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ABSTRACT

Objective. To clarify the efficacy of subthalamic nucleus (STN) stimulation in young-onset Parkinson’s disease {(PD), we compared the
effects of STN stimulation on the motor symptoms between young-onset PD (YOPD) and late-onset PD (LOPD). Methods. We analyzed the
effects of STN stimulation on motor function and motor fluctuations in 15 patients with YOPD, and 113 patients with LOPD who underwent
STN stimulation during the same period. The Unified Parkinson’s Disease Rating Scale (UPDRS) was evaluated during the on-period and
off-period, which are defined as the times at which the motor symptoms are the best and worst during the daily active time with sustaining
anti-parkinsonian drugs. The dyskinesia severity rating scale (DSRS) also was employed to assess the severity of peak-dose dyskinesia. We
analyzed the changes in levodopa equivalent daily dose (LED), motor fluctuations, DSRS, and UPDRS part 3 score after STN stimulation,
and compared the changes in each score between the two groups (YOPD vs. LOPD). Results. The LED was reduced, and the on-off motor
fluctuation index, dyskinesia rating scale score (on-period), and UPDRS part 3 score (on-and off-periods) were improved in both the YOPD
and LOPD groups. The improvement rates of the UPDRS part 3 scores in both the on- and off-periods in the YOPD group were superior to
those in the LOPD group. The results of multivariate logistic regression analysis demonstrated that YOPD itself is the best responder to STN
stimulation. Conclusions. STN stimulation can reduce the LED and improve motor fluctuations in patients with YOPD. The effects of STN
stimulation on the motor symptoms of YOPD patients are superior to those in LOPD. The present findings suggest that YOPD patients
suffering from several problems related to pharmacological therapy are probably good candidates for STN stimulation.
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Introduction
The motor symptoms of Parkinson’s disease (PD) com-

monly develop above the age of 50 years, with a mean age of
onset of around 60 years (1). However, there is a group of
patients in whom the motor symptoms of PD begin at a
younger age. Such patients are designated as young-onset
PD (YOPD), and their age of developing PD is between 21
and 40 years (2). YOPD patients display several clinical
features which are different from those of patients who
develop PD at above 40 years old (late-onset PD; LOPD). In
comparison with LOPD patients, levodopa is more effective
for YOPD patients, while patients with YOPD often experi-
ence treatment-induced motor complications, such as on-
off motor fluctuations and dyskinesia which develop from
the introduction of levodopa treatment in a shortyear (3-6).
Many patients with YOPD therefore suffer from such motor
complications of levodopa in the prime time of their life.

Stimulation of the subthalamic nucleus (§TN) can ame-
liorate the on-off motor fluctuations and levodopa-induced
dyskinesia (7-9). The effects of STN stimulation on the
cardinal motor symptoms of PD are similar to those of a
maximal dose of levodopa in each patient (8,10-12), and a
presurgical good levodopa-reactivity in terms of motor dis-
abilities is known to be a predictive factor for postsurgical
improvement of motor function (9,13,14). Based on such
clinical profiles of STN stimulation, YOPD patients can be
regarded as the better candidates for STN stimulation
therapy. However, although STN stimulation can improve
the motor disability in patients with YOPD (15), it is not
known whether the improvement effect of STN stimulation
for YOPD patients is actually greater than that for LOPD
patients. To clarify this issue, we examined the effects of
STN stimulation on the motor symptoms of YOPD in com-
parison with LOPD.

TABLE 1. Characteristics of YOPD Patients

Patients and Methods

Fifteen patients with YOPD underwent STN stimulation at
our hospital (Itabashi Hospital, Nihon University School of
Medicine) between October 2002 and August 2005. The
characteristics of these YOPD patients are summarized in
Table 1. We analyzed the effects of STN stimulation on
motor function and motor fluctuations (i.e. on-off motor
fluctuations and dyskinesia) in the YOPD patients preop-
eratively and at six months postoperatively. Furthermore,
113 non-YOPD patients who underwent STN stimulation
during the same period also were analyzed for comparison
with YOPD. Although the total 128 patients were clearly
responsive to levodopa, their parkinsonian symptoms
could not be controlled sufficiently with practically optimal
pharmacological therapy. They also suffered from
levodopa-induced side-effects, such as on-off motor fluctua-
tions and dyskinesia. All patients underwent implantation
of electrodes (model 3387; Medtronic, Inc., Minneapolis,
MN, USA) and pulse generators for deep brain stimulation
of the STN bilaterally. Preoperative and postoperative
assessments of motor disability were performed using
methods described in a previous publication (9). Briefly,
the Unified Parkinson’s Disease Rating Scale (UPDRS)
(16) was evaluated during the on-period, which is defined
as the time at which the motor symptoms are the best
during the daily active time, and the off-period, which is
defined the time at which the motor symptoms are the
worst during the daily active time, with sustaining anti-
parkinsonian drugs. The preoperative characteristics of the
two groups are summarized in Table 2. The preoperative
mean levodopa equivalent daily dose (LED) (17) and
UPDRS scores were not significantly different between the
two groups (Table 2). The dyskinesia severity rating scale
(DSRS) (18) was employed to assess the severity of peak-

Patient Sex Age at onset (years) Age at surgery (years) Duration of PD (years) Family history of PD
1 F 32 47 15 +*
2 M 30 44 14 -
3 F 34 42 8 -
4 M 34 42 8 -
3 M 39 52 13 -
6 F £l 49 18 -
7 F 23 53 30 -
8 F 39 62 23 -
9 M 35 55 20 -

10 M 38 66 28 +

1 F 31 44 13 -

12 F 39 61 22 -

13 M 33 52 19 -

14 M 36 57 21 -

15 M 36 51 15 -

*Autosomal recessive juvenile PD; Tsister is PD, mode of inheritance is unknown.

LOPD, late-onset PD; PD, Parkinson’s disease; YOPD, young-onset PD.
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TABLE 2. Patient Characteristics in the YOPD and LOPD Groups

Characteristic YOPD LOPD p value
Sex (male, female) 8§M, 7F 55M, 58 F
Age at onset (years) 340 £ 43 346 £6.9 <0.01
Age at surgery (years) 518+ 74 64.4 * 6.1 <0.01
Duration of PD (years) 178+ 6.5 98+ 49 <0.01
LED (mg/day) 641.0 = 3462  620.0 * 316.9 NS
UPDRS part 2
On-period 77x59 99+ 7.7 NS
Off-period 245+92 221 £ 81 NS
UPDRS part 3
On-period 228 +12.8 215+ 133 NS
Off-period 436 * 16.1 3731138 NS
DSRS 12978 9.0 £ 6.7 NS
On-Off MF index 20.8 £ 15.1 158 =116 NS

DSRS, Dyskinesia Severity Rating Scale; LED, levodopa equivalent daily
dose; LOPD, late-onset PD; MF, motor fluctuation; PD, Parkinson’s
disease; UPDRS, Unified Parkinson's Disease Rating Scale; YOPD, young-
onset PD.

dose dyskinesia, scoring the dyskinesia in six body parts
(neck, trunk, and each of the four extremities) on a
5-point scale (ranging from 0 to 4, e.g., 0 = absent, 4 =
severe), The incidence of peak-dose dyskinesia in the
YOPD group (80.0%; 12 of 15 patients) was higher than
that in the LOPD group (55.8%; 63 of 113 patients),
whereas the DSRS score was not statistically significantly
different between the two groups (Table 2). To estimate
the severity of on-off motor fluctuations, we defined the
score obtained by subtracting the UPDRS part 3 score at
the off-period from the UPDRS part 3 score at the
on-period as the “On-Off Motor Fluctuation Index.” The
presurgical On-Off Motor Fluctuation Index was not sig-
nificantly different between the two groups. In order to
exclude factors which could affect the motor activity, mini-
mental status examination and Hamilton depression test
were undertaken. The postsurgical stimulation parameters
also were compared between the two groups.

Statistical Analysis
We compared each score for the YOPD group and LOPD

group between before and after surgery, utilizing the Wil-
coxon signed-rank test. We also compared the percentage
reduction rate of LED (100 X [preoperative LED — postop-
erative LED]/preoperative LED) and the percentage
improvement rates of the On-Off Motor Fluctuation Index,
DSRS score, UPDRS part 2 and UPDRS part 3 scores (100 x
[each preoperative score — each postoperative score]/each
preoperative score) between the two groups employing the
Mann-Whitney test. Multivariate logistic regression analysis
was used to capture the common odds ratio between the
postoperative improvement of the UPDRS part 3 score and
various presurgical factors. Simple regression analysis was
performed to assess the correlation of independent vari-

ables such as duration of disease and percentage improve-
ment of motor score.

Results
We adjusted the stimulation parameters (intensity, fre-

quency, pulse width, and contact) and levodopa so as to
inhibit motor fluctuations and not to cause stimulation-
induced side-effects (viz. spasticity, paresthesia, diplopia,
dyskinesia, psychological symptoms, etc.) in each patient.
No statistically significant difference in stimulation param-
eters between the two groups was evident at six months
after chronic STN stimulation. Presurgical and six-month
postsurgical examinations of both mood and cognitive
function also revealed no significant differences between
the two groups.

Changes in Motor Function, On-Off Motor
Fluctuations, and ADL

The pre- and postoperative scores related to motor func-
tion in the on- and off-periods are shown in Table 3. In the
YOPD group, the mean total motor score (UPDRS part 3)
in both the on-period and off-period at six months after
surgery were improved by bilateral STN stimulation (on-
period, p < 0.01; off-period, p < 0.01; Table 3). The mean
total motor score (UPDRS part 3) at six months after
surgery in the LOPD group also was significantly reduced
(on-period, p < 0.01; off-period, p < 0.01; Table 3). The
percentage improvement rate of the motor score (UPDRS
part 3) in each on- and off-period was significantly higher
in the YOPD group (p < 0.05; Table 3).

The On-Off Motor Fluctuation Index was improved post-
operatively in both groups (p < 0.01). While there was no
significant difference in percentage improvement rate of
the On-Off Motor Fluctuation Index between the two
groups, the postoperative On-Off Motor Fluctuation Index
was lower and the preoperative index was higher in the
YOPD group as compared with the LOPD group. The
results suggested that postsurgical improvement of on-off
motor fluctuations showed a tendency to be prominent in
patients with YOPD (Table 3).

Multivariate logistic regression analysis revealed preop-
erative predictive factors that contributed to postoperative
improvement of the motor score (UPDRS part 3) in each
on- and off-period (Table 4). An increased odds ratio was
found in YOPD, but this association was statistically signifi-
cant only for the on-period score (OR = 7.91; 95% CI,
0.84-48.1; p < 0.05). YOPD itself was the predictive factor
that contributed to improvement of the total motor ability
after STN stimulation during the on-period. A significantly
decreased odds ratio was found for duration of disease
during the on-period (OR = 0.92; 95% CI, 0.85-0.99; p <
0.05). Simple regression analysis revealed that there was a
negative correlation between duration of disease and per-
centage improvement of the motor score (UPDRS part 3)
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TABLE 3. Comparison of Preoperative Scores and Postoperative Scores in Patients With YOPD/LOPD

YOPD (N =15) LOPD (N=113)
Preoperative Postoperative % improvement Preoperative Postoperative % improvement p value*

LED (mg/day) 641.0 x 346.2 498.0 + 276.6 221 620.0 + 316.9 503.4 + 256.6 197 NS
UPDRS part 2

On-period 7.7£59 55+ 45 28% 9.9+ 7.7 7.8+74 277 NS

Off-period 245 +9.20 7.8 £4.20 681 22.1 £ 8.20 11.6 = 8.30 477 <0.05
UPDRS part 3

On-period 228 +12.8 129+ 7.30 43t 21.5 133 16.6 = 12.0 23t <0.05

Off-period - 436 +16.1 16.8 = 8.10 61t 373+138 221 +134 47 <0.01
DSRS 12.9 + 7.80 3943 701 9.0 £6.7 23+x37 747 NS
On-Off MF index 20.8 +15. 39438 817 15.8 £11.6 55*7.2 657 NS

Values are expressed as the means * SD. *percentage improvements after surgery are compared across the two groups. ¥p < 0.05 compared with

preoperative scores. Tp < 0.01 compared with preoperative scores.

DSRS, Dyskinesia Severity Rating Scale; LED, Levodopa equivalent daily dose; LOPD, late-onset PD; MF, motor fluctuation; UPDRS, Unified Parkinson’s

Disease Rating Scale; YOPD, young-onset PD.

TABLE 4. Presurgical Factors for Postsurgical Improvement of the
Total UPDRS Motor Score (part 3) in the On- and Off-Periods

Factors Odds ratio (95% CI) p value

On-period

YOPD vs. LOPD 7.91 (1.30-48.1) <0.05
Duration of PD 0.91 (0.84-0.99) <0.05
Age at surgery 0.97 (0.91-1.03) NS
Sex (male vs. female) 0.92 (0.44-1.90) NS
Presurgical LED 0.79 (0.35-4.76) NS

Off-period
YOPD vs. LOPD 2.14 (0.39-11.7) NS
Duration of PD 1.01 (0.94-1.09) NS
Age at surgery 0.95 (0.90-1.01) NS
Sex (male vs. female) 0.82 (0.40-1.68) NS
Presurgical LED 0.92 (0.38-6.28) NS

Multivariate logistic regression analysis showed that YOPD (age at onset
<40 years old) significantly increased the odds ratio (OR) and duration of
disease significantly decreased the OR for % improvement of the UPDRS
part 3 score during the on-period. There was no significant between these
factors but multivariate logistic regression analysis showed that YOPD
(age at onset <40 years old) increased the odds ratio (OR} for % improve-
ment of the UPDRS part 3 score during the off-period. A significantly
decreased odds ratio was found for duration of disease during the
on-period.

LED, levodopa equivalent daily dose; LOPD, late-onset PD; PD, Parkin-
son’s disease: UPDRS, Unified Parkinson’s Disease Rating Scale; YOPD,
young-onset PD.

during the on-period in the LOPD group (r = -0.28; p <
0.01; Fig. 1) while there was no correlation in the YOPD
group (r = 0.02; p = 0.96; Fig. 1). It appeared that dopa-
reactivity in YOPD may be maintained for longer than in
LOPD, as the negative correlation between duration of
disease and percentage improvement was significant in the
LOPD group but not the YOPD group. In the present study,
there is great difference between patient’s number in

YOPD group (N= 15) and that of LOPD group (N=113).
Thus, with the two groups combined, multivariate logistic
regression analysis suggested therefore that duration of
disease was a decreasing factor for the percentage improve-
ment of the motor score (UPDRS part 3) during the
on-period. Duration of disease was the predictive factor
that impeded improvement of the total motor ability
after STN stimulation during the on-period in LOPD
particularly.

The mean activities of daily living (ADL) score (UPDRS
part 2) at six months after surgery in both groups was
significantly reduced (YOPD group, on-period, # < 0.05;
off-period, p < 0.01; LOPD group, on-period, p < 0.01;
off-period, p < 0.01; Table 3). The percentage improve-
ment rate of the ADL score (UPDRS part 2) in the off-
period was significantly higher in the YOPD group than in
the LOPD group (p < 0.05), while there was no significant
difference between the two groups in the on-period
(Table 3).

Changes in Levodopa Equivalent Daily Dose
and Dyskinesia
The LED was significantly reduced in both groups (21%

reduction in the YOPD group, p < 0.01; 19% reduction in
the LOPD group, p < 0.01; Table 3) at six months after
surgery. The severity of peak-dose dyskinesia was signifi-
cantly improved in both groups (69% improvement of the
DSRS score in the YOPD group, p<0.01; 74% improvement
of the DSRS score in the LOPD group, p < 0.01; Table 3).
There were no significant differences in both the percent-
age reduction of the LED and percentage improvement of
the DSRS score between the two groups.

Discussion
Little information is yet available on the effects of STN

stimulation in patients with YOPD. Only Krack et al. have
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FIGURE 1. Correlations between improvement rate of Unified Parkinson's Disease Rating Scale (UPDRS) 3 and duration of disease during the
on-period (left) and off-period (right). Simple regression analysis revealed a significant correlation in the late-onset PD (LOPD) group (r = —0.28,
p < 0.01) but no significant correlation in the young-onset PD (YOPD) group (r=-0.02, p = 0.96) during the on-period. Open and solid circles
represent YOPD patients and LOPD patients, respectively. The dotted and solid lines represent the regression lines for the YOPD group and
LOPD group, respectively. The other (dot-dash) lines represent the regression lines for the two groups combined. There are some overlaps of

data points. PD, Parkinson's disease.

reported in their comparative study (STN stimulation vs.
globus pallidus stimulation) that STN stimulation can
clearly ameliorate cardinal motor symptoms in patients
with YOPD (15). In agreement with the findings of this
earlier investigation by Krack ct al. we confirmed that the
total motor score (UPDRS part 3) in patients with YOPD
could be effectively reduced by STN stimulation. In addi-
tion, the results of the present study showed that the impact
of STN stimulation tends to be prominent in patients with
YOPD rather than in patients with LOPD. Furthermore, the
data of multivariate logistic regression analysis supported
our assumption that YOPD itself is the best responder to
STN stimulation.

We assume that the higher effectiveness of STN stimula-
tion in YOPD patients may be related to the nonsignificant
trend toward their high reactivity to levodopa. It is well-
known that cardinal motor symptoms in YOPD patients
commonly show a higher responsiveness to levodopa in
comparison with those in LOPD patients (3-6). It also is
evident that the effects of STN stimulation on parkinsonian
motor symptoms are similar to those of levodopa (9), so
that reactivity to STN stimulation could be greater in
patients with YOPD than in patients with LOPD.

Another factor may be related to the characteristics of
their unpleasant reactivity toward pharmacotherapy. YOPD
patients often experience levodopa-induced motor compli-
cations, such as on-off motor fluctuations and dyskinesia,
which  frequently develop from the introduction of
levodopa treatment in a short year (3-6). Although it was
not significant, both dopa-induced dyskinesia and on-off
motor fluctuations tended to be severe preoperatively in
YOPD patients in comparison with LOPD patients in our
study. Such motor complications can limit any increases in
the levodopa dosage, so that pharmacotherapy is often
restrained at a sub-maximal dose in these patients. STN

stimulation can complement the potential of levodopa
without dopa-induced
in patients taking a restrained dose of medication
preoperatively.

therapy motor complications

Findings indicating that a younger age at surgery and
shorter disease duration may be predictive of a better
outcome have been reported (13,14). The data of multi-
variate logistic regression analysis obtained in the present
study, showing a longer discase duration to be a negative
predictive factor for a good outcome from surgery, sup-
ported such a view. However, our results of simple regres-
sion analysis suggested that the negative influence of a long
duration of disease on postoperative improvement of
motor function could be confirmed only in the LOPD
group, and not in the YOPD group. One possible explana-
tion for this is a difference in speed of disease progression:
A good dopa-response was preserved in YOPD patients
despite their longer discase duration. This finding could
imply a better long-term outcome of STN stimulation in
YOPD patients in comparison with LOPD paticnts.

It has been suggested that the introduction of levodopa
therapy in patients with YOPD should be postponed for as
long as possible, since YOPD patients tended to display a
significantly higher frequency of both dopa-induced dyski-
nesia and on-oft motor fluctuations, and such motor fluc-
tuations can develop earlier than in LOPD patients (4,5,19-
25). Initial single dopa-agonist therapy or combined dopa-
agonist/low-dose levodopa therapy can significantly reduce
the occurrence of dyskinesia due to subscquent levodopa
therapy; however, 6-27% of patients have been reported to
suffer from dopa-induced dyskinesia at three to five vears
after initiation of levodopa therapy (26-31). These findings
highlight a remaining problem that many patients may still
suffer from motor complications, such as on-off motor fluc-
tuations and dyskinesia, at several years after successful
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initial non-levodopa or low-dose levodopa with dopa-
agonist therapy when maximal improvement in their motor
function is achieved by such therapies in the earlier years.
Furthermore, early introduction of levodopa therapy can
improve motor function and quality of life to a greater
extent than other anti-parkinsonian drugs, so that delayed
introduction of levodopa therapy may impose a
circumscribed life on some patients because of sub-
maximal improvement in their motor function. The results
of the present study suggest that YOPD patients with such
problems related to pharmacological therapy probably rep-
resent good candidates for STN stimulation. Furthermore,
early introduction of STN stimulation may preserve a better
motor function and quality of life during the prime of their
life. Although many authors have reported long-term effec-
tiveness of STN stimulation for PD (32), the situation still
remains uncertain in YOPD patients. One important issue
to be resolved is therefore the long-term effect of STN
stimulation in such patients.

Conclusion
The STN stimulation can reduce the LED, and improve

both motor function and its fluctuations in patients with
YOPD. These effects in YOPD patients are superior to those
in LOPD patients. The present findings suggest that YOPD
patients with several problems related to pharmacological
therapy are probably good candidates for STN stimulation.
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Comments
If they are perceptive, neurosurgeons who implant deep

brain stimulation (DBS) systems for the treatment of Par-
kinson’s disease (PD) will have noticed that certain subsets
of patients seem to improve more than others. Patients with
young-onset Parkinson’s disease (YOPD) are often particu-
larly good candidates for surgery. The majority of YOPD
patients have a classical presentation of asymmetric tremor,
rigidity, and bradykinesia which is highly levodopa-
responsive, and they develop medication side effects quite

early in the course of treatment compared to those patients
whose Parkinson’s symptoms occur later in life. In this
important manuscript, Otaka et al. provide evidence that
convincingly corroborates the clinical perception that
YOPD patients respond better to DBS surgery.

Fifteen patients with YOPD who underwent DBS were
compared with 113 patients suffering late-onset disease
(LOPD) who had DBS procedures done during the same
period. Scores on the motor portion of the Unified Parkin-
son’s Disease Rating Scale (UPDRS) were significantly
improved in both groups, but in the YOPD group the
reduction in “off-period” symptoms was 61% as compared
to 41% in the LOPD group. In addition, improvement in
“on-period” scores was significantly better in the YOPD
than the LOPD patients. 41% improvement in the LOPD
group is a bit less than in most published studies, which
show an average improvement with DBS of approximately
60%. However, despite this modest improvement (or
perhaps because of it), the investigators were able to dem-
onstrate a statistically significant advantage of DBS for
YOPD over LOPD.

This paper should be required reading for all neurolo-
gists and neurosurgeons evaluating patients with PD. The
take-home message is that young-onset PD is a surgical
disease and that DBS should be considered early, rather
than late, in its clinical course.

Jaimie M. Henderson, MD

Director, Stereotactic and Functional Newrosurgery
Associate Professor, Neurosurgery

Associate Professor, Neurology & Neurological Sciences
Stanford University Medical Center

Stanford, CA, USA
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Effects of Electrode Implantation Angle on Thalamic
Stimulation for Treatment of Tremor
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ABSTRACT

Introduction. Chronic thalamic stimulation has been confirmed as an effective treatment for tremor. The optimal target has been
commonly accepted to be situated within the ventral thalamus, but a standard trajectory of the deep brain stimulation (DBS) electrode
has not yet been established. Materials and Methods. A 53-year-old man with an 11-year history of essential tremor was treated by DBS
of the thalamus. In this patient, we had a chance to compare the effects of different trajectory angles of the DBS electrode on tremor.
Results. [ntraoperative stimulation with the DBS electrode temporarily inserted at a high angle to the horizontal plane of the anterior
commissure—posterior commissure (ACG-PC) line to cover only the nucleus ventralis intermedius (Vim) was not effective. In contrast,
stimulation with the DBS electrode permanently implanted ata low angle, covering a wide area extending from the nucleus ventralis oralis
(Vo) to the Vim, reduced the tremor. Conclusion. We report on the case of a patient who showed different effects on tremor depending
on the trajectory angle of the DBS electrode to the AC-PC line. The insertion trajectory of the DBS electrode may be an important factor
for the treatment of tremor.

KEY WORDS: Deep brain stimulation, thalamus, tremor.

Introduction
Deep brain stimulation (DBS) of the thalamus (thalamic

DBS) is effective in reducing essential tremor, poststroke
tremor, and Parkinsonian tremor (1-10). It is presumed
that the optimal target for suppressing tremor with tha-
lamic DBS is the nucleus ventralis intermedius (Vim),
which also is the ideal thalamotomy target in the ventral

thalamus. This association was derived from empirical
observations made during ablation surgery. It was revealed
that electrical stimulation was effective in controlling
tremor and determined the optimal lesion site prior to
radiofrequency ablation (11-13).

Because the electrode for therapeutic DBS (lead 3387;
Medtronic, Minneapolis, MN, USA) has four contacts, each
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1.5 mm long and spaced 1.5 mm apart (the span between
the edges of the electrode is 10.5 mm), stimulation with the
DBS electrode can cover an area wider than that covered
by intraoperative stimulation during ablation surgery.
Therapeutic DBS also has advantages over ablation surgery
in terms of the reversibility of the treatment (2), the ability
to adjust stimulus parameters (14), and fewer adverse
effects (15). Moreover, the mechanisms by which DBS and
thalamotomy produce effects differ (16,17). Because of this
discrepancy, it is necessary to clarify the optimal stimulation
site in the thalamus as well as the implantation trajectory
of the DBS electrode, which passes through regions of
the thalamus for the purpose of tremor control. Therefore,
we report a case in which the effects of stimulation of the
thalamus on tremor differed depending on the angle of
the DBS electrode relative to the anterior commissure—
posterior commissure (AC-PC) line.

Case Description
The patient was a 53-year-old, right-handed man with an

11-year history of action tremor in the right upper limb. He
had no family history of a similar movement disorder. He
underwent several medications previously to reduce the
tremors without any noticeable change in his condition.
His tremor had gradually worsened over the years and was
affecting his activities of daily life; therefore, he was finally
referred to our hospital for DBS surgery.

An examination revealed action tremors in the right
hand, with no cerebellar signs such as hypotonia or ataxia
or any other neurologic abnormalities. Electromyography
(EMG) using surface electrodes showed no abnormal dis-
charges at rest and rhythmic burst discharges of 4-5 Hz
when performing any action, particularly writing. Magne-
tic resonance imaging (MRI) of the brain revealed no
abnormalities.

He underwent surgery for implantation of a DBS elec-
trode. A Leksell Series G head frame (Elekta Instruments
AB; Stockholm, Sweden) was used. A I-mm-thick section of
tissue was used for MRI, and the AC and PC were identified
with the aid of specialized software (Leksell SurgiPlan;
Elekta Instruments AB). An X-ray indicator (Elekta Instru-
ments AB) also was used to identify the AC and PC on plain
X-ray films. A burr hole was made at the level of the coronal
suture, approximately 2.5 cm from the midline.

Extracellular single- and multi-unit recordings were
obtained using a semimicroelectrode (0.2-0.4 MQ). Neu-
ronal activity also was fed to an audio speaker. Neural and
EMG activities of eight contralateral muscles, including the
biceps, triceps, deltoid, wrist extensors, and flexors were
displayed on an oscilloscope. Several aspects of neuronal
activity were examined such as the relationship between
spontaneous activity and tremor, and neuronal activity
during somatic sensory stimulation and active movement.
Intraoperative audio and oscilloscopic monitoring of

tremor frequency and neural activity was performed to
detect whether neuronal bursting and tremor frequency
had same frequencies. Cells with neuronal activity in
response to somatic sensory stimulation, that is, in response
to the passive joint movement of the contralateral limbs
without a response in skin deformation caused by stimuli,
were classified as: 1) deep sensory cells and responding to
light touch on the skin of the face and contralateral limbs
were classified into 2) cutaneous sensory cells.

The first trajectory of the semimicroelectrode for extra-
cellular unit recording was directed toward the anterior
aspect of the PC in the lateral view and at level with the
AC-PC line, 17 mm lateral to the midline, with the inten-
tion of identifying the anterior border of the nucleus ven-
trocaudalis (the Vim-Vc border). Physiologic studies were
initiated after the electrode had reached 12 mm above
the intended target. In this study, the Vim-Vc border was
physiologically defined as the most anterior neuron along
a length of trajectory in which more than one-half the
neurons located posteriorly were either deep or cutaneous
sensory neurons (18). The Vim—-Vc border was identified as
a vertical line approximately 3 mm anterior to the PC, on
the basis of the observations made during our initial trajec-
tory assessment (Fig. 1). This identification was consistent
with the Vim-Vc border determined on the basis of the
Schaltenbrand-Wahren atlas. The second trajectory of the
semimicroelectrode was directed toward a position 1 mm
anterior to the Vim-Vc border at the level of the AC-PC
line, 17 mm lateral to the midline. The target was
approached through the burr hole at an angle of 77° to the
horizontal plane of the AC-PC line and at an angle of 10°
to the sagittal plane. The second trajectory included some
deep sensory cells of the wrist and/or the elbow and the
tremor-frequency activities were the same as those exhib-
ited at the Vim (Fig. 1). Therefore, on the basis of these
classifications, the second trajectory was regarded as
the optimal stimulation site. Following this, the first DBS
electrode (model 3387; Medtronic, Inc.) was implanted
through an identical trajectory using stereotactic instru-
ments and then a test stimulation with the DBS electrode
was conducted. These four contacts of the DBS electrode
were primarily located in the Vim (Fig. 1a). The stimula-
tion was performed in the bipolar mode, with contact 0 as
the cathode () and contact 3 as the anode (+). The stimu-
lation generated muscle contraction without having an
effect on tremor. It was assumed that the muscle contrac-
tion caused the current to spread to the internal capsule.
To prevent muscle contraction, a second DBS electrode was
introduced more medially through another trajectory at
the level of the AC-PC line, 14 mm lateral to the midline,
and at the same angle as the first DBS electrode to the
horizontal plane of the AC-PC line (Fig. 2). We then con-
ducted a test stimulation in the bipolar mode with the
second DBS electrode. The stimulation also did not have an
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FIGURE 1. Receptive field (RF) maps of trajectories in the region of the ventral thalamus in the described patient. (a) The 17-mm lateral section
from the Schaltenbrand—Wahren human brain atlas with the anterior commissure—posterior commissure (AC-PC) length is stretched to fit the
coordinates obtained from the patient’s stereotactic magnetic resonance imaging. The trajectories used (P1 and P2) are shown by the oblique
lines. DBS-1, the first electrode of deep brain stimulation, was temporarily implanted through the same track as P2. (b) Details of the recordings.
The labels P1 and P2 indicate sagittal trajectories shown as 1 and 2 on the brain map in a. Locations of neurons are indicated by tick marks to
the right of the trajectory. RF maps are shown on the right. The label “TRA” indicates that neuronal activity was subjectively related to tremor,
as assessed in the operating room. PC, posterior commissure; STN, subthalamic nucleus; V¢, nucleus ventrocaudalis; Vim, nucleus ventralis
intermedius; Vo, nucleus ventralis oralis; Voa, nucleus ventralis oralis anterior; Vop, nucleus ventralis oralis posterior.

effect on tremor. To form another trajectory, a second burr
hole was made approximately 3 cm anterior to the coronal
suture, approximately 2 cm from the midline. The trajec-
tory was directed toward a position 1 mm anterior to
the Vim—Vc border at the level of the AC-PC line, 14 mm
lateral to the midline. The target was approached through
the burr hole at an angle of 44° to the horizontal plane of
the AC-PC line and at an angle of 5° to the sagittal plane.
A microthalamotomy effect was observed immediately after
implantation of the third DBS electrode and the tremor
disappeared completely without -electrical stimulation.
The microthalamotomy effect indicates that the location
in which the third DBS electrode was implanted was the
optimal therapeutic site (19,20). Therefore, only adverse
effects of stimulation were examined and the third DBS
electrode was permanently implanted into the patient.
After the postoperative disappearance of the microthala-
motomy effect, stimulation with various combinations of
bipolar mode was examined. Stimulation with contact 0 as
the cathode (—) and contact 1 as the anode (+) stimulated
mainly Vim and had some effect on tremor. However,

the strongest effect was produced when contact 0 was the
cathode (-) and contact 3 was the anode (+), covering a
wide area extending from the nucleus ventralis oralis (Vo)
to the Vim (Fig. 2).

Discussion
Ohye and Narabayashi (12) and Nagaseki et al. (11) empha-

sized that a small area (40 mm®) that includes movement-
related cells is the best site of lesion for thalamotomy to have
an effect on tremor. In both studies, the lesions were made
within 1 to 2 mm of the Vc, and therefore, did not include
the region with cells responding to cutaneous sensory
stimuli. It is commonly accepted that the optimal target for
chronic thalamic stimulation for treatment for tremor is the
Vim, close to the border of the sensory thalamus (Vim-Vc
border) (11-13). In the present case, deep sensory cells and
cells with tremor-frequency activity were recorded in the
second trajectory (Fig. 1). Although the site including these
cells is considered the optimal target for tremor control
(11,12,21,22), electrical stimulation of this region was not
effective in suppressing tremor.
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