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Deep brain stimulation (DBS) is an established therapeutic option for Parkinson's disease (PD) patients; however,
a clear-cut definition of subthalamic (STN) DBS predictors in PD is lacking.

We analyzed a cohort of 181 STN-treated PD patients and compared pre- vs. 1-year post-surgical motor,
dyskinesia, Off time, and daily-life activities (ADL) scores. A multivariate linear regression analysis was used to
evaluate the association between clinical/demographic characteristics and the extent of STN-DBS response for
outcomes proving a significant change after surgery.

After STN-DBS, we observed a significant improvement of motor symptoms (P < 0.001), dyskinesia (P <
0.001), and daily Off time (P < 0.001). Sex, PD duration, cognitive status, and the motor and axial response to
levodopa significantly explained the motor improvement (R = 0.360, P = 0.002), with presurgical response of
axial symptoms (Beta = 0.203, P = 0.025) and disease duration (Beta = 0.205, P = 0.013) being the strongest
predictors. Considering the daily Off time improvement, motor and axial response at the levodopa challenge test
and disease duration explained 10.6% of variance (R = 0.326, p < 0.001), with disease duration being the
strongest predictor of improvement (Beta = 0.253, p: 0.001) and axial levodopa response showing a trend of
significance in explaining the change (Beta = 0.173, p: 0.056). Dyskinesia improvement was not significantly
explained by the model.

Our findings highlight the emerging role of axial symptoms in PD and their response to levodopa as potentially
pivotal also in the DBS selection process.

1. Introduction

Deep brain stimulation (DBS) is an established therapeutic option for
treating Parkinson's disease (PD) patients who present with symptom
fluctuations that cannot be adequately controlled by medical therapy
[11.

Despite the use of strict selection criteria for DBS candidates as
proposed by expert consensus [1,2], there is a proportion of patients
who still fail to obtain a significant benefit from DBS. This is mainly due
to lack of efficacious control of motor symptoms and their fluctuations
or appearance of stimulus-related side effects [1]. Over time, some
presurgical demographic and clinical factors have been associated with
the variability of the DBS motor outcome [2]; however, literature data

failed to provide a clear-cut definition of demographic and clinical de-
terminants for DBS outcomes.

Against this background, the primary aim of this study was to
identify and weigh clinical and demographic factors with the ability to
predict bilateral subthalamic DBS (STN-DBS) outcomes one year after
surgery in a large cohort of longitudinally characterized PD patients.

2. Methods
2.1. Study design and population

We performed a retrospective study on 267 consecutive PD patients
treated with bilateral STN-DBS between 1999 and 2019 at the A.O.U.
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Citta della Salute e della Scienza di Torino academic hospital. Patients'
clinical records that have been filled in longitudinally as part of regular
clinical follow-ups were systematically reviewed, and Local Ethics
approval for the study was obtained. The surgical procedure of bilateral
STN-DBS device implantation was detailed elsewhere [3]. Briefly,
bilateral stereotactic STN implantation was performed under local
anesthesia using Magnetic Resonance Imaging (MRI)/Computed To-
mography (CT) image fusion for anatomical targeting, intraoperative
electrophysiological recording, and microstimulation to evaluate clin-
ical effects. Quadripolar leads were implanted following the selected
trajectory. Postoperative CT and MRI were performed to confirm elec-
trode positioning and to exclude surgical complications. The pulse
generator was then implanted in the subclavicular area and connected
through extension cables to the leads under general anesthesia. The first
DBS programming was performed about 10 days after surgery to identify
the best contact for each side; then, the amplitude of stimulation was
slowly increased in the following weeks until a satisfactory control of
motor symptoms and fluctuations was obtained, balancing stimulation
settings and dopaminergic therapies.

All patients were selected for DBS eligibility in agreement with the
CAPSIT-PD criteria [1] and underwent a comprehensive -clinical
assessment encompassing data of the Unified Parkinson's Disease Rating
Scale (UPDRS) or the MDS-sponsored revision of the Unified Parkinson's
Disease Rating Scale (MDS-UPDRS) and dopaminergic therapies.
Moreover, a comprehensive neuropsychological evaluation to exclude
patients with dementia or severe ongoing psychiatric disorders was
consistently performed before surgery [4]. For patients assessed by the
old version of UPDRS, a validated conversion formula for part I and part
I1I scores was applied [5]. In our hospital, patients with disabling axial
motor symptoms persisting in On therapeutic condition (as demon-
strated during the levodopa challenge test) did not undergo DBS pro-
cedure; specifically, the presence of freezing of gait (FoG) episodes, fall
during the pull test, and inability to stand or walk autonomously in On
therapeutic condition were considered exclusion criteria for
neurosurgery.

We included in the analyses all patients with clinical data available
before surgery (T0) and 10-18 months after DBS surgery (T1). Patients
with no follow-up visits at our hospital or > 20% of missing follow-up
data were excluded.

2.2. Data collection and outcome measures

We collected sex, age, disease duration, levodopa equivalent daily
dose (LEDD), and cognitive status, summarized as normal cognition,
mild cognitive impairment (MCI) single domain, MCI multi-domain, or
dementia [6].

The presurgical motor evaluation was performed during a levodopa
challenge test carried out in Off (at least 12 h after the last levodopa
dose) and in On condition (about 45 min after the administration of a
levodopa challenge dose, consisting of 1.5x the usual patient morning
dose). The motor response to levodopa was calculated according to the
following formula: [(MDS-UPDRS part III score Off - MDS-UPDRS part III
score On)/MDS-UPDRS part III score Off]. The axial subscore in Off and
On condition was calculated by the sum of the following MDS-UPDRS
items: 2.13 (freezing), 3.1 (speech), 3.3 (neck rigidity), 3.9 (arising
from chair), 3.10 (gait), 3.12 (postural stability), 3.13 (posture). The
response of axial symptoms to levodopa was calculated according to the
following formula: [(axial subscore Off — axial subscore On)/axial sub-
score Off].

The medication Off/stimulation On MDS-UPDRS scores were
collected at T1 and the following DBS outcome measures were analyzed,
using the formula [(TO score — T1 score)/TO score]: motor symptoms, as
per the MDS-UPDRS part III score; dyskinesia, as per the MDS-UPDRS
item 4.1 score; daily Off time, as per the MDS-UPDRS item 4.3 score;
activities of daily living (ADL), as per the MDS-UPDRS part II score.
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2.3. Statistical analysis

Descriptive statistics was used for continuous variables and fre-
quency for categorical data. The Wilcoxon Signed rank-test was used for
comparisons between pre- vs. post-surgical scores. To identify predictors
of DBS outcome improvement, we performed a multivariate linear
regression analysis for outcomes proving a significant change after
surgery. First, we performed univariate regression analyses including, as
dependent variables, the DBS outcome measures, and, as independent
variables, sex, age at surgery, PD duration at surgery, cognitive status at
surgery, LEDD, change of MDS-UPDRS part III score at the presurgical
levodopa challenge test, and change of axial subscore at the presurgical
levodopa challenge test. Independent variables obtaining a p-value <0.2
at the univariate analyses were used to perform the multivariate
regression. The Durbin Watson was performed to test the level of
autocorrelation between variables. All p-values are two-tailed, with a
cut-off level of significance of 0.05. Statistics was performed by the
Statistical Package for the Social Sciences 27.0 for iOs (SPSS, Chicago,
IL).

3. Results

We included in the analysis 181 PD patients treated with bilateral
STN-DBS according to data availability. The main demographic and

Table 1
Demographic and clinical data.

Demographic and presurgical clinical data

Sex (males/females) 111/70

Age at STN-DBS (years) 60.09 + 6.88
(mean =+ SD)

PD duration at STN-DBS (years) 13.93 + 4.81
(mean + SD)

Presurgical LEDD 1053.77 + 393.30
(mean + SD)

MDS-UPDRS I1I percentage levodopa response 62 +12.19%

Presurgical axial symptoms (OFF condition) 1.97 £ 0.75
(mean =+ SD)

Presurgical axial symptoms (ON condition) 0.86 + 0.52
(mean + SD)

Axial subscore response to levodopa 55 + 0.26%

Deep Brain Stimulation outcomes

TO T1 p-value

MDS-UPDRS II 10.63 + 6.83 11.27 + 6.80 0.183

MDS-UPDRS III 58.28 + 18.20 34.27 +13.85 <0.001*

MDS-UPDRS 4.1 1.49 + 0.98 0.51 +0.74 <0.001*

MDS- UPDRS 4.3 1.36 £ 0.76 0.47 + 0.66 <0.001*

Results were reported as mean + SD.

STN-DBS: subthalamic Deep Brain Stimulation.

LEDD: Levodopa equivalent daily dose.

MDS-UPDRS: Movement Disorder Society Unified Parkinson's Disease Rating
Scale.

TO: before surgery.

T1: 1-year post-DBS follow-up.

Each evaluation of MDS-UPDRS part III was performed in OFF condition at TO
and medication OFF/stimulation ON condition at T1.

MDS-UPDRS II: activities of daily living; MDS-UPDRS III: motor score; MDS-
UPDRS 4.1 = time spent with dyskinesia; MDS-UPDRS 4.3 = time spent in the
OFF state.

" (MDS-UPDRS in OFF condition — MDS-UPDRS in ON condition) / (MDS-
UPDRS in OFF condition). This % represents the percentage of score improve-
ment after Levodopa testing before surgery.

§ (axial subscore in OFF condition — axial subscore in ON condition) / (axial
subscore in OFF condition). This % represents the percentage of score
improvement after Levodopa testing before surgery.

" Statistically significant difference.
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clinical characteristics of the cohort are summarized in Table 1. Causes
of exclusion of STN-DBS treated patients were: absence of baseline data
(n = 5 patients), absence of follow-up data/patients followed up in other
centers (n = 80 patients), death within 1 year after surgery (n = 1
patient).

3.1. STN-DBS outcomes

Comparing TO (baseline) and T1 (1 year after surgery), we observed
a significant improvement of motor symptoms (MDS-UPDRS part III
score from 58.3 + 18.2 to 34.3 + 13.8; p < 0.001), dyskinesia (MDS-
UPDRS item 4.1 score from 1.5 + 0.9 to 0.5 £ 0.7; p < 0.001), and daily
Off time (MDS-UPDRS item 4.3 score from 1.4 + 0.8 to 0.5 + 0.7; p <
0.001). ADL did not improve after surgery, with an MDS-UPDRS part II
score of 10.6 + 6.8 at TO and 11.3 + 6.8 at T1 (p = 0.183).

3.2. Predictors of STN-DBS outcomes

Sex, PD duration, cognitive status, motor and axial response at the
levodopa challenge test explained 12.9% of the motor improvement
provided by STN-DBS (R = 0.360, p: 0.002), with pre-surgical levodopa
response of axial symptoms (Beta = 0.203, p: 0.025) and disease dura-
tion (Beta = 0.205, p: 0.013) being the strongest predictors (Table 2).

Considering the daily Off time improvement as the dependent vari-
able, motor and axial response at the levodopa challenge test and disease
duration explained 10.6% of variance (R = 0.326, p < 0.001), with
disease duration being the strongest predictor of improvement (Beta =
0.253, p: 0.001) and axial levodopa response showing a trend of sig-
nificance in explaining the change (Beta = 0.173, p: 0.056) (Table 2).

Dyskinesia improvement was not significantly explained by the

Table 2
Multiple regression analysis for predictive factors of motor, daily Off, and
dyskinesia improvement after STN-DBS.

Pre vs. post STN- Pre vs. post STN- Pre vs. post STN-

DBS MDS- DBS MDS-UPDRS DBS MDS-
UPDRS III 4.1 improvement UPDRS 4.3
improvement improvement
R? 0.129 0.031 0.106
Durbin-Watson 1.886 2.182 1.679
p-value 0.002* 0.095 <0.001*
Beta p-value  Beta p- Beta p-value
value
Sex 0.135  0.095 -0.127 0.120 NA NA
Age at STN-DBS NA NA NA NA NA NA
PD duration at STN- 0.205 0.013* 0.133 0.104 0.253 0.001*
DBS
Cognition 0.141 0.083 NA NA NA NA
Presurgical LEDD NA NA NA NA NA NA
MDS-UPDRS III 0.116  0.205 NA NA 0.116  0.194
percentage
levodopa response’
Presurgical axial 0.203  0.025* NA NA 0.173  0.056

subscore response
to levodopa

STN-DBS: subthalamic Deep Brain Stimulation.

PD: Parkinson's disease.

LEDD: Levodopa equivalent daily dose.

MDS-UPDRS: Movement Disorder Society Unified Parkinson's Disease Rating
Scale.

MDS-UPDRS III: motor score; MDS-UPDRS 4.1 = time spent with dyskinesia;
MDS-UPDRS 4.3 = time spent in the OFF state.

NA: not applicable.

" (MDS-UPDRS in OFF condition — MDS-UPDRS in ON condition) / (MDS-
UPDRS in OFF condition). This % represents the percentage of score improve-
ment after Levodopa testing before surgery.

§ (axial subscore in OFF condition — axial subscore in ON condition) / (axial
subscore in OFF condition). This % represents the percentage of score
improvement after Levodopa testing before surgery.
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model (Table 2).

No signs of significant collinearity among variables were observed in
the three models, confirming the quality of the analysis. Data from the
univariate analyses that were used to feed the multivariate model are
reported in the supplementary material (Supplementary Tables 1, 2, and
3).

4. Discussion

In our large cohort of PD patients treated with STN-DBS, we identi-
fied a long disease duration and a large improvement on the axial sub-
score of the MDS-UPDRS part III as the most important predictors of
motor symptoms and daily Off time improvement one year after surgery.
Remarkably, these findings, obtained through a multivariate analysis,
survived after covarying for multiple clinical and demographic
confounders.

Previous studies, based on both retrospective analyses and data from
clinical trials, aimed at analyzing the role played by specific clinical
factors in favoring a good or excellent DBS outcome for PD. A younger
age at onset, good/excellent levodopa response of motor symptoms, a
longer disease duration, absence of levodopa-resistant symptoms, cu-
mulative daily OFF time, and cognitive functions were identified as
predictors of STN-DBS efficacy when using the UPDRS-III as the primary
endpoint [7-9]. Still, the role of axial symptoms has been often over-
looked. In fact, while a longer disease duration has been quite consis-
tently found as a predictor of good DBS outcomes [9], the magnitude of
axial symptoms improvement during the levodopa challenge test was
not taken into account in most studies previously published. The pres-
ence of marked axial signs before surgery is considered a contraindica-
tion for surgery, but several grey areas exist, and there are no clear
recommendations on a specific presurgical assessment of axial symp-
toms nor indications on the level of severity to predict a poor DBS
outcome [2,10]. To our knowledge, only two studies (both including
small sample size) suggested that the response of axial symptoms to
levodopa, measured by a score derived from the ‘axial’ items of UPDRS,
can be used as a predictor of DBS outcome [11,12]. In fact, it has been
reported that levodopa-responsive axial signs of PD have an excellent
response to STN-DBS, at least in the first years after surgery [10]. This
aspect may reflect the strong correlation we found between the preop-
erative axial response and the motor DBS outcome.

One study on 36 PD patients used linear regression models to analyze
whether gender, age, preoperative MMSE score, Hoehn and Yahr stage,
disease duration, and magnitude of levodopa response, including
UPDRS tremor, rigidity, bradykinesia, axial subscores, and total part III
scores, could predict motor benefit from STN-DBS 3 and 31 months after
surgery [11]. The authors found that the magnitude of preoperative
levodopa responsiveness to tremor and axial symptoms could predict the
effect of DBS during long-term follow-up [11]. A more recent study
evaluated the predictive role of presurgical levodopa challenge test on
motor outcome of DBS targeting either globus pallidus pars interna or
STN [12]. The authors found that in the 18 STN-DBS treated patients,
the stimulation efficacy 7 months after surgery was positively correlated
with preoperative levodopa challenge responsiveness on the non-tremor
total score of MDS UPDRS-1II, including bradykinesia, rigidity and axial
symptoms [12].

To date, no guidelines or expert consensus recommendations are
helpful in defining a cut-off (for example, using the MDS-UPDRS III axial
subscore) to inform the selection process, nor even in deciding the best
way to assess axial symptoms in PD candidates [13]. Given the recog-
nized relevance of axial symptoms in determining outcomes, disease
progression, and also mortality in DBS-treated cohorts [10,14], we
believe that it is important to explore the predictive role of a simple
score for measuring axial symptoms in patients who have been consid-
ered good candidates for DBS according to the classical CAPSIT-PD and
consensus-based recommendations for DBS surgery in PD [1,2]. Our
findings indicate that the response of axial symptoms to levodopa, rather
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than the total motor response, might be critical in selecting candidates
for DBS, and it is worth being better investigated to support the critical
decision on whether or not to suggest patients undergo neurosurgery.

Another relevant finding is that longer disease duration was a
favorable prognostic factor. While this observation has already been
found in previous studies, it is important to point out that early DBS may
be a reasonable option for patients with motor complications and drug-
resistant tremor disorders [15,16]. However, an excessively early
approach has been argued considering that i) the shorter disease dura-
tion at the time of surgery might pose the risks of including subjects with
atypical parkinsonism; ii) a shorter disease duration at the time of sur-
gery might lead to treating more patients with greater and faster burden
of disability, like carriers of severe glucocerobrosidase gene variants;
and iii) it can be difficult to predict the trajectory of disease progression
at an early stage [13,17].

These two latter aspects, in particular, may be implicated because, in
a large retrospective cohort of DBS patients, we found a higher disease
duration at surgery as a favorable prognostic factor. Indeed, patients
with slower disease trajectories may be referred later to DBS and still
obtain an excellent DBS outcome.

This study has some limitations, the main one being its single-center
and retrospective design. Another potential limitation is the ceiling ef-
fect of some assessments for DBS eligibility. Nonetheless, this intrinsic
lack of sample variability in certain measures already regarded as DBS
selection criteria might have enhanced other parameters that are
currently neglected. Moreover, our patients were not screened for PD-
related genetic mutations that might affect the DBS clinical outcome.
Finally, the apparent absence of ADL improvement after DBS we
observed might be due to the use of the MDS-UPDRS part II, which in-
cludes non-motor symptoms and, in contrast to the old version of
UPDRS-II, does not distinguish between On and Off periods, thus
diluting the possibility of capturing Off-On differences in ADL after DBS.
In fact, as proven in most randomized controlled trials, the ADL activ-
ities evaluated by the UPDRS part II significantly improved after DBS
when considering the preoperative medication Off therapeutic condition
[18].

4.1. Conclusions

The abovementioned limitations notwithstanding, and awaiting
confirmatory studies in other cohorts, we believe that axial symptoms
should be carefully analyzed during the selection phases for DBS, not
necessarily considering their presence and severity as a contraindication
but rather evaluating their responsiveness to levodopa as a predictor of a
good DBS outcome. The development, validation, and use of specific
scales to comprehensively assess axial symptoms in PD would be of great
importance for future studies.
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