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Patient selection for DBS in PD

• Good outcome of DBS depends in a good selection of the patient
• The evidence about the impact of DBS is clear and reproducible
• PD is multisymptomatic disease, the effect of DBS must be analyzed 

for each case individually
• Not all the problems of the patient can be improved
• Multidisciplinary team is mandatory  (Neurology, Neurosurgery, 

psychiatry, neuropsychology, social work, anesthesia)
• DBS should be done in the right moment (not too soon, not too late)
• Risk vs Benefit



Can we image premotor Parkinson disease?

Kenneth Marek, MD
Danna Jennings, MD

ABSTRACT

Pathology and imaging studies have shown that patients with Parkinson disease (PD) have a pro-
longed period of uncertain duration when vulnerable neuronal populations are degenerating, but
typical motor symptoms have not yet developed. This provides both an opportunity—it may be
best to test new medications and, ultimately, treat PD patients during this early phase of dis-
ease—and a challenge—how to find these premotor PD subjects? Imaging biomarkers targeting
the premotor period are critical to elucidate both the onset and progression of premotor PD.
Widespread data have demonstrated that dopaminergic imaging can detect PD subjects at the
motor symptom threshold. Novel strategies combining dopaminergic imaging with known genetic
mutations for PD or early clinical signs and PD-associated symptoms, such as olfactory loss and
sleep disturbances like REM behavior disorder, have begun to be used to identify individuals at
risk for PD before motor symptoms become manifest. Early studies also have used imaging tar-
geting norepinephrine, serotonin, cholinergic, or other neuronal systems to focus on early cardiac,
cognitive, and behavioral symptoms. Imaging of nondopaminergic targets such as inflammation or
!-synuclein deposition may provide further insight into the etiology of PD. Given the multiple
genetic etiologies for PD already identified, the marked variability in the loss of dopaminergic
markers measured by imaging at motor symptom onset, and the clear heterogeneity of clinical
symptoms at PD onset, it is certain that many imaging biomarkers with a focus ranging from
clinical symptoms to PD pathobiology to molecular genetic mechanisms, will be necessary to fully
map PD risk. NEUROLOGY 2009;72(Suppl 2):S21–S26

Parkinson disease (PD) is characterized by its insidi-
ous onset and inexorable progression. Reliable and
well-validated imaging biomarkers to identify indi-
viduals “at risk” for PD, to accurately diagnose indi-
viduals at the threshold of clinical PD, and to monitor
PD progression throughout its course, would dramati-
cally improve patient care and accelerate research
into both PD etiology and therapeutics.

Imaging biomarkers may be especially useful to
identify individuals at risk during the premotor pe-
riod of PD and to investigate the progression of PD
during the premotor period. Both pathology and im-
aging studies have shown that patients with PD have
a prolonged period during which vulnerable neuro-
nal populations are degenerating, but when typical
motor symptoms have not yet developed. Several
studies show that about 40–60% of dopamine neu-

ronal markers have been lost at the threshold of mo-
tor symptoms (figure 1).1–3 While the duration of the
premotor period is unclear, imaging and pathology
data suggest that it lasts at least 5 years, and may be as
long as 20 years (figure 2). Data from the evaluation
of postmortem tissue has provided further evidence,
suggesting a characteristic temporal pattern of brain
pathology in PD, ascending from the brainstem to
the basal ganglia and cortical regions.4 These data are
consistent with the notion that there is a prolonged
period during which an individual can be identified
as at risk by genetic testing, imaging evidence of neu-
ronal degeneration, and/or early clinical signs associ-
ated with PD such as olfactory loss, REM behavior
disorder (RBD), cognitive or autonomic dysfunc-
tion.5–8 Most recently, data have further suggested
that PD pathology may even originate in regions out-
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side the CNS, such as the mesenteric plexus in the
gut or cardiac neuronal tissue.9,10 These reports have
prompted further studies to assess whether imaging
biomarkers for nondopaminergic targets may also
provide insight into the premotor period. Biomark-
ers that identify individuals at risk before motor
symptoms and that monitor the course of PD pro-

gression during the premotor period would provide
critical information to enhance our understanding of
PD etiology and to enable development of novel
therapeutic strategies for PD even before the onset of
typical motor symptoms.

Evidence that imaging markers identify symptomatic
PD. Imaging tracers targeting presynaptic nigrostria-
tal function have been the most widely used biomar-
ker in studies assessing early PD. Most of these
studies have used either F-dopa and/or dopamine
transporter (DAT) tracers to monitor dopaminergic
degeneration.11–18 Dopamine ligands are useful to as-
sess PD in so far as they reflect the ongoing dopami-
nergic degeneration. Studies most directly
correlating changes in dopamine pathology and im-
aging outcomes show good correlation between do-
pamine neuron loss and F-dopa uptake, but
conclusions are limited by very small sample size.19

Numerous other studies have shown that DAT den-
sity is reduced in the striatum in postmortem brain
from patients with PD.20–22 In turn, many clinical
imaging studies have shown reductions in F-dopa,
vesicular monoamine transporter type 2 and DAT
ligand uptake in patients with PD with typical motor
symptoms consistent with the expected pathology of
PD and of normal aging. Specifically, these imaging
studies demonstrate asymmetric loss of dopaminer-
gic uptake, with loss in the putamen greater than that
in the caudate, and the imaging loss correlates with
worsening clinical symptoms in cross-sectional evalu-
ation.23–30 DAT ligands also demonstrate reductions
in activity with normal aging.31–33 In addition, nigral
ultrasound studies have demonstrated hyperechoge-
nicity in early PD compared with healthy subjects
(with the caveat that about 10% of subjects cannot
be adequately studied), potentially providing another
tool to assess premotor PD.34 Although many studies
have demonstrated that imaging markers can identify
individuals with typical motor PD, even mild early dis-
ease, if imaging biomarkers are to be useful in assess-
ing premotor PD, studies must move “backwards” to
focus on subjects at risk but not yet diagnosed. The
challenge is how to find at risk subjects.

At risk subjects—suspects and scans without evidence
of dopaminergic deficit. One approach to identifying
those at risk for PD is to assess individuals with one
or more symptoms of parkinsonism and therefore
suspected, but not diagnosed, PD (figure 1). The
QUERY studies and the CUPS study have both ex-
amined the accuracy of DAT imaging in subjects
with nondiagnostic motor symptoms.35–37 Imaging
was compared with a longitudinal “gold standard”
clinical diagnosis. These studies demonstrated that
those individuals with suspected PD and a reduction

Figure 1 Natural history of motor PD

Figure 2 When does PD begin?

Back extrapolation of the percent loss of DAT density as measured by [123-I] !-CIT at diag-
nosis and after 9-month (ELLDOPA)42 and 22-month (PRECEPT)41 follow-up, compared with
a healthy subject database, suggests a premotor phase of 13 years. Note that this assumes
a linear loss of DAT during the premotor period.
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BACKGROUND
Neurostimulation of the subthalamic nucleus reduces levodopa-related motor com-
plications in advanced Parkinson’s disease. We compared this treatment plus med-
ication with medical management.

METHODS
In this randomized-pairs trial, we enrolled 156 patients with advanced Parkinson’s 
disease and severe motor symptoms. The primary end points were the changes from 
baseline to six months in the quality of life, as assessed by the Parkinson’s Disease 
Questionnaire (PDQ-39), and the severity of symptoms without medication, accord-
ing to the Unified Parkinson’s Disease Rating Scale, part III (UPDRS-III).

RESULTS
Pairwise comparisons showed that neurostimulation, as compared with medication 
alone, caused greater improvements from baseline to six months in the PDQ-39 (50 of 
78 pairs, P = 0.02) and the UPDRS-III (55 of 78, P<0.001), with mean improvements of 
9.5 and 19.6 points, respectively. Neurostimulation resulted in improvements of 24 
to 38 percent in the PDQ-39 subscales for mobility, activities of daily living, emotional 
well-being, stigma, and bodily discomfort. Serious adverse events were more com-
mon with neurostimulation than with medication alone (13 percent vs. 4 percent, 
P<0.04) and included a fatal intracerebral hemorrhage. The overall frequency of ad-
verse events was higher in the medication group (64 percent vs. 50 percent, P = 0.08).

CONCLUSIONS
In this six-month study of patients under 75 years of age with severe motor compli-
cations of Parkinson’s disease, neurostimulation of the subthalamic nucleus was more 
effective than medical management alone. (ClinicalTrials.gov number, NCT00196911.)
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the secondary outcomes were descriptive. To ad-
dress problems arising from missing values, the 
Wilcoxon –Mann–Whitney test for independent 
samples was applied, despite the pairwise data 
structure. The chi-square test was used for cate-
gorical data. Statistical analyses were performed 
with the SAS statistical package, version 8.02.

R esult s

Study Population
Of 196 patients who were screened between 2001 
and 2004, 178 were randomly assigned to neuro-
stimulation or best medical treatment (Fig. 1). 
Twenty-two patients at one center were excluded 
from the analysis because the patients assigned 
to medical treatment were advised to return for 
immediate surgery in case of insufficient improve-
ment. The center was closed after consultation with 
the monitoring committee. The treatment results 
among these excluded patients did not differ sig-
nificantly from those in the intention-to-treat pop-
ulation; the excluded patients were not included 
in the analysis of adverse events. The intention-
to-treat population thus consisted of 78 pairs of 
patients (156 patients) who were successfully ran-
domly assigned to treatment. There were no sig-

nificant differences in important baseline char-
acteristics between the two treatment groups 
(Table 1).

Efficacy
According to the intention-to-treat analysis of the 
78 pairs of patients, in 50 pairs, the patient treat-
ed with neurostimulation had greater improve-
ment in the score on the PDQ-39 summary index 
than did the patient assigned to medical treatment 
(P = 0.02), and in 55 pairs, the patient treated with 
neurostimulation had greater improvement in the 
score on the UPDRS-III administered when the pa-
tients were not taking medication (P<0.001) (Ta-
ble 2). This favorable result was obtained despite 
rigid criteria for the replacement of missing data 
that gave an advantage to medical treatment in 
the results. Therefore, neurostimulation was con-
sidered superior to medical treatment.

The mean PDQ-39 summary index score was 
41.8±13.9 at baseline and 31.8±16.3 at six months 
in the neurostimulation group, as compared with 
39.6±16.0 and 40.2±14.4, respectively, in the medi-
cation group (Table 3). This result corresponds to 
an improvement of about 25 percent in the neuro-
stimulation group as compared with practically no 
change in the medication group. Treatment with 

Table 1.!Baseline!Characteristics!of!the!Patients.*

Characteristic
Neurostimulation!

(N!=!78)
Medical!Treatment

(N!=!78)

Age — yr 60.5±7.4 60.8±7.8

Duration of levodopa treatment — yr† 13.0±5.8 13.8±5.6

Dose of levodopa or equivalent — mg/day 1176±517 1175±461

Male sex — no. (%) 50 (64) 50 (64)

Hoehn and Yahr stage,  without medication — no. (%)‡

1.0, unilateral disease 0 0

1.5, unilateral disease with axial involvement 0 2 (3)

2.0, mild bilateral disease without balance problems 1 (1) 2 (3)

2.5, mild bilateral disease with balance problems 10 (13) 6 (8)

3.0, mild-to-moderate bilateral disease, balance 
problems, independent in daily activities 

17 (22) 13 (17)

4.0, severe disability, able to walk and stand 
with some assistance

40 (51) 41 (53)

5.0, wheelchair-bound or bedridden 10 (13) 14 (18)

* Plus–minus values are means ±SD. There were no significant differences between groups.
† Values are based on 75 patients in the neurostimulation group and 73 patients in the medical-treatment group.
‡ The Hoehn and Yahr stage has been described in detail elsewhere.20
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BACKGROUND
Neurostimulation of the subthalamic nucleus reduces levodopa-related motor com-
plications in advanced Parkinson’s disease. We compared this treatment plus med-
ication with medical management.

METHODS
In this randomized-pairs trial, we enrolled 156 patients with advanced Parkinson’s 
disease and severe motor symptoms. The primary end points were the changes from 
baseline to six months in the quality of life, as assessed by the Parkinson’s Disease 
Questionnaire (PDQ-39), and the severity of symptoms without medication, accord-
ing to the Unified Parkinson’s Disease Rating Scale, part III (UPDRS-III).

RESULTS
Pairwise comparisons showed that neurostimulation, as compared with medication 
alone, caused greater improvements from baseline to six months in the PDQ-39 (50 of 
78 pairs, P = 0.02) and the UPDRS-III (55 of 78, P<0.001), with mean improvements of 
9.5 and 19.6 points, respectively. Neurostimulation resulted in improvements of 24 
to 38 percent in the PDQ-39 subscales for mobility, activities of daily living, emotional 
well-being, stigma, and bodily discomfort. Serious adverse events were more com-
mon with neurostimulation than with medication alone (13 percent vs. 4 percent, 
P<0.04) and included a fatal intracerebral hemorrhage. The overall frequency of ad-
verse events was higher in the medication group (64 percent vs. 50 percent, P = 0.08).

CONCLUSIONS
In this six-month study of patients under 75 years of age with severe motor compli-
cations of Parkinson’s disease, neurostimulation of the subthalamic nucleus was more 
effective than medical management alone. (ClinicalTrials.gov number, NCT00196911.)
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lation and the medication groups, but the men-
tal summary score of the SF-36 showed a small 
but significant improvement of 7 percent in the 
neurostimulation group (Table 3).

Scores on the dyskinesia scale obtained while 
the patient was not taking medication improved 

from 6.7±5.3 to 3.1±3.5 (54 percent) in the neuro-
stimulation group but remained unchanged in the 
medication group. The patients’ diaries showed 
profound and significant changes from baseline 
to six months in the neurostimulation group alone 
(Fig. 2B). The period of immobility was reduced 
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Figure!2.!Changes!in!PDQ-39!Subscores!(Panel!A)!and!Patients’!Diaries!(Panel!B)!from!Baseline!to!Six!Months!
in!the!Neurostimulation!and!Medication!Groups.

Panel A shows changes in the PDQ-39 subscores (percentage of baseline values) for the two groups. The subscores 
evaluate various domains of quality of life. Significant changes occurred only in the neurostimulation group. The 
greatest improvements occurred in activities of daily living, stigma of the disease, and emotional well-being. The 
subscores for mobility and bodily discomfort were improved to the same extent as the summary index. There was 
no significant improvement in social support, cognition, or communication. Panel B shows the results of the diaries 
kept by the patients. For each 30-minute interval throughout the day, the patients recorded whether they were mo-
bile with troublesome dyskinesias, mobile without troublesome dyskinesias, neither fully mobile nor fully immobile, 
immobile, or asleep. The graph shows the percentage of hours in a day spent in each condition at baseline and six 
months for the two treatment groups. Significant changes occurred only in the group receiving neurostimulation, 
with longer periods of mobility, shorter periods of immobility, shorter periods with troublesome dyskinesias, and 
longer periods of sleep. The numbers on the bars indicate the mean number of hours spent in each category. P val-
ues are for the differences in improvement between the neurostimulation group and the medication-only group.
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BACKGROUND
Neurostimulation of the subthalamic nucleus reduces levodopa-related motor com-
plications in advanced Parkinson’s disease. We compared this treatment plus med-
ication with medical management.

METHODS
In this randomized-pairs trial, we enrolled 156 patients with advanced Parkinson’s 
disease and severe motor symptoms. The primary end points were the changes from 
baseline to six months in the quality of life, as assessed by the Parkinson’s Disease 
Questionnaire (PDQ-39), and the severity of symptoms without medication, accord-
ing to the Unified Parkinson’s Disease Rating Scale, part III (UPDRS-III).

RESULTS
Pairwise comparisons showed that neurostimulation, as compared with medication 
alone, caused greater improvements from baseline to six months in the PDQ-39 (50 of 
78 pairs, P = 0.02) and the UPDRS-III (55 of 78, P<0.001), with mean improvements of 
9.5 and 19.6 points, respectively. Neurostimulation resulted in improvements of 24 
to 38 percent in the PDQ-39 subscales for mobility, activities of daily living, emotional 
well-being, stigma, and bodily discomfort. Serious adverse events were more com-
mon with neurostimulation than with medication alone (13 percent vs. 4 percent, 
P<0.04) and included a fatal intracerebral hemorrhage. The overall frequency of ad-
verse events was higher in the medication group (64 percent vs. 50 percent, P = 0.08).

CONCLUSIONS
In this six-month study of patients under 75 years of age with severe motor compli-
cations of Parkinson’s disease, neurostimulation of the subthalamic nucleus was more 
effective than medical management alone. (ClinicalTrials.gov number, NCT00196911.)
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lation and the medication groups, but the men-
tal summary score of the SF-36 showed a small 
but significant improvement of 7 percent in the 
neurostimulation group (Table 3).

Scores on the dyskinesia scale obtained while 
the patient was not taking medication improved 

from 6.7±5.3 to 3.1±3.5 (54 percent) in the neuro-
stimulation group but remained unchanged in the 
medication group. The patients’ diaries showed 
profound and significant changes from baseline 
to six months in the neurostimulation group alone 
(Fig. 2B). The period of immobility was reduced 
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Panel A shows changes in the PDQ-39 subscores (percentage of baseline values) for the two groups. The subscores 
evaluate various domains of quality of life. Significant changes occurred only in the neurostimulation group. The 
greatest improvements occurred in activities of daily living, stigma of the disease, and emotional well-being. The 
subscores for mobility and bodily discomfort were improved to the same extent as the summary index. There was 
no significant improvement in social support, cognition, or communication. Panel B shows the results of the diaries 
kept by the patients. For each 30-minute interval throughout the day, the patients recorded whether they were mo-
bile with troublesome dyskinesias, mobile without troublesome dyskinesias, neither fully mobile nor fully immobile, 
immobile, or asleep. The graph shows the percentage of hours in a day spent in each condition at baseline and six 
months for the two treatment groups. Significant changes occurred only in the group receiving neurostimulation, 
with longer periods of mobility, shorter periods of immobility, shorter periods with troublesome dyskinesias, and 
longer periods of sleep. The numbers on the bars indicate the mean number of hours spent in each category. P val-
ues are for the differences in improvement between the neurostimulation group and the medication-only group.
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BACKGROUND
Neurostimulation of the subthalamic nucleus reduces levodopa-related motor com-
plications in advanced Parkinson’s disease. We compared this treatment plus med-
ication with medical management.

METHODS
In this randomized-pairs trial, we enrolled 156 patients with advanced Parkinson’s 
disease and severe motor symptoms. The primary end points were the changes from 
baseline to six months in the quality of life, as assessed by the Parkinson’s Disease 
Questionnaire (PDQ-39), and the severity of symptoms without medication, accord-
ing to the Unified Parkinson’s Disease Rating Scale, part III (UPDRS-III).

RESULTS
Pairwise comparisons showed that neurostimulation, as compared with medication 
alone, caused greater improvements from baseline to six months in the PDQ-39 (50 of 
78 pairs, P = 0.02) and the UPDRS-III (55 of 78, P<0.001), with mean improvements of 
9.5 and 19.6 points, respectively. Neurostimulation resulted in improvements of 24 
to 38 percent in the PDQ-39 subscales for mobility, activities of daily living, emotional 
well-being, stigma, and bodily discomfort. Serious adverse events were more com-
mon with neurostimulation than with medication alone (13 percent vs. 4 percent, 
P<0.04) and included a fatal intracerebral hemorrhage. The overall frequency of ad-
verse events was higher in the medication group (64 percent vs. 50 percent, P = 0.08).

CONCLUSIONS
In this six-month study of patients under 75 years of age with severe motor compli-
cations of Parkinson’s disease, neurostimulation of the subthalamic nucleus was more 
effective than medical management alone. (ClinicalTrials.gov number, NCT00196911.)
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BACKGROUND
Subthalamic stimulation reduces motor disability and improves quality of life in 
patients with advanced Parkinson’s disease who have severe levodopa-induced motor 
complications. We hypothesized that neurostimulation would be beneficial at an 
earlier stage of Parkinson’s disease.
METHODS
In this 2-year trial, we randomly assigned 251 patients with Parkinson’s disease and 
early motor complications (mean age, 52 years; mean duration of disease, 7.5 years) 
to undergo neurostimulation plus medical therapy or medical therapy alone. The 
primary end point was quality of life, as assessed with the use of the Parkinson’s 
Disease Questionnaire (PDQ-39) summary index (with scores ranging from 0 to 100 
and higher scores indicating worse function). Major secondary outcomes included 
parkinsonian motor disability, activities of daily living, levodopa-induced motor com-
plications (as assessed with the use of the Unified Parkinson’s Disease Rating Scale, 
parts III, II, and IV, respectively), and time with good mobility and no dyskinesia.
RESULTS
For the primary outcome of quality of life, the mean score for the neurostimulation 
group improved by 7.8 points, and that for the medical-therapy group worsened by 
0.2 points (between-group difference in mean change from baseline to 2 years, 8.0 
points; P = 0.002). Neurostimulation was superior to medical therapy with respect 
to motor disability (P<0.001), activities of daily living (P<0.001), levodopa-induced 
motor complications (P<0.001), and time with good mobility and no dyskinesia 
(P = 0.01). Serious adverse events occurred in 54.8% of the patients in the neuro-
stimulation group and in 44.1% of those in the medical-therapy group. Serious 
adverse events related to surgical implantation or the neurostimulation device oc-
curred in 17.7% of patients. An expert panel confirmed that medical therapy was 
consistent with practice guidelines for 96.8% of the patients in the neurostimula-
tion group and for 94.5% of those in the medical-therapy group.
CONCLUSIONS
Subthalamic stimulation was superior to medical therapy in patients with Parkinson’s 
disease and early motor complications. (Funded by the German Ministry of Research 
and others; EARLYSTIM ClinicalTrials.gov number, NCT00354133.)

The New England Journal of Medicine 
Downloaded from nejm.org on February 14, 2013. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 

original article

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 368;7 nejm.org february 14, 2013610

Neurostimulation for Parkinson’s Disease 
with Early Motor Complications

W.M.M. Schuepbach, J. Rau, K. Knudsen, J. Volkmann, P. Krack, L. Timmermann,  
T.D. Hälbig, H. Hesekamp, S.M. Navarro, N. Meier, D. Falk, M. Mehdorn, S. Paschen,  

M. Maarouf, M.T. Barbe, G.R. Fink, A. Kupsch, D. Gruber, G.-H. Schneider, E. Seigneuret, 
A. Kistner, P. Chaynes, F. Ory-Magne, C. Brefel Courbon, J. Vesper, A. Schnitzler,  

L. Wojtecki, J.-L. Houeto, B. Bataille, D. Maltête, P. Damier, S. Raoul, F. Sixel-Doering,  
D. Hellwig, A. Gharabaghi, R. Krüger, M.O. Pinsker, F. Amtage, J.-M. Régis, T. Witjas,  
S. Thobois, P. Mertens, M. Kloss, A. Hartmann, W.H. Oertel, B. Post, H. Speelman,  

Y. Agid, C. Schade-Brittinger, and G. Deuschl, for the EARLYSTIM Study Group*

The authors’ full names, degrees, and affili-
ations are listed in the Appendix. Address 
reprint requests to Dr. Deuschl at the De-
partment of Neurology, University Hos-
pital Schleswig–Holstein, Campus Kiel, 
Christian-Albrechts University Kiel, Arnold-
Heller Str. 3, 24105 Kiel, Germany, or at 
g.deuschl@neurologie.uni-kiel.de.

Dr. Schuepbach, Mr. Rau, and Dr. Knudsen 
and Dr. Agid, Ms. Schade-Brittinger, and 
Dr. Deuschl contributed equally to this 
article.

* Additional investigators in the Con-
trolled Trial of Deep Brain Stimulation 
in Early Patients with Parkinson’s Dis-
ease (EARLYSTIM) Study Group are 
listed in the Supplementary Appendix, 
available at NEJM.org.

N!Engl!J!Med!2013;368:610-22.
DOI:!10.1056/NEJMoa1205158
Copyright © 2013 Massachusetts Medical Society.

A BS TR AC T

BACKGROUND
Subthalamic stimulation reduces motor disability and improves quality of life in 
patients with advanced Parkinson’s disease who have severe levodopa-induced motor 
complications. We hypothesized that neurostimulation would be beneficial at an 
earlier stage of Parkinson’s disease.
METHODS
In this 2-year trial, we randomly assigned 251 patients with Parkinson’s disease and 
early motor complications (mean age, 52 years; mean duration of disease, 7.5 years) 
to undergo neurostimulation plus medical therapy or medical therapy alone. The 
primary end point was quality of life, as assessed with the use of the Parkinson’s 
Disease Questionnaire (PDQ-39) summary index (with scores ranging from 0 to 100 
and higher scores indicating worse function). Major secondary outcomes included 
parkinsonian motor disability, activities of daily living, levodopa-induced motor com-
plications (as assessed with the use of the Unified Parkinson’s Disease Rating Scale, 
parts III, II, and IV, respectively), and time with good mobility and no dyskinesia.
RESULTS
For the primary outcome of quality of life, the mean score for the neurostimulation 
group improved by 7.8 points, and that for the medical-therapy group worsened by 
0.2 points (between-group difference in mean change from baseline to 2 years, 8.0 
points; P = 0.002). Neurostimulation was superior to medical therapy with respect 
to motor disability (P<0.001), activities of daily living (P<0.001), levodopa-induced 
motor complications (P<0.001), and time with good mobility and no dyskinesia 
(P = 0.01). Serious adverse events occurred in 54.8% of the patients in the neuro-
stimulation group and in 44.1% of those in the medical-therapy group. Serious 
adverse events related to surgical implantation or the neurostimulation device oc-
curred in 17.7% of patients. An expert panel confirmed that medical therapy was 
consistent with practice guidelines for 96.8% of the patients in the neurostimula-
tion group and for 94.5% of those in the medical-therapy group.
CONCLUSIONS
Subthalamic stimulation was superior to medical therapy in patients with Parkinson’s 
disease and early motor complications. (Funded by the German Ministry of Research 
and others; EARLYSTIM ClinicalTrials.gov number, NCT00354133.)
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STATISTICAL ANALYSIS

The sample size was calculated on the basis of 
our previous studies.7,15 We selected a power of 
80% for a two-sided Mann–Whitney test, assum-
ing normally distributed data. To detect a stan-
dardized effect size of 0.4 with an alpha level of 
5%, we calculated that we would need to enroll 
208 patients. Assuming a 15% rate of loss to 
follow-up, we determined that a total enrollment 
of at least 246 patients would be required. The 
intention-to-treat analysis was primary; the per-
protocol analysis was secondary. No interim 
analysis was planned. The Mann–Whitney test 
was replaced by a flexible and robust linear 
mixed-model analysis with baseline adjustment 
and included study center as a random effect, 
main effects for group and time, a group-by-time 
interaction term, and a generalized covariance 
matrix to account for serial dependency among 
observations after verification of the assumption 
of multivariate normality for the parametric 
model.21 Differences in mean changes between 
assessments at baseline and at 24 months were 
compared between the groups. Missing data due 
to loss to follow-up were handled by means of 
direct likelihood analyses,30,31 with adjustment 
for the conditional expectation of the missing 
measurements, given the observed ones.

A serial gatekeeper procedure was planned. If 
the primary end point was significant, the UPDRS-
II, UPDRS-III, and UPDRS-IV scores and time with 
good mobility and no troublesome dyskinesia 
were tested sequentially with the use of Hoch-
berg’s multiple-comparison method32 at a sig-
nificance level of 5%.

R ESULT S

CHARACTERISTICS OF THE PATIENTS
Of 392 patients assessed for eligibility, 251 were 
enrolled between July 2006 and November 2009 
at nine German and eight French university cen-
ters (Fig. S1 in the Supplementary Appendix). 
The intention-to-treat population consisted of 
124 patients assigned to the neurostimulation 
group (120 of whom underwent implantation and 
completed the study) and 127 patients assigned to 
the medical-therapy group (of whom 125 under-
went medical therapy and 123 completed the study). 
A total of 25 patients had major protocol devia-
tions, including PDQ-39 assessment outside the 
predefined time window, an absence of motor 
fluctuations or dyskinesia, insufficient exposure 

to treatment, and death during the study period. 
The per-protocol analysis included 116 patients 
in the neurostimulation group and 110 in the 
medical-therapy group (Fig. S1 in the Supple-
mentary Appendix). Baseline characteristics did 
not differ significantly between the treatment 
groups (Table 1). The mean duration of Parkin-
son’s disease was 7.5 years, and patients were 
included in the study a mean of 1.7 years after 
the onset of levodopa-induced motor complica-
tions of any severity.

QUALITY-OF-LIFE, ACTIVITIES OF DAILY LIVING,  
AND MOTOR OUTCOMES

The primary outcome (PDQ-39 summary index 
score) was improved from baseline to 24 months by 
26% in the neurostimulation group but worsened 
by 1% in the medical-therapy group (Table 2). In 
the intention-to-treat population, the between-
group difference in the mean change from base-
line was 8.0 points (P = 0.002), which was similar 
to the between-group differences in the per-pro-
tocol population and the group of patients who 
completed the PDQ-39 assessment. The maximum 

Table!1.!Baseline!Characteristics!of!the!Study!Population.*

Characteristic
Neurostimulation!

(N!=!124)
Medical!Therapy!

(N!=!127)

Age — yr 52.9±6.6 52.2±6.1

Sex — no. (%)
Male 94 (75.8) 85 (66.9)
Female 30 (24.2) 42 (33.1)

Duration of Parkinson’s disease — yr 7.3±3.1 7.7±2.7

Dyskinesia†
No. of patients 84 94
Duration — yr 1.4±0.8 1.5±0.8

Motor fluctuations†
No. of patients 121 124
Duration — yr 1.6±0.8 1.8±0.8

Treatment with levodopa
No. of patients 111 115
Duration — yr 4.8±3.3 5.0±3.3

Treatment with dopamine agonist
No. of patients 118 115
Duration — yr 5.9±3.0 6.1±3.0

Levodopa-equivalent daily dose — mg 918.8±412.5 966.9±416.5

* Plus–minus values are means ±SD. There were no significant between-group 
differences.

† The presence of dyskinesias or fluctuations for 3 years or less was an eligibility 
criterion.
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effect was reached at 5 months and remained 
stable for up to 24 months (Fig. 1A). Scores in all 
domains of the PDQ-39 except for communica-
tion and social support showed significant im-
provement in favor of neurostimulation (Fig. 1B). 
The SCOPA-PS score for psychosocial perfor-
mance was also significantly better in the neuro-

stimulation group than in the medical-therapy 
group (P = 0.02). These changes were confirmed 
by further testing with the use of generic and 
disease-specific quality-of-life and disability scales 
(Table S3 in the Supplementary Appendix).

UPDRS-III scores for the severity of parkinso-
nian motor signs in the off-medication condition 
(with assessments conducted after medications 
had been withheld for !12 hours) improved by 
53% in the neurostimulation group; the between-
group difference in mean change at 2 years was 
16.4 points in favor of neurostimulation (P<0.001). 
This finding was confirmed by means of blinded 
assessment of the video recordings of the UPDRS-
III score, corroborating the significant improve-
ment among patients in the neurostimulation 
group, as compared with the medical-therapy 
group, in which scores did not change (P<0.001) 
(Table 2). A smaller but significant benefit was 
observed for patients in the neurostimulation 
group in the on-medication and on-stimulation 
condition (Table 2). UPDRS-IV scores for levodopa-
induced complications, including motor fluctua-
tions and dyskinesia, improved by 61% in the 
neurostimulation group, with a 4.1-point differ-
ence between treatment groups (P<0.001) (Table 
2), which was confirmed by the scores on a dys-
kinesia scale (Table S3 in the Supplementary 
Appendix).

UPDRS-II scores for activities of daily living in 
the worst condition during the preceding week 
differed by 6.2 points in favor of neurostimula-
tion (P<0.001) (Table 2), with no significant be-
tween-group difference for the score in the best 
condition. Time with good mobility and no 
troublesome dyskinesia, as recorded by the pa-
tients in daily diaries, increased by 20% in the 
neurostimulation group, with a between-group 
difference of 1.9 hours (P = 0.01) (Table 2). Time 
with bad mobility was significantly shortened in 
the neurostimulation group, with a between-
group difference of 1.8 hours (P = 0.006) (Table 
S3 in the Supplementary Appendix). Between-
group differences in time with troublesome 
dyskinesia and sleep time (Fig. S2 in the Supple-
mentary Appendix) were not significant.

Medication use was significantly changed in 
both treatment groups. The levodopa-equivalent 
daily dose was reduced by 39% in the neuro-
stimulation group but was increased by 21% in 
the medical-therapy group, with a between-group 
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Figure!1.!Quality!of!Life!as!Assessed!by!Means!of!the!Parkinson’s!Disease!
Questionnaire!(PDQ-39).

Panel A shows scores on the summary index of the PDQ-39 at baseline and 
at 5, 12, and 24 months for both treatment groups. Scores range from 0 to 
100, with lower values indicating better quality of life. Panel B shows the 
change in the subscores for the various domains of the PDQ-39. Positive 
values indicate improvement.
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BACKGROUND
Subthalamic stimulation reduces motor disability and improves quality of life in 
patients with advanced Parkinson’s disease who have severe levodopa-induced motor 
complications. We hypothesized that neurostimulation would be beneficial at an 
earlier stage of Parkinson’s disease.
METHODS
In this 2-year trial, we randomly assigned 251 patients with Parkinson’s disease and 
early motor complications (mean age, 52 years; mean duration of disease, 7.5 years) 
to undergo neurostimulation plus medical therapy or medical therapy alone. The 
primary end point was quality of life, as assessed with the use of the Parkinson’s 
Disease Questionnaire (PDQ-39) summary index (with scores ranging from 0 to 100 
and higher scores indicating worse function). Major secondary outcomes included 
parkinsonian motor disability, activities of daily living, levodopa-induced motor com-
plications (as assessed with the use of the Unified Parkinson’s Disease Rating Scale, 
parts III, II, and IV, respectively), and time with good mobility and no dyskinesia.
RESULTS
For the primary outcome of quality of life, the mean score for the neurostimulation 
group improved by 7.8 points, and that for the medical-therapy group worsened by 
0.2 points (between-group difference in mean change from baseline to 2 years, 8.0 
points; P = 0.002). Neurostimulation was superior to medical therapy with respect 
to motor disability (P<0.001), activities of daily living (P<0.001), levodopa-induced 
motor complications (P<0.001), and time with good mobility and no dyskinesia 
(P = 0.01). Serious adverse events occurred in 54.8% of the patients in the neuro-
stimulation group and in 44.1% of those in the medical-therapy group. Serious 
adverse events related to surgical implantation or the neurostimulation device oc-
curred in 17.7% of patients. An expert panel confirmed that medical therapy was 
consistent with practice guidelines for 96.8% of the patients in the neurostimula-
tion group and for 94.5% of those in the medical-therapy group.
CONCLUSIONS
Subthalamic stimulation was superior to medical therapy in patients with Parkinson’s 
disease and early motor complications. (Funded by the German Ministry of Research 
and others; EARLYSTIM ClinicalTrials.gov number, NCT00354133.)

The New England Journal of Medicine 
Downloaded from nejm.org on February 14, 2013. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 368;7 nejm.org february 14, 2013618

baseline in the medical-therapy group, but time 
with bad mobility was reduced and time with 
good mobility was significantly increased in the 
neurostimulation group. The observed difference 
between the treatment groups is thus due to an 
improvement among patients receiving neuro-
stimulation, as compared with those receiving 
medical therapy alone, not to deterioration among 
the latter patients.

Neurostimulation in combination with medi-
cal therapy can therefore improve motor symp-
toms better than medical therapy alone at this 
earlier stage. Because the levodopa response 
predicts the extent of the effect of subthalamic 
stimulation on parkinsonian motor signs, the 
improvement of the off-medication condition 
with the use of stimulation was expected. More-

over, in spite of a ceiling effect, the combination 
of stimulation and medication resulted in a 
small but significant improvement in the motor 
score, as compared with medical treatment alone. 
As a main benefit from the patient’s perspective, 
activities of daily living were improved among 
patients with neurostimulation in the worst con-
dition during the day, although, as expected, there 
was no significant difference between groups in 
the best condition.

Overall, adverse events were more frequent 
among patients receiving neurostimulation than 
among those receiving medical therapy only. 
However, this result was mainly due to a higher 
number of mild adverse events in the neurostimu-
lation group than in the medical-therapy group. 
Serious adverse events in the medical-therapy 

Table!3.!Adverse!Events.*

Event Neurostimulation!(N!=!124) Medical!Therapy!(N!=!127)

no. of  
events

no. of patients  
with event (%)

no. of  
events

no. of patients  
with event (%)

Serious adverse events 123 68 (54.8) 128 56 (44.1)

Death, all by suicide 2 2 (1.6) 1 1 (0.8)

Life-threatening event 14 12 (9.7) 17 9 (7.1)

Event related to medication or stimulation 24 24 (19.4) 52 38 (29.9)

Worsening of mobility† 5 5 (4.0) 13 11 (8.7)

Motor fluctuations 0 0 7 7 (5.5)

Dyskinesia 1 1 (0.8) 2 2 (1.6)

Psychosis or hallucinations 0 0 8 6 (4.7)

Anxiety 0 0 3 2 (1.6)

Impulse control disorder 1 1 (0.8) 5 5 (3.9)

Depression 6 6 (4.8) 3 1 (0.8)

Suicidal ideation 1 1 (0.8) 0 0

Suicide attempt 2 2 (1.6) 2 2 (1.6)

Cardiac disorder 0 0 2 2 (1.6)

Injury 3 3 (2.4) 0 0

Respiratory or thoracic disorder 1 1 (0.8) 0 0

Other 4 4 (3.2) 7 5 (3.9)

Event related to surgery or device 26 22 (17.7) — —

Impaired wound healing 4 4 (3.2) — —

Intracerebral abscess or edema 2 2 (1.6) — —

Dislocation of device‡ 5 4 (3.2) — —

Reoperation necessary§ 4 2 (1.6) — —

Other 11 10 (8.1) — —

Event related to Parkinson’s disease 57 39 (31.5) 58 31 (24.4)
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either a control group or a clear and reproducible differ-
ence in cognitive function between stimulation-on and 
stimulation-off conditions. In one study of 16!patients 
who received STN DBS for PD, 31% had developed 
dementia by 6–9 years after DBS implantation sur-
gery compared with 45% of patients in a comparable, 
non-operated population39. In another study, the rate at 
which dementia developed after STN DBS was estimated 
at 35.7 per 1,000 person-years of follow-up; this rate is 
similar to that among non-operated patients with PD at 
the same stage of disease40.

Despite these encouraging results, subtle impair-
ments in cognition have been consistently associated 

with STN DBS. A decline in verbal fluency has been 
observed in most studies in which this parameter has 
been quantified41. One study has demonstrated that 
verbal fluency among patients who receive STN DBS is 
significantly worse at 8 years after initiation of the treat-
ment than among comparable controls with PD who 
were eligible for surgery but declined42. As expected, 
cognitive decline was seen in both groups over the 
follow-up, but no cognitive measures other than ver-
bal fluency differed between them even at the 8-year 
follow-up. Similarly, many studies in which the!Mattis 
Dementia Rating scale, a global measure of cognition, 
was used to assess patients receiving DBS found that 
cognitive function is generally unchanged at 1!year after 
initiation of DBS but gradually declines by 5 years14,15,17,23. 
This decline could be predicted to some extent on the 
basis of the degree of impairment in executive function 
at baseline28.

Studies of the effects of STN DBS on psychiatric 
features of PD have shown that these symptoms can 
either reduce or occur for the first time after STN 
DBS; many investigators in this field believe that 
these effects are strongly related to the extent and 
direction of changes in medication43. Several studies 
have shown that depression scores improve with STN 
DBS, although these improvements tend to wane with 
longer follow-up14,15,17,19,22,23,25,28. By contrast, apathy 
and fatigue scores tend to increase with STN DBS!and 
remain increased in the long term39,44. Scores for these 
features!are higher among patients receiving STN 
DBS than among  comparable non-operated patients 
with!PD39,44.

As for psychiatric symptoms, changes in impulsive 
and/or compulsive behaviours in response to STN DBS 
can vary; case reports and case series have detailed 
both complete resolution and the first emergence of 
these behaviours. These effects are also likely to be 
related to the extent to which medication is reduced43,45.  
A long-term study has shown that hyperdopaminergic 
behaviours, such as hypomania, gambling and com-
pulsive shopping, were all reduced after STN DBS in 
a series of 69 patients with PD over a mean follow-up  
of 6 years44.

The long-term effects of STN DBS on other non- 
motor symptoms of PD have been studied to a lesser 
extent. In a cohort of 24 patients with PD, STN!DBS 
improved PD-related pain for up to 8!years46. In another 
series, sleep diaries revealed that patients who received 
STN DBS had longer periods of night-time sleep at  
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Adverse effects. Various long-term adverse effects of STN 
DBS have been observed, but, on the basis of our expe-
rience, these effects seem to be vastly under-reported in 
the published literature. Adverse effects were described 
in detail in only five long-term studies14,15,17,19,20 (TABLE!1). 
Acute complications that arise from the initial surgery 
are rare but can be life-threatening. Similarly, hardware 
complications, such as lead fractures and device mal-
functions, are rare — estimated rates of such events 
are 1.4% and 0.5%, respectively — but need to be dealt  
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either a control group or a clear and reproducible differ-
ence in cognitive function between stimulation-on and 
stimulation-off conditions. In one study of 16!patients 
who received STN DBS for PD, 31% had developed 
dementia by 6–9 years after DBS implantation sur-
gery compared with 45% of patients in a comparable, 
non-operated population39. In another study, the rate at 
which dementia developed after STN DBS was estimated 
at 35.7 per 1,000 person-years of follow-up; this rate is 
similar to that among non-operated patients with PD at 
the same stage of disease40.

Despite these encouraging results, subtle impair-
ments in cognition have been consistently associated 

with STN DBS. A decline in verbal fluency has been 
observed in most studies in which this parameter has 
been quantified41. One study has demonstrated that 
verbal fluency among patients who receive STN DBS is 
significantly worse at 8 years after initiation of the treat-
ment than among comparable controls with PD who 
were eligible for surgery but declined42. As expected, 
cognitive decline was seen in both groups over the 
follow-up, but no cognitive measures other than ver-
bal fluency differed between them even at the 8-year 
follow-up. Similarly, many studies in which the!Mattis 
Dementia Rating scale, a global measure of cognition, 
was used to assess patients receiving DBS found that 
cognitive function is generally unchanged at 1!year after 
initiation of DBS but gradually declines by 5 years14,15,17,23. 
This decline could be predicted to some extent on the 
basis of the degree of impairment in executive function 
at baseline28.
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who received STN DBS for PD, 31% had developed 
dementia by 6–9 years after DBS implantation sur-
gery compared with 45% of patients in a comparable, 
non-operated population39. In another study, the rate at 
which dementia developed after STN DBS was estimated 
at 35.7 per 1,000 person-years of follow-up; this rate is 
similar to that among non-operated patients with PD at 
the same stage of disease40.
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with!PD39,44.
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these behaviours. These effects are also likely to be 
related to the extent to which medication is reduced43,45.  
A long-term study has shown that hyperdopaminergic 
behaviours, such as hypomania, gambling and com-
pulsive shopping, were all reduced after STN DBS in 
a series of 69 patients with PD over a mean follow-up  
of 6 years44.
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Deep brain stimulation (DBS) has become a routine 
treatment option for improving function and quality 
of life in patients with various movement disorders 
and for whom medical treatment has proved insuf-
ficient. The short-term efficacy of DBS of the sub-
thalamic nucleus (STN) or globus pallidus interna 
(GPi) among patients with Parkinson disease (PD) 
has been demonstrated repeatedly. However, far 
fewer data on long-term  outcomes of the surgery have 
been!collected.

Twenty-five years after the first report of uni-
lateral DBS of the STN1, studies of long-term out-
comes of DBS are emerging, thereby providing a 
body of evidence on its effectiveness and its safety. 
This evidence is important, as it should be consid-
ered when the timing and appropriateness of surgery 
are discussed with a patient who is likely to need 
long-term therapy.

Here, we critically review the published evidence 
that relates to long-term outcomes of DBS for PD and 
consider the clinical implications of this evidence. We 
focus on studies in which the follow-up period was at 
least 5 years because the evidence suggests that this 
point is important for disease progression and because 
the number of articles with longer follow-up periods 
is limited.

Development of DBS
The modern era of DBS began in the 1980s when 
Benabid et!al. published studies in which patients 
with PD who had drug-resistant tremor were suc-
cessfully treated with chronic, high-frequency stim-
ulation of the ventro-intermediate nucleus of the 
thalamus2,3. Before this work, stimulation had been 
performed mainly during surgical procedures, such 
as thalamotomy, to test the accuracy of electrode 
placement in the brain4. The advent of implanta-
ble pulse generators capable of delivering long-term 
high-frequency stimulation enabled the approach 
used by Benabid et!al., and use of thalamic DBS sub-
sequently started to replace thalamotomy, with the 
advantages that the stimulation dose and location 
could be titrated to maximize the tremor response 
but minimize stimulation-provoked adverse effects. 
In addition, DBS made bilateral procedures safer than  
bilateral thalamotomy.

STN DBS was subsequently developed, and the 
first series of three patients with bilateral STN was 
published5. This work has since been supported by 
an increasing number of open-label series and ran-
domized trials6–9, all of which have demonstrated 
an advantage of STN DBS over conventional medi-
cal treatment during short-term follow-up periods.  
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are discussed with a patient who is likely to need 
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that relates to long-term outcomes of DBS for PD and 
consider the clinical implications of this evidence. We 
focus on studies in which the follow-up period was at 
least 5 years because the evidence suggests that this 
point is important for disease progression and because 
the number of articles with longer follow-up periods 
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ABSTRACT: Objective: The objective of this review
was to update evidence-based medicine recommendations
for treating motor symptoms of Parkinson’s disease (PD).
Background: The Movement Disorder Society Evidence-
Based Medicine Committee recommendations for treat-
ments of PD were first published in 2002 and updated in
2011, and we continued the review to December 31, 2016.
Methods: Level I studies of interventions for motor
symptoms were reviewed. Criteria for inclusion and
quality scoring were as previously reported. Five clinical
indications were considered, and conclusions regarding
the implications for clinical practice are reported.
Results: A total of 143 new studies qualified. There are
no clinically useful interventions to prevent/delay disease
progression. For monotherapy of early PD, nonergot
dopamine agonists, oral levodopa preparations, selegi-
line, and rasagiline are clinically useful. For adjunct ther-
apy in early/stable PD, nonergot dopamine agonists,
rasagiline, and zonisamide are clinically useful. For
adjunct therapy in optimized PD for general or specific
motor symptoms including gait, rivastigmine is possibly
useful and physiotherapy is clinically useful; exercise-
based movement strategy training and formalized

patterned exercises are possibly useful. There are no
new studies and no changes in the conclusions for the
prevention/delay of motor complications. For treating
motor fluctuations, most nonergot dopamine agonists,
pergolide, levodopa ER, levodopa intestinal infusion,
entacapone, opicapone, rasagiline, zonisamide, safina-
mide, and bilateral STN and GPi DBS are clinically use-
ful. For dyskinesia, amantadine, clozapine, and bilateral
STN DBS and GPi DBS are clinically useful.
Conclusions: The options for treating PD symptoms
continues to expand. These recommendations allow the
treating physician to determine which intervention to
recommend to an individual patient. VC 2018 Interna-
tional Parkinson and Movement Disorder Society

Key Words: Parkinson’s disease; evidence-based
medicine; randomized controlled trial; levodopa; dopa-
mine agonists; monoamine oxidase inhibitors; catechol-
O-methyl transferase inhibitors; amantadine; anticholi-
nergics; clozapine; neurosurgery; deep brain stimula-
tion; exercise; physical therapy; speech therapy;
occupational therapy; complementary therapies

------------------------------------------------------------------------------------------------------------------------------
*Corresponding author: Dr. Susan H. Fox, Movement Disorder Clinic,
Toronto Western Hospital, 399, Bathurst St, Toronto, ON, Canada M5V
2S8; sfox@uhnresearch.ca

Relevant conflicts of interests/financial disclosures: Nothing to
report.

Received: 27 October 2017; Revised: 26 January 2018; Accepted: 5
February 2018

Published online 00 Month 2018 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.27372

R E V I E W

Movement Disorders, Vol. 00, No. 00, 2018 1
1248 Movement Disorders, Vol. 33, No. 8, 2018

Published online 23 March 2018 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.27372

M D S C O M M I S S I O N E D R E V I E W S

Donepezil was assessed in 1 positive study35 with a
reduction in the number of falls, but because of the
lower quality of the evidence, the efficacy conclusion
is “insufficient evidence” and the practice implication
is “investigational” for gait problems.

Rivastigmine was assessed in a high-quality study36

with a positive primary outcome of improved step-
time variability and a secondary outcome of falls
reduction, but because of the unclear clinical impor-
tance of the primary measure, the efficacy conclusion
is “likely efficacious” with the practice implication is
“possibly useful.” There are no safety concerns.

Methylphenidate was assessed in 2 studies, but as a
result of conflicting data (1 positive, but in a highly

selected cohort of post–STN-DBS patients,37 and 1
negative study),38 there is “insufficient evidence.”
There are no safety concerns, and the implications for
clinical practice are “investigational” for PD patients
with gait problems.

Memantine was evaluated in 1 low-quality study39;
there was no effect on gait (stride length), and the effi-
cacy conclusion is “insufficient evidence” with a clini-
cal practice implication of “investigational” for
treating gait disorders in PD. There are no safety
concerns.

Cannabidiol had no significant effects on any of the
outcome measures in 1 low-quality study40; thus the
efficacy outcome is “insufficient evidence,” and

TABLE 5a. Treatments for motor fluctuations

Class Intervention
Efficacy

conclusions Safetya
Implications for
clinical practice

Dopamine agonists Pramipexole IR Efficacious Clinically useful
Nonergot Pramipexole ER Efficacious Clinically useful

Ropinirole Efficacious Clinically useful
Ropinirole PR Efficacious Clinically useful
Rotigotine Efficacious Clinically useful
Apomorphine
Intermittent s.c.

Efficacious Clinically useful

Apomorphine
infusion

Likely efficacious Acceptable risk with
specialized monitoring

Possibly Useful

Piribedil Insufficient evidence Investigational

Ergot Pergolide Efficacious Acceptable risk with
specialized monitoring

Clinically useful
Bromocriptine Likely efficacious Possibly useful
Cabergoline Likely efficacious Possibly useful
DHEC Insufficient evidence Investigational

Levodopa/peripheral
decarboxylase inhibitor

Standard formulation Efficacious Clinically useful
Controlled release Insufficient evidence Investigational
Rapid onset Insufficient evidence Investigational
Extended release Efficacious Clinically useful
Intestinal Infusion Efficacious Acceptable risk with

specialized monitoring
Clinically useful

COMT inhibitors Entacapone Efficacious Clinically useful
Tolcapone Efficacious Acceptable risk with

specialized monitoring
Possibly useful

Opicapone Efficacious Clinically useful
MAO-B inhibitors Rasagiline Efficacious Clinically useful

Selegiline Insufficient evidence Investigational
Oral disintegrating selegiline Insufficient evidence Investigational

MAO-B inhibitor plus
Channel blockers

Zonisamide Efficacious Clinically useful
Safinamide Efficacious Clinically useful

Others Istradefylline Likely efficacious Possibly useful
Amantadine Insufficient evidence Investigational

Surgery Bilateral STN DBS Efficacious Acceptable risk with
specialized monitoring

Clinically useful
Bilateral GPi DBS Efficacious Clinically useful
Unilateral pallidotomy Efficacious Clinically useful
Unilateral thalamotomy Insufficient evidence Investigational
Thalamic stimulation (uni or bilateral) Insufficient evidence Investigational
Subthalamotomy Insufficient evidence Investigational
Human fetal transplantation Nonefficacious Unacceptable risk Investigational

DHEC, dihydroergocryptine; MAO-B, monoamine oxidase B; IR, immediate release; PR, prolonged release; ER, extended release; CR, controlled release; s.c.,
subcutaneous.
Bolded text indicates interventions where new studies have been published since January 2011, or prior to this date in the case of newly identified interven-
tions not previously reviewed: Italicized indicates changes in conclusions since last publication.
aUnless otherwise stated, the conclusion for safety is acceptable risk without specialized monitoring.
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(32.5%) patients and the others showed a significant
decrease in the duration of their “off” state episodes
(UPDRS IV B1: less than 26% of the day). The mean
number of different types of NMF reported by the pa-
tients out of the 54 nonmotor symptoms decreased from
a mean number of 15.6 nonmotor fluctuating symptoms
per patient preoperatively to 6.6 postoperatively (P !
0.001) (Table 2). Prior to surgery, most of the NMF
(82%) occurred during the “off” state while euphoria and
hyperactivity always occurred during the “on” state. Af-
ter surgery, patients reported that most of the NMF
(65%) that have been identified before surgery because
they occurred during motor fluctuations were no longer
dependent on the motor state but that they still fluctuate
during the day. Dysautonomic and psychic fluctuations
were the symptoms most frequently reported preopera-
tively (mean number of dysautonomic fluctuations re-
ported: 6.2/patient and psychic fluctuations: 5.4/patient).
After surgery, psychic fluctuations were the most fre-
quently reported symptoms (51% of all the NMF occur-
ring in the whole population). The number of dysauto-
nomic or cognitive fluctuations was remarkably reduced
after surgery (P ! 0.001), but the greatest reduction
observed was in the sensory pain fluctuations (P !
0.001) (Table 2).

Before surgery, 35 patients complained of drenching
sweats occurring during the “off” period, which were the
most frequent nonmotor fluctuating symptoms. After 1 yr
of chronic STN stimulation, only one patient reported a
few episodes of sweating. Akathisia or restlessness,
which was the second most frequent NMF occurring
before surgery (27/40), was reported by only 2 patients
(5%) after surgery. Slowness of thinking was reported by
18 patients (45%) before surgery and by only three
(7.5%) under chronic stimulation. Fluctuating fatigue
was frequently reported both prior to and after surgery
(67.5% before/40% after). Anxiety (42%) and irritability
(32.5%) were also frequently reported to occur both
before (57 and 42.5%, respectively) and after surgery (42
and 32.5%, respectively), but these symptoms were cor-
related postoperatively with the “off” state in only 5% of
the patients. Hyperactivity, a symptom associated with

the “on” state, was report by 37.5% of the patients before
surgery and disappeared in 80% postoperatively. The
evolution of the most frequent NMF before and after
STN DBS is presented in Figure 1. In response to the
question as to the most disabling type of fluctuations, 33
patients (82.5%) answered that motor fluctuations caused
the greatest discomfort before surgery (disability score
ranging from 3 to 4). Seven patients felt NMF to be the
most incapacitating (dysautonomic fluctuations: 3 pa-
tients, psychic: 2 patients, pain: 1 patient and cognitive
fluctuations: 1 patient). After 1 yr of continuous stimu-
lation, only 7 patients stated that the MF were disabling,
and gave these symptoms lower scores (ranging from 1
to 2). Psychic fluctuations were reported to cause dis-
comfort by 12 patients, but the disability score was again
lower than prior to surgery (mean score: 1.6).

The decrease in the total number of nonmotor symp-
toms occurring after surgery was not correlated with age
or with the disease duration or with any of the other
characteristics of the population. No correlations were
found to exist between the improvement in the motor

TABLE 2. Effects of chronic subthalamic stimulation on NMF

Preoperative Postoperative Reduction (%) P value

Total (54) 15.63 " 5.7 6.57 " 3.9 58 !0.001
Pain/sensory (7) 1.7 " 0.7 0.3 " 0.5 84.2 !0.001
Cognitive (4) 1.7 " 1.1 0.5 " 0.7 70.5 !0.001
Dysautonomic (26) 6.2 " 3.5 2.3 " 1.9 63 !0.001
Psychic (17) 5.4 " 2.7 3.8 " 1.9 29.6 0.003

Plus-minus values are means " SD. The mean number of NMF (total and for each category of nonmotor fluctuations) reported by patients before
and after surgery.

FIG. 1. Effects of bilateral subthalamic stimulation on the most
frequent NMF. Ordinate expresses the percentage of patients who
reported these NMF before and after surgery. Pre, preoperative non-
motor symptom; Post, postoperative non motor symptom.
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(32.5%) patients and the others showed a significant
decrease in the duration of their “off” state episodes
(UPDRS IV B1: less than 26% of the day). The mean
number of different types of NMF reported by the pa-
tients out of the 54 nonmotor symptoms decreased from
a mean number of 15.6 nonmotor fluctuating symptoms
per patient preoperatively to 6.6 postoperatively (P !
0.001) (Table 2). Prior to surgery, most of the NMF
(82%) occurred during the “off” state while euphoria and
hyperactivity always occurred during the “on” state. Af-
ter surgery, patients reported that most of the NMF
(65%) that have been identified before surgery because
they occurred during motor fluctuations were no longer
dependent on the motor state but that they still fluctuate
during the day. Dysautonomic and psychic fluctuations
were the symptoms most frequently reported preopera-
tively (mean number of dysautonomic fluctuations re-
ported: 6.2/patient and psychic fluctuations: 5.4/patient).
After surgery, psychic fluctuations were the most fre-
quently reported symptoms (51% of all the NMF occur-
ring in the whole population). The number of dysauto-
nomic or cognitive fluctuations was remarkably reduced
after surgery (P ! 0.001), but the greatest reduction
observed was in the sensory pain fluctuations (P !
0.001) (Table 2).

Before surgery, 35 patients complained of drenching
sweats occurring during the “off” period, which were the
most frequent nonmotor fluctuating symptoms. After 1 yr
of chronic STN stimulation, only one patient reported a
few episodes of sweating. Akathisia or restlessness,
which was the second most frequent NMF occurring
before surgery (27/40), was reported by only 2 patients
(5%) after surgery. Slowness of thinking was reported by
18 patients (45%) before surgery and by only three
(7.5%) under chronic stimulation. Fluctuating fatigue
was frequently reported both prior to and after surgery
(67.5% before/40% after). Anxiety (42%) and irritability
(32.5%) were also frequently reported to occur both
before (57 and 42.5%, respectively) and after surgery (42
and 32.5%, respectively), but these symptoms were cor-
related postoperatively with the “off” state in only 5% of
the patients. Hyperactivity, a symptom associated with

the “on” state, was report by 37.5% of the patients before
surgery and disappeared in 80% postoperatively. The
evolution of the most frequent NMF before and after
STN DBS is presented in Figure 1. In response to the
question as to the most disabling type of fluctuations, 33
patients (82.5%) answered that motor fluctuations caused
the greatest discomfort before surgery (disability score
ranging from 3 to 4). Seven patients felt NMF to be the
most incapacitating (dysautonomic fluctuations: 3 pa-
tients, psychic: 2 patients, pain: 1 patient and cognitive
fluctuations: 1 patient). After 1 yr of continuous stimu-
lation, only 7 patients stated that the MF were disabling,
and gave these symptoms lower scores (ranging from 1
to 2). Psychic fluctuations were reported to cause dis-
comfort by 12 patients, but the disability score was again
lower than prior to surgery (mean score: 1.6).

The decrease in the total number of nonmotor symp-
toms occurring after surgery was not correlated with age
or with the disease duration or with any of the other
characteristics of the population. No correlations were
found to exist between the improvement in the motor

TABLE 2. Effects of chronic subthalamic stimulation on NMF

Preoperative Postoperative Reduction (%) P value

Total (54) 15.63 " 5.7 6.57 " 3.9 58 !0.001
Pain/sensory (7) 1.7 " 0.7 0.3 " 0.5 84.2 !0.001
Cognitive (4) 1.7 " 1.1 0.5 " 0.7 70.5 !0.001
Dysautonomic (26) 6.2 " 3.5 2.3 " 1.9 63 !0.001
Psychic (17) 5.4 " 2.7 3.8 " 1.9 29.6 0.003

Plus-minus values are means " SD. The mean number of NMF (total and for each category of nonmotor fluctuations) reported by patients before
and after surgery.

FIG. 1. Effects of bilateral subthalamic stimulation on the most
frequent NMF. Ordinate expresses the percentage of patients who
reported these NMF before and after surgery. Pre, preoperative non-
motor symptom; Post, postoperative non motor symptom.
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PATIENTS AND METHODS
Forty-patients with Parkinson’s disease, who were

consecutively selected for bilateral STN DBS between
June 2000 and September 2003, took part in this study.
All the patients were assessed prospectively before and
after surgery by the same neurologist (TW). Patients
were included if they met the established criteria for STN
DBS and no language barrier or severe dysarthria were
present. All patients gave their written informed consent
to the procedure.

All patients were examined both preoperatively and 12
mo after surgery. Prior to surgery, they underwent a
complete UPDRS evaluation with a motor score
(UPDRS III) which was determined under “off drug”
conditions and under the best “on drug” conditions.
MMSE, Mattis Dementia Rating Scale, BREF scale and
Beck Depression Inventory were used to assess cognitive
functions and mood state. To assess NMF, each patient
was interviewed using a previously described structured
questionnaire.6 The interview included questions about
various NMF (26 dysautonomic, 21 mental and seven
sensory NMF). For each NMF, the patients were asked
whether the fluctuating manifestations seemed to coin-
cide with the “on”, “off” or dyskinetic state, or whether
it did not depend on the motor state. Patients were asked,
for instance, whether they had experienced any transient
episodes of anxiety during the day in the course of the
previous months and if so, whether this fluctuating anx-
iety seemed to depend on the motor state. Prior to these
questions, the exact meaning of “on”, “off” and dyski-
netic state was defined with the patient. At the end of the
questionnaire, the patients were asked to grade the level
of disability in each group (motor and nonmotor fluctu-

ations) on a scale ranging from 0 (no discomfort) to 4
(maximum disability). The questionnaire was adminis-
trated during the “on” state for the sake of the patients’
comfort (on drug condition preoperatively and under
on-stimulation and on-drug conditions 12 mo after sur-
gery), After 1 yr of STN stimulation, complete UPDRS
and neuropsychological tests were carried out. The motor
score (UPDRS III) was assessed under four conditions:
off-stimulation and off-drug, on-stimulation and off-
drug, off-stimulation and on-drug, and on-stimulation
and on-drug. The frequency of each nonmotor fluctuating
symptom in the group of patients as a whole was deter-
mined before and after surgery and expressed as a per-
centage. Statistical analysis was performed using a Wil-
coxon signed rank test to determine the relative
difference between the preoperative and postoperative
states in each patient. A Spearman rank test was per-
formed to determine whether there existed any correla-
tions between the quantitative variables. A p value of
0.05 was taken to be the statistical significance threshold.

RESULTS
Forty-patients (30 men and 10 women, mean age 59 !

8 years) were included in the present study. The mean
disease duration was 12.4 ! 4.5 yr. Table 1 gives the
main results of the UPDRS and neuropsychological tests
before and after surgery. The DBS parameters at 1 yr
were: mean voltage (range): 3 V (1.5–3.6), mean fre-
quency: 145 Hz, (130–185), pulse width: 70 "s (60–90).
One-year after continuous HF stimulation, the motor
score (UPDRS III) improved by 67% and dyskinesia
decreased by 76% (UPDRS IV A) (Table 1). Postoper-
atively, the “off” states had disappeared in thirteen

TABLE 1. Effects of bilateral subthalamic nucleus stimulation on UPDRS score and neuropsychological evaluation

Preoperative Postoperative* Improvement (%) P value

UPDRS II off 23.7 ! 6.2 13.3 ! 7.5 44 #0.001
UPDRS II on 8.8 ! 5.2 4.7 ! 4.1 46 0.002
UPDRS III off 38 ! 10.2 12.4 ! 6.8 67.4 #0.001
UPDRS III on 11.8 ! 5.8 6.9 ! 14.5 41.4 #0.001
UPDRS IV A 5.6 ! 2.5 1.3 ! 1.4 76.3 #0.001
UPDRS IV B 3.8 ! 1.4 1.5 ! 1.1 59 #0.001
Hoehn &Yahr off 3.6 ! 4.6 2.8 ! 1 24 #0.001
Hoehn &Yahr on 2.1 ! 0.7 1.6 ! 0.1 23 0.016
Schwab & England off 45.3 ! 17.1 63.7 ! 18.6 41 #0.001
Schwab & England on 82.3 ! 11.3 90 ! 7.7 8.5 0.007
Mattis Dementia Rating Scale (144) 137.4 ! 4.4 136 ! 7.7 $0.7 ns
Beck Depression Inventory (63) 8.1 ! 5.9 6.4 ! 6.2 20 ns
LEDD (mg/d) 1091.9 ! 374.8 460.2 ! 299.1 58 #0.001
DA (mg/d) 180.6 ! 152 72.9 ! 96 59.6 #0.001
Levodopa (mg/d) 845.6 ! 390 386 ! 259.9 54 #0.001

Plus–minus values are means ! SD.
LEDD, Levodopa-Equivalent of Daily Dose16; DA, dopamine agonists: bromocriptine equivalent dose; ns, non significant.
*After 1 year of chronic stimulation; postoperative “off” condition % on-stimulation and off-drug condition.
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ICDs markedly improved or disappeared after STN DBS 
in patients with Parkinson’s disease.121–123 This e! ect 
might be due to the reduction of DRT after implantation, 
resulting in decreased stimulation of mesolimbic 
dopaminergic circuits,122 or to the direct inhibition of the 
ascending dopaminergic and serotonergic pathways that 
are involved in reward.121

A few studies have reported onset of ICDs (pathological 
gambling, hypersexuality, and compulsive eating)123,124 in 
patients with Parkinson’s disease after STN DBS despite a 
postsurgical reduction of DRT.125 A cross-sectional study 
that compared patients with Parkinson’s disease treated 
with STN DBS to patients treated with drugs alone reported 
a higher incidence of impulsivity in the DBS group.126 
However, no preoperative data were available from this 
study. STN DBS might disrupt the activity of limbic circuits 
within the STN or the neighbouring fi bre tracts, resulting 
in increased impul sivity.127 Additionally, STN DBS might 
alter the coupling between the prefrontal cortex and basal 
ganglia during decision-making processes, resulting in 
impulsive behaviour during high-confl ict situations.100,128 
Finally, STN DBS might mimic the action of DRT, thus 
facilitating the onset of ICDs, particularly in patients taking 
high doses of DRT. ICDs have been associated with 

oscillatory theta-alpha activity in the ventral STN, which 
suggests that the limbic ventral STN might be involved in 
the development of ICDs.129

The e! ects of GPi DBS on ICDs are still poorly known: 
in two men with Parkinson’s disease, preoperative hyper-
sexuality did not improve after surgery.123 In patients with 
Parkinson’s disease treated with STN DBS, pre-existing 
ICDs improved postoperatively, with a signifi cant 
reduction in DRT. 

Dopamine dysregulation syndrome and punding
Patients with dopamine dysregulation syndrome (DDS) 
develop an addictive pattern of DRT use. In a series of 
21 patients with Parkinson’s disease who underwent 
bilateral STN DBS, symptoms improved or resolved in 
29% of the patients with preoperative DDS; in two 
patients symptoms of DDS appeared only after surgery 
(in one case after an 8-year latency).123 Resolution of 
symptoms has been associated with motor improvement 
and LED reduction after STN DBS.121,123

Punding is a stereotyped behaviour that is triggered 
by DRT; it is characterised by intense fascination with 
complex, excessive, non-goal-oriented, repetitive activ-
ities, and is linked to dyskinesia severity, DDS, and 
occurrence of other ICDs.130,131 Punding can worsen or 
even arise after STN DBS surgery, despite DRT 
reduction.123,132,133

Apathy
Several studies have reported a worsening of apathy in 
patients with Parkinson’s disease after STN DBS.109,134 In 
a prospective study of patients with STN implants, 
apathy occurred after a mean of 4·7 months in 54% of 
patients and was reversible in half of them at 1 year.134 
Apathy might be associated with insu"  cient DRT after 
DBS, resulting in a postoperative deactivation of 
dopaminergic receptors within the mesocortical and 
mesolimbic path ways.134 Accordingly, in patients with 
Parkinson’s disease who developed apathy after complete 
withdrawal of DRT after successful STN DBS, a 6-week 
trial of ropinirole induced reversal of apathy.135 In another 
study, apathy was assessed in patients with Parkinson’s 
disease who received unilateral GPi or STN implants 
and in a control group of drug-treated patients.136 Apathy 
was unchanged in the drug-treated group, whereas it 
progressively increased during the fi rst 6 months after 
implantation in both DBS groups, with no relation to 
postsurgical drug changes.

Mood disorders and anxiety
Postoperative mood disorders (depression or mania) can 
occur after STN implantation, either as acute and transient 
or chronic and persistent disorders.102,125,137,138 In patients 
with bilateral chronic STN stimulation, depressive features 
improved,108 remained unchanged,60,117 or even worsened 
compared with the preoperative condition.138 Postoperative 
improvement of depression might result from a 

Subthalamic 
nucleus

Globus pallidus 
internus

Pedunculopontine 
nucleus

Cognition

Memory 0/+* 0 0

Executive functions –*† 0 +†

Mood disorders

Apathy –*† 0 0

Depression –*† 0/–† 0

Anxiety –/+*†‡ 0/+† 0

Behaviour and other psychiatric issues

Impulse control disorders 0/+* 0 0

Delusions and hallucinations 0/+* 0 0

Dopamine dysregulation syndrome –/+*† 0/+† 0

Punding –/+*† 0/+† 0

Autonomic dysfunction

Sweating +‡ 0/+‡ 0

Urinary function +†‡ 0/+‡ 0

Bowel function 0/+*‡ 0/+‡ 0

Cardiovascular dysautonomia 0/+*‡ 0 0

Sleep

Quality +*†‡ +‡ +†

Architecture 0 0 +†

Rapid eye movement sleep behaviour disorder 0/+* 0 0/+†

Restless leg syndrome –* 0 0

Daytime sleepiness +* 0 +†

Pain +†‡ 0/+‡ 0

0=no e! ect. +=improvement. –=worsening. 0/–=no e! ect or worsening. 0/+=no e! ect or improvement. *Secondary to 
drug reduction. †Due to direct e! ect of stimulation. ‡Secondary to motor improvement.

Table !: Synopsis of the e! ects of deep brain stimulation at di! erent targets on Parkinson’s disease 
non-motor symptoms

• Effect on non motor fluctuations
• Pain reduction
• Reduced dysautonomic and 

cognitive fluctuations.
• Improvement in excessive 

sweating and akathisia.
• Increased apathy and depression 
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Treatment of motor and non-motor features of Parkinson’s 
disease with deep brain stimulation
Alfonso Fasano, Antonio Daniele, Alberto Albanese

Deep brain stimulation (DBS) is an established procedure for the symptomatic treatment of Parkinson’s disease. 
Several deep brain nuclei have been stimulated, producing a wide range of e! ects on the motor and non-motor 
symptoms of Parkinson’s disease. Long-term, high-quality evidence is available for stimulation of the subthalamic 
nucleus and globus pallidus internus, both of which uniformly improve motor features, and for stimulation of the 
thalamic ventralis intermedius, which improves tremor. Short-term data are available for stimulation of other deep 
brain targets, such as the pedunculopontine nucleus and the centremedian/parafascicular thalamic complex. Some 
non-motor symptoms improve after DBS, partly because of motor benefi t or reduction of drug treatment, and partly 
as a direct e! ect of stimulation. More evidence on the e! ects of DBS on non-motor symptoms is needed and 
specifi cally designed studies are warranted. 

Introduction
Parkinson’s disease is a progressive neurodegenerative 
disorder that a! ects several regions of the central and 
peripheral nervous system.1 The symptoms of Parkin son’s 
disease encompass the classic parkinsonian triad (tremor, 
bradykinesia, and rigidity) associated with dopaminergic 
denervation, other motor signs associated with non-
dopaminergic transmission (postural instability and 
impairment of gait, speech, and posture), and non-motor 
symptoms (NMS).

Surgical treatments for Parkinson’s disease were 
developed before the introduction of levodopa2 and re-
emerged as a means to overcome di"  culties in the 
medical management of motor complications in 
patients with advanced Parkinson’s disease. After 
pioneering experiments on various CNS targets, stereo-
tactic abla tions focused on the pallidothalamic pathway, 
including the globus pallidus, its outfl ow pathways, and 
the thalamus (table 1). Lesions in the globus pallidus 
internus (GPi) consistently improved dyskinesias and 
parkinsonian motor symptoms.32 How ever, there was a 
risk of inducing permanent neuro logical defi cits with 
pallidotomy (especially when bilateral). Lesions of the 
subthalamic region also improved parkinsonian symp-
toms, but caused hemiballism in some patients.33 

Deep brain stimulation (DBS) was historically used to 
check the area to be lesioned in a given functional target34 
and later became an adjustable and reversible alternative 
procedure to stereotactic ablation,5 which was an 
important advancement in the treatment of tremor. Sub-
sequently, GPi DBS was successfully introduced for the 
management of bradykinesia and rigidity.35 After the 
discovery of the key part played by hyperactivity of the 
subthalamic nucleus (STN) in the pathophysiology of 
Parkinson’s disease,36 STN lesions were shown to improve 
experimental parkinsonism,37 and the fi rst experiences in 
patients with Parkinson’s disease27 highlighted that STN 
DBS could become the surgical treatment of choice for 
Parkinson’s disease. However, experimental lesions of 
the pedunculopontine nucleus (PPN) induced akinesia38 
and PPN DBS has not provided consistent motor benefi ts 

in patients with Parkinson’s disease.39 The main 
anatomical structures that are targeted by DBS are shown 
in fi gure 1. In this Review, we aim to address the available 
evidence on the e! ect of DBS on motor aspects of 
Parkinson’s disease and particularly on NMS of the 
disorder, and to highlight the emerging role of new 
stimulation targets.

Motor features
Motor control is the main treatment goal for patients with 
Parkinson’s disease. The motor e! ects of DBS are usually 
assessed by comparing the e! ects of stimulation with or 
without added drug treatment,40 as measured on the 
unifi ed Parkinson’s disease rating scale (UPDRS) motor 
score. After STN DBS, patients’ motor condition slowly 
deteriorates41 and often becomes unacceptable. Obser-
vations for up to 1 h have shown incomplete motor decay 
in patients who have had STN stimulation for 10 years.42 
No study has specifi cally assessed the re appearance of 
motor signs after switching o!  GPi DBS; fi ndings from 
patients assessed while not receiving drug treatment and 
with the stimulator turned o!  showed a gradual return of 
Parkinson’s disease signs, similar to that seen after STN 
DBS.40,43,44 By contrast, hyperkinetic features recur more 
quickly after withdrawal of thalamic or GPi stimulation, 
which enables assessment of the reappearance of tremor45 
or dyskinesias induced by dopamine replacement therapy 
(DRT).46 

The e! ects of STN and GPi implants on the motor 
features of Parkinson’s disease have been extensively 
assessed in class 4 studies, and a few randomised 
controlled trials have provided a higher class of evidence 
(appendix). The most robust data are for short-term 
(1–2 years) follow-up after surgery. STN DBS induces 
many of the antiparkinsonian e! ects of DRT, and 
preoperative response to levodopa contributes to pre-
diction of the outcome after STN DBS.47 Fewer studies, 
which had short follow-up, are available for DBS of the 
GPi and other nuclei. Long-term UPDRS-based data are 
available for STN DBS (10 years);42 medium-term data are 
available for GPi DBS (5–6 years)44 and thalamic ventralis 
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Who is candidate for DBS?

• Patients with idiopathic PD (moderate/advanced) at least 4-5 years
• Refractory motor complications
• Motor fluctuations
• Troublesome dyskinesia

• Refractory symptoms to medical therapy: Tremor
• Good response to levodopa
• Nonsignificant psychiatric/cognitive problem



symptoms). This statement holds true for otherwise healthy
as well as multimorbid PD patients. As uptake of L-Dopa
from the duodenum into the blood and from the blood to the
brain competes with the uptake mechanism for neutral amino
acids, it is recommended to take the L-Dopa preparation
about 1 h before or after a meal.
L-Dopa is in its effect and short-term side effect pro!les

superior as monotherapy to all other PD medications
(amantadine hydrochloride, anticholinergics, dopamine ago-
nists, MAO-B inhibitors). This is also expressed in a much
better adherence to medication as compared with dopamine
agonists and MAO-B inhibitors (Gray et al. 2014). The
introduction of L-Dopa therapy has substantially increased
the quality of life of patients with PD, but it has recently been
questioned whether it also increases life expectancy
(Macleod et al. 2014) by avoiding disease-related medical
complications (pneumonia, fractures as a result of falls etc.).
Slow release L-Dopa preparations comprise a special

galenic composition and therefore maximum plasma concen-
trations are achieved 1 or 2 h later than with oral L-Dopa
standard preparations. Plasma half-time is very similar for all
three preparations (standard, dispersible, and slow release).
Oral standard preparations have a bioavailability of about 90%,
while slow release preparations provide a bioavailability of
about 70%. Therefore, slow release preparations are preferen-
tially administered at night time – particularly to avoid
potential interaction of the slowly released L-Dopa preparation
with protein-rich food – in order to reduce nocturnal akinesia.

L-Dopa-Infusion therapy (Duodopa pump)
Intrajejunal infusion therapy with L-Dopa is registered for
the treatment of PD in advanced stages with marked motor
"uctuations (Olanow et al. 2014), which often coincide with
marked dyskinesia. L-Dopa bound to a particular matrix is
continuously delivered directly into the jejunum via a
percutaneous tube !xated to the abdominal wall and
connected to an externally carried pump (the distal end of
the tube is located beyond the ligament of Treitz). This
continuous application results in a constant L-Dopa plasma
level, thus not only avoids pulsatile receptor stimulation, but
also does not depend on the resorption from a normal gastric
emptying. The jejunal L-Dopa therapy is generally recom-
mended as a mono therapy. This treatment is very expensive
and requires technical skills especially in the department of
gastroenterology responsible for the precise placing of the
tube into the jejunal cavity.
Based on consensus of experts, L-Dopa infusion pumps

are recommended for the following indications:

(i) Motor "uctuations and dyskinesia in advanced states of
PD that cannot be controlled with oral pharmacotherapy,

(ii) Suf!cient social support for the nursing attention to the
percutaneous endoscopic jejunal tubing.

A sudden loss of ef!cacy under jejunal L-Dopa infusion is
most likely - a result of dislocation, disconnection, or
obstruction of the jejunal tubing. This situation is a potential
emergency as akinetic crises may result if L-Dopa therapy is
not rapidly reinstituted. As a transient help, oral therapy
during the rapidly initiated control of the application device
should be performed in expert centers. If not available, a
rapid switch to oral therapy should be initialized.

Dopamine agonists
Ten dopamine agonists (!ve ergot- and !ve non-ergot-
derivates) are available for the treatment of PD. Ergot
dopamine agonists subsume bromocriptine, cabergoline, a-
dihydroergocriptine, lisuride, and pergolide. The non-ergot
derivates include the oral substances piribedil, pramipexole
(standard and slow release preparation), ropinirole (standard
and slow release preparation), the parenterally applied
apomorphine and the transdermally applied rotigotine (sili-
cone-matrix-patch). Dopamine agonists are recommended to
be used (1) in early (de novo) PD patients as mono therapy, (2)
as adjunct therapy (2a) in the non-"uctuating and "uctuating
PD patients together with L-Dopa therapy (intermediate state
of PD) and (2b) in the advanced states of the disease. Particular
caution is warranted if dopamine agonists are applied in the
advanced PD stages at which the likelihood of cognitive
impairment or even development of dementia increases. In
patients with PD and cognitive impairment, dopamine
agonists clearly have the potential to induce hallucinations
or enhance existing hallucinations (Poewe 2008), thus should
not be used or else be withdrawn slowly but completely.
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Fig. 1 Following L-Dopa application, L-Dopa plasma levels rise for a
period of time but !uctuate throughout the day. Nevertheless, during the
"rst 1–3 years of therapy, the clinical response, measured as ‘ON’
phase, is constant. Therefore, this period is termed ‘honeymoon period’.
In the following years, despite continuous plasma level responses,
patients experience end-of-dose akinesia, in which clinical responses
are frequently lower and transgress into ‘OFF’-phases with the
reappearance of the cardinal motor symptoms and signs as well as of
non-motor symptoms. Some 6–10 years after therapy onset, increase in
plasma levels still follow L-Dopa applications, yet the patients commonly
suffer from dyskinesia during the ‘ON’ phase and/or the L-Dopa dose
does not necessarily result in a measurable clinical response.
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and slow release preparation), the parenterally applied
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cone-matrix-patch). Dopamine agonists are recommended to
be used (1) in early (de novo) PD patients as mono therapy, (2)
as adjunct therapy (2a) in the non-"uctuating and "uctuating
PD patients together with L-Dopa therapy (intermediate state
of PD) and (2b) in the advanced states of the disease. Particular
caution is warranted if dopamine agonists are applied in the
advanced PD stages at which the likelihood of cognitive
impairment or even development of dementia increases. In
patients with PD and cognitive impairment, dopamine
agonists clearly have the potential to induce hallucinations
or enhance existing hallucinations (Poewe 2008), thus should
not be used or else be withdrawn slowly but completely.
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Contraindications for DBS

• Suspected Parkinson Plus (Multiple System Atrophy, Progressive 
Supranuclear Palsy, Cortical Basal Syndrome)
• No response to Levodopa (except tremor)
• Significant cognitive compromise
• Primary Psychosis
• Serious systemic disease that contraindicates the procedure or alters 

life expectancy



Relative contraindications for DBS

• Mayor depression (not treated: increase suicidal risk)
• Psychosis o psychiatric problems as a complication of PD medications
• Exaggerated expectations of the patient or his family regarding the 

result of the surgery
• Lack of social support



Unresponsive symptoms

• Postural instability
• Axial symptoms
• Dysarthria (may worsen as a side effect)
• Symptoms that do not respond to levodopa



Patient evaluation for DBS

• Neurology evaluation
• Identify the main problems for the patient
• Discuss expectations
• Levodopa Challenge (Change in UPDRS III >50%)
• Psychiatry assessment (exclude active depression)
• Neuropsychological evaluation (exclude significant cognitive decline)
• Social Work assessment





Decision making in the DBS candidate

•Which target? STN or GPi
• Unilateral, staged, or bilateral simultaneous?
• Surgical method (MER guided or interventional image 

guided?)
• Type of device/system?  (rechargeable or non-rechargeable 

IPG, directional lead, LFP capable)
• Genetics?
•Multi-disciplinary team approach



gardening approximately 6 months after implantation.
Surgical removal and replacement with an identical lead
were without complication.

Perioperative complications were common among STN
stimulation patients. Three STN stimulation patients ex-
perienced mild delirium that resolved over several days.
Two patients experienced transient anxiety (nervous-
ness, restlessness, tension), and another experienced hal-
lucinations that resolved with reduction of the le-
vodopa dose. Cognitive changes were also noted in 2 STN
stimulation patients. In the first patient, short-term
memory deficits, difficulty concentrating, and apathetic
mood were noted within weeks of surgery that persisted
throughout therapy. In the second patient, decline in cog-
nitive function and increased parkinsonian symptoms de-
veloped during therapy despite best medical efforts. She
was treated with intravenous antibiotics for recurring
urinary tract infections. However, by 12-month follow-
up, the patient was severely bradykinetic and rigid, had
difficulty swallowing, and was unable to communicate.
No perioperative changes in cognition or mood were
noted among GPi stimulation patients. Mild visual field
defects were reported by 1 patient in the GPi stimula-
tion group that resolved by adjustment of stimulation
parameters.

COMMENT

Previous case series and single-arm studies have shown
improvement with either GPi or STN stimulation. In-
deed, in the largest study to date, the DBS for PD Study
Group compared motor function in 96 STN and 34 GPi
stimulation patients and found that 6 months of DBS im-
proves baseline off-medication motor score by 40% to 50%
regardless of target. Our data, collected in a random-
ized, blinded fashion, are consistent with these results
and further suggest that even in the longer term, 12
months and beyond, the difference in the extent to which
off-medication motor symptoms are improved by stimu-
lation at either site is small. We also did not find any evi-
dence for a substantially better response with STN vs GPi
stimulation on medications. Indeed, dyskinesia is mark-
edly improved by stimulation at either site. Taken to-
gether, these results suggest that there is insufficient evi-
dence to support the superiority of STN over GPi
stimulation in the management of motor symptoms of
advanced PD.

That said, though, it is clear that some individual mo-
tor symptoms may be improved more by stimulation at
one site than the other. Indeed, even with these small pa-

Table 3. Changes in Neurologic Function During Combination Levodopa and Deep Brain Stimulation*

Variable Maximum Value

Preoperative/12-Month Scores
P

Value†GPi (n = 10) STN (n = 10)

UPDRS motor 108 18 ± 9/17 ± 4 20 ± 12/20 ± 9 .83
Rigidity 20 6 (1-8)/3 (1.5-6.5) 3 (2-5)/3 (0-3) .68
Tremor 28 0.25 (0-2)/0 (0-1) 0 (0-0)/0 (0-1) Not calculated‡
Bradykinesia 32 7 (5-15)/8 (3-12) 8 (5-14)/11.5 (7-15) .09
Axial symptoms 16 2.5 (1-5)/2.5 (1-6) 3.5 (1-6)/3 (1-6) .32
Activities of daily living 52 8 ± 8/8 ± 4 11 ± 4/11 ± 6 .76
Dyskinesia severity rating 24 9 (7-12)/1 (0-9) 10.5 (6-12)/4.5 (2-6) .27

Abbreviations: GPi, globus pallidus interna; STN, subthalamic nucleus; UPDRS, Unified Parkinson’s Disease Rating Scale.
*Values are presented as mean ± SD or median (interquartile range).
†P values based on repeated-measures analysis of variance or Wilcoxon signed-rank test comparison of baseline and 12-month scores.
‡Not calculated; only 3 patients had baseline tremor while taking medication.
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Figure 4. Mean±SEM dyskinesia severity during (A) levodopa only and (B) combination levodopa and deep brain stimulation in globus pallidus interna stimulation
(black bars, n=5) and subthalamic nucleus stimulation (white bars, n=5) patients.
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Background: Deep brain stimulation (DBS) of the glo-
bus pallidus interna (GPi) and subthalamic nucleus (STN)
has been reported to relieve motor symptoms and le-
vodopa-induced dyskinesia in patients with advanced Par-
kinson disease (PD). Although it has been suggested that
stimulation of the STN may be superior to stimulation
of the GPi, comparative trials are limited.

Objective: To extend our randomized, blinded pilot
comparison of the safety and efficacy of STN and GPi
stimulation in patients with advanced PD.

Design: This study represents the combined results from
our previously published, randomized, blinded, parallel-
group pilot study and additional patients enrolled in our
single-center extension study.

Setting: Oregon Health and Science University in Port-
land.

Patients: Twenty-three patients with idiopathic PD, le-
vodopa-induced dyskinesia, and response fluctuations
were randomized to implantation of bilateral GPi or STN
stimulators. Patients and evaluating clinicians were
blinded to stimulation site. All patients were tested pre-
operatively while taking and not taking medications and
after 3, 6, and 12 months of DBS.

Main Outcome Measures: Postoperatively, re-
sponse of symptoms to DBS, medication, and combined
medication and DBS was evaluated. Twenty patients (10
in the GPi group and 10 in the STN group) completed
12-month follow-up.

Results: Off-medication Unified Parkinson’s Disease
Rating Scale motor scores were improved after 12
months of both GPi and STN stimulation (39% vs
48%). Bradykinesia tended to improve more with STN
than GPi stimulation. No improvement in on-medication
function was observed in either group. Levodopa dose
was reduced by 38% in STN stimulation patients com-
pared with 3% in GPi stimulation patients (P= .08).
Dyskinesia was reduced by stimulation at both GPi and
STN (89% vs 62%). Cognitive and behavioral complica-
tions were observed only in combination with STN
stimulation.

Conclusion: Stimulation of either the GPi or STN im-
proves many features of advanced PD. It is premature to
exclude GPi as an appropriate target for DBS in patients
with advanced disease.
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D EEP BRAIN STIMULATION
(DBS) of the globus pal-
lidus interna (GPi) and
subthalamic nucleus
(STN) is being intensely

investigated for the management of ad-
vanced idiopathic Parkinson disease
(PD).1,2 Although DBS surgery differs from
pallidotomy or subthalamotomy only in

the final placement of a stimulating lead,
DBS is reversible and is associated with de-
creased risk of reoperation due to inad-
equate lesion volume. Most important, bi-
lateral DBS is associated with decreased
morbidity compared with procedures that
lesion structures bilaterally.3-6

A number of studies have shown that
bilateral stimulation of both GPi7-9 and

STN10-13 is safe and effective for the man-
agement of PD symptoms. For practical
and theoretical reasons, STN is thought by
many to be the preferred target for DBS in
patients with advanced disease.14-16 How-
ever, comparative studies are limited. In
a blinded, randomized pilot study of 10 pa-
tients, we found no difference in clinical
efficacy between stimulation of STN and
GPi after 12 months of DBS.17 We now re-
port 12-month follow-up results on an ex-
tended series of 20 patients randomized
to bilateral GPi (10 patients) or STN (10
patients) stimulation.

METHODS

OVERVIEW

The data presented in this article represent the
combined results from our previously pub-
lished randomized, blinded, parallel-group pi-
lot study and additional patients enrolled in our
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gait postural control have been reported to improve with STN DBS,
whereas levodopa has no positive effect. The combination of STN
DBS and levodopa treatment may further increase gait velocity com-
pared with STN or levodopa treatment alone.22 With only a few stud-
ies, the effect of GPi DBS on postural and gait control is less clear.
Some studies have found little or no effect on static, dynamic pos-
tural control or anticipatory postural adjustments after GPi DBS,23

and others report potential benefit on gait factors with STN DBS po-
tentially aggravating gait dynamic postural control.17,20,24,25

Effect on Falls
In the VA Cooperative Study, a greater number of falls occurred in
patients receiving DBS STN implants along with the worst perfor-
mance on the stand-walk-sit test in the off-stimulation period.7 Spe-
cific fall assessments were not reported in other large randomized
trials. Subscales for postural stability and gait that assessed on-
stimulation and off-medication showed improvement at 6 months
in both target groups, which was maintained. In the NSTAPS trial,
no between-group differences at 3 years were detected on the
UPDRS-III subscore of items 27 to 30.9 The long-term direct effect
of DBS on gait and falls is less clear.

Effect on Dyskinesia
Deep brain stimulation of the GPi has consistently shown superior
and sustained reduction in dyskinesia in randomized DBS clinical trials
(Figure). At 12-month follow-up, the NSTAPS study reported an on-
medication dyskinesia reduction of 57% from GPi stimulation vs only
21% with STN stimulation measured by the Clinical Dyskinesia Rat-
ing Scale.9 However, no target differences were seen in the self-
reported 3-day motor diaries. The Anderson et al8 study reported
improved dyskinesia (89%) in GPi compared with STN stimulation
(62%), and the VA Cooperative Study showed a small but statisti-
cally nonsignificant benefit in dyskinesia at 3 years in the GPi stimu-

lation group.15 Successful GPi DBS has also been applied in cases of
persistent or severe dyskinesia even after an inadequate response
to STN DBS.26-28

Effect on Nonmotor Symptoms
Over the past decade, there has been an increased recognition of
the complex nature of PD, including many associated disabling non-
motor symptoms. The literature is scarce assessing the effect of DBS
in the many nonmotor domains, with most reports addressing only
STN DBS. Benefit after STN DBS has been reported in nonmotor fluc-
tuating symptoms,29,30 including urinary dysfunction,31 sialorrhea,32

sleep,33,34 PD-related pain,35,36 and off-period sweating.30,37 More
studies are needed to understand any target differences that may
exist in nonmotor symptoms.

Effect on Cognition
The cause of cognitive decline, if it occurs in PD after DBS surgery,
is likely multifactorial and 1 of the most scrutinized aspects of out-
come studies. The most common overall cognitive adverse effect
is decline in verbal fluency, possibly the result of the surgical
procedure.38 Randomized data suggest that subtle cognitive differ-
ences occur between the GPi and STN targets. In the VA Coopera-
tive Study, the authors reported decrements in processing speed and
working memory associated with STN DBS compared with GPi DBS
at 24 months.7 At 6 months, Mattis Dementia Scale scores were
slightly worse with STN DBS compared with no change in GPi, fol-
lowed by further gradual reductions in both groups over time (STN
more so than GPi) at 36 months.15 The GPi group also showed a slight
worsening at 6 months in the Hopkins Verbal Learning Test Trials 1
to 3 total scores but then stabilized, whereas STN was unchanged
at 6 months but worsened at 36 months. Although the NSTAPS study
showed no difference between the groups on a composite score for
cognition, mood, and behavior, there was a 27% decrease in the cog-

Figure. Deep Brain Stimulation (DBS) Selection Considerations

Facilitates reduction in dopaminergic medications

Which DBS target should I select?

STN GPi

Potential increased risk of
cognitive and mood decline

Possible increased risk of falls

Greater programming complexity

Potential economic advantage

Potential mild benefit in nonmotor domains

Equal benefit in bradykinesia, rigidity, tremor, and quality of life

Possible greater benefit in dyskinesia

Greater flexibility for medication adjustments

Simpler programming strategies

Greater battery consumption

Potential for adequate control of
symptoms with unilateral implant

Potential benefit in gait

Potential benefit in cases with
severe/brittle dyskinesia

GPi indicates globus pallidus interna;
STN, subthalamic nucleus.
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Globus Pallidus Interna or Subthalamic Nucleus Deep Brain
Stimulation for Parkinson Disease
A Review
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P arkinson disease (PD) is a progressive, neurodegenerative
disorder characterized by impairments in motor function,
including bradykinesia, rigidity, rest tremor, gait, and bal-

ance dysfunction. Although initially effective for management of
motor symptoms, dopaminergic therapies are eventually compli-
cated by the development of motor fluctuations (periods of
recurrence of PD symptoms when medication effect wears off)1

and dyskinesia (abnormal involuntary movements, typically cho-
reiform, dystonic, and rarely ballistic or myoclonic). Deep brain
stimulation (DBS) is an established treatment option for manage-
ment of medically refractory motor fluctuations and is more
effective than the best medical therapy in improving motor func-
tion, quality of life, and on-time (periods of adequate control of
PD symptoms) without troublesome dyskinesia.2 Appropriate
selection of suitable candidates is critical for successful outcomes
and generally fulfills the following criteria: diagnosis of idiopathic
PD with sustained and robust response to levodopa and substan-
tial motor disability, absence of significant dementia or unstable
neuropsychiatric symptoms, absence of considerable surgical and
medical risk factors, and realistic expectations. Determination of
the single best surgical target for DBS remains inconclusive
despite extensive research in the area.

Currently, 2 main structures are primarily targeted to treat
motor complications in PD: the globus pallidus interna (GPi) and
the subthalamic nucleus (STN). Results of early, European, nonran-

domized comparative studies suggested that bilateral GPi DBS
was less effective and there were additional concerns of waning
motor benefit over time.3,4 Initial studies suggested that STN, but
not GPi, stimulation improved off-period bradykinesia to the same
extent as levodopa.5 Similar effects on tremor and rigidity were
reported for both targets, but only STN DBS allowed for significant
dopaminergic medication reduction. Over the past decade,
higher-quality outcome data have become available providing
insight into the long-term effect of both STN and GPi DBS and
potential benefits in nonmotor domains. To date there have been
4 large randomized clinical trials comparing the effect of both tar-
gets in advanced PD. These studies include the National Institutes
of Health COMPARE trial,6 the Veterans Affairs (VA) Cooperative
Study,7 the study by Anderson et al,8 and The Netherlands Sub-
thalamic and Pallidal Stimulation (NSTAPS) trial.9 These studies
included a combined 502 patients with a mean follow-up of 21
months. Overall, motor benefit in the on-stimulation state and
quality-of-life measurements were similar between targets across
studies. Despite this, an ongoing discussion of the best target con-
tinues in the field. Herein we review the current literature and
highlight the practical application and target differences, where
they exist, between STN and GPi DBS in PD. We emphasize that
clinicians should take a patient-specific approach when choosing a
DBS target rather than focusing on determination of 1 target that
will be appropriate for all patients.

IMPORTANCE Selection of the best deep brain stimulation (DBS) target—subthalamic nucleus
(STN) or globus pallidus interna (GPi)—for treatment of motor complications in Parkinson
disease remains a matter of debate.

OBSERVATIONS Increasing evidence from randomized clinical trials indicates that motor
benefit is similar between both targets, including an effect on dyskinesia and improvement in
quality of life. Deep brain stimulation of the STN offers consistently greater dopaminergic
medication reduction, possible mild benefit in nonmotor domains, and potential economic
advantage. Deep brain stimulation of the GPi provides a probable advantage in dyskinesia
suppression, management of symptoms with unilateral leads, and flexibility in medications
and programming adjustments. Overall, STN DBS is at potentially higher or equal risk for
neuropsychiatric changes compared with GPi DBS.

CONCLUSIONS AND RELEVANCE Both GPi and STN DBS provide similar, consistent, marked
motor benefits, but subtle target differences exist. Target selection should be tailored to each
patient’s clinical presentation, neuropsychiatric profile, and goals of surgery, allowing
customization of this therapy and improved individual outcomes.
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L-dopa-Responsive Gait and Balance Issues
(Advantage for Bilateral GPi)

One major shortcoming of DBS therapy is that only L-dopa-

responsive gait and balance issues are likely to improve after DBS

therapy, and any improvement typically parallels DBS benefits

achieved simply by increasing the “on” time.25 Moreover, after

DBS therapy, gait and balance disorders may worsen as a result of

surgical (i.e., lesional) effects or as a result of disease progression.

It is critical that practitioners explain the shortcomings of DBS

therapy in improving gait and balance issues. Results of the VA

Cooperative Study revealed that in the stand–walk–sit test, there
was improvement in the GPi group, but not in the STN groups,

when patients were tested in the off-medication, off-stimulation

state29 and this effect persisted at long-term follow-up.14 A smal-

ler study also revealed a potential benefit for GPi DBS, especially

in combination with L-dopa.53 In two follow-up studies by the

Horak group, patients were studied in a gait and balance labora-

tory, and again the results revealed an advantage for the GPi

target.54,55 These results collectively suggest an advantage for GPi

in achieving a better gait and balance outcome (Fig. 1). Impor-

tantly, patients with preoperatively identified Levodopa-unre-

sponsive gait issues should not be offered DBS in either target as a

means to address gait or balance issues.25

Dyskinesia Suppression (Advantage GPi DBS)

The mechanisms for achieving dyskinesia suppression in STN

versus GPi DBS have been documented and are thought to be

fundamentally different.56,57 Most of the antidyskinetic benefit of

GPi DBS has been attributed to active stimulation effects,

whereas the benefits in STN manifest mainly as a result of medi-

cation reduction.58 A recent study by Oyama et al. did, however,

reveal the possibility that STN DBS may also have dyskinesia-

suppressing effects in some cases.59 The Anderson study (2005)

was the first direct STN versus GPi comparison to demonstrate a

difference between targets in addressing dyskinesia (89%

improved in GPi vs. 62% improved in STN).15 In unilateral cases,

GPi trends toward more improvement in dyskinesia.28 Another

important issue has also emerged as a late complication of STN

DBS surgery; brittle dyskinesia (author observations).60 In these

cases, STN DBS produces unacceptable dyskinesia, even with

optimal medication and programming adjustments. Some of these

cases have even been rescued by GPi DBS.49 The reasons for

these differences remain to be fully elucidated, but the antidyski-

netic effects of GPi DBS appear to be substantially greater than

those of STN (Fig. 1).13 Given that medication reduction is not

the primary goal of DBS surgery,43 and, in many cases, can result

in negative effects on nonmotor symptoms of PD (apathy, and so

on),61,62 suppression of dyskinesia and flexibility in adjusting

dopaminergic drugs post-DBS seem to favor the GPi target.

Cognition (Possible Advantage of Uni- or
Bilateral GPi)

There are several potential etiologies responsible for observed

cognitive decline after DBS surgery. A recent study evaluated a

constant current bilateral STN DBS device that was implanted,

but not activated, in 25% of subjects. Interestingly, in this study,

it was observed that the most common cognitive side effect of

DBS (verbal fluency decline) occurred in both the activated and

inactivated STN DBS cases.63 Therefore, it was concluded that

verbal fluency decline after DBS is most likely an effect of the

surgery itself. At least one DBS group has postulated that the

surgical trajectory (i.e., angle of entry) was also important to

cognitive outcome.64

There have been many other important studies of neurocogni-

tive outcomes and DBS. Weaver et al. published 3-year outcome

data from the VA study, which utilized the Mattis Dementia

Rating Scale (MDRS), as well as other neurocognitive outcome

measures. The study revealed that the Hopkins memory test

declined faster for STN than for GPi DBS patients.14 Additionally,

though the unilateral COMPARE study revealed no differences in

primary outcome variables of mood and cognition between targets,

its secondary outcome variables revealed more cognitive issues asso-

ciated with the STN target, especially when varying the stimulation

location. The COMPARE study and the Anderson study also

reported more cognitive and behavioral AEs in the STN than the

GPi DBS cohorts. The data, when examined collectively, suggest

that the STN target may be less forgiving than the GPi target in the

cognitive domains. There may therefore be a possible advantage of

uni- and bilateral GPi over STN DBS for cognitive outcomes.

Flexibility in Long-Term Medication
Adjustments (Advantage GPi DBS)

As PD progresses after DBS surgery, the majority of chronic

management involves medication adjustment and not DBS pro-

gramming. Though it is desirable, and certainly popular, to

reduce the number of pills a PD patient takes, medication

reduction is not the ultimate goal of DBS surgery.13 Addition-

ally, aggressive medication reduction, as was recently observed

in the studies by Lhomm!ee and Thobois, can result in AEs such

as apathy.65,66 Another important observation was drawn from

Figure 1 GPi has been shown in studies to be possibly superior in
dyskinesia suppression, ease of programming, and !exibility of
medication adjustments. Patients also have been shown to remain
unilateral more often when implanted with GPi.
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the 36-month data published from the VA Cooperative study,

which revealed that in patients with STN DBS, there was a

gradual loss of the “additive effect of medication to the stimula-

tion.”14 Some researchers have suggested that “GPi stimulation

would be more compatible with the long-term medical therapy

necessary in Parkinson’s disease.”43 Additionally in the VA

study, the postoperative off-medication scores remained stable

in the GPi patients, which could have resulted from a failure of

stimulation washout, a microlesional effect, or a disease-modify-

ing benefit.14 Finally, increasing L-dopa doses in patients with

STN DBS commonly results in a higher likelihood of inducing

dyskinesia. Therefore, flexibility in long-term medication

adjustments favors the GPi target (Fig. 1).

Medication Reduction and Economic Pro!les
(Advantage STN DBS)

Medication reduction after DBS surgery had been repeatedly

observed to favor the STN target.29,51,67 L-dopa dose reduc-

tions of 30% to 50% are commonly observed after bilateral

STN DBS, though in some series of GPi DBS, there may also

be meaningful medication reduction.15 Dopaminergic dosages

must be reduced after many STN DBS cases in an effort to

reduce or prevent stimulation-induced dyskinesia. Large-scale

medication reductions after STN DBS therapy may precipitate

an acute worsening of nonmotor symptoms, such as depression

and apathy, as well as contribute to a dopamine agonist with-

drawal syndrome (DAWS).61,65 Additional follow-up data from

the VA Cooperative Study compared GPi and STN program-

ming parameters and observed significant differences in mean

voltages (3.95–3.16 V), pulse widths (95.7–75.9 ls), and fre-

quencies (168–165 Hz).29 This information can be translated

into a frequency of battery changes that will be higher for the

GPi target. Additionally, economic models of STN DBS have

revealed significant advantages in medication reduction.29,68,69

These data strongly support an advantage for bilateral STN

DBS for medication reduction and longer battery life and, as a

result, a better long-term economic profile (Fig. 2).

Ease of Programming and Ease of Long-
Term Management (Advantage Uni- and
Bilateral GPi DBS)

DBS programming can be a complex process that involves sort-

ing through thousands of potential settings. Programming can

be challenging in either target, but the GPi target has been

reported to be easier to manage.70 Experienced DBS program-

mers frequently cite several reasons why the GPi is an easier

target to program and also easier to manage medically. First, the

larger size of the GPi motor region allows for more latitude for

lead placement, with a lower likelihood of spreading current

into undesirable adjacent regions and pathways.34 Second, the

GPi target requires less manipulation of medications than STN

and seems to have a lower observed potential for emergence of

behavioral side effects.71 Finally, though delayed stimulation-

induced dyskinesia and even ballism have been reported with

STN stimulation, these side effects have not been as associated

with GPi DBS. GPi has also been suggested to be a preferred

implantation site for patients requiring follow-up at centers less

experienced in programming, medication management, and

general Parkinson’s care.72 The relative ease of programming

and long-term management are advantages of both uni- and

bilateral GPi stimulation (Fig. 1).

Utilizing a Unilateral Approach (Advantage
GPi DBS)

PD is an asymmetric syndrome, and this asymmetry has pro-

vided a reasonable rationale for management of patients with a

unilateral approach.4 Analysis of the randomized NIH COM-

PARE DBS cohort revealed that the unilateral STN and unilat-

eral GPi DBS targets were both efficacious in addressing motor

dysfunction. An additional subanalysis demonstrated that many

asymmetric PD features, especially in patients with a low

UPDRS off motor score, could be effectively addressed with

unilateral DBS. The likelihood of foregoing implantation of the

contralateral side after unilateral DBS implantation was higher

in the GPi than the STN cohort. In a follow-up to the COM-

PARE study, 21 (48%) of 44 patients opted to remain with uni-

lateral DBS, and, of these, 14 (67%) had a GPi target.3 All 21

of the patients who declined bilateral DBS leads were docu-

mented to be satisfied with unilateral DBS in management of

their PD motor symptoms.3 A logistic regression analysis of the

COMPARE data revealed that the odds of proceeding to bilat-

eral DBS was 5.2-times higher for STN, compared to GPi

DBS.3 Additionally, quality of life (QoL) improvements (better

QoL on subscales of mobility, activities of daily living, emo-

tional well-being, stigma, cognition, and discomfort) were more

robust with unilateral GPi than unilateral STN DBS therapy.73

The reasons remain to be clarified for the differences between

uni- and bilateral STN and GPi DBS, but much of the benefit

of STN DBS may be derived from the addition of the second

lead. There is reasonable evidence to support the notion that in

Figure 2 STN has been shown in studies to be possibly superior
to GPi in medication reduction, economic prole, and a reduction in
battery changes.
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effects on cognition in PD with a single case reported manifest-

ing a positive response.101 We envision a potential future where

a patient with PD will be evaluated by a multidisciplinary team

not only for the risk-benefit analysis of the primary DBS implan-

tation for dopa-responsive symptoms (STN vs. GPi), but also for

the potential to address medication-resistant cognitive, neuropsy-

chiatric, and non-dopa-responsive motoric symptoms. The future

will likely also include elucidation of the neural network in the

awake behaving human through simultaneous recording and

stimulating at multiple nodes within the PD brain. These tech-

niques will be important for the development of closed-loop

responsive DBS. Though we realize that as larger sample sizes

and more long-term follow-up data become available, the target

and approach for each STN versus GPi indication discussed in

this article may evolve, and we believe there are enough data at

this time to justify this important dialogue (Fig. 3).
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Subthalamic Nucleus Versus Globus Pallidus Internus Deep Brain
Stimulation: Translating the Rematch Into Clinical Practice

Nolan R. Williams, MD,1,2 Kelly D. Foote, MD,3 Michael S. Okun, MD3,4,*

Abstract: When formulating a DBS treatment plan for a patient with Parkinson’s disease (PD), two critical
questions should be addressed: (1) Which brain target should be chosen to optimize this patient’s outcome? and
(2) Should this patient’s DBS operation be uni- or bilateral? Over the past two decades, two targets have
emerged as leading contenders for PD DBS; the STN and the globus pallidus internus (GPi). Whereas the GPi
target does have a following, most centers have uniformly employed bilateral STN DBS for all PD cases. This
bilateral STN “one-size-!ts-all” approach was challenged by an editorial entitled “STN versus GPi: The Rematch,”
which appeared in the Archives of Neurology in 2005. Since 2005, a series of well-designed clinical trials and
follow-up studies have addressed the question as to whether a more tailored approach to DBS therapy might
improve overall outcomes. Such a tailored approach would include the options of targeting the GPi or choosing
a unilateral operation. The results of the STN versus GPi “rematch” studies support the conclusion that bilateral
STN DBS may not be the best option for every PD surgical patient. Off-period motor symptoms and tremor
improve in both targets as well as with either uni- or bilateral stimulation. Advantages of the STN target include
more medication reduction, less-frequent battery changes, and a more favorable economic pro!le. Advantages
of GPi include more-robust dyskinesia suppression, easier programming, and greater "exibility in adjusting
medications. In cases where unilateral stimulation is anticipated, the data favor GPi DBS. This review
summarizes the accumulated evidence regarding use of bi- versus unilateral DBS and selection of STN versus
GPi DBS, including de!nite and possible advantages of different targets and approaches. Based on this
evidence, a more patient-tailored, symptom-speci!c approach will be proposed to optimize outcomes of PD
DBS therapy. Finally, the importance of an interdisciplinary care team for screening and effective management
of DBS patients will be reaf!rmed. Interdisciplinary teams can facilitate the proposed patient-speci!c DBS
treatment planning and provide a more thorough analysis of the risk-bene!t ratio for each patient.

Keywords: subthalamic nucleus, Parkinson’s disease, deep brain stimulation, globus pallidus interna.

DBS is a therapeutic intervention that utilizes a neurostimulator

system with surgically implanted electrodes specifically targeted to

enhance neural-network function by modulating specific brain

circuits.1 DBS has proven particularly useful in the treatment of

Parkinson’s disease (PD). It is estimated that approximately 10%

to 20% of patients with advanced PD may be appropriate surgical

candidates. Several studies have suggested that intervention earlier

in the illness may expand the number of people who might bene-

fit; however, in clinical practice, earlier intervention is a relatively

new concept.2 Technical options for PD DBS include various tar-

gets for stimulation, uni- versus bilateral approaches, simultaneous

versus staged procedures, and variable stimulation parameters.

The surgical approach, and postoperative management, can be

modified to most effectively address a particular individual’s most

disabling symptom(s) and optimize patient-specific outcomes.3

Despite the increasingly widespread use of this intervention, the

full therapeutic potential of personalization of DBS therapy has

yet to be broadly implemented.4

For PD, several stimulation targets have been identified over

the last 20 years, but two have emerged as immediately viable

for treating the cardinal symptoms: the globus pallidus internus

(GPi) and STN. Initially, the GPi was a preferred brain target
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intermedius nucleus (Vim) DBS (5 years);48 and short-
term data are available for PPN DBS (2 years).49 Over the 
past 5 years, a signifi cant improvement in parkinsonian 
motor features has been reported in selected patients 
after unilateral DBS of either the STN or GPi.50–52

Several medium-term53–59 and some long-term studies42,60 
have confi rmed that STN DBS improves motor 
fl uctuations, dyskinesias, and the cardinal motor 
manifestations of Parkinson’s disease, with less 
consistent e! ects on bradykinesia in the on-treatment 
condition. Moreover, after STN implant, the levodopa-
equivalent dose (LED) is readily reduced on average by 
55·9%,61 and a trade-o!  between LED and the total energy 
delivered by DBS can be also measured 5 years,56 8 years,60 
or 10 years after surgery.42 By contrast, the medium-term 
e! ects of GPi DBS are less consistent, with some studies 
reporting stable43,44 or reduced bene fi cial e! ects62 up to 
5 years after surgery.

Bradykinesia and rigidity
In a meta-analysis of 38 short-term studies from 
34 neurosurgical centres in 13 countries,63 STN DBS 
improved rigidity and bradykinesia by 63% and 52%, 
respectively, after 12 months. With the addition of DRT, 
these improvements increased to 73% and 69% 
respectively.63 GPi DBS reduced rigidity and bradykinesia 
1–2 years after implantation,40,64,65 to the same extent as 
that reported after STN DBS.66 Whether bradykinesia and 

rigidity are also improved by stimulation of other targets 
is unclear. The subthalamic region contains pallidal 
outfl ow pathways that can be infl uenced by stimulation 
in concert with the STN.67 Stimulation of its posterior 
part (including the zona incerta [Zi] and the prelemniscal 
radiation) improved contralateral rigidity by 92·7% and 
contralateral akinesia by 65·7%.24 By contrast, thalamic 
stimulation does not improve rigidity and bradykinesia,45 
and the e! ects of PPN stimulation are still disputed.

Evidence suggests that the initial benefi t of STN DBS on 
akinesia decreases over time (appendix) and that the 
symptomatic e! ects of stimulation and drug treatment do 
not necessarily add up in the long term.53–55 8 years after 
STN DBS, improvement of rigidity was retained with or 
without additional drug treatment, whereas bradykinesia 
was improved only partially by stimulation alone (25·1% 
compared with baseline) and worsened by 21·6% when 
patients received stimulation and drug treatment 
(compared with the drug treatment alone at baseline).60 
This fi nding, which was confi rmed at 10 years,42 is probably 
due to the progression of Parkinson’s disease and the 
appearance of drug-resistant and stimulation-resistant 
symptoms. Similarly, a reduction of benefi cial e! ects after 
GPi DBS has been reported at 5 years.62 The dramatic 
reduction in LED noted after STN DBS has not been 
reported for GPi DBS (appendix). Because of the size of 
the GPi, stimulation must deliver more energy to the GPi 
than the STN, leading to shorter battery life.64 STN DBS 
improves bradykinesia more than GPi stimulation:68 
70–80% compared with 30–40% according to retrospective 
comparison’s.69 Findings from other studies suggest that 
the e"  cacy of GPi stimulation on akinesia is lost in the 
early post-implant phase62 or later.70 Some patients who 
had GPi DBS successfully underwent subsequent STN 
DBS.62,70 The GPi is large and contains discrete segregated 
output pathways; individual variability of subnuclear 
location of the stimulating electrode accounts at least in 
part for a lower e"  cacy compared with STN DBS. 
Stimulation in the anteromedial-ventral GPi is associated 
with a greater improvement in rigidity than stimulation in 
the central-dorsal GPi, whereas those located in the 
central-dorsal GPi are more e! ective on bradykinesia than 
stimulation in the anteromedial-ventral GPi.46 Conversely, 
stimulation of a smaller target than the GPi, such as the 
STN, might be associated with a greater predictability of 
e! ective outcome, but can result in a higher incidence of 
adverse e! ects.44,52,66

Tremor
Parkinsonian tremor is thought to result from oscillating 
networks within basal ganglia circuits, and various nuclei 
within and outside the basal ganglia are potential targets 
for managing tremor. According to a traditional symptom-
based approach, lesions or DBS of the thalamic Vim 
relieve tremor.5 Common DBS-related adverse events are 
paraesthesia and, in patients with bilateral implants, 
dysarthria and balance di"  culties.5 Although STN or GPi 

Historical indications for 
ablation

Indications for deep brain stimulation

Thalamus

Ventralis intermedius 
nucleus

Tremor in Parkinson’s disease 
and other movement disorders 
(thalamotomy)3,4

Essential tremor and tremor in Parkinson’s 
disease5*
Symptomatic tremors6

Orthostatic tremor7

Dystonia8

Nuclei ventro-oralis 
anterior and posterior

Dystonia9 Dystonia10

Centre median nucleus/
parafascicular complex

Tourette’s syndrome11

Other movement disorders12

Parkinson’s disease13

Tourette’s syndrome14*

Globus pallidus Parkinson’s disease and other 
movement disorders 
(pallidotomy)15,16

Parkinson’s disease (GPi)17*
Dystonia (GPi)18*
Huntington’s disease (GPi)19

Tourette’s syndrome (GPi)20

Ansa lenticularis Parkinson’s disease (ansotomy)21 None

Forel’s fi elds Parkinson’s disease and other 
movement disorders 
(campotomy)22

Parkinson’s disease (caudal zona incerta)23

Parkinson’s disease (prelemniscal radiation)24

Tremor25

Subthalamic nucleus Parkinson’s disease 
(subthalamotomy†)26

Parkinson’s disease27*
Dystonia28

Essential tremor29

Pedunculopontine nucleus None Parkinson’s disease30,31

GPi=globus pallidus internus. *Consolidated indication. †The term subthalamotomy, originally developed to describe 
stereotactic ablations of the subthalamic region, is now used to describe stereotactic lesions confi ned to the 
subthalamic nucleus.

Table !: Identifi cation of targets for stereotactic ablation and present indications for deep brain 
stimulation in movement disorders

Lancet Neurol 2012; 11: 429–42 



Impulse Control Disorders (ICD) and DBS

• ICD: Hypersexuality, pathological gambling, compulsive shopping, 
binge-eating
• ICDs can improve withs STN DBS: medications can be reduced, risk of 

withdrawal syndrome with reduction of dopamine agonists
• STN-DBS can induce de novo ICD: rare 
• STN-DBS can increase a pre-existing ICD
• GPI is less studied, but not related to induction of ICDs



Complications

• Symptomatic bleeding
• infections
• Electrode displacement
• Electrode /extension damage
• End of battery life
• Secondary effects of stimulation, by irradiation of current to 

neighboring areas
• Depression



Complications

• Death: not related to surgery
• Cognitive decline: PD 

progression
• Speech problems: more 

common in DBS patients

However, in our experience, long-term adverse 
effects that do occur, such as deterioration of speech or 
balance, eyelid apraxia and weight gain, are often not 
formally reported, either because their relationship 
with DBS is not recognized or because clinicians fail 
to routinely document their presence. In one study of 
adverse events of DBS in 123 patients with movement 
disorders, 82 of whom had PD, 5% of patients with PD 
had severe long-term adverse events, and 23% of the 
78 patients who received STN DBS had non-reversible  
adverse events48.

The available data indicate that STN DBS has no 
adverse effects on long-term survival, which is broadly 
similar to16,35 or slightly better than49,50 that among com-
parable non-operated patients with PD. Most deaths 
among patients receiving STN DBS are unrelated to the 
DBS surgery. However, careful documentation shows 
that the percentage of intelligible speech declines with 
use of STN DBS, from 91.9% of spoken words under-
standable at baseline to 80.8% at 1 year, 70.2% at 5 years 
and 63.5% at 8 years23; this rate of decline was higher 
than the decline observed in a non-operated group. 
Average weight gain among 47 patients who received 
STN DBS was 7.2 kg at 4.7 years after surgery; 57.4% of 
patients were overweight or obese at the last follow-up, 
compared with 34% before DBS51. One particularly seri-
ous adverse event is a withdrawal syndrome. Withdrawal 
of DBS in patients in whom the duration of disease and 
stimulation has been long can be life-threatening as it 
can lead to a severe parkinsonian state that medications 
are not sufficient to control52, and it should be managed 
promptly by restarting effective stimulation.

Medication changes. In the 15 studies of STN DBS 
that include long-term data, the mean baseline levo-
dopa equivalent dosage (LED) was 1,106 mg daily 
(Supplementary Table 3) and the mean percentage 
reduction in dose after DBS surgery was 52% at 1 year 
(range 39–83%) and 45% at 5 years (range !11% to 63%). 
Among the few studies with longer follow-up periods, 
the dose was reduced by a mean of 42% at the end of 
follow-up (range 21–60%). This reduction in dopamin-
ergic medication is a good indication of how effectively 
STN DBS improves PD symptoms. The reduction also 
minimizes the adverse effects of those medications, 
in particular dyskinesias and hyperdopaminergic 
 behavioural problems.

Responses to electrical parameters. Most patients in 
long-term studies of STN DBS received monopolar 
stimulation through a single contact on each electrode, 
but some received bipolar or double monopolar stim-
ulation (Supplementary Table 3). The mean amplitude 
of stimulation at 1 year was 2.8 V, which increased to 
3.15 V by 5 years. This increase is small and probably 
reflects that adjustments can be made as the disease pro-
gresses, although it could also reflect that local changes 
take place around the electrode, and this effect is indi-
cated in one study in which therapeutic impedance  
decreased over time27.

In several studies, adjustment of the frequency of 
stimulation has improved control of symptoms. In three 
studies17,20,21, use of low-frequency (60 Hz) stimulation in 
long-term follow-up alleviated freezing of gait and/or  
dysarthric speech in 64.3% of patients20. In another 
study, an increase in stimulation frequency improved 
tremor in 55.6% of patients20.

Prediction of long-term improvement
An understanding of the factors that affect whether STN 
DBS is likely to provide long-term improvements would 
be valuable in making decisions about which patients 
to treat and when. Intuitively, an important factor is 
the accuracy with which the active stimulating contact 
is placed within the STN, and this hypothesis has been 
confirmed in one study in which 5-year outcomes of 
STN DBS were better if at least one stimulating contact 
was located in the sensorimotor part of the STN than if 
none were23. In the same study, younger age at disease 
onset, worse preoperative off-medication UPDRS score 
and more severe fluctuations in symptoms between 
on and off periods were all associated with greater 
long-term improvement23. In another study, preopera-
tive scores for gait disturbance in off periods inversely 
correlated with 10-year motor outcomes of DBS21, and 
this observation was confirmed with 8-year follow-up 
data in another study20.

In one study of 110 patients who received STN DBS, 
the roles of age and disease duration in determining 
long-term outcomes were examined24. Patients aged 
>65"years had poorer 5-year outcomes than younger 
patients, particularly with respect to axial scores, and a 
longer disease duration at the time of DBS surgery was 
associated with a worse Schwab and England (activ-
ities of daily living) score at follow-up. A comparison 

Table 1 | Adverse events in studies with #5 years of follow-up

Type of adverse effect Adverse effect Number of patients

Permanent Weight gain 90

Dysarthria 50

Eyelid apraxia 38

Death (total)a 22

Apathy 22

Cognitive decline or dementia 20

Depression 14

Dyskinesia 10

Dystonia 9

Death (suicide) 4

Symptomatic haemorrhage 3

Mania or hypomania 2

Transient Confusion 25

Depression 23

Infection and/or erosion 13

Mania 11

Apathy 10

Psychosis 9

Seizure 5

Studies included:14,15,17,19,20. In all studies, subthalamic nucleus deep brain stimulation was used. 
aDeath in the follow-up period; in most cases, death was unrelated to surgery.
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Fig. 1. The 2-D two zone GPi DBS image.

A BRIEF HISTORY40

Prior to the advent of PD GPi DBS in 1994,41

the standard option for neurosurgical intervention42

was ablative or lesional therapy [4, 5]. Lesions of43

the GPi (pallidotomies) provided effective relief for44

the classical parkinsonism symptoms, improvements45

in motor fluctuations and suppression of levodopa46

induced dyskinesia [5, 6]. However, as pallidotomies47

became increasingly performed, it was appreciated48

that bilateral lesional procedures were associated49

with unacceptable risks of pseudobulbar symptoms50

and other adverse effects [7, 8]. Following the pal-51

lidotomy era, bilateral GPi DBS emerged as a safer52

alternative to the bilateral lesional approach [9].53

THE CLASSICAL TWO-ZONE 2-D GPi54

IMAGE55

In an effort to optimize outcomes of GPi DBS,56

experts have endeavored to spatially characterize the57

effects of pallidal stimulation. Krack and Bejjani58

simultaneously described a largely 2-D representa-59

tion of the GPi; their description was of two functional60

zones [10, 11]. This characterization led to the61

widespread use of the classical 2-D “GPi triangle”62

(Fig. 1). This figure has been widely circulated but63

has many limitations [12]. The triangle is charac- 64

terized by a dorsal GPi zone which was considered 65

anti-parkinsonian, however the authors conceded that 66

dorsal zone stimulation could also induce dyskinesia. 67

Stimulation in the ventral GPi zone has been associ- 68

ated with improvements in rigidity and dyskinesia, 69

but also with worsening of akinesia. Furthermore, 70

stimulation in the ventral zone was said to “can- 71

cel” the levodopa benefit. A 1-D GPi “sweet spot” 72

between the dorsal and ventral zones was proposed 73

as the best target. 74

The 20 years following the 2-D descriptions of 75

GPi DBS have added critical new insights. Elec- 76

trophysiology, structural MRI, functional MRI, and 77

computation modeling have collectively demon- 78

strated that the previous 2-D mindset, and the two- 79

zone hypothesis was too simplistic and would in some 80

cases contribute to suboptimal placement of DBS 81

leads. We propose as a modern alternative, the spatial 82

boundary hypothesis for GPi DBS (Fig. 2). 83

SPATIAL CONSIDERATIONS FOR GPi 84

TARGETING 85

The anatomy of the GPi is inadequately described 86

with a 1-D or 2-D representation. The internal cap- 87

sule (IC) is a well-defined white matter pathway 88

GPi Functional Zones
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Fig. 2. The 3-D GPi DBS image utilizing trajectories and spatial boundaries for targeting and programming. The lead depicted in this figure
has 1.5 mm spacing between contacts and a contact height of 1.5 mm.

traversing the medial and posterior borders of the89

GPi. Side effects from IC stimulation range broadly90

from tonic muscle contractions to dysarthria and91

tend to be the most significant dose-limiting adverse92

effects of GPi stimulation [13]. Thus, the trajectory93

of a GPi DBS lead in both the anterior-posterior and94

medial-lateral planes will determine the proximity95

of the DBS contacts to the IC. This establishes the96

thresholds for stimulation induced adverse effects97

and the “programmability” of the implanted lead,98

which is a significant determinant of DBS outcome99

and patient satisfaction. In our experience, post-100

operative quality assurance through image-based101

lead localization and clinical thresholds for capsu-102

lar side effects can provide helpful feedback for103

trajectory planning. Building upon pallidotomy tech-104

niques that suggest a 3–4 mm separation from IC105

evoked motor responses, we found a distance of106

approximately 3 mm between the DBS contacts and107

the IC provides an optimal side effect threshold108

[14].109

GPi DBS is widely known to effectively suppress110

problematic dyskinesias, and has been advocated as a111

potentially preferable option to STN DBS for patients112

with severe dyskinesias [4]. However, GPi DBS can113

also induce dyskinesias, as initially described by114

Krack and Bejjani [10, 11]. The observation of this115

phenomenon has been confirmed through additional 116

reports and observations [15]. Recently, a connec- 117

tivity analysis demonstrated that dorsal stimulation 118

near the GPi and globus pallidus externus (GPe) bor- 119

der was strongly associated with the occurrence of 120

stimulation induced dyskinesias (Fig. 2, “Dyskinesia- 121

inducing fibers”) [16]. In this study, Tsuboi et al. 122

reported that 29% of participants with GPi DBS 123

experienced stimulation induced dyskinesias. To be 124

clear, stimulation in this region is commonly thera- 125

peutically beneficial, but may induce dyskinesia in 126

a minority of patients. In the subset of patients in 127

whom dyskinesias are induced with dorsolateral stim- 128

ulation, stimulation at a more ventromedial contact 129

can typically suppress dyskinesia. 130

The optic tract, positioned ventromedially to the 131

GPi, is another useful anatomic landmark for GPi 132

DBS targeting. The optic tract is readily identifiable 133

on MR imaging, and in our experience, selection 134

of a target laterally adjacent to the optic tract pro- 135

duces optimal results. Intraoperatively, visual evoked 136

potentials (VEPs) can provide information about the 137

chosen trajectory [13]. The appreciation of “louder” 138

intra-operative VEPs usually suggests a more medial 139

and/or ventral location. Similarly, the amount of 140

current that must be delivered to elicit the visual phe- 141

nomenon of phosphenes can be used to determine 142

J.K. Wong et al. / A New 3-D Image for GPi DBS 



Once DBS is decided

• Experienced surgical team
• Adequate follow up
• Good programing team
• Prevention of complications



If DBS is not the option, consider:

• Unilateral pallidotomy, thalamotomy, sub –thalamotomy (classic 
lesion or Focused ultrasound)

• Ldopa intestinal infusion, Apomorphine infusion



Take Home Messagges

• DBS in PD is a stablished therapy for motor complications
• Group work is mandatory for success
• The selection of the right patient is the most important step for a 

good result
• Consider always Benefit / Risk
• Choose the best option indicadually
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