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Abstract

predictive factors of surgical outcomes.

disease subtype on motor improvement.

especially in their later disease stage.

responsiveness

Background: Subthalamic nucleus deep brain stimulation (STN-DBS) is an effective treatment for Parkinson'’s
disease (PD), the predictive effect of levodopa responsiveness on surgical outcomes was confirmed by some
studies, however there were different conclusions about that through long- and short-term follow-ups. We aimed
to investigate the factors which influence the predictive value of levodopa responsiveness, and discover more

Methods: Twenty-three PD patients underwent bilateral STN-DBS and completed our follow-up. Clinical evaluations
were performed 1 week before and 3 months after surgery.

Results: STN-DBS significantly improved motor function of PD patients after 3 months; preoperative levodopa
responsiveness and disease subtype predicted the effect of DBS on motor function; gender, disease duration and
duration of motor fluctuations modified the predictive effect of levodopa responsiveness on motor improvement;
the duration of motor fluctuations and severity of preoperative motor symptoms modified the predictive effect of

Conclusions: The intensity of levodopa responsiveness served as a predictor of motor improvement more
accurately in female patients, patients with shorter disease duration or shorter motor fluctuations; PD patients with
dominant axial symptoms benefit less from STN-DBS compared to those with limb-predominant symptoms,
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Background

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder and is characterized by pro-
gressive loss of dopaminergic neurons in the substantia
nigra; the cardinal clinical motor symptoms include
tremor, rigidity, bradykinesia and axial symptoms [1].
Levodopa replacement therapy is the standard treatment
for PD but causes motor complications as the disease

* Correspondence: grace_shenyang@163.com

'Department of Neurology, First Affiliated Hospital, China Medical University,
China Medical University, 155 Nanjing North Street, Heping District,
Shenyang 110001, China

Full list of author information is available at the end of the article

( ) BiolVled Central

progresses [1]. Subsequently, bilateral deep brain stimu-
lation (DBS) of the subthalamic nucleus (STN) is used
for patients with drug-refractory tremor or patients with
intolerable motor complications. The benefits of STN-DBS
are incontestable and have been proven by short-term and
long-term follow-up studies [2-7].

Factors related to the outcomes of STN-DBS are a
major concern to clinicians who want to predict the
surgical effects in patients before the operation. P.D.
Charles et al. and Jianyu Li respectively reported that pa-
tients with better preoperative levodopa responsiveness
and younger age showed greater effects of surgery after
3 months [8] and after a long-term follow-up [6]; Hae
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Yu Kim et al. [4] noted that preoperative levodopa re-
sponsiveness, gender, age and magnitude of the Hoehn
and Yahr stage (H&Y stage) before surgery were predict-
ive of surgical outcomes with more than 3 years of
follow-up. However, Tsai et al. [9] discussed that pre-
operative levodopa responsiveness only led to consistent
improvement in part III of the Unified Parkinson Dis-
ease Rating Scale (UPDRS III) 3 months after STN-DBS
and this predictive effect did not exist after 18 months.
They also reported that disease duration, severity or
H&Y stage did not predict improvement from short- and
long-term STN-DBS; this result was contrary to the
findings of other studies [4, 8]. While questions remain
regarding why there are differing correlations between
levodopa responsiveness and surgical improvement in
long-term follow-ups or compared to that of short-term
follow-up, and whether there are unknown factors influ-
encing the predictive effects of levodopa responsiveness
on DBS outcomes. Additionally, no consensus exists
regarding the above-mentioned predictors, and whether
there are any other characteristics that can predict the
effects of surgery yet to be confirmed.

In the present retrospective study, we confirmed the
effects of bilateral STN-DBS with a 3-month follow-up.
The 3 month was selected as a short-term follow-up be-
cause optimal surgical effects generally appear 3—6 months
postoperatively [10] and most patients attained a relatively
stable condition 3 months postoperatively [11]. Moreover,
we aimed to identify other predictive factors for the effects
of STN-DBS after 3 months, and it was worth emphasiz-
ing that we further performed stratified analyses to
explore which factors modify the predictive effects of
preoperative levodopa responsiveness and other analyzed
predictors of postoperative motor improvement.

Methods

Patients

We studied 27 consecutive PD patients who underwent
bilateral STN-DBS in the First Affiliated Hospital of
China Medical University from November 2014 to No-
vember 2015, including 22 Medtronic DBS system and 5
PINS DBS system. All patients enrolled in the study have
written informed consent, and the local ethics commit-
tee approved the study. The inclusion criteria for the
study were as follows: 1) patients must were diagnosed
as idiopathic Parkinson’s disease by movement disorder
neurologists based on the UK PD Brain Bank Criteria
[12]; 2) disease duration > = 4 years; 3) were effective to
levodopa; 4) with motor fluctuations or wearing-off
phenomenon; 5) can cooperate with our follow-up.
Exclusion criteria including: 1) obvious complications
after surgery, such as hemorrhage, serious infection; 2)
with dementia or severe psychotic symptoms; 3) marked
cerebral atrophy or other abnormities on MRL
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Fig. 1 a. The lead location by the axial view of postoperative MRI.
b. The lead location by the coronal view of postoperative MRI

Surgery

We located the subthalamic nucleus by preoperative
magnetic resonance imaging (MRI 3.0 T) with Leksell
stereotactic frame, then compute accurate coordinates of
the target by surgical-plan system, the subthalamic
nuclei dorsolateral part was selected as the target;
intraoperative microelectrode localization was taken use
of the electrophysiological recordings, then we made a
stimulation test to observe the reaction of patients to
different voltages after electrode implantation, an im-
pulse generator (IPG) was implanted subcutaneously
when patients were under general anesthesia. All pa-
tients underwent MRI (1.5 T) postoperatively for the as-
sessment of target location and surgical complications
(Fig. 1). Patients followed the doctor’s advices to con-
tinue to take medicine and without stimulation settings
temporarily.

Programming

Approximately 1 month after surgery, we turned on the
IPG when patients were totally at off-medication state
(drug withdrawal more than 6 h), through repetitive
tests, all the contacts were tested according to a stand-
ard protocol [13]. We set frequency at 130 Hz and pulse
width at 60 us generally, the amplitude was progressively
increased from O to 5-6 V with increments of 0.5-1.0 V
or until side effects appeared. The optimal electrode
contacts and voltage with the lowest threshold for indu-
cing a beneficial results and the highest threshold for
leading side effects were finally selected for chronic
stimulation [7]. After setting up suitable parameters, we
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adjusted the dopaminergic medication based on the
patient’s response to stimulation or just followed the
preoperative medication plan. Then patients continued to
observe at home, and accompanied with our telephone
follow-up, patients came back to program when they feel
uncomfortable, we adjusted the parameters on the basis of
their symptoms, until up to a steady state.

Assessments

We collected the basic clinical information of all sub-
jects before surgery. All patients with STN-DBS surgery
were assessed by UPDRS III (item18-31) 1 week
preoperatively and 3 months postoperatively, and to cal-
culate the improvement of motor symptoms according
to the assessment data, in other words, we measured the
efficacy of STN-DBS on motor function through the
change of UPDRS III scores before and after surgery
(Fig. 2).

Pre-operation:

1. Acute levodopa challenge test: UPDRS III was
evaluated when patients took no medicine for at
least 12 h (usually overnight) which defined as “off-
medication” or baseline state [14], and in the course
of the maximal clinical benefit after administration
of a dose of Madopar which was about 50 mg higher
than the usual morning dose (“on-medication”) [15],
the levodopa responsiveness which refers to the
percentage improvement of levodopa challenge test
was equivalent to (UPDRS III score of the baseline
state - UPDRS III score of best state)/UPDRS III
score of baseline*100%.

2. The akinesia scores include items 23—-26 of UPDRS
part III; the scores of axial symptoms include
dysphonia, neck rigidity, arising from a chair, gait,
and postural instability (items 18, 22 along with
27-30 of UPDRS III) [16].

3. The severity of Parkinsonism was evaluated by
the scores of UPDRS III and H&Y stage in
off-medication condition respectively.

4. LEDD refers to levodopa equivalent daily dose
which was calculated as the dose of dopamine
agonist plus levodopa and MAO-B inhibitor,
according to the following formula: 100 mg
Madopar = 1 mg pramipexole = 100 mg
piribedil = 10 mg selegiline; each dose of
levodopa was 25% more effective with
entacapone. [7, 17].

5. Duration of motor fluctuations refers to the time
from wearing-off symptoms emerge to the time of
preoperative evaluation.

6. Based on the predominant motor features in
daily living activities and motor scores of UPDRS,
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the disease subtype of an individual patient was
classified as posture instability and gait difficulty
(PIGD) [18] and limb-predominant symptoms
(LPS). PIGD was defined as the scores of items
28-30, LPS was defined as the total scores of
limb tremor, limb rigidity and akinesia (items
23-26). We used the ratio of the scores of LPS
to the scores of PIGD to judge which subtype
the patients belong to (>6 belong to LPS, <6
belong to PIGD, when the rate equal to or very
close to 6, we grouped the patients according to
their main complaints).

Post-operation:

Three months after STN-DBS, patients came to
program the parameters, they must withdraw drugs
for at least 6 h, when doctors finished the program-
ming and patients reached to an ideal state, we
assessed the score of UPDRS III at off-medication/on-
stimulation condition.

The motor effects of STN-DBS was evaluated by the
difference of UPDRSIII scores at off-medication state be-
fore and after operation, improvement rate was defined
as follows: (preoperative UPDRS III score - postoperative
UPDRS III score)/preoperative score *100%.

Statistical analysis

The effects of bilateral STN-DBS on parkinsonian motor
symptoms were evaluated using Wilcoxon signed rank
test (Table 2). Then we performed univariate analysis
and chose the variables whose p value was less than 0.1
or with assured clinical significance, next we did multi-
variate analysis after adjusting the potential confounders
to estimate the independent relationship between post-
operative motor function improvement and each related
factors. When performed further stratified analysis, we
determined the cut-off point of disease duration
(<10 years, > = 10 years) based on that PD patients pro-
gressed to severe disability after about 10 years of the
onset [19], the dividing line of duration of motor fluctu-
ations (<=3 years, >3 years) was determined by reference
to previous studies [16, 20, 21], and we chose the mean
preoperative scores of UPDRS III as cut-off point
(<=50, >50) since no clear cut-off has been confirmed.
A p value less than 0.05 was regarded as statistically
significant. All analyses were performed using Empower
(R) (www.empowerstats.com, X&Y solutions, inc. Bos-
ton MA) and R (http://www.R-project.org).

Results

Demography and baseline characteristics of the PD
patients

Four of the initial 27 patients in our study were lost
during the follow-up. Finally, 23 patients (11 men and
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12 women, 21 Medtronic and 2 PINS) with a mean
(+SD) age of 50.4 + 8.5 years at onset, 61.7 + 8.3 years at
the time of surgery and a mean disease duration of
11.3 £ 5.8 years were remained to complete the study, their
mean duration of motor fluctuations was 5.4 + 3.9 years,
and mean score of UPDRSIII in off-medication condition
was 50.2 + 18.2. The baseline characteristics of the subjects
were listed as Table 1. Additionally, the parameters at
3 months postoperatively including voltage (Left, Right),
pulse width and frequency was 1904 + 045 V (L),
1.821 + 0.39 V (R), 65 + 9.45us, 138 + 14.83 Hz respect-
ively, and 18 of monopolar, 1 of bipolar and 4 of double
cathode stimulation.

STN-DBS significantly improved the postoperative motor
function of PD patients

Patients were followed up 3 months after operation.
As illustrated in Table 2 and Fig. 2, motor function
including total score of UPDRS III, scores of tremor,
rigidity, akinesia and axial symptoms all demonstrated
a significant improvement in “off-medication/on-stimula-
tion” state compared with preoperative baseline state. The
total score of UPDRSII improved by 56% from
50.15 + 18.19 at baseline to 21.94 + 11.69 at 3 months
(p < 0.001), tremor, rigidity, akinesia, and axial symptoms
were ameliorated by 83% (p < 0.001), 66% (p < 0.001), 54%
(p < 0.001) and 40% (p < 0.001) respectively. The postoper-
ative levodopa equivalent daily doses decreased 20%, from
999.32 + 516.69 mg at baseline to 797.52 + 414.45 mg at
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3 months (p = 0.006) (Table 2). No patient stopped taking
medication.

Preoperative levodopa responsiveness and disease subtype
influenced the effect of DBS operation on motor function
During the univariate analysis (Table 3), we selected the
variables which the p value less than 0.1 or variables
with definite clinical significance in other studies to
make further analyses, included disease subtype and
preoperative levodopa responsiveness. In the multivari-
ate analysis (Table 3), after adjusting factors of gender,
disease duration, subtype, baseline UPDRS III scores,
dyskinesia, age of onset, age of surgery and duration of
motor fluctuations, the results showed that preoperative
levodopa responsiveness tended to be positively related
to the improvement of motor function in “off-medica-
tion/on-stimulation” 3 months postoperatively (f = 0.9,
95% CI 0.1, 1.7, p = 0.055, on the verge of 0.05), it re-
ferred to that as each increase of 1% of preoperative
levodopa responsiveness, the postoperative motor
function improved as the similar amplitude of 0.9%.
Additionally, there was a significant difference of
postoperative motor improvement between PIGD
group and LPS group in multivariate analysis after
adjusting levodopa responsiveness, baseline UPDRS III
scores, dyskinesia and age of surgery (p = -28.7, 95%
CI -49.5, -8.0, p = 0.015), which indicated that the
motor function in PIGD group was 28.7% less
improved than LPS group.
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Table 1 Demography and baseline characteristics of study

subjects
Characteristics Value
Gender(male/female) 11/12
Age of onset, y 504+85
Duration, y 11.3+£58
Age of surgery, y 61.7+83
H&Y stage (off-med)
Mild(<3) 9 (39.1%)
Severe(=3) 14 (60.9%)
Levodopa responsiveness, % 625+193
LEDD, mg/d 999.3+516.7
Dyskinesia
No 14 (60.9%)
Yes 9 (39.1%)
Motor fluctuations duration, y 54+39
Disease subtype
LPS 12(52.2%)
PIGD 11 (47.8%)
Baseline UPDRSIII scores (off-med) 502+182

Data are expressed as numbers, with percentages in parentheses, or as means
+ SE. PIGD posture instability and gait difficulty, LPS Limb-predominant
symptoms; Baseline refers to “off-medication” state

Gender, disease duration and duration of motor
fluctuations modified the effect of preoperative levodopa
responsiveness on postoperative motor improvement

In order to discover whether some factors influenced the
effect of levodopa responsiveness on motor results of
STN-DBS, we further did stratified analysis, here we
adjusted their related covariates respectively. The results
in Table 4 demonstrated that gender, duration of motor
fluctuations and disease duration exerted significant
influence on the preoperative levodopa responsiveness-
related postoperative motor function improvement.

Each 1% increment of preoperative levodopa respon-
siveness led to a 1.1% increase of motor improvement in
female group ( = 1.1, 95% CI 0.3,1.9, p = 0.0294), while
there was no statistical significance in male patients
(Table 4); as each increase of 1% of preoperative
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levodopa responsiveness, the motor function improved
2.0% in patients with disease duration less than 10 years
(B =20,95% CI 1.1,2.9, p = 0.0021), and no statistical
significance in patients with longer disease duration
(>10 years); each 1% increment of preoperative levodopa
responsiveness led to a 3.1% increase of postoperative
motor improvement in patients whose motor fluctua-
tions appeared less than 3 years (p = 3.1, 95% CI 0.8,5.5,
p = 0.0393), and no statistical significance in the others
with motor fluctuations longer than 3 years (Table 4).
Moreover, when stratified by factors such as age of
onset, age of surgery and H&Y stage, we not found more
other factors which can influenced the predicting power
of Levodopa responsiveness.

The duration of motor fluctuations and severity of
preoperative motor symptoms modified the effect of
disease subtype on postoperative motor improvement
The results of stratified analysis in Table 4 showed that
more obvious difference was existed in patients with
longer motor fluctuations (> = 3 years), in other words, in
those late-stage operated patients with motor fluctuation
longer than 3 years, the PIGD group was 38.4% less im-
proved than LPS group (f = -38.4, 95% CI -67.1, -9.7,
p = 0.039); additionally, in patients with more severe
motor symptoms preoperatively whose baseline UPDRSIII
score > 50, the PIGD group was 41.1% less improved than
LPS group (f = —41.1, 95% CI -61.8, -20.4, p = 0.03); we
found there was no difference of surgery effect between
PIGD and LPS group when stratified by other factors.

Discussion

Bilateral STN-DBS is widely used to treat PD and its
distinct effects have been confirmed [2, 3, 6, 7, 11].
Compared with the “off-medication” condition prior to
surgery, bilateral STN-DBS greatly improved the motor
function of PD patients in “off-medication/on-stimula-
tion” condition 3 months after surgery in our study. The
total score of UPDRS III was significantly reduced by 56%
of baseline. Scores of motor symptoms including tremor,
rigidity, akinesia, and axial symptoms all decreased post-
operatively, of these, tremor demonstrated the most

Table 2 Comparison between baseline and 3 months postoperatively

Subscale Range of possible scores  Preoperative baseline (N=23) 3 months after surgery off-medication/on-stimulation (N=23) P value
Total UPDRSIII 0-108 50.15+18.19 21.94 +£11.69; 56% <0.001**
Tremor 0-28 867785 144 +2.65; 83% <0.001**
Rigidity 0-20 10.76 +4.82 3.71 £3.33; 66% <0.001**
Akinesia 0-32 19.5+895 8.98 £ 648; 54% <0.001**
Axial symptoms  0-24 1117 +£535 6.76 + 3.84; 40% <0.001**
LEDD, mg 99932 +£516.69 797.52 £414.45; 20% 0.006*

**p < 0.01, *p < 0.05; Akinesia refers to the sum of items 23-26 of UPDRS |II; Axial symptoms was defined as the sum of the following motor scores: item 18, 22

(rigidity of the neck), items 27-30 [16]
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Table 3 The correlations between various factors and postoperative improvement of motor function
Variables Univariate analysis Multivariate analysis

B P value B P value
Gender (male/female) 7. 0451 10 0.364
Age of onset, y -0.2 0.788 -03 0.719
Duration, y -0.7 0429 -03 0.852
Age of surgery, y -0.5 0.397 -1 0.35
H&Y stage (Mild/Severe) —64 0.503 55 0.74
Levodopa responsiveness, % 0.2 0328 09 0.055
Dyskinesia(No/Yes) -8.7 0361 103 0357
Motor fluctuations duration, y -1 0427 -17 0.495
Disease subtype (PIGD/LPS) -17.2 0.057 —-28.7 0.015*
Baseline UPDRSIII scores 0.3 0.331 03 0421

*p < 0.05; p value which was close to 0.05 means a significant tendency; multivariate analyses of all factors adjusted the respective covariates

improvement (83%) and axial symptoms showed minimal
change (40%). In addition, postoperative medication dos-
age showed a marked decrease compared to preoperative
dosage requirements.

The marked effects of STN-DBS after both short-term
and long-term follow-up are well known, however, for cli-
nicians, it is more important to evaluate the variables that
may influence the clinical outcomes of surgery to optimize
the timing of an operation and to predict the therapeutic
effects of surgery as accurately as possible. Preoperative
levodopa responsiveness is a well-established predictor of
motor improvements after STN-DBS therapy [4, 6, 10, 22].
In our study, multivariate analyses demonstrated a positive
and nearly statistically significant correlation between
levodopa responsiveness and postoperative motor im-
provement (p = 0.055), where the p value may be attrib-
uted to the small sample size of our study. After adjusting
for potential confounds in the analyses, stratifying for gen-
der, disease duration and duration of motor fluctuations, a
significant association was found between levodopa re-
sponsiveness and postoperative motor improvement.

The strong predicting effect of levodopa responsive-
ness generally suggests that the resolution of PD symp-
toms with DBS is more related to the degeneration of
the dopaminergic system; greater involvement of other
neurotransmitter systems, such as acetylcholine and nor-
adrenaline, in the disease may contribute to the less pre-
dicting effect of levodopa responsiveness. Thus, our
study demonstrates the three variables that may exert in-
fluence on the predictive power of levodopa responsive-
ness on postoperative motor improvements. The three
significant variables are female gender, shorter disease
duration, and shorter duration of motor fluctuations.
This result not meant a great DBS response in these
people or a poor surgical response in the male patients
or patients with motor fluctuation more than 3 years or
disease duration longer than 10 years, our point here is
to tell which subset of patients can be more accurately
predicted by preoperative levodopa responsiveness ra-
ther than tell the clues for worse DBS result.

In female patients, each 1% increment of preoperative
levodopa responsiveness led to a 1.1% increase of

Table 4 Factors that modify the predictive effects of levodopa responsiveness and disease subtype on motor improvement

Predictors Stratification factors 3 95% Cl P value
Preoperative levodopa responsiveness Gender Female 1.1° 03,1.9) 0.0294*
Male 06° (-04,1.6) 0.2901
Disease duration, y <10 20° (1.1,29) 0.0021**
>=10 -0.1° (-0.9,0.8) 0.8874
Motor fluctuations duration, y <=3 3.1° (0.8,5.5) 0.0393*
>3 05° (-04,1.3) 0.3061
Disease subtype(PIGD/LPS) Motor fluctuations duration, y >3 —384° (-67.1,-9.7) 0.039*
Disease severity >50 —41.1° (-61.8-204) 003*

“refers to the value of B means that as each increase of 1% of Levodopa responsiveness, the postoperative motor function improved as a certain amplitude;
Prefers to the value of B means the difference of motor improvement of PIGD group compared to that of LPS group; **p < 0.01, *p < 0.05; Disease severity was

measured by the baseline UPDRS scores of part Il
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postoperative motor improvement (p < 0.05), these data
suggest that preoperative levodopa responsiveness may be
a more accurate predictor for the outcomes of motor
function after STN-DBS in female PD patients. We sup-
posed this result may be related to the greater survival
of dopaminergic neurons in women owing to the pro-
tective role of estrogens against the degeneration of
dopaminergic neurons which had been suggested by
primate model tests [23-25] and a clinical and epi-
demiological study [26]; in addition, estrogens were af-
firmed to prevent the dopamine depletion in studies
using rodent PD models induced by 6-hydroxydopamine
[27] and by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) [28]. Accordingly, more dopaminergic neurons
survived in female PD patient suggesting less disease se-
verity, and DBS mainly ameliorated dopaminergic-related
symptoms [29], thus, better responses to levodopa pre-
operatively predict greater improvement in motor func-
tion after STN-DBS in female PD patients.

The other two variables that influenced the predictive po-
tency of levodopa responsiveness on postoperative motor
improvement were shorter disease duration (< 10 years)
and shorter duration of motor fluctuations (< 3 years)
which both imply a DBS operation in the early stages of the
disease, a so-called “early stimulated” condition. Similarly,
early-stimulated groups also have fewer non-dopaminergic
symptoms, including freezing of gait, postural instability,
falls, or cognitive disorders; thus, parkinsonian symptoms
in the early stages improve with levodopa supplementation
or DBS as well. The biochemical mechanism in the late
stages of PD, as suggested by a longer disease duration or
longer time of motor fluctuation, was not only related to
the loss of nigrostriatal dopaminergic neurons but also the
participation of other non-dopaminergic systems, such as
loss of noradrenaline in the locus coeruleus (LC), gluta-
matergic hyperactivity and loss of cholinergic pedunculo-
pontine nucleus (PPN) neurons, as described by David
Devos et al. [30]. In sum, we supposed that preoperative
levodopa responsiveness serves as a predictor for DBS out-
comes more precisely in early-stage PD patients than late-
stage patients. Generally, the PD symptoms expected to be
resolved with DBS are those responsive to levodopa supple-
mentation, which suggests that DBS mainly exerts a
dopaminergic-based effect. The two variables in our study
that exerted greater influence on the relationship between
levodopa responsiveness and postoperative motor improve-
ment are related to better preservation of dopamine neu-
rons or less severity of the disease.

Another variable predicting postoperative motor im-
provement in our study was the subtype of disease before
surgery. We observed a significant difference in motor im-
provement between two predominant subtypes; the PIGD
group showed poorer amelioration than the LPS group
(p < 005), in other words, patients with dominant
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symptoms of LPS preoperatively gained greater motor
function improvements than those in the PIGD group.
After further stratified analyses, we found this difference
between the two subtypes was notable in patients with
longer duration of motor fluctuations (p < 0.05) and in pa-
tients with severe motor symptoms before surgery
(p < 0.05); these findings suggest that PIGD patients at a
late stage of PD would benefit less from the operation
than LPS patients and an early recommendation for the
operation for such subtype would be desirable. Given
that motor function improvement with DBS manifests
primarily in dopaminergic-related symptoms, it is con-
ceivable to understand this result since for PIGD pa-
tients, the major symptoms such as falling, balancing
dysfunction and gait disorders are axial symptoms,
which are not completely alleviated by levodopa but
also much related to non-dopamineric neurotransmit-
ters [29, 31] and are involved in later stages of the dis-
ease [30-32].

One major shortcoming of our study was the small
sample size of 23 patients, which decreased the p value
of our statistical results. Other factors related to the
surgical outcomes and the predictors reported in other
studies may be confirmed through the statistical analysis
of a larger patient population. Another limitation of this
study was that we collected UPDRS III data but not
UPDRS II and IV data, so other patient aspects were not
evaluated. We expect that future studies with larger
patient populations will confirm these findings.

Conclusions

The intensity of preoperative levodopa responsiveness
served as a predictor of motor improvement more
accurately in female patients, and patients with short
disease duration or shorter motor fluctuations. Patients
with dominant axial symptoms as PIGD ones benefit less
from STN-DBS compared to those with limb-predominant
symptoms, especially in their later disease stage or with
more severe motor symptoms before surgery. So it is
natural and reasonable to recommend the operation
to levodopa-responsive patients especially the female,
patients in early stage of disease and PIGD patients
at their early stage.
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