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ABSTRACT 
Introduction:  Subthalamic nucleus deep brain  
stimulation (STN-DBS) is a proven treatment modality 
for Parkinson’s disease (PD), reducing dyskinesia and 
time spent in the “OFF” state. This study evaluates the 
long-term outcomes of STN-DBS in PD patients up to 
10 years post-surgery in Singapore.

Method:  We conducted a retrospective review of 
Movement Disorders Society-Unified Parkinson’s  
Disease Rating Scale (MDS-UPDRS) scores, activities of 
daily living (ADLs), disease milestones, dopaminergic 
drug prescriptions, and adverse events in patients  
before and after STN-DBS surgery. 

Results:  A total of 94 PD patients who underwent  
bilateral STN-DBS were included. STN-DBS reduced 
time in the “OFF” state by 36.9% at 1 year (P=0.034) 
and 40.9% at 5 years (P=0.006). Time with dyskinesia 
did not significantly change. Levodopa equivalent  
daily dose was reduced by 35.1% by 5 years (P<0.001). 
MDS-UPDRS-II and III scores increased from 5 years  
post-DBS by 40.5% and 35.4%, respectively.  
Independence in ADLs decreased, though not 
significantly. The prevalence of frequent falls increased 
at 5 years. Surgery- and device-related adverse events 
were uncommon and generally mild.

Conclusion:  STN-DBS provides sustained relief 
from motor complications and reduced medication 
requirements in PD patients in Singapore. This study 
highlights STN-DBS as an effective treatment option, 
significantly enhancing the quality of life for those  
with PD.
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CLINICAL IMPACT

What is New

•	 This is the first study examining both short-
term and long-term outcomes of deep brain 
stimulation (DBS) in Parkinson’s disease  
within Singapore.

•	 Subthalamic nucleus deep brain stimulation 
(STN-DBS) is shown to effectively reduce  
motor fluctuations and dyskinesia, even in an 
older cohort (mean age 60.6 years).

•	 The rate of adverse events related to STN-DBS 
in Singapore is low and comparable to  
global standards. 

Clinical Implications

•	 STN-DBS is a highly effective treatment 
in improving clinical outcomes in patients 
in Singapore with Parkinson’s disease, 
demonstrating a favourable risk profile.

resting tremor.1 Non-motor symptoms, including 
mood disturbances, cognitive impairment, 
autonomic dysfunction and sleep disorders, are also 
common. Disease progression often leads to motor 
fluctuations and dyskinesias, along with worsening 
non-motor features. Deep brain stimulation (DBS) 
is a well-recognised surgical treatment for PD, 
especially for patients who respond to levodopa 
but experience refractory motor complications 
or intolerable medication side effects.2 The 2  
primary DBS targets in PD are the subthalamic 
nucleus (STN) and the internal segment of the 
globus pallidus (GPi).3-5 Both targets are effective 
in improving motor symptoms,5 but STN-DBS 
is particularly noted for significantly reducing  
levodopa dosage,6 thus lowering drug burden and 
costs for patients.7,8 

INTRODUCTION
Parkinson’s disease (PD) is a chronic and progressive 
neurodegenerative disorder characterised by motor 
symptoms such as limb bradykinesia, rigidity and 
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In Singapore, STN-DBS is the most frequently 
utilised advanced surgical therapy for PD. STN-DBS 
has been shown to be more effective than medical 
therapy alone in alleviating motor complications,9 
with benefits potentially extending up to 10 years 
post-surgery.10 However, there is a lack of data on  
the outcomes of STN-DBS of PD patients in  
Singapore. Given the invasive nature of the  
procedure, high implant cost and the need for 
periodic replacement of implantable generators, 
further data is essential to help clinicians and  
patients evaluate the risks and benefits of STN-DBS. 
This retrospective study aims to assess the short-  
and long-term outcomes (up to 10 years) of  
STN-DBS at the largest tertiary neurological centre  
in Singapore, with the primary focus on the efficacy  
of STN-DBS in reducing motor complications 
associated with levodopa therapy. 

METHOD

Study population
This observational study utilises data from the 
National Neuroscience Institute’s Parkinson’s 
Disease and Movement Disorder (PDMD) database. 
Since 2002, the PDMD database has prospec-
tively collected sociodemographic and medical 
information of all patients diagnosed with PD  
based on the National Institute of Neurological 
Disorders and Stroke (NINDS) criteria at the 
National Neuroscience Institute in Singapore. 
We extracted and analysed data for patients who 
underwent STN-DBS between 2008 to 2022 from 
electronic health records. For our surgical protocol, 
all patients were awake during the procedure, and 
multi-electrode recording was routinely employed. 
Bilateral STN leads were implanted simultaneously, 
as it was observed that patients rarely agreed to 
a second procedure later. Accurate placement of 
electrodes was confirmed through intra-operative 
macrostimulation and post-operative T2-weighted 
MRI.11 Patients with electrodes implanted outside 
the subthalamic nucleus or those who underwent 
unilateral electrode implantation were excluded  
from the study. In our centre, rechargeable 
implantable pulse generators (IPGs) were only 
used in 4.6% of initial insertions, typically for 
younger patients. Older patients often preferred 
non-rechargeable models to avoid the hassle of 
regular battery charging, and earlier rechargeable 
IPG models offered only a marginal advantage in 
lifespan. For patients without written consent for  
data collection, only data up to March 2019 were 
used, in compliance with updated regulations 
requiring participant consent for inclusion in 
retrospective databases. The study was approved 

by the SingHealth Centralised Institutional Review 
Board (CIRB 2019/2039).

Data collection
Patient records, including Movement Disorders 
Society-Unified Parkinson’s Disease Rating Scale 
(MDS-UPDRS) sub-scores and total scores, PD clinic 
notes, operating theatre notes, drug prescriptions, 
and input from relevant specialities were reviewed 
for the study. The MDS-UPDRS, a revision of the 
original UPDRS, measures PD severity across 
4 domains: non-motor aspects of daily living, 
motor aspects of daily living, motor examination 
and motor complications. Each item within these 
domains is graded on a scale of 0 to 4, with 4 
being the most severe. Our centre switched from 
UPDRS to MDS-UPDRS in 2014, as the latter better 
captures non-motor symptoms and distinguishes 
between slight and mild manifestations of PD.12 The 
primary outcome was the difference in time spent 
in the “OFF” state (MDS-UPDRS item 4.3 or UPDRS 
item 39), and time spent with dyskinesia (MDS-
UPDRS item 4.1 or UPDRS item 32), measured at the  
1-year ± 6 months (1Y), 5-year ± 6 months (5Y), and 
10-year ± 6 months (10Y) periods post-operation, 
compared to the pre-operative baseline (POB). 
Secondary outcomes included the impact of DBS  
on MDS-UPDRS motor and non-motor scores, 
activities of daily living (ADLs), disease milestones 
(frequent falls, dementia and institutionalisation), 
changes in dopaminergic medication dosages, and 
adverse events associated with DBS. MDS-UPDRS 
Non-Motor Aspects of Experience of Daily Living 
(MDS-UPDRS-I), Motor Aspects of Experience 
of Daily Living (MDS-UPDRS-II), and Motor  
Examination (MDS-UPDRS-III) scores were  
evaluated at the same time points. All MDS-
UPDRS-III scores were assessed with patients 
in the “ON” state. For consistency, all UPDRS 
scores were converted to their corresponding 
MDS-UPDRS scores. Data on ADLs were obtained 
from PD clinic notes, covering feeding, dressing, 
washing, toileting, transferring and walking. Patients  
requiring assistance with 3 or more ADLs were 
classified ADL-dependent, following practice 
guidelines in Singapore.13 The percentage of ADL-
dependent patients was compared pre- and post-
operation. Significant disease milestones, such 
as frequent falls (as ≥2 falls within a 12-month 
period), dementia (identified by the prescription 
of cholinesterase inhibitors or memantine)14 and 
institutionalisation, were recorded from clinic  
notes.  Dopaminergic medication dosages were 
converted to levodopa equivalent daily doses 
(LEDD)15 and compared from a pre-operative 
baseline to the 1-year, 5-year and 10-year time 
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points. Adverse events (AEs), defined as any 
undesirable outcome associated with the surgery or 
post-surgical DBS, were categorised into surgery-
related, device-related and stimulation-related  
AEs. All AEs were recorded at intervals of 30 days,  
6 months, 1 year, 5 years and 10 years post- 
operation. Stimulation-related AEs are excluded at 
the 30-day time point as DBS programming only 
began 1 month post-operatively.

For all pre-operative data, the most recent data 
within 18 months before the operation date were  
used. For post-operative follow-ups, the data entry 
closest to each time point was used, up to within  
3 months.

Statistical analysis
For both primary and secondary outcomes, the 
Wilcoxon signed-rank test was used to compare 
follow-up with pre-operative data. All tests were 
two-tailed and done at the 0.05 level of significance. 
Continuous variables are presented as mean ± SD. 
Statistical analyses were performed using SPSS 
version 26 (IBM Corp, Armonk, US).

RESULTS
Between 2008 and 2022, our centre treated 2,490 
PD patients, comprising 1,420 males (57.0%) and 
1070 females (43.0%). The ethnic composition 
included 2038 Chinese (81.1%), 122 Malay (4.9%), 
140 Indian (5.6%) and 190 from other racial 
backgrounds (7.6%). This demographic distribution 
is reflected in our study population (Table 1). 
Of 2,490 PD patients, 118 underwent STN-
DBS. For this study, we included 94 patients with 
relevant primary or secondary outcome data. We  
excluded 23 patients due to lack of consent for 
data collection, and 1 patient due to missing 
data. The study cohort was primarily male (66%) 
and Chinese (76%), with a mean age at operation 
of 61 years, and a mean disease duration of 
152 months (Table 1). The number of STN-DBS  
surgeries increased steadily from 2011 to 2018, 
peaking between 2016 and 2019. However, the 
number of surgeries declined from 2020 onwards 
due to the COVID-19 pandemic (Fig. 1). During 
the follow-up period, there were 13 mortalities. 
Pneumonia was the most common cause (8 cases), 
followed by cardiac arrest (1 case) and pulmonary 
embolism (1 case). No deaths were directly 
associated with the DBS surgery or implants.  
The cause of death was unavailable in 3  
patients.

Primary outcomes
Out of the 94 patients included in the study, 79 had 
data relating to the primary outcomes. Compared 

to baseline (1.49 ± 0.87, n=77), time spent in the 
“OFF” state decreased significantly by 36.9%  
at 1 year (0.94 ± 1.00, n=52; P=0.034) and by  
40.9% at 5 years (0.88 ± 1.03, n=41; P=0.006). 
However, this reduction was not maintained at 
10 years (1.00 ± 1.28, n=12, P=0.44). Similarly, 
compared to baseline (0.73 ± 0.87, n=79), the  
time spent with dyskinesias decreased at 1 year 
(0.47 ± 0.70, n=51; P=0.10), 5 years (0.51 ± 0.84, 
n=41; P=0.15) and 10 years (0.25 ± 0.87, n=12, 
P=0.23), but these reductions were not statistically 
significant (Fig. 2).

Secondary outcomes

Effect of STN-DBS on MDS-UPDRS
Following STN-DBS, MDS-UPDRS-I, II and III scores 
showed a decrease at 1 year, but these changes 
were not statistically significant. However, MDS-
UPDRS-II and III scores significantly worsened at  
the 5-year and 10-year time points. Up to 5 years, 
there was no significant change in MDS-UPDRS-I 
scores. At the 10-year point, there were insufficient 
data to determine the effect of STN-DBS on MDS-
UPDRS-I scores (Table 2).

Effect of STN-DBS on ADLs
Independence in ADLs was compared among 
45 patients. There was no significant difference 
between ADL independence from baseline (84.4% 
[38/45]) to 6 months (90.9% [40/44], P=0.727),  
1 year (87.5% [35/40], P=1.000), and 5 years  
(63.2% [12/19], P=0.500) after STN-DBS.

Table 1. Breakdown of patient demographics.

Patient demographics (n=94)

Sex (M/F) 62/32

Ethnicity (Chinese/Malay/Indian/Others) 71/13/5/5

Age at diagnosis (years) 50.33 ± 7.75

Age at DBS operation (years) 60.62 ± 6.83

Disease duration as of DBS operation 
(months)

152.39 ± 62.27

Pre-op MDS-UPDRS-III score (OFF) 55.62 ± 24.42

Pre-op MDS-UPDRS-III score (ON) 25.80 ± 12.42

Levodopa responsiveness (% improvement) 51.3%

DBS: deep brain stimulation; MDS-UPDRS-III score: Movement 
Disorder Society-Unified Parkinson’s Disease Rating Scale Motor 
Examination score
Age, disease duration and MDS-UPDRS-III scores are reported 
as mean ± SD. Levodopa responsiveness is measured as the % 
decrease in MDS-UPDRS-III scores after the administration of 
dopaminergic medications. 
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Fig. 1. Overview of patient distribution.

Fig. 2. Effects of subthalamic nucleus deep brain stimulation (STN-DBS) on motor complications of dopaminergic medication.

POB: pre-operative baseline
Data are presented as means with error bars for standard deviation. Statistically significant (P<0.05) changes are shown with significance 
bars. The y-axis represents the Movement Disorders Society-Unified Parkinson’s Disease Rating Scale score as follows; 0: No dyskinesias/
time spent in the “OFF” state, 1: ≤5%  of waking day, 2: 26–50% of waking day, 3: 51–75% of waking day, 4: >75% of waking day.
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Effect of STN-DBS on PD milestones
Frequent falls were observed in 30.4% (17/56) 
of patients before surgery, decreasing non-
significantly to 19.7% (13/66, P=0.332) at 1 year, but 
significantly increasing to 60.3% (35/58, P=0.027) 
at 5 years. Dementia was present in 1.7% (1/58) of 
patients pre-surgery, rising non-significantly to 2.8%  
(2/71, P=1.000) at 1 year and 10.7% (6/56, P=0.500) 
at 5 years. No patients were institutionalised at the 
time of operation and at 1 year post-operation. 
However, 3 patients were institutionalised between 
1 and 5 years, and 1 patient between 5 and 10 years 
post-operation.

Effect of STN-DBS on drug therapy
Compared to the baseline (1315.40 ± 44.04, 
n=87), LEDD was significantly reduced by 41.4% 
at 1 year (771.09 ± 52.60 mg/day, n=80; P<0.001) 
and by 35.1% at 5 years (854.07 ± 72.65 mg/day, 
n=36; P<0.001). However, there was no significant 
reduction at the 10-year time point (852.20 ± 168.59 
mg/day, n=10; P=0.139) (Fig. 3).

Adverse events after STN-DBS
All reported adverse events (AE) are detailed 
in Table 3. Surgery-related AEs were observed 
only within the first 6 months post-operation. 

Device-related AEs, with infection being the most  
common (accounting for 50% of all device-related 
AEs), were observed at all time points but were 
most frequent between 30 days to 6 months and 
from 5 to 10 years post-operation. Infections led 

Table 2. Movement Disorders Society-Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) scores at each time point.

Time point n Mean SD P value % change

MDS-UPDRS-I POB 57 8.53 4.59

1Y 10 4.80 4.92 0.123 -43.7%

5Y 36 8.19 4.70 0.506 -4.0%

10Y 11 11.91 5.79 a a

MDS-UPDRS-II POB 69 15.99 8.91

1Y 15 8.90 4.47 0.051 -44.3%

5Y 37 22.47 11.97 0.016 +40.5%

10Y 11 23.36 11.62 0.028 +46.1%

MDS-UPDRS-III POB 92 25.87 12.17

1Y 75 22.96 14.43 0.155 -11.2%

5Y 43 35.03 17.94 <0.001 +35.4%

10Y 13 46.38 20.23 0.002 +79.3%

MDS-UPDRS-I: Movement Disorder Society-Unified Parkinson’s Disease Rating Scale Non-Motor Aspects of Experience of Daily Living; 
MDS-UPDRS-II: Movement Disorder Society-Unified Parkinson’s Disease Rating Scale Motor Aspects of Experience of Daily Living;  
MDS-UPDRS-III: Movement Disorder Society-Unified Parkinson’s Disease Rating Scale Motor Examination; POB: pre-operative baseline;  
SD: standard deviation
Statistically significant P values and % changes are in bold. All pre- and post-operative data shown were taken with patients in the  
“ON” state.
a Insufficient data for statistical analysis.

POB 1Y 5Y 10Y
0

500

1000

1500

STN-DBS Effects on Drug Therapy

LE
D

D

LEDD

p < 0.001

p < 0.001

LEDD: levodopa equivalent daily dose; POB: pre-operative 
baseline
Data are presented as means with error bars for standard 
deviation. Statistically significant (P<0.05) changes are shown 
with significance bars.

Fig. 3. Effects of subthalamic nucleus deep brain stimulation 
(STN-DBS) on drug therapy.
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to lead reimplantation in 4 patients. Additionally,  
2 patients with lead malfunctions chose not to 
have their leads reimplanted, and 1 patient with 
lead infection had the leads explanted without 
replacement.

DISCUSSION
To our knowledge, this is the first study of short- 
term and long-term DBS outcomes in PD in 
Singapore. Among 2490 PD patients, 118 (4.7%) 
underwent DBS, a lower percentage than in other 

Table 3. Adverse events associated with STN-DBS subthalamic nucleus deep brain stimulation (STN-DBS).

Adverse events Post-op – 
30 days

30 days – 
6 months

6 months 
– 1 year

1 year – 5 
years

5 years – 
10 years

Total

Surgery n 94 93 85 78 31

IVH 1 (1.1%) 0 0 0 0 1

Peri- or post-operative confusion 6 (6.4%) 1 (1.1%) 0 0 0 7

  SDH 1 (1.1%) 1 (1.1%) 0 0 0 2

  Seizure 2 (2.1%) 0 0 0 0 2

  Transient neurological deficit 1 (1.1%) 0 0 0 0 1

Total 11 2 0 0 0

Device n 94 93 85 78 31

Infection 1 (1.1%) 5 (5.3%) 0 2 (2.6%) 3 (9.7%) 11

  IPG battery failure 0 0 0 0 0 0

  Lead malfunction 1 (1.1%) 0 0 0 1 (3.2%) 2

  Lead reimplantation 1 (1.1%) 4 (4.3%) 0 1 (1.3%) 0 6

Skin erosion 0 0 2 (2.4%) 0 0 2

Total 3 9 3 4 4

Stimulation n 63 56 44 8

  Anxiety 1 (1.6%) 0 3 (6.8%) 0 4

  Depression 0 2 (3.6%) 3 (6.8%) 0 5

  Dysarthria 0 3 (5.4%) 6 (13.6%) 2 (25.0%) 11

  Dysphagia 3 (4.8%) 7 (12.5%) 11 (25.0%) 1 (12.5%) 22

  Freezing of gait 3 (4.8%) 0 2 (4.5%) 0 5

  Hallucinations/psychosis 0 0 8 (18.1%) 1 (12.5%) 9

  Hypersalivation 7 (11.1%) 5 (8.9%) 4 (9.1%) 0 16

  ICD 2 (3.2%) 4 (7.1%) 4 (9.1%) 1 (12.5%) 11

Incontinence 3 (4.8%) 1 (1.8%) 10 (22.7%) 0 14

Total 19 22 51 5

ICD: impulse control disorder; IPG: implantable pulse generator; IVH: intraventricular haemorrhage; SDH: subdural haemorrhage
Data are reported as number and percentage of patients affected by each complication. No data was collected for stimulation-related 
complications at the post-op to 30 days period as DBS programming was only performed 1 month after surgery.
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similar high-income countries.16 This discrepancy 
is likely multifactorial, including the high costs of 
surgery,17 patient concerns about complications,18 
and governmental restrictions on elective 
operations during the pandemic. The ethnic and 
gender distribution of patients who  underwent  
DBS was representative of our PD population, 
indicating equal access to care. In this retrospective 
study at a large referral centre, we found that 
STN-DBS significantly reduced time spent in the 
“OFF” state up to 5 years post-surgery, though 
this effect was not maintained at 10 years, likely 
due to disease progression.2 Compared to studies 
showing sustained reduction in motor fluctuations 
beyond 10 years,10,19 our cohort had poorer  
baseline MDS-UPDRS-III scores (in the “ON” state) 
and lower levodopa responsiveness. Additionally, 
our patients were significantly older at the time of 
DBS surgery, which likely contributed to their poorer 
motor function and levodopa responsiveness, 
despite similar disease durations.10,19 

There was no significant change in the time  
spent with dyskinesia. However, our patients’  
basel ine t ime spent with dyskinesia was  
significantly shorter than in other studies (0.73  
versus [vs] 1.73–2.83) 10,20-23, which may be partially 
due to a lower prevalence of dyskinesias in Asian 
populations.24 MDS-UPDRS-I, II and III scores  
remained stable in the short term, up to 1 year. 
MDS-UPDRS-II and III scores increased at 5 and 
10 years, likely due to the natural progression of 
the disease. The pattern of initial improvement  
followed by gradual worsening of UPDRS scores has 
been reported in other studies as well, including 
a seminal review by Limousin et al.2,20,22,23 Since all  
post-operative MDS-UPDRS scores were assessed  
with patients in the “ON” phase, significant 
improvement in motor symptoms beyond the  
effects of therapeutic drugs, even with stimulation,  
was not expected.23 In this study, STN-DBS did not 
result in a significant change in patients’ ability to 
perform activities of daily living, unlike previous  
studies that reported notable improvements in  
patient ADLs.9,25,26 This discrepancy may be due to 
differences in the definition of ADL independence 
used in our study compared to others. Additionally, 
cultural factors play a role; in our setting, we tend  
to select patients with good social support for  
STN-DBS, given the intensive post-operative care 
required. As a result, patients may continue to  
receive assistance with ADLs post-surgery, even 
if they do not need it. The poorer motor baseline  
and older age profile of our patients may also 
contribute to the lack of improvement in ADL 
independence. Utilising more quantitative ADL 

assessment scales, such as the Katz ADL scale27  
and the Lawton Instrumental ADL28 scale, could further 
clarify the effects of STN-DBS on patient ADLs.

In our study, STN-DBS did not significantly  
reduce the prevalence of frequent falls or prevent  
the long-term development of this disease  
milestone. This is likely due to the worsening of  
axial and motor symptoms, as indicated by the  
increase in MDS-UPDRS-III scores, a finding  
consistent with other studies.29,30 The prevalence 
of dementia in our patients after STN-DBS  
(2.8% at 1 year, 10.7% at 5 years) is comparable to  
that reported in another study (2.3% at 1 year, 10.9% 
at 5 years),31 despite our patients being older at  
the time of STN-DBS (60.6 vs 55.9 years). The 
same study also concluded that the prevalence 
and incidence are not higher than the general PD 
population, though this was not confirmed with a 
matched control group. Overall, our study did not 
show that STN-DBS delays late-stage milestones  
such as frequent falls and dementia. 

STN-DBS also reduced the LEDD for at least 
5 years, likely due to  improvements in motor  
function.32 By lowering drug dosage, STN-DBS 
can decrease medication costs for the patient7,8 
and alleviate the drug burden from polypharmacy, 
which may partially explain the improved quality  
of life observed with STN-DBS.10 However, based  
on our data, it remains unclear whether the  
reduction of LEDD also reduces the prevalence of 
certain hyperdopaminergic side effects, such as 
psychosis. 

Adverse events associated with STN-DBS are 
relatively uncommon, and our results indicate a 
risk profile comparable to existing literature.10,22,33,34 
No serious life-threatening complications were 
observed post-surgery. The most frequently 
observed device-related AE was infection, followed 
by lead reimplantation due to previous infection  
or unsatisfactory placement. A review of 6  
randomised control trials with follow-up of 6  
months to 2 years reported an infection rate of 4.49 
events per 100 patients after probe implantation,35 
similar to our findings. The highest number of 
stimulation-related AEs were reported from 1 and 
5 years post-surgery, likely due in part to disease 
progression and possibly influenced by other  
factors such as the development of unrelated 
comorbidities. It would be challenging to directly 
attribute stimulation-related AEs to STN-DBS  
because the progression of PD symptoms  
overlapped with some AEs associated with 
the treatment. All new stimulation-related AEs  
post-DBS surgery are thus only potentially related 
to STN-DBS and may be influenced by other 
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unconsidered factors. No suicide attempts were 
noted in our cohort.

The main limitation of this study is the high rate 
of loss to follow-up, particularly over the long term, 
which is typical of long-term retrospective studies. 
This issue is partly due to patient mortality, but 
also results from patients dropping out of the study 
and the lack of patient consent for data collection 
after the implementation of new regulations in 
March 2019. The small sample size may have led 
to some primary and secondary outcomes being  
statistically insignificant. Additionally, the study  
lacks a comparison with a matched control group 
receiving medical therapy, which would have  
helped to better delineate the effects of STN-DBS. 
Despite these limitations, our data strongly suggest 
that STN-DBS can sustain motor benefits over the 
long term while reducing the required dose of PD 
medications and associated side effects.

In conclusion, STN-DBS effectively reduces motor 
fluctuations and dyskinesia in PD patients over 
the long term, while also decreasing the need for 
dopaminergic medication. Although it does not  
halt disease progression, STN-DBS remains 
instrumental in improving outcomes with a  
favourable risk profile.
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