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The history of tremor surgery began with radiofrequency (RF) thalamotomy by Hassler in 1954, and
deep brain stimulation (DBS) therapy replaced it as the gold standard for tremor surgery as soon as Ben-
abid developed it in 1987. Elias reported the treatment of essential tremor (ET) with MRI-guided focused
ultrasound therapy (MRgFUS) in 2010, after which ablation surgery has been revived rapidly.

ExAblate Neuro 4000” is a piece of stereotactic neurosurgical equipment that can make an ablation
lesion without craniotomy under monitoring the coagulation site and temperature. Although it is a high-
precision surgical device, the success or failure of treatment depends largely on the skull density ratio
(SDR) and the location of the target. For ET, SDR 04 or higher is desirable ; the highest clinical effect is
obtained at a coagulation temperature of 55-56°C, and bilateral surgery could be possible. The posteroven-
tral pallidum is a target for dyskinesia in Parkinson’s disease (PD). However, the optimal target for PD
with MRgFUS is controversial. It is also clinically applied to other brain tumors, stroke, obsessive-compul-
sive disorder, hamartoma, etc. The reversible opening of the blood-brain barrier by the combination of
ultrasound and microbubbles is expected to be a breakthrough in the treatment of intractable neurclogical

diseases.
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Fig.1 Chgnges in the number of stereotactic surgeries in Japan
PD: P_arkn}sun’s ‘disease, Others : essential tremor, dystonia, and pain, DBS :
deep brain stimulation, RF : radiofrequency ablation, FUS : MRI-guided focused

ultrasound
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Fig. 2 MRI-guided focused ultrasound surgery
A : ExAblate Neuro 4000%. ExAblate Neuro 4000 consisting of an alley transducer and a frame
fixation device was set on the cradle of the MRL
B : Propagation of acoustic energy. The focus of ultrasonic waves from the alley transducer consist-

ing of 1,024 ultrasonic oscillating elements arranged in a hemisphere was aligned with the
target in the brain, and ablation surgery was conducted.

The space between the transducer and head was filled with cooling degassed water (less
than 1.2 ppm of dissolved oxygen) to cool the head.

When the ultrasonic waves traveling in the water are vertically incident on the skull (inci-
dent angle 0°), the reflection is minimal ; however, when the incident angle exceeds 35° (crit-
ical angle), the ultrasonic waves are reflected and are unable to form the focus. Because
ultrasonic waves were scattered by air bubbles adhering to the hair, complete shaving was
performed.

The skull is heterogeneous ; therefore, the ultrasonic waves from each element are phase-
delayed by the passage site, and the phase is adjusted such that each ultrasonic wave is
focused on the target.

: The relationship between the relative intensity of acoustic energy and the distance from the

transducer.

The absorption rate of the bone (skull and calcification area) was approximately five times
that of the parenchyma. The skull is composed of dense and spongy bones ; however, as age
increases, the spongy part becomes hollower, and ultrasonic waves are partially reflected and
attenuated. The bone structure of the patient was modeled from the CT images, the skull
density ratio (SDR) was calculated, and the transmittance of ultrasound was evaluated.

Fig.3 Monitoring temperature and cavitation during ultrasonic irradiation

Screen left : MR temperature image. The proton resonant frequency (PRF) shifts
slightly (0.01 ppm/°C) with temperature ; hence, the phase of the MR consultation
signal changes depending on the temperature. This phase change is reflected in the
phase of ea_ch pixel in the MR image after the image reconstruction. By subtracting
the.phase images of two MR images that are temporally adjacent to each other
dl_mr_lg u}tmsonic irradiation, an MR temperature image showing the temperature
distribution can be obtained. This makes it possible to detect the position and tem-
perature of a lesion in real-time.

nger ri_ght of the screen : Elapsed temperature image (every 3 seconds).

] Mldc!le right of the screen : Screen (composite) when cavitation occurred. Cav-
itation is more likely to occur as the ultrasonic energy increases.

Lower right of the screen - The left shows the change in the temperature of the
ceagulation site over time. Red represents the change in one pixel of the maximum
temperature. Green represents the average temperature change in the nine adja-
cent pixels.
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Fig.4 Characteristics of the lesion
A @ MRI T2 image : axial and coronal section. The lesions demonstrate a necrotic center and rim of func-
tionally impaired glycogen-poor cells, which eventually fade, leaving a sharp edge between the
affected and unaffected tissues 48 h post-exposure, described as an “island and moat” presentation.
B : The shape of the lesion. The size and shape were constant, and it was an elliptical sphere that was
slightly long up and down. Anterior-posterior diameter 4.63+0.70 mm, left-right diameter 4.33%
1.05 mm, and top-bottom diameter 5.6240.81 mm. This length was significantly longer in the verti-

cal direction. (n=23, p<0.001).

C : Precision of lesion location. The deviation between the center coordinates of the lesion and the target
coordinates (n=23). The horizontal axis of the graph shows the deviation of lesion coordinates in the
medial (—) and lateral () directions. The vertical axis of the left graph shows the deviation to the
anterior {+) and posterior (—), and the right graph shows the deviation to the superior (+) and

inferior (—).

The deviation resulted in the medial-lateral direction 0X=0.15%0.44 mm, in the anteroposterior
direction, 0Y=—0,220.54 mm, and no significant displacement was observed. In the vertical
direction, it was slightly displaced downward with 0Z= —0.92+0.65 mm®.
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Fig.5 The relationship between the coagulation temperature and

lesion volume

Lesions were created by shifting the sonication points to obtain sufficient

clinical effect.

The relationship between the temperature and volume is shown in a
graph with one sonication point (four cases), two points (two cases), three
points (twelve cases), and four points (four cases).

The volume increased sharply when the temperature increased, but the
volume did not change significantly even when the irradiation point was

moved.
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