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Abstract
Background and purpose: Studies on long- term nonmotor outcomes of subthalamic 
nucleus stimulation in Parkinson disease (PD) are scarce. This study reports on very 
long- term non- motor and motor outcomes in one of the largest cohorts of people with 
advanced PD, treated for >10 years with subthalamic nucleus stimulation. The main out-
come was to document the evolution of independence in activities of daily living. The 
secondary outcomes were to measure the change in quality of life, as well as non- motor 
and motor outcomes.
Methods: Patients were studied preoperatively, at 1 year, and beyond 10 years after sub-
thalamic stimulation with an established protocol including motor, non- motor, and neu-
ropsychological assessments.
Results: Eighty- five people with PD were included. Independence scores in the off- 
medication condition (measured with the Schwab & England Activities of Daily Living 
Scale) as well as quality of life (measured with the Parkinson's Disease Questionnaire 
[PDQ]- 37) remained improved at longest follow- up compared to preoperatively (respec-
tively, p < 0.001, p = 0.015). Cognitive scores, measured with the Mattis Dementia Rating 
Scale, significantly worsened compared to before and 1 year after surgery (p < 0.001), 
without significant change in depression, measured with the Beck Depression Inventory. 
Motor fluctuations, dyskinesias, and off dystonia remained improved at longest follow- up 
(p < 0.001), with a significant reduction in dopaminergic treatment (45%, p < 0.001).
Conclusions: This study highlights the long- term improvement of subthalamic stimulation 
on independence and quality of life, despite the progression of disease and the occur-
rence of levodopa- resistant symptoms.
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INTRODUC TION

Subthalamic nucleus (STN) deep brain stimulation (DBS) has dra-
matically changed the management of advanced Parkinson disease 
(PD), allowing an improvement of motor complications, non- motor 
fluctuations, quality of life, and a reduction of dopaminergic medica-
tion [1, 2]. Long- term data on STN- DBS suggest a sustained benefit 
on motor symptoms and complications, with a persistent reduction 
of dopaminergic medication [3– 6, 7]. However, non- motor outcome 
data at very long- term follow- up are scarce [8, 9]. This is understand-
able, considering the difficulties of long- term follow- up for people 
living far away from the centers of investigation, as well as the old 
age and the comorbidities in patients with long disease duration. 
Nonetheless, documenting the very long- term non- motor outcome, 
including activities of daily living, cognition, mood, and quality of life, 
is very important for the patient and his/her caregiver, as well as for 
the clinician.

The emergent field of palliative care in neurodegenerative dis-
ease highlights the relevance of very long- term non- motor out-
come in people with PD treated with STN- DBS. Based on a single 
case report, it has been claimed that STN- DBS is deleterious in late 
stages of PD, leading to prolonged life in an inacceptable condition 
for patients and caregivers [10]. On the other hand, results from a 
large cohort of patients followed for >15 years have provided more 
encouraging results [7]. Better knowledge on very long- term non- 
motor evolution is thus essential to address these issues and to guide 
patients, families, and physicians.

The purpose of this study was to assess the very long- term non- 
motor outcome, including independence in activities of daily life, 
quality of life, cognition, mood, and motor outcome in the first his-
torical cohort of PD patients treated with STN- DBS in Grenoble.

METHODS

Study design

This is a longitudinal monocentric study assessing people with 
PD preoperatively, at 1 year and beyond 10 years after STN- DBS. 
Inclusion criteria were diagnosis of PD, complicated with motor fluc-
tuations and dyskinesias, and treated with STN- DBS between 1993 
and 2004, for at least 10 years. Criteria for undergoing STN- DBS 
and surgical procedure have already been described elsewhere [1]. 
Preoperative and 1- year postoperative data were collected retro-
spectively, and data beyond 10 years prospectively.

Assessments included the Unified Parkinson's Disease Rating 
Scale (UPDRS) for non- motor symptoms (Part I), activities of daily 
living (ADL; Part II), motor examination (Part III), motor fluctuations 
and dyskinesias (Part IV), stage of disease (Hoehn & Yahr stage or 
Part V), and independence (Schwab & England Activities of Daily 
Living [ADL] Scale or Part VI) [11]. Patients were assessed in the 
off-  and on- medication conditions before and 1 year after surgery 

(to “quantify” the response to STN- DBS) and under the chronic 
medication and stimulation condition at last follow- up visit (to re-
duce the burden and the duration of the assessment, considering 
they have minimal motor fluctuations, and, as such, very little dif-
ference between the two conditions). Levodopa equivalent daily 
dose (LEDD), calculated according to Tomlinson et al. [12] was col-
lected at each assessment. Quality of life was assessed using the 
Parkinson's Disease Questionnaire (PDQ)- 37 [13] and PDQ- 39 [14]. 
Neuropsychological evaluation was performed before and after sur-
gery in the on- medication condition. Depression was assessed with 
the Beck Depression Inventory (BDI) version 1 [15] and version 2 
[16], and cognition with the Mattis Dementia Rating Scale (MDRS) 
[17].

All patients gave their written informed consent, and the study 
conformed with the World Medical Association Declaration of 
Helsinki [18]. The protocol was registered and approved by the insti-
tutional review board, Comité d'Ethique des Centres d'Investigation 
Clinique de l'inter- région Rhône- Alpes- Auvergne (number of regis-
tration: 5891).

Statistical analysis

The primary outcome was the evolution of patients' independence 
at last follow- up, based on the Schwab & England ADL Scale (UPDRS 
VI).

Secondary outcomes were changes over time in cognition, de-
pression, and quality of life, motor severity, severity of dyskinesias 
(sum of the items 32– 34 of the UPDRS), off dystonia (item 35 of the 
UPDRS) and motor fluctuations (sum of items 36– 39 of the UPDRS), 
activities of daily life (UPDRS II), LEDD, and complications.

Analyses included analyses of variance (ANOVAs) and multiple 
linear regressions.

For each variable (UPDRS scores and subscores, MDRS, BDI I, 
BDI II, and PDQ- 37), we performed ANOVA with repeated mea-
sures using JASP (JASP Team, 2021). We examined the influence of 
time (pre- op vs. post- op 1 year vs. post- op 10 years) and medica-
tion (off- medication, on- medication) on the UPDRS VI and UPDRS II 
scores. For all other variables, only the effect of time could be exam-
ined, as the 10- year follow- up was carried out on- medication only. 
Greenhouse– Geisser corrections were applied in cases of violation 
of the sphericity assumption. Significant effects, interactions, and 
corrections for multiple comparisons were further examined using 
the Holm post hoc test. Significance level was set at p < 0.05.

Factors predictive of long- term independence (post- op 10 years 
UPDRS VI score) were examined using a multiple regression analy-
sis of baseline characteristics of patients (gender, disease duration, 
severity of motor and nonmotor symptoms, measured with UPDRS 
score, severity of motor fluctuations, dyskinesias and dystonia [cal-
culated with the UDPRS IV respective items], BDI II, MDRS score, 
levodopa response, LEDD), using Statistica 7.9 (https://www.tibco.
com/produ cts/data- science).

https://www.tibco.com/products/data-science
https://www.tibco.com/products/data-science
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Similarly, a multiple regression analysis was performed to find 
predictors of long- term outcome of quality of life, using 10- year 
post- op PDQ- 37 total score and subscores.

RESULTS

Between 1993 and 2004, 243 people with PD underwent STN- DBS 
at the University Hospital Center of Grenoble, France. Data for 85 
patients were available and included in the analysis. Among patients 
that could not be included, 60 were dead (four of complication of 
accidental fall, four of cancer, two of ischemic heart disease, one 
of stroke, one of pulmonary embolism, four of aspiration pneumo-
nia, three of infections, 12 following disease evolution, the others of 
unknown cause), 97 were lost at follow- up, and one was no longer 
treated with STN- DBS, because his stimulator had been removed 
following an infection.

Among patients included in the study, all but one had bilateral 
STN- DBS. The patient with unilateral STN- DBS had previously had 
contralateral thalamotomy for resting tremor. One patient had pre-
viously had bilateral pallidal stimulation and one bilateral thalamic 
stimulation, which were switched off after STN- DBS. One patient 
with parkin mutation underwent bilateral pallidal stimulation 7 years 
after bilateral STN- DBS because of severe dyskinesias, without fur-
ther improvement. Six patients underwent bilateral pedunculopon-
tine nucleus (PPN) stimulation because of severe levodopa- resistant 
freezing of gait. In four of them, PPN stimulation was ON at the time 
of the last follow- up.

For the entire cohort of 85 patients, the mean follow- up was 
12.5 years (±2.5 SD, range = 10– 20, median = 12). Demographics 
are reported in Table 1, scores at the different scales in Table 2, and 
parameters of stimulation in Table 3.

Primary outcome

Schwab & England ADL Scale (UPDRS VI)

Complete data were available for 76 patients. Analysis of the inde-
pendence scores showed that the effects of time (F2,150 = 43.71, 
p < 0.001), medication (F1,75 = 314.05, p < 0.001), as well as the 

interaction between time and medication (F2,150 = 148.26, p < 0.001) 
were significant. In the off- medication condition, the 1- year im-
provement compared to before surgery persisted beyond 10 years 
(ps < 0.001). In the on- medication condition, there was no difference 
between the pre- op and 1- year scores (p = 0.61), whereas the score 
beyond 10 years had significantly worsened (ps < 0.001).

Secondary outcomes

Quality of life

The PDQ- 37 was available at the three time- point evaluations for 
55 patients, which were included in the analysis. The PDQ- 39 was 
available at the three time- point evaluations for two patients only. 
Statistical analysis was therefore not possible for these two patients.

There was an effect of time on PDQ- 37 (F2,102 = 43.848, 
p < 0.001), which was significantly improved postoperatively both at 
1- year (p < 0.001) and beyond 10 years (p = 0.015) compared to be-
fore surgery. Nevertheless, at 10 years there was a significant wors-
ening compared to 1 year after surgery (p < 0.001).

Looking at the PDQ- 37 subscales (Figure 1), parkinsonian symp-
toms significantly improved (F2,102 = 57.467, p = 0.001), the effect 
of time being significant both at short and at long term after sur-
gery compared to before surgery (ps < 0.001), despite a significant 
worsening at last follow- up compared to the short- term follow- up 
(p = 0.001). Regarding systemic symptoms, the effect of time was 
also significant (F2,102 = 14.829, p < 0.001). The improvement ob-
served 1 year after surgery compared to presurgery (p < 0.001) was 
no longer significant at last follow- up (p = 0.23), with a significant 
worsening between 1-  and 10- year follow- ups (p < 0.001). The same 
was true for social functioning (F2,102 = 30.683, p < 0.001; pre- op 
vs. 10 years, p = 0.12; 1 year vs. 10 years, p < 0.001). Finally, analy-
sis of emotional functioning scores also revealed an effect of time 
(F2,102 = 17.232, p < 0.001). The significant improvement observed 
1 year after surgery (p < 0.001) was still significant at last follow- up 
(p < 0.03), although there was a worsening between the 1-  and 10- 
year follow- ups (p = 0.001).

Cognition

Data were available at the three time points for 66 patients. There 
was an effect of time on the scores of the MDRS (F2,130 = 31.08, 
p < 0.001). Although there was no significant difference in scores 
between before and 1 year after surgery, there was a significant 
worsening beyond 10 years of follow- up (p < 0.001). Looking 
at the MDRS subscales (Attention, Initiation- Perseveration, 
Construction, Conceptualization, and Memory), the effect of 
time was significant for all subscales (Attention, F2,130 = 7.32, 
p < 0.001; Initiation- Perseveration, F2,130 = 27.698, p ≤ 0.001; 
Construction, F2,130 = 8.299, p < 0.001; Conceptualization, 
F2,130 = 3.79, p = 0.025; Memory, F2,130 = 28.935, p < 0.001). There 

TA B L E  1  Baseline demographics of patients

Patients, N 85

Gender, M/F, n 56/29

Age at disease onset, years 40 ± 7.9 (22– 59)

Age at surgery, years 52.4 ± 9 (31– 70)

Disease duration at surgery, years 12 ± 4.4 (4– 27)

Disease duration at last follow- up, years 24 ± 5.2 (15– 39)

Note: Data are given as mean ± SD (range), unless otherwise specified.
Abbreviations: F, female; M, male.
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was no significant change between the preoperative and the 1- 
year postoperative assessment for any of the subscales. Beyond 
10 years, there was a significant worsening of all subscales com-
pared to both preoperative and 1- year postoperative follow- up 
(Attention, p = 0.01 and p = 0.001; Initiation- Perseveration, 
ps < 0.001; Construction, p = 0.002 and p < 0.001; Memory, 
ps < 0.001), except for the Conceptualization subscale, which re-
mained unchanged at last follow- up compared to before surgery 
(p = 0.32), although it deteriorated compared to 1 year after sur-
gery (p = 0.02).

Regarding patients with an MDRS score < 131, they were seven 
of 76 (9%) before surgery (mostly with a lower education and/or not 
being French native speakers; the scores of five of them improved to 

>131 at 1 year after surgery), 11 of 72 (15%) 1 year after surgery, and 
38 of 78 (49%) beyond 10 years.

Beck Depression Inventory

Depression scores at the three time points were available for 63 
patients, 28 assessed using the BDI I scale, and 35 assessed using 
the BDI II scale. The effect of time was significant on BDI I scores 
(F2,54 = 4.755, p < 0.05). Postoperative BDI I scores at 1 year were 
significantly reduced compared to the preoperative scores (p < 0.01). 
Scores beyond 10 years were not significantly different from those 
at 1- year follow- up or those before surgery.

TA B L E  2  Motor and non- motor outcomes

Outcome Pre- op 1 year post- op
>10 years 
post- op

Schwab & England Activities of Daily Living Scale off- medication, 
range = 0– 100a

51.3 ± 20.3 83.9 ± 10.8 63.2 ± 24.6

Schwab & England Activities of Daily Living Scale on- medication, 
range = 0– 100a

89.6 ± 9 90.9 ± 9.1 70.4 ± 23.7

PDQ- 37, maximum = 185a 101.3 ± 16.1 131.2 ± 23.6 110.6 ± 23.8

MDRS, maximum = 144a 136.5 ± 7.2 136.4 ± 7.1 126.3 ± 15.5

BDI I, maximum = 63b 14.1 ± 7.4 9.6 ± 6.9 11.6 ± 7.2

BDI II, maximum = 63b 12.5 ± 6.3 12.5 ± 10.3 14.9 ± 10.5

UPDRS II off medication, maximum = 52b 24.8 ± 6.7 9.2 ± 5.8 21.6 ± 9.0

UPDRS II on medication, maximum = 52b 5.5 ± 4 6.0 ± 3.8 18.9 ± 8.4

Dyskinesias score, maximum score 12b 4.5 ± 2.6 0.8 ± 1.4 1.7 ± 2.6

Off dystonia score, maximum = 1b 0.7 ± 0.5 0.3 ± 0.4 0.3 ± 0.5

Motor fluctuations, maximum = 7b 3.8 ± 1.1 0.6 ± 1.0 1.4 ± 1.5

UPDRS III off medication, maximum = 108b 48.1 ± 15.7 42.1

UPDRS III on medication/stimulation, maximum = 108b 12.5 ± 7.4 10.4 ± 7.7 30.3 ± 15.6

Bradykinesia off medication/stimulation, maximum = 36b 20.1 ± 7.1 19.3 ± 8.3

Bradykinesia on medication/stimulation, maximum = 36b 5.2 ± 4.2 4.5 ± 3.6 13.7 ± 7.9

Rigidity off medication/stimulation, maximum = 20b 10.5 ± 4.3 9.3 ± 4.2

Rigidity on medication/stimulation, maximum = 20b 3.3 ± 2.6 1.9 ± 2.1 4.1 ± 4.1

Tremor off medication/stimulation, maximum = 16b 7.7 ± 6.3 6.8 ± 5.9

Tremor on medication/stimulation, maximum = 16b 0.6 ± 1.5 0.5 ± 1.1 1.9 ± 2.9

Axial signs off medication/stimulation, maximum = 16b 10 ± 4.4 8.1 ± 3.9

Axial signs on medication/stimulation, maximum = 16b 3.2 ± 2.3 2.9 ± 2.4 9.6 ± 5.3

LEDD 1282.1 ± 544.2 361.7 ± 282.9 694.6 ± 418.2

Dopamine agonists 360 ± 301.3 187.0 ± 140.9 161.2 ± 133.6

Patients on benzodiazepine, n 45 32 30

Patients on antidepressant, n 23 32 33

Patients clozapine, n 3 2 15

Patients on acetylcholine- esterase inhibitors, n 0 0 7

Note: Data are given as mean ± SD, unless otherwise specified.
Abbreviations: BDI, Beck Depression Inventory; LEDD, levodopa equivalent daily dose; MDRS, Mattis Dementia Rating Scale; PDQ, Parkinson's 
Disease Questionnaire; UPDRS, Unified Parkinson's Disease Rating Scale.
aFor the Schwab & England, PDQ- 37, and MDRS, the higher the score, the better the outcome.
bFor the BDI I, BDI II, UPDRS II, UPDRS III, and UPDRS subscores, the higher the score the worse the outcome.
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For patients assessed using the BDI II, postoperative depression 
scores were not different from preoperative ones (F2,68 = 1.43, not 
significant).

Activities of daily living (UPDRS II)

Data were available for 76 patients. Analysis revealed significant 
effects of both time (F2,150 = 131.695, p < 0.001) and medica-
tion (F1,75 = 394.99, p < 0.001) on the UPDRS II scores (activities 
of daily life). The interaction between time and medication was 
also significant (F2,150 = 271.24, p < 0.001). Examination of the in-
teraction revealed that scores beyond 10 years were significantly 
improved compared to before surgery in the off- medication condi-
tion (p < 0.01), although significantly worsened compared to 1 year 
postoperatively (p < 0.001, Table 2). In the on- medication condition, 
scores were stable at 1 year but had markedly deteriorated at the 
last follow- up (p < 0.001).

Motor complications

Dyskinesias and motor fluctuation scores were available at three 
time points for 76 patients, off dystonia scores for 77 patients. The 
effect of time was significant on the scores of the three types of 
motor complications (dyskinesias, F2,130 = 70.412, p < 0.001; motor 
fluctuations, F2,150 = 174.95, p < 0.001; off dystonia, F2,152 = 30.433, 
p < 0.001). Scores remained significantly improved at >10 years 
compared to before surgery (all ps < 0.001), although motor fluc-
tuations and dyskinesia had worsened compared to 1 year after sur-
gery (p < 0.001 and p < 0.01, respectively). There was no significant 
change of off dystonia scores between 1 year after surgery and long- 
term follow- up (p = 0.708).

Motor severity

Motor UPDRS III scores and subscores are reported in Table 2 
(complete data at the three evaluations for 78 patients). The direct 
comparison could not be performed, because at last follow- up pa-
tients were assessed in their chronic condition. Compared to the 
best ON condition before surgery and 1 year after surgery, at last 
follow- up under chronic conditions there was a worsening of scores 
(F2,154 = 136.71, p < 0.001).

Dopaminergic medication

Dopaminergic medication was significantly reduced at 1 year and 
10 years postoperatively compared to preoperatively (Table 2; 
F2,170 = 115.80, p < 0.001). At last follow- up, although still sig-
nificantly reduced compared to before surgery, LEDD was signifi-
cantly increased compared to the 1- year postoperative daily dose TA
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(p < 0.001). When looking at the dopamine agonist alone, there 
was a significant reduction at 1 year and 10 years postoperatively 
(Table 2; F2,168 = 26.564, p < 0.001), without any significant change 
between 1 year and 10 years after surgery (p = 0.56).

Preoperative predictor of independence and quality of 
life at long term

Younger age at surgery, lower preoperative UPDRS I (non- motor 
symptoms) score, and male gender were identified as predictors 
of long- term independence (overall model summary on UPDRS VI: 
R2 = 0.39817783 and, respectively, beta [β] = −0.447413, p < 0.0005; 
beta = −0.272076, p < 0.05; beta = 0.260260, p < 0.05).

Multiple regression analysis failed to identify any predictive fac-
tor of long- term quality of life. When looking at quality of life subdo-
mains, the preoperative MDRS score was recognized as predictive of 
the emotional subscore of quality of life (overall model summary on 
PDQ- 37 emotional subdomain: R2 = 0.37883783, beta = −0.454021, 
p = 0.05).

Complications

Of the 85 patients included in the analysis, at >10 years three pa-
tients presented skin erosion; two had erosion of the scalp (one 
retroauricular, one cranial at site of insertion of the left electrode, 
both managed conservatively with surgical cleansing) and one at the 
level of the neurostimulator, requiring stimulator replacement. One 
patient underwent a unilateral subthalamic electrode replacement 
8 years after surgery, because the first one was too medial. Two pa-
tients had a replacement of the connection cable, due to its fracture. 
One patient had a surgical cleansing and later on a replacement of 
the connection cable because of a dysfunction revealed by a current 
leakage.

One patient, with bilateral PPN stimulation, presented an infec-
tion of the PPN stimulator and its electrodes, requiring an ablation 
of the system.

Finally, five patients presented a severe akinetic crisis, following 
unexpected interruption of stimulation, because of stimulator arrest, 

requiring prompt replacement. Motor function improved again after 
stimulation was resumed.

At last follow- up, two patients lived in a nursing home, whereas 
the remaining 80 still lived at home.

DISCUSSION

This is the largest longitudinal study on non- motor outcome in peo-
ple with PD treated with STN- DBS, including 85 people followed up 
for a mean of 12.5 years.

Independence

Despite disease evolution, the Schwab & England scores measuring 
independence were still improved in the off- medication condition 
beyond 10 years compared to before surgery, reflecting the long- 
lasting improvement in fluctuations. Furthermore, patients with 
disease duration >20 years at last follow- up were still mostly inde-
pendent in the on- medication condition. Even in the off- medication 
condition, they were somewhat independent, with 98% still living at 
home at the last follow- up. Although this was not a controlled study, 
without an arm of age-  and sex- matched patients with best medi-
cal treatment instead of surgery, in the Sydney cohort, the largest 
cohort of parkinsonian patients followed up to 20 years, only one 
patient of 30 lived independently after 20 years of disease evolution 
[19]. However, the younger age at onset in our cohort compared to 
the Sydney one could be, at least in part, responsible for such a dif-
ferent outcome.

Younger age, male gender, and lower preoperative non- motor 
symptoms score were identified as positive predictive factors of 
long- term independence, suggesting that younger patients with a 
pure motor phenotype might be the ideal candidates for surgery. 
A better outcome in younger patients, with less levodopa- resistant 
symptoms, has been described in the past [20]. The better outcome 
in male patients may appear somewhat contradictory to data show-
ing a slower progression in women with PD [21]. However, it has 
already been reported that women with PD experience more de-
pressive and anxiety symptoms [22], with worse scores when using 

F I G U R E  1  Parkinson's Disease 
Questionnaire- 37 subscores at different 
follow- up visits. *Comparison of 
preoperative versus 1 year postoperative 
values is statistically significant. 
§Comparison of preoperative versus 
1 year postoperative values is statistically 
significant [Colour figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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self- reported measures of disease severity [23]. Those findings as 
well as social and lifestyle gender differences are likely to play a role 
in contributing to a better outcome in men.

Quality of life

Studies on quality of life in patients with STN- DBS have reported an 
overall improvement up to 3– 5 years [24– 27]. Data on quality of life 
beyond 5 years are very scarce, with only one study showing a de-
cline after 5 years of follow- up [28], whereas more recently a study 
coming from our group reported an improvement up to 15 years [7]. 
Different selection criteria for surgery, different electrode place-
ment, and optimal stimulation and medication management [29], 
as well as different baseline and cultural characteristics of patients, 
could explain different outcomes on quality of life at long- term 
follow- up.

In our study, quality of life beyond 10 years after surgery was still 
improved compared to before surgery. On further examination of 
quality of life subscales, all subscales remained improved compared 
to before surgery, although the effect was no longer significant for 
the systemic and social subscales. Axial levodopa- resistant symp-
toms, which are also resistant to STN- DBS, have been shown to be-
come the major complaints of the patients in late stages of disease 
[30]. Together with systemic symptoms, they are likely to interfere 
with autonomy and social functioning. This may explain the loss of 
significance for these subdomains. Such impact of axial symptoms, 
which become more severe with disease evolution and are mainly re-
sistant to both dopaminergic medication and STN- DBS, may explain 
why we could not confirm the benefit in the social domain reported 
by Bove et al. [7]. On the other hand, our results confirm, on a larger 
sample, the maintained benefit in the emotional domain, as also re-
ported by Bove et al. [7]. The discrepancy between their and our re-
sults could be related to the larger population assessed in our study 
and the greater statistical power. Moreover, we cannot exclude a 
bias selection for those patients who are still available at very long- 
term follow- up, with a better non- motor outcome.

We could not identify any predictor of long- term quality of life 
in our study, contrary to what was found recently in a 36- month 
follow- up study [31].

Non- motor symptoms

As expected, we found a significant worsening of cognitive func-
tion over time. At last follow- up, the number of patients treated 
with clozapine or acetylcholine- esterase increased as well, underly-
ing this progression. About 48% of patients with disease duration 
>20 years and treated for >10 years with STN- DBS were demented, 
similar to what was found in a Danish cohort of patients, where de-
mentia was defined with a Mini- Mental State Examination score <24 
or with the use of acetylcholine- esterase inhibitors [32]. However, 
the prevalence of dementia in our cohort is far lower than that of 

the Sydney study, which showed a prevalence of dementia of 80% 
in PD after 20 years of disease duration [19]. Such better cognitive 
outcome may in part reflect the bias of preoperative selection, in-
cluding a different phenotype of patient (younger age at onset and 
with levodopa- responsive symptoms, without cognitive decline and 
limited axial symptoms). In previous studies on long- term effects of 
STN- DBS [1, 3, 5, 6, 25, 26, 33], the reported percentage of patients 
with dementia was much lower, probably because of shorter follow-
 up (5– 10 years). Interestingly, in our cohort, only two patients lived in 
a nursing home. This proportion of patients is much lower than what 
could be expected from the natural course of the disease [19]. It is 
also much smaller than that reported for the Danish cohort [32]. This 
latter discrepancy may reflect cultural and social differences and not 
only differences of management.

Depression scores were quite stable over time, as already 
shown in other long- term studies. The use of antidepressants did 
not change between 1- year and last follow- up either. The lack of 
depression in these patients is particularly noteworthy given the 
progressive worsening of the disease, and probably contributes to 
preserving quality of life at very long- term follow- up.

Motor symptoms

As published by Bove et al. [7], the benefit of stimulation on motor 
fluctuations, dyskinesias, and off dystonia remained significant at 
very long- term follow- up. This is in line with the reduction in do-
paminergic medication, which remained significantly low at the 
last follow- up, with an increase in mean levodopa daily dose at last 
follow- up compared to 1 year after surgery, but not in dopamine 
agonists. Consequently, in addition to the improved overall motor 
functioning, and therefore independence, STN- DBS also enabled 
limiting the adverse effects related to antiparkinsonian drugs. This 
is likely to have contributed to the slowed degradation of quality of 
life.

The main limitation of this study is the considerable proportion 
of patients lost at follow- up, which might represent a selection bias, 
because these patients are those likely to have a worse outcome. On 
the other hand, our center attracted many people from far away, ex-
plaining the high rates of patients lost at follow- up. The other short-
coming is the lack of a control group.

CONCLUSIONS

Our study shows that, despite the evolution of disease, STN- DBS pro-
vides an improvement in independence score in the off- medication 
condition, measured with the Schwab & England ADL Scale at very 
long- term follow- up, compared to preoperatively. Altogether, STN- 
DBS not only improved bothersome motor symptoms in the long 
term, but also non- motor symptoms. Therefore, STN- DBS can be a 
very beneficial procedure in the long term for carefully and rigor-
ously selected patients. A long- term study comparing a cohort with 
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STN- DBS and one age-  and sex- matched with best medical treat-
ment is needed, considering the current lack of comparative long- 
term studies.

All these results are very important, in light of the recent ethical 
debate concerning late stage PD and more specifically advanced PD 
with STN- DBS [10]. It has been claimed that STN- DBS might expand 
life while failing to improve, or to maintain, quality of life, prolonging 
agony for the patient and an inacceptable burden for the caregiver. 
Our study demonstrates that STN- DBS can improve functional inde-
pendence and quality of life even at very advanced stages of PD. The 
progression of axial levodopa- unresponsive symptoms, including de-
mentia, is not accelerated, although not prevented, by stimulation.
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