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Abstract

Unilateral globus pallidus internus (GP4i) pallidotomy is one of the therapeutic options for advanced PD patients with medication-refractory motor fluctuation. There
are several neurosurgical or neuroradiological treatments for advanced PD and transcranial magnetic resonance imaging-guided focused ultrasound (MRgFUS) is
a novel neurosurgical approach. In this article, we review MRgFUS GPi pallidotomy for advanced PD. Previous reports of MRgEUS GPi pallidotomy are limited;

however, it could grow a popular treatment for advanced PD because of its minimal invasiveness.

Introduction

Parkinson disease (PD) is a slowly progressive neurodegenerative
disorder manifested by a multiple motor and non-motor symptoms.
Current treatments for motor features of PD are based on dopamine
replacement therapy, including levodopa, dopamine agonist,
monoamine oxidase B inhibitor, and catechol-O-methyltransferase
inhibitor [1]; however, many PD patients in advanced stage annoy
medication-refractory motor-fluctuation.

Posteroventral globus pallidus internus (GPi) pallidotomy with
radiofrequency (RF) thermocoagulation had been recognized as the
one of the therapeutic options motor-fluctuation in PD [2]. To date,
transcranial magnetic resonance imaging-guided focused ultrasound
(MRgFUS), which is a novel technique of intracranial focal ablation
characterized by a minimum invasiveness, applied for not only several
neurological and psychological disorders [3], but advanced PD [4,5]. In
this article, we review MRgFUS GPi pallidotomy for PD.

MRgFUS GPi pallidotomy

Transcranial MRgFUS is a new MR image- and MR thermography-
guided neurosurgical approach. The main advantages of MRgFUS
are minimum invasiveness, low exposure to radiation, immediate
therapeutic effect, and no risk of infection (Table 1) [5]; however, it has
also some limitations. Chang and colleagues pointed that skull density
ratio (SDR), the mean value for the ratio of Hounsfield units of marrow
and cortical bone, and skull volume have relations with the required
energy for ablation of the target. SDR is correlated positively with
maximal temperature in the target, whereas skull volume is inversely
correlated with it [6]. The GPi target is lateral to the ventral intermediate
nucleus (Vim) which has been a target for essential tremor [7] and
tremor dominant PD [8]. As a result, a higher number of ultrasound
rays have high incident angle with the skull on way to the target. This
leads to a smaller number of elements that deliver energy effectively
in MRgFUS GPi pallidotomy compared with Vim thalamotomy.
Therefore, high SDR value is critical for the success of MRgFUS GPi
pallidotomy.
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Table 1. The features of the conventional neurosurgical and radiological treatments and
MRgFUS [5]

RF-thermo y-knife DBS MRgFUS
coagulation
Hair shaving partial none partial complete
Incision / Burr
must none must none
hole
o low . low low
Radiation v cT) high (X-ray, CT)  (screening CT)
General no no es * no
anesthesia M
Therapeutic hr 1hr 2~4hrs 3~dhrs =+
duration
Efficacy onset immediate delaly ;(:;p to adjustable immediate
Bilateral impossible impossible possible unknown
procedure
Post-treatment possible possible limited *** possible
MRI
Hemo'rrhz.lglc possible almost none possible almost none
complications
Infection possible none possible none
Long-term data yes yes yes limited ****

“for implantation of pulse generator.

" time spent in MRI room

" with an MR-conditional cardiac pacemaker system
7]
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On the day of the procedure, the patient in the medication-off state
is shaved completely and placed in a stereotactic head frame which is
coupled to 1,024 elements, phased-array ultrasound transducer. The
stereotactic target for GPi is obtained at 3 mm anterior, 1.5 mm inferior,
and 20 mm lateral to the midpoint between anterior and posterior
commissure. After stereotactic targeting, we increase the total energy of
the sonications stepwise by either increasing the intensity or extending
the sonication duration with marking ipsilateral optic nerve to monitor
its temperature. We have to watch the temporal pain, nausea / vomiting,
floating sensation, and visual field deficit during the procedure. We
finish the sonications if we confirm the sufficient improvement of
parkinsonism.

Previous Reports of MRgFUS GPi pallidotomy for PD

Naand colleagues reported the first PD patient performed unilateral
MRgFUS GPi pallidotomy. The patient was a 78-year-old woman with
a 12-year history of PD and presented medication-refractory motor
fluctuation. Unified Parkinson’s Disease Rating Scale (UPDRS) part
III score and Unified Dyskinesia Rating Scale (UdysRS) score reduced
60.0% (on medication), 54.8% (off medication), and 70.2%, respectively
without any change of levodopa equivalent dose (LED) for 6 months
after the procedure. There was no description about adverse events
[4,9].

We reported the second PD patient performed unilateral MRgFUS
GPi pallidotomy [5]. This patient was a right-handed 78-year-old
woman with a 15-year history of PD and annoyed medication-refractory
motor fluctuation. UPDRS part III score was 19 (on medication) and 33
(off medication), and UdysRS score was 28 (LED: 773.5mg). Left GPi
pallidotomy was scheduled; however, her SDR was 0.26 at the enrollment
(exclusion criteria: < 0.30). We administered 35mg of alendronate
per week, a second-generation bisphosphonate, and it elevated to
0.36 after 6 months. We performed MRgFUS GPi pallidotomy with a
1.5-Tesla MRI (Signa HDx, GE Healthcare, Milwaukee, USA) and a
focused ultrasound system (Exablate 4000, InSightec, Tirat Carmel,
Israel). We sonicated 12 sessions and the maximum target temperature
reached 51°C (maximum sonication energy: 35740 J). UPDRS part
I score reduced 94.7% (on medication) and 63.6% (off medication)
at 6 months after the procedure. Furthermore, dyskinesia disappeared
after the procedure according to the reduction of LED to 499.0mg. Left
temporal pain during the sonication and swelling of left eyelid after the
procedure occurred; however, both were transient (Figure 1).

Conclusion

Although the efficacy and safety of MRgFUS GPi pallidotomy
for PD remains to be elucidated, it might become one of therapeutic
options for PD patients with intractable motor fluctuation. Further
investigations with more patients and longer follow-up periods should
be necessary.
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Figure 1. UPDRS part III scores, UdysRS score, and LED at baseline and up to 6 months
(UPDRS: Unified Parkinson’s disease rating scale, UdysRS: Unified dyskinesia rating
scale, LED: levodopa equivalent dose [9])
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