep time, higher values (positive change) 

as compared with baseline indicate an improvement in function. For the measures of “On” time with troublesome 

dyskinesias and “Off ” time, lower values (negative change) as compared with baseline indicate an improvement in 

function. Subjects were taking their regular medication regimen during the recording of these data.

Statistical test associated with p-values: Analysis of covariance with number of years since PD diagnosis and number 

of years on PD medication as covariates using multiple imputation; statistical signifi cance of treatment group term.

Sensitivity analyses were conducted using completers, subjects 

who completed both the baseline and 6-month assessments, 

and using a worst-case scenario for those with missing data. As 

shown in Table 15, the completers analysis confi rmed the same 

conclusions as the multiple imputation analysis. The worst-case 

scenario resulted in confi rming the statistically signifi cant results 

of DBS being better than BMT in “On” time without troublesome 

dyskinesias and “Off ” time. The diff erence in “On” time with 

troublesome dyskinesias was not statistically signifi cantly 

diff erent between the 2 groups and Asleep time was favorable to 

the BMT group (BMT mean change of an increase of 0.6±2.3 

hours and the DBS having a decrease of 0.3±3.0 hours).

Table 15.  Phase I: sensitivity analyses for motor diaries at 6 months

Motor diaries Time

BMT DBS

P-valuen

Mean  ±  Std

(% chg) n

Mean  ±  Std

(% chg)

Completers

“On” time 

without

troublesome

dyskinesias

(hours per day)

6 Month - BL 106
0.0 ± 3.2 

(-0.4%)
98

5.3 ± 3.9 

(82.9%)
<0.001

“On” time with 

troublesome 

dyskinesias 

(hours per day)

6 Month - BL 106
-0.1 ± 3.4 

(-2.6%)
98

-2.9 ± 3.8 

(-65.2%)
<0.001

“Off ” time 

(hours per day) 6 Month - BL 106
-0.1 ± 2.8 

(-0.9%)
98

-2.8 ± 3.7 

(-48.6%)
<0.001

Asleep time

(hours per day) 6 Month-BL 106
0.2 ± 1.9 

(2.7%)
98

0.4 ± 2.1 

(6.1%)
0.331

Worst-case

“On” time 

without 

troublesome 

dyskinesias 

(hours per day)

6 Month - BL 116
1.1 ± 4.9 

(15.9%)
111

3.8 ± 5.7 

(59.2%)
<0.001

“On” time with 

troublesome 

dyskinesias 

(hours per day)

6 Month - BL 116
-0.6 ± 3.7 

(-13.9%)
111

-1.1 ± 6.3 

(-23.7%)
0.523

“Off ” time 

(hours per day) 6 Month - BL 116
-0.5 ± 3.1

(-8.6%) 
111

-1.8 ± 4.5 

(-30.5%)
0.009

Asleep time 

(hours per day) 6 Month-BL 116
0.6 ± 2.3 

(8.4%)
111

-0.3 ± 3.0 

(-4.4%)
0.009

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.

Note: For the measures of “On” time without troublesome dyskinesias and Asleep time, higher values (positive change) 

as compared with baseline indicate an improvement in function. For the measures of “On” time with troublesome 

dyskinesias and “Off ” time, lower values (negative change) as compared with baseline indicate an improvement in 

function. Subjects were taking their regular medication regimen during the recording of these data.

Statistical test associated with p-values: Analysis of covariance with number of years since PD diagnosis and number 

of years on PD medication as covariates; statistical signifi cance of treatment group term. 

 Secondary outcome measures
A number of secondary outcome measures were evaluated

in the study, including the following:

• Schwab & England Scale (ADL)

• UPDRS I-IV
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• Timed stand-walk-sit test

• Parkinson’s Disease Questionnaire (PDQ)-39 (Quality-of-life 

assessment)

 Safety and additional outcome measures
• Neuropsychological tests 

• Medication use

• Subgroup analysis comparing those subjects < 70 years of 

age versus ≥ 70 years of age

Note that DBS is approved as an adjunct to medications. 

However, some assessments were performed without adjunctive 

medications (ie, medications Off ). In these cases, the comparison 

is to no treatment. Following a medication Off  assessment, 

subjects take their medications. Under these circumstances 

subjects are assessed on BMT alone. Therefore, the relevant tables 

provide a comparison of no therapy, DBS alone, BMT alone, and 

DBS as an adjunct to BMT. Although the relevant tables do not 

provide a direct comparison of DBS alone to BMT alone, 

information on BMT alone (included in the section of BMT vs DBS) 

allows this comparison.

 Schwab & England
As shown in Table 16, the degree of reported improvement in the 

Schwab & England scale while On medication favored the DBS 

subjects (83.4±10.7 at baseline to 87.6±10.3 at 6 months) when 

compared with BMT subjects (81.8±11.8 at baseline to 80.6±11.7 

at 6 months). When subjects are compared in the “Off  medication” 

state, the reported improvement was 50.0±19.9 at baseline to 

69.1±19.7 at 6 months in DBS subjects compared with 51.6±19.5 

at baseline to 49.5±18.8 at 6 months in subjects receiving no 

medication. The Schwab & England score at 6 months for BMT 

alone is better than DBS alone; however, DBS as an adjunct to 

BMT (ie, as indicated) is higher than DBS alone at 6 months and 

BMT at 6 months.

Table 16.  Phase I: Comparisons of Modifi ed Schwab & England at 6 months by 
treatment group (intent-to-treat, multiple imputation) 

Variable Time

BMT1 DBS

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Schwab &

England-

Off  med

Baseline

6 Month

6 Month - BL

116

116

116

(7.8%)

51.6

49.5

-2.0

(-3.9%)

19.5

18.8

16.0

111

111

111

(9.0%)

50.0

69.1

19.1

(38.3%)

19.9

19.7

22.2

Schwab &

England-

On med

Baseline

6 Month

6 Month - BL

116

116

116

(8.6%)

81.8

80.6

-1.3

(-1.5%)

11.8

11.7

12.4

111

111

111

(8.1%)

83.4

87.6

4.2

(5.0%)

10.7

10.3

12.0

1 When Off  medication for BMT, no treatment is provided.

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.   

Note: Higher values (positive change) as compared with baseline indicate improvement. Medication use (Off /On) is 

noted in the fi rst column of the table. 

Table 17 displays the summary of the sensitivity analyses.

Table 17.  Phase I: sensitivity analyses for Schwab and England at 6 months 

Variable Time

BMT1 DBS

n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

Schwab & 

England- 

Off  med
6 Month - BL 107

-2.0

(-3.8%)
15.7 101

19.0

(38.0%)
22.5

Schwab &

England-

On med
6 Month - BL 106

-1.7

(-2.1%)
12.1 102

4.2

(5.1%)
12.1

Worst-case

Schwab & 

England- 

Off  med
6 Month - BL 116

0.5

(1.0%)
18.5 111

13.9

(27.7%)
27.6

Schwab &

England-

On med
6 Month - BL 116

0.9

(1.1%)
15.2 111

2.0

(2.4%)
14.1

1 When Off  medication for BMT, no treatment is provided.

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Higher values (positive change) as compared with baseline indicate improvement. Medication use (Off /On) is 

noted in the fi rst column of the table. 

  UPDRS I-IV
A decrease in score represents an improvement in the function 

being measured.

 UPDRS I (Mentation, Behavior, and Mood)

UPDRS I scores for DBS subjects improved (2.6±2.0 to 2.4±2.1, 

-7.0%) while the BMT subjects declined (2.7±2.0 to 2.9±2.1, 10.0%) 

at 6 months (Table 18).

Table 18.  Phase I: Comparisons of UPDRS I at 6 months by treatment group 
(intent-to-treat, multiple imputation) 

Variable Time

BMT DBS

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

UPDRS I Baseline

6 Month

6 Month - BL

116

116

116

(7.8%)

2.7

2.9

0.3

(10.0%)

2.0

2.1

2.0

111

111

111

(7.2%)

2.6

2.4

-0.2

(-7.0%)

2.0

2.1

2.2

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was 

completed while the subject was On medications. 

These conclusions were confi rmed in the sensitivity analyses 

(Table 19).   

Table 19.  Phase I: sensitivity analyses for UPDRS I at 6 months 

UPDRS I Time

BMT DBS

n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers 6 Month - BL 107
0.3

(10.2%)
2.0 103

-0.1

(-5.5%)
2.2

Worst-case 6 Month - BL 116
0

(0.3%)
2.3 111

0.4

(13.7%)
2.8

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was 

completed while the subject was On medications. 
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 UPDRS II (Activities of Daily Living)

Improvement for the DBS subjects were reported compared with 

the BMT subjects in the overall UPDRS II score from baseline to 6 

month follow-up (19.1 to 13.7 [-28.2%] versus 19.6 to 19.6 [-0.1%]) 

(Table 20). 

Table 20.  Phase I: Comparisons of UPDRS II (ADL) at 6 months by treatment group
(intent-to-treat, multiple imputation)

BMT DBS

UPDRS II Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

II-Activities 
of Daily 
Living 

Baseline 116 19.6 6.1 111 19.1 5.6

6 Month 116 19.6 5.7 111 13.7 6.4

6 Month - BL 116 0.0 3.9 111 -5.4 6

(7.8%) (-0.1%) (9.0%) (-28.2%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was 

completed while the subject was On medications. 

Table 21 provides the results of the sensitivity analyses. 

Table 21.  Phase I: sensitivity analyses for UPDRS II at 6 months 
BMT DBS

UPDRS II Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

II-Activities 
of Daily 
Living

6 Month - BL 107 0.0 3.9 101 -5.3 6.0

(0.2%) (-27.8%)

Worst-case

II-Activities 
of Daily 
Living

6 Month - BL 116 -1.0 5.6 111 -4.1 7.1

(-5.3%) (-21.4%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was 

completed while the subject was On medications. 

 UPDRS Part III (Motor Function)

As shown in Table 22, the degree of reported improvement in the 

blinded UPDRS Part III (Motor Function, or Total Motor 

Examination [TME]) while On medication was greater in DBS 

subjects (21.7±12.2 at baseline to 18.4±10.3 at 6 months) when 

compared with BMT subjects (22.5±10.3 at baseline to 22.1±11.0 

at 6 months). When subjects are compared in the Off  medication 

state, the reported improvement was (42.5±13.8 at baseline to 

27.1±12.9 at 6 months) in DBS subjects compared with (42.6±10.8 

at baseline to 41.0±12.7 at 6 months) in subjects without 

medication. The UPDRS III score at 6 months for DBS alone is less 

than BMT; however, DBS as an adjunct to BMT (ie, as indicated) is 

less than DBS alone at 6 months and BMT at 6 months. 

Table 22.  Phase I: Comparisons of UPDRS III at 6 months by treatment group 
(intent-to-treat, multiple imputation)

BMT1 DBS

UPDRS III Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

III-Motor 
Function 
(Unblinded/
On med)

Baseline 116 22.7 9.2 111 21.8 10.8

6 Month 116 22.9 10 111 19.1 9.9

6 Month - BL 116 0.3 8.8 111 -2.7 8.6

(9.5%) (1.2%) (14.4%) (-12.3%)

III-Motor 
Function 
(Unblinded/
Off med)

Baseline 116 44..3 11.3 111 44.4 13.5

6 Month 116 42.6 12.2 111 26.6 12.5

6 Month - BL 116 -1.7 9.7 111 -17.9 11.4

(9.5%) (-3.8%) (14.4%) (-40.2%)

III-Motor 
Function 
(Blinded/
On med)

Baseline 116 22.5 10.3 111 21.7 12.2

6 Month 116 22.1 11 111 18.4 10.3

6 Month - BL 116 -0.5 10.0 111 -3.3 9.9

(9.5%) (-2.1%) (15.3%) (-15.1%)

III-Motor 
Function 
(Blinded/
Off med)

Baseline 116 42.6 10.8 111 42.5 13.8

6 Month 116 41.0 12.7 111 27.1 12.9

6 Month - BL 116 -1.6 9.9 111 -15.4 10.6

(9.5%) (-3.7%) (15.3%) (-36.3%)

1 When Off  medication for BMT, no treatment is provided.

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication use (Off /On) is 

noted in the fi rst column of the table. Subjects in the DBS group were evaluated with stimulation turned on.

Table 23 provides the results of the sensitivity analyses. 

Table 23.  Phase I: sensitivity analyses for UPDRS III at 6 months 
BMT1 DBS

UPDRS III Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

III-Motor 
Function 
(Unblinded/
On med)

6 Month - BL 105 0.2 8.8 95 -2.9 8.6

(0.7%) (-13.1%)

III-Motor 
Function 
(Unblinded/
Off med)

6 Month - BL 105 -1.6 9.5 95 -17.7 11.7

(-3.6%) (-39.9%)

III-Motor 
Function 
(Blinded/
On med)

6 Month - BL 105 -0.4 10.1 94 -2.9 9.9

(-1.9%) (-13.5%)

III-Motor 
Function 
(Blinded/
Off med)

6 Month - BL 105 -1.5 9.8 94 -15.1 10.7

(-3.4%) (-35.7%)
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Table 23.  Phase I: sensitivity analyses for UPDRS III at 6 months 
BMT1 DBS

UPDRS III Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Worst-case

III-Motor 
Function 
(Unblinded/
On med)

6 Month - BL 116 -1.7 10.3 111 3.5 18.0

(-7.2%) (16.0%)

III-Motor 
Function 
(Unblinded/
Off med)

6 Month - BL 116 -4.3 13.3 111 -11.7 18.7

(-9.8%) (-26.3%)

III-Motor 
Function 
(Blinded/
On med)

6 Month - BL 116 -2.1 11.2 111 2.7 16.7

(-9.4%) (12.4%)

III-Motor 
Function 
(Blinded/
Off med)

6 Month - BL 116 -3.8 12.2 111 -7.2 21.5

(-8.8%) (-16.9%)

1 When Off  medication for BMT, no treatment is provided.

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication use (Off /On) is 

noted in the fi rst column of the table. Subjects in the DBS group were evaluated with stimulation turned on.

Table 24 shows the percentage of patients with a minimal 

clinically important change in motor function at 6 months. 

Table 24.  Phase I: Percent of Subjects with a Minimal Clinically Important 
Change in motor function  at 6 months by treatment group
(intent-to-treat, multiple imputation)

Categories of Change

BMT1

(n=116)

DBS

(n=111)

UPDRS III, Blinded/Off  medication

Percent of subjects with improvementa from baseline to 6 months 37% 89%

Percent of subjects with no changeb from baseline to 6 months 41% 7%

Percent of subjects with worseningc from baseline to 6 months 22% 4%

UPDRS III, Blinded/On medication

Percent of subjects with improvementa from baseline to 6 months 28% 43%

Percent of subjects with no changeb from baseline to 6 months 50% 37%

Percent of subjects with worseningc from baseline to 6 months 22% 20%

1 When Off  medication for BMT, no treatment is provided.

Abbreviations: BMT= best medical therapy; DBS=deep brain stimulation

a: Improvement defi ned as decreasing ≥ 5 points from baseline

b: No Change defi ned as -5 < points from baseline < 5

c: Worsening defi ned as increasing ≥ 5 points from baseline

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication use (On/Off ) is 

shown in the header of each analysis.

Table 25 shows the percentage of patients with a minimal 

clinically important change in motor function at 6 months under 

the completers and worst-case imputation assumptions.

Table 25.  Phase I: sensitivity analyses for Minimal Clinically Important Change 
Categories of Change BMT1 DBS

UPDRS III, Blinded/Off  medication

Completers

Percent of subjects with improvementa from baseline to 6 months 37% 87%

Percent of subjects with no changeb from baseline to 6 months 38% 9%

Percent of subjects with worseningc from baseline to 6 months 25% 4%

Worst-case

Percent of subjects with improvementa from baseline to 6 months 43% 74%

Percent of subjects with no changeb from baseline to 6 months 34% 7%

Percent of subjects with worseningc from baseline to 6 months 22% 19%

UPDRS III, Blinded/On medication

Completers

Percent of subjects with improvementa from baseline to 6 months 30% 40%

Percent of subjects with no changeb from baseline to 6 months 46% 36%

Percent of subjects with worseningc from baseline to 6 months 24% 23%

Worst-case

Percent of subjects with improvementa from baseline to 6 months 37% 34%

Percent of subjects with no changeb from baseline to 6 months 41% 31%

Percent of subjects with worseningc from baseline to 6 months 22% 35%

1 When Off  medication for BMT, no treatment is provided.

Abbreviations: BMT= best medical therapy; DBS=deep brain stimulation

a: Improvement defi ned as decreasing ≥ 5 points from baseline

b: No Change defi ned as -5 < points from baseline < 5

c: Worsening defi ned as increasing ≥ 5 points from baseline

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication use (On/Off ) is 

shown in the header of each analysis.

Figure 14 displays the change from baseline to 6 months in the 

UPDRS III score while On medication and Figure 15 displays the 

change from baseline to 6 months in the UPDRS III score while Off  

medication. Negative change as compared with baseline 

indicates improvement.
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Figure 14.  Phase I: change in UPDRS III scores while On medication 
(Blinded), at 6 months, by treatment group (Intent-to-treat, 
multiple imputation)
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Figure 15.  Phase I: change in UPDRS III scores while Off  medication 
(Blinded), at 6 months, by treatment group (Intent-to-treat, 
multiple imputation)

 UPDRS IV

UPDRS IV evaluates complications of drug therapy. Individual 

questions address dyskinesias (duration, disability, painful 

dyskinesias, and presence of early morning dystonia), clinical 

fl uctuations (predictable “off ” periods, unpredictable “off ” 

periods, sudden “off ” periods, and portion of the waking day in an 

“off ” period), and other complications (anorexia, nausea, or 

vomiting; sleep disturbances; and symptomatic orthostasis).

The complication of therapy score (UPDRS IV) improved from 

9.3±3.1 to 5.2±2.7 ( -44.2%) for DBS and 9.4±3.0 to 8.6±2.9 (-8.2%) 

for BMT (Table 26).  

Table 26.  Phase I: Comparisons of UPDRS IV at 6 months by treatment group 
(intent-to-treat, multiple imputation)

BMT DBS

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

UPDRS IV Baseline 116 9.4 3.0 111 9.3 3.1

6 Month 116 8.6 2.9 111 5.2 2.7

6 Month - BL 116 -0.8 3.1 111 -4.1 3.7

% missing (8.6%) (-8.2%) (26.1%) (-44.2%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was 

completed while the subject was On medications. 

Table 27 provides the results of the sensitivity analyses.

Table 27.  Phase I: sensitivity analyses for UPDRS IV at 6 months 
BMT DBS

UPDRS IV Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers 6 Month - BL 106 -0.5 3.0 82 -4.4 3.7

(-5.3%) (-47.5%)

Worst-case 6 Month - BL 116 -1.6 4.6 111 -2.3 5.0

(-16.5%) (-24.8%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was 

completed while the subject was On medications.

 Timed Stand-Walk-Sit Test
Using ITT and multiple imputation methods, on average, the DBS 

subjects took less time (were improved) than BMT subjects to 

complete the timed stand-walk-sit test at 6 months where Off  

medication (Table 28). The change from baseline to 6 months 

where On medication worsened for the BMT subjects and did not 

measurably improve for the DBS subjects.

Table 28.  Phase I: Timed Stand-Walk-Sit Test at 6 months 
(intent-to-treat, multiple imputation)

BMT1 DBS

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Timed 
Stand-
Walk-Sit 
Test 
(Off  med)

Baseline 116 36.2 39.6 111 37.8 39.2

6 Month 116 29.1 29.3 111 24.0 26.7

6 Month - BL 116 -7.2 39.8 111 -13.7 41.3

(41.4%) (-19.8%) (36.9%) (-36.4%)

Timed 
Stand-
Walk-Sit 
Test
(On med)

Baseline 116 17.8 12.4 111 17.6 8.4

6 Month 116 29.0 108.5 111 15.9 35.0

6 Month - BL 116 11.2 107.1 111 -1.7 35.1

(13.8%) (63.0%) (17.1%) (-9.5%)

1 When Off  medication, BMT includes no treatment.

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement.  Medication use (Off /On) is 

noted in the fi rst column of the table.

Table 29 provides the results of the sensitivity analyses.

Table 29.  Phase I: sensitivity analyses for Timed Stand-Walk-Sit Test at 6 months 
BMT1 DBS

Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Timed Stand-Walk-Sit Test (off  med)

Completers 6 Month - BL 68 -1.2 25.9 70 -15.3 41.0

(-3.5%) (-43.1%)

Worst-case 6 Month - BL 116 -66.4 103.6 111 24.0 70.5

(-75.6%) (81.8%)

Timed Stand-Walk-Sit Test (On med)

Completers 6 Month - BL 100 11.8 110.0 92 -0.9 10.9

(66.8%) (-5.0%)

Worst-case 6 Month - BL 116 6.2 104.0 111 9.9 26.6

(29.2%) (57.4%)

1 When Off  medication, BMT includes no treatment.

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement.  Medication is noted in the 

fi rst column of the table.
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 PDQ-39
PDQ-39, a quality-of-life measure specifi c to Parkinson’s disease, 

showed improvement for subjects in the DBS group. As shown in 

Table 30, the PDQ-39 summary index (ie, single index) was improved 

in the DBS subjects compared with BMT subjects.

Table 30.  Phase I: Comparison of PDQ-39 summary index at 6 months by 
treatment group (intent-to-treat, multiple imputation)

BMT DBS

Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Baseline 116 44.3 13.3 111 45.0 13.3

6 Month 116 44.5 13.8 111 35.9 16.1

6 Month - BL 116 0.1 9.1 111 -9.1 11.7

(10.3%) (0.3%) (13.5%) (-20.3%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications.

Table 31 provides the results of the sensitivity analyses. 

Table 31.  Phase I: sensitivity analyses for PDQ-39 summary index at 6 months 
PDQ-39

summary 

index

BMT DBS

Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers 6 Month - BL 104 0.2 9.0 96 -9.2 11.9

(0.5%) (-20.4%)

Worst-case 6 Month - BL 116 -4.2 16.5 111 -3.6 18.3

(-9.3%) (-8.1%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications. 

Overall, DBS subjects experienced greater reported improvements 

(negative change) from baseline to 6 months when compared with 

BMT subjects (Table 32).

Table 32.  Phase I: Comparisons of PDQ-39 subscales at 6 months by treatment 
group (intent-to-treat, multiple imputation)

Parkinson’s 

Disease 

Questionnaire

BMT DBS

Time

n
(% missing)

Mean
(% chg) Std

n
(% missing)

Mean
(% chg) Std

Stigma Baseline 116 43.6 24.1 111 40.9 24.5

6 Month 116 37.7 24.8 111 26.4 23.9

6 Month - BL 116 -5.9 18.9 111 -14.4 22.6

(7.8%) (-13.6%) (9.9%) (-35.3%)

Activities of daily 
living

Baseline 116 54.6 18.6 111 55.0 17.8

6 Month 116 56 18.6 111 38.5 21.6

6 Month - BL 116 1.3 13.9 111 -16.5 17.1

(7.8%) (2.4%) (9.9%) (-30.0%)

Table 32.  Phase I: Comparisons of PDQ-39 subscales at 6 months by treatment 
group (intent-to-treat, multiple imputation)

Parkinson’s 

Disease 

Questionnaire

BMT DBS

Time

n
(% missing)

Mean
(% chg) Std

n
(% missing)

Mean
(% chg) Std

Bodily 
discomfort

Baseline 116 48.4 21.5 111 52.1 21.4

6 Month 116 48.6 24.4 111 42.6 21.6

6 Month - BL 116 0.2 19.1 111 -9.5 19

(7.8%) (0.4%) (9.0%) (-18.2%)

Mobility Baseline 116 57.8 21.2 111 61.5 20.3

6 Month 116 57.5 22.5 111 47 25.4

6 Month - BL 116 -0.3 13.9 111 -14.6 20.6

(9.5%) (-0.5%) (9.9%) (-23.7%)

Emotional 
well-being

Baseline 116 39.5 18.9 111 38.1 19.8

6 Month 116 37.5 19 111 32 20.4

6 Month - BL 116 -1.9 15.5 111 -6.1 17.2

(7.8%) (-4.9%) (9.9%) (-16.0%)

Social support Baseline 116 26.7 17.8 111 26.4 19.4

6 Month 116 28.1 19.2 111 25 21.8

6 Month - BL 116 1.4 19.9 111 -1.3 19.5

(7.8%) (5.2%) (9.0%) (-5.1%)

Cognition Baseline 116 41.5 18.5 111 40.4 17.4

6 Month 116 43 17.3 111 35.6 20.2

6 Month - BL 116 1.5 17.2 111 -4.8 18.6

(8.6%) (3.6%) (9.9%) (-11.9%)

Communication Baseline 116 45.4 17.9 111 44.9 19.8

6 Month 116 47.7 18.4 111 41.6 23

6 Month - BL 116 2.3 14.3 111 -3.3 20.8

(7.8%) (5.0%) (9.9%) (-7.4%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications.

Table 33 provides the results of the sensitivity analyses.

Table 33.  Phase I: sensitivity analyses for PDQ-39 subscales at 6 months
BMT DBS

PDQ-39 

subscale Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

Stigma 6 Month - BL 107 -5.1 18.6 100 -14.1 22.8

(-11.7%) (-34.6%)

Activities of daily 
living

6 Month - BL 107 1.6 13.6 100 -16.0 17.3

(2.9%) (-29.2%)
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Table 33.  Phase I: sensitivity analyses for PDQ-39 subscales at 6 months
BMT DBS

PDQ-39 

subscale Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Bodily 
discomfort

6 Month - BL 107 0.6 19 101 -8.7 19.1

(1.3%) (-16.8%)

Mobility 6 Month - BL 105 -0.3 13.6 100 -14.4 21.0

(-0.5%) (-23.4%)

Emotional 
well-being

6 Month - BL 107 -1.6 15.4 100 -6.0 17.4

(-4.0%) (-15.6%)

Social support 6 Month - BL 107 1.4 20.2 101 -1.4 19.4

(5.4%) (-5.2%)

Cognition 6 Month - BL 106 1.9 17.0 100 -4.3 18.9

(4.5%) (-10.5%)

Communication 6 Month - BL 107 2.3 14.0 100 -2.7 21.1

(5.1%) (-5.9%)

Worst-case

Stigma 6 Month - BL 116 -9.1 23.5 111 -8.4 28.3

(-20.9%) (-20.8%)

Activities of daily 
living

6 Month - BL 116 -2.3 19.5 111 -12.2 21.3

(-4.1%) (-22.1%)

Bodily 
discomfort

6 Month - BL 116 -4.2 25.9 111 -4.1 23.7

(-8.5%) (-7.9%)

Mobility 6 Month - BL 116 -6.4 24.0 111 -9.3 25.6

(-11.1%) (-15.2%)

Emotional 
well-being

6 Month - BL 116 -5.3 20.5 111 -0.7 23.3

(-13.2%) (-1.8%)

Social support 6 Month - BL 116 -0.9 21.4 111 2.8 23.5

(-3.2%) (10.5%)

Cognition 6 Month - BL 116 -1.9 21.3 111 -0.5 21.7

(-4.6%) (-1.1%)

Communication 6 Month - BL 116 -0.9 18.3 111 1.5 23.9

(-1.9%) (3.3%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications.

 Neuropsychological tests
Neuropsychological testing was performed at baseline and at the 

6-month follow-up. Neuropsychological change scores (baseline to 6 

months) by treatment group were compared.

The neuropsychological testing was grouped into 6 domains:

• Overall Level of Cognitive Functioning

• Attention/Processing Speed/Working Memory

• Language

• Learning and Memory

• Reasoning and Executive Functioning

• Mood and Emotion

Neuropsychological test results are presented in Table 34 for 

cognitive-related tests, Table 36 for reasoning and executive function, 

and Table 38 and Table 40 for mood and emotion-related tests. 

Sensitivity analyses for these tests are presented in Table 35, Table 37, 

Table 39, and Table 41, respectively.

Some comparisons were considered statistically signifi cant between 

the DBS and BMT treatment groups (p-values <0.001 after considering 

multiplicity).  In all tests with the exception of the Mattis Dementia 

Total Score, the reported diff erences tended to favor the BMT group.

Table 34.  Phase I: Cognition at 6 months by treatment group
(intent-to-treat, multiple imputation)

BMT DBS

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std p - value

Overall level of Cognitive Functioning

Mattis 
Dementia
Total Score 
or DRS
(raw  score, 
0-144)

Baseline 116 137.2 5.3 111 136.8 4.8

6 Month 116 138.0 4.8 111 136.5 7.0

6 Month - BL 116 0.8 5.1 111 -0.3 6.5 0.166

(6.9%) (0.6%) (8.1%) (-0.2%)

Attention/Processing Speed/ Working Memory

Weschler 
Adult 
Intelligence 
Scale III 
(WAIS-III)
Processing
Speed Index

Baseline 116 90.0 13.9 111 91.5 14.1

6 Month 116 90.6 13.9 111 88.7 14.6

6 Month - BL 116 0.6 8.5 111 -2.8 8.9 0.004

(8.6%) (0.7%) (11.7%) (-3.0%)

WAIS-III
Working 
Memory
Index

Baseline 116 98.5 13.2 111 101.5 13.3

6 Month 116 99.8 14.5 111 99.9 13.8

6 Month - BL 116 1.3 7.0 111 -1.6 8.4 0.006

(9.5%) (1.3%) (11.7%) (-1.6%)

Language 

Boston 
Naming Test 
(BNT)
(raw score,
0-60)

Baseline 116 56.4 4.1 111 55.7 3.8

6 Month 116 56.8 3.8 111 56.5 3.2

6 Month - BL 116 0.4 1.7 111 0.7 2.2 0.229

(8.6%) (0.7%) (9.9%) (1.3%)

Boston 
Diagnostic 
Aphasia 
Exam  (BDAE 
Complex)
(raw score, 
0-12)

Baseline 116 11.1 1.3 111 11.3 1.1

6 Month 116 11.1 1.3 111 11 1.3

6 Month - BL 116 0.0 1.5 111 -0.3 1.4 0.203

(9.5%) (-0.1%) (9.9%) (-2.3%)
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Table 34.  Phase I: Cognition at 6 months by treatment group
(intent-to-treat, multiple imputation)

BMT DBS

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std p - value

Phonemic 
Fluency (FAS)
T-score

Baseline 116 45.2 11.9 111 46.3 12.1

6 Month 116 46.4 11.8 111 42.1 12.4

6 Month - BL 116 1.2 9.2 111 -4.2 8.8 <0.001

(9.5%) (2.7%) (9.0%) (-9.1%)

Category  
Fluency 
(Animal)
T-score

Baseline 116 50.1 11.4 111 51.2 11.4

6 Month 116 47.8 11.9 111 45.8 11.5

6 Month - BL 116 -2.4 12.6 111 -5.3 11.6 0.089

(8.6%) (-4.7%) (9.0%) (-10.4%)

Learning and Memory

Hopkins 
Verbal 
Learning 
Test  (HVLT)
Total T-score

Baseline 116 40.6 11.2 111 39.4 11.3

6 Month 116 40.7 10.8 111 39.3 11.7

6 Month - BL 116 0.1 10.3 111 -0.1 10.9 0.740

(7.8%) (0.3%) (9.9%) (-0.2%)

HVLT 
Delayed 
Recall T-score

Baseline 116 38.8 12.9 111 37.7 13.4

6 Month 116 38.2 13.2 111 36.3 13.1

6 Month - BL 116 -0.5 11.9 111 -1.5 10.7 0.395

(7.8%) (-1.4%) (9.9%) (-3.9%)

Brief Visual 
Memory Test 
(BVMT) 
Delayed 
Recall T-score

Baseline 116 43.7 13.1 111 42.9 12.9

6 Month 116 45.9 13.5 111 41.8 13.6

6 Month - BL 116 2.2 12.4 111 -1.1 12.3 0.046

(6.9%) (5.1%) (9.0%) (-2.5%)

BVMT Total 
T-score

Baseline 116 40.5 11.7 111 39.4 12.6

6 Month 116 41.2 12.4 111 38.7 12.6

6 Month - BL 116 0.6 11.5 111 -0.7 12.9 0.437

(6.9%) (1.6%) (8.1%) (-1.8%)

Reasoning  and Executive Function

Wisconsin 
Card Sorting 
Test-64 
(WCST) 
Perseverative 
Response 
T-score

Baseline 116 43.5 12.4 111 46.5 13.4

6 Month 116 44.8 11.5 111 45.6 12.0

6 Month - BL 116 1.3 13.5 111 -0.9 13.1 0.276

(8.6%) (3.0%) (9.9%) (-2.0%)

Stroop 
Interference 
T-Score

Baseline 116 50.8 7.8 111 50.8 7.4

6 Month 116 51.8 8.8 111 49.8 7.5

6 Month - BL 116 1.0 9.3 111 -1.0 8.2 0.166

(12.1%) (1.9%) (13.5%) (2.0%)

WAIS III 
Similarities
(raw score, 
0-33)

Baseline 116 23.3 5.8 111 23.3 5.2

6 Month 116 23.9 5.7 111 22.2 5.7

6 Month - BL 116 0.6 3.6 111 -1.0 3.3 0.002

(9.5%) (2.4%) (10.8%) (-4.5%)

Table 34.  Phase I: Cognition at 6 months by treatment group
(intent-to-treat, multiple imputation)

BMT DBS

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std p - value

Clock 
Drawing
(raw score, 
0-10)

Baseline 116 9 1.3 111 8.8 1.5

6 Month 116 9.1 1.3 111 8.9 1.4

6 Month - BL 116 0.1 1.6 111 0.1 1.5 0.945

(7.8%) (1.0%) (9.0%) (0.8%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; BL=baseline.

Note: Lower values (negative change) as compared with baseline indicate improvement for the Mattis Dementia Total Raw 

Score. For all other tests, higher values (positive change) as compared with baseline indicate improvement. This outcome was 

completed while the subject was On medications.

Statistical test associated with p-values: Analysis of covariance with number of years since PD diagnosis and number of years 

on PD medication as covariates; statistical signifi cance of treatment group term. 

Table 35 provides the results of the sensitivity analyses for cognition at 

6 months.

Table 35.  Phase I: sensitivity analyses for Cognition at 6 months 
BMT DBS

Variable Time n

Mean

(% chg) Std n

Mean

(% chg) Std P- value

Completers

Mattis Dementia 
Total Raw Score

6 Month - BL 108 1.0
(0.7%) 5.1 102 -0.2

(-0.2%) 6.5 0.135

WAIS-III 
Processing 
Speed Index

6 Month - BL 106 0.9
(1.0%) 8.6 98 -2.8

(-3.0%) 8.9 0.003

WAIS-III Working 
Memory Index

6 Month - BL 105 1.4
(1.4%) 6.9 98 -1.6

(-1.6%) 8.5 0.003

BNT Raw Score 6 Month - BL 106 0.4
(0.8%) 1.7 100 0.8

(1.4%) 2.3 0.214

BDAE Complex 
Raw Score

6 Month - BL 105 0.0
(0.3%) 1.5 100 -0.3

(-2.4%) 1.3 0.137

FAS Letter 
Fluency T-score

6 Month - BL 105 1.4
(3.0%) 9.4 101 -4.2

(-9.0%) 8.7 <0.001

Animal Naming 
T-score

6 Month - BL 106 -2.4
(-4.8%) 12.7 101 -5.2

(-10.1%) 11.6 0.126

HVLT Total 
T-score

6 Month - BL 107 0.4
(0.9%) 10.3 100 -0.1

(-0.2%) 11.0 0.645

HVLT Delayed 
Recall T-score

6 Month - BL 107 -0.2
(-0.6%) 11.9 100 -1.5

(-3.9%) 10.5 0.312

BVMT Delayed 
Recall T-score

6 Month - BL 108 2.5
(5.7%) 12.5 101 -1.1

(-2.5%) 12.4 0.038

BVMT Total 
T-score

6 Month - BL 108 0.8
(1.8%) 11.5 102 -0.7

(-1.7%) 13.0 0.458
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Table 35.  Phase I: sensitivity analyses for Cognition at 6 months 
BMT DBS

Variable Time n

Mean

(% chg) Std n

Mean

(% chg) Std P- value

WCST 
Perseverative 
Responses 
T-Score

6 Month - BL 106 1.8
(4.1%) 13.6 100 -0.4

(-0.9%) 12.4 0.309

Stroop 
Interference 
T-score

6 Month - BL 102 1.0
(2.0%) 9.3 96 -1.2

(-2.3%) 8.0 0.129

WAIS III 
Similarities Raw 
Score

6 Month - BL 105 0.7
(3.0%) 3.5 99 -1.1

(-4.6%) 3.2 0.001

Clock Drawing 6 Month - BL 107 0.1
(1.4%) 1.6 101 0.1

(0.6%) 1.5 0.776

Worst-case

Mattis Dementia 
Total Raw Score

6 Month - BL 116 -0.5
(-0.3%) 7.3 111 0.4

(0.3%) 6.7 0.364

WAIS-III 
Processing 
Speed Index

6 Month - BL 116 3.5
(3.9%) 12.4 111 -7.0

(-7.5%) 15.3 <0.001

WAIS-III Working 
Memory Index

6 Month - BL 116 5.9
(6.0%) 16.5 111 -5.6

(-5.5%) 14.9 <0.001

BNT Raw Score 6 Month - BL 116 1.0
(1.8%) 3.9 111 -0.3

(-0.5%) 3.9 0.009

BDAE Complex 
Raw Score

6 Month - BL 116 0.2
(2.0%) 1.9 111 -0.7

(-6.6%) 2.0 0.001

FAS Letter 
Fluency T-score

6 Month - BL 116 4.2
(9.5%) 13.4 111 -6.5

(-14.1%) 12.6 <0.001

Animal Naming 
T-score

6 Month - BL 116 0.6
(1.2%) 16.0 111 -8.3

(-16.2%) 15.5 <0.001

HVLT Total 
T-score

6 Month - BL 116 2.0
(5.0%) 12.1 111 -2.2

(-5.5%) 12.9 0.009

HVLT Delayed 
Recall T-score

6 Month - BL 116 1.5
(3.8%) 13.4 111 -3.2

(-8.4%) 12.4 0.005

BVMT Delayed 
Recall T-score

6 Month - BL 116 3.7
(8.5%) 13.0 111 -2.6

(-6.1%) 13.1 0.001

BVMT Total 
T-score

6 Month - BL 116 2.8
(7.0%) 13.6 111 -2.1

(-5.2%) 13.5 0.010

WCST 
Perseverative 
Responses 
T-Score

6 Month - BL 116 4.4
(10.3%) 16.2 111 -4.4

(-9.3%) 18.2 0.001

Stroop 
Interference 
T-score

6 Month - BL 116 5.8
(11.7%) 16.4 111 -5.0

(-9.4%) 13.0 <0.001

Table 35.  Phase I: sensitivity analyses for Cognition at 6 months 
BMT DBS

Variable Time n

Mean

(% chg) Std n

Mean

(% chg) Std P- value

WAIS III 
Similarities Raw 
Score

6 Month - BL 116 1.1
(4.6%) 3.7 111 -2.2

(-9.6%) 4.8 <0.001

Clock Drawing 6 Month - BL 116 0.2
(2.3%) 1.7 111 -0.5

(-5.2%) 2.2 0.009

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; BL=baseline.

Note: Lower values (negative change) as compared with baseline indicate improvement for the Mattis Dementia Total Raw 

Score. For all other tests, higher values (positive change) as compared with baseline indicate improvement. This outcome was 

completed while the subject was On medications.

Statistical test associated with p-values: Analysis of covariance with number of years since PD diagnosis and number of years 

on PD medication as covariates; statistical signifi cance of treatment group term. 

Table 36 contains the results for the WCST by categories; >16 is 

considered normal, 6-16 is considered slightly impaired, and 

categories <1 and 2-5 which are at or below the 5th percentile are 

considered impaired. At 6 months, 13 BMT and 10 DBS subjects were 

impaired, 57 BMT and 49 DBS subjects were slightly impaired and 46 

BMT and 52 DBS subjects were within the normal range. 

Table 36.  Phase I: Reasoning and executive function at 6 months assessed by 
Wisconsin Card Sorting Test (percentile) 
(intent-to-treat, multiple imputation)

<1 2-5 6-10 11-16 WNL>16 Total

Group Category n % n % n % n % n % n %

BMT
(7.8% missing)

Baseline —  — 10 8.6 23 19.8 29 25.0 54 46.6 116 100.0

6-month1 2 1.7 11 9.5 29 25.0 28 24.1 46 39.7 116 100.0

DBS
(9.9% missing)

Baseline — — 17 15.3 17 15.3 25 22.5 52 46.8 111 100.0

6-month1 — — 10 9.0 28 25.2 21 18.9 52 46.8 111 100.0

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation.  
1 BMT vs. DBS at 6 months (multiple imputation group term p=0.482).

Note: Higher values as compared with baseline indicate improvement. This outcome was completed while the subject was On 

medications. 

Additional information: The change from baseline to 6 months is not statistically signifi cantly diff erent for the BMT or DBS 

groups. 

Table 37 provides the results of the sensitivity analyses. 

Table 37.  Phase I: sensitivity analyses for WCST reasoning and executive function at 6 
months 

<1 2-5 6-10 11-16 WNL>16 Total

Group Category n % n % n % n % n % n

Completers

BMT Baseline —  — 10 8.8 23 20.2 28 24.6 53 46.5 114

6-month1 2 1.9 10 9.4 27 25.2 26 24.3 42 39.3 107

DBS Baseline — — 16 14.7 17 15.6 25 22.9 51 46.8 109

6-month1 — — 8 8.0 26 26.0 19 19.0 47 47.0 100

Worst-case

BMT Baseline —  — 12 10.3 23 19.8 28 24.1 53 45.7 116

6-month2 2 1.7 10 8.6 27 23.3 26 22.4 51 44.0 116

DBS Baseline — — 16 14.4 17 15.3 25 22.5 53 47.8 111

6-month2 — — 19 17.1 26 23.4 19 17.1 47 42.3 111

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation.  
1 BMT vs. DBS at 6 months (multiple imputation group term p=0.497)
2 BMT vs. DBS at 6 months (multiple imputation group term p=0.202)

Note: Higher values as compared with baseline indicate improvement. This outcome was completed while the subject was On 

medications.

Additional information: The change from baseline to 6 months is not statistically signifi cantly diff erent for the BMT or DBS 

groups. 
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Table 38 provides the results of the Beck Depression Inventory. The 

BMT group had decreased depression scores as compared to the DBS 

group. Table 39 provides the results of the sensitivity analyses.

Table 38.  Phase I: Mood and emotion at 6 months assessed by Beck Depression 
Inventory
(intent-to-treat, multiple imputation)

BMT DBS

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std P- value

Beck
Depression
Inventory 
Total
Raw Score

Baseline 116 11.6 8 111 11.1 8.7

6 Month 116 9.7 6.5 111 10.4 8.2

6 Month - BL 116 -1.9 6.7 111 -0.7 7.3 0.292

(6.9%) (-16.6%) (9.0%) (-6.3%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg= change; BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications. 

Table 39.  Phase I: sensitivity analyses for BDI mood and emotion at 6 months 
BDI Total BMT DBS

Raw Score Time n

Mean

(% chg) Std n

Mean

(% chg) Std P- value

Completers 6 Month - BL 108 -1.8
(-15.6%) 6.8 101 -0.7

(-6.4%) 7.4 0.402

Worst-case 6 Month - BL 116 -0.3
(-2.8%) 8.8 111 -1.9

(-17.0%) 8.7 0.159

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications. 

Table 40 contains the results for the State Trait Anxiety Inventory (STAI) 

by category. On the STAI, at or above the 90th percentile is considered 

moderate-severe anxiety (ie, category ≥ 90). 11-89 is mild to moderate 

anxiety and less than or equal to 10 is no anxiety. On the state anxiety 

score at 6 months, 4 BMT and 8 DBS subjects did not have anxiety, 85 

BMT and 81 DBS subjects had mild to moderate anxiety and 27 BMT 

and 22 DBS subjects had moderate to severe anxiety. On the trait 

anxiety score at 6 months, 1 BMT and 10 DBS subjects did not have 

anxiety, 90 BMT and 76 DBS subjects had mild to moderate anxiety 

and 25 BMT and 25 DBS subjects had moderate to severe anxiety. 

Table 41 provides the results of the sensitivity analyses.

Table 40.  Phase I: Mood and emotion at 6 months assessed by Spielberg Trait-State 
Anxiety Inventory tests (adult percentile) 
(intent-to-treat, multiple imputation)

≤ 10 11-89 ≥ 90 Total

Group Category n % n % n % n %

Spielberg Trait-State Anxiety Inventory (STAI) state anxiety (adult percentile)

BMT
(8.6% missing)

Baseline 3 2.6 90 77.6 23 19.8 116 100.0

6-month1 4 3.4 85 73.3 27 23.3 116 100.0

DBS
(9.9% missing)

Baseline 8 7.2 86 77.5 17 15.3 111 100.0

6-month1 8 7.2 81 73.0 22 19.8 111 100.0

Table 40.  Phase I: Mood and emotion at 6 months assessed by Spielberg Trait-State 
Anxiety Inventory tests (adult percentile) 
(intent-to-treat, multiple imputation)

≤ 10 11-89 ≥ 90 Total

Group Category n % n % n % n %

STAI trait anxiety (adult percentile)

BMT
(8.6% missing)

Baseline 3 2.6 80 69.0 33 28.4 116 100.0

6-month2 1 0.9 90 77.6 25 21.6 116 100.0

DBS
(9.9% missing)

Baseline 5 4.5 75 67.6 31 27.9 111 100.0

6-month2 10 9.0 76 68.5 25 22.5 111 100.0

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation.  
1 BMT vs. DBS at 6 months (multiple imputation group term p=0.421)
2 BMT vs. DBS at 6 months (multiple imputation group term p=0.462)

Note: Lower values as compared with baseline indicate improvement. This outcome was completed while the subject was On 

medications.

Additional information: The change from baseline to 6 months is not statistically signifi cantly diff erent for the BMT or DBS 

groups. 

Table 41.  Phase I: sensitivity analyses for STAI mood and emotion at 6 months 
≤ 10 11-89 ≥ 90 Total

Group Category n % n % n % n

Completers

STAI state anxiety (adult percentile)

BMT Baseline 3 2.6 88 77.2 23 20.2 114

6-month1 4 3.8 77 72.6 25 23.6 106

DBS Baseline 8 7.3 84 77.1 17 15.6 109

6-month1 8 8.0 72 72.0 20 20.0 100

STAI trait anxiety (adult percentile)

BMT Baseline 3 2.6 78 68.4 33 29 114

6-month2 1 0.9 82 77.4 23 21.7 106

DBS Baseline 5 4.6 74 67.9 30 27.5 109

6-month2 10 10.0 67 67.0 23 23.0 100

Worst-case

STAI state anxiety (adult percentile)

BMT Baseline 3 2.6 88 75.9 25 21.6 116

6-month3 14 12.1 77 66.4 25 21.6 116

DBS Baseline 10 9.0 84 75.7 17 15.3 111

6-month3 8 7.2 72 64.9 31 27.9 111

STAI trait anxiety (adult percentile)

BMT Baseline 3 2.6 78 67.2 35 30.2 116

6-month4 11 9.5 82 70.7 23 19.8 116

DBS Baseline 7 6.3 74 66.7 30 27.0 111

6-month4 10 9.0 67 60.4 34 30.6 111

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation.  
1 BMT vs. DBS at 6 months (multiple imputation group term p=0.390)
2 BMT vs. DBS at 6 months (multiple imputation group term p=0.013)
3 BMT vs. DBS at 6 months (multiple imputation group term p=0.311)
4 BMT vs. DBS at 6 months (multiple imputation group term p=0.168)

Note: Lower values as compared with baseline indicate improvement. This outcome was completed while the subject was On 

medications. 

Additional information: The change from baseline to 6 months is not statistically signifi cantly diff erent for the BMT or DBS 

groups, except for the BMT group worst-case state and trait anxiety. 
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 Medication use
The defi nition of levodopa-equivalent dose (LED) was that 100 mg of 

levodopa equals the following:

• 133 mg controlled-release levodopa, or

• 10 mg bromocriptine, or

• 1 mg pergolide, or

• 3 mg ropinirole, or

• 1 mg pramipexole

For DBS, the total levodopa or equivalent dose (mg) changed from 

1336.1 ± 549.5  at baseline to 1032.2 ± 837.3 at 6 months, compared 

with 1318.4 ± 600.3 at baseline and 1335.2 ± 777.2  at 6 months for 

BMT (Table 42). The DBS group had a statistically signifi cantly larger 

average decrease in LED, with an average decrease of 303.9  mg as 

compared with the BMT with an average increase in LED of 16.8 mg 

(ANCOVA p-value < 0.001). The percent medication change from 

baseline to 6 months showed a 22.7% decrease for DBS and a 1.3% 

increase for BMT.

Table 42.  Phase I: Comparison of Medication Use at 6 months by treatment group
(intent-to-treat, multiple imputation)

BMT DBS

Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std P - value

Baseline 116 1318.4 600.3 111 1336.1 549.5

6 Month 116 1335.2 777.2 111 1032.2 837.3 <0.001

6 Month - BL 116 16.8 476.3 111 -303.9 1023

(7.8%) (1.3%) (8.1%) (-22.7%)

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This variable is the subject’s 

medication use. 

Statistical test associated with p-values: Analysis of covariance with number of years since PD diagnosis and number of years 

on PD medication as covariates; statistical signifi cance of treatment group term.

Table 43 provides the results of the sensitivity analyses.

Table 43.  Phase I: sensitivity analyses for Medication Use at 6 months 
BMT DBS

Medication 

use Time n

Mean

(% chg) Std n

Mean

(% chg) Std P - value

Completers 6 Month - BL 107 18.5
(1.4%) 374.3 102 -290.6

(-21.8%) 723.1 <0.001

Worst-case 6 Month - BL 116 -45.4
(-3.4%) 450.4 111 28.2

(2.1%) 1292 0.497

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; chg=change; BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This variable is the subject’s 

medication use. 

Statistical test associated with p-values: Analysis of covariance with number of years since PD diagnosis and number of years 

on PD medication as covariates; statistical signifi cance of treatment group term.

 It is important to note that the medication reduction results 

presented here refl ect the pooled blinded DBS stimulation sites (STN 

and GPi). Medications reductions by target site are presented in the 

Phase II Results Medication Use section.

 Adverse event overview
It should be noted that the Adverse Events reported in this study were 

categorized in a diff erent manner than the Medtronic Parkinson’s 

Global Clinical Study. This was due to diff erent study designs, 

reporting criteria, and methods which provided similar but not exactly 

the same adverse events between the two studies.

Table 44 presents an overview of the adverse events (AEs).

• There were serious adverse events reported in both treatment 

groups. There was a higher incidence of adverse events, including 

serious adverse events, reported in DBS as compared with BMT 

subjects.

• There was resolution of all of the 19 serious adverse events in the 

BMT treatment group and resolution of 99% of the 82 serious 

adverse events in the DBS treatment group. It is important to note 

that the three deaths in the DBS group were categorized as 

resolved.

Table 44. Brief overview of adverse events
Adverse events Serious adverse events

Treatment 

group

No. of 

events

Total no. of 

subjects

Unique 

subjects1, 2 

No. of 

events

Total no. of 

subjects

Unique 

subjects1, 2

BMT 530 134 97 (72.4%) 19 134 15 (11.2%)

DBS 1464 121 116 (95.9%) 82 121 49 (40.5%)

1Unique subjects means number of subjects experiencing an event, e.g.; 97 subjects in the BMT treatment group 

experienced 530 events.
2Statistical signifi cance for adverse events and serious adverse events, DBS vs. BMT, p < 0.001 (Fisher’s exact test). Percent 

subjects with events, DBS vs. BMT.

 Signifi cant adverse events 
Death

There were three deaths, all in the DBS treatment group: two were 

from pre-existing malignancies [prostate (1), lung (1)] and the third 

was secondary to cerebral hemorrhage within 24 hours of implant.

Intracranial hemorrhage

Details of subjects with an intracranial hemorrhage are described in 

the Phase II Signifi cant adverse events section.

Device-related infections

Details of subjects with a device-related infection are described in the 

Phase II Signifi cant adverse events section. Note, since the BMT group 

did not receive an implant in the fi rst 6 months after randomization, a 

higher rate of implant site infection in the DBS group is not 

unexpected.

 Display of adverse events (6-month data set)
The most frequently occurring adverse events are summarized in Table 

45.  There were a total of 530 adverse events and 19 SAEs in 11.2% 

subjects in the BMT group compared with a total of 1464 adverse 

events and 82 SAEs in 40.5% subjects in the DBS group. SAEs related to 

the DBS implant procedure included cerebral hematoma, cerebral 

hemorrhage, and cerebrovascular accident. When looking at the 

percentage of subjects with an adverse event (Table 45) it is also 

important to put them in context with the number of those adverse 

events that were serious (Table 46).  In addition, some of these adverse 

events were related to stimulation that were resolved subsequent to 

stimulator parameter adjustment.
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Table 45.  Most frequent adverse events (≥ 5% in either treatment group) by 
preferred term, ordered by frequency of events in DBS treatment 
group

BMT Treatment Group

(N = 134)

DBS Treatment Group

(N = 121)

Preferred term Total
Unique

 subjects1 Frequency2 Total

Unique 

subjects1 Frequency2

Fall 25 22 16.4% 66 49 40.5%

Headache 2 2 1.5% 49 40 33.1%

Dyskinesia 23 23 17.2% 44 37 30.6%

Gait disturbance 21 21 15.7% 41 37 30.6%

Speech disorder 16 16 11.9% 40 34 28.1%

Confusional state 15 15 11.2% 41 33 27.3%

Dysphagia 19 17 12.7% 35 32 26.4%

Dystonia 16 15 11.2% 37 31 25.6%

Freezing phenomenon 14 14 10.4% 33 31 25.6%

Tremor 23 22 16.4% 37 30 24.8%

Depression 16 15 11.2% 32 28 23.1%

Orthostatic hypotension 17 16 11.9% 33 27 22.3%

Pain 15 15 11.2% 35 27 22.3%

Motor dysfunction 25 25 18.7% 29 26 21.5%

Bradykinesia 20 20 14.9% 29 25 20.7%

Muscle rigidity 17 17 12.7% 27 24 19.8%

Constipation 9 9 6.7% 25 23 19.0%

Musculo-skeletal stiff ness 18 16 11.9% 28 23 19.0%

Balance disorder 19 19 14.2% 24 22 18.2%

Incision site pain 0 0 0.0% 23 22 18.2%

Insomnia 8 8 6.0% 20 20 16.5%

Procedural pain 0 0 0.0% 22 19 15.7%

Hyperhidrosis 14 14 10.4% 20 18 14.9%

Anxiety 9 9 6.7% 18 16 13.2%

Back pain 6 6 4.5% 16 16 13.2%

Akinesia 13 12 9.0% 18 14 11.6%

Drooling 6 6 4.5% 14 14 11.6%

Nausea 3 3 2.2% 15 14 11.6%

Implant site infection 0 0 0.0% 18 13 10.7%

Fatigue 2 2 1.5% 12 11 9.1%

Musculo-skeletal pain 2 2 1.5% 10 10 8.3%

Urinary tract infection 2 2 1.5% 9 9 7.4%

Hypertension 0 0 0.0% 9 9 7.4%

Pain in extremity 2 2 1.5% 8 8 6.6%

Blood pressure increased 1 1 0.7% 9 8 6.6%

Pneumo-cephalus 0 0 0.0% 8 8 6.6%

Hallucination 10 9 6.7% 7 7 5.8%

Vomiting 1 1 0.7% 7 7 5.8%

Implant site reaction 0 0 0.0% 8 7 5.8%

Weight increased 0 0 0.0% 7 7 5.8%

Muscle spasms 0 0 0.0% 7 7 5.8%

Arthralgia 4 4 3.0% 6 6 5.0%

Urinary incontinence 4 4 3.0% 6 6 5.0%

Somnolence 3 3 2.2% 6 6 5.0%

Chest pain 2 2 1.5% 6 6 5.0%

Table 45.  Most frequent adverse events (≥ 5% in either treatment group) by 
preferred term, ordered by frequency of events in DBS treatment 
group

BMT Treatment Group

(N = 134)

DBS Treatment Group

(N = 121)

Preferred term Total
Unique

 subjects1 Frequency2 Total

Unique 

subjects1 Frequency2

Neck pain 1 1 0.7% 6 6 5.0%

Agitation 0 0 0.0% 6 6 5.0%

Dysuria 0 0 0.0% 6 6 5.0%

Hypotension 0 0 0.0% 7 6 5.0%

Grand Total 530 97 72.4% 1464 116 95.9%

1 Unique subjects means the number of subjects experiencing an event; e.g., for the event of falls, 22 subjects in the 

BMT treatment group experienced 25 events.
2 Frequency is unique number of subjects with adverse event divided by number of randomized subjects (BMT, 134; 

DBS, 121.)

Table 46 presents serious adverse events (SAEs), by System Organ 

Class (SOC) and preferred term (PT). 

An event was classifi ed or reported as serious when it involved 

the following:

• Life threatening

• Persistent or signifi cant disability/incapacity

• Initial or prolongation of existing hospitalization

• Congenital anomaly/birth defect

• Death

• Any other condition that may jeopardize the subject and 

require medical or surgical treatment to prevent one of the 

above outcomes 

Table 46. Serious adverse events sorted by SOC and PT1

BMT Treatment Group 

(N = 134)

DBS Treatment Group

(N = 121)

Preferred term  Total

 Unique 

subjects2

Frequency 

(%)3 Total

Unique 

subjects2

Frequency 

(%)3

Blood and Lymphatic System Disorders

Anaemia 0 0 0.0 3 2 1.7

Cardiac Disorders

Angina unstable 1 1 0.7 1 1 0.8

Cardiac failure congestive 0 0 0.0 1 1 0.8

Coronary artery disease 0 0 0.0 1 1 0.8

Coronary artery insufficiency 1 1 0.7 0 0 0.0

Coronary artery occlusion 0 0 0.0 1 1 0.8

Gastrointestinal Disorders

Dysphagia 2 1 0.7 0 0 0.0

Gastroesophageal reflux disease 0 0 0.0 1 1 0.8

Inguinal hernia 0 0 0.0 1 1 0.8

General Disorders and Administration Site Conditions

Adverse drug reaction 1 1 0.7 0 0 0.0

Fatigue 0 0 0.0 1 1 0.8

Lethargy 0 0 0.0 1 1 0.8

Mechanical complication of 
implant 0 0 0.0 1 1 0.8

Pyrexia 0 0 0.0 1 1 0.8
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Table 46. Serious adverse events sorted by SOC and PT1

BMT Treatment Group 

(N = 134)

DBS Treatment Group

(N = 121)

Preferred term  Total

 Unique 

subjects2

Frequency 

(%)3 Total

Unique 

subjects2

Frequency 

(%)3

Immune System Disorders

Drug hypersensitivity 0 0 0.0 1 1 0.8

Infections and Infestations

Arthritis infective 1 1 0.7 0 0 0.0

Implant site infection 0 0 0.0 16 12 9.9

Pneumonia 1 1 0.7 1 1 0.8

Urinary tract infection 0 0 0.0 1 1 0.8

Injury, Poisoning and Procedural Complications

Complication of device  removal 0 0 0.0 1 1 0.8

Device migration 0 0 0.0 1 1 0.8

Fall 2 2 1.5 6 6 5.0

Medical device complication 0 0 0.0 1 1 0.8

Medical device discomfort 0 0 0.0 1 1 0.8

Procedural complication 0 0 0.0 2 2 1.7

Subdural hematoma 0 0 0.0 1 1 0.8

Wound dehiscence 0 0 0.0 1 1 0.8

Musculoskeletal and Connective Tissue Disorders

Musculoskeletal chest pain 0 0 0.0 1 1 0.8

Spinal osteoarthritis 1 1 0.7 0 0 0.0

Neoplasms Benign, Malignant and Unspecified (Including Cysts and Polyps)

Glioma 0 0 0.0 1 1 0.8

Lung neoplasm malignant 0 0 0.0 1 1 0.8

Prostate cancer 0 0 0.0 1 1 0.8

Prostate cancer metastatic 0 0 0.0 1 1 0.8

Nervous System Disorders

Akinesia 1 1 0.7 0 0 0.0

Balance disorder 0 0 0.0 1 1 0.8

Cerebral hematoma 0 0 0.0 1 1 0.8

Cerebral hemorrhage 0 0 0.0 1 1 0.8

Cerebrovascular accident 0 0 0.0 2 2 1.7

Cervical spinal stenosis 1 1 0.7 0 0 0.0

Cognitive disorder 1 1 0.7 0 0 0.0

Dizziness 0 0 0.0 1 1 0.8

Dyskinesia 0 0 0.0 2 2 1.7

Grand mal convulsion 0 0 0.0 1 1 0.8

Intraventricular hemorrhage 0 0 0.0 1 1 0.8

Metabolic encephalopathy 0 0 0.0 1 1 0.8

Motor dysfunction 0 0 0.0 1 1 0.8

Neuropathy 0 0 0.0 1 1 0.8

Syncope 0 0 0.0 1 1 0.8

Syncope vasovagal 0 0 0.0 1 1 0.8

Psychiatric Disorders

Agitation 0 0 0.0 1 1 0.8

Anxiety 1 1 0.7 1 1 0.8

Confusional state 0 0 0.0 3 3 2.5

Table 46. Serious adverse events sorted by SOC and PT1

BMT Treatment Group 

(N = 134)

DBS Treatment Group

(N = 121)

Preferred term  Total

 Unique 

subjects2

Frequency 

(%)3 Total

Unique 

subjects2

Frequency 

(%)3

Depression 0 0 0.0 1 1 0.8

Hallucination 1 1 0.7 1 1 0.8

Mental status changes 0 0 0.0 3 2 1.7

Sexual dysfunction 0 0 0.0 1 1 0.8

Reproductive System and Breast Disorders

Benign prostatic hyperplasia 1 1 0.7 0 0 0.0

Respiratory, Thoracic and Mediastinal Disorders

Chronic obstructive pulmonary 
disease 1 1 0.7 0 0 0.0

Pleuritic pain 0 0 0.0 1 1 0.8

Social circumstances

Activities of daily living impaired 0 0 0.0 1 1 0.8

Surgical and Medical Procedures

Angioplasty 1 1 0.7 0 0 0.0

Bone graft 0 0 0.0 1 1 0.8

Transurethral prostatectomy 0 0 0.0 1 1 0.8

Vascular Disorders

Deep vein thrombosis 1 1 0.7 0 0 0.0

Orthostatic hypotension 0 0 0.0 1 1 0.8

Grand Total 19 15 11.2% 82 49 40.5%

1 PT = preferred term; SOC = System Organ Class.
2  Unique subjects means number of subjects experiencing an event; e.g., for the event of anaemia, 2 subjects in the 

DBS treatment group experienced 3 events.
3  Frequency is unique number of subjects with adverse event divided by number of randomized subjects (BMT, 134; 

DBS, 121).

Table 47 provides a summary of the SAEs by relatedness category.

Table 47. Serious adverse events by relatedness category 
Relatedness

BMT (n=19) DBS (n=82)

Causality1 Not Possible Probable Not Possible Probable

Study device 19 0 0 69 6 7

PD medication therapy 13 1 5 61 16 5

Stimulator therapy 19 0 0 66 10 6

DBS surgical procedure 19 0 0 43 19 20

PD progression 13 2 4 67 14 1

1 More than one causality was allowed.

BMT= best medical therapy; DBS=deep brain stimulation; PD=Parkinson’s disease.

 Phase I Subgroup comparisons

 Age < 70 group versus ≥ 70 group at 6 months

A comparison was conducted on the outcomes of the < 70 

group as compared with the ≥ 70 group within each treatment 

group at 6 months. In general, the ≥ 70 group were able to realize 

a benefi t over baseline, but the benefi ts were not as great as 

those experienced in the < 70 group. Although there were 

several statistically signifi cant diff erences in the secondary 

outcomes favoring the < 70 group, the results did not generally 
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diff er for the younger as compared with the older groups on 

most measures. Table 48 displays the results for the BMT group 

and Table 49 displays the results for the DBS group.

Table 48.  Phase I: Age < 70  for the BMT vs DBS groups 
(intent-to-treat, multiple imputation)

< 70 BMT DBS

Study Measure n

Mean 

Change 

(6m-BL) Std n

Mean 

Change 

(6m-BL) Std

Negative change is improvement

UPDRS III On stim/Off med, 
blinded 91 -2.0 9.4 83 -15.8 10.9

UPDRS III On stim/On med, 
blinded 91 -1.4 10.0 83 -4.0 10.0

UPDRS III On stim/Off med, 
unblinded 91 -2.2 9.6 83 -18.2 12.1

UPDRS II- Activities of Daily 
living 91 -0.4 4.1 83 -5.3 6.3

UPDRS I 91 0.3 1.8 83 -0.1 2.1

UPDRS IV 91 -0.7 3.2 83 -4.0 4.0

Timed stand-walk-sit test 
(On stim/Off med) 91 -8.1 25.8 83 -11.0 43.9

Motor diary-“On” with 
troublesome dyskinesias 91 -0.4 3.6 83 -3.1 3.7

Motor diary- “Off” time 91 -0.1 2.8 83 -2.5 3.6

PDQ-39, single index 91 -0.8 9 83 -10.3 11.4

PDQ-39, stigma 91 -8.5 18.6 83 -15.1 21.7

PDQ-39, activities of daily 
living 91 0.7 13 83 -17.3 16.9

PDQ-39, bodily discomfort 91 0.1 19 83 -9.5 19

PDQ-39, mobility 91 -1.8 13.5 83 -15.9 21.7

PDQ-39, emotional 
well-being 91 -2.2 15.2 83 -7.0 16.9

PDQ-39, social support 91 2.1 19.4 83 -2.3 20.1

PDQ-39, cognition 91 0.7 16.1 83 -5.2 19.1

PDQ-39, communication 91 2.2 13.9 83 -3.1 21

Neuropsych- Mattis 
dementia total score 91 0.8 4.9 83 0.1 4.8

Neuropsych-BDI 91 -1.8 6.7 83 -0.6 7.8

Levodopa equivalent dose 91 -13.6 437.5 83 -341.4 1604.2

Positive change is improvement

Schwab and England (Off 
med) 91 -1.9 16.4 83 18.8 21.8

Schwab and England (On 
med) 91 -2.4 12.5 83 4.5 13

Motor diary- “On” without 
troublesome dyskinesias 91 0.3 3.1 83 5.4 3.9

Motor diary- Asleep time 91 0.1 1.8 83 0.5 2.0

Neuropsych-WAIS-III 
processing speed index 91 0.2 8.6 83 -2.3 8.4

Neuropsych-WAIS-III 
working memory index 91 1.5 7.4 83 -1.1 8.5

Neuropsych-BNT 91 0.5 1.5 83 0.8 1.9

Neuropsych-BDAE complex 91 0.0 1.5 83 -0.3 1.4

Neuropsych-FAS 91 0.9 9.9 83 -3.8 8.3

Neuropsych-Category 
fluency (animal) 91 -2.6 12.9 83 -5.4 11

Table 48.  Phase I: Age < 70  for the BMT vs DBS groups 
(intent-to-treat, multiple imputation)

< 70 BMT DBS

Study Measure n

Mean 

Change 

(6m-BL) Std n

Mean 

Change 

(6m-BL) Std

Neuropsych-HVLT Total 
score 91 -0.3 10.8 83 -0.1 11.1

Neuropsych-HVLT delayed 
recall 91 -0.6 12 83 -1.0 10.7

Neuropsych-BVMT delayed 
recall 91 2.5 11.7 83 -0.2 12.8

Neuropsych-BVMT total 91 0.7 10.9 83 -0.5 13.6

Neuropsych-WCST 
perseverative responses 91 1.8 11.1 83 -0.6 11.5

Neuropsych-Stroop 
interference 91 1.1 9.4 83 -1.4 7.6

Neuropsych-WAIS III 
similarities 91 0.4 3.2 83 -1.0 3.1

Neuropsych-clock drawing 91 0.1 1.6 83 0.1 1.5

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; BL=baseline.

Note: Medication use (Off /On) is noted in the fi rst column of the table in the label if applicable. When Off  

medication for BMT, no treatment is provided.

Table 49.  Phase I: Age ≥ 70  for the BMT vs DBS groups 
(intent-to-treat, multiple imputation)

≥ 70 BMT DBS

Study Measure n

Mean 

Change 

(6m-BL) Std n

Mean 

Change 

(6m-BL) Std

UPDRS III On stim/Off med, 
blinded 25 0.2 11.1 28 -13.6 9.6

UPDRS III On stim/On med, 
blinded 25 3.5 9.5 28 -0.4 9.0

UPDRS III On stim/Off med, 
unblinded 25 0.0 9.5 28 -17.2 10.0

UPDRS II- Activities of Daily 
living 25 1.0 3 28 -6.0 5.3

UPDRS I 25 0.2 2.6 28 -0.2 2.3

UPDRS IV 25 -0.6 2.2 28 -4.4 3.4

Timed stand-walk-sit test 
(On stim/Off med) 25 12.2 44.6 28 -11.9 37.9

Motor diary-“On” with 
troublesome dyskinesias 25 0.5 2.6 28 -1.7 3.9

Motor diary- “Off” time 25 0.0 2.8 28 -4.0 3.9

PDQ-39, single index 25 3.1 8.3 28 -5.7 13.1

PDQ-39, stigma 25 3.5 16.1 28 -12.4 27.7

PDQ-39, activities of daily 
living 25 3.7 15.7 28 -13.3 19.3

PDQ-39, bodily discomfort 25 1.0 19.7 28 -8.5 20.6

PDQ-39, mobility 25 3.3 13.6 28 -10.0 19.4

PDQ-39, emotional 
well-being 25 0.5 15.9 28 -3.1 19.1

PDQ-39, social support 25 -1.5 22.8 28 1.0 17.2

PDQ-39, cognition 25 5.7 20 28 -2.9 19.2

PDQ-39, communication 25 3 14.8 28 -3.4 22.6

Neuropsych- Mattis 
dementia total score 25 0.9 5.7 28 -1.9 10.2

Neuropsych-BDI 25 -2.1 7.3 28 -1.2 6.1

Levodopa equivalent dose 25 93.1 406.0 28 -232.9 4976.4
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Table 49.  Phase I: Age ≥ 70  for the BMT vs DBS groups 
(intent-to-treat, multiple imputation)

≥ 70 BMT DBS

Study Measure n

Mean 

Change 

(6m-BL) Std n

Mean 

Change 

(6m-BL) Std

Schwab and England (Off 
med) 25 -3.2 12.8 28 19.5 24.9

Schwab and England (On 
med) 25 2.0 11.5 28 2.3 9.1

Motor diary- “On” without 
troublesome dyskinesias 25 -0.8 3.8 28 5.1 4.4

Motor diary- Asleep time 25 0.3 2.0 28 0.6 2.4

Neuropsych-WAIS-III 
processing speed index 25 2.5 8.3 28 -4.9 10.3

Neuropsych-WAIS-III 
working memory index 25 1.5 5.5 28 -4.1 8.7

Neuropsych-BNT 25 0.3 2.3 28 0.4 3.1

Neuropsych-BDAE complex 25 0.0 1.6 28 -0.2 1.3

Neuropsych-FAS 25 2.9 7.8 28 -5.6 10.2

Neuropsych-Category 
fluency (animal) 25 -1.7 11.6 28 -5.2 13.7

Neuropsych-HVLT Total 
score 25 1.3 9.6 28 0.8 10.8

Neuropsych-HVLT delayed 
recall 25 0.1 12.3 28 -2.1 10.1

Neuropsych-BVMT delayed 
recall 25 2.1 14.9 28 -3.7 10.5

Neuropsych-BVMT total 25 0.8 13.5 28 -1.8 11.4

Neuropsych-WCST 
perseverative responses 25 -0.3 20.6 28 -1.1 17.1

Neuropsych-Stroop 
interference 25 0.4 8.5 28 0.0 8.8

Neuropsych-WAIS III 
similarities 25 1.2 4.4 28 -1.3 3.8

Neuropsych-clock drawing 25 0.3 1.7 28 -0.3 1.7

Abbreviations: BMT=best medical therapy; DBS=deep brain stimulation; Std=standard deviation; BL=baseline.

Note: Medication use (Off /On) is noted in the fi rst column of the table in the label if applicable. When Off  

medication for BMT, no treatment is provided.

 Phase I results conclusion
The primary outcome for the comparison of DBS to BMT at 6 

months was the change from baseline in motor function based 

on time spent in the “on” state without troublesome dyskinesias. 

DBS had statistically signifi cantly more (improved) hours of “On” 

time without troublesome dyskinesias as compared with the BMT 

group. Regarding the secondary outcome measures, there was a 

much larger diff erence between no medications and DBS groups 

on the Schwab & England Scale (ADL) and UPDRS III scores.  

However, the diff erence was much less when subjects were 

taking their medications (ie, BMT and DBS used as adjunct to 

BMT). UPDRS I, II and IV and the Parkinson’s Disease Questionnaire 

(PDQ)-39 (Quality-of-life assessment) indicated improvement in 

the DBS group as compared with the BMT group.

The DBS group was able to reduce their levodopa medications, 

from 1336 to 1032 levodopa equivalents at 6 months. The DBS 

group had a higher number of AEs and SAEs as compared to the 

BMT group. In addition, the DBS group has SAEs related to the 

surgical implant procedure. Also, neuropsychological tests 

showed slight declines in the DBS group as compared with the 

BMT group. 

Results from the BMT versus DBS clinical study characterize the 

relative safety and eff ectiveness outcomes related to DBS and 

BMT treatment options. This information should be used when 

considering whether DBS is a reasonable option.

 Phase I limitations of the study

Subjects in Phase I were randomized to BMT or DBS. The 

Phase I study was open label, ie, all subjects knew whether 

or not they had received a device. Randomized, double 

blind sham controlled trials are considered the ‘gold-

standard’ for judging the benefi ts of a treatment. Open 

label studies can cause an overestimation of the treatment 

eff ect in investigator and subject ratings. Also, the open-

label study design does not allow for characterization of 

the extent or duration of any post-implant eff ect, such as 

placebo eff ect, regression to the mean, or eff ect of surgery, 

that could contribute signifi cantly or in part to the 

observed therapeutic eff ects of DBS.  

P-values were used to determine whether the diff erence in 

outcomes between groups for the primary endpoints is 

statistically signifi cant. Since there were a large number of 

endpoints and the SAP did not specify a method for 

controlling for multiple endpoints, it is not appropriate to 

calculate p-values for the secondary endpoints. However, 

summary information for the secondary endpoints has 

been provided in order to have one location for all of the 

short-term and long-term effi  cacy results.

DBS therapy is approved as an adjunct to medication; 

however, some tests were conducted with medications Off  

in order to confi rm that neurostimulation alone was 

providing benefi t. In the medication Off  assessments, DBS 

was compared to no treatment. In medication On 

assessments, DBS as an adjunct to BMT was compared to 

BMT alone.

Antiparkinson medications were not controlled during the 

course of the study to refl ect a real-world situation. 

Antiparkinson medication was reduced on average in the 

subjects receiving DBS. However changes to antiparkinson 

medications could have confounded the therapy response 

attributed to DBS. 

Missing data may aff ect the accuracy of the results 

obtained in a clinical study. Subjects who are receiving 

little or no benefi t from a treatment may be more likely to 

discontinue their participation during the course of the 

study which may skew later results favorably from what 

would have been observed if all randomized subjects were 

included. Therefore, in addition to the ITT analysis, two 

sensitivity analyses, a completers and worst-case analysis 

were performed.
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Phase II Results
Note that for Phase II, the target site stimulated by DBS (ie, globus 

pallidus [GPi] or subthalamic nucleus [STN]) was blinded. All 

evaluators were aware that subjects had received DBS.

Refer to the Limitations of the study section at the end of the 

Phase II results for a discussion of the study design and 

associated limitations.

A comparison of primary and secondary outcome measures for 

subjects with an immediate implant versus a delayed implant 

has been provided in the “Phase II Subgroup comparisons” 

section.

A comparison of primary and secondary outcome measures for 

subjects < 70 years of age versus subjects ≥ 70 years of age has 

been provided in the “Phase II Subgroup comparisons” section.

The 36-month analyses have been provided in the “Phase II 

Subgroup comparisons” section.

 Primary outcome measures
The primary objective of this study was to establish the long-

term effi  cacy of bilateral DBS of STN or GPi, one of the 

requirements for the post-approval study. This objective was 

evaluated at the 24-month follow-up using the blinded UPDRS III 

On stim/Off  med assessment and supported by the unblinded 

UPDRS III On stim/Off  med assessment and motor diary.

DBS is approved as an adjunct to medications. The results for the 

blinded UPDRS III On stim/Off  med test are statistically 

signifi cantly improved from baseline to 24 months (p<0.001) for 

the GPi (13.3 points) and STN (13.5 points) target sites, and there 

is no statistically signifi cant diff erence between target sites in 

either the UPDRS III On stim/Off  med blinded or unblinded 

comparisons (p-values > 0.05). 

The 24-month results for the On stimulation and Off  medications 

UPDRS III evaluations using unblinded or blinded evaluators for 

the ITT with multiple imputation (24 month) analysis are provided 

in Table 50.  The On med/On stim (ie, as indicated) results are 

provided in the UPDRS III Secondary Outcome Measures section.

Table 50.  Phase II: Comparison of UPDRS III On stim/Off  med at 24 months by 
target site (Intent-to-treat, 24-month data set, multiple imputation)

GPi STN

Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std P-value

UPDRS III On stim/Off  med, blinded

Baseline 147 41.8 12.9 137 42.5 15.3

24 months 147 28.5 12.9 137 28.9 13.0

Change 147
(14.3%)

-13.3
(-31.8%)

15.1 137
(23.4%)

-13.5
(-31.8%)

12.8 0.903

UPDRS III On stim/Off  med, unblinded 

Baseline 147 43.6 12.4 137 43.5 14.9  

24 months 147 28.3 12.6 137 28.5 12.8  

Change 147
(10.9%)

-15.3
(-35.1%)

13.7 137
(19.7%)

-15.1
(-34.7%)

12.9 0.904

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change.  

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication was 

withdrawn (Off ) for this test. The baseline data shown here are for comparison purposes as stimulation was not On 

at this preimplant time point.

Statistical test associated with p-value: Analysis of variance using multiple imputation; target site eff ect p-value.

Table 51 provides the results of the sensitivity analyses. 

Table 51.  Phase II: sensitivity analyses for UPDRS III On stim/Off  med at 24 months
GPi STN

UPDRS III Time n

Mean

(% chg) Std n

Mean

(% chg) Std P - value

Completers

UPDRS III- 
On stim/Off 
med, blinded

24 Month - BL 126 -13.3
(-31.9%) 15.0 105 -12.9

(-30.3%) 11.8 0.817

UPDRS III- On 
stim/Off med, 
unblinded

24 Month - BL 131 -15.0
(-34.3%) 13.6 110 -14.6

(-33.4%) 12.6 0.814

Worst-case

UPDRS III- On 
stim/Off med, 
blinded

24 Month - BL 147 -9.1
(-21.8%) 18.3 137 -3.9

(-9.3%) 21.2 0.030

UPDRS III- On 
stim/Off med, 
unblinded

24 Month - BL 147 -11.6
(-26.6%) 16.8 137 -6.8

(-15.6%) 21.1 0.034

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication was 

withdrawn (Off ) for this test.

Statistical test associated with p-value: Analysis of variance using multiple imputation; target site eff ect p-value.

As shown in Table 52, 76% of the GPi and 83% of the STN subjects 

had a minimally clinically important change in UPDRS III when Off  

medication. However, only 32% of the GPi and 27% of the STN 

subjects achieved a minimally clinically important change in 

UPDRS III when On medication. More importantly, when On 

medications, 24% of the GPi and 27% of the STN subjects had a 

worsening from baseline to 24 months on the UPDRS III. 

Table 52.  Phase II: Comparisons of percentage of subjects with minimal clinically 
important change in UPDRS III at 24 months by target site (Intent-to-
treat, 24-month data set, multiple imputation)

Categories of change GPi (n=147) STN (n=137)

UPDRS III, Blinded/Off  medication

Percent of subjects with improvement1 from 
baseline to 24 months 76% 83%

Percent of subjects with no change2 from 
baseline to 24 months 16% 9%

Percent of subjects with worsening3 from baseline 
to 24 months 8% 8%

UPDRS III, Blinded/On medication

Percent of subjects with improvement1 from 
baseline to 24 months 32% 27%

Percent of subjects with no change2 from 
baseline to 24 months 44% 46%

Percent of subjects with worsening3 from 
baseline to 24 months 24% 27%

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus.
1 Improvement defi ned as decreasing ≥ 5 points from baseline
2 No change defi ned as -5 < points from baseline < 5
3 Worsening defi ned as increasing ≥ 5 points from baseline

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication use (On/Off ) is 

shown in the header of each analysis.

Additional information: Fisher’s Exact p>0.10.
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Table 53 provides the results of the sensitivity analyses. 

Table 53.  Phase II: sensitivity analyses for Minimal Clinically Important Change in 
UPDRS III

Categories of change GPi STN

UPDRS III, Blinded/Off  medication

Completers

Percent of subjects with improvement1 from 
baseline to 24 months 74% 83%

Percent of subjects with no change2 from 
baseline to 24 months 17% 9%

Percent of subjects with worsening3 from 
baseline to 24 months 9% 9%

Worst-case

Percent of subjects with improvement1 from 
baseline to 24 months 64% 65%

Percent of subjects with no change2 from 
baseline to 24 months 17% 9%

Percent of subjects with worsening3 from 
baseline to 24 months 19% 26%

UPDRS III, Blinded/On medication

Completers

Percent of subjects with improvement1 from 
baseline to 24 months 33% 29%

Percent of subjects with no change2 from 
baseline to 24 months 41% 40%

Percent of subjects with worsening3 from 
baseline to 24 months 26% 31%

Worst-case

Percent of subjects with improvement1 from 
baseline to 24 months 29% 23%

Percent of subjects with no change2 from 
baseline to 24 months 36% 32%

Percent of subjects with worsening3 from 
baseline to 24 months 35% 45%

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus.
1 Improvement defi ned as decreasing ≥ 5 points from baseline
2 No change defi ned as -5 < points from baseline < 5
3 Worsening defi ned as increasing ≥ 5 points from baseline

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication use (On/Off ) is shown 

in the header of each analysis.

Additional information: Fisher’s Exact p-values > 0.10.

Figure 16 displays the change from baseline to 24 months in the 

UPDRS III score while On medication and Figure 17 displays the 

change from baseline to 24 months in the UPDRS III score while Off  

medication. Negative change as compared with baseline indicates 

improvement. 
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Figure 16.  Phase II: change in UPDRS III scores while On medication (Blinded), at 
24 months, by treatment group (Intent-to-treat, multiple imputation)
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Figure 17.  Phase II: change in UPDRS III scores while Off  medication (Blinded), at 
24 months, by treatment group (Intent-to-treat, multiple imputation)

The motor diary includes the assessments of “On” time without 

troublesome dyskinesias, “On” time with troublesome dyskinesias, 

“Off ” time, and Asleep time. The results for the motor diary 

assessments are statistically signifi cantly improved from baseline to 

24 months (p < 0.001) for the GPi and STN target sites, and there is no 

statistically signifi cant diff erence between the GPi and STN target sites 

on any of these assessments (p > 0.05, Intent-to-treat 24-month data 

set, Table 54). 

At 24 months the motor diary demonstrated an increase of 

approximately 5 hours of “On” time without troublesome dyskinesias 

(for a total of approximately 12 hours), a decrease of approximately 3 

hours of “On” time with troublesome dyskinesias (for a total of 

approximately 1 hour), a decrease of approximately 3 hours of “Off ” 

time (for a total of approximately 3 hours), and an increase of 

approximately 1 hour of Asleep time (for a total of approximately 8 

hours). 

Table 54.  Phase II: Comparison of motor diaries at 24 months by target site 
(Intent-to-treat, 24-month data set, multiple imputation)

GPi STN

Motor diaries Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std P-value

“On” time 
without
troublesome
dyskinesias
(hours per 
day)

Baseline
24 months
Change

147
147
147

(10.9%)

6.4
11.6
5.2

 (81.3%)

2.9
4.2
4.8

 

137
137
137

(19.7%)

7.1
12.1
5.0

 (70.4%)

3.1
3.9
4.6

 

 
 

0.693
 

“On” time with
 troublesome
dyskinesias
(hours per 
day)

Baseline
24 months
Change

147
147
147

(10.9%)

4.5
1.1
-3.3

(-73.3%)

3.3
2.5
3.9

137
137
137

(19.7%)

4.0
1.2
-2.9

(-72.5%)

3.1
2.2
3.4

 

 
 

0.330
  

Off time
(hours per
day)
 

Baseline
24 months
Change

147
147
147

(10.9%)

5.8
2.9
-2.8

 (-48.3%)

2.6
3.2
3.9

 

137
137
137

(19.7%)

5.8
2.7
-3.1

 (-53.4%)

2.5
3.3
3.9

 

 
 

0.647
 

Asleep time
(hours per
day)
 

Baseline
24 months
Change

147
147
147

(10.9%)

7.3
8.1
0.7

 (9.6%)

1.8
1.8
2.1

 

137
137
137

(19.7%)

7.1
8.0
1.0

 (14.1%)

2
1.8
2.3

 

 
 

0.311
 

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change.  

Note: For the measures of “On” time without troublesome dyskinesias and Asleep time, higher values (positive change) as 

compared with baseline indicate an improvement in function. For the measures of “On” time with troublesome dyskinesias 

and “Off ” time, lower values (negative change) as compared with baseline indicate an improvement in function. Subjects 

were taking their regular medication regimen during the recording of these data.

Statistical test associated with p-values: Analysis of variance using multiple imputation; target site eff ect p-value.

Additional information: Diff erences from baseline to 24 months on all measures, statistically signifi cant (p<0.001, paired 

t-test).
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Table 55 provides the results of the sensitivity analyses. 

Table 55.  Phase II: sensitivity analyses for motor diaries at 24 months
GPi STN

Motor diaries Time n

Mean

(% chg) Std n

Mean

(% chg) Std P-value

Completers

“On” time 
without 
troublesome 
dyskinesias 
(hours per 
day)

24 Month - BL 131 5.2
(81.3%) 4.8 110 5.0

(70.3%) 4.7 0.748

“On” time with 
troublesome 
dyskinesias 
(hours per 
day)

24 Month - BL 131 -3.3
(-73.3%) 4.0 110 -3.0

(-75.0%) 3.4 0.455

Off time
(hours per
day)

24 Month - BL 131 -2.8
(-48.3%) 3.9 110 -3.0

(-52.2%) 4.0 0.687

Asleep time
(hours per
day)

24 Month - BL 131 0.8
(11.0%) 2.0 110 1.0

(13.9%) 2.4 0.559

Worst-case

“On” time 
without 
troublesome 
dyskinesias 
(hours per 
day)

24 Month - BL 147 4.1
(63.8%) 5.6 137 2.6

(36.6%) 6.6 0.0361

“On” time with 
troublesome 
dyskinesias 
(hours per 
day)

24 Month - BL 147 -1.7
(-38.7%) 6.1 137 -0.8

(-20.8%) 5.4 0.202

Off time
(hours per
day)

24 Month - BL 147 -1.6
(-27.6%) 5.2 137 -0.3

(-4.6%) 6.8 0.066

Asleep time
(hours per
day)

24 Month - BL 147 0.2
(2.2%) 2.7 137 0.1

(1.9%) 2.9 0.937

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; 

BL=baseline.  

Note: For the measures of “On” time without troublesome dyskinesias and Asleep time, higher values (positive change) as 

compared with baseline indicate an improvement in function. For the measures of “On” time with troublesome dyskinesias 

and “Off ” time, lower values (negative change) as compared with baseline indicate an improvement in function. Subjects 

were taking their regular medication regimen during the recording of these data.

Statistical test associated with p-values: Analysis of variance using multiple imputation; target site eff ect p-value.

The change from baseline to 3, 6, 12, 18, and 24 months is shown in 

Table 56.

Table 56.  Phase II: Comparison of motor diaries over time: Change from baseline at 3, 
6, 12, 18, and 24 months by target site (Intent-to-treat, 24-month data set, 
multiple imputation)

GPi STN

Time n

Mean

(% chg) Std n

Mean

(% chg) Std

“On” time without troublesome dyskinesias (hours per day)

Baseline 147 6.4 2.9 137 7.1 3.1

3 Month - BL 147 5.1
(80.0%) 4.7 137 4.8

(68.1%) 4.7

6 Month - BL 147 5.3
(82.6%) 4.4 137 4.5

(63.4%) 5.0

12 Month - BL 147 5.6
(88.3%) 4.4 137 4.5

(63.4%) 4.3

18 Month - BL 147 5.3
(83.1%) 4.6 137 4.3

(61.1%) 4.7

24 Month - BL 147 5.2
(81.3%) 4.8 137 5.0

(70.4%) 4.6

"On" time with troublesome dyskinesias (hours per day)

Baseline 147 4.5 3.3 137 4.0 3.1

3 Month - BL 147 -3.4
(-75.6%) 3.6 137 -2.9

(-72.3%) 3.3

6 Month - BL 147 -3.3
(-73.6%) 3.7 137 -2.9

(-71.2%) 3.5

12 Month - BL 147 -3.5
(-79.1%) 3.7 137 -2.9

(-71.6%) 3.2

18 Month - BL 147 -3.5
(-78.9%) 3.9 137 -2.7

(-66.4%) 3.5

24 Month - BL 147 -3.3
(-73.3%) 3.9 137 -2.9

(-72.5%) 3.4

“Off ” time (hours per day)

Baseline 147 5.8 2.6 137 5.8 2.5

3 Month - BL 147 -2.3
(-39.9%) 4.4 137 -2.8

(-47.9%) 3.6

6 Month - BL 147 -2.2
(-38.3%) 4.0 137 -2.6

(-45.5%) 4.0

12 Month - BL 147 -2.7
(-46.9%) 3.9 137 -3.0

(-52.2%) 3.6

18 Month - BL 147 -2.6
(-45.6%) 4.2 137 -3.2

(-55.0%) 3.5

24 Month - BL 147 -2.8
(-48.3%) 3.9 137 -3.1

(-53.4%) 3.9

Asleep time (hours per day)

Baseline 147 7.3 1.8 137 7.1 2.0

3 Month - BL 147 0.4
(5.3%) 1.9 137 0.8

(11.1%) 1.8

6 Month - BL 147 0.5
(7.3%) 2.0 137 1.0

(13.8%) 2.3

12 Month - BL 147 0.5
(7.3%) 2.0 137 1.4

(19.8%) 2.4

18 Month - BL 147 0.7
(10.1%) 1.8 137 1.3

(18.1%) 2.2

24 Month - BL 147 0.7
(9.6%) 2.1 137 1.0

(14.1%) 2.3

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; 

BL=baseline.  

Note: For the measures of “On” time without troublesome dyskinesias and Asleep time, higher values (positive change) as 

compared with baseline indicate an improvement in function. For the measures of “On” time with troublesome dyskinesias 

and “Off ” time, lower values (negative change) as compared with baseline indicate an improvement in function. Subjects 

were taking their regular medication regimen during the recording of these data.
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 Secondary outcome measures
A number of secondary outcome measures were evaluated in the 

study, including the following:

• UPDRS III*

• Motor diary*

•  Quality of life: Parkinson’s Disease Questionnaire (PDQ)-39, SF-36, 

and Quality of Well-Being*

• Schwab and England

• UPDRS I, II, IV*

• Timed Stand-Walk-Sit tests

 Safety and additional outcome measures
• Neuropsychological tests*

• Medication use*

• Subgroup analyses comparing those subjects < 70 years of age 

versus ≥ 70 years of age and the 36-month effi  cacy analyses 

* One of the requirements for the post-approval study.

 UPDRS III over time
The improvement in function as compared with baseline was 

reported for both target sites (GPi and STN) over all follow-up visits to 

24 months in the UPDRS III On stim/Off  med, unblinded test as shown 

in Figure 18.

Figure 18. UPDRS III On stim/Off  med, unblinded, over time by target site 
(Intent-to-treat, 24-month data set, multiple imputation)

The baseline to 24-month results for stimulation On and medication 

On and Off  using an unblinded evaluator and the Intent-to-treat 

(24-month) data set, by target site, are provided in Table 57.

Table 57.  Phase II: Comparison of UPDRS III On stim, unblinded over time to 24 
months by target site (Intent-to-treat, 24-month data set, multiple 
imputation)

GPi STN

Time n Mean Std n Mean Std

UPDRS III On stim/On med, unblinded

Baseline 147 22.9 10.7 137 21.9 10.7

3 Month 147 17.4 9.5 137 17.5 10.9

6 Month 147 20.2 10.4 137 20.7 11.8

12 Month 147 17.9 9.6 137 19.2 11.1

18 Month 147 19.7 10.1 137 20.0 11.3

24 Month 147 21.4 9.9 137 22.0 11.2

UPDRS III On stim/Off  med, unblinded

Baseline 147 43.6 12.4 137 43.5 14.9

3 Month 147 28.0 13.5 137 28.1 14.3

6 Month 147 28.2 12.7 137 28.4 14.5

12 Month 147 27.3 12.0 137 28.3 14.5

18 Month 147 27.6 12.5 137 29.0 14.3

24 Month 147 28.3 12.6 137 28.5 12.8

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation.  

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication use (Off /On) is noted 

in the bold heading. The baseline data shown here are for comparison purposes as stimulation was not On at this 

preimplant time point.

The 24-month results for the UPDRS III On stimulation/On medication 

(blinded and unblinded) are provided in Table 58. The results for the 

blinded UPDRS III On stim/On med test were not statistically 

signifi cantly improved from baseline to 24 months for the GPi (-1.2 

points) and STN (-0.2 points) target sites.

The 2 target sites were not measurably diff erent on these outcomes.

Table 58.  Phase II: Comparison of UPDRS III On stim/On med at 24 months by target 
site (Intent-to-treat, 24-month data set, multiple imputation)

GPi STN

Time n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std P-value

UPDRS III On stim/On med, blinded

Baseline 147 22.2 11.5 137 21.7 11.7

24 months 147 21.1 11.5 137 21.5 10.8

Change 147
(12.9%)

-1.2
(-5.2%)

10.3 137
(21.2%)

-0.2
(-0.9%)

10.2 0.464

UPDRS III On stim/On med, unblinded 

Baseline 147 22.9 10.7 137 22.0 10.7  

24 months 147 21.3 10.0 137 21.3 10.3  

Change 147
(10.2%)

-1.6
(-6.9%)

9.1 137
(19.0%)

-0.7
(-3.4%)

10.3 0.483

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change.  

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication was On for this test.

Statistical test associated with p-value: Analysis of variance using multiple imputation; target site eff ect p-value.
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Table 59 provides the results of the sensitivity analyses.

Table 59.  Phase II: sensitivity analyses for UPDRS III On stim/On med at 24 months
GPi STN

UPDRS III Time n

Mean

(% chg) Std n

Mean

(% chg) Std P - value

Completers

UPDRS III- On 
stim/On med, 
blinded

24 Month - BL 128 -1.2
(-5.3%) 10.4 108 0.3

(1.4%) 10.0 0.263

UPDRS III- On 
stim/On med, 
unblinded

24 Month - BL 132 -1.5
(-6.4%) 9.1 111 -0.5

(-2.3) 9.9 0.422

Worst-case

UPDRS III- On 
stim/On med, 
blinded

24 Month - BL 147 3.8
(17.0%) 16.6 137 5.7

(26.2%) 15.6 0.317

UPDRS III- On 
stim/On med, 
unblinded

24 Month - BL 147 1.7
(7.6%) 13.1 137 4.5

(20.6%) 15.2 0.105

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; 

BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication was On for this test.

Statistical test associated with p-value: Analysis of variance using multiple imputation; target site eff ect p-value.

 Quality of life
Quality of life was characterized by the PDQ-39 and SF-36 at baseline, 

6, 12, 18, and 24 months and Quality of Well-Being (QWB) at baseline, 

6, 12, 18, and 24 months.

The PDQ-39, presented in Figure 19 and Table 60 as the reported 

average change as a percentage of baseline, showed improvement at 

24 months in both the GPi and STN groups as compared with baseline 

for the PDQ-39 single index and subscales of stigma, activities of daily 

living, bodily discomfort, mobility, emotional well-being, and 

cognition. The reported change from baseline to 24 months was 

worsened for the subscales of social support and communication.

Results were not measurably diff erent between the 2 target sites.

Figure 19. PDQ-39 at 24 months; average change as a percentage of baseline by target site (Intent-to-treat, 24-month data set , multiple imputation)
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Table 60.  Phase II: PDQ-39 average change as a percentage of baseline over time by 
visit and target site (Intent-to-treat, 24-month data set, multiple imputation)

GPi STN

PDQ-39 Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

6-month visit

Single index1 Baseline
6 Month
6 Month - BL

147
147
147

(15.6%)

42.7
34.5
-8.2

(-19.3%) 

13.6
15.3
12.7

. 

137
137
137

(13.1%)

46.9
38.7
-8.2

(-17.5%)

12.7
16.1
13.2

. 

Stigma Baseline
6 Month
6 Month - BL

147
147
147

(8.2%)

38.7
26.1
-12.6

(-32.6%)

25.2
22.4
22.5

. 

137
137
137

(8.8%)

42.2
29.5
-12.7

(-30.2%)

24.8
25.2
24.1

. 

Activities  of 
daily living

Baseline
6 Month
6 Month - BL

147
147
147

(8.8%)

54.9
38.5
-16.4

(-29.9%)

18.5
21

17.5
. 

137
137
137

(7.3%)

55.3
42.4
-12.9

(-23.3%)

18.1
22.6
22.9

. 

Bodily 
discomfort

Baseline
6 Month
6 Month - BL

147
147
147

(7.5%)

48.1
40.1
-8.1

(-16.8%)

21.4
21.5
20.8

. 

137
137
137

(7.3%)

53.2
44.3
-8.8

(-16.6%)

23.4
23.3
20.1

. 

Mobility Baseline
6 Month
6 Month - BL

147
147
147

(8.8%)

56.6
43.3
-13.3

(-23.6%) 

21.9
25.2
21.7

.

137
137
137

(9.5%)

61.5
47.5
-14

(-22.7%)

20.2
26

22.2
. 

Emotional 
well-being

Baseline
6 Month
6 Month - BL

147
147
147

(7.5%)

36.5
30.1
-6.5

(-17.7%)

19
20.6
19.0

. 

137
137
137

(9.5%)

41.3
35
-6.4

(-15.4%)

18.9
20.6
19
. 

Social support Baseline
6 Month
6 Month - BL

147
147
147

(7.5%)

23.8
23.4
-0.4

(-1.8%)

17.1
19.2
18.9

. 

137
137
137

(8.0%)

29.8
28.2
-1.6

(-5.4%)

19.3
21

19.6
. 

Cognition Baseline
6 Month
6 Month - BL

147
147
147

(8.2%)

39.6
36.2
-3.4

(-8.5%)

16.7
19.2
17.9

. 

137
137
137

(8.0%)

43.9
38.6
-5.3

(-12.0%) 

16.5
20.9
19.7

. 

Communication Baseline
6 Month
6 Month - BL

147
147
147

(8.2%)

44.4
41.6
-2.8

(-6.4%)

19.6
21.5
19.4

. 

137
137
137

(7.3%)

47.4
47
-0.4

(-0.8%)

18.5
23.8
22.8

. 

12-month visit

Single index1 Baseline
12 Month
12 Month - BL

147
147
147

(21.1%)

42.5
36.1
-6.4

(-15.0%)

13.4
14.7
14.3

. 

137
137
137

(21.2%)

46.8
39.4
-7.4

(-15.8%) 

12.7
14.7
12.9

. 

Stigma Baseline
12 Month
12Month - BL

147
147
147

(13.6%)

38.7
25.4
-13.2

(-34.2%)

25.3
23.3
22.6

. 

137
137
137

(14.6%)

42.0
27.8
-14.2

(-33.8%) 

24.7
23.4
23.3

. 

Activities  of 
daily living

Baseline
12 Month
12 Month - BL

147
147
147

(14.3%)

54.9
38.7
-16.2

(-29.6%)

18.6
19.9
20.1

. 

137
137
137

(14.6%)

55.3
40.2
-15.1

(-27.3%) 

18.1
19.8
22.7

. 

Bodily 
discomfort

Baseline
12 Month
12 Month - BL

147
147
147

(13.6%)

48.1
40.6
-7.5

(-15.5%)

21.3
21.2
21.9

. 

137
137
137

(13.1%)

53.2
43.9
-9.3

(-17.5%)

23.4
24

23.9
. 

Table 60.  Phase II: PDQ-39 average change as a percentage of baseline over time by 
visit and target site (Intent-to-treat, 24-month data set, multiple imputation)

GPi STN

PDQ-39 Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Mobility Baseline
12 Month
12 Month - BL

147
147
147

(13.6%)

56.7
43.7
-13.0

(-22.9%)

22
24

23.9
. 

137
137
137

(15.3%)

61.5
47.8
-13.6

(-22.2%)

20.2
25

23.7
. 

Emotional 
well-being

Baseline
12 Month
12Month - BL

147
147
147

(11.6%)

36.3
31.9
-4.4

(-12.1%)

18.8
18.6
18.9

. 

137
137
137

(14.6%)

41.4
35.7
-5.7

(-13.7%) 

19
20.7
17.7

. 

Social support Baseline
12 Month
12 Month - BL

147
147
147

(12.2%)

23.8
25.7
1.9

(7.9%)

17.1
18.7
18.2

. 

137
137
137

(15.3%)

29.7
29.6
-0.1

(-0.4%) 

19.3
21

19.1
. 

Cognition Baseline
12 Month
12Month - BL

147
147
147

(12.2%)

39.6
39
-0.6

(-1.6%)

16.7
19.1
18.7

. 

137
137
137

(13.9%)

43.8
39.8
-4

(-9.2%)

16.5
19.9
19.6

. 

Communication Baseline
12 Month
12 Month - BL

147
147
147

(12.2%)

44.4
45.4
1.0

(2.2%)

19.6
20.8
21.5

. 

137
137
137

(13.9%)

47.4
48.3
0.8

(1.7%)

18.5
21.9
21
. 

24-month visit

Single index1 Baseline
24 Month
24 Month - BL

147
147
147

(20.4%)

42.6
37.3
-5.3

(-12.5%)

13.5
15

14.3
. 

137
137
137

(21.9%)

46.9
41
-5.9

(-12.6%) 

12.7
14.6
12.7

. 

Stigma Baseline
24 Month
24 Month - BL

147
147
147

(10.2%)

38.6
27.3
-11.3

(-29.3%) 

25.2
22.1
23.6

. 

137
137
137

(16.8%)

42.2
28.1
-14.1

(-33.4%)

24.9
24.6
23.2

. 

Activities  of 
daily living

Baseline
24 Month
24 Month - BL

147
147
147

(9.5%)

54.9
40

-14.8
(-27.0%)

18.6
19.7
20.1

. 

137
137
137

(14.6%)

55.3
42.6
-12.7

(-23.0%)

18.1
21.6
22.5

. 

Bodily 
discomfort

Baseline
24 Month
24 Month - BL

147
147
147

(9.5%)

48
40.2
-7.8

(-16.2%) 

21.4
22.1
20.2

. 

137
137
137

(14.6%)

53.2
45.4
-7.8

(-14.7%)

23.4
23.1
21.2

. 

Mobility Baseline
24 Month
24 Month - BL

147
147
147

(12.2%)

56.7
45.9
-10.8

(-19.1%) 

22
24.8
25.2

. 

137
137
137

(14.6%)

61.5
50.8
-10.6

(-17.3%)

20.2
24.1
23.1

. 

Emotional 
well-being

Baseline
24 Month
24 Month - BL

147
147
147

(10.2%)

36.3
32.9
-3.3

(-9.2%) 

18.8
19.3
19.5

. 

137
137
137

(16.1%)

41.3
37.9
-3.5

(-8.4%)

18.9
20.5
18.1

. 

Social support Baseline
24 Month
24 Month - BL

147
147
147

(10.2%)

23.8
25.2
1.5

(6.1%)

17.1
17.9
18.3

. 

137
137
137

(14.6%)

29.8
29.9
0.1

(0.3%)

19.3
20.4
19.8

. 

Cognition Baseline
24 Month
24 Month - BL

147
147
147

(8.2%)

39.6
38.4
-1.2

(-2.9%) 

16.7
17.6
17.9

. 

137
137
137

(15.3%)

43.8
42
-1.7

(-3.9%)

16.5
18.4
16.4

. 
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Table 60.  Phase II: PDQ-39 average change as a percentage of baseline over time by 
visit and target site (Intent-to-treat, 24-month data set, multiple imputation)

GPi STN

PDQ-39 Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Communication Baseline
24 Month
24 Month - BL

147
147
147

(9.5%)

44.4
48.4
4.0

(8.9%)

19.6
20.5
21.1

. 

137
137
137

(14.6%)

47.4
52.1
4.7

(9.9%)

18.5
21.2
21.5

. 

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change.  
1Also known as summary index.

Note: Negative percent change indicates better quality of life in that measure as compared with baseline. For example, for 

mobility, negative percent change indicates better mobility, for Activities of Daily Living, negative percent change indicates a 

higher level of function. Subjects were taking their regular medication regimen during the recording of these data.

Table 61 provides the results of the sensitivity analyses.

Table 61.  Phase II: sensitivity analyses for PDQ-39 
GPi STN

PDQ-39 n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

6-month visit - baseline 

Single index1 124 -8.4
(-19.7%)

12.5 119 -8.2
(-17.6%)

13.2

Stigma 135 -12.6
(-32.7%)

22.4 125 -12.9
(-30.7%)

24.4

Activities  of daily living 134 -16.4
(-29.8%)

17.1 127 -13.0
(-23.4%)

23.1

Bodily discomfort 136 -8.0
(-16.7%)

20.7 127 -8.5
(-15.9%)

20.0

Mobility 134 -13.5
(-23.7%)

21.7 124 -13.9
(-22.5%)

22.0

Emotional well-being 136 -6.6
(-18.3%)

19.0 124 -6.6
(-16.1%)

19.1

Social support 136 -0.1
(-0.3%)

18.9 126 -2.0
(-6.6%)

19.5

Cognition 135 -3.1
(-7.7%)

17.8 126 -5.3
(-12.1%)

20.0

Communication 135 -2.5
(-5.7%)

19.4 127 -0.5
(-1.0%)

22.8

12-month visit - baseline 

Single index1 137 -6.2
(-14.6%)

14.4 108 -7.7
(-16.4%)

12.7

Stigma 137 -13.6
(-35.3%)

22.6 117 -14.9
(-35.3%)

23.6

Activities  of daily living 137 -16.0
(-29.2%)

19.5 117 -14.8
(-26.8%)

22.8

Bodily discomfort 137 -7.5
(-15.6%)

22.0 119 -9.0
(-16.9%)

23.8

Mobility 137 -12.6
(-22.1%)

23.5 116 -13.5
(-22.0%)

23.6

Emotional well-being 137 -4.7
(-13.1%)

18.9 117 -6.1
(-14.7%)

17.6

Social support 137 2.1
(8.8%)

18.0 116 -0.5
(-1.6%)

19.2

Cognition 137 -0.3
(-0.9%)

18.7 118 -3.6
(-8.2%)

19.6

Communication 129 1.0
(2.2%)

21.6 118 0.6
(1.3%)

20.8

Table 61.  Phase II: sensitivity analyses for PDQ-39 
GPi STN

PDQ-39 n

Mean

(% chg) Std n

Mean

(% chg) Std

24-month visit – baseline

Single index1 117 -5.6
(-13.3%)

14.6 107 -5.9
(-12.6%)

12.6

Stigma 132 -11.2
(-29.0%)

23.6 114 -14.5
(-34.4%)

23.3

Activities  of daily living 133 -14.3
(-26.0%)

19.7 117 -12.5
(-22.7%)

22.6

Bodily discomfort 133 -7.6
(-15.8%)

20.0 117 -7.4
(-13.9%)

21.0

Mobility 129 -10.9
(-19.2%)

25.3 117 -10.3
(-16.7%)

22.9

Emotional well-being 132 -3.4
(-9.3%)

19.6 115 -3.9
(-9.4%)

17.8

Social support 132 1.7
(7.2%)

18.2 117 -0.6
(-2.0%)

19.8

Cognition 135 -0.8
(-2.0%)

17.8 116 -1.2
(-2.8%)

16.3

Communication 133 4.4
(10.0%)

21.1 117 4.3
(9.2%)

21.6

Worst-case

6-month visit - baseline 

Single index1 147 -1.9
(-4.5%)

20.1 137 -3.3
(-7.2%)

18.0

Stigma 147 -7.4
(-19.4%)

29.0 137 -7.1
(-17.2%)

30.4

Activities  of daily living 147 -11.4
(-20.8%)

23.9 137 -9.6
(-17.4%)

25.9

Bodily discomfort 147 -4.3
(-8.9%)

24.8 137 -5.3
(-10.0%)

22.8

Mobility 147 -8.9
(-15.8%)

26.4 137 -9.4
(-15.4%)

25.5

Emotional well-being 147 -1.3
(-3.7%)

26.8 137 -1.6
(-3.8%)

24.5

Social support 147 2.7
(11.6%)

21.5 137 2.5
(8.6%)

24.6

Cognition 147 0.1
(0.3%)

20.9 137 -0.8
(-1.8%)

24.9

Communication 147 1.2
(2.7%)

22.6 137 3.6
(7.6%)

26.7

12-month visit - baseline 

Single index1 147 2.0
(4.9%)

22.0 137 -0.7
(-1.6%)

18.4

Stigma 147 -3.7
(-9.6%)

34.2 137 -4.7
(-11.2%)

34.1

Activities  of daily living 147 -7.3
(-13.4%)

29.5 137 -6.5
(-11.8%)

30.1

Bodily discomfort 147 -1.5
(-3.1%)

26.8 137 -2.2
(-4.1%)

29.3

Mobility 147 -5.2
(-9.3%)

30.2 137 -5.8
(-9.5%)

29.3

Emotional well-being 147 3.1
(8.7%)

28.8 137 2.1
(5.2%)

26.8
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Table 61.  Phase II: sensitivity analyses for PDQ-39 
GPi STN

PDQ-39 n

Mean

(% chg) Std n

Mean

(% chg) Std

Social support 147 6.2
(26.1%)

21.5 137 9.2
(31.2%)

30.0

Cognition 147 6.4
(16.2%)

26.2 137 3.3
(7.5%)

25.6

Communication 147 7.5
(17.0%)

27.7 137 8.4
(17.7%)

28.1

24-month visit – baseline

Single index1 147 1.6
(4.0%)

20.7 137 1.1
(2.4%)

18.2

Stigma 147 -4.4
(-11.5%)

31.4 137 -1.9
(-4.6%)

36.6

Activities  of daily living 147 -9.9
(-18.1%)

24.2 137 -5.7
(-10.2%)

27.8

Bodily discomfort 147 -2.2
(-4.6%)

26.1 137 -0.3
(-0.6%)

27.7

Mobility 147 -4.4
(-7.9%)

30.7 137 -3.7
(-6.0%)

27.5

Emotional well-being 147 3.4
(9.5%)

28.2 137 4.7
(11.7%)

26.8

Social support 147 7.8
(32.9%)

25.5 137 6.9
(23.3%)

26.8

Cognition 147 3.2
(8.1%)

22.3 137 4.0
(9.2%)

20.6

Communication 147 8.7
(19.6%)

24.4 137 10.7
(22.6%)

25.9

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change.  
1Also known as summary index.

Note: Negative percent change indicates better quality of life in that measure as compared with baseline. For example, for 

mobility, negative percent change indicates better mobility, for Activities of Daily Living, negative percent change indicates a 

higher level of function. Subjects were taking their regular medication regimen during the recording of these data.

The reported change from baseline for the SF-36 standardized 

physical component scale (PCS) is improved at all follow-up visits to 

24 months for the GPi and STN target sites, and the target sites are not 

measurably diff erent at all follow-up visits (Table 62).  The reported 

change from baseline for the SF-36 standardized mental component 

scale (MCS) for the 2 target sites was improved at some follow-up 

visits and declined at other follow-up visits through the 24-month 

visit.

The SF-36 questionnaire, a general quality of life measure, did not 

demonstrate consistent clinically diff erent results.

Table 62.  Phase II: Comparison of SF-36 standardized PCS and MCS over time by target 
site (Intent-to-treat, 24-month data set, multiple imputation)

GPi (n=147) STN (n=137)

Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Standardized PCS

Baseline 147 35.9 8.1 137 35.3 7.6

6 Month 147 39.5 9.4 137 39.1 9.1

6 Month – BL 147
(8.2%)

3.7
(10.3%)

8.5 137
(7.3%)

3.7
(10.5%)

7.8

Table 62.  Phase II: Comparison of SF-36 standardized PCS and MCS over time by target 
site (Intent-to-treat, 24-month data set, multiple imputation)

GPi (n=147) STN (n=137)

Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

12 Month 147 39.5 8.7 137 38.5 9.1

12 Month – BL 147
(12.2%)

3.6
(10.0%)

7.9 137
(14.6%)

3.2
(9.1%)

8.8

18 Month 147 39.5 8.6 137 38.2 8.3

18 Month – BL 147
(12.2%)

3.7
(10.3%)

7.9 137
(15.3%)

2.9
 (8.2%)

7.5

24 Month 147 39.6 8.7 137 38.1 8.7

24 Month – BL 147
(8.2%)

3.7
(10.3%)

8.1 137
(14.6%)

2.8
(7.9%)

7.9

Standardized MCS (% missing same as PCS)

Baseline 147 45.9 10.3 137 43.0 10.1

6 Month 147 48.1 9.7 137 46.0 10.5

6 Month – BL 147 2.2
(4.8%)

10.5 137 3.0
(7.0%)

10.3

12 Month 147 46.9 10.2 137 45.1 10.6

12 Month – BL 147 1.0
(2.2%)

10.8 137 2.2
(5.1%)

10.6

18 Month 147 45.1 11.0 137 43.8 11.0

18 Month – BL 147 -0.8
(-1.7%)

10.2 137 0.8
(1.9%)

11.0

24 Month 147 44.6 10.2 137 43.9 10.0

24 Month – BL 147 -1.3
(-2.8%)

10.2 137 0.9
(2.1%)

10.7

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; MCS=[standardized] mental component scale; 

PCS=[standardized] physical component scale; Std=standard deviation; chg=change; BL=baseline.

Note: Higher values (positive change) indicate better quality of life in that measure as compared with baseline. Subjects were 

taking their regular medication regimen during the recording of these data.

Table 63 provides the results of the sensitivity analyses. 

Table 63.  Phase II: sensitivity analyses for SF-36 
GPi (n=147) STN (n=137)

Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

Standardized PCS

Baseline 135 35.9 8.1 127 35.3 7.6

6 Month 135 39.6 9.4 127 39.2 9.1

6 Month – BL 135 3.6
(10.0%)

8.6 127 3.4
(9.6%)

7.7

12 Month 129 39.5 8.7 117 38.7 9.1

12 Month – BL 129 3.4
(9.5%)

7.7 117 3.2
(9.1%)

8.7

18 Month 129 40.0 8.5 116 38.4 8.4

18 Month – BL 129 3.3
(9.2%)

7.9 116 2.7
(7.6%)

7.5

24 Month 135 39.8 8.7 117 38.6 8.7

24 Month – BL 135 3.6
(10.0%)

8.1 117 3.1
(8.5%)

7.7
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Table 63.  Phase II: sensitivity analyses for SF-36 
GPi (n=147) STN (n=137)

Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Standardized MCS

Baseline 135 45.9 10.3 127 43.0 10.1

6 Month 135 48.0 9.7 127 45.8 10.4

6 Month – BL 135 2.0
(4.4%)

10.5 127 2.9
(6.7%)

10.3

12 Month 129 47.0 10.0 117 44.9 10.4

12 Month – BL 129 1.3
(2.8%)

10.8 117 1.9
(4.4%)

10.3

18 Month 129 45.7 10.7 116 44.0 11.0

18 Month – BL 129 -0.6
(-1.3%)

10.0 116 0.7
(1.6%)

10.9

24 Month 135 44.7 10.1 117 44.2 10.0

24 Month – BL 135 -1.4
(-3.1%)

10.2 117 0.9
(2.1%)

10.5

Worst-case

Standardized PCS

Baseline 147 35.9 8.1 137 35.3 7.6

6 Month 147 37.8 10.9 137 37.7 10.3

6 Month – BL 147 1.9
(5.3%)

10.3 137 2.3
(6.5%)

8.5

12 Month 147 36.3 11.9 137 35.8 11.0

12 Month – BL 147 0.4
(1.1%)

11.3 137 0.5
(1.4%)

10.9

18 Month 147 37.2 10.9 137 35.3 10.6

18 Month – BL 147 1.3
(3.6%)

9.5 137 0.0
(0%)

9.8

24 Month 147 38.2 10.0 137 35.1 11.7

24 Month – BL 147 2.3
(6.4%)

9.1 137 -0.2
(0.6%)

11.0

Standardized MCS

Baseline 147 45.9 10.3 137 43.0 10.1

6 Month 147 45.7 12.2 137 44.0 12.1

6 Month – BL 147 -0.3
(-0.7%)

13.0 137 1.0
(2.3%)

12.4

12 Month 147 43.7 12.9 137 40.8 13.8

12 Month – BL 147 -2.2
(-4.8%)

14.3 137 -2.1
(-4.9%)

14.4

18 Month 147 42.4 13.4 137 39.5 14.8

18 Month – BL 147 -3.5
(-7.6%)

12.7 137 -3.5
(-8.1%)

14.9

24 Month 147 42.9 11.3 137 40.7 12.5

24 Month – BL 147 -3.0
(-6.5%)

11.6 137 -2.2
(-5.1%)

12.9

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; MCS=[standardized] mental component scale; 

PCS=[standardized] physical component scale; Std=standard deviation; chg=change; BL=baseline.

Note: Higher values (positive change) indicate better quality of life in that measure as compared with baseline. Subjects were 

taking their regular medication regimen during the recording of these data.

Quality of Well-Being, a general quality of life measure, did not indicate 

a better quality of life at follow-up visits through 24 months. (Table 64).

Table 64.  Phase II: Comparison of average Quality of Well-Being score over time by 
target site (Intent-to-treat, 24-month data set, multiple imputation)

GPi (n=147) STN (n=137)

Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Average Quality of Well-Being Score

Baseline 147 0.45 0.14 137 0.42 0.13

6 Month 147 0.49 0.16 137 0.44 0.16

6 Month – BL 147
(6.8%)

0.05
 (10.1%)

0.17 137
(7.3%)

0.02
 (5.0%)

0.16

12 Month 147 0.47 0.16 137 0.46 0.17

12 Month – BL 147
(12.2%)

0.02
 (5.0%)

0.17 137
(15.3%)

0.04
 (9.3%)

0.17

24 Month 147 0.45 0.16 137 0.44 0.16

24 Month – BL 147
(8.8%)

0.00
 (0.9%)

0.17 137
(13.9%)

0.02
 (4.5%)

0.16

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; 

BL=baseline.

Note: Higher values (positive change) indicate better quality of life in that measure as compared with baseline. Subjects were 

taking their regular medication regimen during the recording of these data.

Table 65 provides the results of the sensitivity analyses.

Table 65.  Phase II: sensitivity analyses for Quality of Well-Being
GPi (n=147) STN (n=137)

Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

Average Quality of Well-Being Score

Baseline 137 0.4 0.1 127 0.4 0.1

6 Month 137 0.5 0.2 127 0.4 0.2

6 Month – BL 137 0.0
(9.1%)

0.2 127 0.0
(4.5%)

0.2

12 Month 129 0.5 0.2 116 0.5 0.2

12 Month – BL 129 0.0
(4.8%)

0.2 116 0.0
(9.9%)

0.2

24 Month 134 0.5 0.2 118 0.4 0.2

24 Month – BL 134 0.0
(1.6%)

0.2 118 0.0
(3.9%)

0.2

Worst-case

Average Quality of Well-Being Score

Baseline 147 0.4 0.1 137 0.4 0.1

6 Month 147 0.5 0.2 137 0.4 0.2

6 Month – BL 147 0.0
(4.0%)

0.2 137 0.0
(-0.9%)

0.2

12 Month 147 0.4 0.2 137 0.4 0.2

12 Month – BL 147 0.0
(-4.6%)

0.2 137 0.0
(-3.8%)

0.2

24 Month 147 0.4 0.2 137 0.4 0.2

24 Month – BL 147 0.0
(-5.4%)

0.2 137 0.0
(-5.9%)

0.2

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; 

BL=baseline.

Note: Higher values (positive change) indicate better quality of life in that measure as compared with baseline. Subjects were 

taking their regular medication regimen during the recording of these data.
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 Schwab & England
Improvement in the Schwab and England Off  medication score as 

compared with baseline was reported for both target sites (GPi and 

STN) over all follow-up visits. The reported change from baseline in 

the Schwab and England On medication scores for the 2 target sites 

was improved at the 6- and 12-month visits but declined at the 

24-month visit.

As shown in Table 66, the reported diff erence between target sites for 

the Schwab and England (Off  and On medications) was not 

measurably diff erent for all follow-up visits.

Improvement in the Schwab and England Off  medication score 

demonstrated the improvement in function provided by DBS at 

either target site.  When On medication and at their best, patients are 

expected to achieve their highest level of function possible, and that 

is not expected to change with DBS.

Table 66.  Phase II: Comparison of Schwab and England over time by target site 
(Intent-to-treat, 24-month data set, multiple imputation)

GPi (n=147) STN (n=137)

Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Schwab and England - Off  med

Baseline 147 51.0 20.4 137 50.7 19.7

6 Month 147 69.7 18.9 137 67.8 21.5

6 Month – BL 147
(6.1%)

18.7
 (36.7%)

22.7 137
(7.3%)

17.2
 (33.9%)

23.1

12 Month 147 70.8 18.5 137 69.0 20.1

12 Month – BL 147
(8.8%)

19.8
 (38.8%)

21.9 137
(12.4%)

18.4
 (36.2%)

22.7

18 Month 147 67.8 20.0 137 64.6 22.7

18 Month – BL 147
(10.2%)

16.7
 (32.8%)

23.6 137
(15.3%)

14.0
 (27.6%)

25.9

24 Month 147 67.7 20.4 137 65.1 20.7

24 Month – BL 147
(8.8%)

16.6
 (32.6%)

24.1 137
(14.6%)

14.4
 (28.4%)

23.3

Schwab and England - On med

Baseline 147 82.2 12.6 137 82.4 11.2

6 Month 147 87.4 11.7 137 84.7 14.0

6 Month – BL 147
(5.4%)

5.3
 (6.4%)

12.0 137
(7.3%)

2.3
 (2.8%)

15.4

12 Month 147 85.7 12.2 137 84.7 13.9

12 Month – BL 147
(8.8%)

3.5
 (4.3%)

12.5 137
(14.6%)

2.3
 (2.8%)

14.4

18 Month 147 83.7 15.4 137 81.3 15.8

18 Month – BL 147
(9.5%)

1.5
 (1.8%)

16.2 137
(16.8%)

-1.1
(-1.3%) 

17.3

24 Month 147 81.7 15.4 137 80.9 16.3

24 Month – BL 147
(8.8%)

-0.4
 (-0.5%)

16.0 137
(16.1%)

-1.5
 (-1.9%)

17.8

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; 

BL=baseline.

Note: Higher values (positive change) indicate better quality of life in that measure as compared with baseline. Medication 

use (Off /On) is noted in the bold headings of the table.

Table 67 provides the results of the sensitivity analyses.

Table 67.  Phase II: sensitivity analyses for Schwab and England
GPi (n=147) STN (n=137)

Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

Schwab and England - Off  med

Baseline 138 51.0 20.4 127 50.7 19.7

6 Month 138 70.1 18.4 127 67.4 21.6

6 Month – BL 138 19.0
(37.2%)

22.8 127 16.9
(33.3%)

23.3

12 Month 134 71.1 18.3 120 69.8 19.3

12 Month – BL 134 20.1
(39.3%)

21.8 120 18.8
(37.2%)

22.7

18 Month 132 68.7 19.5 116 65.3 22.7

18 Month – BL 132 17.7
(34.7%)

23.5 116 15.3
(30.3%)

26.0

24 Month 134 68.6 19.9 117 66.0 20.3

24 Month – BL 134 17.0
(33.3%)

23.4 117 15.1
(29.9%)

23.2

Schwab and England - On med

Baseline 139 82.2 12.6 127 82.4 11.2

6 Month 139 87.4 11.8 127 85.0 14.1

6 Month – BL 139 5.3
(6.5%)

12.0 127 2.2
(2.7%)

-20.0

12 Month 134 86.2 11.8 117 85.0 14.0

12 Month – BL 134 3.4
(4.1%)

12.3 117 2.6
(3.1%)

-24.0

18 Month 133 84.2 15.2 114 81.4 15.9

18 Month – BL 133 1.4
(1.6%)

16.0 114 -1.0
(-1.2%)

-28.1

24 Month 134 82.8 14.4 115 82.1 15.4

24 Month – BL 134 0.2
(0.3%)

15.0 115 -0.6
(-0.7%)

-24.8

Worst-case

Schwab and England - Off  med

Baseline 147 51.0 20.4 137 50.7 19.7

6 Month 147 67.0 21.5 137 63.2 25.7

6 Month – BL 147 16.0
(31.3%)

25.7 137 12.6 
(24.8%)

27.4

12 Month 147 65.7 24.7 137 63.6 24.5

12 Month – BL 147 14.7
(28.8%)

27.9 137 13.0
(25.6%)

27.1

18 Month 147 62.7 25.7 137 56.8 28.9

18 Month – BL 147 11.7
(22.9%)

29.4 137 6.1
(12.1%)

33.2

24 Month 147 64.3 23.5 137 59.3 24.8

24 Month – BL 147 13.3
(26.0%)

26.3 137 8.6
(17.0%)

27.5

Schwab and England - On med

Baseline 147 82.2 12.6 137 82.4 11.2

6 Month 147 84.3 17.4 137 81.0 19.8

6 Month – BL 147 2.1
(2.6%)

18.0 137 -1.4
(-1.7%)

20.0
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Table 67.  Phase II: sensitivity analyses for Schwab and England
GPi (n=147) STN (n=137)

Time n

Mean

(% chg) Std n

Mean

(% chg) Std

12 Month 147 81.2 19.6 137 76.9 23.4

12 Month – BL 147 -1.0
(-1.2%)

19.0 137 -5.5
(-6.6%)

24.0

18 Month 147 77.1 26.2 137 71.1 27.2

18 Month – BL 147 -5.0
(-6.1%)

25.5 137 -11.3
(-13.7%)

28.1

24 Month 147 78.2 20.4 137 73.7 23.8

24 Month – BL 147 -4.0
(-4.9%)

20.4 137 -8.7
(-10.5%)

24.8

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.

Note: Higher values (positive change) indicate better quality of life in that measure as compared with baseline. Medication 

use (Off /On) is noted in the headings of the table.

 UPDRS I (Mentation, Behavior, and Mood)
The reported change from baseline to 24 months in UPDRS I score (Table 68) 

showed a worsening as compared to baseline for the GPi (2.5±1.9  to 2.8±1.9) 

and the STN (2.9±2.0 to 3.4±2.1).

Table 68.  Phase II: Comparison of UPDRS I at 24 months by target site (Intent-to-treat, 
24-month data set, multiple imputation

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

UPDRS I Baseline 147 2.5 1.9 137 2.9 2.0

24 Month 147 2.8 1.9 137 3.4 2.1

24 Month - BL 147 0.3 1.9 137 0.5 2.2

(7.5%)  (11.8%)  (14.6%) (16.0%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications.

Table 69 provides the results of the sensitivity analyses

Table 69.  Phase II: sensitivity analyses for UPDRS I at 24 months 
GPi STN

UPDRS I Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers 24 Month - BL 136
0.3

(11.9%)
1.9 117

0.5
(18.2%)

2.2

Worst-case 24 Month - BL 147
0.1

(3.6%)
2.1 137

-0.1
(-1.7%)

2.6

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications.

 UPDRS II—ADL total score
As shown in Table 70, the reported average change as a percentage of 

baseline at 24 months for the UPDRS II ADL total score were improved 

for both target sites.

Table 70.  Phase II: UPDRS II ADL total score average change as a percentage of 
baseline over time by target site (Intent-to-treat, 24-month data set, multiple 
imputation)

GPi STN

UPDRS II Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

12-month visit

II-Activities 
of Daily 
Living

Baseline 147 19.2 5.8 137 18.9 5.9

12 Month 147 15.6 6.1 137 15.7 6.2

12 Month - BL 147 -3.6 6.5 137 -3.2 6.4

(10.9%) (-18.8%) . (14.6%) (-16.9%) . 

24-month visit

II-Activities 
of Daily 
Living

Baseline 147 19.2 5.8 137 18.9 5.9

24 Month 147 15.6 6.1 137 15.7 6.2

24 Month - BL 147 -3.6 6.5 137 -3.2 6.4

(7.5%) (-18.8%) . (15.3%) (-16.9%) . 

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications.

Table 71 provides the results of the sensitivity analyses.

Table 71.  Phase II: sensitivity analyses for UPDRS II 
GPi STN

Subscale n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

12-month visit - baseline

UPDRS II ADL Total Score
131

-4.8
6.7 117

-5.2
7.1

(-25.2%) (-27.6%)

24-month visit - baseline

UPDRS II ADL Total Score
136

-3.6
6.4 116

-3.1
6.5

(-19.0%) (-16.6%)

Worst-case

12-month visit - baseline

UPDRS II ADL Total Score
147

-3.0
8.5 137

-2.8
9.1

(-15.5%) (-14.6%)

24-month visit - baseline

UPDRS II ADL Total Score
147

-2.6
7.3 137

-1.2
7.8

(-13.6%) (-6.5%)

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change.  

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications.

 UPDRS IV —Complications of therapy
As shown in Figure 20 and Table 72, the reported change from 

baseline to 24 months for the UPDRS IV complications of therapy 

score were improved at all follow-up visits for both target sites and the 

diff erence between target sites was not measurably diff erent at all 

follow-up visits to 24-months. 
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Figure 20. UPDRS IV at 24 months; average change as a percentage of baseline by target site (Intent-to-treat, 24-month data set, multiple imputation)

Table 72.  Phase II: UPDRS IV average change as a percentage of baseline over time by 
target site (Intent-to-treat, 24-month data set, multiple imputation)

GPi STN

TIme

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Baseline 147 8.9 3.1 137 9.0 2.9

3 Month 147 4.8 2.5 137 5.1 2.6

3 Month - BL 147 -4.0 3.4 137 -3.9 3.5

(27.9%)  (-45.5%)  (24.1%)  (-43.8%)  

Baseline 147 8.9 3.1 137 9.0 2.9

6 Month 147 4.9 2.6 137 4.7 2.5

6 Month – BL 147 -4.0 3.5 137 -4.3 3.5

(26.5%)  (-44.6%)  (24.1%) (-47.9%)  

Baseline 147 8.9 3.1 137 9.0 2.9

12 Month 147 4.6 2.7 137 4.6 3.1

12 Month – BL 147 -4.2 3.7 137 -4.4 3.6

(34.0%)  (-47.7%)  (29.2%)  (-48.5%)  

Baseline 147 8.9 3.1 137 9.0 2.9

18 Month 147 4.4 2.3 137 4.7 2.5

18 Month – BL 147 -4.5 3.6 137 -4.3 3.5

(35.4%)  (-50.5%)  (29.9%)  (-48.3%)  

Baseline 147 8.9 3.1 137 9.0 2.9

24 Month 147 4.8 2.3 137 4.4 2.4

24 Month – BL 147 -4.1 3.7 137 -4.6 3.3

(28.6%)  (-46.0%)  (30.7%)  (-51.0%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.

Note: Lower values (negative change) indicate improvement as compared with baseline. This outcome was completed while 

the subject was On medications.

Table 73 provides the results of the sensitivity analyses. 
Table 73.  Phase II: sensitivity analyses for UPDRS IV

GPi STN

TIme n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

3 Month – BL 106
-3.9

(-44.3%)
3.4 104

-3.9
(-43.0%)

3.6

6 Month – BL 108
-4.0

(-45.2%)
3.5 104

-4.4
(-49.2%)

3.6

12 Month – BL 97
-4.4

(-49.1%)
3.9 97

-4.4
(-49.0%)

3.7

18 Month – BL 95
-4.3

(-48.9%)
3.7 96

-4.4
(-49.2%)

3.5

24 Month – BL 105
-4.0

(-45.4%)
3.7 95

-4.6
(-50.9%)

3.2

Worst-case

3 Month – BL 147
-1.7

(-18.9%)
5.0 137

-1.8
(-20.1%)

5.0

6 Month – BL 147
-2.0

(-22.7%)
4.8 137

-2.2
(-24.9%)

5.1

12 Month – BL 147
-0.6

(-7.2%)
6.3 137

-0.1
(-1.3%)

7.5

18 Month – BL 147
-1.7

(-19.2%)
5.0 137

-1.6
(-17.5%)

5.5

24 Month – BL 147
-2.5

(-28.5%)
4.4 137

-2.2
(-25.0%)

4.7

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.

Note: Lower values (negative change) indicate improvement as compared with baseline. This outcome was completed while 

the subject was On medications.
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 Timed Stand-Walk-Sit Test
At 24 months, when subjects did not receive medications, there was 

an improvement of 8.8 seconds in the Timed Stand-Walk-Sit test for 

the GPi target site and an improvement of 6.4 seconds for the STN 

target site. 

However, when subjects took their medications, there was no 

improvement at 24 months in the Timed Stand-Walk-Sit test.

The 2 target sites were not measurably diff erent for both the On stim/

On med and On stim/Off  med tests (Table 74).

Table 74.  Phase II: Comparison of Timed Stand-Walk-Sit test over time by target site 
(Intent-to-treat, 24-month data set, multiple imputation)

GPi (n=147) STN (n=137)

Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Timed Stand-Walk-Sit On stim/On med (seconds)

Baseline 147 17.8 12.1 137 17.4 8.2

3 Month 147 16.1 7.6 137 16.3 7.7

3 Month – BL
147

(12.2%)
-1.7

(-9.8%)
8.8

137
(21.2%)

-1.1
 (-6.2%)

8.3

6 Month 147 17.3 11.7 137 16.1 6.8

6 Month – BL
147

(16.3%)
-0.9

 (-5.0%)
9.8

137
(19.0%)

-1.4
 (-8.0%)

7.5

12 Month 147 16.4 8.7 137 16.0 6.5

12 Month – BL
147

(17.0%)
-1.5

 (-8.5%)
11.6

137
(23.4%)

-1.4
 (-8.0%)

8.2

18 Month 147 17.6 11.1 137 16.9 10.0

18 Month – BL 
147

(22.4%)
-0.2

 (-1.3%)
9.5

137
(30.7%)

-0.5
 (-2.7%)

10.3

24 Month 147 17.3 10.3 137 18.1 10.4

24 Month – BL 
147

(20.4%)
-0.5

 (-2.6)
10.1

137
(29.2%)

0.7
 (3.9%)

10.5

Timed Stand-Walk-Sit On stim/Off med (seconds)

Baseline 147 28.3 18.5 137 27.5 15.2

3 Month 147 19.2 12.8 137 19.4 13.1

3 Month – BL
147

(31.3%)
-9.1

 (-32.1%)
14.1

137
(37.2%)

-8.1
 (-29.5%)

11.9

6 Month 147 20.4 16.5 137 19.9 16.1

6 Month – BL 147
(34.7%)

-7.7
(-27.3%) 17.0 137

(38.0%)
-7.1

 (-26.3%) 12.5

12 Month 147 18.3 9.5 137 18.8 8.9

12 Month – BL
147

(34.0%)
-9.9

 (-35.1%)
14.6

137
(39.4%)

-8.7
 (-31.7%)

12.5

18 Month 147 18.2 11.6 137 19.7 10.9

18 Month – BL 
147

(34.7%)
-9.7

 (-34.7%)
15.2

137
(45.3%)

-7.5
 (-27.7%)

13.2

24 Month 147 19.8 15.1 137 20.8 14.3

24 Month – BL 
147

(36.1%)
-8.8

 (-30.8%)
16.7

137
(45.3%)

-6.4
 (-23.4%)

15.5

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.

Note: Lower values (negative change) indicate improvement as compared with baseline. Medication use (Off /On) is noted in 

the bold headings of the table.

Table 75 provides the results for the sensitivity analyses.

Table 75.  Phase II: sensitivity analyses for Timed Stand-Walk-Sit Test 
GPi (n=147) STN (n=137)

Time n

Mean

(% chg) Std n

Mean

(% chg) Std

Completers

Timed Stand-Walk-Sit On stim/On med (seconds) 

3 Month - BL 129
-1.3

(-7.3%)
7.9 108

-0.8
(-4.3%)

8.4

6 Month – BL 123
-0.8

(-4.3%)
9.6 111

-1.1
(-6.3%)

7.4

12 Month – BL 122
-0.9

(-5.3%)
10.9 105

-1.0
(-5.8%)

7.7

18 Month – BL 114
0.6

(3.6%)
7.8 95

-0.2
(-1.0%)

10.6

24 Month - BL 117
0.0

(0.0%)
9.3 97

1.2
(7.0%) 10.6

Timed Stand-Walk-Sit On stim/Off med (seconds) 

3 Month - BL 101
-9.3

(-34.0%)
14.1 86

-8.1
(-30.5%)

11.7

6 Month – BL 96
-7.5

(-27.5%)
17.7 85

-7.7
(-29.1%)

10.0

12 Month – BL 97
-9.1

(-33.5%)
14.2 83

-7.5
(-28.4%)

11.5

18 Month – BL 96
-9.6

(-35.2%)
15.8 75

-7.0
(-26.3%)

12.1

24 Month - BL 94
-9.2

(-33.7%)
15.5 75

-6.2
(-23.5%)

15.2

Worst-case

Timed Stand-Walk-Sit On stim/On med (seconds) 

3 Month - BL 147
2.8

(15.7%)
15.4 137

6.2
(36.1%)

16.4

6 Month – BL 147
8.8

(49.8%)
24.5 137

5.0
(29.4%)

15.3

12 Month – BL 147
9.1

(52.0%)
26.0 137

6.6
(38.5%)

16.2

18 Month – BL 147
9.7

(55.2%)
21.1 137

22.9
(133.5%)

37.5

24 Month - BL 147
9.7

(55.1%)
22.4 137

14.3
(83.4%)

23.4

Timed Stand-Walk-Sit On stim/Off med (seconds) 

3 Month - BL 147
14.2

(60.9%)
43.7 137

14.6
(63.1%)

35.9

6 Month – BL 147
20.3

(86.6%)
48.0 137

19.8
(85.7%)

42.6

12 Month – BL 147
9.3

(39.6%)
31.7 137

10.6
(45.8%)

28.8

18 Month – BL 147
13.7

(58.6%)
38.5 137

11.1
(48.0%)

25.3

24 Month - BL 147
20.4

(87.1%)
46.7 137

22.8
(98.7%)

39.4

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.

Note: Lower values (negative change) indicate improvement as compared with baseline. Medication use (Off /On) is noted in 

the bold headings of the table.
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 Neuropsychological tests
The neuropsychological test scores are shown for baseline and 

change from baseline to 6 and 24 months. The neuropsychological 

testing was grouped into 6 domains:

• Overall Level of Cognitive Functioning

• Attention/Processing Speed/Working Memory

• Language

• Learning and Memory

• Reasoning and Executive Functioning

• Mood and Emotion

In addition to a comparison of the treatment group results, a paired 

t-test was conducted on the change from baseline to 6 and 24 

months for each of the target sites to see if the within-group changes 

were statistically signifi cant (p < 0.05).

Neuropsychological test results are presented in Table 76 for 

cognition-related tests, Table 78 for reasoning and executive function, 

and Table 80 and Table 82 for mood and emotion-related tests. 

Sensitivity analyses for these tests are presented in Table 77, Table 79, 

Table 81, and Table 83, respectively.

Using a multiple comparison procedure and the 24-month follow-up 

results the multiple imputation results were not statistically 

signifi cantly diff erent between the 2 target sites. With the exception of 

the overall level of cognitive function, the DBS groups declined as 

compared with baseline.

Table 76.  Phase II: Cognition over time by target site and visit (Intent-to-treat, 24-month 
data set, multiple imputation)

GPi STN GPi vs. STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std p-value

Overall Level of Cognitive Functioning

Mattis Dementia
Total Score or DRS
(raw score, 0-144)

Baseline 147 137.7 4.8 137 137.2 5.1  

6 Month - BL 147 -1.0 6.0 137 -2.2 6.7 0.144 1,2

(6.8%)  (-0.8%)  (8.8%)  (-1.6%)   

24 Month - BL 147 -2.6 9.6 137 -3.7 8.3 0.3291,2

(11.6%)  (-1.9%)  (16.8%)  (-2.7%)   

Attention/Processing Speed/Working Memory  

Weschler Adult 
Intelligence Scale 
III
(WAIS-III)
Processing
Speed Index

Baseline 147 91.5 13.9 137 90.5 14.1  

6 Month - BL 147 -1.4 9.1 137 -3.7 10.1 0.052 2

(9.5%)  (-1.5%)  (11.7%)  (-4.1%)   

24 Month - BL 147 -2.8 9.3 137 -5.9 10.5 0.017 1,2

(14.3%)  (-3.1%)  (21.2%)  (-6.6%)   

WAIS-III
Working Memory
Index

Baseline 147 100.8 13.2 137 99.6 13.9  

6 Month - BL 147 -2.8 8.2 137 -2.8 8.7 0.992 1,2

(8.2%)  (-2.7%)  (13.9%)  (-2.7%)   

24 Month - BL 147 -3.8 8.6 137 -5.5 8.7 0.111 1,2

(13.6%)  (-3.8%)  (20.4%)  (-5.6%)   

Language

Boston Naming 
Test (BNT) 
(raw score,
0-60)
 
 

Baseline 147 56.0 4.4 137 55.8 4.1  

6 Month - BL 147 0.3 2.2 137 0.1 2.3 0.597

(6.8%)  (0.5%)  (10.9%)  (0.2%)   

24 Month - BL 147 -0.1 3.2 137 -0.4 3.0 0.417

(12.9%)  (-0.1%)  (19.0%)  (-0.7%)   

Table 76.  Phase II: Cognition over time by target site and visit (Intent-to-treat, 24-month 
data set, multiple imputation)

GPi STN GPi vs. STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std p-value

Boston 
Diagnostic 
Aphasia Exam 
(BDAE Complex)
(raw score, 0-12)

Baseline 147 11.3 1.1 137 11.1 1.3  

6 Month - BL 147 -0.1 1.3 137 0.0 1.3 0.573

(6.8%)  (-1.2%)  (10.9%)  (-0.4%)   

24 Month - BL 147 -0.3 1.4 137 -0.1 1.3 0.201 1

(13.6%)  (-2.7%)  (18.2%)  (-0.7%)   

Phonemic 
Fluency (FAS)
T-score

Baseline 147 46.8 12.1 137 45.1 12.4  

6 Month - BL 147 -4.4 11.2 137 -3.9 9.2 0.741 1,2

(6.8%)  (-9.3%)  (9.5%)  (-8.7%)   

24 Month - BL 147 -5.0 10.8 137 -6.6 8.6 0.178 1,2

(12.2%)  (-10.7%)  (18.2%)  (-14.6%)   

Category  
Fluency (Animal)
T-score

Baseline 147 50.6 10.6 137 47.0 12.6  

6 Month - BL 147 -4.1 12.6 137 -4.4 11.1 0.843 1,2

(6.8%)  (-8.1%)  (9.5%)  (-9.3%)   

24 Month - BL 147 -6.1 12.6 137 -6.2 12.8 0.945 1,2

(12.2%)  (-12.1%)  (17.5%)  (-13.2%)   

Learning and Memory

Hopkins Verbal 
Learning Test 
(HVLT)
Total T-score

Baseline 147 40.6 10.5 137 38.5 11.3  

6 Month - BL 147 -1.8 10.3 137 1.3 10.9 0.018 1

(6.8%)  (-4.5%)  (9.5%)  (3.3%)   

24 Month - BL 147 -2.2 10.2 137 -1.1 10.4 0.464 1

(11.6%)  (-5.3%)  (17.5%)  (-3.0%)   

HVLT Delayed
Recall T-score

Baseline 147 38.6 13.5 137 37.7 13.4  

6 Month - BL 147 -2.4 12.3 137 0.2 11.0 0.064 1

(6.8%)  (-6.3%)  (9.5%)  (0.6%)   

24 Month - BL 147 -0.7 12.8 137 -0.6 13.1 0.964

(11.6%)  (-1.7%)  (17.5%)  (-1.5%)   

Brief Visual 
Memory Test 
(BVMT) Delayed 
Recall T-score

Baseline 147 45 13.1 137 43.8 13.6  

6 Month - BL 147 -2.9 11.9 137 -0.1 11.6 0.047 1

(7.5%)  (-6.5%)  (8.8%)  (-0.2%)   

24 Month - BL 147 -3.8 13.1 137 -1.8 12.1 0.216 1

(10.9%)  (-8.5%)  (17.5%)  (-4.2%)   

BVMT Total 
T score

Baseline 147 40.3 12.3 137 40.4 13.0  

6 Month - BL 147 -0.3 11.5 137 0.8 12.5 0.445

(6.8%)  (-0.8%)  (8.8%)  (1.9%)   

24 Month - BL 147 -1.8 11.7 137 -1.7 11.6 0.929

(10.9%)  (-4.5%)  (17.5%)  (-4.2%)   

Reasoning and Executive Function

Wisconsin Card 
Sorting Test-64
(WCST)
Perseverative 
Response
T-score

Baseline 147 45.4 13.4 137 44.9 11.5  

6 Month - BL 147 -0.2 14.0 137 0.5 11.5 0.665

(6.8%)  (-0.5%)  (10.9%)  (1.0%)   

24 Month - BL 147 -2.3 13.5 137 -1.4 13.9 0.628

(12.9%)  (-5.0%)  (20.4%)  (-3.2%)   

Stroop 
Interference 
T score
 

Baseline 147 51.2 8.7 137 51.1 7.0  

6 Month - BL 147 -0.4 9.0 137 -0.7 7.6 0.759

(10.9%)  (-0.8%)  (14.6%)  (-1.5%)   

24 Month - BL 147 -0.1 9.5 137 -1.4 8.3 0.214

(17.0%)  (-0.1%)  (21.9%)  (-2.8%)   
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Table 76.  Phase II: Cognition over time by target site and visit (Intent-to-treat, 24-month 
data set, multiple imputation)

GPi STN GPi vs. STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std p-value

WAIS III 
Similarities
(raw score, 0-33)

Baseline 147 23.2 5.6 137 23.4 5.3  

6 Month - BL 147 -0.6 3.3 137 -0.8 3.5 0.745 1,2

(8.8%)  (-2.7%)  (10.9%)  (-3.3%)   

24 Month - BL 147 -0.7 3.3 137 -1.4 3.8 0.077 1,2

(12.9%)  (-2.8%)  (17.5%)  (-6.1%)   

Clock Drawing
(raw score, 0-10)

Baseline 147 8.9 1.4 137 9.0 1.4  

6 Month - BL 147 0.1 1.5 137 -0.3 1.7 0.039 2

(7.5%)  (1.0%)  (9.5%)  (-3.5%)   

24 Month - BL 147 -0.2 1.9 137 -0.6 1.9 0.121 2

(11.6%)  (-2.5%)  (16.8%)  (-6.6%)   

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.
1 The change from baseline is statistically signifi cant for the GPi target site (paired t-test p<0.05).
2 The change from baseline is statistically signifi cant for the STN target site (paired t-test p<0.05).

Note: Lower values (negative change) as compared with baseline indicate improvement for the Mattis Dementia Total Raw 

Score. For all other tests, higher values (positive change) as compared with baseline indicate improvement. This outcome was 

completed while the subject was On medications.

Statistical test associated with p-value: Analysis of variance using multiple imputation; target site eff ect p-value.

Table 77 provides the results of the sensitivity analyses for cognition.

Table 77.  Phase II: sensitivity analyses for Cognition
GPi STN GPi vs. STN

Variable Time n

Mean

(% chg) Std n

Mean

(% chg) Std P-value

Completers

Mattis Dementia 
Total 
Raw Score

6 Month - BL 137
-1.1

(-0.8%)
5.9 125

-2.3
(-1.7%)

6.8 0.141

24 Month - BL 130
-2.6

(-1.9%)
9.6 114

-3.7
(-2.7%)

8.1 0.332

WAIS-III 
Processing 
Speed Index

6 Month - BL 133
-1.6

(-1.8%)
8.9 121

-3.8
(-4.1%)

10.1 0.076

24 Month - BL 126
-3.1

(-3.4%)
9.3 108

-6.0
(-6.6%)

10.7 0.030

WAIS-III Working 
Memory Index 6 Month - BL 135

-2.7
(-2.7%)

8.1 118
-2.7

(-2.8%)
8.6 0.974

24 Month - BL 127
-4.0

(-4.0%)
8.6 109

-5.5
(-5.6%)

8.7 0.171

BNT 
Raw Score 6 Month - BL 137

0.2
(0.4%)

2.2 122
0.1

(0.2%)
2.3 0.677

24 Month - BL 128
-0.1

(-0.1%)
3.2 111

-0.4
(-0.8%)

3.0 0.356

BDAE Complex 
Raw  Score 6 Month - BL 137

-0.2
(-1.4%)

1.2 122
-0.1

(-0.6%)
1.3 0.575

24 Month - BL 127
-0.3

(-2.9%)
1.4 112

-0.1
(-0.9%)

1.3 0.180

FAS Letter 
Fluency 
T-Score

6 Month - BL 137
-4.5

(-9.5%)
11.3 124

-4.1
(-9.2%)

9.1 0.801

24 Month - BL 129
-4.9

(-10.5%)
10.8 112

-6.7
(-14.9%)

8.4 0.152

Animal Naming 
T-Score 6 Month - BL 137

-4.1
(-8.0%)

12.7 124
-4.3

(-9.1%)
11.1 0.897

24 Month - BL 129
-5.7

(-11.3%)
12.7 113

-5.9
(-12.6%)

12.5 0.901

Table 77.  Phase II: sensitivity analyses for Cognition
GPi STN GPi vs. STN

Variable Time n

Mean

(% chg) Std n

Mean

(% chg) Std P-value

HVLT Total 
T-score 6 Month - BL 137

-2.0
(-4.9%)

10.3 124
1.2

(3.1%)
10.9 0.016

24 Month - BL 130
-2.0

(-4.9%)
10.3 113

-0.9
(-2.45)

10.5 0.427

HVLT Delayed 
Recall 
T-Score 

6 Month - BL 137
-2.7

(-6.9%)
12.4 124

-0.1
(-0.4%)

10.8 0.081

24 Month - BL 130
-0.5

(-1.4%)
12.9 113

-0.5
(-1.2%)

13.2 0.955

BVMT Delayed 
Recall 
T-Score

6 Month - BL 136
-3.2

(-7.1%)
11.9 125

-0.2
(-0.6%)

11.6 0.046

24 Month - BL 131
-3.8

(-8.4%)
13.2 113

-2.2
(-4.9%)

12.0 0.327

BVMT Total 
T-Score 6 Month - BL 137

-0.4
(-0.9%)

11.6 125
0.6

(1.4%)
12.6 0.540

24 Month - BL 131
-1.7

(-4.2%)
11.8 113

-2.0
(-4.9%)

11.5 0.853

WCST 
Perseverative 
Responses 
T-Score 

6 Month - BL 137
-0.5

(-1.1%)
14.0 122

0.6
(1.4%)

11.2 0.479

24 Month - BL 128
-2.6

(-5.7%)
13.4 109

-1.4
(-3.0%)

14.3 0.503

Stroop 
Interference 
T-Score

6 Month - BL 131
-0.3

(-0.6%)
8.9 117

-0.7
(-1.4%)

7.5 0.707

24 Month - BL 122
0.0

(0%)
9.6 107

-1.3
(-2.6%)

8.3 0.288

WAIS III 
Similarities 
Raw Score

6 Month - BL 134
-0.7

(-3.1%)
3.3 122

-0.8
(-3.5%)

3.5 0.822

24 Month - BL 128
-0.7

(-2.9%)
3.3 113

-1.4
(-6.1%)

3.9 0.110

Clock Drawing
6 Month - BL 136

0.1
(0.9%)

1.5 124
-0.3

(-3.6%)
1.7 0.045

24 Month - BL 130
-0.3

(-3.1%)
1.8 114

-0.6
(-7.0%)

2 0.144

Worst-case

Mattis Dementia 
Total Raw Score 6 Month - BL 147

-0.6
(-0.4%)

6.1 137
-1.3

(-0.9%)
7.5 0.382

24 Month - BL 147
-1.6

(-1.1%)
9.6 137

-1.8
(-1.3%)

8.8 0.798

WAIS-III 
Processing 
Speed Index 

6 Month - BL 147
-4.4

(-4.8%)
12.5 137

-7.9
(-8.7%)

16.4 0.041

24 Month - BL 147
-6.4

(-7.0%)
12.4 137

-11.7
(-12.7%)

16.3 0.002

WAIS-III Working 
Memory Index 6 Month - BL 147

-4.7
(-4.7%)

11.2 137
-9.0

(-8.9%)
19.7 0.024

24 Month - BL 147
-7.7

(-7.7%)
13.0 137

-14.3
(-14.2%)

20.9 0.002

BNT Raw  Score
6 Month - BL 147

-0.7
(-1.2%)

4.5 137
-2.1

(-3.7%)
6.8 0.037

24 Month - BL 147
-3.2

(-5.6%)
8.8 137

-5.9
(-10.6%)

11.9 0.025

BDAE Complex 
Raw Score 6 Month - BL 147

-0.3
(-3.0%)

1.5 137
-0.6

(-5.5%)
2.0 0.180

24 Month - BL 147
-1.4

(-12.1%)
3.0 137

-1.4
(-12.5%)

3.0 0.940
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Table 77.  Phase II: sensitivity analyses for Cognition
GPi STN GPi vs. STN

Variable Time n

Mean

(% chg) Std n

Mean

(% chg) Std P-value

FAS T-score
6 Month - BL 147

-6.2
(-13.3%)

13.5 137
-7.1

(-15.5%)
13.6 0.585

24 Month - BL 147
-9.6

(-20.6%)
17.1 137

-11.4
(-24.9%)

14.6 0.344

Category Fluency 
(animal) T-score 6 Month - BL 147

-7.2
(-14.2%)

17.1 137
-7.6

(-16.0%)
15.4 0.833

24 Month - BL 147
-11.3

(-22.2%)
19.3 137

-12.1
(-25.6%)

19.2 0.709

HVLT Total T-score
6 Month - BL 147

-3.1
(-7.7%)

11.2 137
-1.5

(-3.8%)
14.0 0.271

24 Month - BL 147
-4.5

(-11.1%)
12.4 137

-5.1
(-13.0%)

13.9 0.716

HVLT Delayed 
Recall  T-score 6 Month - BL 147

-3.5
(-9.0%)

12.6 137
-2.1

(-5.4%)
13.2 0.362

24 Month - BL 147
-2.9

(-7.4%)
14.3 137

-4.4
(-11.4%)

15.7 0.397

BVMT Delayed 
Recall  T-score 6 Month - BL 147

-4.5
(-10.1%)

12.8 137
-2.3

(-5.1%)
13.3 0.144

24 Month - BL 147
-6.1

(-13.7%)
14.8 137

-5.7
(-12.9%)

14.4 0.792

BVMT Total 
T-score 6 Month - BL 147

-1.8
(-4.4%)

12.7 137
-1.3

(-3.3%)
13.8 0.770

24 Month - BL 147
-4.0

(-9.8%)
13.3 137

-5.1
(-12.6%)

13.6 0.481

WCST 
Perseverative 
Responses 
T-Score

6 Month - BL 147
-2.3

(-5.0%)
15.8 137

-3.1
(-6.9%)

16.4 0.648

24 Month - BL 147
-5.6

(-12.3%)
15.8 137

-7.0
(-15.4%)

18.1 0.476

Stroop 
Interference 
T- score

6 Month - BL 147
-3.3

(-6.3%)
12.8 137

-5.8
(-10.8%)

15.2 0.142

24 Month - BL 147
-4.8

(-9.1%)
14.5 137

-10.1
(-19.0%)

19.3 0.009

WAIS III 
Similarities 
Raw Score 

6 Month - BL 147
-1.5

(-6.5%)
4.4 137

-1.9
(-8.1%)

4.9 0.490

24 Month - BL 147
-2.3

(-9.7%)
5.5 137

-4.2
(-17.8%)

7.4 0.014

Clock Drawing
6 Month - BL 147

-0.4
(-4.0%)

2.1 137
-0.7

(-8.2%)
2.1 0.135

24 Month - BL 147
-1.1

(-12.5%)
2.9 137

-1.6
(-18.3%)

3.0 0.126

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.

Note: Lower values (negative change) as compared with baseline indicate improvement for the Mattis Dementia Total Raw 

Score. For all other tests, higher values (positive change) as compared with baseline indicate improvement. This outcome was 

completed while the subject was On medications.

Statistical test associated with p-value: Analysis of variance using multiple imputation; target site eff ect p-value.

Table 78 contains the results for the WCST by categories. >16 is 

considered normal, 6-16 is considered slightly impaired, and 

categories <1 and 2-5 which are at or below the 5th percentile are 

considered impaired. At 24 months, 22 GPi and 26 STN subjects were 

impaired, 65 GPi and 70 STN were slightly impaired and 60 GPi and 41 

STN subjects were within the normal range. 

Table 78.  Phase II: Reasoning and executive function assessed by WCST categories 
(percentile) over time, by target site and visit (Intent-to-treat, 24-month data 
set, multiple imputation)

<1 2-5 6-10 11-16 WNL>16 Total

Group Category n % n % n % n % n % n %

GPi Baseline -- -- 20 13.7 28 19.2 32 21.8 67 45.3 147 100.0

(6.8% missing) 6-month1 1 0.8 19 13.0 31 21.0 30 20.3 66 45.0 147 100.0

(12.9% missing) 24-month2 2 1.6 20 13.7 31 20.7 34 23.1 60 41.0 147 100.0

STN Baseline 2 1.5 10 7.0 30 21.5 34 25.1 61 44.8 137 100.0

(10.2% missing) 6-month1 1 0.7 14 10.4 29 21.4 26 18.8 67 48.8 137 100.0

(19.7% missing) 24-month2 1 1.1 25 18.0 45 32.6 25 18.2 41 30.2 137 100.0

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus.
1 GPi vs. STN at 6 months (multiple imputation target site term p=0.433)
2 GPi vs. STN at 24 months (multiple imputation target site term p=0.029)

Note: Higher values as compared with baseline indicate improvement. This outcome was completed while the subject was On 

medications.

Additional information: The change from baseline to 6 months is not statistically signifi cant for the GPi or STN target sites. The 

change from baseline to 24 months is not statistically signifi cant for the GPi target site. The change from baseline to 24 

months is worsening for the STN target site (p<0.05).

Table 79 provides the results of the sensitivity analyses.

Table 79.  Phase II: sensitivity analyses for WCST reasoning and executive function
<1 2-5 6-10 11-16 WNL>16 Total

Group Category n % n % n % n % n % n

Completers

GPi Baseline -- -- 20 13.7 28 19.2 32 21.9 66 45.2 146

6-month1 1 0.7 18 13.1 29 21.2 28 20.4 61 44.5 137

 24-month2 2 1.6 18 14.1 27 21.1 30 23.4 51 39.8 128

STN Baseline 2 1.5 9 6.7 29 21.6 34 25.4 60 44.8 134

6-month1 1 0.8 12 9.8 27 22.0 23 18.7 60 48.8 123

 24-month2 1 0.9 19 17.3 36 32.7 19 17.3 35 31.8 110

Worst-case

GPi Baseline -- -- 20 13.6 28 19.1 32 21.8 67 45.6 147

6-month3 11 7.5 18 12.2 29 19.7 28 19.1 61 41.5 147

 24-month4 21 14.3 18 12.2 27 18.4 30 20.4 51 34.7 147

STN Baseline 2 1.5 9 6.6 29 21.2 34 24.8 63 46.0 137

6-month3 15 11.0 12 8.8 27 19.7 23 16.8 60 43.8 137

 24-month4 28 20.4 19 13.9 36 26.3 19 13.9 35 25.6 137

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus.
1 Completers GPi vs. STN at 6 months (chi-square p=0.907)
2 Completers GPi vs. STN at 24 months (chi-square p=0.218)
3 Worst-case GPi vs. STN at 6 months (chi-square p=0.729)
4 Worst-case GPi vs. STN at 24 months (chi-square p=0.116)

Note: Higher values as compared with baseline indicate improvement. This outcome was completed while the subject was On 

medications.

Depression was assessed by the Beck Depression Inventory (BDI). At 

24 months, there was no diff erence in depression scores from 

baseline.
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Table 80.  Phase II: Mood and emotion assessed by BDI, over time, by target site and visit
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std P-value

Beck
Depression
Inventory (BDI) 
Total Raw Score

Baseline 147 10.3 7.8 137 11.1 7.1  

6 Month - BL 147 -1.1 6.8 137 -0.7 7.5 0.612

(6.8%)  (-10.9%)  (9.5%)  (-6.1%)   

24 Month - BL 147 -0.6 6.6 137 1.1 7.1 0.047

(12.9%)  (-6.0%)  (16.8%)  (9.5%)   

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications.

Statistical test associated with p-value: Analysis of variance using multiple imputation; target site eff ect p-value.

Additional note: Change from baseline to 6 and 24 months not statistically signifi cant for the GPi or STN target sites.

Table 81 provides the results of the sensitivity analyses.

Table 81.  Phase II: sensitivity analyses for BDI mood and emotion
BDI Total GPi STN

Raw Score Time n

Mean

(% chg) Std n

Mean

(% chg) Std P-value

Completers 6 Month - BL 137
-1.1

(-10.8%)
6.8 124

-0.6
(-5.7%)

7.7 0.600

24 Month - BL 128
-0.5

(-4.7%)
6.6 114

1.1
(9.8%)

7.3 0.080

Worst-case 6 Month - BL 147
-1.9

(-18.2%)
7.6 137

-2.1
(-18.7%)

9.2 0.787

24 Month - BL 147
-2.0

(-19.1%)
8 137

-1.3
(-11.1%)

9 0.495

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.

Note: Lower values (negative change) as compared with baseline indicate improvement. This outcome was completed while 

the subject was On medications.  

Statistical test associated with p-value: Analysis of variance using multiple imputation; target site eff ect p-value.

Table 82 contains the results for the State Trait Anxiety Inventory 

(STAI), by categories. On the STAI, at or above the 90th percentile is 

considered moderate-severe anxiety (ie, category ≥90), 11-89 is mild 

to moderate anxiety, and less than or equal to 10 is no anxiety. On the 

state anxiety score, at 24 months, 15 GPi and 5 STN subjects did not 

have anxiety, 116 GPi and 102 STN had mild to moderate anxiety, and 

16 GPi and 30 STN subjects had moderate to severe anxiety. On the 

trait anxiety score at 24 months, 8 GPi and 4 STN subjects did not 

have anxiety, 104 GPi and 92 STN had mild to moderate anxiety, and 

35 GPi and 41 STN subjects had moderate to severe anxiety.

Table 82.  Phase II:Mood and emotion assessed by STAI tests (adult percentile) over 
time, by target site and visit

less than or 

equal to 10 11-89

greater than 

or equal to 90 Total

Group Category n % n % n % n %

Spielberg Trait-State Anxiety Inventory (STAI) state anxiety (adult percentile)

GPi Baseline 6 4.1 118 80.3 23 15.7 147 100.0

(6.8% missing) 6-month1 15 10.5 103 70 29 19.5 147 100.0

(13.6% missing) 24-month2 15 10.4 116 78.8 16 10.8 147 100.0

STN Baseline 6 4.5 96 69.8 35 25.7 137 100.0

(10.9% missing) 6-month1 14 10.1 95 69.1 28 20.9 137 100.0

(19.0% missing) 24-month2 5 3.7 102 74.3 30 22.0 137 100.0

Table 82.  Phase II:Mood and emotion assessed by STAI tests (adult percentile) over 
time, by target site and visit

less than or 

equal to 10 11-89

greater than 

or equal to 90 Total

Group Category n % n % n % n %

STAI trait anxiety (adult percentile)

GPi Baseline 5 3.4 117 79.6 25 17.0 147 100.0

(6.8% missing) 6-month3 13 9 102 69.4 32 21.6 147 100.0

(13.6% missing) 24-month4 8 5.5 104 70.8 35 23.7 147 100.0

STN Baseline 4 2.9 87 63.7 46 33.4 137 100.0

(10.9% missing) 6-month3 7 5.4 93 67.9 37 26.7 137 100.0

(20.4% missing) 24-month4 4 2.8 92 66.9 41 30.3 137 100.0

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus.
1 STAI state anxiety GPi vs. STN at 6 months (multiple imputation group term p=0.866)
2 STAI state anxiety GPi vs. STN at 24 months (multiple imputation group term p=0.010)
3 STAI trait anxiety GPi vs. STN at 6 months (multiple imputation group term p=0.968)
4 STAI trait anxiety GPi vs. STN at 24 months (multiple imputation group term p=0.798)

Note: Lower values as compared with baseline indicate improvement. This outcome was completed while the subject was On 

medications.

Additional information: The change from baseline to 6 and 24 months is not statistically signifi cant for the GPi or STN target 

sites.

Table 83 provides the results of the sensitivity analyses.

Table 83.  Phase II: sensitivity analyses for STAI mood and emotion
less than or 

equal to 10 11-89

greater than or 

equal to 90 Total

Group Category n % n % n % n

Completers

STAI state anxiety (adult percentile)

GPi
 

Baseline 6 4.1 118 80.3 23 15.7 147

6-month1 14 10.2 96 70.1 27 19.7 137

24-month2 13 10.2 100 78.7 14 11.0 127

STN
 

Baseline 6 4.6 92 69.7 34 25.8 132

6-month1 12 9.8 84 68.9 26 21.3 122

24-month2 4 3.6 82 73.9 25 22.5 111

STAI trait anxiety (adult percentile)

GPi
 

Baseline 5 3.4 117 79.6 25 17 147

6-month3 12 8.8 95 69.3 30 21.9 137

24-month4 7 5.5 89 70.1 31 24.4 127

STN
 

Baseline 4 3 84 63.6 44 33.3 132

6-month3 6 4.9 83 68.0 33 27.1 122

24-month4 3 2.8 74 67.9 32 29.4 109

Worst-case

STAI state anxiety (adult percentile)

GPi
 

Baseline 6 4.1 118 80.3 23 15.7 147

6-month5 14 9.5 96 65.3 37 25.2 147

24-month6 13 8.8 100 68 34 23.1 147

STN
 

Baseline 11 8.0 92 67.2 34 24.8 137

6-month5 12 8.8 84 61.3 41 29.9 137

24-month6 4 2.9 82 59.9 51 37.2 137

STAI trait anxiety (adult percentile)

GPi
 

Baseline 5 3.4 117 79.6 25 17.0 147

6-month7 12 8.2 95 64.6 40 27.2 147

24-month8 7 4.8 89 60.5 51 34.7 147
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Table 83.  Phase II: sensitivity analyses for STAI mood and emotion
less than or 

equal to 10 11-89

greater than or 

equal to 90 Total

Group Category n % n % n % n

STN
 

Baseline 9 6.6 84 61.3 44 32.1 137

6-month7 6 4.4 83 60.6 48 35.0 137

24-month8 3 2.2 74 54.0 60 43.8 137

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus.
1 GPi vs. STN at 6 months (chi-square p=0.949)
2 GPi vs. STN at 24 months (chi-square p=0.014)
3 GPi vs. STN at 6 months (chi-square p=0.352)
4 GPi vs. STN at 24 months (chi-square p=0.442)
5 GPi vs. STN at 6 months (chi-square p=0.668)
6 GPi vs. STN at 24 months (chi-square p=0.008)
7 GPi vs. STN at 6 months (chi-square p=0.203)
8 GPi vs. STN at 24 months (chi-square p=0.186)

Note: Lower values as compared with baseline indicate improvement. This outcome was completed while the subject was On 

medications.

 Medication use
For Phase II, the defi nition of levodopa equivalent dose of 100 mg of 

levodopa equals the following:

• 133 mg controlled-released levodopa

• 10 mg bromocriptine, or

• 1 mg pergolide, or

• 3 mg ropinirole, or

• 1 mg pramipexole

The levodopa equivalent dose (LED) was statistically signifi cantly 

reduced from baseline at all follow-up visits to 24 months for both 

target sites.

The diff erence between target sites in the change from baseline for 

the LED was statistically signifi cantly reduced more for the STN group 

than the GPi group by approximately 150-200 mg (Table 84).

The percent reduction of the average LED from baseline at 12 months 

was 18.1% for the GPi and 35.3% for the STN and for 24 months was 

16.7% for the GPi and 33.6% for the STN.

Table 84.  Phase II: Comparison of levodopa equivalent dose over time by 
target site (Intent-to-treat, 24-month data set, multiple 
imputation)

GPi (n=147) STN (n=137) GPi vs 

STN 

p-valueTime

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Levodopa equivalent dose (mg)

Baseline 147 1354.7 534.5 137 1302.2 566.9  

3 Month 147 1135.1 465.4 137 920.2 523.2  

3 Month – BL
147

(4.8%)
-219.6

 (-16.2%)
447.1

137
(10.2%)

-382.1
(-29.3%)

562.2 0.004

6 Month 147 1086.2 552.9 137 863.3 476.6  

6 Month – BL
147

(4.1%)
-268.5

(-19.8%)
528.6

137
(7.3%)

-438.9
(-33.7%)

618.4 0.008

12 Month 147 1110.0 573.8 137 843.0 595.4  

12 Month – BL
147

(8.2%)
-244.6

(-18.1%)
658.5

137
(14.6%)

-459.2
(-35.3%)

652.5 0.002

18 Month 147 1093.2 539.1 137 867.1 643.4  

18 Month – BL 
147

(10.2%)
-261.5
(-19.3)

593.9
137

(16.1%)
-435.1

(-33.4%)
687.0 0.019

Table 84.  Phase II: Comparison of levodopa equivalent dose over time by 
target site (Intent-to-treat, 24-month data set, multiple 
imputation)

GPi (n=147) STN (n=137) GPi vs 

STN 

p-valueTime

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

24 Month 147 1128.7 667.0 137 864.9 710.2  

24 Month – BL 
147

(7.5%)
-226.0

(-16.7%)
638.4

137
(15.3%)

-437.3
(-33.6%)

725.3 0.007

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate reduction in medication. Levodopa equivalent 

dose represents the subject’s medication use.

Statistical test associated with p-value: Analysis of variance using multiple imputation; target site eff ect p-value.

Table 85 provides the results of the sensitivity analyses.

Table 85.  Phase II: sensitivity analyses for Medication Use 

GPi (n=147) STN (n=137) GPi vs 

STN 

p-valueTime n

Mean

(% chg) Std n

Mean

(% chg) Std

Levodopa equivalent dose (mg)

Completers

3 Month - BL 140
-224.6

(-16.6%)
430.1 123

-383.4
(-29.4%)

506.1 0.006

6 Month – BL 141
-266.2

(-19.6%)
509.0 127

-430.1
(-33.0%)

548.3 0.012

12 Month – BL 135
-250.7

(-18.5%)
536.5 117

-465.9
(-35.8%)

607.8 0.003

18 Month – BL 132
-271.2

(-20.0%)
558.7 115

-433.1
(-33.3%)

635.4 0.034

24 Month - BL 136
-237.1

(-17.5%)
551.9 116

-433.9
(-33.3%)

684.7 0.012

Worst-case

3 Month - BL 147
-144.0

(-10.6%)
558.6 137

-207.8
(-16.0%)

737.4 0.410

6 Month – BL 147
-129.8
(-9.6%)

832.6 137
-313.0

(-24.0%)
690.6 0.045

12 Month – BL 147
9.8

(0.7%)
1024.0 137

-201.5
(-15.5%)

872.8 0.063

18 Month – BL 147
-102.9
(-7.6%)

735.5 137
-153.8

(-11.8%)
882.0 0.597

24 Month - BL 147
-100.1
(-7.4%)

724.6 137
0.4

(0.0%)
1217.1 0.395

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Std=standard deviation; chg=change; BL=baseline.  

Note: Lower values (negative change) as compared with baseline indicate reduction in medication. Levodopa equivalent 

dose represents the subject’s medication use.

Statistical test associated with p-value: Analysis of variance using multiple imputation; target site eff ect p-value.

 Adverse events overview

 Brief summary of adverse events: Intent-to-treat 

(24-month data set)

Table 86 presents an overview of adverse events (AEs) in the Intent-to-

treat (24-month) data set.

GPi group—As described in Table 86 , in the 152 GPi subjects, there 

were 3404 adverse events reported in 98.7% of the subjects (150/152). 

On average, there were 22.7 adverse events per subject who reported 

an adverse event.



Medtronic DBS Therapy for Parkinson’s Disease and Essential Tremor

56      English  Clinical Summary 2015-11-01

In these subjects, there were 157 serious adverse events reported in 

51.0% (77/152) of the subjects randomized. On average, there were 2 

SAEs per subject who reported a serious adverse event. Within the 157 

serious adverse events, 17 were implant site infections in 12 unique 

subjects resulting in a rate of 7.9% (12/152). Of the 157 serious adverse 

events, 154 were resolved and 3 were unable to be resolved (subjects 

withdrew consent).

STN group —Also described in Table 86, in the 147 STN subjects, there 

were 3489 adverse events reported in 98.6% of the subjects (145/147). 

On average, there were 21.1 adverse events per subject who reported 

an adverse event.

In these subjects, a serious adverse event was reported in 56.5% 

(83/147) of the subjects randomized. There were 178 serious adverse 

events in 83 subjects for an average of 2.1 serious adverse events per 

subject who reported a serious adverse event. Within the 178 serious 

adverse events, 14 were implant site infections in 11 unique subjects 

resulting in a rate of 7.5% (11/147). In the STN group, all of the 178 

serious adverse events resolved.

A total of 38 subjects withdrew or were terminated after 

randomization to a DBS target site. The reasons were due to death 

(n=13), consent withdrawal (n=11), withdrawal due to medical 

conditions (n=11), and other (n=3).

Table 86. Brief overview of adverse events (Intent-to-treat, 24-month data set)

Adverse events Serious adverse events

Target site

No. of 

subjects

No. of 

events

Unique 

subjects 

with 

event(s)1

No. of 

subjects

No. of 

events

Unique 

subjects 

with 

events1

GPi 152 3404 150 (98.7%) 152 157 77 (51.0%)

STN 147 3489 145 (98.6%) 147 178 83 (56.5%)

1Unique subjects is the number of subjects experiencing an event (eg, 150 subjects in the GPi group experienced 3404 

events).

 Brief summary of adverse events: Safety (36-month data set)

Table 87 presents an overview of adverse events (AEs) in the Safety 

(36-month) data set. Note that the Safety (36-month) data set includes 

a total of 187 subjects (GPi, n = 104; STN, n = 83). Even though the 

follow-up time is longer, the sample size is 187 subjects as compared 

with 299 subjects in the Intent-to-treat (24-month) data set.

GPi group—An adverse event was reported in 100% of the GPi 

subjects (104/104). There were 2857 adverse events in 104 unique 

subjects. On average, there were 27.5 adverse events per subject who 

reported an adverse event.

A serious adverse event was reported in 52% of the subjects 

randomized to GPi (54/104). There were 118 serious adverse events in 

54 subjects with an average of 2.2 serious adverse events per subject 

who reported a serious adverse event. Within the 118 serious adverse 

events, 10 were implant infections in 5 unique subjects. The study 

population implant site infection incidence rate was 4.8% (5/104). All 

serious adverse events were resolved.

STN group—An adverse event was reported in 100% of the STN 

subjects (83/83). There were 2596 adverse events in 83 unique 

subjects. On average, there were 31.3 adverse events per subject who 

reported an adverse event.

A serious adverse event was reported in 55% of the subjects 

randomized to STN (46/83). There were 110 serious adverse events in 

46 subjects with an average of 2.4 serious adverse events per subject 

who reported a serious adverse event. Within the 110 serious adverse 

events, 10 were implant infections in 8 unique subjects. The study 

population implant site infection incidence rate is 9.6% (8/83). All 

serious adverse events were resolved. 

Table 87. Brief overview of adverse events (Safety, 36-month data set)

Adverse events Serious adverse events

Target site

No. of 

subjects

No. of 

events

Unique 

subjects 

with 

event(s)1

No. of 

subjects

No. of 

events

Unique 

subjects 

with events1

GPi 104 2857 104 104 118 54

STN 83 2596 83 83 110 46

1Unique subjects is the number of subjects experiencing an event (eg, 104 subjects in the GPi group experienced 2857 

events).

Table 88 displays the number of serious adverse events relatedness 

category.

Table 88.  Serious adverse events by relatedness category
 (Intent-to-treat, 24-month data set; Safety, 36-month data set)

Intent-to-treat, 24-month data set

Relatedness

GPi (n=157 SAEs) STN (n=178 SAEs)

Causality1 Not Possible Probable Not Possible Probable

Study device 140 8 9 162 10 6

PD medication therapy 132 21 4 146 18 14

Stimulator therapy 142 11 4 156 15 7

PD progression 123 29 5 132 35 11

DBS surgical procedure 102 21 34 131 20 27

Safety, 36-month data set

Relatedness

GPi (n=118 SAEs) STN (n=110 SAEs)

Causality1 Not Possible Probable Not Possible Probable

Study device 102 6 10 100 6 4

PD medication therapy 100 15 3 94 9 7

Stimulator therapy 107 7 4 102 6 2

PD progression 92 20 6 81 22 6

DBS surgical procedure 85 10 23 85 9 16

Abbreviations: PD=Parkinson’s disease, GPi=globus pallidus interna, SAE=serious adverse event, STN=subthalamic 

nucleus.
1 More than 1 causality was allowed.

Table 89 displays the number of serious adverse events by the time 

elapsed from surgery.
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Table 89.  Timing of serious adverse events relative to DBS surgery (Intent-to-treat, 
24-month data set; Safety, 36-month data set)

Time elapsed 

from surgery

No. of 

events

Unique no. 

of subjects1 Frequency2

No. of 

events

Unique no. 

of subjects1 Frequency2

Intent-to-treat, 24-month data set

GPi (n=152 subjects) STN (n=147 subjects)

≤ 30 days 34 34 22.4% 42 42 28.6%

> 30 days 119 113 74.3% 123 114 77.6%

Safety, 36-month data set

GPi (n=104 subjects) STN (n=83 subjects)

≤ 30 days 19 19 18.3% 25 25 30.1%

> 30 days 98 92 88.5% 83 76 91.6%

Abbreviations: GPi=globus pallidus interna, STN=subthalamic nucleus.
1 Unique subjects is the number of subjects experiencing an event within time period, eg, in the ITT, 24-month data set, 113 

subjects in the GPi group experienced 119 events more than 30 days after implant surgery.
2 Frequency is unique number of subjects with serious adverse event divided by number of randomized subjects (eg, in the 

ITT, 24-month data set: GPi, 152; STN, 147).

 Signifi cant adverse events

Death

There were a total of 16 deaths reported since DBS randomization. Of 

the 16 deaths reported, 13 deaths occurred before 24 months and 3 

deaths occurred after 24 months. 

Causes of death for the 13 subjects included: sepsis (3), aspiration 

pneumonia (2), and 1 subject for each of the following: complications 

related to Parkinson’s disease, cerebral haemorrhage, cancer related, 

arteriosclerosis, pneumonia, drug toxicity, head injury, and suicide. 

There were 3 deaths after the 24-month follow-up: 1 each of 

complications related to severe Parkinson’s disease, heart disease, 

and cardiorespiratory arrest.

Intracranial hemorrhage

Eight SAEs (5 GPi, 3 STN) were reported in 8 subjects (5 GPi, 3 STN, 

8/299=2.7%, 95% confi dence interval of [1.2%, 5.2%]) after DBS 

randomization which could be associated with an intracranial 

hemorrhage (Table 90). These rates are comparable between the 2 

target sites. 

Two of the 8 SAEs were considered by investigator assessment to be 

possibly (1) or probably (1) related to the DBS systems for a rate of 

0.3% (1/299) to 0.7% (2/299). 

Table 90.  Assessment of device-relatedness for preferred terms of cerebral 
haemorrhage, haemorrhage intracranial, intraventricular haemorrhage, 
and cerebral haematoma (Intent-to-treat, 24-month data set and Safety, 
36-month data set)

Device relatedness

GPi (n=5 SAEs) STN (n=3 SAEs)

Preferred term Not Possibly Probably Not Possibly Probably

Cerebral 
haemorrhage

0 0 1 1 1 0

Haemorrhage 
intracranial

3 0 0 0 0 0

Intraventricular 
haemorrhage

0 0 0 1 0 0

Cerebral 
haematoma

1 0 0 0 0 0

 Device-related infections

A total of 31 SAEs (17 GPi, 14 STN) reported in 23 subjects (12 GPi, 11 

STN, 23/299=7.7%) were coded to implant site infection during the 

study; relatedness to the study device is shown in Table 91. These rates 

are comparable between the 2 target sites.

Based on investigator assessment there were 20 events in 14 subjects 

that were deemed possibly or probably related to the study device 

with no diff erence between GPi and STN which would correspond to 

a serious device-related infection rate of at most 4.7% (14/299).

Table 91.   Implant site infection (Intent-to-treat, 24-month data set and Safety, 
36-month data set)

Device relatedness

GPi (n=17 SAEs) STN (n=14 SAEs)

Preferred term Not Possibly Probably Not Possibly Probably

Implant site 
infection

6 5 6 5 6 3

 Display of adverse events (overall presentation of safety data)
The reported adverse events represent many of the typical fl uctuating 

symptoms of advanced Parkinson’s disease.

Specifi cally, falls were present in 67% of the subjects at baseline and 

these were the most frequently reported adverse events in 68% and 

83% (based on the respective safety cohorts of 24 and 36 months). 

This event was also one of the most frequent SAEs, occurring in 6% 

and 7.5% of the 2 respective safety cohorts.

Freezing phenomenon, gait disturbance, and dyskinesia were all 

reported frequently.

Table 92 provides a side-by-side summary of most frequently 

reported (greater than or equal to 5.0%) adverse events seen in the 

Intent-to-treat (24-month) data set and the Safety (36-month) data 

set, by preferred term. The adverse events for the 24 and 36-month 

cohorts are reported from enrollment through the respective 

follow-up period.

Table 92.  Most frequent adverse events (greater than or equal to 5.0% for either target 
site), by preferred term for 2 data sets (Intent-to-treat, 24-month data set 
and Safety, 36-month data set)

Intent-to-treat, 24-month data set 

 N = 299 subjects

Safety, 36-month data set

N = 187 subjects

Preferred term Total

Unique 

subjects1 Frequency2 Total

Unique 

subjects1 Frequency2

Fall 355 203 67.9% 300 155 82.9%

Depression 195 149 49.8% 161 112 59.9%

Speech 
disorder

193 148 49.5% 154 110 58.8%

Freezing 
phenomenon

206 145 48.5% 170 109 58.3%

Gait 
disturbance

192 141 47.2% 164 109 58.3%

Dyskinesia 202 138 46.2% 175 106 56.7%

Dysphagia 169 137 45.8% 138 108 57.8%
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Table 92.  Most frequent adverse events (greater than or equal to 5.0% for either target 
site), by preferred term for 2 data sets (Intent-to-treat, 24-month data set 
and Safety, 36-month data set)

Intent-to-treat, 24-month data set 

 N = 299 subjects

Safety, 36-month data set

N = 187 subjects

Preferred term Total

Unique 

subjects1 Frequency2 Total

Unique 

subjects1 Frequency2

Balance 
disorder

167 129 43.1% 142 105 56.2%

Dystonia 174 128 42.8% 162 103 55.1%

Confusional 
state

177 127 42.5% 141 85 45.5%

Headache 143 122 40.8% 104 83 44.4%

Tremor 162 112 37.5% 148 94 50.3%

Motor 
dysfunction

154 109 36.5% 139 87 46.5%

Drooling 122 107 35.8% 95 84 44.9%

Bradykinesia 155 104 34.8% 136 86 46.0%

Constipation 123 104 34.8% 103 82 43.9%

Musculo-
skeletal 
stiff ness

157 103 34.5% 118 74 39.6%

Pain 140 93 31.1% 118 70 37.4%

Muscle rigidity 135 91 30.4% 108 67 35.8%

Orthostatic 
hypotension

124 86 28.8% 99 65 34.8%

Insomnia 87 75 25.1% 65 58 31.0%

Akinesia 90 63 21.1% 79 53 28.3%

Incision site 
pain

64 61 20.4% 46 42 22.5%

Hyperhidrosis 81 59 19.7% 74 49 26.2%

Anxiety 61 53 17.7% 40 32 17.1%

Procedural pain 73 51 17.1% 49 30 16.0%

Fatigue 60 50 16.7% 43 36 19.3%

Back pain 47 46 15.4% 34 34 18.2%

Nausea 51 46 15.4% 35 31 16.6%

Hallucination 51 42 14.1% 42 32 17.1%

Hypertension 46 39 13.0% 34 28 15.0%

Urinary tract 
infection

57 38 12.7% 23 19 10.2%

Sexual 
dysfunction

37 36 12.0% 41 36 19.3%

Somnolence 39 36 12.0% 34 31 16.6%

Memory 
impairment

38 36 12.0% 30 29 15.5%

Dyspnoea 33 32 10.7% 22 22 11.8%

Arthralgia 36 32 10.7% 25 21 11.2%

Oedema 
peripheral

31 30 10.0% 25 24 12.8%

Abnormal 
dreams

28 26 8.7% 26 23 12.3%

Musculo-
skeletal pain

27 26 8.7% 24 23 12.3%

Cough 26 25 8.4% 22 21 11.2%

Implant site 
infection

34 25 8.4% 21 14 7.5%

Table 92.  Most frequent adverse events (greater than or equal to 5.0% for either target 
site), by preferred term for 2 data sets (Intent-to-treat, 24-month data set 
and Safety, 36-month data set)

Intent-to-treat, 24-month data set 

 N = 299 subjects

Safety, 36-month data set

N = 187 subjects

Preferred term Total

Unique 

subjects1 Frequency2 Total

Unique 

subjects1 Frequency2

Agitation 25 24 8.0% 10 10 5.4%

Pollakiuria 24 23 7.7% 21 19 10.2%

Urinary 
incontinence

24 23 7.7% 14 13 7.0%

Gastro-
esophageal 
refl ux disease

25 22 7.4% 22 19 10.2%

Rash 23 22 7.4% 15 15 8.0%

Pneumo-
cephalus

22 22 7.4% 11 11 5.9%

Dizziness 22 21 7.0% 20 19 10.2%

Muscle spasms 24 21 7.0% 20 18 9.6%

Chest pain 22 21 7.0% 16 15 8.0%

Restless legs 
syndrome

23 21 7.0% 15 15 8.0%

Incision site 
complication

23 20 6.7% 15 14 7.5%

Poor quality 
sleep

23 20 6.7% 13 11 5.9%

Blood pressure 
increased

30 20 6.7% 20 10 5.4%

Visual 
disturbance

19 19 6.4% 17 17 9.1%

Hypotension 23 19 6.4% 16 14 7.5%

Pneumonia 20 19 6.4% 14 12 6.4%

Upper 
respiratory tract 
infection

24 19 6.4% 2 2 1.1%

Pain in 
extremity

20 18 6.0% 19 17 9.1%

Paraesthesia 17 17 5.7% 13 13 7.0%

Hypoaesthesia 18 17 5.7% 11 11 5.9%

Adverse drug 
reaction

26 17 5.7% 17 9 4.8%

Asthenia 18 16 5.4% 14 13 7.0%

Anaemia 21 16 5.4% 8 6 3.2%

Medical device 
discomfort

16 16 5.4% 9 9 4.8%

Dysgraphia 16 16 5.4% 9 4.8%

Bronchitis 16 15 5.0% 15 14 7.5%

Dysuria 16 15 5.0% 13 13 7.0%

Neck pain 15 15 5.0% 12 12 6.4%

Medical device 
complication

16 15 5.0% 11 11 5.9%

Rapid eye 
movements 
sleep abnormal

15 15 5.0% 12 11 5.9%

Procedural 
complication

15 14 5.0% 9 9 4.8%

Vomiting 14 14 4.7% 12 12 6.4%
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Table 92.  Most frequent adverse events (greater than or equal to 5.0% for either target 
site), by preferred term for 2 data sets (Intent-to-treat, 24-month data set 
and Safety, 36-month data set)

Intent-to-treat, 24-month data set 

 N = 299 subjects

Safety, 36-month data set

N = 187 subjects

Preferred term Total

Unique 

subjects1 Frequency2 Total

Unique 

subjects1 Frequency2

Weight 
decreased

10 10 3.3% 10 10 5.4%

Erectile 
dysfunction

12 12 4.0% 12 12 6.4%

Weight 
increased

14 14 4.7% 14 14 7.5%

Cellulitis 12 11 3.7% 11 11 5.9%

Cognitive 
disorder

13 13 4.4% 11 11 5.9%

Benign 
prostatic 
hyperplasia

14 13 4.4% 10 10 5.4%

Grand total 6893 Adverse events 5453 Adverse events

1 Unique subjects is the number of subjects experiencing an event.
2 Frequency is unique number of subjects with adverse event divided by number of subjects in cohort.

Table 93 provides a summary of serious adverse events seen in the 

Intent-to-treat (24-month) data set by target site sorted by system 

organ class and preferred term. Table 94 provides a summary of 

serious adverse events seen in the Safety (36-month) data set by 

target site sorted by system organ class and preferred term.

The 24-month cohort included 7 device complication SAEs reported 

as: 1 device failure and 6 medical device complication SAEs (5 of 

which were due to lead migration) (see Table 93).  The 36-month 

cohort included 6 device complication SAEs reported as: 4 device 

failures (3 of which were due to battery expiration and routine 

replacement), and 2 medical device complications (see Table 94).

Table 93.  Serious adverse events by system organ class and preferred term by target 
site (Intent-to-treat, 24-month data set)

GPi (n=152) STN (n=147)

System organ class

Preferred term

GPi

total

GPi

unique 

subjects1

GPi

frequency 

(%)2

STN

total

STN

unique 

subjects1

STN

frequency 

(%)2

Blood and lymphatic system disorders

Anaemia 1 1 0.7 2 1 0.7

Cardiac disorders

Angina pectoris 1 1 0.7 0 0 0.0

Angina unstable 0 0 0.0 1 1 0.7

Atrial fi brillation 1 1 0.7 1 1 0.7

Atrioventricular block 
complete

1 1 0.7 0 0 0.0

Cardiac failure congestive 0 0 0.0 3 2 1.4

Coronary artery disease 1 1 0.7 3 3 2.0

Coronary artery occlusion 0 0 0.0 1 1 0.7

Coronary artery restenosis 0 0 0.0 1 1 0.7

Myocardial infarction 2 1 0.7 1 1 0.7

Palpitations 1 1 0.7 0 0 0.0

Sick sinus syndrome 0 0 0.0 1 1 0.7

Table 93.  Serious adverse events by system organ class and preferred term by target 
site (Intent-to-treat, 24-month data set)

GPi (n=152) STN (n=147)

System organ class

Preferred term

GPi

total

GPi

unique 

subjects1

GPi

frequency 

(%)2

STN

total

STN

unique 

subjects1

STN

frequency 

(%)2

Eye disorders

Retinal detachment 1 1 0.7 0 0 0.0

Gastrointestinal disorders

Appendicitis perforated 1 1 0.7 0 0 0.0

Constipation 0 0 0.0 1 1 0.7

Gastric polyps 1 1 0.7 0 0 0.0

Gastroduodenitis 1 1 0.7 0 0 0.0

Gastrointestinal disorder 0 0 0.0 1 1 0.7

Gastrooesophageal refl ux 
disease

2 2 1.3 2 2 1.4

Hiatus hernia 1 1 0.7 0 0 0.0

Inguinal hernia 2 2 1.3 2 2 1.4

Intestinal obstruction 0 0 0.0 1 1 0.7

Intestinal perforation 1 1 0.7 0 0 0.0

Oesophageal spasm 0 0 0.0 1 1 0.7

Oesophagitis 1 1 0.7 0 0 0.0

Rectal haemorrhage 1 1 0.7 0 0 0.0

Small intestinal 
obstruction

1 1 0.7 0 0 0.0

General disorders and administration site conditions

Adverse drug reaction 2 2 1.3 2 2 1.4

Chest discomfort 1 1 0.7 0 0 0.0

Chest pain 1 1 0.7 2 2 1.4

Fatigue 0 0 0.0 1 1 0.7

Gait disturbance 1 1 0.7 0 0 0.0

Implant site erosion 2 2 1.3 1 1 0.7

Implant site reaction 1 1 0.7 0 0 0.0

Mechanical complication 
of implant

0 0 0.0 1 1 0.7

Oedema peripheral 1 1 0.7 0 0 0.0

Pyrexia 1 1 0.7 0 0 0.0

Hepatobiliary disorders

Cholelithiasis 0 0 0.0 1 1 0.7

Immune system disorders

Drug hypersensitivity 1 1 0.7 2 2 1.4

Infections and infestations

Cellulitis 1 1 0.7 0 0 0.0

Clostridium diffi  cile colitis 1 1 0.7 0 0 0.0

Clostridium diffi  cile sepsis 1 1 0.7 0 0 0.0

Diverticulitis 1 1 0.7 0 0 0.0

Implant site infection 17 12 7.9 14 11 7.5

Localized infection 0 0 0.0 1 1 0.7

Orchitis 1 1 0.7 0 0 0.0

Pneumonia 8 8 5.3 4 4 2.7

Pyelonephritis 1 1 0.7 0 0 0.0

Sepsis 0 0 0.0 2 2 1.4

Sialoadenitis 1 1 0.7 0 0 0.0
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Table 93.  Serious adverse events by system organ class and preferred term by target 
site (Intent-to-treat, 24-month data set)

GPi (n=152) STN (n=147)

System organ class

Preferred term

GPi

total

GPi

unique 

subjects1

GPi

frequency 

(%)2

STN

total

STN

unique 

subjects1

STN

frequency 

(%)2

Tooth abscess 1 1 0.7 0 0 0.0

Urinary tract infection 1 1 0.7 1 1 0.7

Urosepsis 1 1 0.7 1 1 0.7

Viral infection 2 2 1.3 0 0 0.0

Injury, poisoning and procedural complications

Ankle fracture 0 0 0.0 1 1 0.7

Burns third degree 0 0 0.0 1 1 0.7

Cartilage injury 0 0 0.0 1 1 0.7

Complication of device 
removal

0 0 0.0 1 1 0.7

Deep vein thrombosis 
postoperative

0 0 0.0 1 1 0.7

Device electrical fi nding 0 0 0.0 1 1 0.7

Device failure 1 1 0.7 0 0 0.0

Device migration 1 1 0.7 0 0 0.0

Drug toxicity 0 0 0.0 2 2 1.4

Fall 5 5 3.3 16 13 8.8

Head injury 0 0 0.0 1 1 0.7

Medical device 
complication

2 2 1.3 5 4 2.7

Medical device discomfort 1 1 0.7 0 0 0.0

Meniscus lesion 2 2 1.3 0 0 0.0

Mental status changes 
postoperative

1 1 0.7 0 0 0.0

Procedural complication 1 1 0.7 2 2 1.4

Road traffi  c accident 0 0 0.0 4 3 2.0

Subdural haematoma 1 1 0.7 0 0 0.0

Urethral injury 1 1 0.7 0 0 0.0

Wound 0 0 0.0 1 1 0.7

Wound dehiscence 0 0 0.0 1 1 0.7

Investigations

Biopsy bone 0 0 0.0 1 1 0.7

Haemoglobin decreased 0 0 0.0 1 1 0.7

Medical observation 1 1 0.7 0 0 0.0

Metabolism and nutrition disorders

Dehydration 1 1 0.7 1 1 0.7

Diabetic ketoacidosis 0 0 0.0 1 1 0.7

Hyperkalaemia 1 1 0.7 0 0 0.0

Hypovolaemia 1 1 0.7 0 0 0.0

Malnutrition 0 0 0.0 2 1 0.7

Musculoskeletal and connective tissue disorders

Arthritis 1 1 0.7 0 0 0.0

Lumbar spinal stenosis 4 3 2.0 2 2 1.4

Mobility decreased 0 0 0.0 1 1 0.7

Musculoskeletal chest 
pain

0 0 0.0 1 1 0.7

Osteoarthritis 3 3 2.0 2 2 1.4

Table 93.  Serious adverse events by system organ class and preferred term by target 
site (Intent-to-treat, 24-month data set)

GPi (n=152) STN (n=147)

System organ class

Preferred term

GPi

total

GPi

unique 

subjects1

GPi

frequency 

(%)2

STN

total

STN

unique 

subjects1

STN

frequency 

(%)2

Rotator cuff  syndrome 0 0 0.0 1 1 0.7

Neoplasms benign, malignant and unspecifi ed 

(incl cysts and polyps)

Breast cancer 2 1 0.7 1 1 0.7

Glioma 0 0 0.0 1 1 0.7

Lung neoplasm malignant 0 0 0.0 1 1 0.7

Prostate cancer 0 0 0.0 1 1 0.7

Prostate cancer metastatic 0 0 0.0 1 1 0.7

Nervous system disorders

Balance disorder 1 1 0.7 0 0 0.0

Cerebral haematoma 1 1 0.7 0 0 0.0

Cerebral haemorrhage 1 1 0.7 2 2 1.4

Cerebrovascular accident 0 0 0.0 3 3 2.0

Cognitive disorder 0 0 0.0 1 1 0.7

Convulsion 1 1 0.7 3 2 1.4

Dizziness 1 1 0.7 0 0 0.0

Dyskinesia 1 1 0.7 3 3 2.0

Grand mal convulsion 2 2 1.3 1 1 0.7

Haemorrhage intracranial 3 3 2.0 0 0 0.0

Headache 1 1 0.7 0 0 0.0

Intraventricular 
haemorrhage

0 0 0.0 1 1 0.7

Lethargy 0 0 0.0 1 1 0.7

Metabolic 
encephalopathy

1 1 0.7 0 0 0.0

Motor dysfunction 1 1 0.7 0 0 0.0

Neuropathy peripheral 0 0 0.0 1 1 0.7

Parkinson’s disease 0 0 0.0 1 1 0.7

Reversible ischaemic 
neurological defi cit

0 0 0.0 1 1 0.7

Somnolence 0 0 0.0 1 1 0.7

Syncope 1 1 0.7 4 4 2.7

Syncope vasovagal 1 1 0.7 0 0 0.0

Transient ischaemic attack 1 1 0.7 1 1 0.7

Tremor 1 1 0.7 0 0 0.0

Psychiatric disorders

Abnormal behavior 1 1 0.7 1 1 0.7

Agitation 0 0 0.0 2 2 1.4

Anxiety 0 0 0.0 2 2 1.4

Confusional state 2 2 1.3 5 5 3.4

Delirium 1 1 0.7 0 0 0.0

Delusion 1 1 0.7 1 1 0.7

Delusional disorder, 
persecutory type

1 1 0.7 0 0 0.0

Depression 4 4 2.6 1 1 0.7

Depression suicidal 2 2 1.3 1 1 0.7

Hallucination 1 1 0.7 1 1 0.7
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Table 93.  Serious adverse events by system organ class and preferred term by target 
site (Intent-to-treat, 24-month data set)

GPi (n=152) STN (n=147)

System organ class

Preferred term

GPi

total

GPi

unique 

subjects1

GPi

frequency 

(%)2

STN

total

STN

unique 

subjects1

STN

frequency 

(%)2

Major depression 1 1 0.7 1 1 0.7

Mental status changes 4 4 2.6 2 1 0.7

Perseveration 0 0 0.0 1 1 0.7

Post-traumatic stress 
disorder

1 1 0.7 0 0 0.0

Psychotic disorder 1 1 0.7 2 2 1.4

Suicidal ideation 0 0 0.0 1 1 0.7

Suicide attempt 0 0 0.0 2 2 1.4

Renal and urinary disorders

Urethral stenosis 1 1 0.7 0 0 0.0

Reproductive system and breast disorders

Benign prostatic 
hyperplasia

1 1 0.7 0 0 0.0

Erectile dysfunction 0 0 0.0 1 1 0.7

Rectocele 0 0 0.0 1 1 0.7

Sexual dysfunction 0 0 0.0 1 1 0.7

Respiratory, thoracic and mediastinal disorders

Asthma 0 0 0.0 2 1 0.7

Dyspnoea 1 1 0.7 0 0 0.0

Hypoxia 0 0 0.0 1 1 0.7

Mediastinal haemorrhage 1 1 0.7 0 0 0.0

Pleuritic pain 0 0 0.0 1 1 0.7

Pneumonia aspiration 2 2 1.3 1 1 0.7

Skin and subcutaneous tissue disorders

Decubitis ulcer 1 1 0.7 0 0 0.0

Rash 1 1 0.7 0 0 0.0

Scar pain 1 1 0.7 0 0 0.0

Social circumstances

Activities of daily living 
impaired

0 0 0.0 1 1 0.7

Homeless 1 1 0.7 0 0 0.0

Treatment 
noncompliance

1 1 0.7 2 2 1.4

Surgical and medical procedures

Bladder catheter removal 0 0 0.0 1 1 0.7

Bone graft 0 0 0.0 1 1 0.7

Cardiac pacemaker 
insertion

1 1 0.7 0 0 0.0

Debridement 1 1 0.7 0 0 0.0

Hip arthroplasty 1 1 0.7 0 0 0.0

Rotator cuff  repair 1 1 0.7 0 0 0.0

Self-medication 0 0 0.0 1 1 0.7

Vascular disorders

Aortic stenosis 1 1 0.7 0 0 0.0

Arteriosclerosis 0 0 0.0 1 1 0.7

Deep vein thrombosis 0 0 0.0 1 1 0.7

Haematoma 0 0 0.0 1 1 0.7

Table 93.  Serious adverse events by system organ class and preferred term by target 
site (Intent-to-treat, 24-month data set)

GPi (n=152) STN (n=147)

System organ class

Preferred term

GPi

total

GPi

unique 

subjects1

GPi

frequency 

(%)2

STN

total

STN

unique 

subjects1

STN

frequency 

(%)2

Hypotension 1 1 0.7 0 0 0.0

Labile blood pressure 1 1 0.7 1 1 0.7

Labile hypertension 0 0 0.0 1 1 0.7

Orthostatic hypotension 2 2 1.3 1 1 0.7

Grand Total 157 77 51.0% 178 83 56.5%

Abbreviations: GPi=globus pallidus interna, PT=preferred term; SOC=System Organ Class; STN=subthalamic nucleus.
1 Unique subjects is the number of subjects experiencing an event, eg, for the event of anaemia, 1 subject in the STN group 

experienced 2 events.
2 Frequency is unique number of subjects with adverse event divided by number of randomized subjects (GPi, 152; STN, 

147).

Table 94.  Serious adverse events by system organ class and preferred term by target 
site (Safety, 36-month data set)

GPi (n=104) STN (n=83)

System organ class

Preferred term

GPi

total

GPi

unique 

subjects1

GPi

frequency 

(%)2

STN

total

STN

unique 

subjects1

STN

frequency 

(%)2

Cardiac disorders

Atrial fi brillation 1 1 1.0% 1 1 1.2%

Cardiac failure congestive 0 0 0.0% 3 2 2.4%

Cardio-respiratory arrest 1 1 1.0% 0 0 0.0%

Coronary artery disease 0 0 0.0% 1 1 1.2%

Coronary artery occlusion 0 0 0.0% 1 1 1.2%

Hypertensive heart 
disease

0 0 0.0% 1 1 1.2%

Myocardial infarction 0 0 0.0% 1 1 1.2%

Eye disorders

Retinal detachment 1 1 1.0% 0 0 0.0%

Gastrointestinal disorders

Appendicitis perforated 1 1 1.0% 0 0 0.0%

Faecaloma 0 0 0.0% 1 1 1.2%

Gastroduodenitis 1 1 1.0% 0 0 0.0%

Gastrointestinal disorder 0 0 0.0% 1 1 1.2%

Gastrooesophageal refl ux 
disease

1 1 1.0% 2 2 2.4%

Hiatus hernia 1 1 1.0% 0 0 0.0%

Inguinal hernia 2 2 1.9% 2 2 2.4%

Intestinal obstruction 0 0 0.0% 1 1 1.2%

Oesophagitis 1 1 1.0% 0 0 0.0%

Pancreatitis 1 1 1.0% 0 0 0.0%

Rectal haemorrhage 1 1 1.0% 0 0 0.0%

Small intestinal 
obstruction

1 1 1.0% 0 0 0.0%

General disorders and administration site conditions

Adverse drug reaction 2 2 1.9% 0 0 0.0%

Chest discomfort 1 1 1.0% 0 0 0.0%

Chest pain 1 1 1.0% 1 1 1.2%

Fatigue 0 0 0.0% 1 1 1.2%

Implant site erosion 1 1 1.0% 1 1 1.2%
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Table 94.  Serious adverse events by system organ class and preferred term by target 
site (Safety, 36-month data set)

GPi (n=104) STN (n=83)

System organ class

Preferred term

GPi

total

GPi

unique 

subjects1

GPi

frequency 

(%)2

STN

total

STN

unique 

subjects1

STN

frequency 

(%)2

Implant site reaction 1 1 1.0% 0 0 0.0%

Mechanical complication 
of implant

0 0 0.0% 1 1 1.2%

Oedema peripheral 1 1 1.0% 0 0 0.0%

Pyrexia 1 1 1.0% 0 0 0.0%

Hepatobiliary disorders

Cholelithiasis 0 0 0.0% 1 1 1.2%

Immune system disorders

Drug hypersensitivity 0 0 0.0% 1 1 1.2%

Infections and infestations

Abscess limb 0 0 0.0% 1 1 1.2%

Acute sinusitis 1 1 1.0% 0 0 0.0%

Cellulitis 2 2 1.9% 0 0 0.0%

Gastroenteritis 0 0 0.0% 1 1 1.2%

Implant site infection 10 5 4.8% 10 8 9.6%

Infl uenza 1 1 1.0% 0 0 0.0%

Localised infection 0 0 0.0% 1 1 1.2%

Orchitis 1 1 1.0% 0 0 0.0%

Pneumonia 5 4 3.8% 3 3 3.6%

Scrotal infection 1 1 1.0% 0 0 0.0%

Sepsis 0 0 0.0% 1 1 1.2%

Sialoadenitis 1 1 1.0% 0 0 0.0%

Urinary tract infection 2 2 1.9% 2 2 2.4%

Viral infection 1 1 1.0% 0 0 0.0%

Injury, poisoning and procedural complications

Accident at home 1 1 1.0% 0 0 0.0%

Accidental overdose 1 1 1.0% 0 0 0.0%

Complication of device 
removal

0 0 0.0% 1 1 1.2%

Device failure 4 4 3.8% 0 0 0.0%

Device migration 1 1 1.0% 0 0 0.0%

Fall 7 7 6.7% 10 7 8.4%

Head injury 0 0 0.0% 1 1 1.2%

Medical device 
complication

2 2 1.9% 0 0 0.0%

Medical device discomfort 1 1 1.0% 0 0 0.0%

Procedural complication 0 0 0.0% 1 1 1.2%

Road traffi  c accident 1 1 1.0% 3 2 2.4%

Subdural haematoma 1 1 1.0% 0 0 0.0%

Urethral injury 1 1 1.0% 0 0 0.0%

Wound 0 0 0.0% 1 1 1.2%

Wound dehiscence 0 0 0.0% 1 1 1.2%

Investigations

Blood sodium decreased 1 1 1.0% 0 0 0.0%

Haemoglobin decreased 0 0 0.0% 1 1 1.2%

Heart rate decreased 1 1 1.0% 0 0 0.0%

Table 94.  Serious adverse events by system organ class and preferred term by target 
site (Safety, 36-month data set)

GPi (n=104) STN (n=83)

System organ class

Preferred term

GPi

total

GPi

unique 

subjects1

GPi

frequency 

(%)2

STN

total

STN

unique 

subjects1

STN

frequency 

(%)2

Medical observation 1 1 1.0% 0 0 0.0%

Metabolism and nutrition disorders

Diabetic ketoacidosis 0 0 0.0% 1 1 1.2%

Hyperkalaemia 1 1 1.0% 0 0 0.0%

Malnutrition 0 0 0.0% 3 1 1.2%

Musculoskeletal and connective tissue disorders

Arthritis 1 1 1.0% 0 0 0.0%

Lumbar spinal stenosis 2 2 1.9% 0 0 0.0%

Mobility decreased 0 0 0.0% 1 1 1.2%

Musculoskeletal chest 
pain

0 0 0.0% 1 1 1.2%

Osteoarthritis 3 3 2.9% 2 2 2.4%

Rotator cuff  syndrome 0 0 0.0% 1 1 1.2%

Neoplasms benign, malignant and unspecifi ed 

(incl cysts and polyps)

Prostate cancer 0 0 0.0% 1 1 1.2%

Nervous system disorders

Balance disorder 1 1 1.0% 0 0 0.0%

Cerebral haematoma 1 1 1.0% 0 0 0.0%

Cerebrovascular accident 0 0 0.0% 1 1 1.2%

Dyskinesia 1 1 1.0% 3 3 3.6%

Grand mal convulsion 2 2 1.9% 1 1 1.2%

Haemorrhage intracranial 1 1 1.0% 0 0 0.0%

Intraventricular 
haemorrhage

0 0 0.0% 1 1 1.2%

Lethargy 0 0 0.0% 1 1 1.2%

Motor dysfunction 1 1 1.0% 0 0 0.0%

Parkinson’s disease 1 1 1.0% 1 1 1.2%

Reversible ischaemic 
neurological defi cit

0 0 0.0% 1 1 1.2%

Sciatica 0 0 0.0% 1 1 1.2%

Somnolence 0 0 0.0% 1 1 1.2%

Syncope 1 1 1.0% 4 4 4.8%

Syncope vasovagal 1 1 1.0% 0 0 0.0%

Transient ischaemic attack 1 1 1.0% 1 1 1.2%

Tremor 1 1 1.0% 0 0 0.0%

Psychiatric disorders

Abnormal behavior 2 1 1.0% 1 1 1.2%

Anxiety 0 0 0.0% 1 1 1.2%

Confusional state 2 2 1.9% 3 3 3.6%

Delirium 1 1 1.0% 0 0 0.0%

Delusion 1 1 1.0% 0 0 0.0%

Delusional disorder, 
persecutory type

1 1 1.0% 0 0 0.0%

Depression 2 2 1.9% 1 1 1.2%

Depression suicidal 1 1 1.0% 0 0 0.0%

Hallucination 1 1 1.0% 1 1 1.2%
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Table 94.  Serious adverse events by system organ class and preferred term by target 
site (Safety, 36-month data set)

GPi (n=104) STN (n=83)

System organ class

Preferred term

GPi

total

GPi

unique 

subjects1

GPi

frequency 

(%)2

STN

total

STN

unique 

subjects1

STN

frequency 

(%)2

Major depression 1 1 1.0% 0 0 0.0%

Mental status changes 2 2 1.9% 1 1 1.2%

Perseveration 0 0 0.0% 1 1 1.2%

Psychotic disorder 0 0 0.0% 2 2 2.4%

Suicide attempt 0 0 0.0% 2 2 2.4%

Renal and urinary disorders

Calculus ureteric 1 1 1.0% 0 0 0.0%

Urethral stenosis 1 1 1.0% 0 0 0.0%

Reproductive system and breast disorders

Benign prostatic 
hyperplasia

1 1 1.0% 0 0 0.0%

Epididymitis 1 1 1.0% 0 0 0.0%

Rectocele 0 0 0.0% 1 1 1.2%

Respiratory, thoracic and mediastinal disorders

Asthma 0 0 0.0% 2 1 1.2%

Chronic obstructive 
pulmonary disease

0 0 0.0% 1 1 1.2%

Dyspnoea 1 1 1.0% 0 0 0.0%

Pneumonia aspiration 0 0 0.0% 1 1 1.2%

Skin and subcutaneous tissue disorders

Rash 1 1 1.0% 0 0 0.0%

Scar pain 1 1 1.0% 0 0 0.0%

Social circumstances

Homeless 1 1 1.0% 0 0 0.0%

Treatment 
noncompliance

0 0 0.0% 2 2 2.4%

Surgical and medical procedures

Bone graft 0 0 0.0% 1 1 1.2%

Debridement 1 1 1.0% 0 0 0.0%

Hospitalisation 1 1 1.0% 0 0 0.0%

Knee arthroplasty 1 1 1.0% 0 0 0.0%

Self-medication 0 0 0.0% 1 1 1.2%

Spinal laminectomy 1 1 1.0% 1 1 1.2% 

Vascular disorders

Deep vein thrombosis 0 0 0.0% 1 1 1.2%

Hypotension 2 2 1.9% 0 0 0.0%

Labile blood pressure 1 1 1.0% 0 0 0.0%

Orthostatic hypotension 1 1 1.0% 1 1 1.2%

Grand Total 118 54 51.9% 110 46 55.4%

Abbreviations: GPi=globus pallidus interna, PT=preferred term; SOC=System Organ Class; STN=subthalamic nucleus.
1 Unique subjects is the number of subjects experiencing an event, eg, for the event of Cardiac failure congestive, 2 subjects 

in the STN group experienced 3 events.
2 Frequency is unique number of subjects with adverse event divided by number of subjects in group (GPi, 104; STN, 83).

 Phase II subgroup comparisons

 Age < 70 group versus ≥ 70 group at 24 months

A comparison was conducted on the outcomes of the < 70 group as 

compared with the ≥ 70 group at 24 months. In general, the ≥ 70 

group were able to realize a benefi t over baseline, but the benefi ts 

were not as great as those experienced in the < 70 group. Although 

there were several statistically signifi cant diff erences in the secondary 

outcomes favoring the < 70 group, results did not generally diff er for 

the younger as compared with the older groups on most measures 

(Table 95).

Table 95.  Phase II: Age <70 vs. Age ≥ 70 (intent-to-treat, multiple imputation)

Study Measure

(24-month – baseline)

< 70 ≥ 70

p-valuen

Mean

change Std n

Mean

change Std

Negative change is improvement

UPDRS III On stim/Off med, 
blinded 221 -14.2 13.4 63 -9.8 15.0 0.068

UPDRS III On stim/Off med, 
unblinded 221 -15.9 13.0 63 -11.5 13.9 0.032

UPDRS II- Activities of Daily 
living 221 -3.8 6.3 63 -1.6 6.9 0.031

UPDRS I 221 0.3 2.0 63 0.8 2.2 0.092

UPDRS IV 221 -4.4 3.5 63 -3.9 3.6 0.372

Timed stand-walk-sit test 
(On stim/Off med) 221 -7.4 16.4 63 -7.7 15.8 0.908

Motor diary-“On” time with 
troublesome dyskinesias 221 -3.2 3.6 63 -2.6 3.8 0.249

Motor diary- “Off” time 221 -2.9 3.9 63 -2.9 4.1 0.995

PDQ-39, single index 107 -7.0 11.8 30 -0.9 14.3 0.002

PDQ-39, stigma 221 -13.8 22.6 63 -8.2 27.4 0.129

PDQ-39, activities of daily 
living 221 -15.3 20.9 63 -7.8 22.1 0.029

PDQ-39, bodily discomfort 221 -9.4 20.2 63 -1.5 20.8 0.017

PDQ-39, mobility 221 -13.2 22.8 63 -0.8 26.6 0.001

PDQ-39, emotional 
well-being 221 -5.1 17.4 63 2.8 23.0 0.008

PDQ-39, social support 221 0.5 18.9 63 1.6 19.9 0.713

PDQ-39, cognition 221 -2.0 17.3 63 0.9 16.8 0.290

PDQ-39, communication 221 3.8 21.1 63 6.5 21.7 0.401

Neuropsych- Mattis 
dementia total score 221 -2.0 6.1 63 -8.0 14.5 <.0001

Neuropsych-BDI 221 0.2 6.8 63 0.1 7.3 0.925

Levodopa equivalent dose 221 -363.8 679.3 63 -159.5 1484.2 0.037

Positive change is improvement

Schwab and England 
(Off med) 221 17.3 22.9 63 11.6 24.0 0.091

Schwab and England 
(On med) 221 2.9 14.4 63 -11.7 17.7 <.0001

Motor diary- “On” time 
without troublesome 
dyskinesias

221 5.2 4.5 63 4.7 5.4 0.529

Motor diary- Asleep time 221 0.9 2.2 63 0.8 2.4 0.817

Neuropsych-WAIS-III 
processing speed index 221 -3.7 9.8 63 -7.3 10.0 0.020
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Table 95.  Phase II: Age <70 vs. Age ≥ 70 (intent-to-treat, multiple imputation)

Study Measure

(24-month – baseline)

< 70 ≥ 70

p-valuen

Mean

change Std n

Mean

change Std

Neuropsych-WAIS-III 
working memory index 221 -4.0 8.7 63 -7.3 7.8 0.036

Neuropsych-BNT 221 0.0 2.5 63 -1.2 4.4 0.012

Neuropsych-BDAE complex 221 -0.2 1.3 63 -0.2 1.3 0.798

Neuropsych-FAS 221 -4.9 9.4 63 -9.4 10.7 0.005

Neuropsych-Category 
fluency (animal) 221 -5.8 12.0 63 -7.4 14.7 0.438

Neuropsych-HVLT
 Total score 221 -1.3 10.6 63 -3.0 9.2 0.289

Neuropsych-HVLT 
delayed recall 221 0.1 13.2 63 -3.1 11.6 0.105

Neuropsych-BVMT 
delayed recall 221 -2.6 12.1 63 -4.1 14.5 0.470

Neuropsych-BVMT total 221 -1.2 11.7 63 -4.1 11.0 0.118

Neuropsych-WCST 
perseverative responses 221 -0.8 12.6 63 -6.1 16.2 0.011

Neuropsych-Stroop 
interference 221 -0.7 9.0 63 -0.4 8.8 0.846

Neuropsych-WAIS III 
similarities 221 -0.9 3.4 63 -1.5 4.1 0.303

Neuropsych-clock drawing 221 -0.4 1.8 63 -0.4 2.3 0.903

Abbreviations: Std=standard deviation.

Note: Medication use (Off /On) is noted in the fi rst column of the table in the label if applicable.

Statistical test associated with p-value: Analysis of variance using multiple imputation; age category p-value.

 36-month effi  cacy analyses
The study was designed to follow subjects for a minimum of 2 years 

following DBS surgery and up to 3 years (or until the last subject 

reached the 2-year follow-up visit) resulting in a signifi cant number of 

subjects with data through 3 years of follow-up. The 3-year follow-up 

was one of the requirements for the post-approval study. 

The modifi ed-ITT cohort is defi ned as the 195 subjects who 

consented to be followed to the 36-month follow-up and who 

consented to release their data to Medtronic. The ITT cohort is defi ned 

as all randomized subjects (n=284), the same as in Table 13. 

In general, the 36-month effi  cacy results support the 24-month 

effi  cacy data in demonstrating a reduction from baseline and no 

measurable diff erence between targets.  However, some of the 

36-month results do show lesser benefi t as compared to the 

24-month results. 

The 36-month results are presented in the following order:

• UPDRS III

• Motor diary

• PDQ-39

• Schwab and England

• UPDRS I

• UPDRS II

• UPDRS IV

• Timed Stand-Walk-Sit test

• Neuropsychological tests

• Medication use

The percent change (% chg) shown in these tables is the average 

change as a percentage of baseline.

UPDRS III

As shown in Table 96 the reported change in UPDRS III (On stim/Off  

med, blinded and unblinded) was not measurably diff erent between 

target sites. However, the On stim/On med blinded and unblinded 

scores showed a decline from baseline for the STN target and no 

diff erence for the GPi target.

Table 97 provides the results of the sensitivity analyses.

Table 96.  36-month comparisons of UPDRS III by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

UPDRS III 
(On stim/ 
 Off med,
 blinded)

Baseline 106 41.3 12.6 89 42.4 14.2

36 Month 106 27.5 12.6 89 29.8 13.0

36 Month - BL 106 -13.8 13.9 89 -12.6 13.7

(20.8%) (-33.5%)  (27.0%) (-29.7%)  

UPDRS III 
(On stim/ 
 Off med,
 unblinded)

Baseline 106 43.5 12.3 89 43.6 14.2

36 Month 106 28.6 11.8 89 30 11.9

36 Month - BL 106 -14.9 12.7 89 -13.7 13.2

(21.7%) (-34.3%)  (29.2%) (-31.3%)  

UPDRS III 
(On stim/ 
 On med,
 blinded)

Baseline 106 21.6 11.3 89 22.1 12

36 Month 106 20.6 9.9 89 24.4 11.5

36 Month - BL 106 -1.0 11.2 89 2.4 12

(23.6%) (-4.5%)  (31.5%) (10.7%)  

UPDRS III 
(On stim/ 
 On med,
 unblinded)

Baseline 106 22.3 10.4 89 22.4 11.1

36 Month 106 22.6 10.1 89 25.3 11.1

36 Month - BL 106 0.4 9.4 89 2.9 10.5

(20.8%) (1.6%)  (29.2%) (13.1%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement. Medications were withdrawn (Off ) 

for this test.

Table 97.  36-month UPDRS III sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

UPDRS III (On stim/Off  med, blinded)  

Completers 36 Month - BL 84
-13.8

(-33.3%)
14 65

-12.7
(-30.0%)

12.7

Worst-case 
modified-ITT 36 Month - BL 106

-8.2
(-19.9%)

17.6 89
-0.2

(-0.4%)
25.3

ITT multiple  
imputation 36 Month - BL

147
(42.9%)

-14.5
(-34.8%) 

13.8
137

(52.6%)
-13.2

 (-31.0%)
14.0

Worst-case ITT 36 Month - BL 147
-2.1

(-5.0%)
19.4 137

11.8
(27.9%)

 28.1

UPDRS III (On stim/Off  med, unblinded)  

Completers 36 Month - BL 83
-14.5

(-33.4%)
12.7 63

-13.8
(-31.6%)

12.7
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Table 97.  36-month UPDRS III sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Worst-case 
modified-ITT 36 Month - BL 106

-7.4
(-16.9%)

18.6 89
0.2

(0.4%)
25.8

ITT multiple  
imputation 36 Month - BL

147
(43.5%)

-14.9
 (-34.1%)

12.6
137

(54.0%)
-14

 (-32.0%)
13.5

Worst-case ITT 36 Month - BL 147
0.0

(0.0%)
20.9 137

12.1
(27.8%)

28.1

UPDRS III (On stim/On med, blinded)  

Completers 36 Month - BL 81
-0.9

(-4.1%)
11.2 61

2.3
(10.5%)

11.1

Worst-case 
modified-ITT 36 Month - BL 106

4.6
(21.1%)

14.9 89
10.2

(46.1%)
17.6

ITT multiple  
imputation 36 Month - BL

147
(44.9%)

-1.4
 (-6.5%)

11.5
137

(55.5%)
2.8

 (12.9%)
11.6

Worst-case ITT 36 Month - BL 147
9.3

(41.8%)
16.1 137

16.7
(77.1%)

18

UPDRS III (On stim/On med, unblinded)  

Completers 36 Month - BL 84
0.5

(2.5%)
9.4 63

3.0
(13.2%)

10.2

Worst-case 
modified-ITT 36 Month - BL 106

6.6
(29.7%)

15.2 89
11.3

(51.0%)
17.7

ITT multiple  
imputation 36 Month - BL

147
(42.9%)

-0.2
 (-0.9%)

9.7
137

(54.0%)
2.9

 (13.1%)
10.2

Worst-case ITT 36 Month - BL 147
13.0

(56.6%)
17.5 137

18.8
(86.3%)

18.5

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  Medications were withdrawn (Off ) 

for this test.

Motor diary

As shown in Table 98 and the sensitivity analyses in Table 99, the 

reported change from baseline to 36 months in the motor diary 

measures were not signifi cantly diff erent between target sites. Using 

multiple imputation, the “On” time without troublesome dyskinesias 

and “On” time with troublesome dyskinesias measures favor the GPi 

target site and “Off ” time and Asleep time favor the STN target site.

Table 98.  36-month motor diary comparisons by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Motor diary- “On” 
time without 
troublesome
 dyskinesias
(hours per day)

Baseline 106 6.2 2.9 89 7.0 3.4

36 Month 106 11.2 4.4 89 11.1 4.4

36 Month - BL 106 5.0 4.9 89 4.1 5.5

(19.8%) (79.6%)  (25.8%) (58.2%)  

Motor diary- “On” 
time with 
troublesome 
dyskinesias
(hours per day)

Baseline 106 4.5 3.4 89 4.3 3.2

36 Month 106 1.2 2.5 89 1.2 2.5

36 Month - BL 106 -3.3 4.0 89 -3 3.3

(19.8%) (-74.0%)  (25.8%) (-71.4%)  

Motor diary- 
“Off” time
(hours per day)

Baseline 106 5.9 2.6 89 5.6 2.6

36 Month 106 3.1 3.3 89 2.6 3.3

36 Month - BL 106 -2.8 4.0 89 -2.9 4.0

(19.8%) (-48.1%)  (25.8%) (-52.9%)  

Table 98.  36-month motor diary comparisons by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Motor diary- Asleep 
time (hours per day)

Baseline 106 7.3 1.7 89 7.1 2.1

36 Month 106 8.2 2.3 89 8.5 2

36 Month - BL 106 0.9 2.6 89 1.4 2.2

(19.8%) (12.5%)  (25.8%) (19.7%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Higher values (positive change) as compared with baseline indicate improvement.  Subjects were taking their regular 

medication regimen during the recording of these data.

Table 99.  36-month motor diary sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Motor diary- “On” time without troublesome dyskinesias (hours per day)

Completers 36 Month - BL 85
4.7

(74.7%)
4.9 66

4.3
(61.2%)

5.4

Worst-case 
modified-ITT 36 Month - BL 106

2.8
(45.4%)

5.8 89
1.2

(17.5%)
7.2

ITT multiple  
imputation 36 Month - BL

147
(42.2%)

4.9
(76.0%) 

5.0
137

(51.8%)
4.3

 (60.0%)
5.1

Worst-case ITT 36 Month - BL 147
0.1

(1.7%)
6.8 137

-1.8
(-24.6%)

7.2

Motor diary- "On" time with troublesome dyskinesias (hours per day)

Completers 36 Month - BL 85
-3.1

(-67.8%)
4.1 66

-3.3
(-76.3%)

3.3

Worst-case 
modified-ITT 36 Month - BL 106

-0.8
(-18.1%)

6.0 89
-0.4

(-9.4%)
5.8

ITT multiple  
imputation 36 Month - BL

147
(42.2%)

-3.3
 (-74.0%)

3.9
137

(51.8%)
-2.7

(-67.0%) 
3.3

Worst-case ITT 36 Month - BL 147
2.1

(48.2%)
7.2 137

2.4
(59.3%)

6.3

Motor diary- “Off ” time (hours per day)

Completers 36 Month - BL 85
-2.8

(-46.5%)
4.0 66

-2.7
(-48.2%)

4.1

Worst-case 
modified-ITT 36 Month - BL 106

0.2
(3.2%)

7.0 89
0.5

(9.2%)
6.6

ITT multiple  
imputation 36 Month - BL

147
(42.2%)

-2.7
 (-47.1%)

4.0
137

(51.8%)
-2.9

 (-51.0%)
3.9

Worst-case ITT 36 Month - BL 147
3.8

(65.5%)
8.4 137 (66.1%) 7.0

Motor diary- Asleep time (hours per day)

Completers 36 Month - BL 85
1.0

(13.4%)
2.7 66

1.3
(18.1%)

2.2

Worst-case 
modified-ITT 36 Month - BL 106

-0.7
(-9.8%)

4.2 89
0.2

(2.3%)
2.9

ITT multiple  
imputation 36 Month - BL

147
(42.2%)

0.9
 (11.8%)

2.6
137

(51.8%)
1.6

(22.1%) 
2.3

Worst-case ITT 36 Month - BL 147
-2.6

(-35.8%)
4.9 137

-1.1
(-15.6%)

3.1

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Higher values (positive change) as compared with baseline indicate improvement.  Subjects were taking their regular 

medication regimen during the recording of these data.
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PDQ-39

As shown in Table 100 there was an improvement in single index, 

stigma, ADLs, bodily discomfort, mobility, and emotional well-being.  

There was a decline in social support, cognition, and communication.

Table 100.  36-month comparisons of PDQ-39 by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

PDQ-39 Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Single index Baseline 106 41.4 13.5 89 47.6 12.5

36 Month 106 38.7 15.3 89 43.7 15.3

36 Month - BL 106 -2.8 14.3 89 -3.9 13

(23.6%) (-6.7%)  (31.5%) (-8.2%)  

Stigma Baseline 106 35.9 24.8 89 43.2 24.6

36 Month 106 27.9 24.3 89 32 25.3

36 Month - BL 106 -8.0 20.8 89 -11.2 23.6

(18.9%) (-22.3%) . (24.7%) (-25.9%) . 

Activities of daily 
living

Baseline 106 54.4 18.1 89 56.5 17.4

36 Month 106 42.7 22.2 89 49.3 21.9

36 Month - BL 106 -11.6 21.2 89 -7.2 23.2

(19.8%) (-21.4%) . (23.6%) (-12.8%) . 

Bodily discomfort Baseline 106 47.2 20.6 89 53.4 24.4

36 Month 106 42.4 22.4 89 43.3 25.2

36 Month - BL 106 -4.8 24.0 89 -10 23

(17.9%) (-10.1%) . (22.5%) (-18.8%) . 

Mobility Baseline 106 55 21.6 89 62.5 20.8

36 Month 106 50.6 26 89 57.5 26

36 Month - BL 106 -4.4 24.9 89 -5 25

% missing (18.9%) (-8.0%) . (23.6%) (-7.9%) . 

Emotional 
well-being

Baseline 106 35.2 18.8 89 40.6 19.5

36 Month 106 34.9 19.9 89 36.8 19.8

36 Month - BL 106 -0.4 19.1 89 -3.9 18.9

(17.9%) (-1.0%) . (25.8%) (-9.5%) . 

Social support Baseline 106 22.8 16.7 89 31.1 20.6

36 Month 106 28.2 19.8 89 30 19.5

36 Month - BL 106 5.4 22.5 89 -1.1 24.5

(18.9%) (23.6%) . (23.6%) (-3.4%) . 

Cognition Baseline 106 38.2 16.1 89 44.6 17.2

36 Month 106 39 18.4 89 45.9 18.6

36 Month - BL 106 0.8 18.9 89 1.3 19

(17.9%) (2.0%) . (24.7%) (2.9%) . 

Communication
 

Baseline 106 42.7 19.7 89 49.2 17.8

36 Month 106 46.6 20.7 89 59.2 21.2

36 Month - BL 106 3.9 23.1 89 10 23.9

(19.8%) (9.2%) . (25.8%) (20.4%) . 

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.

Table 101 provides the results of the sensitivity analyses.

Table 101. 36-month PDQ-39 sensitivity analyses
GPi STN

PDQ-39 Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

Single index 36 Month - BL 81
-2.3

(-5.6%)
14.5 61

-4.1
(-8.6%)

12.1

Stigma 36 Month - BL 86
-8.1

(-22.5%)
20.6 67

-11.1
(-25.7%)

24.4

Activities of daily 
living 36 Month - BL 85

-11.2
(-20.6%)

20.9 68
-7.2

(-12.7%)
23.9

Bodily discomfort 36 Month - BL 87
-4.9

(-10.4%)
23.8 69

-8.7
(-16.3%)

22.4

Mobility 36 Month - BL 86
-3.4

(-6.2%)
24.7 68

-4.0
(-6.5%)

25

Emotional 
well-being 36 Month - BL 87

-0.7
(-2.0%)

19.3 66
-4.2

(-10.4%)
19.1

Social support 36 Month - BL 86
5.2

(22.9%)
22.8 68

-1.5
(-4.7%)

24.7

Cognition 36 Month - BL 87
0.6

(1.5%)
18.9 67

1.9
(4.2%)

19

Communication 36 Month - BL 85
5.5

(12.9%)
22.8 66

8.7
(17.7%)

24.5

Worst-case modifi ed-ITT

Single index 36 Month - BL 106
5.4

(13.0%)
19.9 89

5.8
(12.1%)

19.1

Stigma 36 Month - BL 106
4.9

(13.8%)
34.8 89

5.8
(13.3%)

37.8

Activities of daily 
living 36 Month - BL 106

-1.0
(-1.9%)

29.2 89
3.7

(6.6%)
29.4

Bodily discomfort 36 Month - BL 106
5.3

(11.3%)
32.0 89

2.7
(5.1%)

30.8

Mobility 36 Month - BL 106
4.1

(7.4%)
29.0 89

4.6
(7.4%)

28.5

Emotional 
well-being 36 Month - BL 106

10.4
(29.6%)

30.5 89
10.8

(26.5%)
32.1

Social support 36 Month - BL 106
14.3

(62.5%)
28.2 89

11.8
(38.1%)

33.6

Cognition 36 Month - BL 106
10.7

(28.1%)
28.5 89

13.0
(29.1%)

27.0

Communication 36 Month - BL 106
12.4

(29.1%)
26.1 89

21.3
(43.2%)

30.8

ITT multiple imputation

Single index 36 Month - BL
147

(44.9%)
-3.3

 (-7.9%)
13.9

137
(55.5%)

-4.0
 (-8.5%)

13

Stigma 36 Month - BL
147

(41.5%)
-9.8

 (-25.5%)
21.4

137
(51.1%)

-9.6
(-22.7%) 

22.9

Activities of daily 
living 36 Month - BL

147
(42.2%)

-12.1
 (-22.0%)

21.9
137

(50.4%)
-6.6

(-12.0%)
22.9

Bodily discomfort 36 Month - BL
147

(40.8%)
-5.3

 (-11.0%)
23.2

137
(49.6%)

-10.0
 (-18.8%)

22.6

Mobility 36 Month - BL
147

(41.5%)
-5.0

 (-8.8%)
24.9

137
(50.4%)

-4.3
 (-6.9%)

24.5

Emotional 
well-being 36 Month - BL

147
(40.8%)

-1.5
(-4.0%) 

18.8
137

(51.8%)
-3.1

 (-7.6%)
18.7
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Table 101. 36-month PDQ-39 sensitivity analyses
GPi STN

PDQ-39 Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Social support 36 Month - BL
147

(41.5%)
4.4

(18.6%) 
23.2

137
(50.4%)

0.0
 (-0.1%)

24.1

Cognition 36 Month - BL
147

(40.8%)
-0.2

 (-0.6%)
19.3

137
(51.1%)

1.8
 (4.1%)

19.0

Communication 36 Month - BL
147

(42.2%)
3.1

 (7.0%)
23.3

137
(51.8%)

12.6
 (26.5%)

24.0

Worst-case ITT

Single index 36 Month - BL 147
12.6

(30.6%)
22.4 137

14.5
(31.6%)

21.3

Stigma 36 Month - BL 147
19.0

(50.2%)
39.7 137

25.4
(61.3%)

43.3

Activities of daily 
living 36 Month - BL 147

11.7
(21.4%)

33.9 137
17.4

(31.5%)
32.2

Bodily discomfort 36 Month - BL 147
18.1

(37.9%)
36.4 137

18.3
(34.4%)

35.1

Mobility 36 Month - BL 147
14.3

(25.5%)
32.3 137

17.2
(27.9%)

30.7

Emotional 
well-being 36 Month - BL 147

23.6
(65.4%)

35.0 137
24.9

(61.5%)
34.2

Social support 36 Month - BL 147
23.9

(100.5%)
30.1 137

27.6
(93.5%)

35.9

Cognition 36 Month - BL 147
21.9

(55.2%)
31.5 137

26.7
(61.4%)

30.3

Communication 36 Month - BL 147
20.9

(46.9%)
27.8 137

33.3
(70.3%)

31.9

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.

Schwab and England

As shown in Table 102, the reported changes from baseline to 36 

months in the Schwab and England score were not measurably 

diff erent between target sites. Both groups improved from baseline in 

the Off  med condition, but declined in the On med condition.  Table 

103 displays the results of the sensitivity analyses.

Table 102.  36-month comparisons of Schwab and England by target site (modifi ed 
intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Schwab and 
England-Off med

Baseline 106 50.9 20.0 89 49.2 18.7

36 Month 106 66.0 21.3 89 62.2 22.8

36 Month - BL 106 15.0 24.8 89 13.0 26.4

(17.0%) (29.5%)  (23.6%) (26.5%)  

Schwab and 
England-On med

Baseline 106 83.4 11.1 89 81.6 11.6

36 Month 106 80.9 16.3 89 77.8 19.1

36 Month - BL 106 -2.5 16.8 89 -3.8 19.9

(17.0%) (-3.0%) (27.0%) (-4.7%)

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Higher values (positive change) as compared with baseline indicate improvement.  Medication use (Off /On) is noted in 

the fi rst column of the table.

Table 103.  36-month Schwab and England sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Schwab and England-Off  med  

Completers 36 Month - BL 88
14.9

(29.2%)
24.8 68

12.4
(25.1%)

25.7

Worst-case 
modified-ITT 36 Month - BL 106

7.4
(14.4%)

29.4 89
1.1

(2.3%)
32

ITT multiple  
imputation 36 Month - BL

147
(40.1%)

14.6
 (28.7%)

25.6
137

(50.4%)
13.1

 (25.9%)
26.1

Worst-case ITT 36 Month - BL 147
-3.4

(-6.7%)
32.4 137

-14.5
(-28.5%)

35.7

Schwab and England-On med  

Completers 36 Month - BL 88
-3.5

(-4.2%)
16.1 65

-3.5
(-4.3%)

20.5

Worst-case 
modified-ITT 36 Month - BL 106

-9.1
(-10.9%)

20.1 89
-16.9

(-20.7%)
28.8

ITT multiple  
imputation 36 Month - BL

147
(40.1%)

-2.2
(-2.6%)

18.1
137

(52.6%)
-4.4

(-5.4%)
19.8

Worst-case ITT 36 Month - BL 147
-17.4

(-21.2%)
23.2 137

-29.9
(-36.2%)

29.9

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; Chg=change; Std=standard deviation; BL=baseline. 

Note: Higher values (positive change) as compared with baseline indicate improvement.  Medication use (Off /On) is noted in 

the fi rst column of the table.

UPDRS I

As shown in Table 104 and the sensitivity analyses in Table 105, the 

reported change from baseline to 36 months in the UPDRS I was not 

measurably diff erent between target sites and declined from baseline.

Table 104.  36-month comparisons of UPDRS I by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

UPDRS I Baseline 106 2.6 2.0 89 3.0 2.1

36 Month 106 3.1 2.3 89 3.4 2.1

36 Month - BL 106 0.5 2.3 89 0.5 2.4

(16.0%) (20.3%)  (22.5%) (15.2%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  This outcome was completed while 

the subject was On medications.

Table 105.  36-month UPDRS I sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

UPDRS I 36 Month - BL 89
0.5

(19.1%)
2.3 69

0.5
(16.6%)

2.4

Worst-case modifi ed-ITT

UPDRS I 36 Month - BL 106
1.8

(69.8%)
3.7 89

1.7
(57.6%)

3.3
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Table 105.  36-month UPDRS I sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

ITT multiple imputation

UPDRS I 36 Month - BL
147

(39.5%)
0.5

 (21.2%)
2.3

137
(49.6%)

0.5
 (15.7%)

2.4

Worst-case ITT

UPDRS I 36 Month - BL 147
3.8

(152.2%)
4.5 137

3.3
(114.1%)

3.6

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  This outcome was completed while 

the subject was On medications.

UPDRS II

As shown in Table 106 and the sensitivity analyses in Table 107, the 

reported change from baseline to 36 months in the UPDRS II ADL total 

score was not measurably diff erent between target sites.

Table 106.  36-month comparisons of UPDRS II total score and subscales by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

UPDRS II Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

II-Activities of 
Daily Living

Baseline 106 19.2 5.7 89 19.2 5.6

36 Month 106 17.3 6.3 89 18 6.7

36 Month - BL 106 -1.9 7.2 89 -1.2 7.0

(17.0%) (-9.7%)  (23.6%) (-6.3%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.

Table 107.  36-month UPDRS II sensitivity analyses
GPi STN

UPDRS II Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

II-Activities of Daily 
Living 36 Month - BL 88

-1.6
(-8.2%)

6.9 68
-0.7

(-3.8%)
6.9

Worst-case modifi ed-ITT

II-Activities of Daily 
Living 36 Month - BL 106

0.4
(2.3%)

8.2 89
2.6

(13.6%)
8.9

ITT multiple imputation

II-Activities of Daily 
Living 36 Month - BL

147
(40.1%)

-1.9
(-9.8%)

7.1
137

(50.4%)
-0.7

(-3.8%)
7.0

Worst-case ITT

II-Activities of Daily 
Living 36 Month - BL 147

3.9
(20.4%)

9.4 137
7.1

(37.7%)
10.2

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.

UPDRS IV

As shown in Table 108 and the sensitivity analyses in Table 109, the 

degree of reported improvement in the UPDRS IV scale was not 

measurably diff erent between target sites.

Table 108.  36-month comparisons of UPDRS IV by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

UPDRS IV
 
 
 

Baseline 106 8.9 2.9 89 9.1 3.1

36 Month 106 4.3 2.2 89 4.0 2.1

36 Month - BL 106 -4.6 3.3 89 -5.1 3.4

(34.9%) (-51.7%)  (39.3%) (-55.8%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  This outcome was completed while 

the subject was On medications.

Table 109. 36-month UPDRS IV sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

UPDRS IV 36 Month - BL 69
-4.7

(-53.2%)
3.5 54

-4.9
(-53.6%)

3.4

Worst-case modifi ed-ITT

UPDRS IV 36 Month - BL 106
-2.5

(-28.7%)
4.4 89

-2.3
(-25.7%)

4.5

ITT multiple imputation

UPDRS IV 36 Month - BL
147

(53.1%)
-4.6

(-51.9%)
3.4

137
(60.6%)

-5.0 
(-55.5%)

3.3

Worst-case ITT

UPDRS IV 36 Month - BL 147
-1.4

(-16.4%)
4.6 137

-0.7
(-8.2%)

4.6

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  This outcome was completed while 

the subject was On medications.

Timed Stand-Walk-Sit test

As shown in Table 110, the reported changes from baseline to 36 

months in the Timed Stand-Walk-Sit test were not measurably 

diff erent between target sites on all measures. Both groups improved 

from baseline in the Off  med condition, but declined in the On med 

condition.  Table 111 provides the results of the sensitivity analyses.

Table 110.  36-month comparisons of the Timed Stand-Walk-Sit test by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Timed 
stand-walk-sit test 
(On stim/Off med)
(seconds)

Baseline 106 27 15.3 89 28.6 16.6

36 Month 106 21.7 15.7 89 21.3 14.2

36 Month - BL 106 -5.3 14.2 89 -7.3 14.6

(41.5%) (-19.7%)  (50.6%) (-25.6%)  

Timed 
stand-walk-sit test 
(On stim/On med)
(seconds)

Baseline 106 17.6 12.7 89 17.6 8.8

36 Month 106 18.3 12.2 89 18.3 10.2

36 Month - BL 106 0.7 13.2 89 0.7 11.2

(25.5%) (4.0%)  (40.4%) (3.8%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  Medications were withdrawn (Off ) 

for this test.
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Table 111. 36-month Timed Stand-Walk-Sit test sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Timed stand-walk-sit test (On stim/Off  med) (seconds) 

Completers 36 Month - BL 62
-5.3

(-19.5%)
13.9 44

-7.9
(-28.3%)

14

Worst-case 
modified-ITT 36 Month - BL 106

20.6
(88.4%)

37.5 89
17.9

(73.3%)
31.3

ITT multiple  
imputation 36 Month - BL

147
(57.8%)

-4.9
(-17.9%)

14.4
137

(67.9%)
-7.5

(-27.3%)
13.5

Worst-case ITT 36 Month - BL 147
34.3

(146.8%)
40.2 137

30.3
(131.1%)

30.7

Timed stand-walk-sit test (On stim/On med) (seconds) 

Completers 36 Month - BL 79
1.4

(7.7%)
13.8 53

0.6
(3.3%)

11.3

Worst-case 
modified-ITT 36 Month - BL 106

16.7
(95.4%)

29.2 89
13.6

(78.1%)
18.7

ITT multiple  
imputation 36 Month - BL

147
(46.3%)

0.9
(4.9%)

13.2
137

(61.3%)
0.6

 (3.5%)
11.6

Worst-case ITT 36 Month - BL 147
29.3

(166.9%)
32.5 137

0.0079
(121.5%)

18.6

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  Medications were withdrawn (Off ) 

for this test.

Neuropsychological tests

The neuropsychological testing shown here consists of representative 

tests from the 6 domains of Overall Level of Cognitive Functioning, 

Attention/Processing Speed/Working Memory, Language, Learning 

and Memory, Reasoning and Executive Functioning, and Mood and 

Emotion. Both DBS groups experienced a decline from baseline on all 

domains except overall level of cognitive functioning.

As shown in Table 112 and the sensitivity analyses in Table 113, the 

reported changes from baseline to 36 months in the Overall Level of 

Cognitive Functioning domain were not measurably diff erent 

between target sites. 

As shown in Table 114 and the sensitivity analyses in Table 115, the 

reported changes from baseline to 36 months in Attention/

Processing Speed/Working Memory domain were not measurably 

diff erent between target sites. 

As shown in Table 116 and the sensitivity analyses in Table 117, the 

reported changes from baseline to 36 months in Language domain 

were not measurably diff erent between target sites. 

As shown in Table 118 and the sensitivity analyses in Table 119, the 

reported changes from baseline to 36 months in Learning and 

Memory domain were not measurably diff erent between target sites. 

As shown in Table 120 and the sensitivity analyses in Table 121, the 

reported changes from baseline to 36 months in Reasoning and 

Executive Function domain were not measurably diff erent between 

target sites. 

As shown in Table 122 and the sensitivity analyses in Table 123, the 

reported changes from baseline to 36 months in Mood and Emotion 

domain were not measurably diff erent between target sites.

Table 112.  36-month comparisons of the Overall Level of Cognitive Functioning by 
target site (modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Overall Level of 

Cognitive 

Functioning

Mattis dementia 
total score

Baseline 106 137.9 4.7 89 136.9 4.7

36 Month 106 135.0 9 89 130.8 12.6

36 Month - BL 106 -2.9 7.9 89 -6.1 10.4

(18.9%) (-2.1%)  (27.0%) (-4.4%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  This outcome was completed while 

the subject was On medications.

Table 113. 36-month Overall Level of Cognitive Functioning sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

Mattis dementia 
total score 36 Month - BL 86

-2.7
(-2.0%)

7.6 65
-6.1

(-4.5%)
10.8

Worst-case modifi ed-ITT

Mattis dementia 
total score 36 Month - BL 106

-1.0
(-0.7%)

7.8 89
-2.4

(-1.8%)
11.3

ITT multiple imputation

Mattis dementia 
total score 36 Month - BL

147
(41.5%)

-2.7
(-2.0%)

8.2
137

(52.6%)
-5.9

(-4.3%)
9.8

Worst-case ITT

Mattis dementia 
total score 36 Month - BL 147

1.2
(0.9%)

7.9 137
0.7

(0.5%)
10.7

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  This outcome was completed while 

the subject was On medications.

Table 114.  36-month comparisons of Attention/Processing Speed/Working Memory 
by target site (modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Attention/

Processing Speed/

Working Memory

WAIS-III Processing 
Speed Index

Baseline 106 92.9 14.3 89 90.0 14.0

36 Month 106 87.6 14.4 89 82.5 13.5

36 Month - BL 106 -5.3 9.8 89 -7.5 10.6

(21.7%) (-5.7%)  (30.3%) (-8.4%)

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline; 

WAIS: Weschler Adult Intelligence Scale. 

Note: Higher values (positive change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.
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Table 115.  36-month Attention/Processing Speed/Working Memory sensitivity 
analyses

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

WAIS-III Processing 
Speed Index 36 Month - BL 83

-5.7
(-6.1%)

9.9 62
-7.6

(-8.4%)
10.8

Worst-case modifi ed-ITT

WAIS-III Processing 
Speed Index 36 Month - BL 106

-11.0
(-11.7%)

14.8 89
-15.4

(-16.9%)
17.8

ITT multiple imputation

WAIS-III Processing 
Speed Index 36 Month - BL

147
(43.5%)

-5.2
 (-5.7%)

10.1
137

(54.7%)
-7.9

 (-8.7%)
10.5

Worst-case ITT

WAIS-III Processing 
Speed Index 36 Month - BL 147

-15.6
(-17.0%)

16 137
-21.4

(-23.3%)
18.6

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline; 

WAIS: Weschler Adult Intelligence Scale. 

Note: Higher values (positive change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.

Table 116.  36-month comparisons of Language by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Language

BDAE Complex
Baseline 106 11.4 1 89 11.1 1.4

36 Month 106 11.3 1.2 89 10.7 1.7

36 Month - BL 106 -0.1 1.1 89 -0.3 1.2

(20.8%) (-1.2%)  (30.3%) (-3.1%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline; 

BDAE=Boston Diagnostic Aphasia Exam. 

Note: Higher values (positive change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.

Table 117.  36-month Language sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

BDAE Complex 36 Month - BL 84
-0.2

(-1.4%)
1.1 62

-0.4
(-3.4%)

1.2

Worst-case modifi ed-ITT

BDAE Complex 36 Month - BL 106
-1.5

(-12.8%)
2.8 89

-3
(-27.0%)

4.2

ITT multiple imputation

BDAE Complex 36 Month - BL
147

(42.9%)
-0.1

 (-1.1%)
1.1

137
(54.7%)

-0.3
 (-2.8%)

1.2

Worst-case ITT

BDAE Complex 36 Month - BL 147
-2.7

(-24.1%)
3.2 137

-5.2
(-46.4%)

4.5

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline; 

BDAE=Boston Diagnostic Aphasia Exam. 

Note: Higher values (positive change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.

Table 118.  36-month comparisons of Learning and Memory by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Learning and 

memory

HVLT Total T-score

Baseline 106 41.1 10.8 89 38.5 11.5

36 Month 106 38.6 11.4 89 34.3 12.2

36 Month - BL 106 -2.5 11.3 89 -4.2 11.6

(19.8%) (-6.1%)  (29.2%) (-11.0%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline; 

HVLT: Hopkins Verbal Learning Test. 

Note: Higher values (positive change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.

Table 119. 36-month Learning and Memory sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

HVLT Total T-score 36 Month - BL 85
-2.7

(-6.5%)
11.3 63

-3.6
(-9.4%)

11.7

Worst-case modifi ed-ITT

HVLT Total T-score 36 Month - BL 106
-6.4

(-15.7%)
13.6 89

-10.0
(-25.3%)

15.3

ITT multiple imputation

HVLT Total T-score 36 Month - BL
147

(42.2%)
-2.7

(-6.7%)
11.2

137
(54.0%)

-4.3
(-11.2%)

11.8

Worst-case ITT

HVLT Total T-score 36 Month - BL 147
-10.3

(-25.4%)
14.1 137

-13.4
(-34.1%)

14.6

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline 

HVLT: Hopkins Verbal Learning Test. 

Note: Higher values (positive change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.

Table 120.  36-month comparisons of Reasoning and Executive Function by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Reasoning and 

Executive Function

WCST perseverative 
response

Baseline 106 46.2 13.6 89 45.2 10.4

36 Month 106 43.3 12.1 89 43.2 13.1

36 Month - BL 106 -2.9 14.9 89 -2.0 14.4

(23.6%) (-6.2%)  (30.3%) (-4.3%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline; 

WCST: Wisconsin Card Sorting Test. 

Note: Higher values (positive change) as compared with baseline indicate improvement.   This outcome was completed while 

the subject was On medications.

Table 121. 36-month Reasoning and Executive Function sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

WCST perseverative 
response 36 Month - BL 81

-3.6
(-7.9%)

14.7 62
-1.6

(-3.6%)
14.6

Worst-case modifi ed-ITT

WCST perseverative 
response 36 Month - BL 106

-8.8
(-19.0%)

17.5 89
-10.1

(-21.9%)
19.2
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Table 121. 36-month Reasoning and Executive Function sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

ITT multiple imputation

WCST perseverative 
response 36 Month - BL

147
(44.9%)

-2.3
(-5.1%)

15.0
137

(54.7%)
-0.4

(-0.9%)
15.0

Worst-case ITT

WCST perseverative 
response 36 Month - BL 147

-13.1
(-28.8%)

17.7 137
-15.6

(-34.2%)
19.1

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; BL=baseline; 

WCST: Wisconsin Card Sorting Test. 

Note: Higher values (positive change) as compared with baseline indicate improvement.  This outcome was completed while 

the subject was On medications.

Table 122.  36-month comparisons of Mood and Emotion by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Mood and 

emotion

Beck Depression 
Inventory total 
score

Baseline 106 10.0 8.2 89 11.1 7.8

36 Month 106 10.3 7.8 89 11.8 8.1

36 Month - BL 106 0.3 7.0 89 0.7 9.3

(19.8%) (3.3%)  (30.3%) (6.4%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; chg=change; 

BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  This outcome was completed while 

the subject was On medications.

Table 123. 36-month Mood and Emotion sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

Beck Depression 
Inventory total 
score

36 Month - BL 85
0.5

(4.6%)
6.9 62

0.7
(6.1%)

10

Worst-case modifi ed-ITT

Beck Depression 
Inventory total 
score

36 Month - BL 106
5.5

(55.2%)
12.2 89

7.8
(70.6%)

14

ITT multiple imputation

Beck Depression 
Inventory total 
score

36 Month - BL
147

(42.2%)
-0.1

(-0.5%)
7.2

137
(54.7%)

0.8
(6.8%)

8.9

Worst-case ITT

Beck Depression 
Inventory total 
score

36 Month - BL 147
11.2

(108.6%)
14.3 137

13.2
(120.3%)

13.9

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; chg=change; 

BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate improvement.  This outcome was completed while 

the subject was On medications.

Medication Use

As shown in Table 124 the reported change from baseline to 36 

months in the levodopa equivalent dose favored improvement in the 

STN target site for the ITT. Table 125 provides the results of the 

sensitivity analyses.

Table 124.  36-month comparisons of Medication Use by target site 
(modifi ed intent-to-treat, multiple imputation)

GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Levodopa 
equivalent dose

Baseline 106 1364.4 534.5 89 1281.9 556.4

36 Month 106 1126 670 89 832.7 1197.2

36 Month - BL 106 -238.4 582.4 89 -449.2 1241.1

(17.0%) (-17.5%)  (24.7%) (-35.0%)  

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; chg=change; 

BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate reduction in medication.  This variable is the 

subject’s medication use.

Table 125. 36-month Medication Use sensitivity analyses
GPi STN

Variable Time

n

(% missing)

Mean

(% chg) Std

n

(% missing)

Mean

(% chg) Std

Completers

Levodopa 
equivalent dose 36 Month - BL 88

-250.4
(-18.4%)

489.9 67
-460.5

(-35.9%)
640.2

Worst-case modifi ed-ITT

Levodopa 
equivalent dose 36 Month - BL 106

-67.2
(-4.9%)

635.2 89
-4.8

(-0.4%)
1001.1

ITT multiple imputation

Levodopa 
equivalent dose 36 Month - BL

147
(40.1%)

-263.8
(-19.5%)

600.6
137

(51.1%)
-472.6

(-36.3%)
759.3

Worst-case ITT

Levodopa 
equivalent dose 36 Month - BL 147

190.8
(14.1%)

737.2 137
474.2

(36.4%)
1094.2

Abbreviations: GPi=globus pallidus internal; STN=subthalamic nucleus; chg=change; Std=standard deviation; chg=change; 

BL=baseline. 

Note: Lower values (negative change) as compared with baseline indicate reduction in medication.  This variable is the 

subject’s medication use.

 Phase II results conclusion
The Phase II study met the postapproval study requirement of a 

comparison of GPi and STN DBS for the treatment of advanced 

Parkinson’s disease. This open label randomized study provided safety 

and eff ectiveness data on 300+ enrolled subjects with up to 3-year 

follow-up and refl ected over 560 person-years of experience. 

The primary outcome measure of the PAS was a comparison of the 

UPDRS III supported by the motor diary for the GPi vs. the STN target 

sites. In the On stim/Off  med state, the UPDRS III demonstrated a 

clinically signifi cant improvement from baseline at 24 months. 

Both targets improved “On” time without troublesome dyskinesias by 

5 hours, reduced “On” time with troublesome dyskinesias by 3 hours, 

reduced “Off ” time by 3 hours, and improved asleep time by 1 hour. 

Regarding the secondary outcome measures, there was an 

improvement in both groups on the PDQ-39. There was improvement 

from baseline on the physical component but no consistent eff ect on 

the mental component of the SF-36 at 24 months for both target sites. 

There also was no change from baseline for either target on the 

Quality of Well Being score. 
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At 24 months, both target sites improved from baseline on the 

Schwab and England when Off  medications. However, there was a 

decline from baseline for both groups when On medications. 

The UPDRS I declined from baseline for both target sites. The UPDRS II 

scores improved from baseline. For the UPDRS III in the On stim/On 

med state, the improvement from baseline was not clinically 

signifi cant.  The UPDRS IV improved from baseline. 

There was an improvement from baseline at 24 months on the Timed 

Stand-Walk-Sit Test when Off  medications, but not when On 

medications. 

152 subjects experienced a total of 3404 adverse events and 157 SAEs 

in the GPi group. In the STN group, 147 subjects experienced a total of 

3489 adverse events and 178 SAEs. Type and frequency of specifi c 

adverse events were similar in the two targets. Signifi cant device-

related adverse events that occurred in both groups included 

intracranial hemorrhage and infection. No unanticipated adverse 

device eff ects (UADEs) were reported. The Mattis Dementia Total 

Score showed improvement from baseline for both target sites. 

However, the other neuropsychological tests showed decline from 

baseline for both target sites. Both groups had a reduction in 

Levodopa equivalent dose however the reduction is greater for the 

STN target site. 

Results from the comparison of GPi and STN provide information to 

clinicians to use in selection of the target site. The selection may be 

based on the clinicians’ experience and individual patient anatomical 

considerations. 

 Phase II limitations of the study
The 24- and 36-month Phase II results were obtained from an 

open-label randomized study of DBS treatment comparing 2 

diff erent target sites: GPi and STN. Investigators and subjects 

were aware that they were receiving DBS treatment, but the 

subjects were blinded to (ie, not aware of) their DBS target site. 

Open label studies can cause an overestimation of the 

treatment eff ect in investigator and subject ratings. Also, the 

open-label study design does not allow for characterization of 

the extent or duration of any post-implant eff ect, including 

placebo eff ect, regression to the mean or surgical eff ect, that 

could contribute signifi cantly or in part to the observed 

therapeutic eff ects.  

P-values were used to determine whether the diff erence in 

outcomes between groups for the primary endpoints is 

statistically signifi cant. Since there were a large number of 

endpoints and the SAP did not specify a method for controlling 

for multiple endpoints, it was not appropriate to calculate 

p-values for the secondary endpoints. However, summary 

information for the secondary endpoints has been provided in 

order to have one location for all of the short-term and long-

term effi  cacy results.

DBS therapy is approved as an adjunct to medication; 

however, some tests were conducted with medications “off ” in 

order to confi rm that neurostimulation alone was providing 

benefi t. In the medication Off  assessments, DBS was compared 

to no treatment. In medication On assessments, DBS was 

compared to BMT.

Antiparkinson medications were not controlled during the 

course of the study to refl ect a real-world situation. 

Antiparkinson medication was reduced on average in the 

subjects receiving DBS. However, changes to antiparkinson 

medications could have confounded the therapy response 

attributed to DBS. 

Missing data may aff ect the accuracy of the results obtained in 

a clinical study. Subjects who are receiving little or no benefi t 

from a treatment may be more likely to discontinue their 

participation during the course of the study which may skew 

later results favorably from what would have been observed if 

all randomized subjects were included. Therefore, in addition 

to the ITT analysis, two sensitivity analyses, a completers and 

worst-case analysis were performed.

The Eff ect of Deep Brain Stimulation of 
the Subthalamic Nucleus on Quality of 
Life in Comparison to Best Medical 
Treatment in Patients with Complicated 
Parkinson’s Disease and Preserved 
Psychosocial Competence (EARLYSTIM 
study)

Introduction
The study was conducted in collaboration with 17 centers: 9 centers 

in Germany and 8 centers in France. This was an open-label, 

randomized, prospective, multicenter, parallel-group study in subjects 

with relatively recent onset of motor complications (ie, duration 

ranging from 4 months to 3 years) and with retained social and 

occupational function.   The primary objective was to evaluate the 

diff erence from baseline to the 24-month follow-up in the Parkinson’s 

Disease Questionnaire-39 Summary Index (PDQ-39 SI) for the deep 

brain stimulation and best medical treatment (DBS group) as 

compared with the best medical treatment alone (BMT group).

Study design/methodology
In this study, the screening period was up to 4 months and 

represented the time between signing the informed consent form 

and randomization. 
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Subjects were randomized to the DBS group or the BMT group. The 

randomization ratio was 1:1, stratifying for center. Subjects were 

enrolled in this open-label study for the purpose of optimizing 

treatment, regardless of their assigned treatment.

Subjects assigned to the DBS group were implanted with a complete 

neurostimulation system within 6 weeks after randomization. The 

duration of the study was 24 months after device implantation for the 

DBS group and 24 months after randomization for the BMT group. 

Visits were scheduled at 5, 12, and 24 months. 

Data for the UPDRS II were collected in the “best” and “worst” 

conditions.  Data for the UPDRS III were collected for the On med and 

Off  med conditions in the BMT group and the On stim/On med, Off  

stim/On med, On stim/Off  med, and Off  stim/Off  med conditions for 

the DBS group at baseline and 24 months.

All subjects received PD medications as part of best medical 

treatment, and medication was adapted to the requirements of each 

subject.

Several procedures were standardized and used to guide related 

study conduct: neurosurgical procedures, stimulator programming 

procedures, best medical treatment procedures, and monitoring of 

suicidal risk procedures.

Figure 21 is a fl ow chart of the overall study design.

Screening
(from signature of 

consent to 
randomization,  

duration of up to 4mo)

Best medical treatment
(BMT group)

t0=randomization

Follow-up
at

5mo±6wk

Follow-up
at

12mo±6wk

Final
assessment at

24mo±6wk

Final
assessment at

24mo±6wk

Follow-up
at

5mo±6wk

Follow-up
at

12mo±6wk

Neurostimulation + 
best medical treatment

(DBS group)
t0=device implantation

(implantation up to 6 wk
after randomization)

Abbreviations: BMT=best medical treatment; DBS=deep brain stimulation; mo=month(s); t
0
=time zero; wk=week(s).

Figure 21. Study design

Study population
Inclusion and exclusion criteria were the following:

Inclusion criteria
• Idiopathic Parkinson’s Disease (according to British Brain Bank 

Criteria: Levodopa-sensitivity [of at least 50%] or classical 

parkinsonian tremor at rest or dyskinesias in 1 extremity >2; 

genetic forms of PD were not excluded) 

• Hoehn and Yahr stage ≤2.5 in the best “on” med condition 

• Disease duration >4 years

•  Presence of fl uctuations and/or dyskinesias for no more than 3 

years

• One of the 2 following forms of mild impairment:

– Impairment of social and occupational functioning (measured 

with a modifi ed Social and Occupational Functioning 

Assessment Scale) due to PD symptoms despite medical 

treatment (51%-80%) or

–  Impairment in activities of daily living (UPDRS II >6) due to PD 

symptoms despite medical treatment in the “worst” condition 

• Age >18 years and ≤60 years 

• PDQ-39 completed

• Written informed consent

• For the subjects in France a social security number was required

Exclusion criteria
• Major depression with suicidal thoughts (Beck Depression 

Inventory >25) (earlier episodes of major depression were not an 

exclusion criterion)

• Dementia (Mattis Score ≤130)

• Acute psychosis (benign hallucinations or earlier psychotic 

episodes were not an exclusion criterion) 

• Need for nursing care

• Any medical or psychological problems which could have 

interfered with a smooth conduction of the study protocol (eg, 

cancer with a limited life expectancy)

• Drug or alcohol addiction

• Surgical contraindications

• Fertile women not using adequate contraceptive methods

• Women who were pregnant or breast feeding

• Illiteracy or insuffi  cient language skills (German or French) to 

complete the questionnaires

• Simultaneous participation in another clinical trial except when 

the other trial did not aff ect this study

Table 126 describes demographics.

Table 126. Baseline characteristics of the study population

BMT (n=127) DBS (n=124)

Variable Result Result P-value1

Age - yr (mean ± std) (range) 52.2 ± 6.1

(35.6-60.72)

52.9 ± 6.6

(30.1-60.96)

0.361

Parkinson‘s Disease duration - yr (mean ± std) 7.7 ± 2.7 7.3 ± 3.1 0.359

Dyskinesia2 - yr (mean ± std) 1.5 ± 0.8 1.4 ± 0.8 0.574

Motor fl uctuations2 - yr (mean ± std) 1.8 ± 0.8 1.6 ± 0.8 0.115

Duration of levodopa treatment - 

yr (mean ± std)

5.0 ± 3.3 4.8 ± 3.3 0.510

Duration of treatment with dopamine agonist 

- yr (mean ± std)

6.1 ± 3.0 5.9 ± 3.0 0.753

Levodopa equivalent daily dose - 

mg (mean ± std)

966.9 ± 416.5 918.8 ± 412.5 0.359

Sex

   Male (%) 66.9% 75.8% 0.120

   Female (%) 33.1% 24.2%

Hoehn & Yahr stage-assessed On medication, range 0-5 (%)

Stage 0 5.5% 4.8% 0.558

Stage 1 14.2% 18.6%

Stage 1.5 11.0% 10.5%

Stage 2 43.3% 47.6%

Stage 2.5 26.0% 17.7%
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Table 126. Baseline characteristics of the study population

BMT (n=127) DBS (n=124)

Variable Result Result P-value1

Missing data 0.0% 0.8%

Hoehn & Yahr stage-assessed Off  medication, range 0-5 (%)

Stage 0 - - 0.776

Stage 1 - 1.6%

Stage 1.5 2.4% 3.2%

Stage 2 35.4% 33.9%

Stage 2.5 32.3% 32.3%

Stage 3 21.3% 21.8%

Stage 4 8.7% 5.7%

Stage 5 - 0.8%

Missing data - 0.8%

1 The diff erence between groups was tested using a t-test for continuous variables and a chi-square or Fisher’s Exact test for 

categorical variables. 
2 Inclusion criterion specifi ed presence of fl uctuations and/or dyskinesias for no more than 3 years.

Note: Hoehn & Yahr Stage: 0=No sign of Parkinson’s disease, 1=Unilateral disease, 1.5=Unilateral plus axial involvement, 

2=Bilateral disease without impairment of balance, 2.5=Mild bilateral disease, with recovery on pull test, 3=Mild to 

moderate bilateral disease; some postural instability; physically independent, 4=Severe disability; still able to walk or stand 

unassisted, and 5=Wheelchair bound or bedridden unless aided.

Subject disposition for this study is shown in Figure 22. 

Enrollment

Allocation

Up to 24-month visit

24-month analysis

Assessed for eligibility (n=392)

Randomized (n=251)

Excluded (n=141)
•  Not meeting inclusion criteria (n=69)
• Declined to participate (n=20)
• Other reasons (n=52)

Best Medication Treatment (n=127)
•  Note: 1 subject refused BMT

1 discontinued after baseline visit
•  Withdrew informed consent (n=1)
3 discontinued follow-up prior to 24 months
• Death (n=1)
• Lost-to-follow-up - refused to come
 back (n=2)

Analysis:
•  ITT (n=127)
• Per-protocol (n=116), 13 excluded
• Completers (n=123), 4 excluded

Neurostimulation (n=124)
•  Note: 2 subjects did not receive implant
 due to unforseen contra-indication for
 surgery

2 discontinued prior to implant
•  Withdrew informed consent (n=2)
2 discontinued follow-up prior to 24 months:
• Death (n=2)

Analysis:
•  ITT (n=124)
• Per-protocol (n=110), 12 excluded
• Completers (n=120), 4 excluded

Abbreviation: ITT=intent-to-treat

Figure 22. Subject disposition

Screened subjects not meeting eligibility requirements —Of the 

392 subjects who had been screened for eligibility, 141 did not 

participate. Table 127 summarizes reasons for nonparticipation of 

these subjects.

Table 127.  Number of excluded subjects by reason

Reason for exclusion No. of subjects

Not meeting inclusion criteria 69

Declined to participate 20

Other reasons 52

Total 141

Withdrawals/terminations following informed consent

Of the 392 subjects assessed for eligibility, 251 subjects were 

randomized.

• 124 subjects randomized to the DBS group, of which 120 received 

a neurostimulation system implant:

– 2 subjects had unforeseen contraindications to surgery 

– 2 subjects withdrew informed consent prior to implant

• 127 subjects randomized to the BMT group, of which 125 received 

medical treatment: 

– 1 subject withdrew informed consent 

– 1 subject refused the allocated intervention 

• 3 subjects died prior to the 24-month visit: 2 subjects in the DBS 

group, 1 subject in the BMT group.

• No subject was lost to follow-up prior to the 24-month 

assessment in the DBS group; 2 subjects were lost to follow-up in 

the BMT group.

The 8 withdrawals/terminations following informed consent are 

tabulated in Table 128.

Table 128.  Number of withdrawals/terminations following informed consent

Reason for discontinuation n

Death 3

Withdrew consent 3

Lost to follow-up 2

Total 8

Analysis methods
The primary analysis method for each endpoint was based on 

intent-to-treat (ITT) principles. The analyses for the continuous 

endpoints were performed in the framework of the Generalized 

Linear Mixed Model (GLMM), with baseline adjustment, center as 

random eff ect, a group-by-time interaction term, and a generalized 

covariance matrix. 

A multiplicity adjustment was prespecifi ed in the statistical analysis 

plan. Hypotheses for the primary and secondary endpoints were 

tested by means of a serial gatekeeper procedure to assure an 

experiment-wise signifi cance level of α=0.05: In the fi rst step, the 

primary hypothesis (the gatekeeper) was tested against a signifi cance 

level of α=0.05. If this test was signifi cant, then in a second step, each 

hypothesis corresponding to the secondary endpoints was tested by 

means of Hochberg’s step-up method.  In addition, the Hochberg 

step-up method was used across the safety endpoints.
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In the case of missing PDQ-39 dimension scores, imputations were 

done with the Expectation Maximization (EM) algorithm. Remaining 

interim or lost to follow-up missing data in the ITT analysis of the 

primary and the secondary endpoints were addressed via direct 

likelihood to make an unbiased inference on the basis of the missing 

at random assumption by including endpoint measurements at all 

timepoints in the linear mixed model to fi t an appropriate covariance 

matrix.

Data sets analyzed
Table 129 summarizes the number of subjects included in each 

analysis. The Intent-to-treat (ITT) analysis includes all randomized 

subjects (n=251), which is the same as the 24-month safety analysis 

set (n=251). The per-protocol analysis set includes 226 subjects who 

did not have major protocol deviations (see the protocol deviation 

section). The completers analysis includes randomized subjects that 

have baselines and 24-month visit scores. 

Some subjects did not receive their allocated treatment or 

discontinued early.

Table 129.  Effi  cacy and safety data sets analyzed

Data sets analyzed

Effi  cacy data sets Number of subjects1

Intent-to-treat (24-month)2 Total n=251; 

BMT n=127, DBS n=124

Per-protocol (24-month)
Total n=226; 

BMT n=116, DBS n=110

Completers (24-month)
Total n=243;

BMT n=123, DBS n=120

Safety data sets Number of subjects

Safety (24-month)
Total n= 251; 

BMT n=127, DBS n=124

Abbreviations: BMT=best medical treatment. DBS=deep brain stimulation
1 Refer to Figure 22 for the disposition of subjects at each phase of the study.
2 This data set was used for safety analyses.

The number of missing values for the primary and secondary 

endpoints is shown in Table 130.

Table 130.  Primary and Secondary endpoint missing data accountability (Intent-to-
treat data set)

Endpoint

BMT DBS

No. missing

Baseline

No. missing

24 months

No. missing

Baseline

No. missing

24 months

PDQ-39 SI 0 4 0 4

UPDRS III (On stim/Off  med) 0 6 1 10

UPDRS  II (“worst” condition) 1 5 1 6

UPDRS IV 0 4 1 4

Motor diary- “on” time without 

troublesome dyskinesias1

17 12 19 12

1  For the motor diary endpoint, some patients missed both the baseline and 24-month diary (BMT n=3, DBS n=6).

Protocol deviations
There were 37 major protocol deviations (BMT group: 19, DBS group: 

18) that occurred in 25 subjects (Table 131). 

Table 131. Major protocol deviations

Group

Total 

deviationsReason BMT DBS

Insuffi  cient exposure to randomized treatment 6 4 10

PDQ-39 SI at 24 months was performed outside 

window

6 3 9

PDQ-39 SI at baseline and/or 24-month visit 

was not available

4 4 8

Inclusion criterion of disease duration of > 4 

years was violated

1 2 3

Inclusion criterion with regard to presence of 

motor fl uctuations was violated

0 2 2

PDQ-Items of >1 per subscale at baseline or the 

24-month visit

1 1 2

Levodopa test not done within study 0 1 1

Neither fl uctuations nor dyskinesia was present 

at baseline

0 1 1

Refusing randomized therapy/general 

non-compliance

1 0 1

Grand Total 19 18 37

Abbreviations: BMT=best medical treatment, DBS=deep brain stimulation, PDQ-39=Parkinson’s Disease Questionnaire-39.

Note: Subjects may have more than 1 deviation.

Results
Refer to the Limitations of the study section at the end of the results of 

this study for a discussion of the study design and associated 

limitations.

For variables that specify medication/stimulation conditions, 

medication status for the BMT and DBS groups is the same. When Off  

medication for BMT, no treatment is provided.

Primary outcome measure
The primary objective of this study was to evaluate the diff erence 

between groups at 24 months for the PDQ-39 Summary Index 

(PDQ-39 SI). 

PDQ-39 Summary Index

The primary outcome (PDQ-39 SI) was improved from baseline to 24 

months by 26% in the DBS group but was not measurably diff erent in 

the BMT group (Table 132). The diff erence in mean change between 

treatment groups for the ITT population was -8.0 points in favor of 

DBS compared with BMT (p=0.002), which was similar for the per-

protocol and completers analyses. The maximum eff ect was reached 

at 5 months and appears stable up to 24 months (Figure 23).
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Figure 23.  PDQ-39 Summary Index over time (Intent-to-treat data set)

Table 132.  PDQ-39 Summary Index [range 0-100], change from baseline to 24 
months (Intent-to-treat data set)

BMT DBS

Time n

Mean

(% chg) SE n

Mean

(% chg) SE P-value1

Baseline 127 30.20 1.26 124 30.18 1.27

24 Month 123 30.44 1.4 120 22.40 1.41

24 Month - BL 123 0.2

(1%)

1.1 120 -7.8

(-26%)2

1.2 0.002

Abbreviations: PDQ-39=Parkinson’s Disease Questionnaire-39, BMT=best medical treatment, DBS=deep brain 

stimulation, chg=change, SE=standard error, BL=baseline.

Statistical test associated with p-values:
1  Mixed model statistical analyses were performed for each endpoint with normality assumption with the baseline value 

for baseline adjustment, main eff ects for group and time, a group-by-time interaction term, center as random eff ect, 

and a generalized covariance matrix to account for serial dependency among observations. Reported are the 

generalized least squares estimations with standard errors and p-values.
2 Within-group change p<0.05.

Note: Lower values (negative change) indicate an improvement as compared with baseline. Subjects were taking their 

regular medication regimen during the recording of these data.  

A sensitivity analysis for the primary endpoint was conducted using 

the per-protocol and completers data sets (Table 133). The per-

protocol (p=0.016) and completers (p<0.001) analyses demonstrated 

that the PDQ-39 SI is statistically signifi cantly improved for the DBS 

group as compared with the BMT group at 24 months.

Table 133.  Sensitivity analyses for PDQ-39-Summary Index [range 0-100], change 
from baseline to 24 months (Per-protocol and Completers data sets) 

Data set Time

BMT DBS

P-value1
n

Mean

(% chg) SE n

Mean

(% chg) SE

Per-protocol 24 Month - BL 116 0.0

(0%)

1.2 110 -8.1

(-27%)2

1.2 0.016

Completers 24 Month - BL 123 0.2

(1%)

1.1 120 -7.8

(-26%)2

1.2 <0.001

Abbreviations: PDQ-39=Parkinson’s Disease Questionnaire-39, BMT=best medical treatment, DBS=deep brain 

stimulation, chg=change, SE=standard error, BL=baseline. 

Statistical test associated with p-values:
1  Mixed model statistical analyses were performed for each endpoint with normality assumption with the baseline value 

for baseline adjustment, main eff ects for group and time, a group-by-time interaction term, center as random eff ect, 

and a generalized covariance matrix to account for serial dependency among observations. Reported are the 

generalized least squares estimations with standard errors and p-values.
2 Within-group change p<0.05.

Note: Negative mean changes indicate improvement as compared with baseline. Subjects were taking their regular 

medication regimen during the recording of these data.

PDQ-39 subscales

Overall, DBS subjects experienced greater reported improvements 

(negative change) from baseline to 24 months when compared with 

BMT subjects (Table 134).
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Figure 24. PDQ-39 SI and subscales, change from baseline to 24 months (Intent-to-treat data set)

Table 134.  PDQ-39 subscales, change from baseline to 24 months (Intent-to-treat 
data set) 

PDQ-39 

subscales Time

BMT DBS

P-value1
n

Mean

(% chg) SE n

Mean

(% chg) SE

Stigma Baseline 127 30.73 2.11 124 32.56 2.14

24 Month 123 27.21 1.89 120 14.62 1.91

24 Month – BL 123 -3.5

(-11%)

1.9 120 -17.9

(-55%)2

2.0 <0.001

Emotional 

well-being

Baseline 127 30.55 1.75 124 31.54 1.77

24 Month 123 31.17 1.72 120 19.92 1.74

24 Month – BL 123 0.6

(2%)

1.6 120 -11.6

(-37%)2

1.7 <0.001

Activities of 

daily living

Baseline 127 36.19 2.00 124 36.51 2.01

24 Month 123 34.12 1.99 120 23.51 2.01

24 Month – BL 123 -2.1

(-6%)

1.8 120 -13.0

(-36%)2

1.9 <0.001

Table 134.  PDQ-39 subscales, change from baseline to 24 months (Intent-to-treat 
data set) 

PDQ-39 

subscales Time

BMT DBS

P-value1
n

Mean

(% chg) SE n

Mean

(% chg) SE

Mobility Baseline 127 34.98 2.26 124 34.79 2.28

24 Month 123 35.97 2.28 120 25.08 2.30

24 Month – BL 123 1.0

(3%)

1.9 120 -9.7

(-28%)2

1.9 <0.001

Bodily 

discomfort

Baseline 127 39.42 1.89 124 39.28 1.92

24 Month 123 40.28 2.01 120 30.74 2.04

24 Month – BL 123 0.9

(2%)

2.0 120 -8.5

(-22%)2

2.1 0.044

Social 

support

Baseline 127 14.69 1.86 124 13.81 1.88

24 Month 123 17.16 1.96 120 14.81 1.98

24 Month – BL 123 2.5

(17%)

1.9 120 1.0

(7.2%)

1.9 0.58
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Table 134.  PDQ-39 subscales, change from baseline to 24 months (Intent-to-treat 
data set) 

PDQ-39 

subscales Time

BMT DBS

P-value1
n

Mean

(% chg) SE n

Mean

(% chg) SE

Cognition Baseline 127 28.75 1.57 124 27.81 1.58

24 Month 123 30.81 1.63 120 23.33 1.65

24 Month – BL 123 2.1

(7%)

1.6 120 -4.5

(-16%)2

1.7 0.009

Communication Baseline 127 26.19 1.90 124 25.67 1.92

24 Month 123 26.74 2.09 120 27.62 2.11

24 Month – BL 123 0.6

(2%)

1.8 120 2.0

(7%)

1.8 0.60

Abbreviations: PDQ-39=Parkinson’s Disease Questionnaire-39, BMT=best medical treatment, DBS=deep brain 

stimulation, chg=change, SE=standard error, BL=baseline.

Statistical test associated with p-values:
1  Mixed model statistical analyses were performed for each endpoint with normality assumption with the baseline value 

for baseline adjustment, main eff ects for group and time, a group-by-time interaction term, center as random eff ect, 

and a generalized covariance matrix to account for serial dependency among observations. Reported are the 

generalized least squares estimations with standard errors and p-values.
2 Within-group change p<0.05.

Note: Lower values (negative change) indicate improvement as compared with baseline. Subjects were taking their 

regular medication regimen during the recording of these data.

Secondary outcome measures
The secondary outcome measures included the following:

• UPDRS III (BMT: Off  med; DBS: On stim/Off  med)

• UPDRS II (“worst” condition)

• UPDRS IV

• Patient Diary—number of hours per day “on” time without 

troublesome dyskinesias

Safety outcome measures
• Medication use—LED per day

• Mattis Dementia Rating Scale

• Montgomery Asberg Depression Rating Scale (MADRS)

• Beck Depression Inventory II (BDI-II)

• Brief Psychiatric Rating Scale (BPRS)

• Starkstein Apathy Scale

• UPDRS I

UPDRS III
The diff erence between groups at 24 months for UPDRS III was based 

on the investigator evaluation of the test (Table 135).

The severity of Parkinsonian motor signs (UPDRS III) in the On stim/Off  

med condition (assessments were conducted after medications were 

withheld for 12 hours or longer) improved by 53% for the DBS group 

but was not measurably diff erent in the BMT group and diff ered by 

16.4 points after 2 years in favor of DBS compared with BMT (p<0.001).  

The severity of Parkinsonian motor signs (UPDRS III) in the On stim/On 

med condition improved by 26% for the DBS group but was not 

measurably diff erent in the BMT group and diff ered by 4.5 points after 

2 years in favor of DBS compared with BMT (p<0.001).

Table 135.  UPDRS III change from baseline to 24 months (Intent-to-treat data set)

UPDRS III Time

BMT1 DBS

P-value2
n

Mean

(% chg) SE n

Mean

(% chg) SE

III-Motor 

function

On stim/Off  

med

Baseline 127 32.92 1.75 123 33.16 1.75

24 Month 121 31.76 1.77 114 15.61 1.78

24 Month - BL 121 -1.2

(-4%)

1.0 113 -17.5

(-53%)4

1.0 <0.0013

III-Motor 

function

On stim/On med

Baseline 127 12.10 1.47 122 12.49 1.46

24 Month 121 13.42 1.49 116 9.27 1.49

24 Month - BL 121 1.3

(11%)

0.6 115 -3.2

(-26%)4

0.7 <0.001

Abbreviations: UPDRS=Unifi ed Parkinson’s Disease Rating Scale, BMT=best medical treatment, DBS=deep brain 

stimulation, chg=change, SE=standard error, BL=baseline. 
1 When Off  medication for BMT, no treatment is provided.

Statistical test associated with p-values:
2 Mixed model statistical analyses were performed for each endpoint with normality assumption with the baseline value 

for baseline adjustment, main eff ects for group and time, a group-by-time interaction term, center as random eff ect, and 

a generalized covariance matrix to account for serial dependency among observations. Reported are the generalized 

least squares estimations with standard errors and p-values.
3 P-value after adjustment according to Hochberg’s multiple comparison method.
4 Within-group change p<0.05.

Note: Lower values (negative change) indicate an improvement as compared with baseline. Medication use (Off /On) is 

noted in the fi rst column of the table.

Table 136 shows the percentage of patients with a minimal clinically 

important change in motor function at 24 months.

Table 136.  Percent of Subjects with a Minimal Clinically Important Change in motor 
function at 24 months by treatment group (Completers data set)

Categories of change BMT (n=121)1 DBS (n=113)

UPDRS III, Off  medication

Percent of subjects with improvement a 

from baseline to 24 months

36% 85%

Percent of subjects with no change b 

from baseline to 24 months

34% 13%

Percent of subjects with worsening c 

from baseline to 24 months

30% 2%

UPDRS III, On medication BMT (n=121) DBS (n=115)

Percent of subjects with improvement a 

from baseline to 24 months

14% 43%

Percent of subjects with no change b 

from baseline to 24 months

60% 43%

Percent of subjects with worsening c 

from baseline to 24 months

26% 13%

Abbreviations: BMT= best medical therapy; DBS=deep brain stimulation
1 When Off  medication for BMT, no treatment is provided.

a: Improvement defi ned as decreasing ≥ 5 points from baseline

b: No Change defi ned as -5 < points from baseline < 5

c: Worsening defi ned as increasing ≥ 5 points from baseline

Note: Lower values (negative change) as compared with baseline indicate improvement. Medication use (On/Off ) is 

shown in the header of each analysis. 

Figure 25 displays the change from baseline to 24 months in the 

UPDRS III score while Off  medication (shown on the x-axis) and Figure 

26 displays the change from baseline to 24 months in the UPDRS III 

score while On medication (shown on the x-axis). Negative change as 

compared with baseline indicates improvement.
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Figure 25. Change in UPDRS III scores while Off  medication at 24 months (shown on the x-axis), by treatment group (Completers data set)
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Figure 26. Change in UPDRS III scores while On medication at 24 months (shown on the x-axis), by treatment group (Completers data set)
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UPDRS II
Activities of daily living in the “worst” condition improved by 30% for 

the DBS group and worsened by 12% in the BMT group. The groups 

diff ered by 6.2 points after 2 years in favor of DBS compared with BMT 

(p<0.001, Table 137).

The activities of daily living (ADL) score in the “best” condition was not 

measurably diff erent for the DBS group or the BMT group and was not 

signifi cantly diff erent after 2 years (p=0.49, Table 137).

Table 137.  UPDRS II (activities of daily living) change from baseline to 24 months 
(Intent-to-treat data set)

UPDRS II Time

BMT DBS

P-value1
n

Mean

(% chg) SE n

Mean

(% chg) SE

II-Activities of 

daily living

“worst”

Baseline 126 14.84 0.78 123 14.96 0.78

24 Month 122 16.57 0.83 118 10.45 0.84

24 Month - BL 121 1.7

(12%)3

0.6 117 -4.5

(-30%)3

0.6 <0.0012

II-Activities of 

daily living

“best”

Baseline 127 4.85 0.57 122 4.86 0.58

24 Month 122 5.42 0.61 120 4.99 0.61

24 Month - BL 122 0.6

(12%)

0.4 119 0.1

(2%)

0.5 0.49

Abbreviations: UPDRS=Unifi ed Parkinson’s Disease Rating Scale, BMT=best medical treatment, DBS=deep brain 

stimulation, chg=change, SE=standard error, BL=baseline. 

Statistical test associated with p-values:
1  Mixed model statistical analyses were performed for each endpoint with normality assumption with the baseline value 

for baseline adjustment, main eff ects for group and time, a group-by-time interaction term, center as random eff ect, 

and a generalized covariance matrix to account for serial dependency among observations. Reported are the 

generalized least squares estimations with standard errors and p-values.
2 P-value after adjustment according to Hochberg’s multiple comparison method.
3 Within-group change p<0.05.

Note: Lower values (negative change) indicate an improvement as compared with baseline. This outcome was 

completed while the subject was On medication.

UPDRS IV
The UPDRS IV (complications of therapy) improved by 61% for the DBS 

group and worsened by 13% in the BMT group. The groups diff ered by 

4.1 points after 2 years in favor of DBS compared with BMT (p<0.001, 

Table 138).

Table 138.  UPDRS IV (complications of therapy), change from baseline to 24 months 
(Intent-to-treat data set)

UPDRS IV Time

BMT DBS

P-value1
n

Mean

(% chg) SE n

Mean

(% chg) SE

IV-

Complications 

of therapy

Baseline 127 5.51 0.31 123 5.58 0.31

24 Month 123 6.22 0.32 120 2.22 0.32

24 Month - BL 123 0.7

(13%)3

0.3 119 -3.4

(-61%)3

0.3 0.0012

Abbreviations: UPDRS=Unifi ed Parkinson’s Disease Rating Scale, BMT=best medical treatment, DBS=deep brain 

stimulation, chg=change, SE=standard error, BL=baseline. 

Statistical test associated with p-values:
1  Mixed model statistical analyses were performed for each endpoint with normality assumption with the baseline value 

for baseline adjustment, main eff ects for group and time, a group-by-time interaction term, center as random eff ect, 

and a generalized covariance matrix to account for serial dependency among observations. Reported are the 

generalized least squares estimations with standard errors and their p-values. 
2 P-value after adjustment according to Hochberg’s multiple comparison method.
3 Within-group change p<0.05.

Note: Lower values (negative change) indicate an improvement as compared with baseline. This outcome was 

completed while the subject was On medication.  

Motor Diary
Subjects were asked to record their mobility in a motor diary (patient 

diary) over 3 consecutive days before study visits at baseline and 24 

months. In 30-minute intervals, the subject recorded whether he/she 

was in “on” time with/without troublesome dyskinesia, “Off ” time, or 

asleep. 

As shown in Table 139, p-values for “on” time without troublesome 

dyskinesia and “off ” time are statistically signifi cantly diff erent with the 

DBS group showing improvement over the BMT group. “On” time with 

troublesome dyskinesia and asleep time improved over baseline for 

the DBS group but not the BMT group, although the diff erence 

between groups was not statistically signifi cant.

Table 139.  Comparisons of motor diaries at 24 months by treatment group 
(Intent-to-treat)

Motor diaries Time

BMT DBS

P-value1
n

Mean ± SE

(% chg) n

Mean ± SE

(% chg)

“On” time 

without 

troublesome 

dyskinesia 

(hours/day)

Baseline 110 10.32 ± 0.50 105 10.27 ± 0.51

24 Month 115 10.52 ± 0.54 112 12.40 ± 0.55

24 Month - BL 101 0.2 ± 0.5

(2%)

99 2.1 ± 0.5

(20%)3

0.0122

“On” time 

with

troublesome

Dyskinesia

(hours/day)

Baseline 109 1.94 ± 0.27 104 1.72 ± 0.27

24 Month 115 1.95 ± 0.25 111 0.87 ± 0.25

24 Month - BL 100 0.0 ± 0.3

(0%)

98 -0.9 ± 0.3

(-47%)3

0.07

“Off ” time 

(hours/day) 

Baseline 110 4.53 ± 0.38 106 4.64 ± 0.39

24 Month 115 4.42 ± 0.43 111 2.75 ± 0.44

24 Month - BL 101 -0.1 ± 0.5

(-2%)

100 -1.9 ± 0.5

(-39%)3

0.006

Asleep time

(hours/day)

Baseline 110 7.17 ± 0.19 106 7.26 ± 0.19

24 Month 115 7.07 ± 0.21 112 7.78 ± 0.22

24 Month - BL 101 -0.1 ± 0.2

(-1%)

100 0.5 ± 0.2

(7%)3

0.06

Abbreviations: BMT=best medical treatment, DBS=deep brain stimulation, chg=change, SE=standard error, 

chg=change, BL=baseline.

Statistical test associated with p-values:
1  Mixed model statistical analyses were performed for each endpoint with normality assumption with the baseline value 

for baseline adjustment, main eff ects for group and time, a group-by-time interaction term, center as random eff ect, 

and a generalized covariance matrix to account for serial dependency among observations. Reported are the 

generalized least squares estimations with standard errors and p-values.
2 P-value after adjustment according to Hochberg’s multiple comparison method.
3 Within-group change p<0.05.

Notes: For the measures of Time with good mobility without troublesome dyskinesia and Asleep time, higher values 

(positive mean changes) indicate an improvement as compared with baseline. For the measures of Time with 

troublesome dyskinesia and Time with impaired mobility, lower values (negative values) indicate an improvement as 

compared with baseline. Subjects were taking their regular medication regimen during the recording of these data.

Motor diaries were rated at baseline and the fi nal visit for every 30 minutes (0.5 h) over 24 hours on 3 consecutive days. A 

subject’s diary results for a day were included in the analysis if valid entries were made for 42*0.5 per day (=21 hours per 

day) at least.

Medication use
The defi nition of levodopa-equivalent dose (LED) was that a 100 mg 

daily dose of standard levodopa was equivalent to the following: 

• 133 mg of controlled-release levodopa

• 75 mg of levodopa + 200 mg of entacapone

• 1 mg of pergolide, pramipexole, lisuride, or cabergoline

• 5 mg of ropinirole

• 10 mg of bromocriptine or apomorphine

• 20 mg of dihydroergocriptine

• 3.3 mg of rotigotine 
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When tolcapone was used, the levodopa dose was multiplied by 1.5. 

When entacapone was used, the levodopa dose was multiplied by 

1.33.

Levodopa medication was reduced by 39% from baseline to 24 

months in the DBS group but increased by 21% in the BMT group 

(Table 140). The diff erence in mean change of LED dosage between 

treatment groups for the ITT population was signifi cant with a 

diff erence of 609.1 mg/day for the DBS group as compared with the 

BMT group (p<0.001).

Table 140.  Levodopa equivalent dose (mg/day) change from baseline to 24 months 
(Intent-to-treat data set)

BMT DBS

Time n

Mean

(% chg) SE n

Mean

(% chg) SE P-value1

Baseline 127 950.3 40.4 124 935.6 40.8

24 Month 123 1196 44.1 115 572.3 45.3

24 Month - BL 123 245.8

(21%)2

40.4 115 –363.3

(-39%)2

41.8  <0.0013

Abbreviations: BMT=best medical treatment, DBS=deep brain stimulation, chg=change, SE=standard error, 

BL=baseline. 

Statistical test associated with p-values:
1  Mixed model statistical analyses were performed for each endpoint with normality assumption with the baseline value 

for baseline adjustment, main eff ects for group and time, a group-by-time interaction term, center as random eff ect, 

and a generalized covariance matrix to account for serial dependency among observations. Reported are the 

generalized least squares estimations with standard errors and p-values.
2 Within-group change p<0.05.
3 P-value after adjustment according to Hochberg’s multiple comparison method.

Note: Lower values (negative change) indicate an improvement as compared with baseline. This variable is the subject’s 

medication use.

Neuropsychological tests
Neuropsychological testing was performed using the scales of the 

Mattis Dementia Rating Scale, Montgomery Äsberg Depression 

Rating Scale, Beck Depression Inventory II, Brief Psychiatric Rating 

Scale, and Starkstein Apathy Scale. Neuropsychological change scores 

(baseline to 24 months) by treatment group were compared (Table 

141). 

The diff erence in mean change from baseline to 24 months in the 

Mattis Dementia Rating Scale between treatment groups for the ITT 

population was not signifi cant (p=0.28). A score of ≤ 130 is considered 

mild dementia and was an exclusion criterion for the study.

The diff erence in mean change from baseline to 24 months in the 

Montgomery Äsberg Depression Rating Scale between treatment 

groups for the ITT population was 2.4 points in favor of DBS compared 

with BMT (p=0.024).

The diff erence in mean change from baseline to 24 months in the 

Beck Depression Inventory II between treatment groups for the ITT 

population was not signifi cant  (p=0.10).

The diff erence in mean change from baseline to 24 months in the 

Brief Psychiatric Rating Scale between treatment groups for the ITT 

population was not signifi cant (p=0.12).

The diff erence in mean change from baseline to 24 months in the 

Starkstein Apathy Scale between treatment groups for the ITT 

population was not signifi cant (p=0.24).

Table 141.  Neuropsychological tests, change from baseline to 24 months
(Intent-to-treat data set)

Variable Time

BMT DBS

P-value1
n

Mean

(% chg) SE n

Mean

(% chg) SE

Mattis 

Dementia 

Rating Scale 

(Score range: 

0-144)

Baseline 127 140.4 0.38 124 140.3 0.38

24 Month 122 139.7 0.53 119 139.0 0.53

24 Month - BL 122 -0.6

(-0.4%)

0.4 119 -1.3

(-1%)2

0.4  0.283

Montgomery 

Äsberg 

Depression 

Rating Scale

Baseline 127 6.61 0.75 123 6.68 0.75

24 Month 123 7.90 0.80 118 5.57 0.80

24 Month - BL 123 1.3

(20%)2

0.6 118 -1.1

(-16%)

0.6 0.0243

Beck 

Depression 

Inventory II

Baseline 127 10.11 0.57 124 10.08 0.57

24 Month 123 10.24 0.68 120 8.28 0.68

24 Month - BL 123 0.1

(2%)

0.6 120 -1.8

(-18%)2

0.6 0.103

Brief 

Psychiatric 

Rating Scale

Baseline 127 25.17 1.00 124 25.34 1.00

24 Month 123 25.48 1.10 120 23.47 1.10

24 Month - BL 123 0.3

(1%)

0.7 120 -1.9

(-7%)2

0.7 0.123

Starkstein 

Apathy 

Scale

Baseline 127 9.82 0.73 124 9.92 0.73

24 Month 121 11.43 0.76 120 12.68 0.75

24 Month - BL 121 1.6

(16%)2

0.5 120 2.8

(28%)2

0.5 0.243

Abbreviations: BMT=best medical treatment, DBS=deep brain stimulation, chg=change, SE=standard error, 

BL=baseline.

Statistical test associated with p-values:
1  Mixed model statistical analyses were performed for each endpoint with normality assumption with the baseline value 

for baseline adjustment, main eff ects for group and time, a group-by-time interaction term, center as random eff ect, 

and a generalized covariance matrix to account for serial dependency among observations. Reported are the 

generalized least squares estimations with standard errors and p-values.
2 Within-group change p<0.05.
3 P-value after adjustment according to Hochberg’s multiple comparison method.

Note: For the Mattis Dementia Rating Scale, higher values (positive value) indicate an improvement as compared with 

baseline. For the remaining tests, lower values (negative value) indicate an improvement as compared with baseline. 

Subjects were taking their regular medication regimen during the recording of these data.  

UPDRS I
The diff erence in mean change from baseline to 24 months in the 

UPDRS I between treatment groups for the ITT population was not 

signifi cant (p=0.28, Table 142).

Table 142.  UPDRS I (mentation, behavior & mood), change from baseline to 24 
months (Intent-to-treat data set)

Variable Time

BMT DBS

P-value1
n

Mean

(% chg) SE n

Mean

(% chg) SE

UPDRS I

(mentation, 

behavior & 

mood)

Baseline 127 1.05 0.17 123 1.07 0.17

24 Month 122 1.52 0.20 120 1.24 0.20

24 Month - BL 122 0.5

(36%)2

0.2 119 0.2

(9%)

0.2 0.28 3

Abbreviations: UPDRS=Unifi ed Parkinson’s Disease Rating Scale, BMT=best medical treatment, DBS=deep brain 

stimulation, chg=change, SE=standard error, BL=baseline. 

Statistical test associated with p-values:
1  Mixed model statistical analyses were performed for each endpoint with normality assumption with the baseline value 

for baseline adjustment, main eff ects for group and time, a group-by-time interaction term, center as random eff ect, 

and a generalized covariance matrix to account for serial dependency among observations. Reported are the 

generalized least squares estimations with standard errors and p-values.
2 Within-group change p<0.05.
3 P-value after adjustment according to Hochberg’s multiple comparison method.

Note: Lower values (negative value) indicate an improvement as compared with baseline. This outcome was completed 

while the subject was On medications.
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Adverse event overview
Table 143 presents an overview of the adverse events (AEs).

• Serious adverse events were reported in both treatment groups, 

with a higher incidence of serious adverse events reported in DBS 

(55.6%) as compared with BMT (44.1%) subjects. Overall, the 

incidence of adverse events in the DBS treatment group (97.6%) 

was similar to BMT (98.4%).

• All SAEs were resolved although 5 SAEs in 3 patients were ongoing 

at database closure. There were 45 SAEs that resolved with 

sequelae but only 5 that were device-related SAEs including one 

that was surgery-related. 

Table 143. Brief overview of adverse events

Group

Adverse events Serious adverse events

No. of 

subjects

No. of 

events

Unique subjects 

with event(s)a

No. of 

subjects

No. of 

events

Unique subjects 

with event(s)a

DBS 124 1164 121 (97.6%) 124 132 69 (55.6%)

BMT 127 1045 125 (98.4%) 127 127 56 (44.1%)

Total  251 2209 246 (98.0%) 251 259 125 (49.8%)

Abbreviations: DBS=deep brain stimulation, BMT=best medical treatment.
a Unique subjects is the number of subjects experiencing an event, eg, 121 subjects in the DBS group experienced 1164 

events.

Table 144 provides a summary of the relatedness categories for the 

serious adverse events. There were 45 device-related (ie, related to 

surgery, system, or stimulation) serious adverse events experienced in 

28 subjects (28/124, 22.6%).

Table 144.  Serious adverse events relatedness category, baseline to 24 months

Relatedness

Serious adverse events

BMT 

(n=127 events)

DBS 

(n=132 events)

Event related to surgery or system 0 26

Event related to stimulation 1 a 19

Event related to medication 52 7

Event related to pre-existing condition 60 60

Unrelated 14 20

Abbreviations: DBS=deep brain stimulation, BMT=best medical treatment.
a One subject randomized to BMT refused BMT treatment and received DBS. Subject is included in BMT group according 

to ITT principles.

Table 145 shows a summary of the timing of serious adverse events 

that occurred within 30 or after 30 days of implant for the DBS group. 

There were 14 events in 12 subjects (10.6%, 14/132) that occurred 

within 30 days of DBS implant.

Table 145. Timing of serious adverse events relative to DBS surgery (DBS group)
Time elapsed from 

surgery

Number of 

events

Unique number 

of subjects

Frequency of 

SAEs (%)

≤ 30 days 14 12 10.6%

> 30 days 118 65 89.3%

Abbreviations: DBS=deep brain stimulation.

Signifi cant adverse events 
Death

Over the course of the study there were 3 deaths, 2 in the DBS group 

and 1 in the BMT group. All of them were suicides.

Suicidality

There were 12 SAEs reported in 11 subjects (6 DBS, 5 BMT, 

11/251=4.4%) that were related to suicide. Of these 12 SAEs (by 

preferred term): 5 were suicide attempt, 3 were completed suicides, 2 

were suicidal ideation, and 2 were depression suicidal. One subject 

(DBS) had 2 SAEs: completed suicide and suicide attempt.

No signifi cant diff erence was seen in the time to event analysis 

(Kaplan-Meier Curve) with respect to time until suicide between BMT 

and DBS groups (p-value of the log rank test statistic: p=0.51).

In summary, there was a similar number of suicidality-related SAEs 

between the 2 groups (DBS: 6/124=4.8%; BMT: 5/127=3.9%).

Intracranial hemorrhage

No serious adverse events of intracranial hemorrhage were reported 

during the study.

Device-related infections

There were 6 SAEs reported in 5 subjects (5/124=4.0%) with device-

related infections during the study. Of the 6 SAEs (by preferred term), 

there were one each of skin necrosis, meningitis, skin infection, 

antibiotic therapy, neurostimulator removal, and brain abscess. Of the 

6 SAEs, 3 were deemed certainly related to the surgery, 2 probably 

related to surgery, and 1 possibly related to surgery.

In summary, the serious device-related infection rate in this study was 

4.0%. Five of these events necessitated a surgical procedure; one 

subject was explanted and never re-implanted.

Display of adverse events (safety data set)

The most frequently occurring adverse events are summarized in 

Table 146. A total of 1045 adverse events in 125 subjects and 127 SAEs 

in 56 subjects (44.1%) were reported in the BMT group (n=127) 

compared with a total of 1164 adverse events in 121 subjects and 132 

SAEs in 69 subjects (55.6%) in the DBS group (n=124) (Table 143). 

Table 146.  Top 5% of adverse events from baseline to 24 months, by preferred term, 
ordered by frequency of events in DBS treatment group

Preferred term 

(MedDRA)

BMT 

total

BMT 

unique 

subjects

BMT frequency

(% of subjects, 

n=127)

DBS 

total

DBS 

unique 

subjects

DBS frequency 

(% of subjects, 

n=124)

Drug eff ect decreased 116 84 66.1% 50 39 31.5%

Dyskinesia 106 73 57.5% 60 38 30.6%

Depression 57 34 26.8% 60 34 27.4%

Tremor 37 23 18.1% 56 34 27.4%

Dysarthria 13 8 6.3% 38 30 24.2%

Weight increased 4 4 3.1% 23 23 18.5%

On and off 
phenomenon 

84 46 36.2% 40 22 17.7%

Unevaluable event 12 11 8.7% 27 21 16.9%

Apathy 6 4 3.1% 19 17 13.7%

Freezing phenomenon 34 23 18.1% 20 17 13.7%

Dystonia 26 21 16.5% 20 16 12.9%

Somnolence 13 12 9.4% 16 16 12.9%

Erectile dysfunction 19 19 15.0% 18 15 12.1%

Pain in extremity 7 7 5.5% 21 14 11.3%

Sleep disorder 30 22 17.3% 17 14 11.3%



Clinical Summary

  Clinical Summary 2015-11-01          English       83

Table 146.  Top 5% of adverse events from baseline to 24 months, by preferred term, 
ordered by frequency of events in DBS treatment group

Preferred term 

(MedDRA)

BMT 

total

BMT 

unique 

subjects

BMT frequency

(% of subjects, 

n=127)

DBS 

total

DBS 

unique 

subjects

DBS frequency 

(% of subjects, 

n=124)

Fall 8 7 5.5% 16 13 10.5%

Akinesia 9 9 7.1% 19 12 9.7%

Parkinsonism 5 5 3.9% 19 12 9.7%

Bradykinesia 7 5 3.9% 17 11 8.9%

Fatigue 10 9 7.1% 14 11 8.9%

Gait disturbance 7 5 3.9% 16 11 8.9%

Impulsive behaviour 2 2 1.6% 14 11 8.9%

Back pain 11 10 7.9% 9 9 7.3%

Muscle rigidity 6 5 3.9% 9 8 6.5%

Device issue 0 0 0.0% 9 7 5.6%

Hypomania 7 3 2.4% 13 7 5.6%

Tendonitis 8 6 4.7% 7 7 5.6%

Abbreviations: DBS=deep brain stimulation, BMT=best medical treatment.

Table 147 presents serious adverse events (SAEs) by System Organ 

Class (SOC) and preferred term (PT).

Table 147.  Serious adverse events from baseline to 24 months, by system organ class 
and preferred term

System Organ Class

Preferred term

BMT 

total

BMT 

unique 

subjects

BMT frequency

(% of subjects)

DBS 

total

DBS 

unique 

subjects

DBS frequency 

(% of subjects)

Blood and lymphatic 

system disorders

Eosinophilia 1 1 0.8% 0 0 0.0%

Cardiac disorders   0.0%    

Myocardial infarction 1 1 0.8% 0 0 0.0%

Ear and labyrinth 

disorders

Deafness unilateral 1 1 0.8% 0 0 0.0%

Eye disorders       

Cataract 0 0 0.0% 1 1 0.8%

Diplopia 0 0 0.0% 1 1 0.8%

Gastrointestinal 

disorders

Constipation 1 1 0.8% 0 0 0.0%

Diarrhoea 0 0 0.0% 2 2 1.6%

Duodenal ulcer 
perforation

0 0 0.0% 1 1 0.8%

Gastritis 1 1 0.8% 0 0 0.0%

Ileus paralytic 0 0 0.0% 1 1 0.8%

Intestinal mass 1 1 0.8% 0 0 0.0%

Umbilical hernia 1 1 0.8% 0 0 0.0%

General disorders 

and administration 

site conditions

Chest pain 2 2 1.6% 0 0 0.0%

Device dislocation 0 0 0.0% 6 3 2.4%

Drug effect decreased 3 3 2.4% 0 0 0.0%

Table 147.  Serious adverse events from baseline to 24 months, by system organ class 
and preferred term

System Organ Class

Preferred term

BMT 

total

BMT 

unique 

subjects

BMT frequency

(% of subjects)

DBS 

total

DBS 

unique 

subjects

DBS frequency 

(% of subjects)

Gait disturbance 1 1 0.8% 1 1 0.8%

Impaired self-care 1 1 0.8% 0 0 0.0%

Unevaluable event 3 3 2.4% 1 1 0.8%

Hepatobiliary disorders

Jaundice 1 1 0.8% 0 0 0.0%

Immune system 

disorders

Allergy to arthropod bite 1 1 0.8% 0 0 0.0%

Infections and 

infestations

Brain abscess 0 0 0.0% 1 1 0.8%

Bronchitis 1 1 0.8% 1 1 0.8%

Herpes zoster 1 1 0.8% 0 0 0.0%

Infection 1 1 0.8% 0 0 0.0%

Intervertebral discitis 1 1 0.8% 0 0 0.0%

Meningitis 0 0 0.0% 1 1 0.8%

Neuroborreliosis 1 1 0.8% 0 0 0.0%

Pneumonia 1 1 0.8% 1 1 0.8%

Skin infection 0 0 0.0% 2 2 1.6%

Upper respiratory tract 
infection

0 0 0.0% 1 1 0.8%

Urinary tract infection 0 0 0.0% 1 1 0.8%

Injury, poisoning and 

procedural 

complications

Anaesthetic 
complication 
pulmonary

0 0 0.0% 1 1 0.8%

Ankle fracture 0 0 0.0% 1 1 0.8%

Burns first degree 0 0 0.0% 1 1 0.8%

Clavicle fracture 0 0 0.0% 1 1 0.8%

Eye injury 0 0 0.0% 1 1 0.8%

Fall 0 0 0.0% 1 1 0.8%

Femoral neck fracture 1 1 0.8% 0 0 0.0%

Foot fracture 0 0 0.0% 1 1 0.8%

Humerus fracture 1 1 0.8% 2 2 1.6%

Lumbar vertebral 
fracture

0 0 0.0% 1 1 0.8%

Overdose 2 2 1.6% 1 1 0.8%

Patella fracture 0 0 0.0% 1 1 0.8%

Psychosis postoperative 0 0 0.0% 1 1 0.8%

Radius fracture 0 0 0.0% 1 1 0.8%

Rib fracture 1 1 0.8% 0 0 0.0%

Upper limb fracture 0 0 0.0% 1 1 0.8%

Wrist fracture 1 1 0.8% 1 1 0.8%

Investigations

Arteriogram coronary 0 0 0.0% 1 1 0.8%
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Table 147.  Serious adverse events from baseline to 24 months, by system organ class 
and preferred term

System Organ Class

Preferred term

BMT 

total

BMT 

unique 

subjects

BMT frequency

(% of subjects)

DBS 

total

DBS 

unique 

subjects

DBS frequency 

(% of subjects)

Cystoscopy 0 0 0.0% 1 1 0.8%

Diagnostic procedure 1 1 0.8% 0 0 0.0%

Investigation 0 0 0.0% 2 2 1.6%

Metabolism and 

nutrition disorders

Decreased appetite 1 1 0.8% 0 0 0.0%

Dehydration 1 1 0.8% 0 0 0.0%

Musculoskeletal and 

connective tissue 

disorders

Arthropathy 0 0 0.0% 1 1 0.8%

Back pain 2 2 1.6% 0 0 0.0%

Intervertebral disc 
protrusion

0 0 0.0% 3 2 1.6%

Muscular weakness 0 0 0.0% 1 1 0.8%

Osteoarthritis 1 1 0.8% 0 0 0.0%

Rotator cuff syndrome 0 0 0.0% 1 1 0.8%

Spondylitis 1 1 0.8% 1 1 0.8%

Neoplasms benign, 

malignant and 

unspecified (incl cysts 

and polyps)

Basal cell carcinoma 0 0 0.0% 1 1 0.8%

Breast cancer 0 0 0.0% 1 1 0.8%

Colorectal cancer 0 0 0.0% 1 1 0.8%

Meningioma 0 0 0.0% 1 1 0.8%

Nasal cavity cancer 1 1 0.8% 0 0 0.0%

Nervous system 

disorders

Akinesia 1 1 0.8% 1 1 0.8%

Bradykinesia 0 0 0.0% 1 1 0.8%

Brain oedema 0 0 0.0% 1 1 0.8%

Convulsion 0 0 0.0% 2 2 1.6%

Dementia 0 0 0.0% 1 1 0.8%

Dyskinesia 2 2 1.6% 1 1 0.8%

Dystonia 3 3 2.4% 0 0 0.0%

Epilepsy 0 0 0.0% 1 1 0.8%

Motor dysfunction 1 1 0.8% 2 2 1.6%

On and off 
phenomenon

19 15 11.8% 3 3 2.4%

Parkinsonism 3 3 2.4% 1 1 0.8%

Parkinson's disease 1 1 0.8% 2 2 1.6%

Sciatica 0 0 0.0% 2 2 1.6%

Somnolence 1 1 0.8% 0 0 0.0%

Stupor 0 0 0.0% 1 1 0.8%

Table 147.  Serious adverse events from baseline to 24 months, by system organ class 
and preferred term

System Organ Class

Preferred term

BMT 

total

BMT 

unique 

subjects

BMT frequency

(% of subjects)

DBS 

total

DBS 

unique 

subjects

DBS frequency 

(% of subjects)

Transient ischaemic 
attack

0 0 0.0% 1 1 0.8%

Tremor 3 3 2.4% 3 2 1.6%

Psychiatric disorders

Affective disorder 0 0 0.0% 1 1 0.8%

Anxiety 2 1 0.8% 0 0 0.0%

Anxiety disorder 1 1 0.8% 0 0 0.0%

Completed suicide 1 1 0.8% 2 2 1.6%

Depressed mood 0 0 0.0% 1 1 0.8%

Depression 4 2 1.6% 6 6 4.8%

Depression suicidal 1 1 0.8% 0 0 0.0%

Depressive symptom 0 0 0.0% 1 1 0.8%

Dopamine 
dysregulation syndrome

1 1 0.8% 0 0 0.0%

Hallucination 6 3 2.4% 1 1 0.8%

Hypomania 4 3 2.4% 0 0 0.0%

Impulse-control 
disorder

1 1 0.8% 0 0 0.0%

Impulsive behaviour 0 0 0.0% 1 1 0.8%

Major depression 1 1 0.8% 1 1 0.8%

Panic attack 3 2 1.6% 1 1 0.8%

Psychotic disorder 4 4 3.1% 0 0 0.0%

Suicidal ideation 1 1 0.8% 1 1 0.8%

Suicide attempt 2 2 1.6% 2 2 1.6%

Renal and urinary 

disorders

Nephrolithiasis 1 1 0.8% 0 0 0.0%

Reproductive system 

and breast disorders

Ovarian cyst 0 0 0.0% 1 1 0.8%

Respiratory, thoracic 

and mediastinal 

disorders

Dysphonia 1 1 0.8% 0 0 0.0%

Dyspnoea 2 2 1.6% 1 1 0.8%

Laryngospasm 0 0 0.0% 1 1 0.8%

Nasal septum deviation 1 1 0.8% 0 0 0.0%

Pneumonia aspiration 0 0 0.0% 2 2 1.6%

Pulmonary embolism 1 1 0.8% 3 2 1.6%

Skin and subcutaneous 

tissue disorders

Skin necrosis 1 1 0.8% 1 1 0.8%

Surgical and medical 

procedures

Angioplasty 0 0 0.0% 1 1 0.8%

Ankle operation 0 0 0.0% 1 1 0.8%

Antibiotic therapy 0 0 0.0% 1 1 0.8%
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Table 147.  Serious adverse events from baseline to 24 months, by system organ class 
and preferred term

System Organ Class

Preferred term

BMT 

total

BMT 

unique 

subjects

BMT frequency

(% of subjects)

DBS 

total

DBS 

unique 

subjects

DBS frequency 

(% of subjects)

Arthroscopic surgery 0 0 0.0% 1 1 0.8%

Bunion operation 1 1 0.8% 0 0 0.0%

Cardioversion 1 1 0.8% 0 0 0.0%

Carpal tunnel 
decompression

0 0 0.0% 1 1 0.8%

Cholecystectomy 1 1 0.8% 0 0 0.0%

Gastrointestinal 
endoscopic therapy

0 0 0.0% 1 1 0.8%

Glossectomy 1 1 0.8% 0 0 0.0%

Hip arthroplasty 1 1 0.8% 1 1 0.8%

Hip surgery 0 0 0.0% 3 2 1.6%

Hospitalisation 3 2 1.6% 1 1 0.8%

Knee arthroplasty 2 1 0.8% 1 1 0.8%

Medical device removal 0 0 0.0% 1 1 0.8%

Meniscus operation 0 0 0.0% 1 1 0.8%

Neurostimulator 
implantation

0 0 0.0% 6 3 2.4%

Oophorectomy 1 1 0.8% 0 0 0.0%

Removal of internal 
fixation

0 0 0.0% 1 1 0.8%

Skin cyst excision 0 0 0.0% 1 1 0.8%

Skin neoplasm excision 0 0 0.0% 1 1 0.8%

Spinal operation 1 1 0.8% 2 1 0.8%

Thyroidectomy 1 1 0.8% 0 0 0.0%

Toe amputation 0 0 0.0% 1 1 0.8%

Tooth extraction 1 1 0.8% 0 0 0.0%

Tumour excision 0 0 0.0% 1 1 0.8%

Uterine polypectomy 0 0 0.0% 1 1 0.8%

Vascular disorders

Hypotension 1 1 0.8% 0 0 0.0%

Peripheral arterial 
occlusive disease

0 0 0.0% 1 1 0.8%

Total 127 56 44.1% 132 69 55.6%

Abbreviations: DBS=deep brain stimulation, BMT=best medical treatment.

Results conclusion

The primary objective, evaluating quality of life with the PDQ-39, was 

met, demonstrating a signifi cant improvement (p=0.002) at 24 

months in the DBS group compared to the BMT group. Specifi cally, 

the DBS group had a 26% improvement in quality of life versus a 1% 

decline in subjects receiving BMT. 

The secondary objectives evaluating diff erences at 24 months 

between the treatment groups also provided consistent signifi cant 

improvements in the DBS group. These included the following: 

evaluation of motor function with the UPDRS III (On stim/Off  med), 

with the DBS group demonstrating a 53% improvement compared to 

a 4% improvement in the BMT group (p<0.05); the UPDRS II activities 

of living, with the DBS group demonstrating a 30% improvement 

compared to a 12% decline in the BMT group (p<0.001); UPDRS IV 

complications of therapy demonstrated a 61% improvement in the 

DBS group compared to a 13% worsening in the BMT group 

(p<0.001); and patient motor diary time with good mobility without 

troublesome dyskinesia, with a 20% improvement compared to a 2% 

improvement in the BMT group (p=0.012). 

Medication use, measured in levodopa equivalent dose (LED), 

demonstrated a signifi cant (p<0.001) reduction of 39% in medication 

at 24 months in the DBS group versus a 21% increase in the BMT 

group. Note that LED reduction would not be expected in the BMT 

group.

The neuropsychological assessments showed that the Mattis 

Dementia Rating Scale,  BDI-II, Brief Psychiatric Rating Scale, Starkstein 

Apathy Scale, and UPDRS I did not indicate any signifi cant diff erence 

in the DBS and BMT groups through 24 months, while the 

Montgomery Äsburg Depression Rating Scale did indicate a 

diff erence between DBS and BMT in favor of DBS.  

The safety results refl ect a total of 488 mean years of follow-up of 251 

subjects enrolled in this 2-year follow-up study. There were 1164 

adverse events reported in 121 subjects in the DBS group (n=124) and 

1045 in 125 subjects in the BMT group (n=127) with SAEs reported in 

55.6% of DBS subjects and 44.1% of BMT subjects. There were 22.6% of 

the DBS subjects who had a device-related SAE. There were 3 deaths 

due to suicide with 2 occurring in the DBS group and one in the BMT 

group. There were a total of 12 SAEs regarding suicidality in 11 

subjects for an overall total of 4.4%. There were no reports of cerebral 

hemorrhage, and 6 SAEs in 5 subjects were due to device-related 

infections for a total of 4%. The types of adverse events reported are 

consistent with those in the current labeling.

This was a Parkinson’s disease population whose disease was not well 

controlled with medication as demonstrated by the presence of 

motor fl uctuations and/or dyskinesias (ie, motor complications). The 

mean duration of disease was 7.5 years, the mean age was 52 years, 

and fl uctuations and dyskinesias were present for a mean duration of 

1.7 and 1.5 years, respectively. 

Potential benefi ts of earlier neurostimulation must be carefully 

weighed against risks, morbidity, and mortality of neurosurgery. Thus, 

neurostimulation should not be initiated before diagnosis of 

idiopathic PD is confi rmed and other forms of Parkinsonism are ruled 

out. 

This study demonstrated that for Parkinson’s disease subjects with 

relatively recent onset of motor complications (ie, duration ranging 

from 4 months to 3 years), neurostimulation was superior to medical 

treatment alone.

Limitations of the study

Subjects in this study were randomized to either deep brain 

stimulation and best medical treatment (the DBS group) or 
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best medical treatment alone (the BMT group). This study was 

open label, ie, all subjects knew whether or not they had 

received a device. Randomized, double blind sham controlled 

trials are considered the ‘gold-standard’ for judging the 

benefi ts of a treatment. Open label studies can cause an 

overestimation of the treatment eff ect in investigator and 

subject ratings. Also, the open-label study design does not 

allow for characterization of the extent or duration of any post-

implant eff ect, such as placebo eff ect, regression to the mean, 

or eff ect of surgery, that could contribute signifi cantly or in 

part to the observed therapeutic eff ects of DBS.  

The study was not designed to evaluate whether DBS used 

earlier in Parkinson’s disease is disease modifying.  DBS has 

not been demonstrated to be disease modifying in this study.  

DBS therapy is approved as an adjunct to medication; 

however, some tests were conducted with medications Off  in 

order to confi rm that neurostimulation alone was providing 

benefi t. In the medication Off  assessments, DBS was compared 

to no treatment. In medication On assessments, DBS as an 

adjunct to BMT was compared to BMT alone.

Antiparkinson medication was reduced on average in the 

subjects receiving DBS. However changes to antiparkinson 

medications could have confounded the therapy response 

attributed to DBS. 

Missing data may aff ect the accuracy of the results obtained in 

a clinical study. Subjects who are receiving little or no benefi t 

from a treatment may be more likely to discontinue their 

participation during the course of the study which may skew 

later results favorably from what would have been observed if 

all randomized subjects were included. Therefore, in addition 

to the ITT analysis, two sensitivity analyses, a completer’s, and 

per-protocol analysis were performed for the primary effi  cacy 

endpoint.

Individualization of treatment for Parkinson’s 
disease
The clinical studies support the validity of both stimulation targets of 

GPi and STN for Parkinson’s disease and thus allow clinicians the 

option to select the target based on their clinical experience.

Best results are achieved when the patient is fully informed about the 

therapy risks and benefi ts, surgical procedure, follow-up 

requirements, and self-care responsibilities. Medtronic DBS Therapy 

for Parkinson’s Disease is appropriate for patients who meet the 

following criteria:

• Patients should have symptoms of levodopa-responsive 

Parkinson’s disease of at least 4 years’ duration that are not 

adequately controlled with medication, including motor 

complications of recent onset (from 4 months to 3 years) or motor 

complications of longer-standing duration

• Patients should be suitable candidates for stereotactic 

neurosurgery

Before the Medtronic DBS system is implanted, the following 

conditions should be met:

• Symptom suppression by test stimulation should be 

demonstrated in the operating room

• Symptom suppression should occur at less than 3 volts, and with 

minimal side eff ects such as visual eff ects and speech diffi  culties

Use extreme care with lead implantation in patients with a 

heightened risk of intracranial hemorrhage. Physicians should 

consider underlying factors, such as previous neurological injury or 

prescribed medications (anticoagulants), that may predispose a 

patient to the risk of bleeding.

Physicians should be aware that the risks associated with initial 

surgery may increase with clinical conditions such as:

• Stroke or neurological disorders other than idiopathic Parkinson’s 

disease

• Cardiovascular disease

• Renal or hepatic failure

• Diabetes mellitus

To help ensure maximum benefi ts from the neurostimulation system, 

long-term, post-surgical management of patients is recommended.

Stimulation parameters should be adjusted such that maximal 

symptom suppression is achieved with minimal side eff ects. High 

parameter values may indicate a system problem or less than optimal 

lead placement. Patients should be informed of the risks of higher 

parameters as noted in the appropriate information for prescribers 

booklet.

 Use in specifi c populations
The safety and eff ectiveness of this therapy has not been established 

for the following:

• Patients with neurological disease origins other than idiopathic 

Parkinson’s disease

• Patients with a previous surgical ablation procedure

• Patients who are pregnant

• Patients under the age of 18 years

• Patients with dementia

• Patients with coagulopathies

• Patients with moderate to severe depression



Clinical Summary

  Clinical Summary 2015-11-01          English       87



*M197935A010*

Manufacturer

Medtronic, Inc.

710 Medtronic Parkway
Minneapolis, MN 55432-5604
USA
www.medtronic.com

Tel. 1-763-505-5000

Toll-free 1-800-328-0810

Fax 1-763-505-1000

© Medtronic, Inc. 2015

All Rights Reserved 

M197935A010 Rev B


