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ORIGINAL ARTICLE

Double lesion MRgFUS treatment of essential tremor targeting the thalamus and
posterior sub-thalamic area: preliminary study with two year follow-up

Ayesha Jameela, Wladyslaw Gedroyca, Dipankar Nandib, Bryn Jonesa, Olga Kirmia, Sophie Molloyb, Yen Taib,
Gavin Charlesworthb and Peter Bainc

aDepartment of Radiology, St Maryent of Radi, St Mary’s Hospital, Imperial College Healthcare Trust, London, UK; bDepartment of
Neurosciences, Imperial College Healthcare NHS Trust, London, UK; cDivision of Brain Sciences, Department of Neurosciences, Imperial College
London, London, UK

ABSTRACT
Background: MR-guided focused ultrasound (MRgFUS) is an effective treatment for essential tremor (ET).
However, the optimal intracranial target sites remain to be determined.
Objective: To assess MRgFUS induced sequential lesions in (anterior-VIM/VOP nuclei) the thalamus and
then posterior subthalamic area (PSA) performed during the same procedure for alleviating ET.
Methods: 14 patients had unilateral MRgFUS lesions placed in anterior-VIM/VOP then PSA. Bain-Findley
Spirals were collected during MRgFUS from the treated arm (BFS-TA) and throughout the study from the
treated (BFS-TA) and non-treated (BFS-NTA) arms and scored by blinded assessors. Although, the primary
outcome was change in the BFS-TA from baseline to 12 months we have highlighted the 24-month data.
Secondary outcomes included the Clinical Rating Scale for Tremor (CRST), Quality of Life for ET (QUEST)
and PHQ-9 depression scores.
Results: The mean improvement in the BFS-TA from baseline to 24 months was 41.1% (p< 0.001) whilst
BFS-NTA worsened by 8.8% (p< 0.001). Intra-operative BFS scores from the targeted arm showed a mean
27.9% (p< 0.001) decrease after anterior-VIM/VOP ablation and an additional 30.1% (p< 0.001) reduction
from post anterior-VIM/VOP to post-PSA ablation.
Mean improvements at 24 month follow-up in the CRST-parts A, B and C were 60.7%, 30.4% and 65.6%
respectively and 37.8% in QUEST-tremor score (all p< 0.05). Unilateral tremor severity scores decreased in
the treated arm (UETTS-TA) 72.9% (p¼ 0.001) and non-treated arm (UETTS-NTA) 30.5% (p¼ 0.003). At 24
months residual adverse effects were slight unsteadiness (n¼ 1) and mild hemi-chorea (n¼ 1).
Conclusion: Unilateral anterior-VIM/VOP and PSA MRgFUS significantly diminished contralateral arm
tremor with improvements in arm function, tremor related disability and quality of life, with an acceptable
adverse event profile.
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Introduction

Essential Tremor (ET) is defined as an isolated tremor syndrome
of bilateral upper limb action tremor, of at least 3 years duration,
in which there can be tremor present in other parts of the body
but other neurological signs, such as Parkinsonism, dystonia and
ataxia are absent.1 The prevalence of ET is estimated to be
approximately 2%, increasing to 4–6% in people aged �40
years old.2,3

It is estimated that 25–55% of patients with ET are medica-
tion refractory.4 ET can produce substantial impairment of man-
ual function and thus activities of daily living, resulting in
disability and social handicap. Patients with ET are at increased
risk of anxiety, which exacerbates tremor, and depression.5–8

An evidence-based review concluded that for appropriate
patients with medically refractory ET, or intolerant of anti-
tremor medications, treatment with unilateral Ventralis
Intermedius (VIM) thalamic DBS or radiofrequency or MRgFUS

thalmotomy was possibly helpful. The authors of the review con-
sidered there to be insufficient evidence to recommend bilateral
VIM DBS or unilateral gamma-knife therapy.9

MR guided focused ultrasound (MRgFUS) is a non-invasive
treatment for ET. By utilising high intensity focused ultrasound
waves, generated from a multi-element transducer and focused
onto a small target, accurate thermal ablation of the target brain
tissue can be achieved under real time image guidance. MRgFUS
utilises both MR-imaging for targeting and MR-thermal imaging
to plan, monitor and ablate the target tissue under operator con-
trol whilst the patient is awake.

Currently, most centres treating ET with MRgFUS place
lesions in the VIM nucleus of the thalamus (Hassler classifica-
tion)10 which receives the vestibular and proprioceptive muscle
spindle afferent inputs.11–15 Typically the lesion is sited 25%
along the AC-PC line (i.e. 6–9mm anterior to PC depending on
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the AC-PC length), 0–2mm superior to the AC-PC plane and
8–12mm lateral to the lateral wall of the 3rd ventricle.

Boutet et al., using this approach, elegantly demonstrated that
the most effective lesions for ET suppression are placed in the
posterior part of VIM close to its posterior boundary with the
Ventralis Caudalis (VC) nucleus but that slight posterior
encroachment on VC was associated with 38 times greater inci-
dence of contralateral sensory disturbance.16 This finding likely
explains why a meta-analysis of MRgFUS treatment of ET
showed that 15.3% of patients had persisting paraesthesia at 12-
month follow-up.17

A randomised controlled trial of MRgFUS lesions in VIM ver-
sus sham MRgFUS demonstrated significant reduction in contra-
lateral arm tremor over a 12 month period, with a resultant
reduction of tremor-related disability and improvement in quality
of life for the patients receiving actual VIM lesions.14 Sham
MRgFUS produced only a 1.25% reduction of tremor 3 months
post-MRgFUS (i.e. a negligibable placebo effect).14

Stereotactic lesions (including radiofrequency thermal abla-
tions and more recently MRgFUS lesions) in the cerebellothala-
mic tract (CTT), in the posterior subthalamic area (PSA) (which
includes the zona incerta (ZI), posterior subthalamic nucleus and
fibre connection area) have been demonstrated to alleviate
tremor in the contralateral upper limb.18,19 This follows a trend
for targeting this area in patients with ET using radiofrequency
lesions and latterly DBS.18 There have been no studies comparing
VIM versus other targets for treating people with ET using either
radiofrequency lesions, DBS or MRgFUS.

Targeting anterior-VIM/VOP and posterior subthalamic area
(PSA) in the same procedure has been the standard approach of
our and the Oxford functional neurosurgery centres for over two
decades to the treatment of patients with action tremors, includ-
ing essential tremor, multiple sclerosis associated tremor and
other rarer tremors. Well over a hundred patients with essential
tremor have been treated by radiofrequency lesion or DBS sur-
gery at these two centres over this time period. Both centres tar-
get anterior-VIM/VOP approximately 2.7–3.7mm anterior to the
standard VIM target (25% of the AC-PC line, anterior to PC)
depending on the length of the patient’s AC-PC line
(24–28mm), with similar lateral and vertical co-ordinates, so that
the lesion is likely to straddle Ventralis Oralis Posterior (VOP)
and the anterior part of VIM.20,21 This paper describes our
experience of unilateral MRgFUS in patient with medically
refractory ET, sequentially treating anterior-VIM/VOP and then
PSA in the same procedure.

Methods

The study was approved by the Research Ethics Committee (REC
no: 15LO1538). The unilateral MRgFUS procedures were per-
formed between July 2016 and November 2017. In each case,
during a single procedure, the anterior-VIM/VOP was the area
targeted first and then, because of varying degrees of residual
tremor, the target was moved manually (based on the neuroi-
maging) and the PSA was lesioned. The approach of the study
was to place a lesion in the anterior-VIM/VOP and PSA,
although in each individual case the clinical decision to lesion
the second site at PSA was pragmatic and based on the views of
the patient and the neurologist (PGB) that the residual tremor
post the anterior-VIM/VOP thalamotomy was still intrusive or
could be improved. We also considered whether a lesion in PSA
would add longevity to the benefit caused by the anterior-VIM/
VOP lesion.

Patient selection

Patients aged more than 21 years with moderate or severe ET
causing significant disability and with an inadequate response to
2 or more anti-tremor medications were eligible for the study
providing they met the inclusion criteria (Supplemental
Appendix 1) and had no parameters on the exclusion criteria
(Supplemental Appendix 1). Minimum tremor severity for trial
entry was a postural or intention tremor score of � 2 on the
Clinical Rating Scale for Tremor (CRST) (Supplemental
Appendix 2) in the dominant arm, with a minimum tremor-
related disability cut off score of �2 on the disability subsection
(Part C) of the CRST.22

MRgFUS treatment

The procedural methodology is described in detail in
Supplemental Appendix 3. Key points regarding our approach to
initial targeting of the anterior-VIM/VOP and PSA are given
below and in Figure 1(a).

Identifying the thalamic and PSA targets

Using the preoperative MRI study, stereotactic planning of the
target was performed. The anterior-VIM/VOP was initially tar-
geted at 3mm posterior and 13–15mm lateral to the mid-point
along the AC-PC line (Figure 1(a)). This target was then cross-
correlated with the distance from the third ventricle and the
internal capsule. The optimal distance from the wall of the third
ventricle is 11–11.5mm and from the lateral border of the thal-
amus is 2mm.

Trial and treatment sonications (see Supplemental Appendix
3) were performed to ensure tremor suppression was achieved by
tailoring targeting to individual neuroanatomy and sonication
parameters to individual neuromodulatory response, as such the
degree of movement from the initial target to the final target for
each nucleus is patient specific. Once a satisfactory lesion was
placed in anterior-VIM/VOP then, providing a clinically signifi-
cant tremor remained in the treated hand, the target was
switched to the PSA. The rationale for using the PSA is sup-
ported by published literature from DBS treatment of ET.23 The
location of the PSA varies slightly between patients (as is true of
all the common functional stereotactic targets in clinical prac-
tice). Our standard approach to PSA targeting was movement
3mm inferior, 0.5mm posterior and 0.0mm lateral to the
anterior-VIM/VOP target (Figure 1(a)).

Patient assessments

Following screening, eligible patients were assessed at baseline
(within 14 days of MRgFUS), and then at 1 day, 1 week, 1, 3, 6,
12 and 24 months post-procedure.

Outcome measures

Primary outcome

The primary outcome measure was the Bain and Findley Spiral
(BFS) score in the treated arm at 12 months post-MRgFUS com-
pared to baseline. As the study was extended to 24 months we
have reported both 12 and 24 months data and emphasized the
latter as it is of greater importance. The BFS is a reliable and
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validated method of assessing ET in which spirals are scored
from 0 (no tremor) to 10 (very severe).24,25

Freehand spirals were collected from both hands of patients at
screening, baseline and the 1, 3, 6, 12, and 24 month visits. The
intra-operative spirals were serially collected from the target
hand prior to the first and then after each sonication. The
patients drew on a board held above them whilst lying supine on
the scanner. These two collections of spirals were separated,

anonymized, and presented in random order to three blinded
movement disorder neurologists (GC, YT, SM) to score separ-
ately using the BFS method.24

Secondary outcome measures

The Clinical Rating Scale for Tremor (CRST) has been widely
used in the field of MRgFUS to score tremor severity.11,13–15. All

Figure 1. Targeting the thalamus and PSA. (a) Annotated pre-procedure MRI demonstrating approach to the initial thalamic VIM/VOP and PSA targets. (b) Post
MRgFUS procedure MRI demonstrating: (b-1) VIM/VOP ablation. (b-2) PSA ablation.
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components of the CRST were assessed unblinded by a tremor
expert (PB).

The CRST is divided into three parts (Supplemental
Appendix 2):
� Part A scores whole body tremor severity considering ana-

tomical location (arm, leg, voice, etc.) and its components
(rest, postural and intention tremor).

� Part B assesses tremor impact on specific motor tasks (e.g.
drawing and pouring water).

� Part C assesses tremor-related disability.
The effect of tremor on quality of life was documented using

the Quality of life in Essential Tremor Questionnaire (QUEST)
and depression monitored using the PHQ-9 questionnaire
(Supplemental Appendices 4 and 5, respectively).26,27

Within CRST Part A, the upper extremity total tremor score
(UETTS) and its components: rest tremor (RT), postural tremor
(PT) and intention tremor (IT) were also analysed for the treated
and non-treated arms separately

Statistical methods

Statistical analysis was performed with SPSS version 25 using the
non-parametric Wilcoxon Signed-Rank Sum test for paired data
and the Friedman test for multiple data sets.

Results

Seventeen patients were screened, two failed entry criteria and 15
patients were enrolled in the study. One patient declined treat-
ment and thus 14 patients underwent MRgFUS. The mean SDR
was 0.43 (range: 0.35–0.51). The 14 patients reported on were
also the first 14 patients treated at our centre (i.e. consecutive).

Every patient fulfilling the entry criteria for the study was
treated with a ‘dual lesion’ as every patient had residual tremor

post the anterior-VIM/VOP thalamotomy that was still consid-
ered to be intrusive and could be improved. In all 14 patients,
the maximum temperatures achieved were within the desired
thermal ablation range and there were successful lesion place-
ments in both anterior-VIM/VOP and PSA (Figure 1(b)).

One patient withdrew from the study after completing the
1-day post-MRgFUS assessment, having had an excellent
response without adverse effects. The remaining 13 patients
(eight male, five female) had a mean age of 69 years (range:
52–85 years), with a mean age at tremor onset of 32 years (range:
4–68) and mean duration of tremor of 38 years (range: 7–67). 11
had familial and two sporadic ET. Eight had head tremor and
seven vocal tremor in addition to bilateral upper limb tremor.
The flow diagram for the study is shown in Supplemental
Appendix 6 and baseline characteristics of the patients’ tremors
in Table 1.

Primary outcome

The change in the BFS in the treated arm (BFS-TA) was from
6.24 at baseline to 3.5 at 12 months, with a score of 3.7 at 24

Figure 1. Continued.

Table 1. Baseline characteristics of patients’ tremor.

Baseline tremor scores Mean (range)

Bain Findley Spiral-Treated Arm (BFS-TA) 5.3 (4–8)
Bain Findley Spiral-Non-Treated Arm (BFS-NTA) 4.7 (3–7)
Clinical Rating Scale for Tremor Total (CRST) 58 (35–83)
CRST Part A (CRST-A) 16.5 (8–28)
CRST Part B (CRST-B) 21.7 (12–30)
CRST Part C (CRST- C) 19.8 (14–28)
Upper Extremity Total Tremor Score-Treated Arm (UETTS-TA) 6.7 (6–9)
Rest Tremor-Treated Arm (RT-TA) 0.7 (0–2)
Postural Tremor-Treated Arm (PT-TA) 3.3 (2–4)
Intention Tremor-IT (IT-TA) 2.9 (2–4)
Upper Extremity Total Tremor Score-Non-treated Arm (UETTS-NTA) 5.8 (2–9)
Quality of Life in Essential Tremor-QUEST 87.1 (56–108)
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months post MRgFUS (improvements of 43.5% and 41.1% from
baseline respectively (both p< 0.001, Friedman Test)
(Figure 2(a)).

The mean baseline BFS in the non-treated arm (BFS-NTA)
was 6.0 and at 12 months post-MRgFUS was 5.5 (7.7% improve-
ment (Friedman Test: p< 0.001) but worsened to 6.5 by 24
months (8.8% worse than baseline (Friedman Test: p< 0.001)
(Figure 2(a)).

Differential effects of thalamic and then PSA ablation

The blinded assessments of the intra-operative spirals (Figure
2(b)) at Baseline (BFS-B), after thalamic (anterior-VIM/VOP)
ablation (BFS-Thal) and after PSA ablation (BFS-PSA) were com-
pared and showed the following mean percentage improvements
(Figure 2(c)):
� BFS-B to BFS-Thal of 27.9% (Wilcoxon Signed Ranks

Test: p< 0.001).

� BFS-THAL to BFS-PSA of 30.1% (Wilcoxon Signed Ranks
Test: p< 0.001).

� BFS-B to BFS after Thal and PSA lesions of 49.1%
(Wilcoxon Signed Ranks Test: p< 0.001)

These changes were statistically significant across each stage
of the procedure (Friedman Test: p< 0.001). The individual
patient’s BFS-B, BFS-Thal and BFS-PSA scores demonstrate
sequential change after lesioning each target nucleus
(Figure 2(d)).

Secondary outcomes

The effect of the thalamic and PSA lesions on the secondary out-
comes are shown in Table 2. The CRST (including tremor differ-
ential scores), QUEST and PHQ scores across the study period
are demonstrated in Figures 3 and 4. All measures showed sig-
nificant improvements (Wilcoxon Signed Ranks Tests p< 0.005)
except for the PHQ-9 which showed a non-significant

Figure 2. Bain Findley Spiral scores (BFS). (a) The mean treated arm (BFS-TA) and non-treated arm (BFS-NTA) over study period. (b) One example of the intra-operative
Bain-Findley Spirals (BFS) collected at baseline from a patient and then after ablation of each target nucleus, demonstrating progressive improvement in tremor: (b-1)
At baseline, prior to sonications. (b-2) After thalamic ablation. (b-3) After thalamicþ PSA ablation. (c) The mean intraoperative BFS scores demonstrating sequential
improvement in the mean spiral scores at baseline (BFS-B), after thalamic (BFS-Thal) and then thalamicþ PSA (BFS-PSA) ablations. (d) The mean intraoperative BFS
scores for each individual patient, demonstrating the range of improvement from baseline (BFS-B), after thalamic (BFS-Thal) and then thalamicþ PSA (BFS-
PSA) ablations.

Table 2. Secondary outcome measures as mean values at baseline, 12 months, 24 months with percentage change from baseline to time
point in brackets (%) and corresponding p value from statistical analysis (Wilcoxon signed ranks test) calculated from baseline to 24
month data.

Mean baseline Mean 12 months Mean 24 months p Value WSRT baseline to 24 months

CRST (total) 58 28.8 (�49.5%) 27.1 (�52.6%) 0.003
CRST-A Score 16.5 6.5 (�60.7%) 6.4 (�61%) 0.003
CRST-B Score 21.7 14.8 (�32.0%) 15.1 (�30.4%) 0.004
CRST-C Score 19.8 7.5 (�62.0%) 6.8 (�65.6%) 0.002
QUEST (QT) 87.1 54.5 (�37.5%) 54.2 (�37.8%) 0.001
PHQ-9 6.8 4.3 (�36.4%) Not continued 0.145
UETTS-TA 6.8 1.79 (�73.9%) 1.83 (�72.9%) 0.001
RT-TA 0.7 0.0 (�100%) 0.2 (�76%) 0.008
PT-TA 3.2 0.8 (�73%) 1.0 (�69%) 0.003
IT-TA 2.9 0.9 (�68%) 0.7 (�77%) 0.002
UETTS-NTA 5.76 3.77 (�34.7%) 4.0 (�30.5%) 0.003
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Figure 3. Clinical rating scale for tremor (CRST). (a) Mean CRST total (Parts Aþ BþC) over the study period. (b) Mean CRST Part A: tremor severity from all affected
body parts (bilateral). (c) Mean CRST Part B: Tremor in various manual tasks. (d) Mean CRST Part C: Tremor related disability.

Figure 4. Self-reported health questionnaires and tremor differentials. (a) The mean Upper Extremity Total Tremor Score (UETTS) component from CRST-A over the
study period, demonstrating both the mean scores for the Treated Arm (UETTS-TA) and the mean score of the Non Treated Arm (UETTS-NTA). (b) Treated Arm Tremor
Score over the study period with Total Tremor Score (UETTS-TA) as line graph (black line) and its components Rest Tremor (RT-TA), Postural Tremor (PT-TA) and
Intention Tremor (IT-TA) as column graphs (in shades of grey). (c) The mean Quality of Life in Essential Tremor Questionnaire (QUEST) self-reported Tremor Scores over
the study period. (d) The mean Patient Health Questionnaire 9 (PHQ-9) scores, of self-reported depression, over the study period.
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improvement (p¼ 0.145) at 12 months thus was not collected at
24 months (Figure 4(d)).

The clinician assessed CRST scores improved markedly in all
3 sub-categories:
� The mean CRST-A score, a bilateral tremor summation that

includes the untreated as well as the treated side (Figure
3(b)), decreased from 16.5 at baseline to 6.5 at 12 months
post MRgFUS), a 60.7% improvement. This was stable at 24
months with the mean CRST-A score 6.4, a 61.0% improve-
ment (Wilcoxon Signed Ranks Test: p¼ 0.003).

� The mean CRST-B score, a bilateral assessment of tremor on
specific motor tasks including items from the untreated side
(Figure 3(c)), improved from 21.7 at baseline to 14.8 at 12
months a 32.0% improvement. This was stable at 24 months
with the mean CRST-B score 15.1, a 30.4% improvement
(Wilcoxon Signed Ranks Test: p¼ 0.004).

� The mean CRST-C score (Figure 3(d)), an assessment of the
impact of tremor on daily function and tremor related dis-
ability, was 19.8 at baseline and decreased to 7.5 at 12
months, a 62.0% improvement from baseline to 12 months.
This was stable at 24 months with the mean CRST-C score
6.8, a 65.6% improvement (Wilcoxon Signed Ranks
Test: p¼ 0.002)

The patient assessed scores also improved markedly:
� The Quality of Life in Essential Tremor (QUEST) question-

naire (Figure 4(c)), mean self-reported tremor score
improved from 87.1 at baseline to 54.0 at 12 months, a
37.5% improvement. This was stable at 24 months with the
mean QUEST score 54.2, a 37.8% improvement (Wilcoxon
Signed Ranks Test: p¼ 0.001).

� The mean Patient Health Questionnaire 9 (PHQ-9) score, a
patient self-reported assessment of depression (Figure 4(d)),
improved after MRgFUS from 6.8 at the screening assess-
ment to 4.3 at 12 months, a 36.4% improvement but this
change was not statistically significant (Wilcoxon Signed
Ranks Test: p¼ 0.145). PHQ-9 was not collated at 24
months follow up.

Adverse events

During the procedure: 11 patients experienced pain from the
stereotactic frame pins, and one developed a pin site haematoma.
During sonications a feeling of ‘vertical rotation’ (in which the
patients’ legs slowly (over a few seconds) lifted upwards to verti-
cal, pivoting around the neck) (n¼ 7), headache (n¼ 6) and nau-
sea (n¼ 4) were encountered particularly when higher energy
was utilized and lasted for the duration of sonication.

The adverse event profile over the course of the study are
summarised in Table 3. At 24 months post-MRgFUS, one patient
had a mildly unsteady gait but walked unaided. Another had per-
sistent mild hemi-chorea but nevertheless felt that he had a net
gain from MRgFUS due to effective tremor suppression. This
patient’s MRI 12 months after MRgFUS showed a lesion in STN.

Discussion

Targeting the thalamus

In this study, the final thalamic lesions were sited 2.7–3.7mm
anterior to that commonly performed; many MRgFUS centres
deploy A-P coordinates that are 25% the length of the AC-PC
line anterior to PC. Thus our thalamic lesions straddle the
anterior-VIM and VOP border. Our lateral and vertical VIM

co-ordinates are similar to those used by other centres. Boutet et
al. demonstrated that, using the 25% of the A-P distance anterior
to PC method, their optimal lesions for tremor suppression were
situated in the posterior portion of VIM and straddled the border
of the ventro-caudalis nucleus (VC).16

Efficacy of anterior-VIM/VOP and PSA lesions

Our results demonstrate that MRgFUS lesions in anterior-VIM/
VOP and PSA produced a mean 43.5% improvement in our pri-
mary outcome: the change in BFS-TA score from baseline to 12
months post-MRgFUS, which was maintained at 24 months
(Figure 2(a)). The BFS is recommended by the International
Movement Disorder Task Force on Tremor and has the advan-
tages of being simple to collect and provides a permanent record
of tremor that can subsequently be assessed by blinded asses-
sors.25 It is more difficult to diminish tremor present in spirals
than the overall tremor scored within the CRST-Part A of the
treated arm (UETTS-TA) in which there were mean percentage
improvements of 73.9% at 12 months and 72.9% at 24 months
(Figure 4(a)). The mean percentage improvement in the rest and
action tremor components in the treated arm were similar 53.6%
versus 56.4% (postural tremor decreased by 26.5% and intention
tremor components by 31.9%) at 24 months (Table 2 and
Figure 4(b)).

Significant improvements were also found in all three subsec-
tions of the CRST (Table 2 and Figure 3) and the QUEST tremor
score (Table 2 and Figure 4(c)). The PHQ-9 values were broadly
stable, suggesting that anterior-VIM/VOP and PSA MRgFUS
lesions do not negatively affect mood (Table 2 and Figure 4(d)).

The blinded assessments of the intra-operative BFS from the
treated arm at Baseline (BFS-B), after thalamic ablation (BFS-
THAL) and after PSA ablation (BFS-PSA) showed highly signifi-
cant improvements across each stage of the procedure, demon-
strating that the additional PSA lesion had added benefit for
most of our patients (Figure 2(c)).

The beneficial effect on tremor using our methods are similar
at 12 and 24 months post-MRgFUS to those obtained by Halpern
et al. using the (more posterior) conventional VIM approach, as
judged from improvements in the ‘hand tremor-motor score’
(HTMS); the primary outcome measure used by Halpern et al.28

Comparing our data after the anterior-VIM/VOP lesion only
stage with the more common posterior approach (25% of the
AC-PC line anterior to PC) suggests that lesions that are more
anterior in VIM are less effective than those that are more pos-
terior in VIM; a view which is in accordance with Boutet et al.
and likely explains why lesioning PSA is then necessary to
achieve comparable tremor suppression to that reported using
the standard VIM target by Halpern et al.16,28 However, it does
raise the question as to whether treating anterior-VIM/VOP is

Table 3. Time frame of post-MRgFUS adverse events encountered in the study.

Treatment day

Post MRgFUS treatment (D¼ day; M¼month)

1D 7D 1M 3M 6M 12M 24M

Fatigue 3 4 4 4 3 0 0 0
Headache 2 0 1 1 0 0 0 0
Migraine 0 0 0 0 0 0 0 0
Paraesthesia 2 0 0 0 0 0 0 0
Dysarthria 4 4 5 4 1 0 0 0
Blurred vision 0 0 1 0 0 0 0 0
Dizziness 2 1 2 1 1 0 0 0
Unsteady gait 6 6 5 5 4 2 2 1
Chorea 0 0 2 2 2 2 1 1
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necessary if PSA is then lesioned; an issue worthy of fur-
ther research.

Bilateral effects

Our data revealed an initial bilateral anti-tremor effect from the
unilateral anterior-VIM/VOP and PSA lesions. This was evident
in the untreated arm (UETTS-NTA) data with 34.7% improve-
ment at 12 months and 30.5% at 24 months compared to base-
line (Table 2 and Figure 4(a)). Although this effect was present
in the BFS-NTA scores at 12 months (7.7% improvement) they
subsequently worsened by 8.8% compared to baseline at 24
months. It is possible that this was a placebo effect, although this
was not seen in the sham arm of a study of MRgFUS for ET.14

Alternatively, it is possible that an effect on the mechanisms gen-
erating tremor in the ipsilateral arm to the lesion occurred and
resulted in transient benefit that was subsequently lost, perhaps
by natural progression of the tremor in the non-targetted arm. In
this regard unilateral thalamic DBS has been shown to have a
long term ipsilateral effect.29 Furthermore, animal studies indi-
cate that there is a network of connections between the PSA on
both sides and that the PSA has contralateral efferent projections
to the intraluminal and higher order nuclei in the thalamus and
the upper brainstem in the rat and monkey.30,31 Extensive con-
nections also exist between PSA and the pedunculopontine
nucleus (PPN); the latter having about 50% contralateral
descending projections to several key motor centres (brainstem
and spinal cord); which might account for a bilateral effect of
unilateral THAL/PSA lesions.32

Adverse events

The most frequent post-MRgFUS adverse effects were mild dys-
arthria and an unsteady gait, which typically came on within
24 hours. Dysarthria resolved within 6 months, but mild gait
unsteadiness was still present in one patient at 24 months and
hemi-chorea, that affected two patients, persisted in one patient
to 24 months in a mild form.

The mean movement from final anterior-VIM/VOP to final
PSA targets with respect to adverse events are shown in Table 4.
Analysis of our data showed a trend towards an increased risk of
chorea as targetting is moved more inferiorly and an unsteady
gait and dysarthria with more inferior-lateral movements (Table
4). However, as 5 patients who did not develop chorea also had
4–5mm inferior movement from the final anterior-VIM/VOP,
the development of chorea may be a probabilistic effect caused by
oedema and/or lesion encroachment on the subthalamic nucleus
(STN) as it did not occur in any of the patients in which the
inferior movement from final anterior-VIM/VOP was � 3mm.
Hemi-chorea has also been reported in 15% of Parkinson’s
patients after STN radiofrequency (RF) lesions.33

Subsequently, we appreciated that there are technical limita-
tions of MRgFUS when sonicating deeper brain tissue due to
inevitable focal spot elongation in the cranio-caudal direction
caused by changing the angle of incidence of the sonication
beam. This is a separate entity to ‘smearing’ of the sonication
spot which typically occurs in the right-left and anterior-
posterior directions [P Wragg, MSc. Neurosurgery Applications,
InsighTec; personal communication]. Focal spot elongation
increases the risk of creating a lesion more inferiorly (in this
instance in the STN) the PSA. Since appreciating this issue we
adjusted our approach and subsequently treated a further 15 ET
patients with MRgFUS VIM/PSA lesions without inducing cho-
rea. Furthermore, in order to diminish oedema, we changed our
practice from only administering 4mg of dexamethasone intra-
venously during MRgFUS to also giving a 5–day oral reducing
course afterwards.

The mean lateral movement from the final anterior-VIM/VOP
to final PSA target for the patients who developed an unsteady
gait or developed dysarthria is shown in Table 4. There are
trends for ataxia and dysarthria to occur with more inferio-
lateral placements but these adverse effects usually resolved
(Table 3).

Comparison of our results with previous MRgFUS VIM
ablation studies

The results of the international multicentre ET002E trial
(Halpern et al.) show similar benefits from their VIM only com-
pared to our anterior-VIM/VOP and PSA approach on the ‘hand
tremor-motor score’ – the primary outcome measure from the
ET002E trial.28 Both studies have a mean score of 8 at 12 months
and are broadly similar at 24 months follow up (ET002E: 7.5 v 8
in our study but by 24 months 33% of the patients had with-
drawn from the ET002E study compared to 7% of our cases).28

Comparison of the adverse event profile in our study with
that of the ET002E study show that there were fewer persisting
adverse effects in our study at 2 years compared to those in the
ET002E (15.4% versus 48%) and the profiles differed, as we had
no persisting paraesthesia and less ataxia but did have one case
of persisting chorea (Table 5(a)).28

Furthermore, comparison of the persistent adverse effects in
our study with those reported at 12 months in a meta-analysis of
MRgFUS for ET, shows a favourable sensory adverse effect pro-
file in our study, most likely attributable to the previously
described more anterior VIM/VOP targeting (Table 5(b)).17 In
the metanalysis paraesthesia (15.3%) and unsteady gait (10.5%)
were the main issues, whereas at 12 months we had 0% paraes-
thesia and 7.7% unsteady gait. Of note more posterior VIM
lesions are associated with a 38 times higher likelihood of adverse
sensory effects if they encroach on VC.16

Table 4. The mean movement from the final thalamic to final PSA targets with respect to adverse effects.

Adverse effect
Mean (range) of movement (mm) from Final VIM to Final ZI targets

Inferior A-P Lateral

Chorea 4.25 (3.5–5) �0.4 (0� [�0.8]) 0 (0)
Unsteady gait 3.75 (2.5–5) 0 (0) 0.5 (0–1)
Dysarthria 3.58 (2–5) 0 (0) 0.2 (0–1)
None of the above 2.88 (1–4) 0.61 (0–3) 0 (0)

A-P: Anterior-posterior: negative numbers in this plane indicate anterior movement.
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Deep brain stimulation

MRgFUS is not associated with the 1.2% risk of symptomatic
intracranial haemorrhage attached to DBS nor the multiple
ongoing health risks associated with an implanted DBS sys-
tems.34,35 Consequently, it is reasonable to infer that MRgFUS is
safer than DBS.

DBS does the advantage of longer experience in both unilat-
eral and bilateral treatments for tremor.36 Current MRgFUS prac-
tice is for unilateral procedures to treat tremor in one arm.
There has been some hesitancy to perform bilateral MRgFUS
treatments due to historic adverse events associated with
Radiofrequency Ablations (RF) for ET, including a significant
incidence of dysarthria in patients undergoing unilateral (4.5%)
and bilateral (13.9%) RF ablation and to a lesser degree DBS
(even after reprogramming) for ET.17,35,36 However, recent pilot
studies have reported that it is safe to do staged bilateral
MRgFUS lesions and thus staged bilateral treatments are likely to
become more widely adopted.37,38,39

The long-term stability of the anti-ET effect of MRgFUS is
unknown, as the only published 5 year data has just two patients
remaining in the study, whilst DBS has been deployed for several
decades.40 However, tolerance to stimulation and/or natural wor-
sening of tremor develops, so that the benefit of DBS diminishes
by 5 years.41–43 It remains to be seen whether MRgFUS will be a
more appropriate treatment than DBS for elderly people with ET.
The commercial cost of performing MRgFUS at our institution is
51% of that for DBS and the subsequent cost of care is consider-
ably less.

Limitations of our study

Our study has several weaknesses. First, although the BFS was
scored by blinded assessors there was no randomization to a con-
trol arm or sham MRgFUS. Secondly, our study is small although
the beneficial results on tremor are nevertheless highly statistic-
ally significant. Thirdly, it would have been preferable to target
anterior-VIM/VOP and the PSA from DTI MR scans, which

were not available to us at the time we performed the
MRgFUS procedures.

Conclusion

This study confirms the effectiveness of unilateral anterior-VIM/
VOP and PSA MRgFUS for alleviating ET, with a profound
contralateral and small transient ipsilateral effect. We show that
placing lesions in a more anterior-VIM/VOP and PSA provides
similar tremor suppression to that attained by lesions in the con-
ventional posterior VIM target and resulted in a lower incidence
of persistent adverse effects and in particular a complete absence
of parasthesiae.
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