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A bs tr ac t

Background
Deep-brain stimulation is the surgical procedure of choice for patients with ad-
vanced Parkinson’s disease. The globus pallidus interna and the subthalamic nucle-
us are accepted targets for this procedure. We compared 24-month outcomes for 
patients who had undergone bilateral stimulation of the globus pallidus interna 
(pallidal stimulation) or subthalamic nucleus (subthalamic stimulation).

Methods
At seven Veterans Affairs and six university hospitals, we randomly assigned 299 
patients with idiopathic Parkinson’s disease to undergo either pallidal stimulation 
(152 patients) or subthalamic stimulation (147 patients). The primary outcome was 
the change in motor function, as blindly assessed on the Unified Parkinson’s Dis-
ease Rating Scale, part III (UPDRS-III), while patients were receiving stimulation 
but not receiving antiparkinsonian medication. Secondary outcomes included self-
reported function, quality of life, neurocognitive function, and adverse events.

Results
Mean changes in the primary outcome did not differ significantly between the two 
study groups (P = 0.50). There was also no significant difference in self-reported func-
tion. Patients undergoing subthalamic stimulation required a lower dose of dopamin-
ergic agents than did those undergoing pallidal stimulation (P = 0.02). One compo-
nent of processing speed (visuomotor) declined more after subthalamic stimulation 
than after pallidal stimulation (P = 0.03). The level of depression worsened after sub-
thalamic stimulation and improved after pallidal stimulation (P = 0.02). Serious ad-
verse events occurred in 51% of patients undergoing pallidal stimulation and in 56% 
of those undergoing subthalamic stimulation, with no significant between-group 
differences at 24 months.

Conclusions
Patients with Parkinson’s disease had similar improvement in motor function 
after either pallidal or subthalamic stimulation. Nonmotor factors may reason-
ably be included in the selection of surgical target for deep-brain stimulation. 
(ClinicalTrials.gov numbers, NCT00056563 and NCT01076452.)
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Randomized studies have shown that 
treatment with deep-brain stimulation, 
which involves the surgical implantation 

of a device that sends electrical impulses to spe-
cific parts of the brain, is superior to medical 
therapy for improving motor function and qual-
ity of life for patients with advanced Parkinson’s 
disease.1,2 The globus pallidus interna and the 
subthalamic nucleus are both accepted targets for 
deep-brain stimulation. The subthalamic nucleus 
is used more commonly as the target, despite the 
lack of evidence showing that neurostimulation of 
this target provides a better outcome. Our multi-
center, randomized, blinded trial, called the Vet-
erans Affairs Cooperative Studies Program (CSP) 
468 study, was designed to compare the outcome 
of bilateral neurostimulation of the globus palli-
dus interna (pallidal stimulation) with that of the 
subthalamic nucleus (subthalamic stimulation).

Me thods

Study Design

The details regarding study-site selection, the re-
cruitment and assessment of patients, surgical 
interventions, and follow-up have been described 
previously.1 In brief, 316 patients were enrolled at 
seven Veterans Affairs and six affiliated university 
medical centers. Patients with idiopathic Parkin-
son’s disease who were at least 21 years of age 
were eligible if they had disease that was assessed 
as stage 2 or higher on the basis of the Hoehn 
and Yahr disability scale (on which scores range 
from 0 to 5, with higher scores indicating greater 
disability) while not receiving antiparkinsonian 
medication,3 had a response to levodopa, had per-
sistent and disabling symptoms (e.g., motor fluc-
tuations and dyskinesia) despite optimal medical 
therapy, had at least 3 hours per 24-hour period 
with poor motor function or symptom control, 
and had been receiving medical therapy with no 
changes in the regimen for at least 1 month.

The first 255 patients participated in a 6-month 
comparison of medical therapy and deep-brain 
stimulation in which patients were randomly as-
signed to receive medical therapy or to undergo 
deep-brain stimulation (randomized to either pal-
lidal or subthalamic stimulation). After complet-
ing 6 months of medical therapy, patients pro-
ceeded to deep-brain stimulation, with random 
assignment to either pallidal or subthalamic stim-
ulation. An interim analysis indicated that a sam-
ple of 255 patients was sufficient for the com-

parison between medical therapy and deep-brain 
stimulation, so the remaining 61 patients were 
randomly assigned directly to undergo pallidal or 
subthalamic stimulation.

Strict adherence to inclusion and exclusion cri-
teria was maintained throughout the study. All 
patients who were assigned to undergo pallidal 
or subthalamic stimulation were followed for 24 
months after surgery. Randomization was strat-
ified according to study site and the patient’s age 
(<70 vs. ≥70 years). Patients underwent surgery 
within 1 month after randomization and remained 
unaware of the surgical target for the duration 
of the study.

Evaluation

We evaluated patients after a 12-hour overnight 
withdrawal of antiparkinsonian medication. The 
stimulator was then turned off, and the patient 
was evaluated 60 minutes later (“without medica-
tion and without stimulation”). Finally, the stim-
ulator was turned back on, and the patient took 
the usual dose of medication and was evaluated 
after 60 minutes (“with medication and with stim-
ulation”).

At baseline, we evaluated motor symptoms in 
the absence of medication (in the “practically de-
fined off state”),4 using part III (motor subscale) 
of the Unified Parkinson’s Disease Rating Scale 
(UPDRS-III, on which scores range from 0 to 108 
and higher scores indicate more severe motor 
symptoms)5 and the “stand–walk–sit” test.4 (All 
ranges of scores are listed in Table 1.) These evalu-
ations were performed by study-site personnel and 
independently by movement-disorders clinicians 
who were unaware of study-group assignments.

We also assessed the patients’ performance 
with medication, using the UPDRS-III,4 the Hoehn 
and Yahr scale of disability,3 the Schwab and 
England scale of activities of daily living,6 the 
stand–walk–sit test 4; subscales of the UPDRS, in-
cluding part I (mentation, behavior, and mood), 
part II (activities of daily living), and part IV 
(complications of therapy)5; the Parkinson’s Dis-
ease Questionnaire–39 Items (PDQ-39)7; and the 
Beck Depression Inventory II. The study nurse 
recorded medications that the patients were tak-
ing and assessed their physical health status and 
symptoms of Parkinson’s disease. A neuropsy-
chologist administered a battery of neurocogni-
tive tests.

Motor function was also assessed on the ba-
sis of diaries that the patients kept.8 They were 
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trained in the use of the diaries9 and completed 
practice entries. Patients recorded which of four 
categories (good motor function, motor function 
with dyskinesia that interfered with movement, 
poor motor function, or asleep) best reflected the 
condition of their predominant functioning for 
the previous 30 minutes in half-hour intervals for 
2 days.8 The time spent in each category was aver-
aged during the 2-day period.

Follow-up

Patients returned to the study site at 3, 6, 12, 18, 
and 24 months. The entire baseline assessment, 
including an evaluation of motor function per-
formed in a blinded fashion, was repeated at 6 and 
24 months. Abbreviated assessments were con-
ducted at 3, 12, and 18 months. Study neurolo-
gists directed postoperative treatment to achieve 
optimal control of symptoms without regard to the 
target of deep-brain stimulation. Management in-
cluded adjustment of pharmacologic therapy (dose 
and regimen of dopaminergic and nondopamin-
ergic medications) and nonpharmacologic treat-
ments (e.g., physical, occupational, and speech 
therapy).

Primary and Secondary Outcomes

The primary outcome was the change in the 
UPDRS-III motor score from baseline to 24 months 
among patients who were receiving stimulation 
without medication, as determined by evaluators 
who were unaware of study-group assignments. 
Secondary outcomes included self-reported func-
tion, quality of life, neurocognitive function, and 
adverse events.

Adverse Events

Patients were queried about adverse events by the 
study nurse, and such events were coded with the 
use of the Medical Dictionary for Regulatory Activities, 
version 11.0, and categorized as mild, moderate, 
or severe in intensity. Adverse events related to 
Parkinson’s disease were queried with the use of 
a script. All other adverse events were identified 
by the study nurse during an interview regarding 
the patients’ medical history since the previous 
follow-up visit. Serious adverse events included any 
event that resulted in death, disability, or pro-
longed or new hospitalization or that was life-
threatening or required medical or surgical inter-
vention.

Study Oversight

The Cooperative Studies Program of the Depart-
ment of Veterans Affairs Office of Research and 
Development and the National Institute of Neu-
rological Disorders and Stroke provided financial 
support for this study and contributed to the 
study design. Medtronic provided financial sup-
port. The stimulators were purchased from the 
manufacturer, which had no role in the study de-
sign, data accrual, data analysis, or manuscript 
preparation.

The authors were responsible for the collection, 
management, and analysis of the data and for 
the preparation of the manuscript and the deci-
sion to submit it for publication.

Statistical Analysis

All analyses were based on the intention-to-treat 
principle. For patients with at least one follow-up 
visit but incomplete data, the last observation was 
treated as the 24-month observation. Patients for 
whom any baseline data or data from follow-up 
at both 3 and 6 months were missing were deemed 
to have no change in score. For patients who were 
initially assigned to receive medical therapy only, 
the 6-month evaluation, performed just before 
they underwent deep-brain stimulation surgery, 
was considered to be the baseline for our analyses. 
Otherwise, the 3-month or baseline evaluation of 
medical therapy was treated as the baseline ob-
servation for patients undergoing deep-brain stim-
ulation.

We compared the primary outcome in the two 
study groups using a two-sample t-test. Analysis 
of mixed-effects models of UPDRS-III motor 
scores was performed on the assumption that data 
were missing at random. The time of evaluation 
was treated as a categorical variable. Differences 
between study groups were compared by hypoth-
esis tests. Secondary outcomes were measured as 
changes from baseline to 24 months. Medication 
use was converted to levodopa equivalents for 
analysis.10

The study was designed to detect a between-
group difference of 25% in the primary outcome 
(the change in the UPDRS-III score at 24 months) 
with a power of 80%, assuming a correlation of 
more than 0.25 between UPDRS-III motor scores 
before and after the intervention (or a difference 
of 20% with a power of 90%, assuming a correla-
tion of more than 0.50), at an alpha level of 0.05.
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The enrollment of 300 patients was necessary 
for the comparison of the primary outcome. 
Analyses were performed with the use of SAS 
software, version 9.1. All statistical tests were two-
sided, and a P value of 0.05 was considered to 
indicate statistical significance, with no formal 
correction for multiple comparisons.

R esult s

Patients

A total of 299 patients with Parkinson’s disease 
were randomly assigned to undergo either bilat-
eral pallidal stimulation (152 patients) or bilateral 
subthalamic stimulation (147 patients) (Fig. 1). 

316 Patients were enrolled and
underwent randomization

134 Were initially assigned
to medical therapy

121 Were initially assigned to
deep-brain stimulation

(pallidal or subthalamic)

17 Withdrew
2 Did not pass neuro-

cognitive test at 6 mo
1 Was deemed to be

mentally incompetent
1 Did well with medical

therapy
1 Did not want surgery

12 Withdrew consent

152 Were included in the 24-mo
primary analysis

147 Were included in the 24-mo
primary analysis

9 Withdrew
5 Died

16 Withdrew
8 Died

299 Underwent randomization
to surgical target

117 Continued to deep-brain
stimulation

61 Were assigned directly to deep-
brain stimulation (pallidal or

subthalamic) after randomization
to medical therapy was closed

152 Were assigned to pallidal
stimulation

147 Were assigned to subthalamic
stimulation

255 Were included in analysis of medical therapy vs. deep-brain stimulation at 6 mo

Figure 1. Enrollment and Outcomes in the Two Phases of the Study.

In the first phase of the study, 316 patients were randomly assigned to receive medical therapy or undergo deep-brain stimulation (tar-
geting either the pallidal or subthalamic region) or were directly assigned to undergo deep-brain stimulation (after randomization to 
medical therapy was closed).1 In the second phase, 117 of the patients who were originally assigned to receive medical therapy subse-
quently underwent a second randomization to undergo either pallidal or subthalamic stimulation.
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The clinical characteristics of the three groups of 
patients — those originally assigned to receive 
medical therapy as compared with deep-brain 
stimulation, those assigned to undergo deep-brain 
stimulation as compared with medical therapy, 
and those assigned to bypass the comparison be-
tween medical therapy and deep-brain stimula-
tion — were similar at baseline except for small 
differences in the number of years of receipt of 
medication for Parkinson’s disease, scores on a 
test of verbal fluency (animal names), and scores 
on the Boston Naming Test (Table 1). The base-
line characteristics of the two overall groups that 
underwent deep-brain stimulation were similar 
except for the scores on the PDQ-39 subscales of 
emotional well-being (P = 0.04), social support 
(P = 0.003), and cognition (P = 0.03); verbal fluen-
cy (animal names) (P = 0.01); and the total score 
on the Hopkins Verbal Learning Test (P = 0.04).

Seventeen patients in the medical-therapy group 
withdrew before they were randomly assigned to 
undergo deep-brain stimulation. As compared 
with the 117 patients in the medical-therapy group 
who remained in the study and underwent deep-
brain stimulation, the 17 patients who withdrew 
were older (≥70 years of age, 59% vs. 23%), were 
more likely to be women (47% vs. 14%), were less 
likely to live with family (53% vs. 80%), and had 
worse UPDRS-III motor scores (50.8 vs. 44.3 points 
with medication and 45.6 vs. 42.9 without medi-
cation). A total of 38 patients did not complete 
the 24-month assessment: 25 patients withdrew 
(9 in the pallidal-stimulation group and 16 in the 
subthalamic-stimulation group) and 13 died (5 in 
the pallidal-stimulation group and 8 in the sub-
thalamic-stimulation group). As compared with 
patients who completed the 24-month follow-up, 
those who did not were older (67.7 years vs. 61.0 
years), were less likely to live with family (74% vs. 
81%), and had higher UPDRS-III motor scores 
(27.3 vs. 21.8 with medication and 45.5 vs. 42.0 
without medication). A total of 279 patients com-
pleted the 6-month evaluation.

Motor Function

The primary outcome, the change in the UPDRS-
III score at 24 months with deep-brain stimula-
tion and without medication, did not differ sig-
nificantly according to the surgical target, with a 
reduction of 11.8 points in the pallidal-stimula-
tion group and of 10.7 points in the subthalamic-
stimulation group (difference, −1.1 points; 95% 

confidence interval, −4.3 to 2.1; P = 0.50) (Table 2). 
With both stimulation and medication, patients 
undergoing pallidal stimulation had a slight im-
provement in motor function (a reduction of 1.2 
points in the UPDRS-III score), whereas patients 
undergoing subthalamic stimulation had a slight 
worsening (an increase of 0.8 points) (P = 0.09) 
(Table 2). Without stimulation or medication, the 
mean change from baseline in motor function 
differed significantly between the two study groups, 
with patients undergoing pallidal stimulation hav-
ing improvement (a reduction of 3.7 points in the 
UPDRS-III score) and patients undergoing subtha-
lamic stimulation having deterioration (an increase 
of 2.2 points) (P<0.001).

At 24 months, two thirds of the patients in the 
two study groups had at least a 5-point improve-
ment in the UPDRS-III score (a minimal measure-
ment of clinically important change11) while re-
ceiving stimulation without medication; 7% of 
patients undergoing pallidal stimulation and 12% 
of patients undergoing subthalamic stimulation 
had a decline of at least 5 points (P = 0.10). The 
primary outcome was stable over the 24-month 
follow-up period, as were UPDRS-III scores for the 
other combinations of assessments (with or with-
out stimulation and with or without medication). 
Analysis of mixed-effects models of the response 
over time showed results that were consistent 
with those in the intention-to-treat population 
(Table 2).

Other approaches for handling missing data 
— which included analysis of complete data only, 
assignment of zero (no change) for any missing 
data, and application of the worst-case scenario 
(assignment of the best scores at baseline and 
the worst scores at 24 months for missing data) 
— were performed. Results were consistent with 
the intention-to-treat and mixed-model analyses.

Motor Diary, Stand–Walk–Sit Test,  
and Medication Use

On the basis of patients’ diary entries with re-
spect to four states — good motor function, mo-
tor function with troublesome dyskinesia, poor 
motor function, or asleep — the amount of time 
that they spent per 24 hours in each of these 
states did not differ significantly between the 
two study groups (Table 3). Changes in scores on 
the stand–walk–sit test differed between the two 
study groups only when patients were not receiv-
ing either stimulation or medication, with the 
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group undergoing pallidal stimulation having 
significantly greater improvement than the group 
undergoing subthalamic stimulation (a reduction 
of 4.1 seconds and 0.2 seconds, respectively; 
P = 0.005). The average medication use (levodopa 
equivalents) decreased more in the subthalamic-
stimulation group (a reduction of 408 mg) than 
in the pallidal-stimulation group (a reduction of 
243 mg, P = 0.02).

Quality of Life

After 24 months, the quality of life improved on 
six of eight subscales of the PDQ-39 in the two 
study groups, although the level of communica-
tion worsened slightly in both groups (Table 3). 
Social-support scores worsened slightly after pal-
lidal stimulation but improved slightly after sub-
thalamic stimulation. None of the between-group 
differences were significant.

Neurocognitive Function and Mood

At the 24-month follow-up, patients in the two 
study groups had similarly slight decrements in 
all measures of neurocognitive function, except 
for the processing speed index (as measured on 
the Wechsler Adult Intelligence Scales III), in which 
the extent of decline was greater for the group 
undergoing subthalamic stimulation than for the 
group undergoing pallidal stimulation (P = 0.03) 
(Table 3). Group differences on the digit symbol 
visuomotor subtest accounted for this effect. Over-
all scores on the Beck Depression Inventory II im-
proved slightly for the group undergoing pallidal 
stimulation but worsened slightly for the group 
undergoing subthalamic stimulation (P = 0.02).

Adverse Events

A total of 335 serious adverse events occurred in 
77 patients undergoing pallidal stimulation and in 
83 undergoing subthalamic stimulation (Table 4). 
There were no significant between-group differ-
ences in the frequency or type of serious adverse 
events. Ninety-nine percent of these events were 
resolved by the conclusion of the 24-month study 
follow-up. A total of 3356 moderate or severe ad-
verse events — 1601 in the pallidal-stimulation 
group and 1755 in the subthalamic stimulation 
group — were reported over the 24-month period 
(Table 4). Adverse events did not differ signifi-
cantly in frequency or type between the two study 
groups at 24 months.

Thirteen deaths occurred during follow-up (five 
among patients undergoing pallidal stimulation W
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Table 4. Adverse Events at 24 Months.*

Event

Pallidal 
Stimulation

(N = 152)

Subthalamic 
Stimulation

(N = 147) P Value

no. (%)

Serious adverse event†

Any 77 (50.7) 83 (56.5) 0.35

Implantation-site infection 12 (7.9) 11 (7.5) 0.99

Fall 5 (3.3) 13 (8.8) 0.05

Pneumonia 8 (5.3) 4 (2.7) 0.38

Confusional state 2 (1.3) 5 (3.4) 0.28

Medical-device complication 2 (1.3) 4 (2.7) 0.44

Lumbar spine stenosis 3 (2.0) 2 (1.4) 0.99

Mental status change 4 (2.6) 1 (0.7) 0.37

Osteoarthritis 3 (2.0) 2 (1.4) 0.99

Syncope 1 (0.7) 4 (2.7) 0.21

Depression 4 (2.6) 1 (0.7) 0.37

Adverse drug reaction 2 (1.3) 2 (1.4) 0.99

Coronary artery disease 1 (0.7) 3 (2.0) 0.36

Dyskinesia 1 (0.7) 3 (2.0) 0.36

Gastroesophageal reflux disease 2 (1.3) 2 (1.4) 0.99

Inguinal hernia 2 (1.3) 2 (1.4) 0.99

Suicidal depression 2 (1.3) 1 (0.7) 0.99

Cerebral hemorrhage 1 (0.7) 2 (1.4) 0.62

Stroke 0 3 (2.0) 0.12

Intracranial hemorrhage 3 (2.0) 0 0.25

Moderate or severe adverse event‡

Fall 58 (38.2) 63 (42.9) 0.41

Gait disturbance 49 (32.2) 45 (30.6) 0.80

Depression 40 (26.3) 54 (36.7) 0.06

Balance disorder 47 (30.9) 44 (29.9) 0.90

Speech problem 43 (28.3) 51 (34.7) 0.26

Freezing phenomenon 48 (31.6) 35 (23.8) 0.16

Bradykinesia 36 (23.7) 32 (21.8) 0.78

Motor dysfunction 36 (23.7) 31 (21.1) 0.68

Dyskinesia 34 (22.4) 38 (25.9) 0.50

Dystonia 34 (22.4) 31 (21.1) 0.89

Confused state 30 (19.7) 33 (22.4) 0.57

*	All events are listed according to the definitions used in the Medical Dictionary for Regulatory Activities, version 11.0, for 
serious adverse events and moderate or severe adverse events.

†	All listed serious adverse events were reported in four or more patients, except for four events that are critical in this 
population — suicidal depression, cerebral hemorrhage, stroke, and intracranial hemorrhage — each of which occurred 
in three patients.

‡	All listed moderate or severe adverse events were reported in at least 20% of the patients. A moderate event is defined 
as one that may interfere with normal activity and lead to the consideration of medical intervention or close follow-up. 
A severe event poses substantial risk to patient’s health and is likely to require medical intervention or close follow-up.
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and eight among those undergoing subthalamic 
stimulation). One death in the subthalamic-stim-
ulation group was related directly to the surgical 
procedure (an intracranial hemorrhage 24 hours 
after surgery). One patient undergoing pallidal 
stimulation committed suicide; two patients un-
dergoing subthalamic stimulation attempted sui-
cide and one other patient undergoing subtha-
lamic stimulation had suicidal ideation. Other 
deaths were attributed to aspiration pneumonia 
(one in the pallidal-stimulation group and two 
in the subthalamic-stimulation group). Among 
patients undergoing pallidal stimulation, one pa-
tient each died from myocardial infarction with 
sepsis, intestinal perforation with sepsis, and 
breast cancer. Among patients undergoing sub-
thalamic stimulation, one patient each died from 
arteriosclerotic heart disease, sepsis with multi-
ple organ failure, drug toxicity, injuries sustained 
in a motorcycle accident, and severe Parkinson’s 
disease with cachexia.

Stimulation Settings

At 24 months, the average stimulation amplitudes 
differed significantly between the group under-
going pallidal stimulation (3.95 V) and the group 
undergoing subthalamic stimulation (3.16 V) 
(P<0.001); average pulse widths were 95.7 μsec 
and 75.9 μsec, respectively (P = 0.001). Frequencies 
did not differ significantly (168 Hz and 165 Hz, 
respectively).

Discussion

Deep-brain stimulation improved motor function 
in patients with Parkinson’s disease who under-
went either pallidal or subthalamic stimulation, 
with no significant difference between the two 
surgical targets during 24 months of follow-up, 
as assessed by scores on the UPDRS-III among 
patients while they were not taking medication. 
To our knowledge, bilateral pallidal stimulation 
has been directly compared with subthalamic stim-
ulation in only one previous randomized trial.12 
The findings in this trial, which involved 20 pa-
tients, were similar to our results. A meta-analy-
sis of studies of pallidal and subthalamic stimu-
lation also showed that motor function improved 
in a similar manner for the two target regions 
at 6 months.13 A recent study of unilateral pal-
lidal stimulation versus unilateral subthalamic 

stimulation also showed equivalent motor out-
comes.14

Concern has been expressed regarding the 
long-term durability of pallidal stimulation for 
Parkinson’s disease.15 The efficacy of bilateral pal-
lidal stimulation has been reported to decrease 
over time in several small series.16-19 Other re-
ports describe stable responses to pallidal stimu-
lation for up to 3 years.20-23 In several studies, pa-
tients in whom pallidal stimulation failed had a 
successful conversion to subthalamic stimula
tion.17,18 Whether failure of long-term subtha-
lamic stimulation can be salvaged by conversion 
to pallidal stimulation is not known. We did not 
observe a significant decrement in motor func-
tion during 24 months of follow-up in either of 
our two treatment groups. Extended follow-up will 
be important to determine whether responses to 
stimulation at the two targets are stable over 
longer periods of time.

Nonmotor function is an important determi-
nant of quality of life in patients with Parkinson’s 
disease and should be a consideration in therapy 
selection.24,25 A recent study comparing unilateral 
pallidal stimulation with unilateral subthalamic 
stimulation showed similar improvement in mo-
tor function but greater improvement in quality-
of-life measures in the group undergoing pallidal 
stimulation,25 an outcome that was postulated to 
reflect a higher incidence of adverse postopera-
tive neurocognitive and mood changes in the 
group undergoing subthalamic stimulation. In our 
study, significant differences between the two 
study groups on measures of neurocognitive func-
tion and mood were limited to one measure of 
visuomotor speed and overall self-reported symp-
toms on a depression inventory, and we did not 
observe a significant difference between the two 
study groups in quality of life, as measured by the 
PDQ-39. The differences in neurocognitive and 
mood changes and quality-of-life measures that 
have been reported for patients after unilateral 
pallidal stimulation, as compared with subtha-
lamic stimulation,25 might reflect differences in 
the populations that were studied, differences in 
clinical effects of unilateral versus bilateral deep-
brain stimulation, or differences related to the 
pharmacologic treatment of patients whose symp-
toms of Parkinson’s disease are treated by unilat-
eral stimulation.

We observed differences between pallidal stim-
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ulation and subthalamic stimulation on several 
secondary measures in addition to neurocognitive 
and mood outcomes, but these findings should be 
interpreted cautiously. We did not adjust for re-
peated significance tests, and the differences we 
observed in secondary outcomes may have lim-
ited clinical significance. While patients were not 
receiving stimulation or medication, UPDRS-III 
scores and stand–walk–sit times were significantly 
better for patients undergoing pallidal stimula-
tion than for those undergoing subthalamic stim-
ulation. This relative advantage of pallidal stim-
ulation probably reflects a longer “washout” period 
after deactivation of the stimulation systems12 and 
is not important clinically because patients are 
unlikely to deactivate their stimulation systems.

The use of dopaminergic medications decreased 
more in patients undergoing subthalamic stimu-
lation than in those undergoing pallidal stimu-
lation on average. This difference may be an im-
portant consideration not only for patients who 
have side effects, in whom a reduction of medi-
cations may contribute to a better quality of life, 
but also for those in whom a reduction of medi-
cations may not be desirable.13

Stimulation amplitudes and pulse widths were 
lower on average for subthalamic stimulation than 
for pallidal stimulation, allowing for potentially 
longer intervals between pulse-generator replace-
ment among patients undergoing subthalamic 
stimulation, with an attendant reduction in long-
term costs of therapy and a reduction in risks 
associated with surgical replacement of pulse gen-
erators. The difference in amplitudes we observed 
contrasts with that reported in another large 
(nonrandomized, open-label) series involving pa-
tients undergoing either pallidal stimulation or 
subthalamic stimulation, in which average ampli-
tudes for the two types of neurostimulation dif-
fered by only 0.2 V at 1 year and by 0.1 V at 3 to 
4 years postoperatively.23 Improvements in pulse-
generator technology are likely to make this fac-
tor less important in the future.

Improvement in motor function as measured 
by UPDRS-III motor scores did not differ signifi-
cantly according to the target of deep-brain stimu-
lation, and we cannot conclude that one target is 
superior to the other on the basis of this measure. 
Both sites are feasible targets. The absence of a 
difference in motor outcomes in the two study 
groups should serve to reassure clinicians that the 
choice of target need not focus solely on im-
provement in motor function. The selection of 
the target can reasonably take into consideration 
the constellation of motor and nonmotor symp-
toms that define quality of life for patients with 
Parkinson’s disease. Such selection can also de-
pend on the goals of deep-brain stimulation (e.g., 
medication reduction) and the physician’s pref-
erence for a target on the basis of experience or 
technical considerations associated with preopera-
tive radiographic and intraoperative electrophys-
iological target localization and postoperative pro-
gramming and management.
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