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Abstract.
Background: MRI-guided focused ultrasound (FUS) has established short-term efficacy in tremor relief.
Objective: We report our long-term experience of treating tremor with unilateral FUS unilateral VIM-thalamotomy in tremor
dominant Parkinson’s disease (TDPD) patients.
Methods: We report outcome of FUS thalamotomy in TDPD patients with 1–5 years of follow-up. Outcomes: tremor
reduction assessed with Clinical Rating Scale for Tremor (CRST) and Unified Parkinson’s Disease Rating Scale (UPDRS
part III) overall and in the treated hemibody and safety.
Results: Twenty-six TDPD patients completed 1–5 years of follow-up (median follow-up 36 months, range 12–60 months).
Median age was 60 years (range 46–79), with median disease duration of 6 years (range 2–16). Immediately, treatment
resulted in 100% improvement in tremor in the treated arm in 23 patients and 90% improvement in 3 patients. In 15 patients
with leg tremor, 2 patients with chin tremor and 1 patient with head tremor, tremor was significantly improved. Up to 5
years, median CRST score, median UPDRS score, overall and in treated hemibody, decreased significantly as compared
with baseline (p < 0.0001). In 2 patients tremor returned completely and in 8 patients there was partial return of tremor.
Adverse events were mild and resolved within 3 months. At baseline 4 patients were not receiving any medication vs. 3 at
last follow-up and 15 were not taking levodopa vs.9 at last follow-up.
Conclusion: Unilateral FUS VIM-thalamotomy in TDPD patients was effective and safe and provided long-term tremor
relief in most patients. FUS thalamotomy for tremor may delay initiation of levodopa treatment.
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INTRODUCTION

Tremor is one of the major hallmarks of Parkin-
son’s disease (PD), and although it has been re-
cognized as such since James Parkinson described
paralysis agitans [1], its pathogenesis is less well
understood than other manifestations and it responds
only partly to medications such as antimuscarinic or
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dopaminergic drugs. Tremor in essential tremor (ET)
patients, that was not relieved with medication was
suppressed by thalamic lesioning, particularly with
Focused ultrasound (FUS) VIM-thalamotomy [2–8].
This is lesioning therapy that is quickly gaining pop-
ularity as the treatment of choice for severe ET cases
and has therefore been studied in tremor dominant
PD (TDPD) patients [9–13].

Several groups have reported their short term posi-
tive results with this technology, but longer follow up
data are not yet available. We wish to report our expe-
rience with 26 consecutive TDPD patients followed
up for 1–5 years.

METHODS

Patients

TDPD patients, who regarded their arm tremor as
disabling in daily life activities, were treated with
FUS VIM-thalamotomy at Rambam Health Care
Campus, Haifa, Israel. Patients were eligible for FUS
only after a Movement Disorders Neurologist (IS or
MN) verified that they were given optimal pharma-
cotherapy for tremor relief. Patients who refused to
take levodopa or could not tolerate it, were also eli-
gible for FUS. Patients who suffered from motor
fluctuations and had tremor in the “on” state were
eligible for therapy while those with tremor mostly
in the “off” state were offered other treatment options
and were not eligible for FUS.

Contraindications for the procedure included, cur-
rent anticoagulant or anti-aggregant therapy, brain
tumors, vascular brain malformations, unstable med-
ical conditions, and contraindications for MRI,
including claustrophobia.

All patients were offered DBS, when eligible, or
FUS, and those who preferred FUS are included in
this report.

Assessments

The treatment aim was to improve daily function
that was disrupted by arm tremor and could not be
controlled with medication. Patients who were taking
medication, were examined at baseline after taking
their morning medications, in the “on” state. Patients
were examined on the day before the procedure and
during follow-up visits at 1 month, 6 months, 1 year,
and yearly thereafter. The data from was collected
prospectively as part of an open label study.

Changes in tremor were assessed using the Clini-
cal Rating Scale for Tremor (CRST) [14] (ranging
from 0 to 156 with higher scores indicating more
severe tremor). Changes in the treated hemibody
were assessed using the hemi-CRST (items 5–6, 8–9,
11–15, ranging from 0 to 36). Re-emergent tremor
was rated as rest tremor. Changes in motor function
were assessed by the Unified Parkinson’s Disease
Rating Scale (UPDRS) part III (ranging from 0 to
108 with higher scores indicating worse motor func-
tion) and in the treated hemibody with hemi-UPDRS
(Items 20–26, ranging from 0 to 28). Additionally, a
PDQ39 QoL questionnaire was used to assess QoL
(ranging from 0 to 156 with higher scores indicating
worse QoL). UPDRS and CRST were performed by a
Movement Disorders Neurologist (IS or MN) and the
PDQ39 questionnaire was completed by the patient.

Adverse events were documented by the neurolo-
gists after a thorough neurological examination and
rated according to the Clavien-Dindo criteria (range
1 to 5, higher scores representing more severe events)
[15].

FUS treatment

In all patients the primary aim of treatment was
to relieve arm tremor. In patients with other bother-
some tremors such as leg, chin, and head tremor, we
aimed to relieve these tremors as well as described
previously [5, 16]. In brief, FUS thalamotomy of
the VIM nucleus was performed in the MRI suite
using a 3-Tesla MRI (MR750, GE) and a helmet like
device, ExAblate Neuro® (Software version 7.0, 650-
kHz system, Insightec). The treatment comprised of
multiple sonications, where ultrasound waves were
focused on a predefined small target inside the brain
repeatedly for different lengths of time while gradu-
ally increasing the energy. Heating the target created
a lesion. The target chosen by our team for soni-
cation was the VIM nucleus of the thalamus with
the initial target coordinates located anterior to the
PC at 25% of the AC-PC length and 14 mm lateral
to the AC-PC line. When there was third ventricle
enlargement, the initial target was midway between
14 mm lateral to the midline and 11.5 mm lateral to
the third ventricle wall. When the leg tremor, chin
tremor and head tremor were targeted, adjustments
were made according to the homunculus of the VIM
[17].

Skull density ratio (SDR) was calculated to as-
sess ultrasound permeability through the skull. All
patients had an SDR of 0.30 or above which was
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considered by the treatment team suitable for treat-
ment [18].

This study was approved by the center’s institu-
tional review board.

Statistical analysis

Differences in CRST, UPDRS, hemi-CRST, hemi-
UPDRS, and PDQ-39 scores at each follow-up
time-point were calculated as simple individual score
differences at that time minus the pretreatment score.
Therefore, negative scores indicate improvement.
Percent changes at each landmark follow-up time
point for CRST, were calculated as difference in
scores after versus before the treatment, divided by
the score baseline score, multiplied by 100. Most of
these changes were not normally distributed and had
high degrees of kurtosis and/or skewness. Therefore,
median changes and their ranges are reported along
with Wilcoxon signed-rank tests of changes, to eval-
uate significance of difference from pretreatment. In
order to maximize sensitivity in this statistically small
cohort, no adjustments were made for multiple com-
parisons. Correlation between outcome parameters,
particularly on related scales such as tremor, should
also be considered in evaluating these results. Other
analyses employed median tests and Spearman corre-
lation to analyze possible influences of age, duration
of disease and treatment parameters on outcome. JMP
(SAS Institute, Cary, NC) was used for statistical
analyses.

RESULTS

Patients

Between February 2014 and May 2020, 26 TDPD
patients underwent unilateral FUS and completed
follow-up of 1–5 years. Median follow-up after FUS
thalamotomy in these 26 patients was 36 months
(range 12 to 60 months). Three patients were lost to
follow-up (1 after 12 months and 2 after 24 months).

The median disease duration of TDPD before FUS
was 6 years (range 2 to 16 years) with a median
Hoehn and Yahr stage of 1.5 (range 1 to 4). Two
patients developed PD after having been diagnosed
with essential tremor for many years. At the time
of thalamotomy patients’ median age was 60 years
(range 46 to 79 years), 20 patients were male and 24
were right-handed.

Treatment parameters

SDR ranged from 0.30–0.55 with a median of 0.45.
The treatment time (from first to last sonication) was
63–260 minutes (median 132 minutes). We admin-
istered a median of 18 sonications (range 12 to 45),
with a median maximal sonication time of 17 seconds
(range 12–39 seconds). The median maximal energy
used was 15,300J (range, 5,850 to 36,520J), which
resulted in a median maximal temperature of 57◦C
(range, 50.0 to 60.0◦C).

Tremor and motor assessments

Treatment was designed to alleviate tremor in
the dominant arm in 23 patients, 21 of them right-
handed while 3 patients chose to treat the left,
non-dominant arm due to severe disabling tremor.
Treatment resulted in immediate complete cessation
of rest tremor and action tremor at the end of the
procedure, in the treated arm in 23 patients and 90%
improvement in tremor in the remaining 3 patients. In
15 patients with leg tremor (14 right dominant), leg
tremor was abolished in 10 patients and reduced by
80% in 5 other patients. In 3 patients with lip tremor
and 1 with head tremor, we successfully alleviated
these tremors as well.

At 1-month post-treatment, the median CRST
score decreased by 12 points (n = 37, range –28 to
–4 points) from baseline (median 13.0, range 5–28
points, p < 0.0001) (Table 1). The significant tremor
suppression persisted during follow-up visits up to
5 years (6 months, n = 22, p < 0.0001; 1 year, n = 23,
p < 0.0001; 2 years, n = 15, p < 0.0001; 3 years, n = 15,
p = 0.023; 4 years, n = 12, p = 0.012; 5 years, n = 7,
p = 0.031) (Table 1). Similarly, at 1 month, the median
hemi-CRST decreased by 18 points (range –66-0,
p < 0.0001). The hemi-CRST score also remained sig-
nificantly decreased over time (Table 1, Fig. 1). Of
26 patients, at last follow-up visit 11 At one month,
median hemi-UPDRS score decreased by 10 points
(range –19-4 points, p < 0.0001) (Table 1). Total
UPDRS part III showed similar significant changes
as well. (Table 1). The median UPDRS part III and
hemi-UPDRS remained significantly decreased over
time up to 5 years (Table 1, Fig. 2). Before FUS treat-
ment, the median score for rest tremor, item 20 of
the UPDRS was 3 while at last follow-up visit, the
median score was 0 (range 0–4) with a score of 0 on
this item recorded in 20 patients (77%). The median
score before treatment for action tremor, item 21 of
the UPDRS was 3 and at last follow-up the median
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score was 0 (range 0–2), with a score of 0 recorded
in 18 patients (69%). Of the 7 patients that have been
followed for 5 years, 5 patients still have a score of 0
on items 20 and 6 patients still have a score of 0 on
item 21.

During follow-up, tremor returned on the treated
side to the same degree as before the procedure in
1 patient after 5 years (4%). In 5 patients (19%)
that initially had complete cessation of tremor after
FUS, there was partial return of tremor, which was,
however, still less pronounced than before treatment
(median reduction of hemi-CRST score compared
with baseline in these 8 patients, –10, range –3 to
–17)

Statistical analysis revealed that age, duration of
disease and SDR did not affect tremor outcome.

Quality of life

Patients’ ratings of their quality of life, assessed
by PDQ39 score showed significant improvement
after MRgFUS from a median baseline score of 34
(range 17–93) before treatment to a median score of
21 (range 1–78) 1 month after treatment (p < 0.0001).
The improvement in quality of life scores were signif-
icantly improved at 6 months (median score 22, range
1–83, p < 0.0001) and 1 year (median score 20, range
1–76, p < 0.0001). At later time points the improve-
ment in PDQ39 scores was not statistically significant
when compared with baseline.

PD related outcomes

Before FUS, 11 patients received levodopa, 11
patients received symptomatic therapy but not lev-
odopa and 4 patients did not receive any anti-
parkinsonian medication. One patient suffered from
motor fluctuation before FUS. During follow-up 6
more patients that received levodopa before FUS
developed motor fluctuations, one of them under-
went deep brain stimulation for this complication 24
months after FUS and was lost for further follow-up.
Six patients started taking levodopa during follow-
up, 5 patients for rigidity (6 months n = 2, 12 months
n = 1, 24 months n = 1, 60 months n = 1) and 1 patient
for tremor (24 months). Three of these patients devel-
oped motor fluctuations.

At last follow-up 9 patients were not taking lev-
odopa, 3 patients that were not taking any anti-
parkinsonian medications (12 months n = 2, 36
months n = 1) and six patients were not taking other
antiparkinsonian medications (12 months n = 1, 24
months n = 1, 36 months n = 1, 48 months n = 3).
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Fig. 1. Hemi-CRST score at baseline and at follow-up visits for all patients (thin lines) and median score (thick line).

Safety

All adverse events appeared during the first week,
were mild, Level 1 [15] and resolved within three
months. Adverse events during the treatment that
resolved included headache (n = 9), vertigo (n = 8),
dizziness (n = 3), hand/scalp heat (n = 3), lip/tongue
paresthesiae (n = 2), and hand paresthesiae (n = 1).
Adverse events that appeared after the procedure and
resolved included: objective unsteadiness on tandem
gait (n = 5, for 1–4 weeks), subjective unsteadiness
of gait (n = 1, for 7 days), arm ataxia (n = 2, for 1–4
weeks), asthenia (n = 2, for 1–4 weeks), mild right
hemiparesis (for 3 months), hypogeusia (n = 1, for 3
months) and scalp numbness (n = 1, for one week).
None of the adverse events were persistent.

DISCUSSION

In this paper, we confirm that the beneficial effects
of FUS already shown by us to be effective for a
short period [11] are maintained over several years
without demonstrating the development of tolerance
or adverse effects. This is not trivial since PD is a

progressive neurodegenerative disease and the clini-
cal manifestations are expected to increase over time.
In this respect our results are similar to those seen in
ET [2–6]. The beneficial effects were recorded by us
using the accepted tremor scales but also extended
to QoL. The effect on QoL was very marked shortly
after the FUS procedure but was reduced later, not due
to re-emergence of the tremor but probably because
of the accumulation of other PD manifestations, as
expected [19].

In our hands FUS had a very small number of AE,
less than in other series, probably because of our large
experience with the procedure.

In the present paper we have not addressed the
effects of FUS on other manifestations of the disease
which will be reported separately.

The fact that lesioning the thalamus can suppress
tremor in TDPD is by itself not new and has already
been demonstrated by Hassler et al. (1954) [20] and
selective lesioning of the VIM of the thalamus by
Narabayashi and Ohye (1980) [21]. Since the effect
is not specific to TDPD it is likely that the thalamus is
not involved in the generation of the tremor but rather
is part of an efferent pathway to the cortex.
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Median

Fig. 2. Hemi-UPDRS score at baseline and at follow-up visits for all patients (thin lines) and median score (thick line).

Although the tremor is only part of the motor and
nonmotor spectrum of dysfunction in PD, FUS should
be looked at as a symptomatic treatment for those PD
patients in whom the tremor is functionally disabling.
Its main limitation is the fact that it is currently limited
to one side, but it’s suppression can allow the use
of the dominant hand and thus facilitate activities of
daily living. Few reports on bilateral treatments and
studies conducted in this field may extend the use of
FUS in TDPD [22].

Our study was open labeled, since it is unethical
and impractical to conduct such studies in a double
blind manner for several years. A shorter double blind
study was reported by Bond et al. [10] and found that
active treatment was superior to sham procedure at 3
months. The 12-months follow-up was open and only
for the active treatment arm and showed efficacy as
well.

Another option for treatment of tremor in TDPD
is DBS, which has similar effects to FUS [23–25].
Patients that chose to undergo DBS instead of FUS
were not included in this report which is an intrinsic
selection bias. DBS is advantageous because it also
improves other PD symptoms but of course carries the

risks involved with invasive intracranial surgery [26].
Therefore, FUS seems to be a good treatment alter-
native for a subgroup of PD patients, those in whom
the tremor is disabling and those who are reluctant to
undergo DBS.

A high proportion (58%) of patients treated with
FUS did not receive levodopa before the procedure
because they refused to try this medication for fear of
adverse effects. At last follow-up visit nine patients
(35%) were not receiving levodopa and 3 were not
taking any medication. Thus, we suggest that treating
tremor with FUS may delay the need for levodopa
in some patients and thus delay onset of levodopa
related adverse events. This observation, if verified,
may have major implications on the question of when
to begin levodopa treatment in TDPD patients.

Our report has limitations. This study is a prospec-
tive open label study and may therefore be biased by
collection of data in an unblinded fashion. Placebo
effect cannot be completely ruled out but the length
of follow-up makes this unlikely. The small number
of patients and the drop-out rate may have also influ-
enced our findings. Change in medications over time
may have had an effect on tremor as well though
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patients’ tremor in this cohort did not respond to the
medications they were taking prior to the procedure
and increasing the dose before the procedure did not
improve tremor. It is therefore reasonable to assume,
that increasing the dose of these medications after the
procedure did not affect tremor as well, except in one
patient that started taking levodopa after the proce-
dure for return of tremor and reported improvement.
Our study was not aimed to separate the effects of
FUS from that of medication. Thus, changes in hemi-
UPDRS and UPDRS immediately following FUS can
be attributed to the procedure but changes over time
should take into account the progressive nature of the
disease and the increase in dose of medication. Our
study was also not aimed to assess the reason why
QoL varied over time. Thus, our explanation can only
be viewed as speculative.

In conclusion, unilateral FUS VIM thalamotomy
for tremor in TDPD patients is effective, safe and
provides long-term tremor relief in most patients. Our
results also suggest that FUS thalamotomy may delay
levodopa treatment. Additional studies are needed to
substantiate our results.
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