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Introduction
Dystonia is a symptom defined by involuntary, irregular contractions of the muscles during
voluntary activities, causing both movement and postural disorder. These symptoms can usually
be seen in cerebral palsy (CP), which is very difficult to treat. This study investigates the effect
of deep brain stimulation (DBS) on dyskinetic CP showing dystonia and choreoathetosis

Materials and Methods
Eight patients, 4 with DYT1 (+) primary dystonia and 4 with dyskinetic CP, received DBS at
bilateral globus pallidus internal segment (GPi). The patients with CP also received unilateral
thalamotomy. All patients were checked by a dystonia rating scale (DRS) 1 month after DBS
insertion, in order to evaluate the effects of DBS. Patients were also checked whether they were
satisfied with the results of DBS (10 grade score; 10 being the most satisfied, 0 being
unsatisfied).

Results
Generally, the use of DBS showed positive effects on dyskinetic CP as well as primary dystonia.
In patients with primary dystonia, a dystonia movement scale showed an improvement from
64.50±8.06 to 27.50±15.33 (p<0.05). A disability scale also exhibited an improvement from
12.75±4.03 to 9.75±4.57 (p<0.05). On the other hands, in dyskinetic CP, a dystonia movement
scale showed a modest improvement from 67.88±13.03 to 45.25±24.81. A disability scale
remained relatively the same from 16.0±6.68 to 16.0±7.16. However, the subjective satisfaction
score was relatively high in dyskinetic CP (4.50±3.11) as well as primary dystonia (8.50±1.29).



Conclusion
DBS at GPi appears to show positive effects on reducing dystonic symptoms in dyskinetic CP
as well as primary dystonia. Therefore DBS might be an alternative option for dyskinetic CP with
severe dystonia, who is very difficult to treat with conventional therapy.
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Introduction
Obesity is a major health concern in the US and is the second leading cause of preventable
death. Current pharmacotherapies are useful for patients with Class I (BMI= 30-35) obesity.
Patients with Class II (BMI 35-40) and III (BMI >40) are offered radical surgical interventions.
Most recently neurostimulation has been hypothesized to treat obesity by modulation of
appetite. Peripheral Nerve Stimulation (PNS) of the occipital (C1-C2) region to control chronic
headache pain was observed to reduce appetite and resulted in substantial weight loss in some
patients. The objective of this study was to examine the feasibility of using C1-C2 PNS to treat
obesity by inducing early satiety in morbidly obese patients.



Materials and Methods
Five obese, but otherwise healthy subjects were subcutaneously implanted with two horizontally
placed leads (Octrode®, St. Jude Medical Neuromodulation Division, Plano, TX). Weight was
evaluated after 8 weeks of continuous neurostimulation with standardized parameters delivered
by an external trial stimulation device.  All patients achieved at least 4% reduction in body
weight and had the trial system replaced with a permanent implantable pulse generator (Eon®,
St. Jude Medical Neuromodulation Division, Plano, TX). Patient-specific parameters were then
assessed on a monthly basis. Patients were not obligated to follow any dietary or lifestyle
restrictions or modifications.

Results
All patients have lost weight, decreased their BMI and noticed increased satisfaction with less
food intake. The most notable weight loss was 144.8 lbs over the course of 2 years. This patient
began the study at 461.8 lbs and weighed 317 lbs at the last follow-up visit. Their BMI has
decreased from 62.6 to 43.

Conclusion
C1-C2 occipital neurostimulation may have the potential to modify eating behavior by inducing
early satiety and subsequent weight loss. Further research is indicated to evaluate this
approach as a treatment option for morbidly obese patients.
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Learning Objectives:
1. Discuss the feasibility of using peripheral nerve stimulation as a treatment option morbidly
obese patients.
2. Review implant techniques used in peripheral nerve stimulation.
3. Understand the benefits of peripheral nerve stimulation.
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Introduction
We have developed a web-resource to promote public participation in neuromodulation
research. Public participation in science is challenging because non-experts often find scientific



theory demanding, and research developments are unpredictable and hence difficult to discuss
in detail. To overcome these problems we focused on hypothetical, human applications of
conditional rewarding brain stimulation that would be of interest to non-experts while involving
important topics in neuromodulation research. Briefly, by conditional rewarding brain stimulation
we mean the application of current to the reward system to reinforce desired behaviors. This
technique has been used in rodents to motivate heavy physical exercise(1, 2) and problem-
solving(3), and could similarly be used to motivate challenging behaviours in human patients.

Materials and Methods
We constructed a HTML/JavaScript website and a YouTube video channel. The website
(~10.000 words, 16 sections) and video channel (~70 minutes, 14 videos) include information
about monoamine neuroscience, functional brain stimulation and related topics. We also made
use of 'web 2.0' technologies, including blogs, microblogs, social networks, web-crawlers, polls
and forums. This allowed us to engage in an ongoing conversation with many interested
members of the public.

Results
The website currently receives ~550 visits per month (average time on site: 3:27 minutes) and
videos receive ~3000 views per month. Videos describing the functions of dopamine in the
human brain rank highest in terms of popularity (~78% of views). Comments from the public
however, have focused on potential risks and ethical implications of conditional rewarding brain
stimulation, such as unconditional-self stimulation, deterioration of natural self-discipline, and
abuse by malicious individuals or governments.

Conclusion
We created a web-resource describing a hypothetical, salient development in neuromodulation
research. This approach continues to generate considerable public participation, particularly
around videos detailing dopamine function and discussions about risks and implications of the
technique described.
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Learning Objectives:
1. To understand how 'web 2.0' technologies and social media can be used to promote public
participation in neuromodulation research.
2. To understand how thought-provoking, hypothetical, human applications of conditional
rewarding brain stimulation can be used to promote public participation in neuromodulation
research.
3. To understand how contributions from the public shape the ongoing development of this
project.
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Introduction
This study is to analyze risk factors of hemorrhage in a large series of deep brain
stimulation(DBS) and ablation procedures in patients with advanced Parkinson’s disease(PD).

Materials and Methods
Enrolled in this study were 644 patients with advanced PD treated with DBS or ablation
procedures between March 1999 and December 2007 by the same surgeon, including DBS in
126 patients, ablation in 507 patients and DBS after prior unilateral ablation procedures in 11
patients. Of 796 target procedures, 207 were DBS procedures including 202 subthalamic
nucleus (STN) targets, 3 ventralis intermedius nucleus (Vim) targets and 2 globus pallidus
internus (GPi) targets, and the other were 589 ablation procedures including 474 GPi targets
and 115 Vim targets. Postoperative CT or MRI was performed in all patients within 24 h after
lead implantation or ablation treatment. Statistical correlation analysis of risk factors for
intracranial hemorrhage (ICH) was performed by stepwise logistic regression. Explanatory
variables were patient age, sex, blood pressure, anatomical targets, the number of
microelectrode recording (MER) penetrations and surgical modality.

Results
Postoperative symptomatic ICH occurred in 10 cases (8 pallidotomy and 2 thalamotomy) and
asymptomatic ICH in 14 cases  (9 pallidotomy, 4 thalamotomy and 1 DBS). Hypertension and
surgical modality were significantly associated with hemorrhage (P=0.0451,
0.0401,respectively). The likelihood of hemorrhage in hypertensive patients was 2.455 times
that in normotensive patients. The risk of causing hemorrhage in ablation was 5.362 times that
in DBS. Although the number of MER trajectories not significantly correlated with ICH
occurrence (P=0.0705), the risk of ICH would increase by 0.457 times with addition of one
more trajectory MER. No statistically significant difference was found in age, sex and
anatomical targets.

Conclusion
This study demonstrated that hypertension is a risk factor for ICH in PD patients. DBS is
generally a safe surgical modality as compared with ablation treatment.  The incremental  ICH
risk of one microelectrode penetration is small, but if 4-5 MER trajectories are recorded in the
same target point, the risk of ICH in each target point would increase by almost two times.
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Abstract Title
Intracranial transplant of olfactory ensheathing cells in children and adolescent with cerebral
palsy: a random controlled clinical trial

Introduction
To conduct a random controlled clinical trial (Phase I/II) to examine the benefits of using
olfactory ensheathing cells (OECs) in treating cerebral palsy (CP) in children and adolescent.

Materials and Methods
Between October of 2006 and May of 2008, thirty three patients were enrolled in this clinical trial
who met the following criteria: Age range: 1-12 years; Male or female, inclusive; Local
physician’s diagnosis of CP; Informed Consent Form signed by the patient, parents, or patient’s
legal guardians; The patient, parents, or patient’s legal guardians are able to communicate
effectively to obtain informed consent and to ensure neurological examination. They were divide
into two groups randomly (treated group, n=18; controls, n=15). Aborted fetal bulb OECs were
cultured and injected into the bilateral corona radiata involving the pyramidal tracts of the frontal
lobes (key point for neural network restoration, KPNNR, which was first proposed by Dr Huang
Hongyun in 2003). We evaluated the patients’ neurological function and medical status by using
Gross Motor Function Measure (GMFM-66) and Caregiver Questionnaire Scale. The data were
analyzed with 2-tailed independent-sample T-test, paired-Samples T-test, and Chi-Square (_2)
test.

Results
No patients died during this study. None of the 18 subjects in treated group experienced
adverse effects or complications following the operation. Among a total of 33 patients, 14
patients (6 in the OECs treated group and 8 in the controls) completed the 6-month study; the
rest were lost to follow up. Of the valid patients in the treatment group, 3 were boys and 3 girls
female whose ages ranged from 2 to 12 years (mean 5.3 ± 3.8years) at enrollment. Of the valid
patients in the control group, 5 were boys and 3 were girls whose ages ranged from 2.5 to 10
years (mean 6.6 ± 2.5years) at enrollment. The two study groups were similar at entry and the
patients were comparable at baseline with respect to age (_2=0.219, df=1, p=0.640) and sex



(t=0.767, p=0.458). No significant differences were found between groups at baseline on the
GMFM-66 and Caregiver Questionnaire Scale total score. The mean (±SD) GMFM-66 score at
entry was 19.00±20.00 for the treated group and 36.75±27.14 for the control subjects (t=1.346,
p=0.203); Caregiver Questionnaire Scale score at entry was 138.66±64.06 for the treated
groups and 143.75±47.20 for the controls (t=0.172, p=0.867).
At the end of the 6-month follow-up period, the GMFM-66 score increased from 19.00±20.00
into 26.67±25.33 (t=-2.823, p=0.037) with statistically significant difference and Caregiver
Questionnaire Scale score decreased from 138.66±64.06 into 77.83±15.99 (t=2.100, p=0.090)
in treated group. For the control group, the GMFM-66 score decreased from 36.75±27.14 into
33.75±25.44 (t=1.101, p=0.307) with no remarkable difference and Caregiver Questionnaire
Scale score decreased from 143.75±47.20 into 119.25±40.33 (t=2.229, p=0.061).
The mean (±SD) rate of change for the GMFM-66 total score was 7.67±6.65 for the treated
group and -3.00±7.71 for the controls (t=-2.710, p=0.019) with statistically significant difference,
whilst the Caregiver Questionnaire Scale score was 60.83±70.97 for the treated group and
24.50±31.08 for the controls (t=-1.173, p=0.282) during the 6 months.

Conclusion
Our study indicates OEC KPNNR transplantation, in addition to being well-tolerated, is able to
play a promising role on improving a certain degree of function of CP in children and adolescent
through the neural repair.
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1. This is a first report of a random controlled clinical trial of Intracranial transplant of olfactory

ensheathing cells in children and adolescent with cerebral palsy
2. This is a useful treatment of neurorestoratology.
3. Combined comprehensive neuronrestorative procedure is advanced idea for the treatment

of CP.
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Objective  We compared the electrode positions estimated at the immediate postoperative
period in comparision with those estimated at six months after bilateral subthalamic nucleus
(STN) deep brain stimulation (DBS).

Materials and Method  Brain CT scans were taken immediately and at 6 months after bilateral
STN DBS in 53 Parkinson’s disease (PD) patients. The two images were fused using the mutual
information technique. The discrepancies of electrodes in three coordinates were measured in
the fused images and the relationship with the pneumocephalus was evaluated.

Results  The average discrepancy of x- and y-coordinates of electrode positions at the level of
STN (3.5mm below the AC-PC line) in the fused images were 0.6 ± 0.5 mm (range:0 ~ 2.1 mm)
and 1.0 ± 0.8 mm (range:0 ~ 5.2mm), respectively. The average discrepancy of z-coordinates of
the electrode tips of the fused images was 1.0 ± 0.8 mm (range:0.1 ~ 4.0 mm). The volume of
pneumocephalus (range: 0~76 ml) was correlated with the y-coordinate discrepancies (p <
0.005).

Conclusion  The electrode positions in the immediate postoperative CT might have significant
discrepancies with those in the CT taken at a stable period after bilateral STN DBS when there
is a large amount of pneumocephalus.

Key Words: CT, CSF leakage, Electrode localization, Parkinson’s disease, STN DBS
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Introduction
Postoperative assessment of the electrode position is important in the estimation of clinical
outcome after deep brain stimulation. MRI has been utilized to estimate the electrode position
but questioned about the accuracy due to image distortion.  The purpose of this study was to
validate the accuracy of electrode localization by MRI in comparison with CT scan.

Materials and Methods
61 patients who had undergone bilateral STN DBS between March 2005 and October 2006 and
taken both MRI and CT at least 6 months after bilateral STN DBS were enrolled for the analysis.
The fused images of the postoperative brain MRI and the brain CT by using the mutual
information technique were realigned along the midsagittal anterior commissure (AC)-posterior
commissure (PC) line.  The x- and y-coordinates of the centers of electrodes shown in CT and
MRI were compared to calculate average discrepancy of electrode position estimated in CT and
MRI at five different levels; 30mm, 20mm, 10mm above, 3.5 mm below, and at the AC-PC level.
The discrepancy of the z-coordinates of the tips of the electrodes shown in the brain MRI and
CT was also calculated.

Results
The average discrepancy of x-coordinates between MRI and CT were 0.16mm ± 0.89mm at
30mm above the AC-PC plane, 0.05mm ± 0.78mm at 20mm above, 0.04mm ± 0.70mm at
10mm above, 0.04mm ± 0.76mm at the level of AC-PC plane, and 0.08mm ± 0.71mm at the
level of STN which was measured 3.5mm below the plane.

The average discrepancy of y-coordinates between MRI and CT were -1.11mm ± 0.66mm at
30mm above the AC-PC plane, -1.12mm ± 0.64mm at 20mm above, -1.0mm ± 0.70mm at
10mm above, -1.0mm ± 0.66mm at the level of AC-PC plane, and -0.70mm ± 0.62mm at the
level of STN which was measured 3.5mm below the plane. The average discrepancy of z-
coordinates of the tips of electrodes estimated in MRI and CT were -0.99mm ± 0.52mm.
Average distances between the electrode shown on MRI and CT were 1.38mm at 30mm above
the AC-PC plane, 1.33mm at 20mm above, 1.31mm at 10mm above, 1.30mm at the level of
AC-PC plane, and 1.06mm at the level of STN which was measured 3.5mm below the plane.



Conclusion
The results suggested that there was a significant discrepancy of the centers of electrodes
estimated in CT and MRI, especially in the y- and z-coordinates and MRI might not be a reliable
tool to assess the electrode position after DBS surgery.

Figure and Table Legend
Figure 1. Image fusion of brain CT and MRI taken at six months after STN DBS by using
mutual information technique.
The electrode is seen as an irregular round shape (arrow) in the T2WI axial view at the STN
level (3.5mm below the AC-PC plane) (A). The electrode extracted from the CT is marked in red
sphere in the axial view after fusion with MRI by using mutual information technique (B). The big
blue arrow shows the center of the artifact on the MRI and small slanted arrow, depicted as
1.1mm is the distance between the center of the electrode on CT and MRI (C). The differences
of electrode position in x- and y-coordinates are measured with direction (D). The difference of
electrode position in z-coordinates is also measured (E).

Figure 2. Visualization of electrodes in the fused image of brain CT and MRI. T2WI sagittal
view showing the AC-PC line (horizontal blue line) and the 5 levels are marked in vertical blue
lines (A). At the lowest level, 3.5 mm below the AC-PC line, the subthalamic nucleus is well
visualized along with the red nucleus and putamen (B). At the level of the AC-PC line, putamen
is usually seen in this level (C). At the level 10 mm above the AC-PC line, the septum
pellucidum, thalamus, and the caudate nucleus, third ventricle, fornix are well visualized (D). At
20 mm above the AC-PC line where the corpus callosum, caudate nucleus, and lateral
ventricles are usually visible (E). At 30 mm above the AC-PC line, the lateral ventricle and
centrum semiovale are visible (F).

Figure 3. 3-D visualization of electrodes in the fused image of brain CT and MRI.

Table 1. Measured values of distance,x,y,z at each level

Learning Objectives:
1. How is the position of the electrode evaluated after deep brain stimulation?
2. What are the advantage and disadvantage of imaging modalities performed after electrode
insertions?
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Introduction
To analyze the incidence, causes, technical nuances and complication associated with revision
of deep brain stimulation (DBS) carried out at our center

Materials and Methods
A retrospective review after IRB approval was conducted for 44 revision surgeries among over
1000 DBS surgeries between 2004 and 2008. A chart review was carried out to look for targets
of initial implantation, causes for revision, technical details and complications.

Results
Out of 44 revisions, twenty-nine leads were initially implanted in the subthalamic nucleus (STN);
eight in the Thalamus and seven in the Globus pallidus interna (Gpi).   Electrode breakage was
the most common (20 out of 44) condition that led to the re-implantation, followed by
misplacement of the lead (13), infection (9) and migration (2).  The mean duration between the
initial surgery and the removal of the lead was longer in electrode breakage (146.7 weeks) and
misplacement (192.4 wks) than those in infection (73.2 wks) and migration (58.2 wks), while the
mean duration between the removal of the lead and the re-implantation was the longest in
infection cases (29.6 wks versus 0~5 wks).  Every re-implantation was performed using Leksell
frame with microelectrode recording (MER) and macrostimulation, except for 11 cases replacing
broken electrode that did not require MER and one infection case that was undertaken using
frameless technique.  Thirty-nine (88.6%) of 44 re-implantations resulted in improvement of
outcome, whereas the remaining 5 did not: 4 implantations for 3 dystonia patients and one for
an essential tremor patient.  Mean corrected distances in misplacement and migration cases
were 6.5 (±1.27, 1.9~18.1) mm and 16.4 (± 6.22, 10.2~22.6) mm, respectively.

Conclusion
DBS lead revision was needed in approximately 4% of the patient with lead break being the
commonest cause. All re-implantations were done stereotactically resulting in a good post-
operative outcome.  

Learning Objectives:
1.To understand variable causes and approaches for re-operations following a DBS procedure.
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Introduction
The phasic type of cervcial dystonia (CD) is characterized by the feature of abnormal mobile
attitude of the head. we assessed experiences in 6 patients of severe medically refractory
primary CD with only continuous phasic type treated by bilateral globus pallidus internus (Gpi)-
deep brain stimulation(DBS).

Materials and Methods
 Between May 2006 and December 2008, Six patients underwent bilateral implantation of DBS
leads (DBS Model 3389, Medtronic) into the within Gpi. The final implantation site was refined
by a combination of direct visualization on MRI, microlectrode recordings, and intraoperative
stimulation. The surgical procedure was performed under local anesthesia. After 1 to 3 days
(mean, 2.4) of a trial test at ward, the stimulation device was implanted subcutaneously under
the general anesthesia. Implantable pulse genenator was programmed on the first postoperative
day. Patients were evaluated with the Toronto Western Spasmodic Torticollis Rating Scale
(TWSTRS) before surgery and postoperatively. Relief scale was assessed using patient self-
reporting of subjective improvement in percentage.

Results
The duration of the CD was 5.7 ± 3.6 years (range 1-10). The age of patients at surgery was
54.2 ± 10.2 years (range 35-64). The follow-up period was 18.7 ± 11.1 months (range 3-35).
Five of six patients were available for analysis of more than one year. The TWSTRS total scores
improved 64.5%, 65.5%, 75.8%, and 76.0% by at 3-months, 6-months, 12 months,
postoperatively and the last available follow-up, respectively. All aspects of the TWSTRS
subscores including severity, disability and pain improved at about similar rate. Subjective
improvement reported by the patient averaged 81.7 ± 6.8%. Stimulation parameters at the last
follow-up were: frequency, 130 ± 0 Hz; pulse width, 200 ± 15 (the right) or 185 ± 45 (the left)
microseconds; and amplitude, 3.4 ± 0.7 V. Neither major complications nor neurological
deterioration was observed.

Conclusion
Bilateral Gpi-DBS in patients for primary CD with continuous phasic type, led to significant and
gradual improvement up to 6-months of follow-up duration and thereafter, the improvement
sustained. Our results support that the bilateral Gpi-DBS is a very effective tool in severe
medically refractory primary CD with phasic type.
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Learning Objectives:
1. Deep brain stimulation (DBS) of the globus pallidus intrnus (Gpi) has been proposed as a
treatment for intractable phasic CD, but small case series often combined different types of CD
such as tonic or tremulous type, and assessing the outcome of each types to the pallidal DBS
was limited.
2. To know the outcome of severe medically refractory primary CD with only continuous phasic
type treated by bilateral Gpi-DBS.
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Introduction
The authors report a surgical method to secure the lead-extension connector of deep brain
stimulation (DBS).

Materials and Methods
A vertical skin incision was made about 6 cm in length at the posterior parietal area. We drilled a
trough in the posterior parietal bone to decrease the profile of the connector and also to indwell
an excess lead-extension line. Multiple side holes were made along the trough edge to anchor
them. After then, galea closure was done. This technique has been used to secure 46 DBS
connectors implanted for movement disorder including parkinson’s disease (14 patients),
dystonia (6 patients), and essential tremor (1 patient). The follow-up period was 9.6 ± 8.2
months (range 2-13).

Results
The complication was not related to this technical process. But, dura exposure was noted in 6.8
% of 46 procedures, but dural tearing did not occur. The connector was seldom noticeable in
appearance. Neither scalp infection and/or erosion at the connector site nor migration of the
connector developed. Tolerable discomfort at site of the skin incision occurred transiently in the
most cases.

Conclusion
The securing of DBS connector using a trough in the cranial bone appears to be a safe method
to prevent scalp infection and/or erosion, and yet long-term follow-up is needed.
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Introduction
The use of Transcranial Direct Current Stimulation (TDCS) in research setting is gaining terrain.
By applying a low direct current of 1.0 up to 2.0 mA to the scalp, neural excitability is influenced
[1]. Among the clinical trials effects are shown in pathologies like chronic pain, fibromyalgia,
Parkinson, stroke as well as tinnitus and depressive disorders [2], although underlying working
mechanisms are still unknown.
The effects of TDCS on cortical activity in healthy subjects are presented using LORETA (Low
Resolution Electrical Tomography) current source densities [3, 4].

Materials and Methods
15 healthy student males (21-24 years), were included in this randomized placebo controlled
study. Baseline mood scales (Profile of Mood State 32, Fatigue Impact Questionnaire, Positive
and Negative Affects Scores) were acquired, as well as a baseline 19 channel EEG  (500 Hz
sampling rate, eyes closed) prior tot randomisation. 3 different settings were tested: a) placebo
TDCS b)bifrontal tdcs, kathode placement right dorsolateral prefrontal cortex c)bifrontal tdcs,
kathode placement left dorsolateral prefrontal cortex.
After each setting mood scales were acquired as well as an EEG.
After artefact rejection, LORETA current source densities were compared with T-within subject
tests.

Results
Significant changes were found for fatigue, affect and mood changes on the questionnaires.
According to these changes EEG results showed significant changes in cortical activity in the
orbitofrontal gyrus, cingulate gyrus, amygdala, parahippocampal region, insula and dorsolateral
prefrontal cortex.

Conclusion
These results demonstrate a wide-spread effect of tDCS, in cortical structures described in pain
, anxiety and depression literature [5, 6].



TDCS might become an interesting tool in neuromodulation as a non-invasive treatment or
could be evaluated as a prognostic test for invasive treatment. As  the working mechanisms of
this weak direct current are still unknown further research is necessary to elucidate the full
application spectrum of this device.
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Figure 1: Changes in Current Source Density in Theta band after TDCS
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Introduction
Animal studies of cortical infarction in sensorimotor cortex indicate direct cortical stimulation in
peri-infarct area combined with concurrent rehabilitative training significantly enhances motor
recovery. We studied the effect of prolonged cortical stimulation on motor recovery and
relationship between the size of infarct and stimulation pattern to find better strategy in cortical
infarct model.



Materials and Methods
Eighty-two Sprague Dawley rats were used for behavioral training in the single pellet reaching
task (SPRT) was performed for two weeks before surgery. Unilateral photothrombotic infarction
was induced in the sensorimotor cortex opposite the preferred paw using Rose Bengal dye and
cold light. A stimulating electrode was implanted immediately after induction of cortical lesions in
all rats. Animals were randomly divided into Large lesion group (LLG : 6mm lesion) and Small
lesion group (SLG: 4 mm lesion).  Animals were further subdivided into three groups based on
the duration of cortical stimulation: (1) sham-stimulated, (2) Continuous stimulation (CSG), and
(3) Intermittent stimulation (ISG), Electrical stimulation (half threshold, 50Hz & 194 pulse
duration) was delivered from the second day after operation throughout 2 weeks.
Postoperatively, all rats were trained in the same manner as preoperative behavioral training.

Results
SLG animals with intermittent stimulation (ISG) showed significantly better improvement of
reaching success compared to sham-stimulated on 5th, 6th, 8th, 12th, and 13th post-lesion training
days. In contrast, CSG did not significantly influence reaching success. In LLG animal’s
continuous stimulation (CSG) produced significant improvement on the 5th through 13th post-
lesion days compared with sham-stimulated animals. However, ISG did not produce significantly
better recovery than sham-stimulation.

Conclusion
Prolonged cortical stimulation may be a promising option to enhance motor recovery in
photothrombotic infarct model rats. However, pattern and duration of stimulation requires
modification depending on the extent of infarct.
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1. To evaluation of the effect of prolonged cortical stimulation on stroke motor recovery
2. To evaluation of the relationship between the size of infarct and stimulation pattern to find
better strategy in cortical infarct model.
3. To understand of cortical plasticity on stroke
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Introduction
Lesch Nyhan syndrome (LNS) is an inborn metabolic disease that presents with severe
generalized dystonia and self-mutilation behavior. Here we present our preliminary experience
with a patient with LNS who exhibited impressive symptomatic improvement with use of bilateral
pallidal deep brain stimulation (DBS).

Materials and Methods
An 8-year old boy was diagnosed with LNS at the age of 18 months. His generalized dystonia
was noted at infancy; the self-mutilating behavior started at age 4 with finger biting and lower lip
traumatic amputation. He underwent extraction of upper incisors, could not attend school due to
frequent prolonged absences and required constant use of elbow restraints. At age 6, patient
developed an episode of severe dystonia with hyperthermia and rhabdomyolysis. An intrathecal
baclofen (ITB) provided symptomatic improvement, but the pump had to be removed due to
infection few weeks after implantation.
Based on initial encouraging experience from Japan, Switzerland and France (1-3), bilateral DBS
device was implanted into globus pallidus under general anesthesia in one sitting at the age of 7
years and 10 months.

Results
Within 3 months after the DBS treatment initiation, an improvement in dystonia was noted along
with marked decrease in self-mutilation behavior to the point that restraints were no longer
required. Although improvement in dystonia is similar to the one observed during ITB
administration, behavioral changes appear to be unique to DBS treatment. A positive dynamics
in symptomatic improvement continues during ongoing follow up.

Conclusion
Pallidal DBS appears to be effective in treatment of motor and behavioral symptoms of LNS.
Our anecdotal experience supports findings from other 4 cases of LNS treated with pallidal DBS
that were reported previously.
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Upon completion of this educational activity, attendee will be able to:
1. Describe clinical features of Lesch Nyhan syndrome
2. Discuss benefits of pallidal neurostimulation in Lesch Nyhan syndrome patients
3. Understand limitations related to anecdotal experience in using neurostimulation related to this rare
neurological condition
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Introduction
Cerebral vasospasm following aneurysmal subarachnoid hemorrhage (aSAH) remains the
major source of morbidity and mortality despite variety of prophylactic and therapeutic
interventions. Goal of this study was to establish feasibility and safety of prolonged cervical
spinal cord stimulation (SCS) in the setting of acute aSAH, and to evaluate clinical effects of
cervical SCS in a small group of selected aSAH patients. The study was undertaken in
preparation for a larger scale randomized trial of SCS for prevention of cerebral arterial
vasospasm following aSAH.

Materials and Methods
A single arm non-randomized prospective study of cervical SCS in aSAH patients was
performed in University of Illinois at Chicago. Standard percutaneous 8-contact SCS electrodes
were implanted under an Investigational Device Exemption protocol in 12 consecutive patients
that satisfied strict inclusion criteria: age 18-65, angiography-confirmed aSAH within 3 days prior
to implantation, Hunt/Hess (H&H) grade 2-4, Fischer grade 2-4, no history of previous cervical
spine surgery, ability to consent the patient/family. All electrodes were inserted using
percutaneous approach under general anesthesia immediately upon completion of the definitive
surgical or endovascular procedure to secure the ruptured aneurysm. SCS was delivered for the
soonest of either 14 consecutive days or until the patient’s discharge. Daily vital signs,
laboratory values, transcranial Doppler, computed tomography and angiography results were
recorded along with the information on presence of clinical vasospasm and all interventions
aimed at vasospasm prevention and treatment.

Results
Mean age of implanted patients was 49 years (range – 27-62), average H&H grade – 2.9,
average Fisher grade – 3.3. Three had aneurysms coiled and 9 – clipped. One patient
developed multisystem failure and expired on post-operative day 11. In two patients, electrode
was inadvertently pulled out on days 7 and 13 after the implantation. No complications were
related to the electrode insertion or SCS during the study. Angiographic vasospasm was
observed in 6 out of 12 patients, and clinical vasospasm – in 2/12; no patient suffered any
vasospasm-related neurological complication. Both incidences were smaller than predicted
based on the patients’ Fisher and H&H grades.

Conclusion
This is the first North American study of SCS for aSAH-related vasospasm prevention; it
conclusively showed both safety and feasibility of this promising invasive treatment approach.
Our data indicate that despite high acuity level in aSAH patients, general severity of medical
condition, impaired level of consciousness, frequent patient re-positioning, need in multiple tests



and variety of monitors, SCS electrodes may be safely implanted and maintained for the two-
week period. Further data analysis and additional studies are needed to evaluate its therapeutic
benefit.
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Learning Objectives:
Upon completion of this educational activity, attendee will be able to:
1. Describe use of spinal cord stimulation in treatment of cerebral vasospasm
2. Discuss potential benefits of neuromodulation in improvement of outcome following SAH
3. Understand issues on feasibility of spinal cord stimulation in intensive care settings
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Introduction
Vagus nerve stimulation (VNS) therapy is an effective adjunctive treatment for chronic or
recurrent treatment-resistant depression in adults. It is administered through an implanted pulse
generator that delivers programmed electrical pulses through an implanted lead to the left vagus
nerve. Although it is a safe procedure, increasing output current is associated with increased
side effects, including voice alteration, cough, a feeling of throat tightening, and dyspnea. We
report the first case, to our knowledge, of a spontaneous dry cough induced by speech and mild
exercise following implantation of a VNS, in OFF mode. We describe the possible
pathophysiology and successful management of this rare adverse effect.

Materials and Methods
Case Report and review of the literature

Results
A 56-year-old male patient was implanted with a vagus nerve stimulator (VNS) for medically
refractory recurrent major depression as part of a type II affective bipolar disorder. Seven days
after undergoing VNS implantation, with the VNS in OFF mode, the patient developed dry cough
induced by speech and mild exercise, significantly affecting his quality of life, limiting initiation of
speech, and delayed commencement of vagus nerve stimulation therapy by 4 weeks. Upon
evaluation, neurological examination was normal and flexible laryngoscopy revealed no vocal
cord paralysis. The patient was diagnosed with speech-induced dry cough secondary to VNS
implantation and was treated with short-course of chlorpromazine(5 days) and NSAIDS. The
patient witnessed 50% and 75% reduction in couch frequency after 24h hours and 1 week of
treatment, respectively. This decreased the threshold for cough-induction and allowed VN
stimulation to be commenced 6 weeks after implantation.

Conclusion
Spontaneous speech-induced dry cough is a rare complication of VNS that may affect quality of
life and delay stimulation treatment. Medical therapy, particularly chlorpromazine, may be
effective at reducing cough threshold and frequency, allowing stimulation to be performed.
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Introduction
The internet has become an important ressource for patients and provides information that often
leads them to make decisions concerning disease management. Little is known about the type
and quality of medical information, especially for Parkinsons disease and deep brain stimulation.
The purpose of this study was to evaluate the quality of these sites based on their accessibility,
comprehensibility and accuracy

Materials and Methods
Six keywords were entered into 2 different search engines. Keywords employed included:
Parkinson’s disease, akinesia, dopaminergic agonist, essential tremor, dyskinesia, and deep
brain stimulation. For each keyword, the first 50 websites were reviewed by two neurologists
using the DISCERN evaluation tool.

Results
Six-hundred websites were evaluated for quality and comprehensiveness by two independent
neurologists. These websites were evaluated for comprehensibility and quality, as well as
multiple variables susceptible to affect quality (bibliography, recent update, author, affiliation,
financing).

Conclusion
The results of this study confirmed that searching for medical information on the internet is time
consuming and dissapointing. The immense quantity and heterogeneous information available
on the internet must incite neurosurgeons and neurologists to become aware of the content on
the internet available to patients and efforts must be made, particularly by professional
societies, to address this issue.



Learning Objectives:
1) Describe the content and evaluate the quality of information for Parkinsons disease

available on the internet for French speaking patients
2) Identify factors that can indicate better website quality
3) Develop the proficiency and tools necessary (e.g. a list of good quality websites) to

guide the patient in his online search for information on Parkinsons disease and deep
brain stimulation
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Introduction
Tinnitus is an auditory phantom percept related to tonic and burst
hyperactivity of the auditory system. Two parallel pathways supply auditory information to the
cerebral cortex: the tonotopically organised lemniscal system, and the non-tonotopic
extralemniscal system, firing in tonic mode and burst mode respectively. Electrical cortex
stimulation is a method capable of modulating activity of the human cortex, by delivering stimuli
in a tonic or burst way. Burst firing is shown to be more powerful in activating the cerebral cortex
than tonic firing and bursts may activate neurons that are not activated by tonic firing.

Materials and Methods
Five patients with an implanted electrode on the auditory cortex were asked to rate their tinnitus
distress and intensity on a Visual Analogue Scale before and after tonic and burst stimulation.
All patients presented both pure tone and narrow band noise tinnitus.

Results
Results show a significant better suppression for narrow band noise tinnitus with
burst stimulation in comparison to tonic stimulation, Z=2.02, p=.043. For pure tone tinnitus no
difference is found between burst or tonic stimulation, Z=0, ns.

Conclusion
Based on the hypothesis that narrow band/white noise is the result of hyperactivity in the non-
tonotopic system, we suggest that burst stimulation modulates the extralemniscal system and
lemniscal system and tonic stimulation only the lemniscal system.
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Learning Objectives:
1.Tinnitus can sometimes be treated by auditory cortex stimulation
2.Noise-like tinnitus responds better to burst stimulation
3.burst stimulation might preferentially modulate the extralemniscal system
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Introduction
Any lesion along the auditory tract, interfering with its ascending or descending pathways can
generate tinnitus.  Tinnitus can be considered a phantom sound caused by auditory cortex
hyperactivity, which can be visualized using functional neuroimaging techniques. This visualized
area of hyperactivity can be used as a target for modulating associated abnormal neuronal
activity.

Methods
Forty patients are selected for implantation of an extradural auditory cortex electrode,
contralateral to the side where the tinnitus is perceived. Selection criteria are intractable
unilateral tinnitus with twice >50% suppression on transcranial magnetic stimulation (tms) in a
placebo controlled way on 2 separate days after exclusion of all treatable causes. A frequency
specific fmri is performed, matched to the tinnitus frequency and incorporated in a
neuronavigation machine to localize the area where the electrode is implanted.

Results
In general a significant difference can be found on the VAS intensity preoperative (M = 7.98, SD
= 2.53) in comparison to the VAS scale postoperative with stimulation (M = 3.35, SD = 2.81),
t(38) = 9.41, p  < .001. Furthermore a positive correlation can be found between VAS
preoperative and postoperative, r = .34, p < .05, indicating that patients with a lower score on
the preoperative VAS intensity are better helped with auditory cortex stimulation than patients
with a higher score on the preoperative VAS intensity.

A closer look to the data indicate that tinnitus can be suppressed in 25% of patients for > 80%,
in an additional 50% for 50% on average and in 25% not at all. There is no correlation with
tinnitus duration. Noise-like tinnitus is more difficult to suppress.

Conclusion
Recent magnetoencephalography and eeg data that the tinnitus intensity is correlated to
gamma band activity of the contralateral auditory cortex. Auditory cortex stimulation attempts to
suppress this hyperactivity.



Even though all patients responded to TMS 25% still fail to respond to the implanted electrode.
EEG studies comparing the failures to the responders demonstrate that activity differences in
the left parahippocampal area might differentiate the two groups: t(9) = 1.98; p < .05 .
The preliminary results of the first implantations suggest that auditory cortex stimulation in
carefully selected patients can improve tinnitus.
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Learning Objectives:
1. auditory cortex stimulation can suppress tinnitus
2. 25% are non responders even if TMS can suppress tinnitus
3. non-responders differ in their parahippocampal activity
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Introduction
To analyze the long-term follow-up data and to assess the efficacy and safety of combination of
stereotactic intracavitary irradiation and Gamma Knife for the treatment of relapsing and
postoperative residual craniopharyngioma.

Materials and Methods
Sixty-seven of 95 consecutive patients with craniopharyngiomsa treated with combination
treatment from Oct. 1996 to Dec. 2003 were selected for retrospective analysis. There were 39
males and 28 females, aged 7 to 70 years (mean, 31.5 years). 35 were further treated by
general radiotherapy. All the surgical procedures were done under local anesthesia with Leksell
stereotactic system. Enhanced MRI scanning were done, and thereafter two procedures were
performed in accordance with the patients’ conditions. In 55 patients, Gamma Knife surgery
were done in the solid part of the tumors, and then stereotactic cystic fluid aspiration and
intracavitary irradiation in the cystic part. In the remaining 12 patients, the cyst were treated with
stereotactic intracavitary irradiation for the huge cysts firstly, and following new MRI scanning
and Gamma Knife surgery were done.

Results
There was no severe complications and operative death postoperatively. The follow up time was
5 to 12 years, with an average of 8.6 years in 67 patients. The tumor response rate for solid part
cyst part and mixed tumor were 83.3%, 90.9% and 89.6%, respectively.

Conclusion



 Combination of intracavitary irradiation and Gamma Knife surgery can control the tumors
successfully, and it is highly safe and effective in the treatment of relapsing and postoperative
residual craniopharyngiomas.
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Learning Objectives:
1. Craniopharyngioma
2. Brachytherapy and Gamma Knife
3. Long-term Results
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Introduction
To evaluate the efficiency and safety of surgical operation for treatment of medical intractable
frontal lobe epilepsy.

Materials and Methods
Between January 1996 and January 2004, 80 operations such as epileptogenic focus resection
and multple subpial transection(MST) or anterior two-thirds corpus callosotomy were performed
for forntal lobe epilepsy. They were consisted of 56 males and 24 females, with age ranging
from 17 to 66 years (mean 35 years). Of them, 37 cases had generalized seizures, 23 absence
and generalized seizures and 20 partial seizures and torsional or rotating seizures. According to
the preoperative EEG_CT_MRI_ SPECT_ PET, Locating measures combined with
electroconticography (ECoG) detection during operation. All operations were performed with
operative microscope. The operation would be terminated when the epileptic waves in lesion
area were completely disappeared during monitoring with ECoG.

Results



Short-term effective control of seizures were in all patients postoperatively. There is no
operative death and sever complication. The follow-up periods were from 1 to 8 years (mean 5
years). 69 patients were seizurs-free, 8 had a ≥75% significant reduction , 2 had a ≥50%
reduction or a change from severe type to moderate type, poor in 1 patient.

Conclusion
The results indicate: the epileptogentic focus resection combined MST or combined two-third
conpus callosotomy is an effective and safe approach of the surgical treatment for frontal lobe
epilepsy.
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Introduction
Tinnitus is considered as an auditory phantom percept.  with a prevalence of 5-15%., 2,4 % of
the population is severely affected by it. Preliminary evidence  indicates that transcranial direct
current stimulation (tDCS) of the temporo-parietal  area might reduce on tinnitus. Recent tDCS
studies of the prefrontal cortex has shown an effect on depression, pain and impulsiveness.

Materials and Methods



A total of 418 tinnitus patients received bifrontal tDCS on dorsolateral prefrontal cortex (anode
right, cathode left) for 30 minutes.

Results
Our results  show that tDCS has effect on 29.9% of the tinnitus patients. For the responders a
reduction was found for both tinnitus-related distress (p < .05) and tinnitus intensity (p < .05). In
addition, it is revealed that the amount of suppression for tinnitus-related distress but not for
tinnitus intensity is moderated by an interaction between tinnitus type and tinnitus laterality
moderate the effect ) (p < .01)  . For the latter effect it is shown that unilateral pure tone tinnitus
is less suppressed than bilateral pure tone as well as unilateral and bilateral narrow band noise.
A closer look at the data indicates that the reduced suppression effect for unilateral pure tone
tinnitus can mainly be explained by a very limited suppressive effect on right sided tinnitus.

Conclusion
This study supports the involvement of the prefrontal cortex in the pathophysiology of tinnitus.
Bifrontal  tDCS has a better effect on the tinnitus-related distress probably due to a direct impact
on the frontal distress network and secondarily an indirect effect on the tinnitus intensity. These
results are promising as a  potential treatment for 1/3 of tinnitus patients. A blinded study has
been initiated to prove this concept.

Learning Objectives:
1 tDCS can be used as a possible treatment for tinnitus
2. Pure tone tinnitus and bilateral tinnitus are better suppressed than narrow band noise and
unilateral tinnitus.
3. Bifrontal tDCS has a larger impact on tinnitus-related distress than on tinnitus-intensity
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Introduction
Tinnitus is an auditory phantom percept related to tonic and burst hyperactivity of the auditory
system. Two parallel pathways supply auditory information to the cerebral cortex: a tonotopically
organized lemniscal system, and a non-tonotopic extralemniscal system, firing in tonic and burst
mode respectively. Transcranial magnetic stimulation (TMS) is a non-invasive method capable
of modulating activity of the human cortex, by delivering tonic or burst stimuli. It has been shown
that burst firing is more powerful in activating the cerebral cortex than tonic firing. However burst
TMShas a high inter-individual variability. Three factors, namely tinnitus laterality, tinnitus-
related distress and tinnitus duration, might contribute to this large individual variation.

Materials and Methods



The effect of burst TMS on the auditory cortex in 100 male individuals is evaluated, presenting
narrow band noise or pure tone tinnitus, unilateral or bilateral tinnitus, and low or high tinnitus-
related distress.

Results
Our placebo controlled TMS results show that burst stimulation can suppress tinnitus in 50 % of
the patients. Yet, significant difference is noted between narrow band noise and pure tone
(F(1,40) = 5.68, p < .05. More precisely, the amount of suppression for pure tone tinnitus
depends on the laterality in interaction with tinnitus duration (F(1,17) = 10.42, p < .01) and not
by tinnitus-related distress F(1,17) = .42., n.s.).

Conclusion
Narrow band noise tinnitus can be suppressed by burst TMS. Pure tone tinnitus suppression on
the other hand depends on the tinnitus laterality and duration. While bilateral tinnitus can be
easy altered by burst TMS independent of the tinnitus duration, unilateral tinnitus can be
suppressed when tinnitus duration is less than 4 years. This might be due to more pronounced
degeneration of the lemniscal system in comparison to the extralemniscal system described in
deafferentation.

Learning Objectives:
1 Burst TMS stimulation can suppress tinnitus both narrow band noise and pure tone tinnitus
2. The amount of suppression for pure tone tinnitus dependent on the laterality and duration of
tinnitus
3. Chronic deafferentation of the lemniscal system is more severe than the extralemniscal
system.
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Introduction
Few multiple case studies of the effect of deep brain stimulation for camptocormia accompanied
by Parkinson disease have been reported.  Most of them were improved, however, some were
not effective against camptocormia.  It was not investigated into what kind of patients would be
expected to be improved after DBS. We treated 4 Parkinson patients with camptocormia and
evaluated their paraspinal muscle status by computed tomography.

Materials and Methods
  The 2 female and 2 male patients were 60-69 years old.  The duration of disease from onset to
surgery was 7-13 years and the follow-up period was 4-24 months.  The electrodes were



implanted bilaterally in the subthalamic nuclei.  Pre- and post-operative angle of the trunk,
UPDRS, LED were evaluated.  Paraspinal computed tomography was performed and evaluated
thalacomlumber paraspinal muscle status.

Results
 Camptocormia was improved in 3 cases; it was unchanged in 1 case, although other
Parkinsonian symptoms improved.  The Hounsfield number of the paraspinal muscle in the
unimproved case was remarkably smaller than that in the improved group.

Conclusion
  here might be a relation between improvement and fat degeneration of paraspinal muscle.
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Learning Objectives:
1. Retrospectively investigate whether STN-DBS is effective in camptocormia accompanied by
Parkinson disease.
2. To know what factor is related to ineffectiveness in camptocormia.
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Background
Currently deep brain stimulation (DBS) is indicated for medication refractory levodopa
responsive Parkinson’s disease (PD) patients.  At most expert institutions, the patients are
selected based on the results of levodopa challenge test, and optimal candidates usually have
greater than 30% improvement in the motor portion of Unified Parkinson’s Disease Rating Scale
(UPDRS) following medication administration.  There may however be patients who have
alternative indications (medication resistant tremor or severe on/off fluctuations).  The aim of
this study was to examine the outcomes in a cohort of patients with alternative indications for
DBS.

Materials and Methods
We queried our institutional review board (IRB) approved DBS database for cases with PD who
had DBS but preoperatively possessed a less than 30% improvement on a levodopa challenge
test.  Patients were drawn from between the dates of July 2002 and March 2009.  We reviewed
the history (e.g. indication for DBS and brain target) and we compared the preoperative and
postoperative UPDRS Part II, Part III, and PDQ-39 scores utilizing a paired student’s t-test.

Results
Our database revealed 153 PD DBS patients, and of those 9 had less than a 30% improvement
on levodopa challenge test.  Unilateral globus pallidus intarna (GPi) was chosen as a target in
two patients with severe dyskinesia and presence of mild cognitive impairment.  Unilateral
subthalamic nucleus (STN) DBS was performed for severe dyskinesia (n=3), on/off motor
fluctuations (n=1) and medication resistant tremor (n=3) patients.  Although there was no



significant change pre- to postoperatively in the UPDRS Part III, the UPDRS Part II and PDQ-39
subscores (activities of daily living, emotional, and stigma) improved (p< 0.05).

Conclusion
This study highlights cases where a cut-off of 30% on UPDRS may miss patients who may
benefit from DBS. Patients with severe dyskinesia, on/off motor fluctuations, and/or medication
resistant tremor may have the potential for significant benefits despite UPDRS motor score
changes.

Learning Objectives:
1. Selection of potential DBS candidates in Parkinson’s disease.
2. Alternative indications for DBS in Parkinson’s disease.
3. Target selection (GPi vs STN) in Parkinson’s disease.
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Introduction
Longstanding exposure to dopaminergic drug may cause a reward system malfunction and
provokes DDS (Dopamine dysregulation syndrome) which links sensitization of ventral striatal
circuitry. This may manifest as addiction to l-dopa and behavioral disturbances. STN-DBS
(subthalamic nucleus – deep brain stimulation) enable us to improve PD (Parkinson’s disease)
patients’ motor symptom and reduce a dose of dopaminergic drug. Significant reduction of
dopaminergic drug sometimes elucidated the existence of DDS. Appropriate programming of
stimulation parameters and regulation of anti-parkinsonian drugs are important to obtain a good
outcome after the surgical procedure. We studied the characteristics and the risk factors of DDS
which become dominant after the STN-DBS.

Materials and Methods
Subjects were 95 patients with detailed follow-up more than 6 months who underwent STN-DBS
during the period of 2005 to 2008 in our institute. We selected a patient who psychologically
resisted the dopaminergic drug reduction after the STN-DBS. Particularly, we made note of the
patients manifesting a remarkable pathological feeling and abnormal behavior which associated
with l-dopa reduction. We studied the contents of their deviatory behavior, preoperative
condition and dose of dopaminergic drug.

Results and Conclusion
Relatively large number of patients experienced dysphoric withdrawal symptoms and 10
patients revealed deviatory behavior accompanied by the reduction of l-dopa dose. The



contents of the deviatory behavior were mainly related to anxiety, depression, anhedonia, and
cenesthopathy. In some patients, cenesthopathy occurred as laryngeal abnormal sensation like
a sensory apnea. Such symptom was extremely difficult to control by either STN-DBS or
medical treatment. Such intractable symptom seems to be relevant to dopamine coupled with
substance P, play the important role in laryngeal sensation. According to an analysis of
preoperative state of DDS patients, younger patients with high dose l-dopa administration tend
to be fall into such pathological condition.

Learning Objectives:
1. Understanding Dopa dysregulation syndrome after STN-DBS
2. Understanding predictive factor of Dopa dysregulation
3. Understanding adverse effect of longstanding exposure to dopaminergic drug
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Purpose: To explore the effect of STN DBS on L-dopa response in PD patients

Background: Severe motor fluctuation is the most common reason referring to STN DBS
treatment for PD patients. L-dopa response in patients with motor fluctuation is characterized by
decreased duration and increased magnitude, caused by loss of long duration response (LDR)
leading to more parkinsonism at the off state (“off-parkinsonism”) and greater magnitude of
short duration response (SDR). STN DBS improves off-parkinsonism, hence, motor fluctuations.
Interestingly, the good response to L-dopa seems prerequisite for beneficial outcome from STN
DBS for PD patients. Putting together, we postulate that STN DBS may improve motor
fluctuations by reversing drug-induced longstanding changes in L-dopa response, in addition to
the concurrent effect on off-parkinsonism by neurostimulation.

Methods: Forty nine patients with advanced PD (age: 56.8±7.77; duration: 12.2±4.06 years)
underwent bilateral STN DBS. L-dopa test was performed before and 6 months after DBS
surgery, using 150% of a single L-dopa equivalent dose that the patient had been taking.
Parkinsonism was assessed using UPDRS, serially twice at med-off and -on states before
surgery, and at med-off and -on states with DBS-on or DBS-off in 6 months after surgery. The
SDR magnitude was expressed as difference from baseline: OFF UPDRS motor scores – ON
UPDRS motor scores. OFF UPDRS motor scores and the SDR magnitudes were compared
between before and after 6 months’ STN DBS treatment. For ANOVA, patients were divided into
3 groups based on OFF UPDRS motor scores before surgery. Data were also analyzed by
regression methods.

Results: OFF UPDRS scores were 26.4±4.08, 37.5±2.74, and 50.3±8.86 before surgery (in the
group A, B, C respectively; p<0.001). Changes in OFF UPDRS scores over 6 months period
were +8.34±2.70, +1.00±9.49, -7.31±14.9 in the group A, B, and C respectively (p=0.002). The
reduced amount of OFF UPDRS scores over 6 months period was highly correlated with initial



preop OFF UPDRS scores (r=610, p<0.0001), indicating that the higher the preop UPDRS
scores, the greater the reduction of UPDRS scores after 6 months. SDR magnitudes before
surgery were 16.9±6.27, 22.7±7.49 and 29.8±10.7 in the group A, B, and C (p=0.0003), with
significant correlation between preop OFF UPDRS scores and preop SDR magnitudes (r=0.672,
p<0.0001). As in the case of OFF UPDRS, SDR magnitudes were reduced substantially after 6
months’ STN DBS treatment, amounting to 32%, 24%, and 18% reduction in the group A, B,
and C respectively, with no significant group differences. The reduced amount of SDR
magnitude over 6 months period was highly correlated with initial, preop SDR magnitude (r=-
626, p<0.0001), indicating that the greater the initial preop SDR magnitude, the greater the
reduction of SDR magnitude after 6 months. Initial preop UPDRS scores did not show
significant correlations after the correlation with initial preop SDR magnitude was taken into
account. Age and duration of PD did not influence significantly any of these correlations.

Conclusions: Our data show that (1) chronic STN DBS treatment improved off-parkinsonism,
which was greater as the initial preop off-parkinsonism was worse, and that (2) it reduced
magnitude of SDR, which was greater as the initial preop SDR magnitude was higher. To the
extent that worsening of off-parkinsonism reflects the loss of LDR to L-dopa in advanced PD,
these findings suggest that LDR is induced by drug treatment rather than reflecting loss of
dopamine terminals, and that chronic STN DBS may reverse the drug-induced loss of LDR.
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Introduction
Bilateral subthalamic nucleus (STN) deep brain stimulation (DBS) is regarded as a standard
surgical treatment of severely disabled patients with medically intractable Parkinson disease
(PD). However, bilateral surgery is accompanied by the adverse effects including cognitive
deficits, depression, and speech disturbances1). Although unilateral DBS is less aggressive than
bilateral surgery, the efficacy of unilateral DBS has not been evaluated in the study of the high
number of the patients2). We report the effect of unilateral STN DBS at the 6-month follow-up
examination in 104 cases with PD.



Materials and Methods
Between January 2001 and September 2008, 104 patients with medically intractable PD
underwent unilateral STN DBS. Clinical assessments were performed preoperatively and six
months after the last surgery, using the Unified Parkinson’s Disease Rating Scale (UPDRS),
motor and activity of daily living (ADL) subscores, and Hoehn and Yahr stages.

Results
Mean UPDRS II and III had improved by 42.8% and 23.5% (on stimulation, off therapy), by
11.6% and 4.9% (on stimulation, on therapy)_Significant improvement was observed in the
hemibody contralateral to surgery (tremor-83%, rigidity-76%, bradykinesia-58% dyskinesia-
67%) but not in the ipsilateral (13%). Mean L-dopa daily requirement was reduced from
590.3mg to 460.5mg. Side effects were postoperative hypophonia (4%), nocturnal confusion
(3%) and eyelid apraxia (1%).

Conclusion
Unilateral STN DBS are effective and safe treatment for advanced PD and some patients may
obtain a substantial benefit with unilateral STN DBS. The patients who are not satisfied with the
improvement of axial or ipsilateral symptom may need a second surgery. Unilateral STN DBS
may be regarded as the preferred choice for the treatment of some patients including advanced
aged or high risked patients.
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2) Linazasoro G, Blercom NV, Lasa A. Unilateral subthalamic deep brain stimulation in
advanced Parkinson’s disease. Movement Disorder 2003. 18:713-716

Fig A: Improvement of UPDRS II and III following unilateral STN stimulation

Learning Objectives:
1. Subthalamic deep brain stimulation
2. Parkinson disease
3. Unilateral stimulation
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Introduction Parkinson’s disease (PD) is associated with a progressive neuronal loss in the
Substantia nigra pars compacta (SNc), reactive subthalamic nucleus (STN) hyperactivity, and
its glutamate toxicity onto SNc neurons. The dynamic interaction between STN and SN is likely
to parallel the disease progression/neuronal loss. Current report is to study the STN/SN
neuronal activity ratio in early and advanced PD patients.

Materials and Methods Eighteen age/sex-matched patients were grouped as PD (early or
advanced). Multichannel microelectrode recordings guided DBS implant placement. STN and
SN recordings were analyzed offline using the peak root mean square (pRMS) to derive the
STN/SN ratio.

Results The STN/SNr (reticular) ratio in the final target tracks were significantly higher in
advanced PD patients than those early PD patients (9 pair, 8 male and 1 female) in pool data (
LSTN 2.59±0.72 vs. 1.65±0.69; RSTN 2.49±0.67 vs. 1.67±0.7; n=9) and 8/9 in individual data.
The SN activity is believed in the reticular part of SN (SNr). Medial to these tracks, the ratio of
STN/SNc are bigger than those STN/SNr (10/14) since it were closer to the SNC (neuronal loss
area).

Conclusion Both increased STN and decreased SN neuronal activity might correlate with SNc
neurodegeneration and PD progression. This ratio holds promise as a functional bio-marker for
neuronal loss in PD patients.
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Introduction
Many studies have confirmed that deep brain stimulation (DBS) of the thalamus (thalamic DBS)
has been 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 DBS electrode has not
yet been established. 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
(AC)–posterior commissure (PC) line.

Case Report
A 53-year-old man with an eleven-year history of essential tremor was treated with DBS of the
thalamus. Intraoperative stimulation with a DBS electrode temporarily inserted at a high angle to
the horizontal plane of the AC – PC line to cover only the nucleus ventralis intermedius (Vim)
was not effective. In contrast, stimulation with the DBS electrode permanently implanted at a
low angle, covering a wide area extending from the nucleus ventralis oralis (Vo) to the Vim,
reduced the tremor.

Conclusion
These results suggest that the trajectory of the DBS electrode may be a considerable factor for
the implantation of a DBS electrode for tremor therapy

Learning Objectives:
1. Understanding deep brain stimulation for treatment of tremor
2. Understanding technique of electrode implantation for treatment of tremor
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Introduction:  DBS for Parkinson Disease has shown several limitations and contraindications.
MCS has been proposed as a possible  alternative treatment and the purpose of this  study was
to test the safety and the long term clinical efficacy of MCS in PD.

Material and method Inclusion criteria: - idiopathic PD of long duration, in the advanced stage,
- DBS contraindicated or refused, - signed informed consent. 10 patients were submitted to the
implant of epidural electrodes over the motor cortex controlateral to the worst clinical side in 3
cases, and bilateral in the remaining 7. MCS during the first year was controlateral to the worst
clinical side  (120micros, 80c/s, 3-6V). After 12 months stimulation became bilateral. Clinical
assessment at baseline and after 3,6,12,24,36, and 48 months of MCS: -UPDRS, - PDQL, -
neuropsychological evaluation, - EEG, - oral medications and adverse events. The data are
reported in an intention to treat analysis; Wilcoxon test was used for statistical analysis.
Results A significant improvement compared to preoperative scores was present after 12,
24, 36 and 48 months of MCS in global UPDRS off-med, in UPDRS III off-med (by 25%), in
subscores for axial symptoms off-med (by 30%), in UPDRS IV, IN UPDRS II off-med and in
PDQL. In each patient the UPDRS III off-med at 24, 36 and 48 months was always lower
than at baseline. Drug treatment was decreased by 25%. In all patients, no significant
postoperative decline was observed on any cognitive task, including tasks of verbal
fluency and abstract reasoning.
No adverse event occurred.

Conclusions: MCS for PD is a low risk surgical procedures; our neuropsychological data
suggest that MCS is also safe as concerns cognitive and behavioural morbidity. It is followed by
a moderate improvement of motor symptoms, particularly axial symptoms, and by an
amelioration of daily living that persist at long term (36 and 48 months).
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Learning objectives: this paper focuses on the safety and long term clinical efficacy of motor
cortex stimulation in Parkinson disease
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Introduction
Aim: to assess the long-term results of vagal nerve stimulation in drug-resistant epileptic
patients.

Material and Method
62 drug resistant epileptic patients, excluded from ablative surgery, were submitted to vagal
nerve stimulation  (1995– 2008).
11 children (6-17 years), 51 adults (18-65 years).  The follow-up in years ranges: more than 10
in 8 patients; 5-10 in 9 patients; 1-5 in 23 patients; less than 1 in 8 patients. 13 patients drop-
out.
Baseline assessment for three months: seizure diary, antiepileptic drug plasma concentration
monitoring. Follow-up consists of ambulatory visit every 6 months during the first year and then
every year.
Clinical outcome was determined by comparing the seizure frequency at each follow-up visit
with the previous 3 months baseline period. We also considered frequency of cluster and status
and an evaluation both from patients and their families of the impact on the patients life.
“Responders” were the patients with a seizure frequency reduction of 50% or more and patients
experiencing a subjective improvement in quality of life.

Results
clinical outcome is assessed in 54 patients with more than 1 year of follow-up.
Seizure frequency: after 1 years only 10% of patients are Responders. After 5 years mean
seizure frequency reduction 24%, Responders 30%. After 10 years mean seizure frequency
reduction 35%, Responders 50%.
The percentage increase of the results of vagal nerve stimulation is related both to the
cumulative effect of the stimulation as well as to the drop out of the non Responders patients.
Considering also the perception of quality of life 41 patients (75%) could be considered as
Responders.
13 patients drop-out due to inefficacy. Complication: 2 cases of infection; reimplanted.



Conclusion
Our study confirm the long-term efficacy of vagus nerve stimulation on seizure number and
global quality of life.

References:
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Learning objectives: the goal of this presentation is show the effects of chronic  vagal nerve
stimulation in drug resistant epileptic patients.
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Introduction
Tremor when presenting with dystonia has been referred to in the literature as “dystonic tremor”.
1  Although recent studies have demonstrated excellent outcomes following deep brain
stimulation (DBS) of the internal globus pallidus (GPi) in selected cases, the optimal target for
dystonia and dystonic tremor remains unknown.  The aim of this study was to determine the
efficacy in patients we have treated with ventral intermediate nucleus (Vim) DBS.



Materials and Methods
We queried our IRB approved DBS database for cases of dystonia (n=30) and tremor (n=75),
we then identified all cases of dystonic tremor (n=4) who underwent DBS.  We reviewed their
history and responses to the treatment.

Results
Patient #1 was a 47 year-old woman with primary generalized dystonia associated with severe
tremor in her head and in both upper extremities.  The patient initially underwent bilateral GPi
DBS which failed to suppress the dystonic head and hand tremor.  Bilateral Vim DBS was
successfully added to address tremor.  Patient #2 was a 37 year-old man with a history of
developmental delay and dystonic tremor in the left arm.  Tremor was successfully captured by
a right Vim DBS.  Patient #3 was a 71 year-old female with a purported history of essential
tremor treated with bilateral Vim DBS at an outside institution.  A neurological examination
revealed cervical dystonia associated with dystonic tremor in the neck and upper extremities.
The dystonic tremor was successfully suppressed by thalamic DBS.  Patient #4 was a 35 year-
old man with a history of generalized dystonia associated with dystonic tremor in both hands.
Bilateral GPi DBS alleviated the dystonic posture and the tremor.  In cases #1, 2 and 4, low
frequency stimulation was effective for the tremor.

Conclusion
This case series raises the question as to whether we should strongly consider Vim DBS for
tremor if is the major disability for the patient presenting with dystonia. Cases such as #4
however have demonstrated that tremor can be suppressed by GPi DBS in select cases where
there is a background of generalized dystonia.
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Learning Objectives:
1. Target selection based on dystonia phenotype
2. Optimal stimulation setting for dystonia
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Introduction
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).

Materials and 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) was also employed to evaluate the severity of peak-
dose dyskinesia. We analyzed the changes in levodopa equivalent dose (LED), motor
fluctuation, 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 period) were improved in both the YOPD and
LOPD groups. The improvement rates of the UPDRS part 3 scores in both on- and off-period of
the YOPD group were superior to those of the LOPD group. The results of multivariate logistic
regression analysis demonstrated that YOPD itself is the best responder to STN stimulation.

Conclusion
STN stimulation can reduce the LED and improve motor fluctuation 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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Learning Objectives:
1. Understand about deep brain stimulation therapy for Parkinson’s disease
2. Understand about a clinical feature of young-onset Parkinson’s disease
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Objective: Subthalamic nucleus stimulation (STN-DBS) can provide long-term effects for
activity of daily living (ADL) in patients with advanced Parkinson’s disease (PD) characterized
by marked motor fluctuation. However, ADL becomes worse a few years later in some patients
underwent STN-DBS whereas their ADL had been independent during early period after DBS
surgery. We investigated the factor which deteriorates ADL of those cases.

Methods: Sixty-six patients were underwent bilateral STN-DBS at less than 65 years old
between 2001 and 2003. Their Schwab and England (S & E) scale score during on-period were
80 % and more, at 2 weeks after surgery. In seven patients out of these 66 patients, S & E scale
(on-period) score became 70 % or less, after more than 1 year from surgery. We investigated
those 7 patients, and compared the subscales of UPDRS (on-period) score (rigidity, item 22;
akinesia, item 26; freezing, item 14; postural instability, item 30) of them at 2 weeks after
surgery with the score when their ADL became worsen and analyzed the factors for
deteriorating ADL in PD after STN-DBS.

Results: The score of postural instability and freezing became significantly worsen (p < 0.05).
There were not significantly difference in the scores of rigidity and akinesia.

Conclusion: Results of present study suggest that the deterioration of postural instability and
freezing during on-period are deteriorative factor of long-term ADL in patients with advanced PD
after STN-DBS.
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Introduction
Subthalamic deep brain stimulation (STN DBS) for Parkinson’s disease (PD) has been found to
be safe from a cognitive standpoint in a majority of patients. A minority of patients experience
cognitive declines, most often in verbal fluency, less often in memory and executive functions.



Declines are typically mild and transient, but in few cases can be more serious and lasting. Risk
factors for cognitive declines remain poorly specified but STN DBS is not considered a suitable
treatment for PD patients with dementia. Recent identification of Mild Cognitive Impairment
(MCI) syndromes (and associated risk for dementia) in PD raises the issue whether
neuropsychological outcomes after DBS are poorer in patients with MCI.

Materials and Methods
MCI was retrospectively defined in a group of 24 consecutive bilateral STN DBS patients who
had undergone neuropsychological evaluation before and about 3.5 months after DBS. MCI
definition was based on scores 1.5 or more SD below normative means on one or more tests of
attention, language, visuoperceptual function, executive function and memory in the absence of
dementia. Defining tests were not used as outcome measures.

Results
Of 24 patients, 7 had MCI (1 multiple domain). Groups were comparable at baseline in disease
duration and severity, depression and anxiety, and dopaminergic medication dosage. Even on
an extensive neuropsychological test battery, PD with MCI showed significantly greater
decrement on only a test of spatial memory. Motor outcomes and stimulation parameters were
comparable.

Conclusion
Prevalence of MCI in this surgical sample without dementia was comparable to that recently
reported in community and tertiary care PD samples. Although the sample size of this study is
small, findings suggest that MCI in PD may predispose to poorer cognitive outcome after STN
DBS in only a very limited manner and that outcomes in this group may be comparable to those
observed in PD patients without MCI.

Learning Objectives:
1. Describe typical cognitive outcomes after subthalamic deep brain stimulation for Parkinson’s
disease
2. Identify at least two possible risk factors for poor cognitive outcome after subthalamic deep
brain stimulation
3. Identify one domain of cognition that may be more affected by subthalamic deep brain
stimulation in Parkinson’s disease patients with Mild Cognitive Impairment (MCI) than in patients
without MCI.
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Introduction
Chorea-acanthocytosis is a rare autosomal recessive disorder. Up to date, treatment is
symptomatic and supportive. Results of few cases treated with deep brain stimulation (DBS) are
not consistent.

Materials and Methods
A 39-year-old Chinese man from a consanguineous family developed tic-like orofacial
movements, shoulder shrugging, neck stretching and slight gait instability at the age of 17. His
symptoms gradually progressed and developed orofacial dyskinesias, lingual dyskinesias and
tongue biting at the age of 27. His symptoms were improved by taking tiapride. He developed
difficulty in writing, speaking, swallowing and walking since chorea occurred at the age of 36
without improvement with high dose tiapride. An attack of a generalized tonic colonic seizure
occurred at the age of 37. His older sister died of similar condition at the age of 40. Laboratory
tests was performed.

Results
Acanthocytes (6%) were detected on peripheral blood smear. CPK levels were slight increased.
Brain MRI revealed basal ganglia atrophy and abnormal intensity in bilateral putman nucleus.
EMG showed neurogenic impairment of bilateral anterior tibialis. No mutation of IT 15 gene was
detected to exclude Huntington’s disease. Other laboratory tests were performed to exclude
other auto-immunological disorders and metabolic disorders. Finally, he was diagnosed as
chorea-acanthocytosis and performed surgery treatment. Bilateral Medtronic 3387 electrodes
were implanted in the globus pallidus interna_Gpi. His symptoms such as chorea and dystonia
were dramatically improved 3 weeks after operation with low-frequency stimulation (40Hz), 3.5v
and 60_sec. However, his symptoms were worsening at the condition of high-frequency
(130Hz).

Conclusion
Bilateral DBS of the Gpi could improve chorea and dystonia in the patient with chorea-
acanthocytosis. However, the benefit effect need further follow up.
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1. Treatment of Chorea-acanthocytosis
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Objective:  To explore the experience of adjusting electrode for the post-DBS patients in STN
when the curative effect is unsatisfactory due to the poor position.

Method:  I summarized 7 cases who were not well controlled or showed significant side effects
among 101 cases.  First, the position deviation of the electrodes were found by Magnetic
Resonance Imaging, then underwent reoperation to adjust pole's position. For some cases,
altering electrode position along vertical axis during the operation. Firstly applicating C arm X-
Ray machine forming laterally cranial position imaging to locate the electrode. Subsequently pull
out the electrode or implant wire once again to attain the expected purpose.  Especially for
those cases altering position toward to STN along vertical axis,  It is necessary to pull out the
electrode completely. Then secondarily implant the new electrode by MR localization.  All the
patients implanted the new electrode can use MR to confirm the position in the anatomical
Structure.

Result: Among the 7 patients, 5 patients, electrodes were adjusted along vertical axis. 4 cases,

electrodes were Under the STN(Unilaterally respectively), the average deviation was 7mm_1
case over the STN, the deviation 10 mm. 2 cases in the direction of Posterior and Intra-STN.  All
of patients show more curative effect after operation.

Conclusion:  After the first DBS in STN for Parkinson’s Disease if showing unsatisfactory
therapeutic effect or the poor position confirmed by MR.  It is possible to attain the Perfect effect
through the secondary operation. Especially for some electrodes above the STN, we can utilize
the limited rigidity of the electrode to press itself on surface of cranial tissue.  At the same time,
Effectiveness appears on MR scans with stereotactia frame. therefore, it is also worth
popularizing and applying.
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Introduction.
Obsessive-compulsive disorder has a worldwide prevalence of about 3% of the population
(approximately 180 million people). Several authors have published beneficial outcomes of deep
brain stimulation in patients with obsessions and compulsions at different targets. One of the
most accepted experimental models for OCD in rats is the perseverative behavior in a T-maze,
produced by a presynaptic 5-HT agonist effect such as 8-OH-DPAT. Our aim was to evaluate
the possible decrease of chemically induced perseverative behavior in rats after electrical
stimulation at different frequencies in the thalamic reticular nucleus.

Material and Methods.
Twenty-eight male rats were divided in 4 groups; control, sham, OFF stimulation and ON
stimulation (450µsec, 1V, 6 and 120Hz). Only control group was submitted to saline solution
administration. The rest of the groups underwent the administration of 8-OH-DPAT. All groups
were evaluated in a T-maze for perseverative behavior. Intragroup analysis was done through
paired T-student and intergroup analysis through an ANOVA test.

Results.
The numbers of choices in the same branch mean for the control group was 1.3 before saline
solution and 1.4 post-injection. For the sham group, mean of 1.3 pre 8-OH-DPAT and 3.4 post-
administration; for OFF stimulation group 3.3 pre-injection and 1.1 post 8-OH-DPAT; and for ON
stimulation 1.1 pre-administration, and in the post-state 1.9 for stimulation at low frequency
(6Hz) and 3.4 at high frequency (120Hz). Evident intergroup statistical differences were shown
(p<0.01). (Figures 1 & 2).

Conclusions.
The electrical stimulation at low frequency group was the only group that after manipulation with
8-OH-DPAT showed a decrease in perseverative behavior, even close to baseline. Electrical
stimulation at high frequency showed the same behavior as the sham and OFF stimulation
groups. Considering previous reports, the effect of low frequency stimulation mimics and even
surpasses the results obtained by the pharmacological gold standard and chemical lesions in
the same nucleus.
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Figure Legends.
Figure 1. Intragroup behavior differences between the number of perseverations pre and  post
8-OH-DPAT evaluation correspondent to each group. Statistical differences were shown in the
sham group (p<0.05) and OFF stimulation group (p<0.05).
Figure 2. Intergroup behavior between basal perseverations state from all the animals and after
the 8-OH-DPAT administration. Statistical differences between the groups were found
(p=0.006).

Learning Objectives:
1. Understand the probable mechanism of action of TRN stimulation inside the obsessive-
compulsive disorder circuitry.
2. Incorporate a punctual anatomical structure therapy through surgery inside a pharmacological
and neurotransmitter theory.
3. Learn the equivalence of the T-maze model induced by 8-OH-DPAT with OCD patients and
its application to surgical stereotactical treatments.
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Preclinical Results
When non-alternative behavior produced by 8OH-DPAT during T-maze OCD   with Wistar rats,
the lesion of thalamic reticular nucleus has shown decrease of perseverative behavior similarly



to chlorimipramine effect. Only low frequency (6 Hz) electrical stimulation of the same nucleus
has preventive effect over perseverative responses originated by 8OH-DPAT.
Case Report
 In 2005, a chronic patient with major depression disorder difficult to treat was implanted in the
inferior thalamic peduncle (ITP). She showed a significant decrease of Hamilton Depression
Scale without side effects at high frequency (130 Hz) deep brain stimulation (DBS). The patient
came back to job and good familiar relationship. After 3 years of DBS she was explanted but
she had not a depression relapse.
Objective of Clinical Trial
To evaluate the efficacy and the security of DBS in ITP in OCD difficult to treat.
Patients and Methods
Six patients (1:1 male/female) with OCD (from 9 to 34 years of duration) were bilaterally
implanted in ITP. According to Yale-Brown Obsessive Compulsive scale (Y-BOCS) score in
base line 3 patients had severe and 3 extreme OCD. They were setting at 5.0 V, 130 Hz and
450 microseconds in bipolar mode during 12 to 48 months. Y-BOCS, Global Assessment
Functioning scale (GAF) and side effects check list were applied every 6 months. Drug abuse
was present in three of them.

 Results

Transient anxiety or confusion were presented in four cases,
one patient was explanted caused tubercular meningitis and one
patient dead by cocaine overdose.  There was not change in drug abuse conditions. Best
results were showed in patients without co-morbidity.

Conclusion DBS in ITP could be useful to amelioration of OCD symptoms. Best results could
be getting in patients without co-morbidity. Anxiety could be different kind of symptoms than
OCD.
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Descriptive Statistics
Period

N Mean
Std.

Deviation
Minimu

m
Maximu

m

Base Line 6 35.83 5.879 25 40

Six 6 19.83 5.879 14 29

twelve 6 16.83 4.215 12 22

Test Statisticsb

six - Y-
BOCS
score

twelve - Y-
BOCS
score

Z -2.214a -2.226a

Asymp. Sig.
(2-tailed)

.027 .026

a. Based on positive ranks.
b. Wilcoxon Signed Ranks Test
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Introduction
Patients of intractable Tourette syndrome suffer from frequent severe motor and phonic tics
which deteriorate activity of daily life. Recent studies reported that deep brain stimulation was
carried out to the patients of severe symptoms with  remarkable improvement of symptoms.

Materials and Methods
We performed deep brain stimulation in three cases (1 male, 2 females, 19-21 years old) of
medically-intractable Tourette syndrome. Tentative target was bilateral centromedian-
parafascicular (CM-Pf) nucleus of thalamus.

Results
All of the patients showed remarkable improvement of tics. The score of Yale global tic severity
scale were markedly decreased without any deterioration of recognition or mental state.

Conclusion
Deep brain stimulation of thalamus for Tourette syndrome may be an effective and safe
treatment for intractable Tourette syndrome
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Ablative Versus Ablative/Stimulating Combined
Stereotactic and Functional Neurosurgical Procedures in Anorexia Nervosa- Preliminary
Results
Hemmings C. Wu, Yixin Pan, Feng Li, Dayuan Xu, Dianyou Li, Shikun Zhan, Bomin Sun
Department of Functional Neurosurgery, Shanghai Jiaotong University Ruijin Hospital,
Shanghai, China

Background: Anorexia nervosa, characterized by ego-syntonic self-starvation, denial of illness,
and ambivalence towards treatment, is a spreading psychiatric and behavioral disorder among
young Chinese females. Despite psychopharmacological advances, it is thought to have the



highest mortality rate of any psychiatric disorder due to multiple psychiatric comorbidities, and
high refractory rate and relapses.  Our center began applying stereotactic and functional
neurosurgical approach to medically refractory anorectic patients in 2006.

Objective: To investigate and analyze the short-term efficacy of ablative and ablative/stimulating
combined functional neurosurgical procedures in anorexia nervosa.

Design and Method: Non-controlled follow-up trial of 41 patients who underwent stereotactic
functional neurosurgical procedures within the last 3 years (thermocapsulotomy or
thermaocapsulotomy/nucleus-accumbens-deep-brain-stimulation combined) is conducted.  We
evaluate the clinical outcomes according to the 4 major components of diagnostic criteria of
anorexia nervosa: perception of obesity, body image and self-esteem, body mass index, and
hormone disturbance (amenorrhea).  The Eating Attitude Test (EAT-26) is deployed as the
major scale to assess anorectic symptoms.

Results and Conclusions: We observe substantial increase in body mass index, as more than
80% of the patients are no longer underweight during follow-up. Obesity raised our concern,
however, as approximately one third of the patients are overweight at follow-up.  Menstrual
cycle recovered in those who have reached and maintained at or above normal body weight.
Nevertheless, fear of obesity and distortion of body image and self-esteem does not completely
resolve, even when body weight returns to normal range.  Adverse effects, especially cognitive
and behavioral disorder and personality change were reported in many, and they can result
devastation as they interferes patients’ family relations and social functions.  Comparison
between ablative and ablative/stimulating combined procedures will be addressed.

Learning Objectives: Surgical outcome in different subsets of anorexia nervosa will be
discussed.  The attendees will share the latest functional neurosurgical results in anorexia
nervosa from our group, and they are welcome to debate the question of whether stimulation is
necessary/redundant after ablative procedures, or vice versa.
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Introduction
Chronic intractable pain syndromes have been treated by electrical stimulation of deep brain
structures for the decades. There is a debate regarding the longterm effectiveness of deep brain
stimulation for the treatment of chronic pain. We report our long-term result of sensory thalamic
nucleus/periventricular gray matter/ hypothalamic deep brain stimulation.



Materials and Methods
Since May 2003, We performed deep brain stimulation for patients with chronic intractable pain.
Inclusion criterias were: chronic pain duration > at least 6 mo, visual analogue scales(VAS)
>7/10, identifiable anatomic cause of pain, medically inctractable pain. Preoperative mean VAS
was about 7.5/10. The result was assessed with VAS and patients assessment of pain relief
(percentage pain relief (PPR)).

Results
DBS was effective in 9 out of 12 patients in initial trial, then chronic stimulation was given. At 6
months follow-up, the mean PPR at 6 months was about 58.75 %. However, the analgesic
efficacy declined after 6-12 months in most cases. At long-term follow-up (32 months), DBS was
effective in only 3 out of 9 patient (33 %) with mean PPR of 56.6 %. The analgesic effect was
lost in 6 chronic stimulation patients with less than 30 % pain relief.

Conclusion
In our results, the analgesic effect of DBS was not maintained for more than initial 6-12 months
after surgery in more than half of patients. The longterm effect was observed in one thirds of
intractable pain. A more sophisticated trial and study of DBS for pain relief should be warranted.
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Introduction
The authors sought to determine the long-term outcome of subjects with severe and refractory
obsessive-compulsive disorder (OCD) who had undergone operation of stereotactic
thermocoagulation surgery from  the 2003s. Special emphasis was given to the analysis of
lesion target sites.

Materials and Methods
9 OCD subjects who had  undergone operation of the stereotactic thermocoagulation .Every
patients had been  evaluation by psychiatrists according to  clinical symptoms of them. Anterior
capsulotomy was basal target sites to treated OCD, if patients had combined another mental
symptoms such as aggressiveness_depression and anxiety symptoms. The nucleus of
amygdala or/and subcaudate  tracts would been selected as lesion targets to add.

Results
In the majority of our subjects obsessive-compulsive symptoms were greatly improved after
surgery and so was social adjustment. Improvement of more than 50% on the Yale-Brown
Obsessive Compulsive Scale was found for 89% of the subjects.

Conclusion
Stereotactic thermocoagulation surgery is a effective method to treat OCD.But it is important
that how did selected perfect targets to destroyed. In spite of anterior capsulotomy was basal
target sites to treat OCD,but still needed another targets to be added as accompanying relative
mental symptoms of the OCD patients.   Because the OCD patients may be showed different
odditional symptoms such as aggressiveness_depression and anxiety symptoms excepted
behavior of the OCD.

References
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Introduction
Parkinsonism (also known as Parkinson’s syndrome, atypical Parkinson’s or secondary
Parkinson’s) is a neurological syndrome characterized by tremors, hypokinesia, rigidity, and
postural instability the underlying cause are numerous and the diagnosis can be complex.
The most common cause of Parkinsonism is Parkinson’s disease, which is a neurodegenerative
disease affecting the brain and impairs the motor skill, speech, and other functions.  It belongs
to a group of conditions called movement disorders which affect the central as well as the
peripheral nervous system presented by tremors Parkinson’s disease resulted from decrease
stimulation of the motor cortex by the basal ganglia normally caused by the insufficient
formation and action of dopamine which is produced in the dopaminergic neurons of the brain.
Secondary symptoms may include high level of cognitive dysfunction and subtle language
problems.

Parkinson’s disease is a chronic and progressive disease that requires broad based
management including patient and family education, support group services, general wellness
maintenance, physiotherapy, exercise and nutrition.  At present there is no cure for Parkinson’s
disease, but medications or surgery can provide initial relief from symptoms.  The most widely
used form of medication is L-dopa which has been developed in 1960’s and has a remarkable
effectiveness against P.D.tremors and other Parkinsonism symptoms.  Over time these
responses to levodopa was waning and unexpected adverse events from long term treatment
become apparent.  Surgery was once a common practice but after the discovery of levodopa
surgery was restricted to only few cases.  And advanced surgical treatment has been developed
primarily in response to failure of medical therapy to provide a long term relief.

Deep brain stimulation is presently the most used surgical means of treatment it is not well
understood how deep brain stimulation exert its therapeutic effect.  Motor cortex stimulation for
Parkinsonism also is still under trials as the initial reports showed that the improvement of
different symptoms was variable and unpredictable, even though was very cost effective.
Other surgical interventions include surgical lesion of the subthalamic nucleus and of the
internal segment of globus pallidus, known as thalamotomy, and pallidotomy.

Methods
We report four cases of patients, who suffered from chronic neuropathic pain as well as
Parkinsonism tremor .these patients were treated with spinal cord stimulation for their chronic
neuropathic pain.

Case Report 1
A 67-year-old woman presented with chronic neuropathic pain in her neck, upper extremities,
lower back, and lower extremities.  The patient was involved in a motor vehicle accident in 1968
in which she suffered a spinal fracture and also developed an epidural hematoma.  She had
decompression surgery around the time of the accident, and she subsequently developed
chronic pain.  She had additional surgeries after the accident to remove scar tissue and to treat
her chronic pain, including a spinal fusion and a discectomy.

Some years after her accident, she developed Parkinsonism symptoms (shuffling, bradykinesia,
rigidity, and tremor), which were more prominent on the right.  The patient tried several



medications for her tremor, but none were efficacious.  Her tremor symptoms were attributed to
her spinal injury.  Her Parkinsonism symptoms ultimately progressed, and the patient was
dependent on a motorized wheelchair for the12 years prior to presentation.  The patient also
suffered from photophobia, and she tended to wear sunglasses when inside as well as outside.
At the time of her initial evaluation, the patient’s medications included Valium, Synthroid,
Benadryl, MS-Contin, and Simvastatin.

In December 2007 the patient was implanted with bilateral SCS leads for a trial of SCS for the
treatment of her chronic lower leg and back pain, with the electrodes placed at the level of T7.
The stimulation frequency was 40 Hz, the pulse width was 370 microseconds, and the pulse
amplitude ranged from 0.6 to 2.8 mA.  The patient reported that her pain as measured by a
visual analog scale (VAS) decreased from 10 (maximum) to 2.  The patient reported that her
gait symptoms improved by 60-70% as well.  The patient indicated that she could more easily
ambulate with simply the aid of a cane.  In March 2008, a permanent SCS device was
implanted, again with the dual leads placed at the level of T7.  On follow-up, the patient’s lower
extremity pain was well-controlled with her SCS system and with Ultram.

The patient continued to suffer from chronic neck pain and bilateral upper extremity pain, which
were due to her prior motor vehicle accident as well as to spondylosis, degenerative disc
disease, and cervical radiculopathy.  In May 2008 the patient was implanted with bilateral SCS
leads for a trial of SCS for the treatment of her chronic upper extremity and neck pain, with the
electrodes placed at the level of C2.  The stimulation frequency was 50-60 Hz, the pulse width
was 190-300 microseconds, and the pulse amplitude on ranged from 0.1 to 1.0 mA.

With cervical SCS, the patient reported that her pain as measured by VAS decreased to 0.   The
patient’s Parkinson a symptoms were almost completely relieved by SCS.  Her right upper
extremity tremor as well as her rigidity and bradykinesia were decreased nearly 100% when
stimulation was activated.  In June 2008, a permanent SCS device was implanted, again with
dual leads placed at the level of C2, and the patient had a response that was essentially the
same as that seen with the trial leads.  Additionally, the patient's photophobia significantly
resolved, so that the patient no longer requires sunglasses when indoors.  The patient has now
taken up painting, which she was unable to pursue previously due to her disabling tremor.

Case Report 2
A 43-year-old woman presented with chronic neuropathic pain in her neck and upper extremities
proximal to her elbows.  She indicated that her neck would feel progressively tighter throughout
the day, making it difficult to hold her head up by the end of the day.  She also suffered from
chronic nausea. The patient fell down a flight of stairs at age 5, which caused head and neck
trauma.  The patient fell again at age 27, again suffering head trauma.  The patient indicated
that her neuropathic pain was ultimately caused by these falls.

The patient noted a tremor at age 33, and she was diagnosed with Parkinson’s disease at age
35.  Her Parkinson's symptoms included both functional and resting tremors with bradykinesia,
mild shuffling gait, rigidity.  The patient also appeared to suffer tremor in her abdominal region.

The patient underwent an MRI of her brain and spine, which revealed multiple lesions in her
white matter, most prominent in her left parietal lobe and right cerebral white matter.  The
radiologist indicated that these lesions were consistent with prior trauma as well as possibly with
multiple sclerosis.  The MRI also revealed an arachnoid cyst in her left cerebellar hemisphere as
well as degenerative disc disease at L4/5 and L5/S1.  The patient also underwent an EMG,
which was significant for a C5/6 radiculopathy, a right ulnar neuropathy, and bilateral carpal



tunnel syndrome.  The patient’s medications included Cinemet and Azilect for Parkinson’s
disease, metoprolol for hypertension, meclizine for nausea, and paroxetine for depression.

The patient was initially treated with an epidural corticosteroid injection at C5/6, with some relief
for only a brief period.  In November 2008 the patient was implanted with bilateral SCS leads for
a trial of SCS for the treatment of her chronic neck and upper extremity pain, with the electrodes
placed at the level of C2.  The stimulation frequency was 40 Hz, the pulse width was 500
microseconds, and the pulse amplitude ranged from 0.3 to 1.1 mA.

The patient reported that her pain as measured by VAS decreased from 8 or 9 to 2.  The patient
also reported significant relief from her symptoms of Parkinson’s disease.  Her tremor largely
disappeared in her legs, arms, and abdomen.  Her rigidity was dramatically decreased,
including her neck stiffness.  Her shuffling gait was significantly improved, and her posture was
also improved relative to her stooping posture at baseline.  On follow-up, the patient also
reported that her Parkinson’s disease medications seemed to be more effective, and she
noticed some improvement in her masked facies.  The patient felt that her sleep had
significantly improved.

The temporary trial leads were removed within a week of placement and activation of
stimulation.  The patient’s pain symptoms returned immediately, while her Parkinson’s disease
symptoms returned more gradually over a 2-day period.

In December 2008, a permanent SCS device was implanted, again with the dual leads placed at
the level of C2.  The stimulation parameters were similar to those used in the temporary trial.
On follow-up, the patient reported a VAS of 2 one week after surgery and a VAS of 0 one month
after surgery.  The patient also reported significant improvement in her Parkinson’s disease
symptoms, similar to the improvement seen in the temporary trial.  The patient also reported
that her depression had improved.

Case Report 3
A 52-year-old woman presented with chronic neuropathic pain in her neck and upper extremities
as well as in the back of her head, along with some numbness in her hands.  The patient also
suffered from tremor in her upper extremities.  Her chronic pain and tremor symptoms began in
her early 20’s.   The patient indicated that her pain and tremor grew worse on exertion.   The
patient has no family history of tremor.  The patient had a discectomy and a cervical fusion of
C3/4/5 performed at age 51 to treat her chronic neck and upper extremity pain.  She
subsequently developed weakness and worsening of tremor in her right upper extremity.  A few
months later she also had a fusion of L5/S1.  The patient also suffered from migraine, blurred
vision, and vertigo and she had a prior diagnosis of fibromyalgia.

A prior MRI showed small ischemic changes in the cerebral cortex, including the right lateral
ventricle and left midparietal subcortical white matter in the motor area.  An EMG was significant
for right-sided carpal tunnel syndrome with bilateral ulnar neuropathy and S1 bilateral
radiculopathy.  The patient admitted that she was previously addicted to alcohol and narcotics
but was in recovery after treatment.  The patient’s medications included pregabalin, duloxetine,
and trazodone.

The patient was initially treated with two injections of epidural corticosteroids at L5/S1.  After
each of the injections, the patient had approximately 65% pain relief for a brief duration.  In July
2008 the patient was implanted with bilateral SCS leads for a trial of SCS for the treatment of
her chronic neck and upper extremity pain, with the electrodes placed at the level of C2.  The



stimulation frequency was 70 Hz, the pulse width was 550 microseconds, and the pulse
amplitude ranged up to 3.1 mA.

On follow-up the next day, the patient indicated that she had 100% pain relief.  Additionally, her
tremors were eliminated.  Additionally, the patient claimed improvement in her blurred vision.
When the temporary trial leads were subsequently removed, the pain symptoms returned
immediately, while the tremor symptoms gradually returned over a 1-week period.  The patient
was implanted with a permanent SCS system 2 weeks after the trial, with the electrodes also
placed at the level of C2.  The patient’s pain relief was similar to that reported in the trial, and
her tremor also resolved with the activation of the permanent implant.

Case Report 4
A 53-year-old woman presented with chronic neuropathic pain in her neck, upper extremities,
lower back, and lower extremities, with a VAS of 9.  The patient was diagnosed with Parkinson’s
disease at age 46, and she had tremor of her upper extremities as well as rigidity, bradykinesia,
and a shuffling gait.  She had weakness and atrophy in her lower extremities, and she had
weakness in her right hand.  The patient reported that she was unable to write, drink coffee, or
tie her shoes.  The patient’s medications included Cinemet, Requip, and a Neupro patch for
Parkinson’s disease, Wellbutrin, Effexor, and Ambien CR.

An MRI revealed minor disc herniation at C3/4 and C6/7.  It also revealed disc herniation at
T7/8, spinal stenosis at L3/4, disc herniation at L4/5, and severe stenosis at L4/L5.  An EMG
showed a C6 radiculopathy as well as mild carpal tunnel syndrome, which was more
pronounced on the right.  It also showed a right peroneal neuropathy at the knee and an L5/S1
radiculopathy on the left.  The patient did not have any previous surgeries for treatment of her
chronic pain.

The patient was treated with an injection of epidural corticosteroids, with an improvement in
VAS from 9 to 6.  In September 2008 the patient was implanted with bilateral SCS leads for a
trial of SCS for the treatment of her chronic neck and upper extremity pain, with the electrodes
placed at the level of C2.  The stimulation frequency was 40 Hz, the pulse width was 380-600
microseconds, and the pulse amplitude ranged from 0.9 to 3.6 mA.

During the trial, the patient reported 100% improvement in upper extremity pain.  Additionally,
she had nearly complete resolution of her tremor, rigidity, and bradykinesia.  The patient was
able to halve her required dose of her Parkinson’s disease medications.  The patient was
implanted with a permanent SCS system a month after the trial, with the electrodes also placed
at the level of C2.  The patient’s pain relief in her neck and upper extremities was nearly 100%.
She still had some pain in her leg, with a VAS of 4.  Her tremor was 80% resolved with the
activation of the permanent implant.

RESULTS
As previously presented, the patients with chronic neuropathic pain in adjunct with parkinsonism
symptoms, have been treated with spinal cord stimulation, whether in the cervical region or in
the thoracic region, there was an apparent   resolution of their tremors both at rest and
movement, with reversal of bradykinesia and improvement in their gate as well as excellent
relief of neuropathic pain associated with the affected parts.

Discussion
Symptoms of Parkinsonism have been known and treated since medieval times most notably by
AVERROES, however it was not formally recognized and its symptoms were not documented



until 1817 in AN ESSAY ON THE SHAKING PALSY by the British physician JAMES
PARKINSON.

The underlying biochemical changes in the brain were identified in the 1950’s due to largely to
the work of Swedish scientist ARVID CARLSSON who later went on to win Nobel prize.
L-dopa entered clinical practice in 1967 and the first large study reporting improvements in
patients with Parkinson’s disease, resulted from treatment with L-dopa was published in 1968.
Surgical interventions involved thalamotomy and pallidotomy were an option for resistant to treat
cases; they were very invasive, not cost-effective and risky.

Recently DBS showed a promising therapeutics effect, how it exert this is a matter of
controversy for the following reasons; first because of the heterogeneity of the brain tissue it is
unclear which circuit elements are responsible for the therapeutic effects.

Second HFS is intrinsically a complicated manipulation because target neurons can respond
with increased ,decreased or mixed temporal patterns of activity as a result the magnitude and
even the sign of the target cell responses DBS are unknown.

Finally it is difficult to assess the net outcome of DBS on over all activity in the target cells and
region, because electrical stimulation creates artifacts that prevent direct observation of local
circuit’s responses during HFS itself.  DBS is not cost -effective, invasive and recent reports
showed cognitive side effects such as impulsivity.

Motor cortex stimulation for Parkinson’s disease was reported in 2002 as may represent cost-
effective alternative to DBS.  Pagni promoted an Italian multicenter study and June 2005the
results in the first 29 cases were reported.  Any symptoms of PD could be modulated by MCS
but improvement of different symptoms was variable and unpredictable and with some patients
being unresponsive.  L-dopa induced dyskinesia, painful dystonia, and motor fluctuations were
satisfactorily controlled.  Currently under investigation is gene therapy, using a non-infectious
virus to shuttle a gene into a part of the brain called the subthalamic nucleus.  The gene used
leads to the production of enzyme called glutamic acid decarboxylase (GAD), which catalyses
the production of neurotransmitter called GABA.which acts as a direct inhibitor on the overactive
cells in the (STN).  GDNF (glial derived neurotrophic factor) implanted catheters via a series of
biochemical reactions (GDNF) stimulate the formation of L-dopa. GDNF therapy still in
development.  Stem cell implantation, genetically engineered to produce dopamine-producing
cells. These could not constitute cures because they do not address the considerable loss of
activity of the dopaminergic neurons. Initial results have been unsatisfactory with patients still
remaining their drugs and symptoms.  Neuroprotective treatments are the forefront of PD
research, but still under clinical scrutiny.  Neural transplantation with dopamine producing cells
transplant failed to show an improvement in the quality of life although some significant clinical
improvement were seen in patients below the age of 60.  A significant problem was the excess
release of dopamine by the transplanted tissue, leading to dystonias.  In our discovery, we
found that, spinal cord stimulation demonstrated significant efficacy for the treatment of
Parkinsonism tremor as well as chronic neuropathic pain in 4 patients who suffered from both.
The level of invasiveness and complexity of the surgery for SCS is substantially less than that of
the other surgical options for tremor, lesioning and DBS, MCS, stem cell therapy, gene therapy,
and neural transplantation.  These cases suggest a promising alternative therapy for tremor
patients.  As since 1817 till now all modalities for treatment of Parkinsonism were directed
towards the brain, considering the fact the path physiology of the disease was in the basal
ganglia of the brain. But it was never addressed before as to direct the treatment towards the
spinal cord as manifested by our work with four cases reported.  The way how the spinal cord



stimulation may work was suggested by electrophysiological data from animal work by Romulo
Fuentes, et al. science 323, 1578(2009).  Our theory suggest that SCS will block the abnormal
oscillatory circuits at the level of  spinal cords which depend on sensory inputs and play a role in
the pathogenesis of tremors.  SCS will enhance the negative feedback loop which will block the
central oscillatory circuits and prevent the generation of tremors. Lastly, also spinal cord
stimulation will enhance the renshaw inhibitory cell effect and modulate the function of motor
unit to prevent synchronization that will initiate tremors.

CONCLUSION
Spinal cord stimulation demonstrated significantly efficacy for the treatment of tremor as well as
chronic neuropathic pain in 4 patients who suffered from both.  The level of invasiveness and
complexity of the surgery for SCS is substantially less than that of the other surgical options for
tremor, lesioning and DBS.  These cases suggest a promising alternative therapy for tremor
patients.  Additional studies are required to demonstrate the broader applicability of this therapy
in patients who are suffering from tremor but not chronic pain.
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Introduction
Recent clinical trials using motor cortex stimulation in the Parkinsonian patients showed the
conflicting results. This indicates that more diverse parameters are needed to be tested with
more delineation of action mechanism in the animal Parkinsonian models. We studied effect of
motor cortex stimulation with different parameters to determine better strategy in rat
Parkinsonian model

Materials and Methods
Rats model of Parkinsonism were made by lesioning of unilateral medial forebrain bundle with
6-hydroxydopamine (6-OHDA) and stimulating electrode was implanted on the motor cortex.
After 2 weeks of recovery, movement threshold was measured in each rat with brief electrical
stimulation. Rotational behavior was induced by injecting apomorphine and concurrently half
threshold cortical stimulation (130 Hz, 150 µsec) was delivered with different mode of
stimulation: anodal, cathodal, and biphasic stimulation. Stimulation pattern was further
subdivided into ‘continuous’ and ‘intermittent’ depending on the duration of stimulation.
Stimulation lasted 60 minutes from induction of rotation in each rat.

Results
Intermittent and continuous biphasic stimulation group showed the significant reduction of
rotational behavior compared with control group (<0.05). In contrast, anodal and cathodal
stimulation did not show the significant reduction of rotation.

Conclusion
Intermittent and biphasic stimulation on the motor cortex is a good strategy to reduce the
rotational behavior in rat Parkinsonian model.
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Introduction
The mechanism of subthalamic nucleus(STN) high frequency stimulation(HFS) for Parkinson
disease(PD) still remains elusive. We hypothesize that the level of dopamine(DA) and it’s
metabolites in the corpus striatum were increased after long term STN HFS. The aim of this
study was to examine the level of DA and it’s metabolites in the extracellular space of corpus
striatum of hemiparkinson monkeys before and after long term STN HFS.



Materials and Methods
Six rhesus monkeys were assigned randomly to two groups: the control group (n=2) and the
experiment group (n=4). MPTP induced hemiparkinsonian rhesus monkeys with STN HFS were
successfully prepared for the subsequent microdialysis sessions. Collecting dialysates of
extracellular space in corpus striatum before turning on the pulse generator, and then collecting
dialysates at 8 hour, 1 week, 1 month, 2 month and 8 month after STN HFS. DA and its
metabolites were determined by high performance liquid chromatography and electrochemical
detection ( HPLC-ECD).

Results
After HFS, PD symptoms of monkeys significantly improved. Rotation evoked by APO
disappeared immediately after pulse generator turned on. The levels of DA and its metabolites
in putamen and caudate nucleus of electrode side both increased significantly at different time
point after stimulation compared to prestimulation.

Conclusion
STN HFS significantly improved symptoms of hemiparkinsonian rhesus monkey, which
mechanism might be the increase of the release of dopamine and /or its metabolites in corpus
striatum.
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Introduction
Chronic high frequency deep brain stimulation of the subthalamic nucleus (STN) has often been
used in the treatment of advanced Parkinson’s disease (PD). Although, for accurate positioning
of electrode in STN, stereotactic procedures are commonly used, this procedures also have the
potential of electrode position error due to brain shifting, instrumental error, error caused by
imaging distortion, and errors by each procedural step. We analyzed difference of planned



electrode placement and actual electrode placement after STN DBS with preoperative and
postoperative MRI merging technique and try to know if microelectrode recording (MER) data
would be mismatched with planned electrode position, what should we do to correct the
electrode position error.

Materials and Methods
Total 30 patients with advanced PD were underwent bilateral STN DBS from Aug. 2006 to Dec.
2008. Among them, 7 patients were excluded due to intolerance to taking MRI, or being unable
to receive surgery under local anesthesia, which is essential for microelectrode recording.
Remained 23 patients (10 male and 13 female) were enrolled in this study. Mean age at surgery
were 57 years old (29-70) and mean preoperative  unified Parkinson’s disease rating
scale(UPDRS) part III of drug off-on stage were 42.46(22-62) and 16.1(2-29).

Results
Total Mean actual position error was 1.19 mm (0.3-3.5). Mean difference between planned
length and actual length in STN was 0.88 mm (-1.3-3.8). Mean lateral distance error was
0.92mm (0-2.9) and mean AP distance error was 0.55 mm (0-1.7). AP distance error was
smaller than lateral distance error, statistically (p=o.o1.). Correlation analysis showed that only
length of planned electrode length in STN was positive relationship (p=0.033) and other values,
AP error, lateral error, and actual error, were not correlated with actual electrode length in STN
(p>0.05).

Conclusion
Accurate position of electrode in DBS surgery is one of the key points of successful surgical
outcome. We used matching the preoperatively planned trajectory and intra-operative findings
of MER and microstimulation. Verification was performed with pre- and postoperative MRI
merging technique. By these methods, we found that accuracy of Leksell G frame based STN
DBS is acceptable if surgeon is careful of CSF leakage and brain shifting by shortening of
surgery time and technique for preventing CSF leakage, if surgeon verify instruments in detail.
In conclusion, error is still occurred during stereotactic surgery whether it is large or small.
Despite usually this position error is acceptable, efforts for minimizing error and developing new
technology for accurate electrode positioning will promise better outcome of STN DBS..
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Introduction
The deep brain stimulation (DBS) therapy for advanced cases of Parkinson disease (PD) is
established as a standard therapy, however, the long –term outcome is various in each patients.
We investigated the key points for lasting the effects of the DBS for PD.

Materials and Methods
The subjects consisted of 34 patients who underwent STN- DBS and were followed over two
years. They consisted of 13 males and 21 females with an average age of 63.7 years. Their
period of illness was 11.6 years in average.

The MRI guided stereotactic surgery with micro-recording and semi-micro stimulation was
performed in all patients under propofol anesthesia.

The DBS leads were implanted into both subthalamic nucleus and then the neuro-pace makers
were implanted in the anterior chest after the 1 week preliminary stimulation.

We study the relationship between long-term outcome and the various factors including age,
initial symptom, the period of illness, preoperative severity of the PD and stimulation
parameters.



Results
There was no significant difference between the long-term outcome and the age or initial
symptom. It seemed that the longer period of illness resulted in un-favorite outcome. There was
a significant relationship between the preoperative severity of the illness and the outcome. Even
if the clinical effect was getting worse, it was often corrected by adjustment of the parameters at
O.P.D.

Conclusion
It is essential that the meticulous adjustment of parameters at the outpatient department for the
long-term successful DBS therapy for the patients with advanced PD.
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1. deep brain stimulation
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3. long-term outcome
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Introduction
We report design, fabrication and in-vivo animal testing of a MEMS-based fully-

integrated fully-biocompatible minimally-invasive wireless battery-free neurostimulator (3.1 x 1.5
x 0.3 mm) for chronic pain relief application. The device consists of spiral coil for inductive
power coupling, rectification diodes, an ASIC neurostimulator circuit chip, biphasic platinum-
iridium (PtIr) stimulation electrodes, interconnection between parts, and biocompatible SU-8 [1]
packaging. The wireless neurostimulator was implanted subcutaneously in a rat and cortical
responses evoked by wireless stimulation were repeatedly recorded.

Electrical stimulation has widely used to elicit or modify certain behaviors, to restore
sensory perception, or to treat neurological disorders. Predominant methods of electrical
stimulation involve delicate surgical procedure to implant relatively large electrodes with long
electrical lead wires to connect with bulky electronic controllers. Such methods can cause the
risk of infection and reduction of the functional reliability related to problems with wiring or
physical motion of the implanted device. Inductively coupled wireless power transmission is a
promising solution to address such issues. However, sizes of reported wireless inductive power
devices [2, 3] are relatively large.



A schematic view of the wireless neurostimulator is shown in Figure1. It consists of a
round spiral inductor as a coupling element, diodes responsible for rectifying induced AC
voltage, an ASIC chip to control stimulus current, and bipolar stimulating electrodes as neural
interfaces. SU-8 was used as packaging material due to its biocompatibility. For the purpose of
compact integration of those components, a SU-8 based socket platform was devised to tightly
fit in rectifying diodes and the ASIC chip. A 1 mm diameter spiral inductor was embedded in the
platform. The socket dimensions were decided by the dimensions of commercially available
Schottky diodes (830 _ 300 _ 95 µm) and the ASIC chip (1 _ 1 _ 0.15 mm). The contact pads at
the bottom floor of each socket are to make interconnection between each component. Tiny
amount of conductive epoxy was applied on each contact pad, and the ASIC and diodes were
slid into the fabricated sockets. After integration process was completed, the whole device was
completely sealed by another layer of SU-8. Finally, 1 mm diameter PtIr stimulating electrodes
were attached on both sides of the device. Figure 2 illustrates fabrication sequence and Figure
3 shows the successfully fabricated SU-8 based wireless neurostimulator (3.1 _ 1.5 x 0.3 mm).

Prior to the animal study, wireless stimuli were recorded during open-air tests for
calibration across RF power levels at different separation distances between the wireless
simulator and RF power coil as shown in Figure 4. The stimulus discharge time constant was
consistently about 1 µs, decaying from a peak stimulus voltage which depended upon the
applied RF power level and separation distance up to a maximum of about 6.5 V at 1 Watt
power and 1 mm separation down to stimulus failure at distances over 5 mm. After open-air
tests, the fabricated device was placed subcutaneously upon the peroneal nerve of a rat and
recorded the cortical responses to wireless stimulation powered by an external RF coil applied
to the skin over the implant. Figure 5 illustrates the subcutaneous placement of a wireless
stimulator and the external RF coil on the skin overlying the implant, which was prepared to
mimic the configuration planned for human trials.  As can be seen in Figure 6, increasing
wireless stimulation intensity by increasing external RF power resulted in an increase in the
amplitude of the evoked cortical responses. Fairly substantial cortical response was detected
with wireless RF power as low as 21 dBm (125 mW) at 394 MHz.
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