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Abstract
Background  Deep brain stimulation (DBS) is an established therapeutic option in advanced Parkinson’s disease (PD). Lit-
erature data and recent guidelines remain inconclusive about the best choice as a target between the subthalamic nucleus 
(STN) and the globus pallidus internus (GPi).
Materials and methods  We retrospectively reviewed the clinical efficacy outcomes of 48 DBS-implanted patients (33 STN-
DBS and 15 GPi-DBS) at a short- (<1 year from the surgery) and long-term (2–5 years) follow-up. Also, clinical safety 
outcomes, including postoperative surgical complications and severe side effects, were collected.
Results  We found no difference between STN-DBS and GPi-DBS in improving motor symptoms at short-term evalua-
tion. However, STN-DBS achieved a more prominent reduction in oral therapy (l-dopa equivalent daily dose, P = .02). By 
contrast, GPi-DBS was superior in ameliorating motor fluctuations and dyskinesia (MDS-UPDRS IV, P < .001) as well as 
motor experiences of daily living (MDS-UPDRS II, P = .03). The greater efficacy of GPi-DBS on motor fluctuations and 
experiences of daily living was also present at the long-term follow-up. We observed five serious adverse events, including 
two suicides, all among STN-DBS patients.
Conclusion  Both STN-DBS and GPi-DBS are effective in improving motor symptoms severity and complications, but GPi-
DBS has a greater impact on motor fluctuations and motor experiences of daily living. These results suggest that the two 
targets should be considered equivalent in motor efficacy, with GPi-DBS as a valuable option in patients with prominent 
motor complications. The occurrence of suicides in STN-treated patients claims further attention in target selection.
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Introduction

Deep brain stimulation (DBS) is an effective therapeutic 
option for advanced Parkinson’s disease (PD) [1, 2] but 
the choice between the two most commonly selected tar-
get nuclei, globus pallidus internus (GPi) and subthalamic 
nucleus (STN), is still debated [3, 4]. The recent EAN/
MDS-ES guidelines on invasive PD treatment conclude 
that both STN- and GPi-DBS are effective to treat symp-
toms of advanced PD with fluctuations, but dopaminer-
gic medications can be reduced more with STN-DBS [3]. 
However, the general perception in many specialized insti-
tutions, especially in Europe, is that GPi currently repre-
sents the target of choice in older patients, mainly because 
the literature suggests a lower incidence of neuropsychi-
atric complications compared to STN-DBS. Conversely, 
patients with a younger age at onset are often implanted 
in STN, because of its significant efficacy in lowering total 
l-dopa dose and thus reducing the occurrence of motor-
response fluctuations [4–6].

The presence of dyskinesia represents an important fea-
ture in the choice of the target. In fact, STN-DBS-induced 
dyskinesia have been described in several patients and are 
linked to the efficacy of stimulation, thus being similar 
to drug-induced dyskinesia. Although involuntary move-
ments are reversible when the stimulation is stopped, in 
some patients a paradoxical situation arises, called “brittle 
dyskinesia,” in which the choice of parameters is bounded 
to sub-optimal options to avoid the onset of the dyskinetic 
symptoms [7]. On the contrary, GPi-DBS is believed to 
have a better intrinsic anti-dyskinetic effect, probably due 
to specific physiological mechanisms of the targeted struc-
ture [8]. Another important factor in target selection is 
a proper pre-operatory neuropsychological assessment of 
the patient. STN-DBS has been associated with a higher 
incidence of cognitive adverse effects (particularly in the 
language domain) compared to GPi, which could make 
the latter option preferable in patients with pre-existing 
cognitive and/or psychiatric comorbidities or susceptibil-
ity [9]. Lastly, the effect of DBS on genetic PD is still 
debated, and it could become a future selection factor for 
surgery [10].

Recent European/Movement Disorders Group guide-
lines for advanced PD treatment suggested no difference 
between the effect of GPi stimulation and STN stimula-
tion, except for drug reduction [11].

Our study aims to evaluate the clinical efficacy of DBS 
and compare the outcome between patients treated with 
GPi-DBS and STN-DBS, both in the short term (within 
1 year from implantation) and, for a subset of patients, 
also in the long term (between 2 and 5 years). We paid 
particular attention to motor symptoms (measured by 

MDS-UPDRS III) and l-dopa-related complications 
(measured by MDS-UPDRS IV). Concerning clinical 
safety outcomes, we considered the rate of postoperative 
surgical complications (such as infections, brain lesions, 
ischemic strokes, or hemorrhages) and severe side effects 
related to stimulation including suicide or onset of psy-
chiatric disorders.

Materials and methods

DBS cohort at baseline

In our study, we included 48 patients, who underwent DBS 
from 2016 to 2021, from two specialized advanced Parkin-
son referral centers in the Veneto region (University Hospital 
of Padova and Hospital of Vicenza). For each participant, 
the following demographic and clinical data were collected 
at baseline: gender, age at PD diagnosis, age and disease 
duration at the time of surgery, motor and disability rating 
scales assessed by the Movement disorders society-spon-
sored revision of the unified Parkinson’s disease rating scale 
(MDS-UPDRS) (both ON-medication ad OFF-medication), 
stage of functional disability assessed by Hoehn–Yahr scale, 
and daily dopaminergic drug dose (calculated with l-dopa 
equivalent daily dose-LEDD) [12, 13]. The two centers, as 
indicated in the CAPSIT protocol [2], performed a complete 
neuropsychological assessment evaluating executive func-
tions, memory, language, and functional disability (using 
activities daily living-ADL) to exclude the presence of 
dementia [14, 15]. Patients with early onset (<45 years of 
old) and/or family history of dementia or Parkinson’s disease 
were proposed to undergo genetic testing with a next genera-
tion sequencing (NGS) panel including the following genes: 
CHCHD2, DNAJC6, FBXO7, GBA, LRRK2, PARK2, 
PARK7, PINK1, SNCA e SYNJ1, ATP13a2, VPS13, NPC2. 
Twenty-eight patients out of 48 underwent the test.

Surgery and programming

All the patients underwent neurosurgery for DBS either 
at the University Hospital of Padova or at the Hospital of 
Vicenza. On the first day after surgery, every patient under-
went clinical evaluation for quantification of stun-effect and 
oral therapy adjustment: in STN-DBS patients a generally 
more significant stun-effect was detected, which led to an 
empirical average reduction of oral therapy of approxi-
mately 30% LEDD, while for GPi-DBS patients the oral 
dopaminergic therapy remained relatively unchanged in 
the immediate post-surgical phase. After 2–3 weeks from 
surgery, all the patients underwent monopolar review for 
optimal contact selection, based on clinical response and 
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absence of stimulation-induced adverse effects. No major 
differences between the two targets were found during initial 
programming at the time of onset and general efficacy on 
motor symptoms.

Follow up for efficacy and safety measures

We divided the follow-up period into two different assess-
ments: a short-term evaluation (within 1 year from surgery) 
and, for a subset of patients (11 with STN-DNS and 10 with 
GPi-DBS), a long-term evaluation (2 to 5 years after sur-
gery). For each subject, we collected the following efficacy 
measures: (1) changes in MDS-UPDRS subtotal scores 
(part I, non-motor aspects of experiences of daily living; 
part II, motor aspects of experiences of daily living; part III, 
clinical motor examination; part IV, historical and objective 
motor complication); (2) changes in functional disability (as 
measured by the Hoehn–Yahr scale); (3) changes in LEDD. 
Absolute variations from baseline to follow-up at each time 
point were calculated. Regarding side effects, we considered 
the frequencies of (1) postoperative surgical complications 
such as infections, brain lesions, ischemic strokes, or hemor-
rhages; (2) the onset of severe side effects due to stimulation, 
such as suicides or other psychiatric disorders (e.g., delu-
sions, onset of impulse control disorder). We did not collect 
mild side effects related to the stimulation (such as transient 
sensory problems or speech disorders).

Statistical methods

Baseline demographic characteristics were compared 
between the two groups (GPi-DBS vs. STN-DBS) using 

the Mann-Whitney U Test and Fisher Exact Test, whenever 
appropriate. Short-term vs. baseline and long-term vs. base-
line clinical efficacy measures were analyzed using the Wil-
coxon Test. To search for statistically significant differences 
in the magnitude of absolute variations, we calculated the 
difference between the value at follow-up and baseline for 
each endpoint item in each patient. Then, we compared the 
distributions of absolute variations between the two popu-
lations at each time point using the Mann-Whitney U Test. 
A two-tailed level of P ≤ .05 was considered significant in 
the statistical analysis. The results were summarized using 
descriptive statistics. Quantitative data were expressed as 
median (inter quartile range, IQR).

Results

Baseline evaluation

Our population included 48 patients (28 males and 20 
females), 33 treated with STN-DBS, and 15 with GPi-DBS. 
All patients were referred to DBS surgery for long-term 
l-dopa therapy complications (motor fluctuations and dys-
kinesia), according to CAPSIT protocol [2]. In particular, 
patients were given an indication for GPi-DBS if they pre-
sented with a higher degree of severity for dyskinesia. The 
baseline characteristics of the two groups were for the most 
part similar, as reported in Table 1. Significant differences at 
baseline were found for MDS-UPDRS II (STN-DBS median 
value: 8, IQR: 5 vs. GPi-DBS median value 12, IQR: 5.5) 
and MDS-UPDRS IV scores (STN-DBS median value: 
11, IQR: 8 vs. GPi-DBS median value 15, IQR: 10). This 

Table 1   Differences between 
STN and GPi groups at baseline 
evaluation

Significant differences at P < .05 are reported in bold

STN-DBS 
(N = 33)
Median (IQR)

GPI-DBS 
(N = 15)
Median (IQR)

P value

Sex (M%) 72.7% 26.6% P < .05
Age of onset (years) 47 (12.5) 48 (9.5) P = .30
Years of disease at surgery (years) 12 (5) 9 (3.5) P = .11
Age at surgery (years) 58 (14) 61 (11.5) P = .60
Surgery ≤ 10 yrs from onset (%) 42% 73.3% P = .06
MDS-UPDRS I 8 (5) 12 (5.5) P = .06
MDS-UPDRS II 11 (8) 15 (10) P = .04
MDS-UPDRS III ON-MED 18 (12) 17 (19.5) P = .79
MDS-UPDRS III OFF-MED 34 (16) 38 (19) P = .83
MDS-UPDRS IV 8 (4) 14 (5) P = .001
H-Y Scale 3 (1) 3 (1) P = .86
LEDD 1000 (550.5) 1000 (247.125) P = .57
ADL 6 (1) 6 (1) P = .76
MMSE (corrected score) 26.2 (1.8) 26.2 (2.55) P = .99
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difference probably reflected the aforementioned pre-oper-
ative selection criteria in the two groups. Also, there was a 
higher proportion of female patients in the GPi-DBS than 
the STN-DBS group (P < 0.05), probably due to a higher 
prevalence of dyskinesia in the former population [16].

Twenty-eight (2 patients with GPi-DBS and 26 STN-
DBS) out of 48 patients underwent genetic testing with an 
NGS panel. These patients had young onset PD (≤45 years) 
or positive family history of PD or dementia. Eleven patients 
(39.2%) had at least one variant in known PD-associated 
genes (Table 2), and 8 of them had a definite diagnosis. 
Pathogenic heterozygous GBA mutations were found in 4 
patients, and one subject had a pathogenic LRRK2 mutation; 
as for recessive genes, one patient had a homozygous muta-
tion of Park2 and two had single variants of the same gene 

(possible risk factor). One patient had already been tested 
and reported by another center using whole exome sequenc-
ing resulting in mutations in PINK1 [18]. A single variant of 
uncertain significance was found in the NPC2 gene.

Short‑term efficacy evaluation

Forty-eight patients were evaluated at short term, including 
33 patients who underwent STN-DBS and 15 who under-
went GPi-DBS. Median (IQR) scores at clinical assessment 
in the whole cohort are summarized in Table 3. Patients who 
underwent STN-DBS experienced a significant improvement 
in motor symptoms severity (MDS-UPDRS III ON: median 
18, IQR 12 vs. median 12, IQR 12, P = .009; MDS-UPDRS 
III OFF: median 34, IQR 16 vs. median 21, IQR 16.5, P = 

Table 2   Patients with variants in PD-associated genes. Demographic 
characteristics, age at onset, disease duration, DBS target, involved 
gene, mutation, and its effect according to new American College of 

Medical Genetics (ACMG) classification [17] are shown. VUS: vari-
ant of unknown significance

N° patient, sex Age at onset Disease 
dura-
tion

Gene Type of mutation Effect ACMG classification DBS target

1, M 37 18 GBA c.1226A>G p.Asn409Ser 
(N370S variant)

Missense Pathogenic STN

2, M 26 15 GBA c.115+1G>A Splicing Pathogenic STN
3, M 47 11 NPC2 c.58G>T p.(Glu20*) Truncating VUS STN
4, M 43 15 Park2 c.1204C>T p.Arg402Cys Missense Risk factor GPi
5, M 19 29 Park2 c.535_618del p.(Gly179_

Ala206del)
Deletion Pathogenic STN

6, M 44 13 GBA c.413delC 
p.(Pro138Leufs*62)

Truncating Pathogenic STN

7, F 39 22 PINK1 g.15445_15467del23 Deletion Pathogenic STN
8, F 43 9 GBA +SNCA GBA (p.Asn409Ser N370S); 

SNCA (p.Ala17Asp)
Missense GBA pathogenic, SNCA 

VUS
GPi

9, M 47 8 LRRK2 c.5606T>C p.(Met1869Thr) missense Pathogenic STN
10, M 47 9 GBA c.1226A>G p.(Asn409Ser). 

N370S variant
Missense Pathogenic STN

11, M 39 7 Park2 c.823C>T p.Arg275Trp Missense Risk factor STN

Table 3   For each target, the table reports median value for each endpoint item at baseline and short-term evaluation

Significant differences at P < .05 are reported in bold

STN GPi

Pre DBS
Median (IQR)

Short term
Median (IQR)

P value Pre DBS
Median (IQR)

Short term
Median (IQR)

P value

MDS-UPDRS I 8 (5) 7 (5) P = .18 12 (5.5) 9 (10) P = .47
MDS-UPDRS II 11 (8) 10 (5) P = .15 15 (10) 10 (8.5) P < .01
MDS-UPDRS III ON 18 (12) 16 (12) P < .01 17 (19.5) 12 (14) P = .07
MDS-UPDRS III OFF 34 (16) 21 (16.5) P < .001 39 (20.5) 25.5 (14.75) P < .01
MDS-UPDRS IV 8 (4) 6 (5) P < .001 14 (5) 4 (2.5) P < .001
H-Y scale 3 (1) 2 (1) P = .39 3 (1) 2 (0.25) P = .03
LEDD 1000 (550.5) 656 (629) P = .0001 1000 (247.125) 919 (328.125) P < .01
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.0003), in motor complications (MDS-UPDRS IV: median 8, 
IQR 4 vs. median 6, IQR 5, P = .0008), and a marked reduc-
tion in total LEDD (median 1000, IQR 550.5 vs. median 
656, IQR 629, P = .0001). There was no statistically signifi-
cant difference in MDS-UPDRS I, MDS-UPDRS II score, 
or H-Y stage from baseline.

Patients who underwent GPi-DBS showed a significant 
improvement in motor experiences of daily living (MDS-
UPDRS II: median 15, IQR 10 to median 10, IQR 8.5, P 
= .005) and motor symptoms severity, particularly when 
tested OFF state (MDS-UPDRS III, OFF: median 39, IQR 
20.5 to median 25.5, IQR 14.75, P = .0003; MDS-UPDRS 
III, ON: median 17, IQR 19.5 to median 12, IQR 14, P = 
0.07). These patients also showed a significant ameliora-
tion in motor complications (MDS-UPDRS IV: median 14, 
IQR 5 to median 4, IQR 2.5, P = .0007) and reduction in 
total LEDD (median 1000, IQR 247.125 to median 919, IQR 
328.125, P = .005). Lastly, GPi-DBS reduced H-Y at the 
short-term evaluation (median 3, IQR 1 to median 2, IQR 
0.25, P = .03), while no difference was found in the MDS-
UPDRS I score.

Long‑term efficacy evaluation

The long-term evaluation was performed in a subset of 11 
patients with STN-DBS and 10 with GPi-DBS. The median 
(IQR) scores at the clinical assessment in the whole cohort 
are summarized in Table 4.

In the cohort of patients who underwent STN-DBS, clini-
cal changes in the long-term matched those observed in the 
short-term evaluation. In particular, we found a significant 
improvement in motor symptoms severity (MDS-UPDRS III 
ON: median 22, IQR 19 to median 12, IQR 12.5, P = .04; 
MDS-UPDRS III OFF: median 35.5, IQR 7.75 to median 
17.5, IQR 10.5, P < .05) and motor complications score 
(MDS-UPDRS IV: median 10, IQR 4 to median 6, IQR 7, 
P = .02), and a significant reduction in LEDD (median 875, 
IQR 262 to median 652.5, IQR 306.25, P = .0001). Again, 

there was no statistically significant difference in MDS-
UPDRS I, MDS-UPDRS II, or H-Y score from baseline.

In the cohort of GPi-DBS patients, we found a significant 
improvement in the non-motor experiences of daily living 
compared to baseline (MDS-UPDRS I: median 11.5, IQR 
5.75 vs. median 9, IQR 6.5, P = .04), which was not present 
at the short-term evaluation. In addition, at the long-term 
evaluation, patients showed amelioration in motor experi-
ences of daily living (MDS-UPDRS II: median 17, IQR 
9.5 vs. median 10.5, IQR 6.75, P = .02), motor symptoms 
severity OFF state (MDS-UPDRS III, OFF: median 39, IQR 
19.5 vs. 20.5, IQR 16.25, P = 0.05) and motor complica-
tions scores (MDS-UPDRS IV: median 14.5, IQR 1.75 vs. 
median 5.5, IQR 3.5, P = .005). No difference from baseline 
was found in the MDS-UPDRS III (ON state), LEDD and 
H-Y scores.

Comparison between STN‑DBS and GPi‑DBS clinical 
outcomes at short and long term

The comparison of changes in clinical outcomes from base-
line to both short-term and long-term time points between 
the two targets is shown in Table 5.

At short-term follow-up, we found no difference in the 
magnitude of improvement in motor symptoms severity 
(MDS-UPDRS III ON state: P = .93; MDS-UPDRS III 
OFF state: P = .83), non-motor experiences of daily living 
(MDS-UPDRS I: P = .93), and Hoehn–Yahr scale (P = .11) 
between the two targets. However, GPi-DBS was superior to 
STN-DBS in ameliorating motor experiences of daily living, 
motor fluctuations and dyskinesia, as reflected by the greater 
decrease in MDS-UPDRS II (STN-DBS median variation 
−1, IQR 5 vs. GPi-DBS median variation −7, IQR 7, P = 
.03) and MDS-UPDRS IV scores (STN-DBS median varia-
tion −4, IQR 6 vs. GPi-DBS median variation −9, IQR 3, P 
< .001). On the other hand, STN-DBS was associated with 
a greater reduction of LEDD (STN-DBS median variation 

Table 4   For each target, the table reports median value for each endpoint item at baseline and long-term evaluation

Significant differences at P < .05 are reported in bold

STN GPi

Pre DBS
Median (IQR)

Long term
Median (IQR)

P value Pre DBS
Median (IQR)

Long term
Median (IQR)

P value

MDS-UPDRS I 10 (5) 13 (4) P = .13 11.5 (5.75) 9 (6.5) P = .04
MDS-UPDRS II 17 (10) 15 (8) P = .86 17 (9.5) 10.5 (6.75) P = .02
MDS-UPDRS III ON 22 (19) 12 (12.5) P = .04 13 (14.75) 11.5 (11.25) P = .70
MDS-UPDRS III OFF 35.5 (7.75) 17.5 (10.5) P = .03 39 (19.5) 20.5 (16.25) P = .05
MDS-UPDRS IV 10 (4) 6 (7) P = .02 14.5 (1.75) 5.5 (3.5) P = .005
H-Y Scale 3 (0.5) 2 (1) 2.5 (1) 2 (1.5) P = .11
LEDD 875 (262) 652.5 (306.25) P = .04 1000 (295.3) 936.5 (365.25) P = .55
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−300, IQR 400 vs. GPi-DBS median variation −50, IQR 
311, P = .02).

At the long-term follow-up, we found comparable changes 
in motor symptoms severity (MDS-UPDRS III ON state: P 
= .23; MDS-UPDRS III OFF state: P = .34), Hoehn–Yahr 
scale (P = .43) and LEDD (P = .24) between GPi-DBS and 
STN-DBS. Interestingly, GPi-DBS outperformed STN-DBS 
in improving motor and non-motor experiences of daily liv-
ing (MDS-UPDRS I: STN-DBS median variation +4, IQR 
8 vs. GPi-DBS median variation −4, IQR 7, P = .02; MDS-
UPDRS II: STN-DBS median variation +3, IQR 13 vs. 
GPi-DBS median variation −9, IQR 7.75, P = .02) and in 
attenuating motor complications (MDS-UPDRS IV: STN-
DBS median variation −4, IQR 5.5 vs. GPi-DBS median 
variation −9.5, IQR 3.5, P = .01).

Safety evaluation

In the whole sample of 48 patients, we recorded 5 serious 
adverse events (10.4%), all occurring in PD patients with 
STN-DBS. Particularly, 2 patients experienced implant 
infections during the first year after surgery leading to the 
explant of devices, and 1 patient had an ischemic stroke 
during the implant procedure. Also, 2 patients committed 
suicide during the first year after surgery (one of them had 
a classic N370S mutation in the GBA gene, and the other 
had a single variant of uncertain significance in the NPC2 
gene). In contrast, no adverse events occurred in patients 
who underwent GPi-DBS.

Discussion and conclusions

In this retrospective study, we aimed at evaluating the 
efficacy and safety of DBS in our multicenter cohort of 
advanced PD patients and comparing short- and long-term 
clinical outcomes between patients treated with GPi-DBS 

and STN-DBS. We found that STN-DBS improved motor 
symptoms and complications and decreased LEDD in both 
the short and long term after surgery. GPi-DBS ameliorated 
motor dysfunctions, particularly in the OFF condition, and 
had a positive impact on motor complications and motor 
experiences of daily living. When comparing the two tar-
gets, we found no difference in motor symptom improve-
ment. However, GPi-DBS was more effective in reducing 
motor complications and motor experiences of daily living 
at both time points than STN-DBS, which instead produced 
a greater decrease in LEDD.

The first result of our study concerns the clinical out-
comes of DBS at the short-term follow-up. From a motor 
standpoint, both STN-DBS and GPi-DBS patients experi-
enced a significant improvement in the MDS-UPDRS III 
score. Importantly, the direct comparison of the absolute 
changes from baseline to the short-term follow-up in motor 
severity outcomes did not show any difference between the 
two targets. The lack of significant differences was con-
firmed when evaluating patients both ON and OFF dopa-
minergic therapy. This result is not surprising, as fully in 
line with previous studies which demonstrated a substan-
tial equivalence between the two targets in the treatment 
of motor symptoms [3, 5, 6]. Again, in keeping with the 
available literature, we also found a reduction in LEDD 
after both STN-DBS and GPi-DBS, which was significantly 
greater in the STN-DBS cohort [3, 5, 6]. Regarding motor 
fluctuations and dopaminergic therapy complications, we 
confirmed previous evidence that both STN-DBS and GPi-
DBS improve the MDS-UPDRS IV score [3, 5, 6]. However, 
in our study, the improvement was more prominent in the 
GPi-STN group. Taking into account the different effects of 
STN-DBS and GPi-DBS on LEDD reduction, the variation 
in the MDS-UPDRS IV score can be attributed to separate 
phenomena in the two groups: in the case of STN-DBS, 
the improvement in motor complications can be attributed 
to the dopaminergic therapy decrease, while for GPi-DBS 

Table 5   For each target, the table reports the median absolute variation (value at follow-up − value at baseline) for each endpoint item between 
baseline and both short-term and long-term evaluation

Significant differences at P < .05 are reported in bold

Short term changes Long term changes

STN-DBS
Median (IQR)

GPi-DBS
Median (IQR)

P value STN-DBS
Median (IQR)

GPi-DBS Median (IQR) P value

MDS-UPDRS I −2 (6) −1 (7.5) P = .93 +4 (8) −4 (7) P = .02
MDS-UPDRS II −1 (5) −7 (7) P = .03 +3 (13) −9 (7.75) P = .02
MDS-UPDRS III ON −4 (12) −5 (7) P = .93 −5 (11) −1 (11.75) P = .23
MDS-UPDRS III OFF −17 (13.75) −16 (16.75) P =.83 −17 (15.75) −18 (18.5) P = .34
MDS-UPDRS IV −4 (6) −9 (3) P < .001 −4 (5.5) −9.5 (3.5) P = .01
H-Y scale 0 (0) 0 (1) P = .11 0 (1.5) 0 (0.75) P = .43
LEDD −300 (400) −50 (311) P = .02 −250 (381.2) −25.37 (326.12) P = .24
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an intrinsic anti-dyskinetic effect of the stimulation can 
be hypothesized [19]. Although testing non-motor symp-
toms and quality of life was not among the study’s primary 
objectives, we detected a significant reduction in the MDS-
UPDRS II scores only after GPi-DBS, suggesting a possible 
superiority of this target over STN on motor experiences of 
daily living.

Concerning the subgroup of patients with long-term 
follow-up data, similar to the short-term evaluation, 
motor symptoms severity improved after both STN-DBS 
(MDS-UPDRS III OFF and ON state) and GPi-DBS 
(MDS-UPDRS III OFF state), with no difference between 
the two interventions at the direct comparison analysis. In 
contrast, only STN-DBS patients experienced a signifi-
cant long-term decrease in dopaminergic therapy, con-
firming previous studies [3, 5, 6]. Both targets achieved 
long-term beneficial effects on motor complications 
(MDS-UPDRS IV), but the amount of effect was signifi-
cantly larger in GPi-DBS patients. This finding confirms 
the well-known greater effectiveness of GPi-DBS in treat-
ing l-dopa-induced dyskinesia and provides a specific 
indication for choosing this target in highly dyskinetic 
patients [20, 21]. Finally, concerning non-motor symp-
toms and quality of life, we observed a significant long-
term improvement only in GPi-DBS patients. Overall, the 
aforementioned long-term data suggest a substantial non-
inferiority of GPi-DBS in the treatment of motor symp-
toms and its superiority over STN-DBS in ameliorating 
motor fluctuations and dyskinesia and the experiences 
of daily living. We speculate that the latter two benefi-
cial effects of GPi-DBS may be related, i.e., significant 
improvements in motor fluctuations and complications 
may have a positive impact on motor experiences of daily 
living in patients.

Genetic testing performed on our cohort showed a high 
percentage of patients with causative or risk-increasing 
mutations for PD, which appear to be higher than in pre-
vious studies [10, 22]. This finding could depend on a 
selection bias, whereby patients with early onset PD are 
generally well suited to surgery but also have a higher 
probability of carrying a mutation. However, it could also 
be due to our center’s frequent use of genetic testing for 
PD patients. In our study, genetic profiling was not used 
to drive target selection. Unfortunately, the results of 
genetic testing were available only in a small proportion 
of patients at the time of surgery. Our data are also insuf-
ficient to perform an adequate stratification of patients’ 
outcomes in relation to their genetic status. Genetic char-
acterization of patients enrolled for DBS will become 
very important in the future, especially in the light of 
recent evidence on prognostic implications for patients 
with genetically determined PD undergoing STN-DBS, 
like GBA-mutated patients [23].

Regarding serious adverse events (SAEs), all were 
recorded in STN-DBS patients. Although we cannot exclude 
that the absence of SAEs in GPi-DBS patients was due to 
the smaller sample size, the fact that these were restricted 
to patients who underwent STN-DBS requires a separate 
comment. According to the CAPSIT protocol [2], severely 
depressed and psychiatric patients were excluded from the 
screening as possible DBS candidates. Despite this, two 
patients with STN-DBS committed suicide during the first 
year of follow-up. Examining the similarities and differ-
ences between these two patients, both had a good motor 
response to DBS treatment; one with N370S GBA mutation 
had 18 years of disease and died 10 months after the implant, 
while the second one had 11 years of disease and died 3 
months after surgery. Suicide attempts and suicides have 
been reported in DBS patients, but the rate was reported not 
to differ from those on the best medical treatment (BMT) 
[24, 25]. A recent literature review highlights a higher risk 
of suicide associated with STN-DBS compared to GPi-DBS 
and tries to identify the responsible mechanism, citing neu-
roanatomical circuit dysfunctions and aberrant immunologi-
cal activation as possible causes [26]. Other studies have 
highlighted the role of STN-DBS in the onset of impulsiv-
ity and compulsivity [27]. Regarding other adverse events, 
device infections are reported in 3.5% of total DBS patients, 
consistent with the data reported in the literature [28, 29].

Our study has some relevant limitations to mention. First, 
the sample size was small, especially the GPi-DBS cohort 
and the subgroup of patients followed up in the long term. 
This aspect makes it difficult to generalize our results to 
other groups of patients. Another limitation relates to the 
retrospective nature of the study. Finally, data collection 
and analysis focused on the motor aspects of the disease 
and DBS complications. Specific evaluations on non-motor 
aspects of the disease are missing.

In conclusion, our findings suggest that STN-DBS and 
GPi-DBS are equivalent in terms of effectiveness on motor 
symptoms, but the latter target appears superior in improv-
ing motor fluctuations and complications and, more gen-
erally, patients’ quality of life. Notably, although obtained 
in a small sample, these results were also observed in the 
long-term follow-up. Considering the long duration of DBS 
implants [30, 31], these data suggest that GPi-DBS could be 
an equally valid option to STN-DBS to treat advanced PD.

Author contribution  MM: conception, organization, execution, writ-
ing of final draft

DC: conception, organization, execution, writing of final draft
MP: conception, review and critique
GB: organization review and critique
LW: conception, organization, writing of final draft.
VC: organization, execution
RB: conception, writing of final draft, review and critique
FF: review and critique



184	 Neurological Sciences (2024) 45:177–185

1 3

MP: execution
AL: conception
AG: conception, organization
AA: conception, execution, organization, writing of final draft

Funding  Open access funding provided by Università degli Studi di 
Padova within the CRUI-CARE Agreement.

Data availability  Data are available on request to corresponding author.

Declarations 

Ethical approval  This study was conducted as part of the Horizon2020 
study AICCELERATE, which was approved by the Padova Ethical 
Committee.

Informed consent  Informed consent was obtained from all patients.

Conflict of interest  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Antonini A, Moro E, Godeiro C, Reichmann H (2018) Medi-
cal and surgical management of advanced Parkinson’s dis-
ease. Mov Disord 33:900–908. https://​doi.​org/​10.​1002/​mds.​
27340

	 2.	 Defer G-L, Widner H, Marié R-M et al (1999) Core assessment 
program for surgical interventional therapies in Parkinson’s 
disease (CAPSIT-PD). Mov Disord 14:572–584. https://​doi.​
org/​10.​1002/​1531-​8257(199907)​14:​4<​572::​AID-​MDS10​05>3.​
0.​CO;2-C

	 3.	 Follett KA, Weaver FM, Stern M et al (2010) Pallidal versus 
subthalamic deep-brain stimulation for Parkinson’s disease. N 
Engl J Med 362:2077–2091. https://​doi.​org/​10.​1056/​NEJMo​
a0907​083

	 4.	 Odekerken VJJ, van Laar T, Staal MJ et al (2013) Subthalamic 
nucleus versus globus pallidus bilateral deep brain stimulation 
for advanced Parkinson’s disease (NSTAPS study): a randomised 
controlled trial. Lancet Neurol 12:37–44. https://​doi.​org/​10.​1016/​
S1474-​4422(12)​70264-8

	 5.	 Zhang J, Li J, Chen F et al (2021) STN versus GPi deep brain 
stimulation for dyskinesia improvement in advanced Parkinson’s 
disease: a meta-analysis of randomized controlled trials. Clin 
Neurol Neurosurg 201:106450. https://​doi.​org/​10.​1016/j.​cline​
uro.​2020.​106450

	 6.	 Xu H, Zheng F, Krischek B et al (2017) Subthalamic nucleus and 
globus pallidus internus stimulation for the treatment of Parkin-
son’s disease: a systematic review. J Int Med Res 45:1602–1612. 
https://​doi.​org/​10.​1177/​03000​60517​708102

	 7.	 Sriram A, Foote KD, Oyama G et al (2014) Brittle dyski-
nesia following STN but not GPi deep brain stimulation. 
Tremor Hyperkinetic Mov 4:242. https://​doi.​org/​10.​7916/​
D8KS6​PPR

	 8.	 Honey CR, Hamani C, Kalia SK et  al (2017) Deep brain 
stimulation target selection for Parkinson’s disease. Can J 
Neurol Sci J Can Sci Neurol 44:3–8. https://​doi.​org/​10.​1017/​
cjn.​2016.​22

	 9.	 Hartmann CJ, Fliegen S, Groiss SJ et al (2019) An update on best 
practice of deep brain stimulation in Parkinson’s disease. Ther 
Adv Neurol Disord 12:1756286419838096. https://​doi.​org/​10.​
1177/​17562​86419​838096

	10.	 Ligaard J, Sannæs J, Pihlstrøm L (2019) Deep brain stimula-
tion and genetic variability in Parkinson’s disease: a review 
of the literature. NPJ Park Dis 5:18. https://​doi.​org/​10.​1038/​
s41531-​019-​0091-7

	11.	 Deuschl G, Antonini A, Costa J et al (2022) European Academy of 
Neurology/Movement Disorder Society-European Section Guide-
line on the Treatment of Parkinson’s Disease: I. Invasive Thera-
pies. Mov Disord Off J Mov Disord Soc 37:1360–1374. https://​
doi.​org/​10.​1002/​mds.​29066

	12.	 Jost ST, Kaldenbach MA, Antonini A et al (2023) Levodopa dose 
equivalency in Parkinson’s disease: updated systematic review 
and proposals. Mov Disord 38:1236–1252. https://​doi.​org/​10.​
1002/​mds.​29410

	13.	 Schade S, Mollenhauer B, Trenkwalder C (2020) Levodopa 
equivalent dose conversion factors: an updated proposal includ-
ing opicapone and safinamide. Mov Disord Clin Pract 7:343–
345. https://​doi.​org/​10.​1002/​mdc3.​12921

	14.	 Boel JA, de Bie RMA, Schmand BA et al (2022) Level I PD-
MCI using global cognitive tests and the risk for Parkinson’s 
disease dementia. Mov Disord Clin Pract 9:479–483. https://​
doi.​org/​10.​1002/​mdc3.​13451

	15.	 Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental 
state”. A practical method for grading the cognitive state of 
patients for the clinician. J Psychiatr Res 12:189–198. https://​
doi.​org/​10.​1016/​0022-​3956(75)​90026-6

	16.	 Golfrè Andreasi N, Romito LM, Telese R et al (2022) Short- and 
long-term motor outcome of STN-DBS in Parkinson’s disease: 
focus on sex differences. Neurol Sci Off J Ital Neurol Soc Ital 
Soc Clin Neurophysiol 43:1769–1781. https://​doi.​org/​10.​1007/​
s10072-​021-​05564-w

	17.	 Masson E, Zou W-B, Génin E et  al (2022) Expanding 
ACMG variant classification guidelines into a general 
framework. Hum Genomics 16:31. https://​doi.​org/​10.​1186/​
s40246-​022-​00407-x

	18.	 Marongiu R, Brancati F, Antonini A et al (2007) Whole gene 
deletion and splicing mutations expand the PINK1 genotypic 
spectrum. Hum Mutat 28:98–98. https://​doi.​org/​10.​1002/​
humu.​9472

	19.	 Sankar T, Lozano AM (2011) Surgical approach to l-dopa-
induced dyskinesias. In: Brotchie J, Bezard E, Jenner P (eds) 
International Review of Neurobiology. Academic Press, pp 
151–171

	20.	 Fan S-Y, Wang K-L, Hu W et al (2020) Pallidal versus subthalamic 
nucleus deep brain stimulation for levodopa-induced dyskinesia. 
Ann Clin Transl Neurol 7:59–68. https://​doi.​org/​10.​1002/​acn3.​
50961

	21.	 Krishnan S, Pisharady KK (2017) Surgical treatment of lev-
odopa-induced dyskinesia in Parkinson’s disease. Ann Indian 
Acad Neurol 20:199–206. https://​doi.​org/​10.​4103/​aian.​AIAN_​
244_​17

	22.	 Johansen KK, Jørgensen JV, White LR et al (2011) Parkinson-
related genetics in patients treated with deep brain stimulation. 
Acta Neurol Scand 123:201–206. https://​doi.​org/​10.​1111/j.​1600-​
0404.​2010.​01387.x

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/mds.27340
https://doi.org/10.1002/mds.27340
https://doi.org/10.1002/1531-8257(199907)14:4<572::AID-MDS1005>3.0.CO;2-C
https://doi.org/10.1002/1531-8257(199907)14:4<572::AID-MDS1005>3.0.CO;2-C
https://doi.org/10.1002/1531-8257(199907)14:4<572::AID-MDS1005>3.0.CO;2-C
https://doi.org/10.1056/NEJMoa0907083
https://doi.org/10.1056/NEJMoa0907083
https://doi.org/10.1016/S1474-4422(12)70264-8
https://doi.org/10.1016/S1474-4422(12)70264-8
https://doi.org/10.1016/j.clineuro.2020.106450
https://doi.org/10.1016/j.clineuro.2020.106450
https://doi.org/10.1177/0300060517708102
https://doi.org/10.7916/D8KS6PPR
https://doi.org/10.7916/D8KS6PPR
https://doi.org/10.1017/cjn.2016.22
https://doi.org/10.1017/cjn.2016.22
https://doi.org/10.1177/1756286419838096
https://doi.org/10.1177/1756286419838096
https://doi.org/10.1038/s41531-019-0091-7
https://doi.org/10.1038/s41531-019-0091-7
https://doi.org/10.1002/mds.29066
https://doi.org/10.1002/mds.29066
https://doi.org/10.1002/mds.29410
https://doi.org/10.1002/mds.29410
https://doi.org/10.1002/mdc3.12921
https://doi.org/10.1002/mdc3.13451
https://doi.org/10.1002/mdc3.13451
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1007/s10072-021-05564-w
https://doi.org/10.1007/s10072-021-05564-w
https://doi.org/10.1186/s40246-022-00407-x
https://doi.org/10.1186/s40246-022-00407-x
https://doi.org/10.1002/humu.9472
https://doi.org/10.1002/humu.9472
https://doi.org/10.1002/acn3.50961
https://doi.org/10.1002/acn3.50961
https://doi.org/10.4103/aian.AIAN_244_17
https://doi.org/10.4103/aian.AIAN_244_17
https://doi.org/10.1111/j.1600-0404.2010.01387.x
https://doi.org/10.1111/j.1600-0404.2010.01387.x


185Neurological Sciences (2024) 45:177–185	

1 3

	23.	 Artusi CA, Lopiano L (2023) Should we offer deep brain stimula-
tion to Parkinson’s disease patients with GBA mutations? Front 
Neurol 14:1158977

	24.	 Xu Y, Yang B, Zhou C et al (2021) Suicide and suicide attempts 
after subthalamic nucleus stimulation in Parkinson’s disease: a 
systematic review and meta-analysis. Neurol Sci Off J Ital Neurol 
Soc Ital Soc Clin Neurophysiol 42:267–274. https://​doi.​org/​10.​
1007/​s10072-​020-​04555-7

	25.	 Weintraub D, Duda JE, Carlson K et al (2013) Suicide ideation 
and behaviours after STN and GPi DBS surgery for Parkinson’s 
disease: results from a randomised, controlled trial. J Neurol 
Neurosurg Psychiatry 84:1113–1118. https://​doi.​org/​10.​1136/​
jnnp-​2012-​304396

	26.	 Costanza A, Radomska M, Bondolfi G et al (2021) Suicidal-
ity associated with deep brain stimulation in extrapyramidal 
diseases: a critical review and hypotheses on neuroanatomi-
cal and neuroimmune mechanisms. Front Integr Neurosci 
15:632249

	27.	 Scherrer S, Smith AH, Gowatsky J et al (2020) Impulsivity and 
compulsivity after subthalamic deep brain stimulation for Par-
kinson’s disease. Front Behav Neurosci 14:47. https://​doi.​org/​10.​
3389/​fnbeh.​2020.​00047

	28.	 Hardaway FA, Raslan AM, Burchiel KJ (2018) Deep brain stim-
ulation-related infections: analysis of rates, timing, and season-
ality. Neurosurg 83:540–547. https://​doi.​org/​10.​1093/​neuros/​
nyx505

	29.	 Engel K, Huckhagel T, Gulberti A et al (2018) Towards unam-
biguous reporting of complications related to deep brain stimula-
tion surgery: a retrospective single-center analysis and systematic 
review of the literature. PLoS One 13:e0198529. https://​doi.​org/​
10.​1371/​journ​al.​pone.​01985​29

	30.	 Bove F, Mulas D, Cavallieri F et al (2021) Long-term outcomes 
(15 years) after subthalamic nucleus deep brain stimulation in 
patients with Parkinson disease. Neurol 97:e254–e262. https://​
doi.​org/​10.​1212/​WNL.​00000​00000​012246

	31.	 Limousin P, Foltynie T (2019) Long-term outcomes of deep brain 
stimulation in Parkinson disease. Nat Rev Neurol 15:234–242. 
https://​doi.​org/​10.​1038/​s41582-​019-​0145-​9table

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s10072-020-04555-7
https://doi.org/10.1007/s10072-020-04555-7
https://doi.org/10.1136/jnnp-2012-304396
https://doi.org/10.1136/jnnp-2012-304396
https://doi.org/10.3389/fnbeh.2020.00047
https://doi.org/10.3389/fnbeh.2020.00047
https://doi.org/10.1093/neuros/nyx505
https://doi.org/10.1093/neuros/nyx505
https://doi.org/10.1371/journal.pone.0198529
https://doi.org/10.1371/journal.pone.0198529
https://doi.org/10.1212/WNL.0000000000012246
https://doi.org/10.1212/WNL.0000000000012246
https://doi.org/10.1038/s41582-019-0145-9table

	Deep brain stimulation of globus pallidus internus and subthalamic nucleus in Parkinson’s disease: a multicenter, retrospective study of efficacy and safety
	Abstract
	Background 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	DBS cohort at baseline
	Surgery and programming
	Follow up for efficacy and safety measures
	Statistical methods

	Results
	Baseline evaluation
	Short-term efficacy evaluation
	Long-term efficacy evaluation
	Comparison between STN-DBS and GPi-DBS clinical outcomes at short and long term
	Safety evaluation

	Discussion and conclusions
	References


