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Abstract:
Objective To investigate the long-term efficacy and safety of magnetic resonance imaging-guided focused

ultrasound (MRgFUS) unilateral ventral intermediate nucleus (Vim) thalamotomy for medication-refractory

essential tremor (ET).

Methods We performed MRgFUS left-sided Vim thalamotomy for 10 medication-refractory ET patients (8

men and 2 women, aged 67.1±17.5 years, all right-handed). We followed them for 2 years using the clinical

rating scale for tremor (CRST) and the quality of life in essential tremor questionnaire (QUEST).

Results Right-handed tremor improved immediately after the left Vim thalamotomy in all patients. The

tremor became re-exacerbated in 2 patients by 6 months after treatment; however, an approximately 60% de-

crease in the average CRST score of the right hand persisted until 2 years. On the other hand, the average

CRST score of the left hand and the average QUEST score showed no improvement. Headache was the most

common adverse event during the sonication (8 patients), followed by a floating sensation (4 patients). On

the other hand, sensory disturbances (4 patients) and gait instability (4 patients) were observed after the treat-

ment, but most of them were mild and transient. There were no delayed adverse events.

Conclusion MRgFUS unilateral Vim thalamotomy could be adopted as one of the therapeutic options for

intractable ET. Further improvement of tremor in the targeted hand or contralateral Vim thalamotomy may be

necessary to improve the quality of life.
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Introduction

Essential tremor (ET) is one of the most common move-

ment disorders in adults, with an overall prevalence of 2.5%

to 10.0%. Medication is a first-line treatment; however, its

efficacy is limited (1, 2). Neurosurgical or radiological inter-

ventions targeting the ventral intermediate nucleus (Vim)

can be considered for medication-refractory ET patients and

they have demonstrated proven clinical efficacy (3, 4).

Transcranial magnetic resonance imaging (MRI)-guided

focused ultrasound (MRgFUS) is a new modality facilitating

intracranial focal ablation. It has been applied for several

neurological and psychological disorders including ET (5);

however, studies describing the long-term outcomes of pa-

tients following MRgFUS Vim thalamotomy for medically

intractable ET are limited (6-9). In this article, we report the

clinical efficacy and safety 2 years after MRgFUS unilateral

Vim thalamotomy for medication-refractory ET.

Materials and Methods

This was a hospital-based, prospective, open-labeled

study. We enrolled 10 patients with medication-refractory

ET (8 men and 2 women, aged 67.1±17.5 years, right-

handed) diagnosed by at least 2 movement disorder neurolo-
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Figure.　(A) Hand subscore of CRST of treated hand. (B) Hand subscore of CRST of non-treated 
hand. (C) GIS of QUEST. The improvement of the average CRST score of the right hand persisted 
until 2 years; however, both the average CRST score of the left hand and the average GIS of QUEST 
score showed no improvement (Dotted-lines are the average). CRST: clinical rating scale for tremor, 
GIS: global impression score, QUEST: quality of life in essential tremor questionnaire
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gists (H.I., S.F., and T.K.). We defined medication-refractory

tremor as persistent disabling tremor despite at least two

therapeutic medications including propranolol, primidone,

and benzodiazepine such as clonazepam. All patients desired

left-sided Vim thalamotomy because all of them were right-

handed. They received the standard clinical and imaging

workup as part of the study’s baseline requirements and all

were eligible for inclusion: between 18 and 80 years of age

and had a moderate to severe postural or kinetic hand

tremor defined by a score of �2 based on the clinical rating

scale for tremor (CRST) (10). The exclusion criteria in-

cluded a contraindication for MRI, patients with psychiatric

disorder, dementia, current substance abuse, Parkinson’s syn-

drome, and a low skull density ratio (SDR, less than 0.30).

SDR is the mean value of the ratio of Hounsfield units of

marrow and cortical bone and its value correlates with the

target temperature (11). We planned MRgFUS left-sided

Vim thalamotomy with 1.5-Tesla MRI Signa HDx (GE

Healthcare, Milwaukee, USA) using an ExAblate NeuroⓇ

(InSightec, Tirat Carmel, Israel) from March 2017 at Shonan

Fujisawa Tokushukai Hospital (research project: H.I., T.K.;

patient managements: H.I., S.F., T.O.; Exablate Neuro 4000

operation: K.Y., H.I.). The details of the procedure have

been described previously (6, 7). We evaluated the severity

of the tremor with the hand subscore of CRST (ranging

from 0 to 32, with higher scores indicating more severe

tremor), quality of life with the global impression score

(GIS) of quality of life in essential tremor questionnaire

(QUEST) (ranging from 0 to 100%, with higher scores indi-

cating better health) (12), and adverse events until 2 years.

All patients provided their written informed consent in ac-

cordance with the Declaration of Helsinki before treatment.

This study received full ethics approval from the Review

Board of Tokushukai Medical Alliance for ET patients suf-

fering from medication-refractory tremor and who refused

other procedures involving radiofrequency (RF) Vim tha-

lamotomy, Vim-deep brain stimulation (DBS), or radiologi-

cal Vim thalamotomy with a gamma knife (GK) (January

2017: TGE00770-008).

Results

Right-handed tremor improved immediately after left-

sided Vim thalamotomy. Although one patient was lost to

the follow-up due to accidental vehicle death, others were

analyzed in each follow-up period. Tremor became re-

exacerbated in 2 patients by 6 months. The target volume of

one of these patients was smallest (42.5 mm3; the average

was 129.7±53.1 mm3). On the other hand, the misalignment

of the target was suggested in the other patient as the target

volume was above average (137.0 mm3) (13).

The average CRST score of the right hand decreased by

approximately 60% from the baseline and this score decline

persisted until 2 years (-65.2% at 1 month, -60.9% at 6

months, -60.2% at 1 year, and -54.0% at 2 years) (Fig-

ure A). We observed no improvement in the average CRST

score of the left hand (Figure B). In addition, the average

GIS of QUEST score did not improve after 2 years (Fig-

ure C). During the sonication, headache (8 patients) and

floating sensation (4 patients) were observed. Sensory dis-
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turbances in the right face and fingers (4 patients) and insta-

bility during walking (4 patients) were observed after the

treatment. Most of them were mild and transient; however,

an improvement in the sensory impairment required 3 to 6

months in 2 patients. We observed no delayed adverse

events.

Discussion

The characteristics of ET are a postural and kinetic

tremor typically affecting the hands, which could interfere

with the patient’s functional activities in daily life and so-

cialization. Propranolol and primidone are first-line medica-

tions; however, as many as 50% of all patients fail to gain

sufficient efficacy or cannot tolerate these medications (2).

Stereotactic RF Vim thalamotomy, Vim-DBS, and GK Vim

thalamotomy have proven to be highly effective for

medication-refractory ET (3, 4). However, the former two

interventions involve surgical invasiveness and a risk of

brain hemorrhage, infection, and hardware-related complica-

tions. The latter needs a long duration to achieve a therapeu-

tic effect and involves radiation exposure (14).

Transcranial MRgFUS is a novel technology to enable in-

tracranial focal ablation. It is characterized by minimum in-

vasiveness and an immediate therapeutic effect; however,

previous reports on the long-term outcome of MRgFUS uni-

lateral Vim thalamotomy for intractable ET are limited. Elias

et al. reported that the improvement of tremor in 15 intracta-

ble ET patients persisted until 1 year later and most of the

adverse events were transient (6). In addition, a multicenter

study conducting evaluations up to 1 year (7), a multicenter

study up to 2 years (8), and a single-center study up to 4

years (9) showed a sustained improvement of the treated

hand tremor.

Our study showed that the improvement of treated hand

tremor in 7 patients lasted for 2 years; however, we could

not confirm the improvement of the GIS of QUEST. Al-

though the tendency of improvement of treated hand tremor

was clear, complete disappearance was limited to only 3 pa-

tients and the improvement of non-treated hand tremor was

poor, which might lead to no improvement in GIS. There-

fore, it is important to modify the procedure to achieve a

greater improvement of tremor in the targeted hand or con-

sider contralateral Vim thalamotomy.

Regarding adverse events, headache, nausea, vomiting,

and a floating sensation are common during sonication. On

the other hand, paresthesia and instability during walking

may occur after the procedure. Serious, persistent, or de-

layed adverse events including large hematoma have not

been reported (6-9). As in previous reports, all adverse

events resolved within 6 months of treatment and no de-

layed adverse events occurred in this study. These results in-

dicate the safety of MRgFUS Vim thalamotomy for ET.

One limitation of this study is the small number of pa-

tients; however, the long-term efficacy and safety of

MRgFUS unilateral Vim thalamotomy for intractable ET

was suggested. Further investigations to assess the longer-

term outcomes and identify ways to promote the therapeutic

effects are necessary to improve the patients’ quality of life.
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