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Abstract

Objective: To compare the efficacy of subthalamic nucleus (STN) and globus

pallidus internus (GPi) deep brain stimulation (DBS) on reducing levodopa-in-

duced dyskinesia (LID) in Parkinson’s disease, and to explore the potential

underlying mechanisms. Methods: We retrospectively assessed clinical outcomes

in 43 patients with preoperative LID who underwent DBS targeting the STN

(20/43) or GPi (23/43). The primary clinical outcome was the change from

baseline in the Unified Dyskinesia Rating Scale (UDysRS) and secondary out-

comes included changes in the total daily levodopa equivalent dose, the drug-

off Unified Parkinson Disease Rating Scale Part Ⅲ at the last follow-up (me-

dian, 18 months), adverse effects, and programming settings. Correlation analy-

sis was used to find potential associated factors that could be used to predict

the efficacy of DBS for dyskinesia management. Results: Compared to baseline,

both the STN group and the GPi group showed significant improvement in

LID with 60.73 � 40.29% (mean � standard deviation) and 93.78 � 14.15%

improvement, respectively, according to the UDysRS score. Furthermore, GPi-

DBS provided greater clinical benefit in the improvement of dyskinesia

(P < 0.05) compared to the STN. Compared to the GPi group, the levodopa

equivalent dose reduction was greater in the STN group at the last follow-up

(43.81% vs. 13.29%, P < 0.05). For the correlation analysis, the improvement

in the UDysRS outcomes were significantly associated with a reduction in levo-

dopa equivalent dose in the STN group (r = 0.543, P = 0.013), but not in the

GPi group (r = �0.056, P = 0.801). Interpretation: Both STN and GPi-DBS

have a beneficial effect on LID but GPi-DBS provided greater anti-dyskinetic

effects. Dyskinesia suppression for STN-DBS may depend on the reduction of

levodopa equivalent dose. Unlike the STN, GPi-DBS might exert a direct and

independent anti-dyskinesia effect.
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Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder

characterized by progressive motor disability that includes

bradykinesia, rigidity, resting tremor, and gait dysfunction

along with a spectrum of non-motor symptoms that

include autonomic, cognitive, mood, sleep, and sensory

symptoms.1 Despite advancements in medical treatment,

after several years of levodopa use, some patients in the

advanced stage of PD develop unexpected and serious dis-

abling motor complications.2,3 Levodopa-induced dyski-

nesia (LID) is the most common complication for PD

patients using long-term drug therapy. LID encompasses

a variety of different hyperkinetic phenomenologies

including chorea, dystonia, stereotypies, and akathisia.3

Non-physiological pulsatile dopamine release and synaptic

pruning in the previously denervated striatum may both

play critical roles in the development of LID.4 Previous

studies have shown that the rate of dyskinesia in patients

with over 5 years of drug therapy is approximately 30–
50%,5,6 while the incidence can reach 60–90% for patients

with more than 10 years of drug therapy.7,8 Dyskinesia

can interfere with daily living activities, and impose a

heavy burden on families.2,9

Reducing the dosage or adjusting the regimen of medica-

tion might be effective in controlling dyskinesia,2,3,6,10 but

often leads to poor control of parkinsonism. Therefore, the

“therapeutic window” is drastically narrowed, as such strik-

ing the balance in medication dose between dyskinesia and

parkinsonian symptoms is difficult.11–13 Therefore, deep

brain stimulation (DBS) has been established as an effective

and safe alternative treatment. Both the subthalamic

nucleus (STN) and the globus pallidus internus (GPi) are

well-established surgical targets for DBS treatment.8,14 The

STN and the GPi have been reported effective for the con-

trol of dyskinesia.14–23 Furthermore, while many studies

have compared the GPi and STN-DBS with respect to typi-

cal symptoms of PD, comparison for the control of dyski-

nesia has been scarcely reported and long-term follow-up

focused on LID is even more rare.12,22 No consensus has

been reached about which stimulation target is optimal for

the control of dyskinesia in PD patients. Up to now, the

underlying mechanisms responsible for the reduction of

dyskinesia after DBS are unknown. Generally, management

of dyskinesia with STN-DBS is mainly achieved by decreas-

ing medication with a relatively greater reduction in levo-

dopa equivalent daily dose (LED).14,23,24 Compared to

STN-DBS, GPi-DBS provides a marginal reduction in

dopaminergic dose, but it may have a direct effect on dysk-

inesia.25 However, the underlying mechanisms are still not

completely understood.

Considering the importance of dyskinesia and the lack

of literature surrounding it, we conducted a retrospective

study in patients with pre-operative dyskinesia in our

center, and used the Unified Dyskinesia Rating Scale

(UDysRS) to capture the presence and severity of dyski-

nesia after DBS treatment. We aimed to compare the effi-

cacy of STN and GPi-DBS in treating LID, as well as to

explore possible mechanisms related to the relief of dyski-

nesia with DBS.

Methods

Subjects

We retrospectively assessed the clinical outcomes of

patients with pre-operative LID who underwent DBS tar-

geting the GPi or the STN at the Beijing Tiantan Hospital

from August 2015 to August 2018. Patients with advanced

idiopathic PD diagnosed based on the UK bank criteria,26

who suffered from disabling LID before surgery were

screened. A total of 61 patients were identified. Patients

who previously underwent thalamotomy or pallidotomy,

and those lost to follow-up were excluded. Eventually, 43

patients were included in the study, with 20 patients trea-

ted with STN-DBS and 23 patients with GPi-DBS, respec-

tively, as described in Table 1. Target selection was

performed randomly as current literature supports similar

motor benefit between two targets with minor differences.

All patients received bilateral stimulation. All PD patients

were informed and gave written consent, and the study

was approved by the ethics committee at Beijing Tiantan

Hospital.

Surgical procedure

DBS electrode implantation was performed under local

anesthesia, using a Leksell microstereotactic system

(Elekta Instrument AB, Stockholm, Sweden). Intra-opera-

tive single unit recordings and high frequency stimulation

testing were used to assess the optimal location for per-

manent electrode implantation. Quadripolar electrodes

(3387 Medtronic, Minneapolis, MN for GPi target; 3389

Medtronic for STN target) were implanted in all patients.

The GPi target coordinates for the lower contact were

2 mm anterior to the mid commissural point (MCP), 18–
22 mm lateral to the anterior commissure – posterior

commissure (AC-PC) and 6–9 mm below the inter-com-

missural line. The STN target coordinates for the lower

contact were 2–3 mm posterior to the MCP, 12–14 mm

lateral to AC-PC and 4–6 mm below the inter-commis-

sural line. The electrodes were then connected to an

implantable pulse generator (IPG) implanted in the sub-

clavicular area under general anesthesia. Next, post-opera-

tive CT was performed to exclude intracranial

hemorrhage and to verify the exact location of the
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electrodes by merging with the preoperative MR images.

The IPG was turned on 1 month after the operation. Fol-

lowing the surgery, each patient underwent a regular

adjustment of stimulation settings and medication until

optimal control of symptoms was established. Typically,

the patients’ improvement stabilized 6 months after sur-

gery. Patients had visits at least every 6 months for clini-

cal assessments and adjustment of stimulation settings

and medication. All post-operative adjustment of DBS

parameter settings was performed while subjects were in

an off-medication state after at least 12 hours without

taking any dopaminergic medications.

Outcome measures

The primary outcome measure was the change in the

UDysRS scores, which can simultaneously be used to

evaluate several subjective and objective symptoms of

dyskinesia.27,28 Items of the UDysRS scale were summa-

rized into four subdomains: on-dyskinesia, off-dystonia,

impairment and disability, in which the first two parts are

historical and the latter two parts are objective. The sec-

ondary outcome measures included LED reduction, the

drug-off Unified Parkinson Disease Rating Scale Part Ⅲ
(UPDRS-Ⅲ) score changes, adverse effects, and program-

ming settings. The dopaminergic treatment regimen was

recorded as LED, according to the following convention:

100 mg of standard L-dopa = 130 mg controlled-release

L-dopa = 1 mg pergolide = 1 mg lisuride = 10 mg

bromocriptine = 1 mg apomorphine = 60 mg piribedil =
6 mg ropinirole.19 All patients’ scores of clinical scales

were evaluated 1–2 weeks pre-operatively and then every

6 months after DBS stimulation. The clinical

improvement was computed as ([(Pre-scores � Pos-

scores)/Pre-scores] 9 100%).

Statistical analyses

Demographic information was analyzed using descriptive

analysis methods, and is described as mean � standard

deviation (SD) or median with range. Mann–Whitney U

tests were used to compare groups for age, course of dis-

ease, etc., and Chi square test was used to compare the

groups by sex. A paired-sample nonparametric Wilcoxon

signed-rank test was used to determine whether there was

a significant difference between the clinical scale scores at

baseline and last follow-up. Spearman correlation analysis

was used to identify factors that associated with LID out-

comes. These factors included age of onset, age at DBS,

course of disease before surgery, pre-operative drug-off

UPDRS-Ⅲ, LID, LED, pre-operative drug improvement

rate, and drug-off UPDRS-Ⅲ and LED changes after sur-

gery. The statistical significance threshold was fixed at

P < 0.05. Statistical analysis was performed with IBM

SPSS (version 20.0; SPSS Inc, Chicago, IL).

Results

Patient characteristics

Demographic characteristics of patients are summarized

in Table 1. There were 20 STN-DBS patients and 23 GPi-

DBS patients. The two groups of patients were similar

with respect to sex (P = 0.056), age of onset (P = 0.874),

course of disease before surgery, (P = 0.251), age at DBS

(P = 0.903), drug-off UPDRS-Ⅲ score (P = 0.415), LED

Table 1. Baseline demographic and clinical information of 43 patients.

Variable STN GPi P value

Number 20 23 –

Male sex – N (%) 4 (20) 11 (47.83) 0.056

Age of onset (year) 48.70 � 7.67 48.30 � 9.48 0.874

Course of disease before surgery (year) 10.95 � 4.79 12.13 � 3.82 0.251

Age at DBS (year) 59.65 � 9.11 60.43 � 8.44 0.903

Levodopa equivalent dose (mg/day) 827.04 � 376.39 981.76 � 426.09 0.184

Dyskinesia score (UDysRS) 27.5 (14–76) 34 (7–63) 0.257

Drug-off UPDRS-Ⅲ score 47.85 � 14.95 50.68 � 15.36 0.415

Hoehn-Yahr stage, %

2 1 2 –

2.5 7 6 –

3 10 12 –

4 2 3 –

Follow-up time (month) 21.60 � 8.79 18.26 � 8.38 0.202

Values are presented as mean � standard deviation (SD) or median (range). P values for comparisons between groups based on analysis of Wil-

coxon rank-sum tests and Chi-Squared Test (sex). DBS, deep brain stimulation; GPi, globus pallidus interna; STN, subthalamic nucleus; UPDRS-Ⅲ,

Unified Parkinson’s Disease Rating Scale Part Ⅲ; UDysRS, the Unified Dyskinesia Rating Scale.
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(P = 0.184), LID (P = 0.257) and follow-up time

(P = 0.202). The mean follow-up in our cohort was

21.60 � 8.79 months for STN-DBS and 18.26 �
8.38 months for GPi-DBS.

As shown in Tables S1 and S2, the coordinates of left

and right STN were (X, Y, Z, 112.04 � 2.54, 96.20 �
4.58, 104.33 � 6.49) and (88.70 � 2.25, 96.32 � 4.80,

104.09 � 6.42), while the coordinates of GPi were

(119.39 � 3.04, 100.83 � 3.66, 106.84 � 5.40) and

(80.27 � 2.92, 100.93 � 4.21, 107.02 � 5.27).

Primary outcome – UDysRS scale

Compared with baseline, there was a significant reduction

in UDysRS scores after STN stimulation (from 27.5 [14–
76] to 6.5 [0–45], median [range], P = 0.0002) and GPi

stimulation (from 34 [7–63] to 0 [0–22], P = 0.00003) at

the last follow-up, with mean improvements of 60.73%

and 93.78%, respectively, detailed in Table 2. Several

patients were completely alleviated of dyskinesia, as

described for one case (Video S1). Also, relative to the

patients in STN group (60.73 � 40.29%), GPi patients

showed a greater reduction in LID as reflected by their

UDysRS scores (93.78 � 14.15%, P = 0.0003), and shown

in Figure 1A and B.

At the last follow-up, 85% (17/20) of patients with

STN-DBS had an improvement in dyskinesia and 70%

(14/20) of the patients reported at least 50% improve-

ment. However, three patients continued to experience

persistent dyskinesia, and even two of these patients

showed deteriorating dyskinesia. Interestingly, two

patients with refractory or incomplete benefit in dyskine-

sia after STN-DBS, despite multiple programming

attempts noted marked benefit with almost complete res-

olution of dyskinesia after GPi-DBS.

All the patients in the GPi group obtained excellent

relief from dyskinesia. Among them, 78.26% (18/23) of

the patients displayed at least 90% improvement, 17.39%

(4/23) of patients showed medium improvement of dyski-

nesia (50–90% improvement), and only one patient noted

a clinical improvement of <50%.

Outcomes of subitems of UDysRS scale

We also analyzed the effect of GPi stimulation and STN

stimulation on different sub-items of the UDysRS scale.

As shown in Table 2, GPi-DBS showed superior clinical

improvement over STN-DBS in on-dyskinesia

(P = 0.0001), impairment (P = 0.001) and disability

(P = 0.007), except for off-dystonia (P > 0.05). Moreover,

significant differences of LID improvement between STN

and GPi were observed in the neck and trunk (P = 0.010)

and the arms and legs (P = 0.004). However, significantly

better effects of GPi were not found with respect to face

dyskinesia (P = 0.104).

Secondary outcomes

Outcome of drug-off UPDRS-Ⅲ

At the last follow-up, mean improvement of drug-off

UPDRS-Ⅲ was 41.50% (from 47.85 � 14.95 to

26.00 � 9.44, P = 0.0002) and 43.56% (from

50.68 � 15.36 to 26.75 � 10.35, P = 0.00005), respec-

tively for STN and GPi-DBS, as described in Figure 1C.

However, there was no significant difference between STN

and the GPi-DBS for drug-off UPDRS-III (P = 0.609),

detailed in Figure 1D.

Outcome of LED

As shown in Figure 2A, compared with baseline, at the

last follow-up, LED was significantly decreased in patients

with STN (from 827.04 � 376.39 mg to 414.50 �

Table 2. Effect of STN and GPi deep brain stimulation on UDysRS sub-score at the last follow-up.

UDysRS

Max value

(scores)

Preoperative/last follow-up Improvement change, %

P valueSTN (n = 20) GPi (n = 23) STN (n = 20) GPi (n = 23)

Total score 104 27.5 (14–76)/6.5 (0–45) 34 (7–63)/0 (0–22) 60.73 � 40.29 93.78 � 14.15 0.0003*

Part 1 on-dyskinesia(item 1–11) 44 13 (7–36)/5 (0–23) 15 (3–27)/0 (0–10) 55.83 � 40.88 94.59 � 14.28 0.0001*

Part 2 off-dystonia(item 12–15) 16 2 (0–16)/0 (0–4) 0 (0–13)/0 (0–0) 97.50 � 7.91 100 0.371

Part 3 impairment(item 16–22) 28 7.5 (2–20)/1.5 (0–15) 12 (2–18)/0 (0–9) 57.34 � 50.75 92.78 � 16.34 0.001*

Face 4 0 (0–3)/0 (0–3) 0 (0–3)/0 (0–0) 81.25 � 37.20 100 0.104

Neck and trunk 8 4 (0–6)/0.5 (0–6) 4 (0–6)/0 (0–3) 62.98 � 46.20 92.92 � 18.98 0.010*

Arms and legs 16 4 (0–12)/1 (0–9) 7 (2–12)/0 (0–6) 75.00 (�150 to 100) 91.44 � 17.45 0.004*

Part 4 disability(item 16–22) 16 4 (1–15)/1 (0–7) 4 (2–11)/0 (0–8) 57.25 � 47.50 86.01 � 43.63 0.007*

Values are presented as mean � SD or median (range). GPi, globus pallidus interna; STN, subthalamic nucleus; UDysRS, the Unified Dyskinesia

Rating Scale.

*P ＜ 0.05.
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291.95 mg, P = 0.0001) and GPi-DBS (from 981.76 �
426.09 mg to 760.78 � 344.42 mg, P = 0.012), and rela-

tive to GPi-DBS, patients with STN-DBS showed a greater

LED reduction (43.81% vs. 13.29%, P = 0.021), as dis-

played in Figure 2B. In the STN group, 95% (19/20) of

the patients obtained LED reduction. One patient stopped

all dopaminergic medications. Comparatively, the reduc-

tion in medication was smaller for GPi-treated patients,

65.22% (15/23) of patients noted LED reduction, and six

patients increased medication dose for optimal symptom

control.

Correlation analysis

None of the baseline factors predicted LID clinical

improvements (all P > 0.05) in both STN and GPi

Figure 1. The effect of STN-DBS and GPi-DBS on the UDysRS scores and drug-off UPDRS-Ⅲ score in 43 patients with LID. (A) UDysRS scores of

patients with STN-DBS and GPi-DBS at baseline and the last follow-up. (B) The comparison of efficacy for clinical improvement of UDysRS

between STN-DBS and GPi-DBS. (C) Drug-off UPDRS-Ⅲ scores of patients with STN-DBS and GPi-DBS at baseline and the last follow-up. (D) The

comparison of efficacy for the clinical improvement of drug-off UPDRS-Ⅲ between STN-DBS and GPi-DBS. "**" indicates P < 0.01. ns, non-

significant; DBS, deep brain stimulation; GPi, globus pallidus interna; STN, subthalamic nucleus; UDysRS, Unified Dyskinesia Rating Scale; UPDRS-

Ⅲ, Unified Parkinson Disease Rating Scale part Ⅲ.
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groups. Drug-off UPDRS-Ⅲ score changes were not sig-

nificantly associated with UDysRS score variations

(P = 0.256 and 0.262, respectively for STN and GPi-

DBS). However, LED reduction was significantly associ-

ated with UDysRS changes in the STN group (r = 0.543,

P = 0.013, Figure 2C), while no significant correlations

were detected in the GPi group (r = �0.056, P = 0.801,

Figure 2D).

Programming settings

DBS programing settings are summarized in Tables S3

and S4. The stimulation mode included monopolar, dou-

ble monopolar, and interleaving mode. The mean ampli-

tude, frequency and pulse width were 2.63 � 0.49 V

vs. 2.77 � 0.46 V (P = 0.102), 146.67 � 14.43 Hz vs.

148.74 � 14.74 Hz (P = 0.138) and 73.10 � 10.93 ls
vs. 79.78 � 12.38 ls (P = 0.009), respectively for STN

and GPi-DBS. Different programming settings were tested

during follow-up visits and the dorsal contacts in the

STN group were consistently utilized due to potential

suppression of dyskinesia.

Adverse effects

A total of 19 adverse events occurred in 11 STN patients

and in five GPi patients. Half (10/20) of patients in the

STN-DBS group reported stimulation-induced dyskinesia

(SID) after the surgery, which was completely or partially

relieved by changing to upper contact stimulation, lower

amplitude stimulation, or bipolar stimulation. On the

other hand, in the GPi group, two patients also experi-

enced SID, which was rescued by changing to lower con-

tact stimulation. Furthermore, two patients reported

increasing bradykinesia during programming sessions

with GPi-DBS (none reported in the STN group). Chang-

ing to upper contact stimulation resolved the increasing

bradykinesia in one patient. One lead fracture and 1

repeated infection of the incision occurred in two STN

patients. One lead fracture and 1 toe tic were observed in

patients with GPi-DBS. Hallucination was noted in one

patient with STN-DBS.

Discussion

DBS surgery is an established treatment which can effec-

tively modulate the motor symptoms in PD. In the cur-

rent study, we evaluated and compared the efficacy for

management of dyskinesia in and between STN-DBS and

GPi-DBS and we also explored the underlying mecha-

nisms. We observed that both STN and GPi-DBS can not

only improve the drug-off UPDRS-Ⅲ scores but also

relieve LID symptoms. After stimulation for 18 (6–30)

months, UDysRS scores were significantly reduced from

baseline in both groups, with a greater reduction in

patients receiving GPi-DBS (GPi vs. STN,

93.78 � 14.15% vs. 60.73 � 40.29%, P = 0.0003). As to

the underlying mechanism, both groups showed a

decrease in LED, but the STN group had a greater reduc-

tion (GPi vs. STN, 13.29% vs. 43.81%, P = 0.021). Fur-

thermore, LID clinical outcome was significantly

correlated with LED reduction in the STN group

(r = 0.543, P = 0.013), but not in GPi-DBS (r = �0.056,

P = 0.801). In the STN-DBS group, LID is likely primar-

ily modulated through a reduction in dopaminergic medi-

cation while GPi stimulation may provide a direct anti-

dyskinesia effect. To our knowledge, this current single-

center cohort study has one of the largest sample sizes

and longest follow periods to compare the efficacy of

STN and GPi-DBS for pre-operative LID.

LID can be difficult to manage in some PD patients

with few medical options or strategies, some of which can

lead to deteriorating parkinsonism and motor fluctua-

tions. DBS is an excellent alternative for refractory

patients. In our cohort, we noted that both GPi

(93.78 � 14.15%) and STN (60.73 � 40.29%) targets are

effective in controlling LID, with the GPi target showing

better efficacy than STN (P = 0.0003). The current results

are in line with previous studies, which have shown a

reduction in dyskinesia with stimulation of the GPi and

STN (89% vs. 62%).25 A review study also showed a 20–
83% and 47–88% improvement in LID, respectively for

STN and GPi-DBS.29 A meta-analysis has also indicated

that GPi-DBS offered a more robust reduction in dyskine-

sia than STN-DBS.12 However, compared to previous

studies, the present study has a large sample size and a

longer follow-up time, and focused particularly on preop-

erative LID.

As for the four subscales of UDysRS, a comparison of

results between STN and GPi showed significant differ-

ences in on-dyskinesia (P = 0.0001), impairment

(P = 0.001) and disability (P = 0.007), which primarily

measured the symptom of peak-dose dyskinesia. However,

no significant differences were seen in the off-dystonia

subscale between the two targets. The advantage of the

GPi target may be specific for LID, and not for typical

PD symptoms (i.e., tremor, rigidity, and bradykinesia), as

Follett et al. also indicated that no significant differences

were reported in a large randomized controlled PD trial

(ClinicalTrials.gov numbers, NCT00056563 and

NCT01076452) between GPi and STN.18,30 The lack of

significant differences in face dyskinesia improvement

may be due to the small sample size of face dyskinesia in

our study. The featured advantage of GPi for LID was

highlighted in the current study, and we provide new

evidence.
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In line with previous studies, the anti-dyskinesia effect

of STN was mostly dependent on drug reduction,24 as

95% (19/20) of the patients had a LED reduction. Fur-

thermore, our study showed a significant correlation

(r = 0.543, P = 0.013) between LED reduction and dyski-

nesia improvement, indicating that dyskinesia suppression

can be predicted by decreases in LED. Previous studies

have also indicated that levodopa-drugs reduction can

reverse LID and as such may be pathogenically involved

in LID progression.19,24 STN-DBS resulted in a LED

reduction for LID and control of the typical PD symp-

toms, which are believed to be underpinned by a stable

and continuous functional state with reduced fluctuations

in basal ganglia activity. STN-DBS also mimicked the

effect of continuous dopamine stimulation, thereby

decreasing the risk for dyskinesia.24,31

The primary disadvantage of STN-DBS for dyskinesia

is the indirect mechanism of action on these symptoms:

dyskinesias improve only if medications can be withdrawn

or reduced. In certain patients, programming might be

Figure 2. The effect of STN-DBS and GPi-DBS on LED in 43 patients with LID and the correlation analysis between LED reduction and UDysRS

improvement. (A) LED of patients with STN-DBS and GPi-DBS at baseline and the last follow-up. (B) The comparison of LED reduction between

STN-DBS and GPi-DBS. Spearman’s correlation analysis demonstrated significant relationships between changes of UDysRS score and LED

reduction in STN group (C), while not in GPi group (D). "**" indicates P < 0.01, "*" indicates P < 0.05. DBS, deep brain stimulation; GPi, globus

pallidus interna; STN, subthalamic nucleus; LED, levodopa equivalent dose; UDysRS, Unified Dyskinesia Rating Scale.
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difficult due to suboptimal lead location or specific clini-

cal presentation. If LED reduction post-operatively is not

attained, dyskinesia may continue.8,29 In addition, this

treatment is sometimes associated with persistent dyskine-

sias, which may be a side effect of stimulation, even with

a reduction in medication.8 Two of our patients suffered

deterioration of dyskinesia even after LED reduction, one

of these patients has been switched to GPi-DBS with good

response.

A direct anti-dyskinesia effect of STN-DBS was also

noticed in our study. It was found in 10 patients who

experienced SID, which were rescued through changing

the stimulation to the uppermost contact. As reported in

some studies, the direct anti-dyskinesia effect is induced

by stimulation of the area above the STN rather than

the STN itself.15,32,33 In the area above the STN, palli-

dothalamic, pallidosubthalamic, and subthalamopallidal

fibers are densely distributed. It appears that stimulation

of these fibers may cause effects similar to thalamic or

pallidal DBS and therefore inhibit peak-dose dyskine-

sia.31,34

As for GPi-DBS, the direct anti-dyskinesia effect was

the primary effect. LED reduction was only 13.29%, and

six patients have increased LED without worsening of

LID. No significant association was found between LED

reduction and LID improvement for GPi-DBS. Direct

treatment of dyskinesias with DBS of the GPi can widen

the therapeutic window for dopaminergic medications

and facilitate a much higher dosage,35 which has been

supported in our study by a subset of six patients. We

suspect that patients in the GPi group do not require

marked medications adjustments in follow-up as they lack

to report side effects, namely dyskinesia or wearing off.

Although not consistently studied, it is possible that GPi

is not as efficient in management of other non-motor

symptoms requiring higher doses of dopaminergic medi-

cations.

To date, there is little understanding of the exact mech-

anism of LID and the direct anti-dyskinesia effect of

GPi.36 An intact pallido-thalamic tract is a prerequisite

for the development of LID.13,34 LID may be correlated

with an abnormal pattern of the neuronal activity within

the GPi.37 Dyskinesia might also arise from an abnormal

balance of activity within different functional zones of the

nucleus (ventral part vs. dorsal part of the GPi) and GPi

stimulation may suppress this abnormal activity.8,29

In the GPi group, there were two patients who experi-

enced SID, and SID was reversed by stimulation of the

lower contact. Some studies indicated that stimulating the

ventral part of the nucleus can exert an anti-dyskinesia

effect.11,38 In addition, bradykinesia in GPi-DBS should

also not be ignored. This has been reported in many

studies and may seriously affect the effectiveness of the

treatment.39 Furthermore, GPi-DBS may consume more

power.

Overall, considering that LED reduction may induce

much unexpected levodopa-dependent clinical, non-mo-

tor symptoms such as psychiatric problems or gastroin-

testinal problems, GPi might be the optimal target for

patients suffering from LID through a direct anti-dyskine-

sia effect. Those with pre-existing psychiatric, cognitive

conditions, prominent gait disorder, axial symptoms, or

those prone to falling might also be suitable for GPi-

DBS.17,22,23,40–42 If a reduction in medication is the

desired goal of surgery or the patient was affected primar-

ily by medication side effects other than dyskinesia, DBS

of the STN may be the preferable approach. Additionally,

STN-DBS is commonly considered and recommended for

patients with severe bradykinesia, akinesia, off times and

fluctuations before surgery.25 Thus, selection of the target

should be specific to the patient. Additionally, the pro-

gramming procedure is also important, the programming

settings, such as, the choice of contact, the voltage, the

pulse width, and the frequency all could influence the

eventual dyskinesia suppression effect.15,43

Some limitations must be considered in our study.

First, our study was a retrospective study. A randomized

controlled trial should be performed in the future. Sec-

ond, the treatment of PD and LID patients with DBS,

was a comprehensive treatment, and therefore we should

take into account different aspects of these conditions in

future studies, such as cognitive evaluation, psychiatric

problems and other non-motor symptoms. In the current

study subjects were excluded during the screening phase

if they had serious cognitive or psychiatric problems

which could affect the study.

In conclusion, compared to the STN target, GPi-DBS

showed a better clinical outcome for preoperative LID

(P = 0.0003) through a direct anti-dyskinesia effect. STN-

DBS mainly controlled LID by way of LED reduction,

which might be a predictive factor for LID outcome in

STN patients (r = 0.543, P = 0.013). The final treatment

strategy should be determined by patient specific features

of LID with comprehensive consideration of the condi-

tion.
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Supporting Information

Additional supporting information may be found online

in the Supporting Information section at the end of the

article.

Table S1. Target coordinates in STN group.

Table S2. Target coordinates in GPi group.

Table S3. Programming settings for STN-DBS.

Table S4. Programming settings for GPi-DBS.

Video S1. Video of one patient with complete dyskinesia

improvement after DBS. This patient is a chinese women,

66 years old. She experienced the first emergence of fati-

gue at 55 years old, and a diagnosis of Parkinson’s disease

was established at the same year. Her main complaints

were tremor, stiffness, fatigue, and bradykinesia. After

11 years of drug therapy, she suffered from severe levo-

dopa-induced dyskinesia and fluctuations. Then she

underwent DBS surgery in our center. The operation was

successful and she got significant improvement of her

parkinson’s symptoms (drug-off UPDRS-Ⅲ, from 55 to

23.8, 56.73% improvement) and complete control of

dyskinesia (UDysRS, from 63 to 0, 100% improvement)

after surgery, which has persisted for 2 years.
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