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ARTICLE INFO ABSTRACT

Objective: To compare subthalamic nucleus (STN) deep brain stimulation (DBS) with globus pallidus interna
(GPi) DBS for tremor suppression in Parkinson disease (PD).

Background: DBS is an effective surgical therapy that has been shown to provide significant benefit for motor
symptoms in PD. Currently, two main structures targeted to treat motor complications in PD are the STN and
GPi. Although some groups traditionally favor STN over GPi for tremor suppression, evidence demonstrating
superiority in long-term tremor control is limited.

Methods: We performed a systematic review for all randomized trials comparing STN vs GPi DBS in PD that were
published before March 2017. Five studies were examined in a random effects model meta-analysis. We con-
ducted moderator variable analysis to determine if there was a treatment effect difference for STN versus GPi.
Results: We compared DBS ON versus OFF and found a significant overall standardized difference mean effect:
Effect Size = 0.36; 95% CI = 0.316-0.395; P < 0.0001. These findings indicate that DBS reduced tremor
symptoms in PD patients with a medium effect size. Moderator variable analysis of STN vs GPI revealed two
significant standardized effect sizes: STN effect size = 0.38 and GPi effect size = 0.35. A Z-test showed that
effect sizes between the STN and GPi were not significantly different (P = 0.56).

Conclusions: DBS is effective in reducing tremor in PD patients regardless of stimulation target. However, the
degree of tremor suppression in STN DBS versus GPi DBS was equivalent.
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1. Introduction

Parkinson disease (PD) is a progressive neuro-degenerative syn-
drome characterized by cardinal motor features of tremor, bradyki-
nesia, rigidity, and gait disturbance. Tremor has been a focus for many
therapeutic interventions such as deep brain stimulation (DBS). DBS has
been shown to provide significant benefit particularly for the motor
symptoms in PD and is more effective than best medical therapy in
improving motor function, quality of life, and on-time (periods of
adequate control of PD symptoms) without troublesome dyskinesia [1].
The most common DBS targets pursued in PD are the subthalamic nu-
cleus (STN) and globus pallidus interna (GPi).

Historically, the ventralis intermedius nucleus (VIM) of the
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thalamus was the target of choice for PD and essential tremor based on
encouraging results observed with ventrolateral thalamotomies [2,3].
VIM DBS offered effective tremor control while minimizing the speech
and cognitive side effects observed in bilateral thalamotomies [4,5].
Although VIM DBS effectively suppressed PD tremor, patients experi-
enced mixed results in terms of achieving an acceptable quality of life as
the other symptoms of PD continued to worsen with time [4,6,7]. The
failure of VIM DBS to address symptoms beyond tremor led to the
search for alternative targets and the field converged on STN and GPi.
Early, non-randomized comparative studies suggested that bilateral GPi
DBS was less effective and suffered from waning motor benefits over
time. Studies also proposed that STN DBS provided superior improve-
ment in off-period bradykinesia [8-10].
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Many groups began implanting STN DBS preferentially over GPi
despite a lack of randomized studies [11,12]. Randomized controlled
clinical trials comparing both targets revealed a similar motor efficacy
and improvement in quality of life [13-17]. Despite the equivalence of
findings in motor outcomes, many groups have maintained a preference
for STN over GPi and specifically cite medication reduction and su-
perior tremor suppression as the main concepts underpinning their
choice [11,12]. Although the available literature clearly supports that
STN DBS is associated with a greater medication reduction, data re-
garding tremor reduction is lacking. The current systematic review and
meta-analysis provides clarity to the question as to whether STN or GPi
is a superior target for tremor suppression in PD.

2. Methods

Between May-September 2017, we conducted a systematic litera-
ture search following the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) guidelines: (a) PubMed, (b) ISI's
Web of Knowledge, (c) Cochrane Database of Systematic Reviews, and
(d) Clinicaltrials.gov. Keyword input for searching included: (a) Deep
brain stimulation, (b) Subthalamic nucleus, and (c) Globus pallidus
interna. All citations were exported and first screened for duplicates
and parsed for title keywords by a single author (JW). A second round
of screening was then performed by two additional independent in-
vestigators (KWDH, MB) based on the abstract implementing the elig-
ibility criteria as described below. Disagreements between the two
authors were resolved via a discussion.

We excluded review papers and studies that failed to report values
for calculating individual effect sizes. Selected studies reported multiple
comparisons on tremor sub-scores before and after patients received
DBS electrodes, as well as on-medications and off-medications.

Included studies met the following criteria: (1) randomized control
trial that examined placement of DBS electrodes in the STN or GPi in PD
patients, (2) no other interventions investigated in the study, (3) at least
10 or greater patients in each study arm, (4) standardized tremor as-
sessment, and (5) a within-group comparison involving a pre-DBS
tremor assessment (i.e., pretest) and at least one post DBS tremor as-
sessment (i.e., posttest). Our systematic literature search and compre-
hensive meta-analysis identified five studies that investigated the ef-
fects of DBS on tremor. Fig. 1 outlines our study approach according to
the Preferred Reporting Items for Systematic Reviews and Meta-Ana-
lyses (PRISMA) guidelines [18]. Two of the five studies initially had
insufficient published data to be included in our analysis. Specifically,
they did not report the complete tremor outcome measurement as de-
scribed below. These two principal investigators (PI) were approached
for additional information and we were able to identify supplementary
unpublished data that qualified for inclusion in our original analysis
[14,16]. Importantly, the five data sets provided 46 total comparisons
for our meta-analysis. Table 1 lists details for each of the five studies.

2.1. Tremor outcome measurement

The primary outcome measure for determining tremor control was
the Unified Parkinson's Disease Rating Scale (UPDRS) Part III tremor
sub-score. Tremor sub-score was defined as the sum of UPDRS Part III
items 20 and 21.

2.2. Data synthesis and analysis

The Comprehensive Meta-Analysis software (ver. 3.0, Englewood,
NJ, USA) was used for all analyses. Individual effect size for each of the
46 comparisons was quantified using changes in UPDRS tremor sub-
scores for the DBS implantation site, on-off medications, baseline ses-
sion (pretest), and posttest sessions. Baseline pretest and posttest ses-
sion refer to evaluations prior to and following DBS implantation, re-
spectively. To calculate the effect sizes from each comparison, we used
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Literature search (Pubmed, Cochrane Library,
Clinicaltrials.gov, Web of Science)

584 combined search results

|

209 results after duplicates
removed

Articles screened based on title

l

11 full-text articles accessed for
eligibility

e

198 Excluded

8 Excluded
—
5 extension studies
3 insufficient published
data

3 studies included in qualitative
synthesis

2 authors provided
supplementary data

l

5 studies included in quantitative
synthesis

Fig. 1. PRISMA flow diagram outlining search strategy and results based on
screening of titles and full-text articles.

mean tremor sub-score for baseline and posttest(s), sample sizes, and P-
values. Based on our data set from published and unpublished studies as
well as being consistent with traditional meta-analysis approaches, we
conducted a random effects model [19-21].

Further, consistent with the traditional approaches for analyzing the
mean effect for different subgroups we conducted a Z test and used the
mean and variance of the estimated effects [19]. (The three formulas
used for the Z tests are shown in Appendix A.)

3. Results

Accepted conventional meta-analyses involve calculating standar-
dized mean effects for individual study comparisons and determining
an overall effect size [19]. Data from five longitudinal randomized
control trials (RCT) consisting of stimulation targets, UPDRS scores
obtained on- and off-medication states, and pre-and post DBS im-
plantation tremor sub-scores were synthesized for this meta-analysis.
Tremor sub-scores for pre-op DBS implantation (pretest) and post DBS
implantation (months post electrode placement) represented the
number of data collection test sessions. The combination of stimulation
targets, medication conditions, and test sessions totaled 46 comparisons
and a total N = 3267.

3.1. Standardized mean difference effect

We conducted a random effects model meta-analysis on the 46
comparisons and found a significant overall standardized mean differ-
ence effect: (effect size: ES = 0.36; SE = 0.02; 95% CI = 0.316-0.395;
P < 0.0001; Z = 17.80. This significant positive ES indicates lesser
severity of tremor during the post-DBS implantation sessions in com-
parison to the baseline (i.e., no DBS implantation; pretest session). The
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Table 1
Characteristics of participants included in the present meta-analysis.
Study Total N Gender Mean Age (years) Mean PD Duration (years) UPDRS Motor Score (pre-op) DBS Site
Anderson et al. (2005) 12 N/A 61.0 = 9.0 15.6 = 5.0 49.0 = 13.0 BI STN
11 N/A 54.0 = 12.0 10.3 = 2.0 51.0 = 22.0 BI GPi
DBS for PD Study Group (2001) 96 36F, 60M 59.0 = 9.6 14.4 54.0 = 15.1 BI STN
38 11F, 27M 55.7 = 9.8 14.5 50.8 = 11.6 BI GPi
Odekerken et al. (2016) 63 19F, 44M 609 = 7.6 12.0 £ 5.3 41 (33.8-55) BI STN
65 21F, 44M 59.1 = 7.8 10.8 + 4.2 43 (32.5-53) BI GPi
Okun et al. (2009) 22 7F, 15M 59.8 = 10.0 13.3 = 4.0 45.2 = 12.6 UNI STN
23 8F, 15M 60.2 = 6.2 125 = 3.6 40.6 = 9.5 UNI GPi
Weaver et al. (2012) 70 14F, 56 M 60.7 = 8.9 11.3 = 4.7 42,5 = 124 BI STN
89 12F, 77M 60.4 = 8.3 114 + 49 41.1 = 12.2 BI GPi
Total = 489 F =128 GM = 59.1 GM = 12.2 GM = 45.8
M = 338 Median = 60.0 Median = 11.7 Median = 44.1
SD =24 SD =17 SD = 4.9

Data are mean + SD. Abbreviation. F: female; M: male; BI: bilateral stimulation; UNI: unilateral; STN: subthalamic nucleus; GPi: globus pallidus interna; UPDRS
motor score (tremor subscale) pre-op DBS implantation without medication; GM = grand mean; SD = standard deviation.
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Fig. 2. Forest plot showing summary data as individual weighted effect sizes (standardized mean difference), 95% confidence intervals, Z values, and P values.

forest plot shown in Fig. 2 reveals individual effect sizes ranging from
0.027 to 0.886. Importantly, these findings indicate that DBS reduced
tremor symptoms in individuals with PD. Moreover, Table 2 shows that
44 of the 46 comparisons revealed less tremors post-op DBS implanta-
tion.
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3.2. Heterogeneity and publication bias

We conducted three traditional meta-analysis tests to determine
heterogeneity in our five-longitudinal studies and 46 comparisons. Each
variability test revealed a relatively low heterogeneity value between
comparisons: (1) Cochran's Q= 43.47, P=0.18; (2) Tau
squared = 0.002; and (3) Higgins and Green's I> = 1.78%. These values



J.K. Wong, et al. Parkinsonism and Related Disorders 58 (2019) 56-62
Table 2
Summary statistics for the 46 comparisons in the random model meta-analysis.
Study Primary Outcome Measure Percent Change in Tremor SMD 95% CI Weight
Anderson et al. (2005) Tremor sub-score in UPDRS III (STN/Med off/12 m) —88.8 0.72 0.02 1.41 0.31
Tremor sub-score in UPDRS III (GPi/Med off/12 m) —78.5 0.72 0.02 1.41 0.31
Tremor sub-score in UPDRS III (STN/Med on/12 m) 0 0.44 —-0.21 1.09 0.36
Tremor sub-score in UPDRS III (GPi/Med on/12 m) -100 0.44 -0.21 1.09 0.36
DBS for PD Study Group (2001) Tremor sub-score in UPDRS III (STN/Med off/6 m) —-79.5 0.36 0.14 0.57 2.83
Tremor sub-score in UPDRS III (GPi/Med off/6 m) —59.4 0.58 0.24 0.92 1.20
Tremor sub-score in UPDRS III (STN/Med on/6 m) —-56.3 0.36 0.14 0.57 2.83
Tremor sub-score in UPDRS III (GPi/Med on/6 m) —85.0 0.60 0.24 0.95 1.13
Odekerken et al. (2013) Tremor sub-score in UPDRS III (STN/Med off/12 m) —-36.5 0.27 0.01 0.52 2.09
Tremor sub-score in UPDRS III (STN/Med off/36 m) -63.3 0.25 0.01 0.50 2.27
Tremor sub-score in UPDRS III (STN/Med off/60 m) —80.9 0.31 0.02 0.60 1.61
Tremor sub-score in UPDRS III (STN/Med on/12m) —-80.7 0.27 0.01 0.52 2.09
Tremor sub-score in UPDRS III (STN/Med on/36 m) -68.2 0.32 0.02 0.63 1.48
Tremor sub-score in UPDRS III (STN/Med on/60 m) -93.9 0.36 0.02 0.69 1.25
Tremor sub-score in UPDRS III (GPi/Med off/12 m) —-24.6 0.27 0.01 0.52 2.06
Tremor sub-score in UPDRS III (GPi/Med off/36 m) -59.5 0.31 0.02 0.60 1.61
Tremor sub-score in UPDRS III (GPi/Med off/60 m) -67.1 0.41 0.02 0.79 0.97
Tremor sub-score in UPDRS III (GPi/Med on/12 m) —53.6 0.27 0.01 0.52 2.06
Tremor sub-score in UPDRS III (GPi/Med on/36 m) —37.8 0.31 0.02 0.60 1.61
Tremor sub-score in UPDRS III (GPi/Med on/60 m) —-36.6 0.41 0.02 0.79 0.97
Okun et al. (2009) Tremor sub-score in UPDRS III (STN/Med off/6 m) -23.8 0.31 0.15 0.46 4.65
Tremor sub-score in UPDRS III (STN/Med off/12 m) —41.6 0.38 0.21 0.55 4.04
Tremor sub-score in UPDRS III (STN/Med off/24 m) -60.2 0.57 0.31 0.82 2.13
Tremor sub-score in UPDRS III (STN/Med off/36 m) —43.4 0.65 0.36 0.94 1.66
Tremor sub-score in UPDRS III (STN/Med off/60 m) —54.4 0.89 0.53 1.24 1.12
Tremor sub-score in UPDRS III (STN/Med on/6 m) +6.47 0.03 —-0.12 0.18 4.80
Tremor sub-score in UPDRS III (STN/Med on/12 m) -23.7 0.26 0.10 0.43 4.15
Tremor sub-score in UPDRS III (STN/Med on/24 m) —55.8 0.57 0.31 0.82 2.13
Tremor sub-score in UPDRS III (STN/Med on/36 m) —33.1 0.37 0.10 0.64 1.86
Tremor sub-score in UPDRS III (STN/Med on/60 m) -59.7 0.63 0.30 0.96 1.29
Tremor sub-score in UPDRS III (GPi/Med off/6 m) —-33.6 0.30 0.15 0.46 4.65
Tremor sub-score in UPDRS III (GPi/Med off/12 m) —49.5 0.38 0.21 0.55 4.04
Tremor sub-score in UPDRS III (GPi/Med off/24 m) —49.4 0.46 0.22 0.71 2.21
Tremor sub-score in UPDRS III (GPi/Med off/36 m) —41.7 0.28 0.02 0.55 1.90
Tremor sub-score in UPDRS III (GPi/Med off/60 m) —48.3 0.33 0.02 0.65 1.45
Tremor sub-score in UPDRS III (GPi/Med on/6 m) —38.2 0.32 0.17 0.48 4.63
Tremor sub-score in UPDRS III (GPi/Med on/12 m) —-36.4 0.33 0.16 0.50 4.09
Tremor sub-score in UPDRS III (GPi/Med on/24 m) —-34.6 0.29 0.06 0.53 2.33
Tremor sub-score in UPDRS III (GPi/Med on/36 m) —43.8 0.34 0.07 0.61 1.87
Tremor sub-score in UPDRS III (GPi/Med on/60 m) —47.8 0.32 0.01 0.63 1.45
Weaver et al. (2012) Tremor sub-score in UPDRS III (STN/Med off/6 m) -52.3 0.43 0.18 0.69 2.05
Tremor sub-score in UPDRS III (STN/Med off/24 m) —-69.2 0.44 0.18 0.69 2.01
Tremor sub-score in UPDRS III (STN/Med off/36 m) -75.4 0.42 0.17 0.67 2.17
Tremor sub-score in UPDRS III (GPi/Med off/6 m) —40.0 0.37 0.15 0.59 2.66
Tremor sub-score in UPDRS III (GPi/Med off/24 m) —58.5 0.37 0.15 0.60 2.60
Tremor sub-score in UPDRS III (GPi/Med off/36 m) —56.9 0.37 0.15 0.59 2.69
Model Overall Weighted Effect Size (SMD) SE Confidence Level (95%) Q Statistics P b Egger's Regression
Random 0.36 0.02 0.32-0.40 43.47 .018 0.002 P < 0.001

Abbreviation. DBS: deep brain stimulation; Percent Change in Tremor: negative values represent a decrease tremors; SMD: standardized mean difference; STN:
subthalamic nucleus; GPi: globus pallidus interna; Med: medication; m: months; SE: standard error; Q statistics: Cochran's heterogeneity statistic; I~ Higgins and

Green's heterogeneity statistic. T%: tau squared heterogeneity statistic.

point to homogenous DBS and tremor comparisons.

Three classic meta-analysis techniques evaluated publication bias:
(a) created an original funnel plot (e.g., SMD on the horizontal axis and
standard error on the vertical axis), (b) plotted an adjusted funnel plot
according to Duval and Tweedie's trim and fill technique (i.e., imputed
funnel plot values) [22], and (c) conducted Egger's regression test.
Symmetry of the comparisons is displayed in a funnel plot with stan-
dardized mean differences on the x-axis and standard error for each
comparison on the y-axis (see Fig. 3). Visual inspection of the funnel
plot (i.e., open circles) shows two clear distinctions: (a) a slightly
skewed right side and (b) relatively small standard error for 95% of the
comparisons. To accommodate a relatively unbiased distribution, we
conducted Duval and Tweedie's technique to balance the funnel plot
with 11 imputed values displayed as black circles (see Fig. 3).

The third publication bias test we conducted evaluated the 46
comparisons by determining the relation between actual effect sizes
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standard error values as a metric of precision. Egger's regression find-
ings indicated a significant intercept (P < 0.001). Egger's regression
test indicates that bias could be a concern. However, our original funnel
plot as well as Duval and Tweedie's imputed funnel plot are less in-
dicative of bias. Thus, we cautiously conclude that publication bias
overall is within acceptable guidelines. Further confirmation that our
data set is acceptable are the unpublished data included from Okun
et al.’s [16] and Oderkerken et al. [14,23].

3.3. Moderator variable analyses

To answer the primary questions of DBS and tremors, we conducted
three moderator variable analyses: (a) stimulation sites, (b) medication
states (on and off), and (c) posttest sessions.

Stimulation Sites: STN and GPi. The moderator variable analysis
on the two stimulation sites determined the treatment effects of DBS
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Fig. 3. Open circles and open diamond represent the original funnel plot. Black
circles and black diamond are imputed funnel values according to Duval and
Tweedie's technique.

between the STN and GPi brain areas. This analysis revealed two sig-
nificant standardized effect sizes: (a) 23 STN comparisons: ES = 0.38;
SE =0.038; 95% CI=0.314-0.385; P < 0.0001; Z = 10.06;
T2 = 0.02; > =0.001%; and (b) 23 GPi comparisons: ES = 0.35;
SE = 0.26; 95% CI = 0.30-0.40; P < 0.0001; Z = 13.53; T2 = 0.001;
P = 0.0%.

Conducting a Z test, as outlined above, showed that the effect sizes
between the STN and GPi comparisons were not significantly different
(P = 0.56). Thus, these moderator variable findings indicate that both
DBS protocols reduced tremor symptoms in individuals with PD.

Medication States: On and Off. The second moderator variable
analysis involved dopaminergic medicines. Analysis of tremor sub-
scores during the two medication conditions indicated: (a) on-medica-
tion ES =0.32; SE =0.02; and (b) off-medication ES = 0.38;
SE = 0.24.

Z testing revealed that the effect sizes between the on- and off-
medication comparisons were not significantly different (P = 0.28).
DBS reduced the severity of tremor regardless of the medication con-
dition.

Posttest Sessions: DBS during Posttest 1-5. Our third moderator
variable analysis compared tremor sub-scores and DBS as time since
electrodes were inserted in the STN or GPi. Months since electrode
placement defined the posttest sessions: (a) 6 months: post 1, (b) 12
months: post 2, (c) 24 months: post 3, (d) 36 months: post 4, and (e) 60
months: post 5. We included data for all valid posttests (1-5) reported
in the five studies, and programmed the meta-analysis to evaluate each
baseline (pretest) with the posttest sessions.

Importantly, each of the five-posttest sessions reached significance
with effect sizes ranging from 0.33 to 0.45. However, individual Z
testing failed to differentiate the posttests. Consequently, these findings
indicate an efficacy of DBS across time; a reduction in tremor sub-scores
starting at 6 months and maintained through 60 months.

Additional Analyses: Does DBS Site Differentially Decrease
Tremors Across Posttest Sessions? We performed additional mod-
erator variable analyses to determine whether effect sizes across five
posttest sessions were different according to the two stimulation sites
(i.e., STN vs. GPi). Our initial moderator variable analysis on brain
stimulation sites showed comparable effect sizes between STN
(ES = 0.38) and GPi (ES = 0.35) collapsed across five posttest sessions.
However, the level of sustained improvements in motor symptoms
based on different retention time points could be influenced by DBS
stimulation sites because prior findings indicated that DBS on STN
significantly reduced motor impairments in 90 PD patients after three
years as compared to DBS on GPi [13,23]. To answer this question, we

60

Parkinsonism and Related Disorders 58 (2019) 56-62

conducted separate posttest sessions moderator variable analyses for
each stimulation site.

The analysis revealed significant effect sizes for all posttest sessions
(P < 0.05), and these patterns were observed for both STN and GPi.
Specifically, Z testing revealed that for only STN, the effect size at post
3 (24 months; ES = 0.52) was significantly higher than at post 1 (6
months; ES = 0.28), whereas we failed to find this pattern for GPi DBS.
These findings indicate that the STN DBS population experienced more
benefit (i.e., reduced tremor symptoms) at 24 months as compared to 6
months.

4. Discussion

The current study is the first large prospective dataset to evaluate
the effect of DBS on tremor suppression in PD patients. The meta-
analysis involving 46 comparisons and 3267 data points examined
longitudinal data from five RCT with up to 60 months follow-up. This
meta-analysis revealed that both STN and GPi DBS reduced tremor
symptoms with a medium effect size without significant differences
between the two stimulation targets. These findings are congruent with
the previous head-to-head randomized controlled studies that found no
difference in overall motor outcomes in STN and GPi DBS [13-17].

Although there was no overall difference in effect size between the
two targets, we found that the effectiveness of STN vs GPi DBS on
tremor symptoms varied with time. Specifically, at 24 and 60 months
post implantation, STN DBS reduced tremor symptoms with a larger
effect size when compared to 6 months post implantation. GPi DBS
tended to have a more stable post-operative course and maintained a
steady degree of effectiveness on tremor throughout the entire study
period. Although both targets were effective, practitioners should be
aware that it is possible one target could appear superior in studies
depending on the duration of follow-up. Further, although many expert
clinicians have observed that tremor suppression may be delayed for
days to weeks in the GPi, the available studies did not address this time-
frame, thus, this question remains unanswered.

Tremor is a debilitating symptom and plays a significant role in the
quality of life of PD patients [24]. Moreover, tremors are highly pre-
valent as studies estimate between 47 and 90% of PD patients have an
action tremor and 76-100% have a resting tremor [25-29]. As such,
treatment optimization can significantly impact the PD community.
Unfortunately, tremor can be difficult to treat and is often refractory to
medications. The circuitry and architecture driving tremor in PD is still
not fully understood and effective targeted therapy has been difficult to
solidify [30]. Eight previous meta-analyses examined PD studies com-
paring STN and GPi DBS for the treatment of PD motor symptoms,
however, these analyses did not focus on tremor [1,31-37]. The mul-
tiple treatment protocols and differing motor outcome measures have
presented challenges for clinicians trying to decide between STN and
GPi DBS. Determining potential differences among targets therefore
remains a relevant concern within the DBS community.

The current meta-analysis findings add important information for
clinicians tasked with choosing a PD surgical target. Target selection for
DBS should be assessed primarily based on the patient's specific con-
cerns and goals. Our analysis indicates that there are no advantages or
disadvantages for either target when considering long-term tremor
suppression. Tremor that is unresponsive to levodopa may be ade-
quately treated with neuromodulation based on the differences noted
between on or off medications assessments in our study. Our results
support that long-term tremor benefit is achieved with both targets.
When PD patients present with tremor as the primary complaint or as
an issue adversely affecting quality of life, practitioners should be
aware that current data indicated both the STN and GPi are equally
viable options. In this setting, target selection should focus on accom-
modating any existing comorbidities such as cognitive impairment,
speech difficulties, presence of mood disorders, and presence of impulse
control disorders [38].
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follow-up than the other studies [14,16]. Lastly, we explored the overall
effect size for the four bilateral DBS studies. Importantly, without in- Acknowledgement
cluding the unilateral DBS study in the analysis, a slight reduction in
the overall effect size was found (i.e., ES = 0.34, SE = 0.05). This work was supported by the Parkinson's Foundation Center of

Excellence and the UF INFORM database.
Appendix A

Consistent with the traditional approaches for analyzing the mean effect for different subgroups we conducted a Z test and used the mean and
variance of the estimated effects [19]. Further, we calculated P values on differences in the estimated effects between two subgroups with the three
formulas below. In hypothesis testing, the true effect size is the same for both subgroups (Hy. Effect Sizes = 0). Given the three equations below, if we
reject Ho, then P < 0.05 will reveal that the treatment effect is significantly different between the two subgroups.

Difference = Mg — M, and SEpyy = Sqrt (V4 + Vp) (A1)
Zpiy = Diff / SEpiy 2)
P = 2[1 = ((®|Zpy )] 3

M, is the estimated effect for subgroup A, Mg is the estimated effect for subgroup B, V, is the variance of the estimated effect for A, V; is the variance
of the estimated effect for B, and ®(Z) is the standard normal cumulative distribution.

Appendix B

Study Total N Dropouts DBS Site
Anderson et al. (2005) 12 2 STN

11 1 GPi
DBS for PD Study Group (2001) 96 5 STN

38 2 GPi
Odekerken et al. (2016) 63 20 STN

65 18 GPi
Okun et al. (2009) 22 0 STN

23 0 GPi
Weaver et al. (2012) 70 22 STN

89 17 GPi
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