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Abstract: Deep brain stimulation (DBS) is an effective treatment for dyskinesia in patients with
Parkinson’s disease (PD), among which the therapeutic targets commonly used include the subthala-
mic nucleus (STN) and the globus pallidus internus (GPi). Levodopa-induced dyskinesia (LID) is one
of the common motor complications arising in PD patients on chronic treatment with levodopa. In
this article, we retrospectively evaluated the outcomes of LID with the Unified Dyskinesia Rating
Scale (UDysRS) in patients who underwent DBS in multiple centers with a GPi or an STN target.

Meanwhile, the Med off MDS-Unified Parkinson’s Disease Rating Scale (MDS-UPDRS-III) and the
Received: 13 June 2022 levodopa equivalent daily dose (LEDD) were also observed as secondary indicators. PD patients with
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a GPi target showed a more significant improvement in the UDysRS compared with an STN target
(92.9 £ 16.7% vs. 66.0 + 33.6%, p < 0.0001). Both the GPi and the STN showed similar improvement
in Med off UPDRS-III scores (49.8 & 22.6% vs. 52.3 £ 29.5%, p = 0.5458). However, the LEDD was
obviously reduced with the STN target compared with the GPi target (44.6 £ 28.1% vs. 12.2 & 45.8%,
p = 0.006).
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In 1817, James Parkinson described a progressive neurological disease characterized
by tremors, compulsion, and slowness of movements. Charcot later referred to the disease
as Parkinson’s disease (PD) in the 19th century, also along with a spectrum of non-motor
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symptoms including mood, sleep, and cognitive symptoms [1]. Levodopa-induced dyskine-
sia (LID) is one of the common motor complications arising in patients with PD on chronic
treatment with levodopa, which refers to involuntary movements other than tremors and
most commonly consists of chorea [2,3]. As one of the side effects of dopaminergic therapy,
LID represents a major clinical problem in the management of patients with PD that has
influenced treatment strategies. It was later recognized that LID can also be caused by
dopamine agonists and not just levodopa treatment [4]. LID usually occurs with advancing
disease, with a high risk especially in younger PD patients treated with higher doses and
long-term therapy with levodopa, as PD patients begin to experience “cycles” of motor
dysfunction. Approximately 40% of PD patients may experience LID after 4 years, and
50% to 80% of PD patients treated with levodopa for more than 5 to 10 years may expe-
rience LID [2,3,5,6]. LID reduces the required dose of dopaminergic agents for symptom
control during peak-dose dyskinesia [7]. Compared with peak-dose dyskinesia, diphasic
dyskinesia tends to have a more variable topographical distribution and be more trouble-
some [3]. LID is a common and significant cause of disability in PD and a major indication
for surgical /advanced treatments [8].

The use of deep brain stimulation (DBS) for treating depression has been proven to
be an effective and safe alternative. There is good evidence that DBS treatment can be
applied to both the subthalamic nucleus (STN) and the globus pallidus internus (GPi) [6,9].
A large number of studies, including randomized controlled trials, have shown that this
approach can significantly improve key symptoms of PD, such as tremors, rigidity, and
bradykinesia [9-13]. A number of studies have found that the STN and the GPi are effective
in controlling dyskinesia. There have been several studies comparing GPi- and STN-
DBS in terms of typical PD symptoms, but relatively few have compared the two for the
control of dyskinesia and long-term results focused on LID [4,14]. Studies on patients
with Parkinson’s disease have not shown agreement on the most effective stimulation
target for controlling dyskinesia. In the past, it has been unknown what mechanisms
underlie the reduction in dyskinesia after DBS. It is generally recommended to reduce
medication, with a relatively greater reduction in the levodopa equivalent daily dose
(LEDD) for the management of dyskinesia with STN-DBS [6,15,16]. In comparison to
STN-DBS, GPi-DBS offers a marginal reduction in the dopaminergic dose; however, it may
directly affect dyskinesia [17]. Despite this, we still do not completely understand the
underlying mechanisms.

Up to now, different scales have been used in DBS studies without a standardized,
consistent assessment. Generally, the outcome of the dyskinesia change was assessed using
the Unified Dyskinesia Rating Scale (UDysRS), which can simultaneously assess some kinds
of objective and subjective symptoms of dyskinesia [17]. It is a well-established tool and a
fully validated scale for neurologists to assess the severity and the disability associated with
dyskinesia in patients with PD. Since dyskinesia is important, and there is little literature
surrounding it, we conducted a retrospective study in patients with preoperative dyskinesia
in our center. After DBS treatment, we evaluated dyskinesia severity and presence using
the Unified Dyskinesia Rating Scale (UDysRS). In this study, we examined whether STN-
or GPi-DBS was more effective in treating LID, as well as exploring possible mechanisms
associated with the relief of dyskinesia following DBS.

2. Methods
2.1. Participants

In this study, we retrospectively evaluated the outcomes in clinics of preoperative
LID in PD patients undergoing DBS, which targeted the STN or the GPj, at five medical
centers including Beijing Tiantan Hospital, Capital Medical University; Peking University
First Hospital; the General Hospital of Ningxia Medical University; the Qilu Hospital of
Shandong University; and the Fujian Medical University Union Hospital, from August
2015 to June in 2019. Patients diagnosed with advanced idiopathic PD on the basis of
the International Parkinson and Movement Disorder Society (MDS) criteria and with LID
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prior to surgery were screened. At the same time, we also excluded several neurological
conditions that mimic the advanced form of PD, including dystonia and other movement
disorders [18,19]. Finally, a total of 61 cases were confirmed. Patients with a previous
thalamectomy or pallidotomy and with a failure of follow-up were precluded. Finally,
56 patients were included in this research, including 32 patients who underwent STN-DBS
and 24 patients who underwent GPi-DBS, as shown in Table 1. The stimulation targets
were decided randomly. Bilateral STN or GPi stimulation had been used for all the patients.
In addition, all of the patients had signed informed consent forms. At the same time, the
research was ratified by the ethics committee of Beijing Tiantan Hospital (KY2021-159-01).

Table 1. The information in clinic and baseline demographics of all patients.

Variable STN GPi p Value
Number 32 24
Gender (M/F) 9/23 11/13 0.171
Age of onset (year) 478 £10.7 479+9.5 0.769
Duration of disease at DBS (year) 95+73 12.1 +£3.7 0.142
Age at DBS (year) 59.3+99 60.0 = 8.5 0.268
Levodopa equivalent daily dose (mg/day) 871.6 + 364.1 973.9 £ 4185 0.393
Dyskinesia score (UDysRS) 23.5 (18.3-40.0) 33.0 (24.5-47.8) 0.056
Med off MDS-UPDRS-III score 458 £13.5 53.0 £ 15.0 0.118
Hoehn-Yahr stage
2 5 2
25 7 6
3 16 13
4 4 3
Follow-up time (month) 18 (6.0-34.5) 24 (18.0-30.0) 0.291

Values are expressed as means + standard deviation (SD) or median (Interquartile Range). p values are used
to compare between groups based on analysis of Independent Samples T test, Mann-Whitney U test, and Chi-
Squared test (sex). MDS-UPDRS-III, MDS-Unified Parkinson’s Disease Rating Scale III; GPi, globus pallidus
interna; UDysRS, Unified Dyskinesia Rating Scale; DBS, deep brain stimulation; STN, subthalamic nucleus.

2.2. Surgical Procedure

DBS electrodes were implanted under local anesthesia employing the Leksell stereotac-
tic system (Elekta Instrument AB, Sweden). A recording of a single unit of the intraoperative
procedure and a high frequency stimulation test were used to determine the best location
for permanent electrode implantation. Quadripolar electrodes (3389 for the STN target,
3387 for the GPi target; Medtronic, Minneapolis, MN, USA or L301 for the STN target, L302
for the GPi target; PINS Medical, Beijing, China) were implanted in all the patients. The
initial stereotactic STN coordinates were posterior to the mid commissural point (MCP)
by 2-3 mm, under the intercommissural line for the lower contact by 4-6 mm, and lateral
to the anterior commissure—posterior commissure (AC-PC) by 12-14 mm. The GPi target
coordinates were located 2 mm in front of the MCP, 6-9 mm under the intercommissural
line of the lower contact, and 18-22 mm anterolateral to the AC-PC. Intraoperative single
recordings were used during the determination of the location of the STN and the GPi. Un-
der general anesthesia, electrodes were attached to the implantable pulse generator (IPG),
which was inserted in the subclavicular region following lead implantation. Following
surgery, postoperative CT was used to exclude acute intracranial complications and MRI
was used to confirm the electrode placement. After surgery, each patient received routine
adjustments to the stimulation setting and medication until symptoms were under optimal
control. In addition, the IPG was turned on one month after DBS surgery. Normally, the
improvement of the symptoms will reach its stabilization about six months after the surgery.
In addition, patients scheduled follow-up visits for evaluation in clinic and the adjustment
of stimulus settings and medication at least six months afterwards. All the postoperative
DBS parameter settings were adjusted when the subjects were discontinued from taking
any dopaminergic medication for at least 12 h.
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2.3. Assessments

Assessments were performed one to two weeks before surgery and then every six
months after stimulation. The UDysRS entries were grouped into four subfields: impair-
ment, disability, on-dyskinesia, and off-dystonia, of which the last two were objective
and the first two sections were historical. Motor evaluations were assessed by using the
MDS-UPDRS-IIIL. The LEDD was calculated according to the formula in the literature. For
example, 100 mg of standard L-dopa is equivalent to 130 mg of controlled-release L-dopa,
10 mg bromocriptine, 1 mg pergolide, 1 mg apomorphine, 1 mg lisuride, 6 mg ropinirole,
and 60 mg piribedil [20]. The improvement in clinic was calculated as the percentage of the
result of (Pre-scores — Pos-scores)/Pre-scores.

2.4. Statistical Analyses

The descriptive analysis method was used to analyze the demographic information,
describing it as the mean =+ standard deviation (SD) or the median of the quartile interval.
An Independent Samples T test and a Mann-Whitney U test were performed to compare
the age of onset, the course of the disease, LID, the LEDD, and so on. In addition, a Chi-
squared test was performed to contrast the groups by sex. A nonpaired samples T test
and a nonparametric paired samples Wilcoxon signed rank test were used to compare the
UDysRS scores and the Med off MDS-UPDRS-III scores at baseline and at the last follow-up.
The threshold of the statistical data was confirmed at p < 0.05. IBM SPSS (version 25)
software was used for statistical analysis.

3. Results
3.1. Characteristics of Patients

The demographics of the 32 patients with STN-DBS and the 24 patients with GPi-DBS
are summarized in Table 1. In addition, the cohort’s median follow-up was 24 months for
GPi-DBS and 18 months for STN-DBS. The two groups of patients resembled one another
with regard to the age of onset (p = 0.769), gender (p = 0.171), the duration of disease at DBS
(p = 0.142), the age at DBS (p = 0.268), the LEDD (p = 0.393), LID (p = 0.056), the Med off
MDS-UPDRS-III score (p = 0.118), and the time of follow-up (p = 0.291).

3.2. Outcome of UDysRS Scale

The effects of STN- and GPi-DBS on the UDysRS score are described in Figure 1A,B.
The UDysRS scores in patients with STN- and GPi-DBS were significantly lower than the
baseline at the last follow-up. The Unified Dyskinesia Rating Scale (UDysRS) score with
STN-DBS was 66.0 £ 33.6% and with GPi-DBS, it was 92.9 £ 16.7%. The GPi patients
showed a more significant improvement in LID compared with patients with STN-DBS
(p <0.0001).
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Figure 1. The STN-DBS and GPi-DBS influence on the Med off MDS-UPDRS-III score and UDysRS
score in 56 patients who have LID. (A) UDysRS scores of GPi-DBS and STN-DBS patients at the
last follow-up and baseline. (B) Contrast of the improvement of UDysRS score by GPi-DBS and
STN-DBS. (C) Med off MDS-UPDRS-III scores of GPi-DBS and STN-DBS patients at the last follow-up
and baseline. (D) Contrast of the improvement of Med off MDS-UPDRS-III score by GPi-DBS and
STN-DBS. UDysRS, Unified Dyskinesia Rating Scale; DBS, deep brain stimulation; STN, subthalamic
nucleus; GPi, globus pallidus interna; MDS-UPDRS-III, Unified Parkinson’s Disease Rating Scale part

III; ns, non-significant.

3.3. Outcome of the Med Off MDS-UPDRS-III

The Med off MDS-UPDRS-III scores after STN- and GPi-DBS were significantly im-
proved compared to the baseline at the last follow-up. The Med off MDS-UPDRS-III median
improvement at the last follow-up was 52.3 & 29.5% and 49.8 £ 22.6%, respectively, for
patients with STN- and GPi-DBS, which can be seen in Figure 1C,D. However, the difference
between STN-DBS and GPi-DBS in the MDS-UPDRS-III improvement was not prominent
(p = 0.5458).

3.4. Outcome of the Levodopa Equivalent Daily Dose (LEDD)

In the STN group, the LEDD was obviously reduced from 871.6 £+ 364.1 mg to
4442 £ 277.2 mg; the reduction rate was 44.6 £ 28.1%. In the GPi group, the LEDD was
reduced from 973.9 £ 418.5 mg to 750.4 £ 338.7 mg; the reduction rate was 12.2 & 45.8%.
Compared with the GPi group, the STN group showed an obvious reduction (p = 0.006).

3.5. A Grouping Approach for Dyskinesia Based on the UDysRS

Based on the UDysRS, we can group the results for dyskinesia as a supplement. Group
I means dyskinesia almost disappears, with a 76-100% reduction in the UDysRS scores, IA
means no dyskinesia, and IB means a little dyskinesia is present but it has no effect on the
patients; Group II means dyskinesia improves significantly, with a 51-75% reduction in the
UDysRS scores; Group III means dyskinesia improves partially, with a 26-50% reduction in
the UDysRS scores; Group IV means dyskinesia improves slightly, with a 0-25% reduction
in the UDysRS scores, IVA means not improved at all, and IVB means a little change, but it
has no benefit to the patients; Group V means dyskinesia is aggravated, UDysRS scores
are increased, VA means the original dyskinesia symptoms are aggravated, and VB means
new dyskinesia symptoms appear and do not alleviate. In summary, group I-1V indicate
a 76-100%, 51-75%, 26-50%, and 0-25% level of dyskinesia improvement, respectively,
whereas group V indicates the worsening of dyskinesia.

In this cases series, 16/32 of the STN-DBS group had a Group I level of improvement
of LID, 8/32 of the STN-DBS group reported a Group II level of improvement, 5/32 and
1/32 of the STN-DBS group had Group III and IV levels of improvement of LID; however,
there were 2/32 of the STN-DBS group who reported worsening of LID (Group V) at the
last follow-up. Compared to the STN-DBS group, all of the GPi-DBS group showed Group
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I-11I levels of improvement of LID (21/24, 2/24, and 1/24, respectively), and none of the
GPi-DBS group reported worsening of LID (0/24), as shown in Table 2.

Table 2. A grouping approach for Dyskinesia based on the UDysRS.

Group Improvement STN-DBS, No. (%) GPi-DBS, No. (%)
I Dyskinesia almost disappears, 76-100% reduction in UDysRS scores 16 (50%) 21 (87.5%)
1A No dyskinesia 6 (18.8%) 18 (75%)
1B A little dyskinesia present but has no effect on patients 10 (31.2%) 3 (12.5%)
I Dyskinesia improved significantly, 51-75% reduction in UDysRS scores 8 (25%) 2 (8.3%)
I Dyskinesia improved partially, 26-50% reduction in UDysRS scores 5 (15.6%) 1(4.2%)
v Dyskinesia improved slightly, 0-25% reduction in UDysRS scores 1(3.1%) 0 (0%)
IVA Not improved at all 1(3.1%) 0 (0%)
IVB A little change, but has no benefit to patients 0 (0%) 0 (0%)
\% Dyskinesia is aggravated, increase in UDysRS scores 2 (6.3%) 0 (0%)
VA The original dyskinesia symptoms are aggravated 1(3.1%) 0(0%)
VB New dyskinesia symptoms appear and do not alleviate 1(3.1%) 0 (0%)

4. Discussion

DBS has been reported to be used to treat several neurobehavioral disorders such as
chronic pain, major depression, Tourette’s Syndrome, addiction, obsessive—compulsive
disorder and epilepsy, etc., and is mainly applied to patients with PD symptoms. Although,
up to now, its potential molecular and physiological mechanism is still unknown, it has
been reported that DBS may act via a few mechanisms including the electrical and neu-
rochemical effects of stimulation in the network, the modulation of oscillatory activity
and synaptic plasticity, and, potentially, neuroprotection and neurogenesis, either directly,
or by modulating the circuitry or signaling pathways [21-28]. LID remains a significant
problem in patients with PD, which has a significant negative impact on health-related
quality of life and health economic outcomes [29]. It is generally believed that DBS of the
GPi has a direct and profound antidyskinetic effect, whereas the relief of dyskinesias by
DBS of the STN depends on a postoperative reduction in dopaminergic medications, plastic
changes of the basal ganglia circuits that modulate L-dopa responsiveness, and stimulation
of pallidothalamic fibers in the zona incerta [3,15]. In addition, research in recent years has
shown that high-frequency electrical stimulation of the area above the STN can directly
suppress levodopa-induced on-dyskinesia [30]. We discovered that GPi-DBS demonstrated
a better clinical outcome for LID compared to STN-DBS in this multicenter retrospective
analysis (p < 0.0001), although GPi- and STN-DBS showed similar improvement in Med off
MDS-UPDRS-III scores (p = 0.5458).

The UDysRS has been developed as a comprehensive rating tool of dyskinesia in PD,
which has been used worldwide for many years [31]. Consistent with the goals of PD/LID
treatment studies, the improvement scale is a dependable tool for detecting changes in
the seriousness of dyskinesias and can be helpful to determine therapeutic indicators for
experimental medicine or devices [17]. Scales that precisely measure differences are useful
for the comprehensive evaluation of drug efficacy and treatment windows for translational
preclinical studies.

There have been few studies comparing GPi- and STN-DBS for the control of dyski-
nesia and long-term results focused on LID [4,14]. It is generally recommended to reduce
medication with a relatively greater reduction in the levodopa equivalent daily dose (LEDD)
for the management of dyskinesia with STN-DBS [6,15,16]. In 2017, Juhasz A et al. found
that GPi- DBS offers a marginal reduction in the dopaminergic dose; however, it may di-
rectly affect dyskinesia in contrast to STN-DBS [17]. In this study, we grouped the UDysRS
scale for PD patients with dyskinesia. It can be recognized as a supplement for the UDysRS
scale. Group I means dyskinesia almost disappears, with a 76-100% reduction in UDysRS
scores; Group II means dyskinesia improves significantly; Group III means dyskinesia
improves partially; Group IV means dyskinesia improves slightly; and Group V means
dyskinesia is aggravated and UDysRS scores increase. In summary, group I-IV indicate
a 76-100%, 51-75%, 26-50%, and 0-25% dyskinesia level of improvement, respectively,
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whereas group V indicates the worsening of dyskinesia. Scale of improvement grades or
groups can also provide helpful information about level changes in dyskinesias.

Because GPi-DBS showed a similar improvement in Med off UPDRS-III scores, a better
outcome for LID, and a disadvantage in terms of drug reduction compared with STN-DBS,
it can be concluded that GPi-DBS might be preferred for PD patients with significant
dyskinesia who do not take a large LEDD. Meanwhile, STN-DBS showed better results for
drug reduction and a disadvantage in LID control; therefore, it could be considered for use
for PD patients who take a large LEDD but with less serious dyskinesia. In other words,
for PD patients who want to reduce LID, the GPi might be a preferred target; for patients
who want to reduce their dosage of the drug, STN could be considered.

There are a few limitations in our study. As a first point, our study was a retrospective
one conducted in China. Ideally, clinical DBS specialists all over the world could perform a
randomized controlled trial in the near future to confirm our study results. Secondly, DBS
management of PD patients with LID is complicated, and other factors including cognitive
evaluation, psychiatric problems, depression and anxiety, etc., also need to be considered.
Thirdly, the statistical analysis of this research is insufficiently rigorous, and the data of the
scales were assessed by specialists from different centers and may be biased, so there is a
certain statistical bias in the final results. Nevertheless, this is the largest study in China,
and we believe that it would be helpful to further understand the current situation of DBS
in China.

5. Conclusions

In conclusion, GPi-DBS and STN-DBS showed a similar improvement in Med off
MDS-UPDRS-III scores. Compared to the STN target, GPi-DBS showed a better clinical
outcome for preoperative LID based on the UDysRS, whereas STN-DBS showed an obvious
reduction in the LEDD.

Author Contributions: EM., S.C. and Z.Y. organized the database. W.L., G.C. and EW. performed
the statistical analysis. EM., C.H. and L.Z. wrote the first draft of the manuscript. S.F, Y.G., ZS., ].Y.,
KW, 55.Q., GEH, J.SH. and A.R.-Z. wrote sections of the manuscript. EM. and J.Z. contributed to
the conception and design of the study. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was funded by the Beijing Municipal Administration of Hospitals Clini-
cal Medicine Development of Special Funding Support (XMLX201833), the National Natural Sci-
ence Foundation of China (81971070), the Key Research and Development Program of Ningxia
(2018BFG02007), and the Joint Funds for the Innovation of Science and Technology, Fujian Province
(2017Y9010).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the ethics committee of Beijing Tiantan Hospital (protocol code is
KY2021-159-01 and the date of approval was 4 November 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Armstrong, M.].; Okun, M.S. Diagnosis and Treatment of Parkinson Disease: A Review. JAMA 2020, 323, 548-560. [CrossRef]

[PubMed]

2. Zesiewicz, T.A,; Sullivan, K.L.; Hauser, R.A. Levodopa-induced dyskinesia in Parkinson’s disease: Epidemiology, etiology, and
treatment. Curr. Neurol. Neurosci. Rep. 2007, 7, 302-310. [CrossRef] [PubMed]

3. Espay, A.J.; Morgante, F.; Merola, A.; Fasano, A.; Marsili, L.; Fox, S.H.; Bezard, E.; Picconi, B.; Calabresi, P; Lang, A.E. Levodopa-
induced dyskinesia in Parkinson disease: Current and evolving concepts. Ann. Neurol. 2018, 84, 797-811. [CrossRef] [PubMed]

4. Del Sorbo, E; Albanese, A. Levodopa-induced dyskinesias and their management. J. Neurol. 2008, 255 (Suppl. 4), 32—41. [CrossRef]

5. Ahlskog, ].E.; Muenter, M.D. Frequency of levodopa-related dyskinesias and motor fluctuations as estimated from the cumulative
literature. Mov. Disord. Off. ]. Mov. Disord. Soc. 2001, 16, 448—458. [CrossRef]


http://doi.org/10.1001/jama.2019.22360
http://www.ncbi.nlm.nih.gov/pubmed/32044947
http://doi.org/10.1007/s11910-007-0046-y
http://www.ncbi.nlm.nih.gov/pubmed/17618536
http://doi.org/10.1002/ana.25364
http://www.ncbi.nlm.nih.gov/pubmed/30357892
http://doi.org/10.1007/s00415-008-4006-5
http://doi.org/10.1002/mds.1090

Brain Sci. 2022, 12, 1054 80f9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

Olanow, C.W.; Koller, W.C. An algorithm (decision tree) for the management of Parkinson’s disease: Treatment guidelines.
American Academy of Neurology. Neurology 1998, 50, S1-S57. [CrossRef]

Anderson, V.C.; Burchiel, K.J.; Hogarth, P; Favre, ].; Hammerstad, J.P. Pallidal vs subthalamic nucleus deep brain stimulation in
Parkinson disease. Arch. Neurol. 2005, 62, 554-560. [CrossRef]

Chaudhuri, K.R,; Jenner, P.; Antonini, A. Should there be less emphasis on levodopa-induced dyskinesia in Parkinson’s disease?
Mov. Disord. Off. . Mov. Disord. Soc. 2019, 34, 816-819. [CrossRef]

Vitek, J.L.; Jain, R.; Chen, L.; Troster, A.L; Schrock, L.E.; House, P.A.; Giroux, M.L.; Hebb, A.O.; Farris, S.M.; Whiting, D.M.; et al.
Subthalamic nucleus deep brain stimulation with a multiple independent constant current-controlled device in Parkinson’s
disease (INTREPID): A multicentre, double-blind, randomised, sham-controlled study. Lancet Neurol. 2020, 19, 491-501. [CrossRef]
Chiou, S.M.; Lin, Y.C.; Huang, H.M. One-year Outcome of Bilateral Subthalamic Stimulation in Parkinson Disease: An Eastern
Experience. World Neurosurg. 2015, 84, 1294-1298. [CrossRef]

Follett, K.A.; Weaver, EM.; Stern, M.; Hur, K.; Harris, C.L.; Luo, P.,; Marks, W.]., Jr.; Rothlind, J.; Sagher, O.; Moy, C.; et al. Pallidal
versus subthalamic deep-brain stimulation for Parkinson’s disease. N. Engl. ]. Med. 2010, 362, 2077-2091. [CrossRef] [PubMed]

Weaver, EM.; Follett, K.A.; Stern, M.; Luo, P.; Harris, C.L.; Hur, K.; Marks, W.]., Jr.; Rothlind, J.; Sagher, O.; Moy, C.; et al.
Randomized trial of deep brain stimulation for Parkinson disease: Thirty-six-month outcomes. Neurology 2012, 79, 55-65.
[CrossRef] [PubMed]

Holewijn, R.A.; Verbaan, D.; van den Munckhof, PM.; Bot, M.; Geurtsen, G.J.; Dijk, ].M.; Odekerken, V.J.; Beudel, M,;
de Bie, RM.A.; Schuurman, PR. General Anesthesia vs Local Anesthesia in Microelectrode Recording-Guided Deep-Brain
Stimulation for Parkinson Disease: The GALAXY Randomized Clinical Trial. JAMA Neurol. 2021, 78, 1212-1219. [CrossRef]
[PubMed]

Katayama, Y.; Oshima, H.; Kano, T.; Kobayashi, K.; Fukaya, C.; Yamamoto, T. Direct effect of subthalamic nucleus stimulation on
levodopa-induced peak-dose dyskinesia in patients with Parkinson’s disease. Stereotact. Funct. Neurosurg. 2006, 84, 176-179.
[CrossRef] [PubMed]

Follett, K.A. Comparison of pallidal and subthalamic deep brain stimulation for the treatment of levodopa-induced dyskinesias.
Neurosurg. Focus 2004, 17, E3. [CrossRef]

Fan, S.Y.; Wang, K.L.; Hu, W,; Eisinger, R.S.; Han, A.; Han, C.L.; Wang, Q.; Michitomo, S.; Zhang, ].G.; Wang, F.; et al. Pallidal
versus subthalamic nucleus deep brain stimulation for levodopa-induced dyskinesia. Ann. Clin. Transl. Neurol. 2020, 7, 59-68.
[CrossRef]

Juhasz, A.; Deli, G.; Aschermann, Z.; Janszky, J.; Harmat, M.; Makkos, A.; Kovacs, M.; Komoly, S.; Balas, I.; Déczi, T.; et al. How
Efficient Is Subthalamic Deep Brain Stimulation in Reducing Dyskinesia in Parkinson’s Disease? Eur. Neurol. 2017, 77, 281-287.
[CrossRef]

Tinazzi, M.; Erro, R.; Mascia, M.M.; Esposito, M.; Ercoli, T.; Ferrazzano, G.; Di Biasio, F.; Pellicciari, R.; Eleopra, R,;
Bono, E; et al. Demographic and clinical determinants of neck pain in idiopathic cervical dystonia. J. Neural Transm. 2020, 127,
1435-1439. [CrossRef]

Ali, K.; Morris, H.R. Parkinson’s disease: Chameleons and mimics. Pract. Neurol. 2015, 15, 14-25. [CrossRef]

Simonin, C.; Tir, M,; Devos, D.; Kreisler, A.; Dujardin, K.; Salleron, J.; Delval, A.; Blond, S.; Defebvre, L.; Destee, A.; et al. Reduced
levodopa-induced complications after 5 years of subthalamic stimulation in Parkinson’s disease: A second honeymoon. J. Neurol.
2009, 256, 1736-1741. [CrossRef]

Herrington, T.M.; Cheng, ].J.; Eskandar, E.N. Mechanisms of deep brain stimulation. J. Neurophysiol. 2016, 115, 19-38. [CrossRef]
[PubMed]

Pohodich, A.E.; Yalamanchili, H.; Raman, A.T.; Wan, YW.; Gundry, M.; Hao, S; Jin, H.; Tang, J.; Liu, Z.; Zoghbi, H.Y. Forniceal
deep brain stimulation induces gene expression and splicing changes that promote neurogenesis and plasticity. Elife 2018,
7,e34031. [CrossRef] [PubMed]

Huang, Y.; Li, Y;; Chen, ]J.; Zhou, H.; Tan, S. Electrical Stimulation Elicits Neural Stem Cells Activation: New Perspectives in CNS
Repair. Front. Hum. Neurosci. 2015, 9, 586. [CrossRef] [PubMed]

Tunc-Ozcan, E.; Brooker, S.M.; Bonds, J.A.; Tsai, Y.H.; Rawat, R.; McGuire, T.L.; Peng, C.Y.; Kessler, ].A. Hippocampal BMP
signaling as a common pathway for antidepressant action. Cell. Mol. Life Sci. 2021, 79, 31. [CrossRef]

Gajera, C.R; Emich, H.; Lioubinski, O.; Christ, A.; Beckervordersandforth-Bonk, R.; Yoshikawa, K., Bachmann, S;
Christensen, E.I; Gotz, M.; Kempermann, G.; et al. LRP2 in ependymal cells regulates BMP signaling in the adult neu-
rogenic niche. J. Cell Sci. 2010, 123, 1922-1930. [CrossRef]

Malave, L.; Zuelke, D.R.; Uribe-Cano, S.; Starikov, L.; Rebholz, H.; Friedman, E.; Qin, C.; Li, Q.; Bezard, E.; Kottmann, A.H.
Dopaminergic co-transmission with sonic hedgehog inhibits abnormal involuntary movements in models of Parkinson’s disease
and L-Dopa induced dyskinesia. Commun. Biol. 2021, 4, 1071. [CrossRef]

Kur, E.; Christa, A.; Veth, KN.; Gajera, C.R.; Andrade-Navarro, M. A ; Zhang, J.; Willer, ].R.; Gregg, R.G.; Abdelilah-Seyfried, S.;
Bachmann, S.; et al. Loss of Lrp2 in zebrafish disrupts pronephric tubular clearance but not forebrain development. Dev. Dyn.
2011, 240, 1567-1577. [CrossRef]

Zhen, J.; Qian, Y.;; Fu, J; Su, R,; An, H.; Wang, W.; Zheng, Y.; Wang, X. Deep Brain Magnetic Stimulation Promotes Neurogenesis
and Restores Cholinergic Activity in a Transgenic Mouse Model of Alzheimer’s Disease. Front. Neural Circuits 2017, 11, 48.
[CrossRef]


http://doi.org/10.1212/WNL.50.3_Suppl_3.S1
http://doi.org/10.1001/archneur.62.4.554
http://doi.org/10.1002/mds.27691
http://doi.org/10.1016/S1474-4422(20)30108-3
http://doi.org/10.1016/j.wneu.2015.06.002
http://doi.org/10.1056/NEJMoa0907083
http://www.ncbi.nlm.nih.gov/pubmed/20519680
http://doi.org/10.1212/WNL.0b013e31825dcdc1
http://www.ncbi.nlm.nih.gov/pubmed/22722632
http://doi.org/10.1001/jamaneurol.2021.2979
http://www.ncbi.nlm.nih.gov/pubmed/34491267
http://doi.org/10.1159/000094957
http://www.ncbi.nlm.nih.gov/pubmed/16905880
http://doi.org/10.3171/foc.2004.17.1.3
http://doi.org/10.1002/acn3.50961
http://doi.org/10.1159/000455208
http://doi.org/10.1007/s00702-020-02245-4
http://doi.org/10.1136/practneurol-2014-000849
http://doi.org/10.1007/s00415-009-5195-2
http://doi.org/10.1152/jn.00281.2015
http://www.ncbi.nlm.nih.gov/pubmed/26510756
http://doi.org/10.7554/eLife.34031
http://www.ncbi.nlm.nih.gov/pubmed/29570050
http://doi.org/10.3389/fnhum.2015.00586
http://www.ncbi.nlm.nih.gov/pubmed/26539102
http://doi.org/10.1007/s00018-021-04026-y
http://doi.org/10.1242/jcs.065912
http://doi.org/10.1038/s42003-021-02567-3
http://doi.org/10.1002/dvdy.22624
http://doi.org/10.3389/fncir.2017.00048

Brain Sci. 2022, 12, 1054 90f9

29. Mestre, T.A.; Beaulieu-Boire, I.; Aquino, C.C.; Phielipp, N.; Poon, Y.Y.; Lui, ].P; So, J.; Fox, S.H. What is a clinically important
change in the Unified Dyskinesia Rating Scale in Parkinson’s disease? Parkinsonism Relat. Disord. 2015, 21, 1349-1354. [CrossRef]

30. Li J.;Mei,S;Jia, X;; Zhang, Y. Evaluation of the Direct Effect of Bilateral Deep Brain Stimulation of the Subthalamic Nucleus on
Levodopa-Induced On-Dyskinesia in Parkinson’s Disease. Front. Neurol. 2021, 12, 595741. [CrossRef]

31. Goetz, C.G.; Nutt, ].G.; Stebbins, G.T. The Unified Dyskinesia Rating Scale: Presentation and clinimetric profile. Mov. Disord. Off.
J. Mov. Disord. Soc. 2008, 23, 2398-2403. [CrossRef] [PubMed]


http://doi.org/10.1016/j.parkreldis.2015.09.044
http://doi.org/10.3389/fneur.2021.595741
http://doi.org/10.1002/mds.22341
http://www.ncbi.nlm.nih.gov/pubmed/19025759

	Introduction 
	Methods 
	Participants 
	Surgical Procedure 
	Assessments 
	Statistical Analyses 

	Results 
	Characteristics of Patients 
	Outcome of UDysRS Scale 
	Outcome of the Med Off MDS-UPDRS-III 
	Outcome of the Levodopa Equivalent Daily Dose (LEDD) 
	A Grouping Approach for Dyskinesia Based on the UDysRS 

	Discussion 
	Conclusions 
	References

