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Parkinson's disease (PD) is the most common neu-
rodegenerative disorder resulting from loss of

dopamine neurons in the substantia nigra and a con-
sequent deficiency of striatal dopamine.
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Advanced Parkinson's Disease
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Background: Subthalamic nucleus (STN) hyperactivity is a pathophysiological phenome-
non of Parkinson's disease (PD).  Inhibition of this hyperactivity by chronic
deep brain stimulation (DBS) can possibly reset the aberrant function of the
cortico-striato-thalamal circuit and improve the parkinsonian symptoms.
DBS was introduced as a safe and alternative way of performing functional
stereotaxic surgery for treating PD.

Methods: Seven advanced PD patients with complicated motor fluctuations and dyski-
nesia were enrolled in the study. A quadripolar electrode was bilaterally
installed in the STN. Patients were evaluated before and 6 months after
implantation using a battery of clinical assessments, including the motor
score of the unified Parkinson's disease rating scale (UPDRS), modified
Hoehn and Yahr (HY) staging, and the Schwab and England activities of
daily living scale (SEADL). Preoperative baseline evaluations included both
"off-medication" periods and "on-medication" periods, while postoperative
evaluations included a cross-over of the above 2 periods with and without
DBS.

Results: The motor disability, HY staging, and SEADL all significantly improved in
both the off- and on-medication periods 6 months after STN DBS. Compared
to the baseline off-medication score, a significant improvement was found in
the UPDRS motor and other subscores including tremors, rigidity, and
bradykinesia. The SEADL score showed a great improvement of 205.6%.
Ballism/chorea, mood changes, and blepharospasm may have been induced
by DBS. Neither serious nor permanent side effects appeared.

Conclusions: Bilateral STN DBS improved the motor symptoms in advanced PD patients
in both the off- and on-medication periods. They showed improvements not
only in motor disabilities of tremors, rigidity, bradykinesia, and postural and
gait instability, but also in levodopa-related dyskinesia and psychosis.
(Chang Gung Med J 2003;26:344-51)
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Cytoplasmic Lewy bodies found in the substantia
nigra and locus ceruleus are the pathological hall-
mark of postmortem findings in PD patients.
Dopamine replacement therapy by the precursor lev-
odopa (L-dopa) with a dopamine decarboxylase
inhibitor has been the gold standard treatment for PD
since its advent during the late 1960s.  However, L-
dopa treatment is limited after 5-10 years by the
development of a series of complications, including
motor fluctuations, drug-induced dyskinesias, and
psychoses. Due to the limitations of long-term L-
dopa therapy, better knowledge of the pathophysiolo-
gy of the basal ganglia through the modern technolo-
gy of microelectrode recording and stereotactic neu-
rosurgery has been pursued.  The motor circuit
model proposed by DeLong in 1990(1,2) further
improved the fundamental understanding of the bio-
chemical and pathophysiological bases of PD and its
therapeutic approaches.  According to the model,
increased activity in the subthalamic nucleus is
implicated in the motor abnormalities of PD and
leads to an increased excitatory drive of the globus
palladium internum (Gpi) and substantia nigra reticu-
lata (SNr). This in turn overinhibits the motor projec-
tions to the thalamus and reduces activation of the
primary motor cortex, the premotor cortex, and the
supplementary motor area (SMA).  In experiments,
inhibition of subthalamic nucleus (STN) activity by
ablation or deep brain stimulation (DBS) in 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-
treated primates(3-7) or PD patients(8-13) has demonstrat-
ed a marked improvement in all dopa-responsive

parkinsonian signs.  STN DBS was recently deter-
mined to be an effective and safe procedure(14) for
advanced PD.  We herein report on preliminary
short-term results and side effects of 6-month STN
stimulation on 7 patients with advanced PD.  In addi-
tion, the synergistic effect of L-dopa and DBS in the
induction of dyskinesia and dystonia is discussed.

METHODS

Patients
Seven advanced PD patients, including 1 female

and 6 males, were enrolled in the study (Table 1).
The mean age was 57.3 8.8 years, and the mean
disease duration was 12.1 2.8 years.  Five patients
were unable to walk in Hoehn and Yahr stage 5 eval-
uated during an off-medication period.  All subjects
were clinically diagnosed as having probable idio-
pathic PD based on the criteria proposed by Gelb et
al.(15) The subjects were selected on the basis of an
initial good response to L-dopa fading, and the even-
tual development of severe motor fluctuations and
severe off-period immobility.  Exclusion criteria
included significant cognitive dysfunction, other
neurological or severe medical disorders, and severe
brain atrophy as revealed by magnetic resonance
imaging (MRI).  One particular patient in our group
had severe PD symptoms which could only be con-
trolled with antiparkinsonian drugs.  However, these
drugs had the effect of inducing psychosis.  This
patient was given DBS as a last resort when other
treatments had produced undesired complications.

Table 1. Clinical Characteristics of 7 Patients with Advanced Parkinson's Disease

Patient Gender Age Onset age Duration H&Y* LEDD UPDRS Follow-up Others
no. (yr) (yr) (yr) (mg) motor duration (mon)

1 M 41 29 12 5 700 52 26 Dystonia, 
dyskinesia

2 F 54 36 18 5 200 96 24 Dystonia,
psychosis

3 M 70 59 11 5 1100 51 16 -
4 M 59 50 9 2.5 1066 31 16 -
5 M 60 48 12 4 718 59 15 Dystonia
6 M 56 44 12 5 1400 93 13 Dystonia
7 M 61 50 11 5 1700 70 11 -

*H&Y denotes Hoehn and Yahr stage (off-medication); LEDD denotes the levodopa-equivalent daily dose. The following conversion
factors were used: levodopa controlled-release preparations, 0.77; bromocriptine, 10; and pergolide, 100; UPDRS denotes the unified
Parkinson's disease rating scale.
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Evaluations
Motor signs and disabilities were evaluated

using the unified Parkinson's disease rating scale
(UPDRS) motor score, Hoehn and Yahr (H&Y) stag-
ing, and Schwab and England score for activities of
daily living (SEADL).  The following variables of
the UPDRS motor score were also calculated indi-
vidually: tremors (mean items 20, 21), rigidity (mean
item 22), bradykinesia (mean items 23-26), and pos-
ture and gait (mean items 28, 29).  The levodopa-
equivalent daily dose (LEDD)(16) indicating the lev-
odopa dosage plus dopamine agonists was also deter-
mined. Patients were evaluated preoperatively in
both off- and on-medication periods.  Patients dis-
continued all antiparkinsonian medications 12 hours
before any off-medication score was measured,
whereas the on-medication score was obtained when
the patient had his or her best response to the morn-
ing dose of antiparkinsonian medication.  All postop-
erative evaluations, including the above assessments,
were performed within a 2-day period 6 months after
implantation, and included the following 4 condi-
tions: off-medication without stimulation, off-med-
ication with stimulation, on-medication without stim-
ulation, and on-medication with stimulation.  The
percentage of change was defined as the difference
between the preoperative baseline and the postopera-
tive condition with DBS divided by the preoperative
baseline.

Surgical procedures
Each patient discontinued all antiparkinsonian

medications at least 12 hours before the surgical pro-
cedures.  The subthalamic nucleus was first localized
with a computed tomography (CT) scan and intraop-
erative microelectrode recording.  A CT scan of the
brain was done while a Brown-Robert-Wells stereo-
tactic frame was fixed to the skull.  Coordinates were
initially chosen on a series of axial parallel slices to
target the STN and were further matched to the com-
puterized programs that contained a digital version
of the Shaltenbrand-Wahren atlas.  Thus the STN
was located with a set of theoretical coordinates,
commonly 12 mm lateral to the anterior commissural
(AC)-posterior commissural (PC) line, and 2-4 mm
below and behind the mid-intercommissural point in
most of our patients.  The microelectrode recording
was begun just above the proposed target. Neuronal
activities were recorded using a parylene-insulated

tungsten-tip microelectrode (0.3-0.5 Mohm imped-
ance at 1000 Hz).  The guiding cannula was the ref-
erence electrode. Extracellular action potentials were
amplified with an amplifier (GS 3000, Axon
Instruments) and simultaneously recorded using
standard recording techniques (300-10,000 Hz),
together with a descriptive voice channel.
Spontaneous electrical activity was continuously
recorded extracellularly along the trajectory.  The
neuronal activity of the STN was defined as having a
high and irregular frequency (30-60 Hz), different to
that of neighboring areas.  The lower boundaries of
the STN were a silent area followed by a higher fre-
quency with a tonic pattern, indicating SNr.
Neuronal activity responses to active or passive
movement of the limbs or orofacial and tremor-relat-
ed activity were considered to be the sensory-motor
area (Fig. 1).  A total STN span of 3-5 mm was
expected and acceptable. Macrostimulation induced

Fig. 1 Recordings along the microelectrode trajectory reveal-
ing different firing patterns of single unit activity in different
neurons: subthalamic nucleus (A), motor-related neuronal
activity (B), tremor cells (C), and substantia nigra pars reticu-
lata (D).
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paresthesia, contraction, or oculomotor response at
low voltages, suggesting that the recording electrode
might have been inadequately located. On the other
hand, cessation of a tremor and provocation of dyski-
nesia were good signs.  A permanent quadripolar
electrode (3389, Medtronic) was then implanted
bilaterally on the target, and contacts no. 1 and / or 2
were place on the sensory-motor area.  Stimulation
was begun 2 weeks later after the edema effect in the
STN had subsided.  The contact positions of the per-
manent electrodes were reassessed and confirmed
postoperatively by an MRI scan (Fig. 2). 

Statistical analysis
The Wilcoxon signed-rank test (17) was used to

test the change within patients.  p < 0.05 was consid-
ered statistically significant due to the small sample
size, although multiple tests will inflate the probabil-
ity of committing a type I error.  When additional
patients are available, a lower significance level will
be considered.

RESULTS

All 7 patients were regularly followed-up at
least 6 months after the implantations were analyzed.
The drug dosage for 2 of them was decreased by

50% after surgery, while 1 was totally free of
antiparkinsonian drugs.  The others were given a
similar drug dosage to that of their preoperational
conditions. Although the L-dopa dosage in 3 patients
was reduced, it did not meet the statistical signifi-
cance as established in our study.

When the off-medication and on-stimulation
conditions were evaluated, the mean UPDRS motor
score significantly improved by 53% compared with
the baseline ( p = 0.005, Table 2), which indicates that
the major parkinsonian signs improved in the order
of tremors, rigidity, bradykinesia, and posture and
gait.  Tremors in 5 patients were markedly reduced
by 87.4%.

However, there were variations in the course of
improvements.  In 2 patients, tremors were immedi-
ately and completely reduced, similar to what occurs
in patients receiving Vim stimulation.(16-18) In the
remaining 3 patients, tremors were gradually sup-
pressed over the following 6 months.  Other features
such as rigidity, bradykinesia, and posture and gait
improved by about 50%.  SEADL scores showed a
dramatic 2-fold improvement.  On stimulation, 5
patients in HY stage 5 were able to walk again inde-
pendently, something which was impossible before.
Off-period painful dystonia observed in 5 patients
was also immediately relieved.

Fig. 2 T2-weighted MRI scans displaying the implanted permanent lead in the bilateral STN (arrows) on transverse
(A) and coronal (B) sections.
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In evaluating the on-medication and on-stimula-
tion conditions, the mean UPDRS motor score also
showed a modest but significant improvement of
19.1% ( p = 0.04) (Table 2).  All parkinsonian disabil-
ities improved except rigidity and posture and gait.
Three patients readily developed stimulation-related
ballism/chorea; 1 of them had previous levodopa-
induced dyskinesia.  It was possible to resolve this
stimulation-induced ballism/chorea by adjusting the
location or the voltage of the stimulation.
Interestingly, it seemed that a synergistic effect of
L-dopa and STN stimulation contributed to the
induction of dyskinesia.  These dyskinesias had grad-
ually subsided by 3 months later.  Blepharospasms
were induced in 5 patients when using a higher stim-
ulating voltage (> 3.5 V).  Transient confusion and
agitation shortly after surgery were also noted in 3
patients.  The complications gradually subsided over
1 to 2 weeks.  Two patients developed hypomania
with the presence of talkativeness, compulsive shop-
ping, and mirthful laugher.  The symptoms were
reversible by adjusting the stimulation parameters.

All patients gained weight.  Night sleep also
improved in all patients due to the enhanced mobility
during sleep.

DISCUSSION

We have demonstrated that bilateral STN DBS
has an outstanding short-term effect on parkinsonian

disabilities, particularly in the off-medication period
in a preliminary study on a small consecutive series
of 7 Taiwanese patients with advanced PD.  These
results are similar to those of previous reports.(8-10)

The greatest improvement among parkinsonian
disabilities was that for tremors followed by rigidity,
bradykinesia, and axial symptoms in the off-medica-
tion period. Tremors showing the best response is
also similar to most reports, except for a small group
of patients described by Moro et al.(18) Most of the
parkinsonian symptoms were significantly reduced
shortly after stimulation was initiated.  The improve-
ment in tremors, however, took a variable course:
some patients showed an immediate response, while
others took longer to improve.  It seems that the
improvement in tremors by STN DBS differed from
that induced by thalamic Vim stimulation.(19-21) A fur-
ther study of the mechanisms underlying these differ-
ent styles of tremor improvement will be undertaken.
The most substantial benefit of STN DBS was the
improvement in the activities of daily living, which
can help advanced PD patients achieve a satisfactory
and almost independent life again.

A significant effect on parkinsonian symptoms
was also revealed in the on-medication period,
although this additional effect was modest.  It indi-
cates a synergistic effect of L-dopa and stimulation.
Certainly, we would expect this synergistic effect to
more easily induce dyskinesia and/or dystonia in
advanced PD patients.  The same phenomenon has

Table 2. Effects of Bilateral Subthalamic Nucleus Deep Brain Stimulation in 7 Patients with Advanced PD

Mean score ( SD) off-medication Mean score ( SD) on-medication

Outcome Score Baseline 6 months 6 months Percent p** Baseline 6 months 6 months Percent p**
measure range pre-op DBS off DBS on change pre-op DBS off DBS on change

UPDRS 0-108 65.7 21.7 59.0 23 32.8 20.1 53% 0.005 39.0 13.6 35.2 22.4 19.1 12.6 49.7% 0.040
motor*
Tremors 0-28 9.2 4.8 6.1 1.5 3.1 0.6 87.4% 0.011 4.2 1.6 3.14 0.7 1.4 0.5 61.0% 0.043
Bradykinesia 0-32 24.0 7.6 22.0 8.1 11.9 7.6 49.0% 0.008 12.5 4.7 17.6 7.4 8.1 4.2 29.0% 0.046
Rigidity 0-20 13.4 5.4 13.6 5.6 6.2 5.9 55.9% 0.007 8.7 4.2 6.7 5.2 3.2 2.9 53.7% 0.440
Posture and gait 0-8 5.6 1.6 5.1 1.8 2.9 1.6 50.5% 0.005 3.3 1.3 2.9 1.7 1.4 1.5 59.5% 0.440
SEADL 0-100 22.9 7.6 35.7 21.5 70.0 15.3 205.6% 0.005 70.0 14.7 75.7 17.1 85.0 5.3 18.4% 0.005
H&YII 0-5 4.3 0.3 3.5 0.8 2.4 0.7 43.9% 0.005 2.6 0.5 2.6 0.5 1.5 1.0 45.2% 0.040

*: UPDRS total motor score (section III); : Subcomponents of the UPDRS total motor score; : The Schwab and England score for activ-
ities of daily living (SEADL) is based on a scale of from 0 to 100, with a higher score indicating a better function; II : The Hoehn and Yahr
stage of parkinsonism is based on a scale of from 0 to 5, with a lower stage indicating higher function; : Percent change denotes improv-
ing percentage of the DBS on-condition compared with the preoperative baseline; **: Significance of testing difference between pre-op and
DBS on using the Wilcoxon signed rank test; DBS, deep brain stimulation.
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been well described previously in many reported
patients who were prone to develop dyskinesia when
dopamine agonists were added to the L-dopa.  The
synergistic effect of L-dopa and STN DBS has never
been reported in a posteroventral medial pallidoto-
my(16) or fetal nigral transplantation.(22) The improve-
ments in rigidity and posture and gait did not reach
statistical significance in the on-medication period
with stimulation conditions.  This was probably due
to personal variabilities and the small sample size.
The LEDD had not significantly decreased in 4
patients 6 months after surgery.  This could have
been due to the limited sample size and follow-up
duration.  The 1-year follow-up evaluation revealed
that LEDD was reduced by at least 50% in all
patients (unpublished data).

The key factor in the improvement of all parkin-
sonian disabilities by STN DBS was suppression of
STN overactivity, which has been well investigated
in MPTP-induced monkeys and PD patients.
However, the mechanism by which stimulation
decreases STN overactivity remains unknown.

The fact that even the maximum benefit of DBS
was dramatic but no better than the best effect of
L-dopa, and that patients with different features
responded differently to the stimulation, indicates
that suppression of STN overactivity is not enough to
combat all PD motor problems.  Perhaps the motor
circuit model is still too simple to cover all PD motor
disabilities.

A special patient (Table 1, patient 2) with severe
psychosis was also enrolled in the study due to the
fact that the effects of the drug had decreased to such
an extent that the patient's daily routine was being
adversely affected by parkinsonian symptoms.  Both
the parkinsonian features and the psychotic symp-
toms had gradually improved 6 months after surgery.
Several questions regarding hallucinations in PD
remain controversial or unanswered.  Recently, a
large study of the prevalence and risk factors of hal-
lucinations in PD suggested that hallucinations affect
1/4 of PD patients. Moreover, the duration of PD,
and not the age at onset was an independent predic-
tor of hallucinations in a multivariate analysis.(23)

Determining whether or not PD patients should
undergo STN DBS requires further investigation.

The development of stimulation-induced dyski-
nesia (ballism/chorea) in 3 patients is quite interest-
ing. This phenomenon has previously been described

in several patients.(24,25) It possibly indicates that the
subthalamic nucleus is profoundly suppressed like
the dyskinesia induced by an apomorphine injection
or subthalamic nucleotomy. Similarly, the dyskinesia
was more easily induced in our patients by the stimu-
lation while on medication, the so-called synergistic
effect.  This caused problems in the early postopera-
tive adjustment period. However, we found that these
involuntary movements gradually diminished after
chronic STN stimulation.  The dyskinesia in 1 of 3
patients was improved by reducing the L-dopa
dosage, as other reports have described.(24,25) In cases
where the dose of L-dopa was constant, the anti-
dyskinesia effect might have been caused by involve-
ment of the pallidofugal pathway, which mimics a
pallidotomy, in turn prohibiting the ongoing hemibal-
lism.(2,26) The constant high-frequency stimulation
might also prevent or reverse the downstream change
induced by pulsatile stimulation of the dopamine
receptor.  Meanwhile, disruptions of the pathologic
stimulation in turn stabilized the network of basal
ganglia with respect to motor application.  However,
the mechanism of the relationship between STN and
dyskinesia is still controversial.(25,26)

We conclude that bilateral STN DBS might be a
safe and effective surgical procedure, which offered
satisfactory improvement in our 7 patients with
advanced PD.  No significant complications were
found except for mild emotional changes in 2
patients.  Determining the mechanism of improve-
ment by STN DBS and the long-term effects requires
further investigations with a larger sample size.

Acknowledgments
This work was supported partly by the Institute

of Nuclear Energy Research under contract no. 90-
NU-7-182A-003.

REFERENCES

1. Alexander GE, DeLong MR, Strick PL. Parallel organiza-
tion of functionally segregated circuits linking basal gan-
glia and cortex. Ann Rev Neurosci 1986;9:357-81.

2. DeLong MR. Primate models of movement disorders of
basal ganglia origin. Trends Neurosci 1990;13:281-5.

3. Bergman H, Wichmann T, DeLong MR. Reversal of
experimental parkinsonism by lesions of the subthalamic
nucleus. Science 1990; 249:1436-8.

4. Aziz TZ, Peggs D, Sambrook MA. Lesion of the subthala-
mic nucleus for the alleviation of 1-methyl-4 phenyl-



Chang Gung Med J Vol. 26 No. 5
May 2003

Chiung-Chu Chen, et al
STN stimulation in advanced PD patients

350

1,2,3,6-terahydropiridine (MPTP)-induced parkinsonism
in the primate. Mov Disord 1991;6:288-92.

5. Aziz TS, Peggs D, Agarwall E. Subthalamic nucleotomy
alleviates parkinsonism in the 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) exposed primate. Br J
Neurosurg 1992;6:575-82.

6. Guridi J, Herero MT, Luquin MR, Guillen J, Obeso JA.
Subthalamotomy improves MPTP-induced parkinsonism
in monkeys. Stereotact Funct Neurosurg 1994;62:98-102.

7. Guridi J, Herrero MT, Luquin MR, Guillen J, Ruberg M,
Laguna J, Vila M, Javoy-Agid Y, Hirsch E, Obeso JA .
Subthalamotomy in parkinsonian monkeys. Behavioural
and biochemical analysis. Brain 1996;119:1717-27.

8. Limousin P, Krack P, Pollak P, Benazzouz A, Ardouin C,
Hoffman D, Benabid AL. Electrical stimulation of the
subthalamic nucleus in advanced Parkinson's disease. N
Eng J Med 1998;339:1105-11.

9. Kumar R, Lozano AM, Kim YJ, Hutchison WD, Sime E,
Halket E, Lang AE  Double blind evaluation of subthala-
mic nucleus deep brain stimulation in advanced
Parkinsons disease. Neurology 1998;850-5.

10. Henderson JM, Dunnett SB. Targeting the subthalamic
nucleus in the treatment of Parkinson's disease. Brain Res
Bull 1998;6:467-74.

11. Hariz M, Fostad H. Deep-brain stimulation in Parkinson's
disease. N Eng J Med 2002;346:452-3.

12. Guridi J, Luquin MR, Herrero MT, Obeso JA. The sub-
thalamic nucleus: a possible target for stereotaxic surgery
in Parkinson's disease. Mov Disord 1993;4:421-9.

13. Gill SS, Heywood P. Bilateral dorsolateral subthalamoto-
my in Parkinson's disease. Lancet 1997;350:1224.

14. Haberler C, Alesch F, Mazal PR, Pilz P, Jellinger K,
Pinter MM, Hainfellner JA, Budka H. No tissue damage
by chronic deep brain stimulation in Parkinson's disease.
Ann Neurol 2000;48:372-6.

15. Gelb DJ, Olivere, Gilman S. Diagnostic criteria for
Parkinson's disease. Arch Neurol. 1999;56:3315.

16. Lang AE, Lozano AM, Montgometry E, Duff J, Tasker R,

Hutchinson. Posteroventral medial pallidotomy in
advanced Parkinson's disease. N Engl J Med 1997;337:
1036-42

17. Snedecor GW, Cochran WG. Statistical methods. 8th ed.
Ames: Iowa State University Press, 1989.

18. Moro E, Scerrati M, Romito LM, Romito LM, Roselli R,
Tonali P, Albanese A. Chronic subthalamic nucleus stimu-
lation reduces medication requirements in Parkinson's dis-
ease. Neurology 1999;53:85-90

19. Benabid AL, Pollak P, Gervason C, Hoffman D, Gao DM,
Hommel M, Perret JE, de Rougemont J. Long-term sup-
pression of tremor by chronic stimulation of the ventral
intermediate thalamic nucleus. Lancet 1991;337:403-6.

20. Koller WC, Pahwa R, Lyons KE, Wilkinson SB. Deep
brain stimulation of the Vim nucleus of the thalamus for
the treatment of tremor. Neurology 2000;55:(Suppl) S29-
33.

21. Strafella A, Ashby P, Munz M, Dostrovsky JO, Lozano
AM, Lang AE. Inhibition of voluntary activity by thalam-
ic stimulation in humans: relevance for the control of
tremor. Mov Disord 1997;12:727-37.

22. Olanow CW, Kordower JH, Freeman TB. Fetal nigral
transplantation as a therapy for Parkinson's disease.
Trends Neurosci 1996;19:102-9.

23. Fenelon G, Mahieus F, Huon R, Ziegler M. Hallucinations
in Parkinson's disease. Prevalence, phenomenology and
risk factors. Brain 2000;123:733-45

24. Fraix V, Pollak P, Van Blercom N, Xie J, Krack P,
Koudsie A, Benabid AL. Effect of subthalamic nucleus
stimulation on levodopa-induced dyskinesia in
Parkinson's disease. Neurology 2000;55:1921-3.

25. Limousin P, Pollak P, Hoffmann D, Benazzouz A, Perret
JE, Benabid AL. Abnormal involuntary movements
induced by subthalamic nucleus stimulation in parkinson-
ian patients. Mov Disord 1996;3:231-5.

26. Lozano AM. The subthalamic nucleus: Myth and opportu-
nities. Mov Disord 2001;16:183-4.



351

1,2 3 2 4 5 1,2

~ ~

7

6

6 UPDRS 53%
Hoehn Yahr Schwab

England 205.6%

( 2003;26:344-51)

1 2 3 4 5

91 9 9 92 1 28
333 5 Tel.: (03)

3281200 8418; Fax: (03)3971504; E-mail: c81214@adm.cgmh.org.tw


