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Abstract Deep brain stimulation (DBS) of the subtha-
lamic nucleus (STN) can improve the life quality of
patients with advanced Parkinson disease (PD). However,
previous studies have stemmed mainly from Western
centers. Present study analyzed the 6-month outcomes of
bilateral STN-DBS therapy that were observed during a
9-year period at a Taiwanese institute. We retrospectively
reviewed 72 consecutive patients, whose mean disease
history was 8 years when they underwent surgery. The
median “drug-off” Hoehn and Yahr stage was 3. The STN
was targeted using T2-weighted magnetic resonance
imaging and electrophysiological guidance. The over-time
mean differences in the Unified PD Rating Scale (UPDRS)
scores and daily levodopa-equivalent dose (LED) were
assessed using the repeated measurements ANOVA at 3
and 6 months relative to those of presurgical drug-off
baseline. At 6 months postsurgery, the mean UPDRS total,
Part II and Part III subscores significantly decreased by 27,
30 and 25 %, respectively, with clinically high effect size.
Tremors were markedly (66 %) ameliorated. Moreover,
problems of akinesia, rigidity, and locomotion were sig-
nificantly improved by 20 %. The mean daily LED needs
decreased by 25 %; thus, drug-induced dyskinesia was
markedly (80 %) diminished. STN-DBS therapy could
provide similarly effective impacts to Eastern and Western
PD patients. Preoperative optimal selection of patients and
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postoperative delicate programming ensure a better surgi-
cal improvement.
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Introduction

Idiopathic Parkinson disease (PD) is a complex, progressive
neurodegenerative disorder manifested by many motor and
non-motor features [1]. The current treatment of choice is
mainly medical [2]; however, chronic dopaminergic therapy
is limited by disease progression and development of drugs-
related motor fluctuations or dyskinesia. Surgical interven-
tions are strongly recommended for these patients [2-5].
Deep brain stimulation (DBS) of the subthalamic nucleus
(STN) is preferred because most of its adverse effects are
reversible, and it causes fewer complications than classic
lesion surgery does [6, 7]. STN-DBS exhibited also more
effective control of parkinsonian symptoms and reduction of
dopaminergics than pallidal DBS does [3, 4, 8].

Previous studies [5, 6, 9—12] reported that 6-month
clinical improvements after STN-DBS varied widely
(20-75 %) compared to preoperative drug-off baseline.
Most studies recruited only low numbers of patients, and
stemmed mainly from Western centers [9, 12]. Search of
the PubMed database up to July 2014, using the combined
MeSH terms of “deep brain stimulation” and “Parkinson”
yielded one Japanese (14 patients) [13], one Korean (9
patients) [14], and another Taiwanese (7 patients) [15]
reports related to the 6-month efficacy of STN-DBS ther-
apy. The prevalence and incidence rates of PD in Taiwan
are closer to those in Western countries [16], thus the status
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Table 1 Baseline demographic characteristics and medication

response of patients before surgery

48:24
61.1 £ 2.3 (40-78)
7.9 + 0.8 (5-17)

Men:women
Age at surgery (year)
Duration of illness at surgery (year)

Median Hoehn & Yahr (off) stage 3 (2-5)

Minimal Mental Status Score 27.0 £ 0.6 (21-30)

Levodopa-equivalent daily dose (mg) 663.5 £ 84.9
(50-1,867)

Improvement after Levodopa-challenge test 46.5 £+ 3.3 (33-89)

(%)
“Drug-off” UPDRS total score
“Drug-on” UPDRS total score
“Drug-off” UPDRS part I subscore
“Drug-on” UPDRS part I subscore
“Drug-off” UPDRS ADL subscore
“Drug-on” UPDRS ADL subscore
“Drug-off” UPDRS motor subscore
“Drug-on” UPDRS motor subscore
“Drug-on” UPDRS IV subscore
“Drug-off” UPDRS speech subscore
“Drug-on” UPDRS speech subscore
“Drug-off” UPDRS tremor subscore
“Drug-on” UPDRS tremor subscore
“Drug-off” UPDRS rigidity subscore
“Drug-on” UPDRS rigidity subscore
“Drug-off” UPDRS akinesia subscore
“Drug-on” UPDRS akinesia subscore
“Drug-off” UPDRS PIGD subscore
“Drug-on” UPDRS PIGD subscore
“Drug-on” UPDRS Dyskinesia subscore

67.3 £ 5.5 (18-149)
48.7 + 4.8 (8-92)
3.9 + 0.4 (1-9)
3.9 £ 0.4 (0-9)
19.0 + 1.8 (3-45)
13.2 £ 1.6 (1-32)
40.5 + 3.7 (10-90)
27.6 £ 3.3 (4-64)
4.1 £ 0.7 (0-11)
1.2 + 0.2 (0-3)
1.0 + 0.2 (0-3)
5.7 £ 1.2 (0-24)
3.0 £ 0.9 (0-20)
9.2 £ 1.1 (0-21)
6.0 £ 1.0 (0-17)
13.2 £ 1.4 (2-30)
9.6 + 1.3 (1-22)
8.4 + 1.0 (0-20)
5.6 + 0.9 (0-17)
1.2 £ 0.3 (0-5)

Value = mean + 95 % confidence interval (range)

ADL activity of daily life, UPDRS Unified Parkinson Disease Rating
Scale, PIGD postural instability and gait disturbance

of STN-DBS therapy for PD in Taiwanese populations
must be clarified.

Materials and methods
Patients

Seventy-two consecutive PD patients underwent bilateral
STN-DBS therapy between May 2004 and July 2013.
Movement disorder specialists selected the surgical can-
didates according to the British PD Society Brain Bank
criteria [1] and CAPSIT-PD criteria [17]. The patients were
not eligible for surgery if they had substantial cognitive
dysfunction, major depressive disorder or severe concom-
itant medical comorbidities. Their mean age was 61 years,
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mean illness duration was 8 years, and the median Hoehn
and Yahr stage was 3 (Table 1). Preoperatively, the motor
improved rate to single-dose anti-parkinsonian drugs was
32 %. After the levodopa (LD) challenge, using LD and
benserazide of 1.5 times to daily divided levodopa-equiv-
alent dose (LED), the motor improvements increased to
46 %. All patients provided written informed consent
approved by a local ethics committee. This study was
conducted in compliance with institutional guidelines and
the regulations of the Declaration of Helsinki.

Surgical technique

All patients underwent a 2-stage operation performed using
a standardized procedure. Dopaminergics were stopped
overnight for at least 12 h prior to the surgery. The elec-
trodes (Model 3389, Medtronic, Minneapolis, MN, USA)
were implanted while the patient was awake. Five days
later, an implantable pulse generator (IPG) (Kinetra) was
placed in the left upper chest subcutaneous area of patient
under general anesthesia.

The stereotactic coordinates of upper dorsolateral STN
were initially defined by the indirect method based on the
Schaltenbrand and Wahren atlas in relation to the anterior
commissure and posterior commissure line [18], and
modified afterwards using the red nucleus-based direct
method [18], on high-resolution (1.5-T) T2-weighted
magnetic resonance images (MRIs) in 2-mm-thick axial
slices. We used the SurgiPlan software (version 2.11,
Elekta Inc.) for surgical planning.

Intraoperatively, single-track microelectrode recordings
(MERs) were routinely captured to identify the somato-
sensory region of the STN and its boundary to the sub-
stantia nigra, based on their characteristic neuronal firing
patterns and responses to passive movements of the con-
tralateral limbs [19, 20]. The length of trajectory should be
at least 4.0 mm, otherwise, another entry will be tried.

The final trajectory for permanent lead was selected
using macrostimulation based on the longest pass and the
greatest amount of movement-driven activities without
causing side effects [20]. The lead was positioned with its
most distal contact at the inferior border of the STN span.

Programming

Programming was initiated approximately 3 weeks after
the IPG was implanted, when the lesion effect had faded.
The optimal combination of settings was that provides the
greatest symptom control and the least adverse effects.
Patients experiencing adverse effects in a narrow thera-
peutic window were administered a bipolar stimulation.



Neurol Sci (2015) 36:515-520

517

Clinical assessments

The primary endpoint was patients’ clinical outcomes at 3
and 6 months, according to the Unified PD Rating Scale
(UPDRS) scores relative to the preoperative “drug-off”
baseline. The patients were assessed after an at least
12-hour overnight withdrawal of anti-parkinsonian medi-
cation, initially in a “DBS-on” state and repeatedly after
the “DBS-off” state began for at least 30 min [21]. The
motor outcome measures were focused on the speech (Item
18), tremor (Items 20-21), rigidity (Item 22) and akinesia
(Items 23-26). Locomotion was measured based on pos-
tural instability and gait disturbance (PIGD) (Items13-15
and 29-30). Dyskinesia complications (Items 32-35) fol-
lowing therapy were measured.

The secondary endpoint was a change in daily total
LED. The conversion equation of LED was: 100 mg of
standard LD is equivalent to 133 mg of controlled-release
LD; 75 mg of LD and entacapone; 1 mg of pergolide,
pramipexole, lisuride, or cabergoline; 5 mg of ropinirole;
10 mg of bromocriptine or apomorphine; and 20 mg of
dihydroergocriptine [10].

Statistical methods

All data are expressed as the mean and 95 % confidence
interval (CI). The Wilcoxon signed-rank test was used to
compare the preoperative drug-on and drug-off states. The
over-time differences in UPDRS scores and in LED
requirements were analyzed using a repeated measurement
ANOVA, based on the preoperative drug-off baseline.
Sphericity assumption was evaluated by the Mauchly’s
test, and adjusted using the Huynh-Feldt correction. Rel-
evant differences in time-event changes were evaluated
using a post hoc Bonferroni test. A 2-tailed P value less
than 0.05 indicated statistical significance. The cut-off
points for the clinical effect size (11°) were defined as low
(0.01), moderate (0.06) and high (0.14). All of the statis-
tical analyses were performed using PASW Statistics 18
(SPSS Inc., Chicago, IL, USA).

Results

A total of 161 passes were performed with an average
1.3 £ 0.1 passes per lead implantation; nearly 80 % of the
leads were successfully placed in the initial pass. The
remaining leads were adjusted based on MERs. The final
mean lateral (x), anteroposterior (y) and vertical (z) coor-
dinates for the STN target were 11.9 £ 0.1, —3.4 £ 0.1
and —4.6 £ 0.2 mm relative to the midcommissural point,
respectively. The mean STN span was 5.7 £ 0.2 mm. The

mean parameters at 6-month for the right stimulator were:
amplitude, 2.6 & 0.1 V; pulse width, 65 & 2.8 ms; fre-
quency, 138 + 3.4 Hz. For the left stimulator, the ampli-
tude, pulse width, and frequency were 2.7 + 0.1V,
67 £ 3.2 ms and 138 + 3.4 Hz, respectively. Monopolar
stimulation was administered to 71 % (n = 51) of the
patients. One patient was treated using a bipolar/monopolar
combination.

Postoperative adverse effects

No surgical mortality or major adverse effects such as
bleeding, dysarthria, visual defects, motor deficits, or
hemiparesis occurred. Two patients experienced acute
psychosis for 3-4 days, and one patient experienced a
seizure the day after implantation. The right leads were
malpositioned in two patients, and were relocated when the
IPG was implanted. One diabetic patient experienced fluid
accumulation in the chest IPG pocket within one week;
therefore, the IPG was removed immediately, and reim-
planted 4 months later. These six patients subsequently
exhibited a smooth treatment course. No system failures
occurred in this series.

Overall clinical improvements after surgery

Preoperatively, medication alone reduced the mean UP-
DRS total score, Part II (activities of daily living, ADL)
and Part III (motor) subscores by 28 % (P < 0.001), 31 %
(P <0.001), and 32 % (P <0.001), respectively
(Tables 1, 2). Six months after STN-DBS therapy without
medication, all patients experienced significant clinical
improvements in mean UPDRS total scores (112 = 0.34,
P <0.001), ADL (4> =0.31, P <0.001) and motor
(n* = 0.26, P < 0.001) subscores compared with the pre-
operative drug-off state. The improved rates were 27 %
(P < 0.001) in total scores; 30 % (P < 0.001) in the ADL
and 25 % (P < 0.001) in the motor subscores (Fig. I;
Table 2).

Before surgery, the mean Part IV subscore (drug-
induced complications) was 4.1 £ 0.7 in 62 (86 %)
patients. This score decreased to 1.7 £ 0.4, noted in 52
(72 %) patients, at 6 months post-DBS therapy (5* = 0.31,
P < 0.001). Thirty-three (73 %) of 45 patients with drug-
induced dyskinesia were completely free of this problem
after DBS therapy, and another three (7 %) patients
exhibited substantial improvement (5> = 0.22, P < 0.001).
The total daily mean LED was significantly reduced
(n* = 0.26, P < 0.001), from 663 & 85 mg before surgery
to 498 £+ 59 mg (25 % reduction, p < 0.001) 6 months
postoperation.
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Table 2 Summary of

h Y UPDRS  Preoperative drug p Postoperative DBS-alone effects P
preoperative medication response (%)
response and postoperative 3 Months (%) 6 Months (%) F Effect size
DBS-alone effects, as indicated
by improved rate relative to Total 28 <0.001 25 27 35.87 0.34 <0.001
presurgical drug-off baseline ADL 31 <0.001 28 30 32.16 0.31 <0.001
Motor 32 <0.001 25 25 24.62 0.26 <0.001
Speech 14 7 5 046 0.64 <0.01
ADL activity of daily life, Tremor 48 <0.001 61 66 38.77 0.35 <0.001
UPDRS Unified Parkinson Rigidity 35 <0.001 25 19 1125 0.14 <0.001
Disease Rating Scale, PIGD Akinesia 27 <0.001 15 17 7.01 0.09 0.002
postural instability and gait PIGD 33 <0.001 27 26 19.06 021 <0.001
disturbance
Clinical improvements in motor dysfunctions 80 1 S Preop Med (-)
(Mean +/- 95% Cl ) Preop Med (*)
. . . SN Post-3M Med (-) DBS(+)
The preoperative mean improvement after medication was 8 Post-6M Med (-) DBS(+)
14 % (P = 0.01) in speech disturbance, 48 % (P < 0.001) 60
in tremors, 35 % (P < 0.001) in rigidity, 27 % (P < 0.001) o
in akinesia and 33 % (P < 0.001) in locomotion (Table 1, o %
2). After 6 months DBS therapy, prominent improvement o 40 %
was particularly noted in tremors of 66 % (P < 0.001) with g %
a high effect size (5> = 0.35, P < 0.001), followed by %
locomotion of 26 % (P < 0.001) (172 = 0.21, P < 0.001), 20 %
by rigidity of 19 % (P = 0.008) (n2 = 0.14, P < 0.001), é .
and by akinesia of 17 % (P = 0.009 2 =0.09, / * %
y ( ) N % D

P =0.002) compared with the preoperative drug-off
baseline values (Fig. 2; Table 2). Speech dysfunction was
also mildly improved after STN-DBS alone (1> = 0.64,
P < 0.01), and nine (13 %) patients complained of prob-
lems in verbal fluency after STN stimulation.

Discussion

In general, the surgical outcomes of DBS therapy depend
closely on multiple factors such as patient selection [7, 22],
disease progression [23], surgical techniques particularly
accurate targeting [18, 24], postoperative programming
strategies [25], rehabilitation [26], and rating techniques
[21, 27]. Comparing published reports is thus not
straightforward [9, 23].

Debates on surgical techniques

Accurate targeting is adversely influenced by (1) mechan-
ical errors involving frame fixation [28] or fiducial markers
[29], (2) distortion in the radio images [30] and (3) brain
shifts attributable to cerebrospinal fluid loss or pneumo-
cephalus [31]. A mismatch between the planned and real
target coordinates is often observed; therefore, surgeons at
most centers intraoperatively conduct some electrophysio-
logical recordings, particularly MERs, to localize the STN
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Fig. 1 Comparison of the preoperative mean UPDRS scores after
medication, and at 3 and 6 months after the DBS surgery relative to
the preoperative drug-off baseline. ~*"P < 0.001

16 1 8
E:Zg m:gzi_)) (Mean +/-95% ClI)
14 - BB Post-3M Med (-) DBS(+)
Post-6M Med (-) DBS(+)
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Speech Tremor Rigidity Akinesia

Fig. 2 Comparison of the preoperative mean UPDRS motor sub-
scores after medication, and at 3 and 6 months after the DBS surgery
relative to the preoperative “drug-off” baseline. “P < 0.05,
P <0.01, 7P < 0.001

[19, 20]. In the present study, we had to adjust approxi-
mately 20 % of the leads to the optimal trajectory
according to the MERs for guidance.
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Hariz [32] doubts that MERs might influence surgical
outcomes, and emphasized the morbidity caused by MERs.
In fact, age and hypertension were the most crucial factors
related to an increased risk of hemorrhage [33]. No MERs-
related neurologic deficits occurred during the surgery or
subsequently in current series. We believe that the use of
intraoperative MERs is safe. MERs help beginners improve
the accuracy of targeting. Notably, an optimal MERs-
defined position does not ensure the optimal therapeutic
outcomes [19, 32]. Meticulous programming [7] or even
reprogramming during the follow-up period [7, 25] is
mandatory to obtain optimal clinical results.

Issues regarding therapeutic efficacy

Kleiner-Fisman et al. [9] estimated that the ratio of surgical
mean improvement compared with the optimal preopera-
tive mean LD response was approximately 80 % in a meta-
analysis among 37 cohorts. Randomized controlled studies
[10-12] and our study have verified their findings that the
improved magnitude of UPDRS scores in the drug-off,
DBS-on states was slightly inferior to that of preoperative
LD responsiveness (Table 2). In current series, the symp-
tomatic control rate was approximately 32 % after medi-
cation before the surgery. After DBS therapy, the mean
UPDRS ADL and motor subscores significantly decreased
by 25 to 30 % (y* = 0.26-0.34, P < 0.001).

Although our results and other Eastern reports [13—15]
are qualitatively similar to results in previous meta-analysis
[8, 9, 12], but the overall improved magnitude after DBS
therapy is somewhat suboptimal and less than those
reported for Western populations. At least two possible
facts might account for this discrepancy. First, the preop-
erative LD response in our series was relatively inferior, 32
versus 60-65 % reported for Western populations [9].
Second, the setting of amplitude is relatively conservative
in current series, 2.6 versus 2.9v in Western reports [5, 10,
12]. We observed that some patients did have achieved
better improvement after reprogramming [25].

We stress a socioeconomic discrepancy existed between
Eastern and Western populations. DBS therapy is currently
expensive. In Taiwan, national health insurance does not
cover this therapy. By contrast, the cost of medication is
fully covered. If symptomatic improvement greater than
60 % could be achieved using medication alone, we
experienced that persuading an elderly patient or his family
to accept a mini-invasive but relatively aggressive intra-
cranial procedure is quite difficult. Therefore, our patients
undergo operation generally at a delayed stage with rela-
tively lower LD response, which resulted in suboptimal
surgical results [7, 9]. Reasonably, the other possibility of
race-related differences in PD requires further
investigation.
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