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Abstract: BackgroundBackground: Magnetic resonance-guided focused ultrasound (MRgFUS) thalamotomy is increasingly
used to treat drug-resistant essential tremor (ET). Data on MRgFUS thalamotomy in dystonic tremor (DT) are
anecdotal.
ObjectivesObjectives: To investigate efficacy, safety, and differences in target coordinates of MRgFUS thalamotomy in DT
versus ET.
MethodsMethods: Ten patients with DT and 35 with ET who consecutively underwent MRgFUS thalamotomy were
followed for 12 months. Although in both groups the initial surgical planning coordinates corresponded to the
ventralis intermediate (Vim), the final target could be modified intraoperatively based on clinical response.
ResultsResults: Tremor significantly improved in both groups. The thalamic lesion was significantly more anterior in DT
than ET. Considering both ET and DT groups, the more anterior the lesion, the lower the odds ratio for adverse
events.
ConclusionsConclusions: MRgFUS thalamotomy is safe and effective in DT and ET. Compared to classical Vim coordinates
used for ET, more anterior targeting should be considered for DT.

Magnetic resonance guided focused ultrasound surgery (MRgFUS)
is an ablative technique, which allows to create precise thermal
lesions without craniotomy. MRgFUS thalamotomy in the
ventralis intermediate (Vim) nucleus has been shown to improve
tremor in patients with essential tremor (ET) and Parkinson’s

disease.1,2 A long-lasting clinical benefit up to 5 years after surgery
has been consistently demonstrated in ET.3–6

Tremor is a common neurological symptom and causes
disability and loss of independence in daily activities.7,8 It has
been recently suggested that ET should be considered a syndrome
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rather than a specific disease and that tremor may be an intrinsic
part of dystonia (dystonic tremor [DT]).9,10 Different tremor etiol-
ogies may underpin distinct pathophysiological mechanisms of
tremor generation. Therefore, it is conceivable that different thera-
peutic approaches are needed to optimize clinical response in DT
versus ET.11

Although Vim is the main target for the surgical treatment of
ET,12 different nuclei have been proposed for DT: the globus
pallidus,13,14 the subthalamus,15 and the motor thalamus.16,17 To
date, there is only one report about the effects of MRgFUS Vim
thalamotomy on two patients with DT.18 Other groups reported
the effect of MRgFUS pallido-thalamic tractotomy19 or pallidot-
omy20 on dystonic patients, but without mentioning tremor as
dystonic feature. To the best of our knowledge, there is still no
consensus on whether patients with DT who undergo MRgFUS
thalamotomy require different targeting than ET. Considering
the different pathophysiology, it is conceivable that the most
effective target coordinates may differ between ET and DT. This
has also been suggested in a recent study on patients with DT
and ET treated with thalamic stimulation in which the authors
found that the optimal stimulation region was more anterior in
DT compared with ET.11

In this study, we investigated efficacy, safety, and stereotactic
targeting of MRgFUS thalamotomy in a consecutive cohort of
patients with drug-resistant DT or ET prospectively followed for
12 months.

Methods
We prospectively enrolled consecutive patients with DT or
ET with disabling drug-resistant tremor who underwent
MRgFUS thalamotomy at our Institute from January 2019 to
December 2021.

ET and DT were diagnosed accordingly to the Consensus
Statement on the Classification of Tremors.10 More specifically,
patients with tremor in the same body region affected by dysto-
nia were classified as DT, whereas patients with questionable
dystonic signs were included in the ET group (clinical diagnosis
of ET plus).10 Patients with concomitant tremor and dystonia,
but in different body regions (ie, tremor associated with dystonia)
were excluded from this study.10

Drug resistance was defined as <30% improvement in
the Tremor Research Group Essential Tremor Rating scale
(TETRAS)21,22 after adequate trial of at least two different
medications.23

Extensive inclusion and exclusion criteria for eligibility to sur-
gery are detailed in the Data S1.24

Patients were evaluated at baseline (3 � 1 weeks before sur-
gery) and at 12 months follow-up by means of TETRAS
scale.21,22 TETRAS is divided in two parts, assessing the disabil-
ity in the activities of daily living (ADL section) and evaluating
the clinical severity of tremor (Performance section). Higher
scores indicate more severe impairment. The total score, a sub-
score for the treated body side (sum of subitems 4a, 4b, 4c, 6, 7

[if the treated side was the dominant side], and 8 of the treated
body side) and the subscore for axial tremor (sum of subitems
1, 2, 3, and 9) were computed.

Adverse events (AE) related to thalamotomy were collected at
1, 6, and 12 months.

MRgFUS Thalamotomy
Patients’ preparation, targeting, and execution of MRgFUS
thalamotomy followed standard workup previously
described.1,25 The procedure was performed using a 1.5 Tesla
(T) magnetic resonance imaging (MRI) scanner with the
ExAblate 4000 device (InSightec, Haifa, Israel). Initial stereo-
tactic coordinates were calculated based on previous
literature,1 targeting the Vim for both DT and ET patients.
During the procedure the target for the final sonication was
refined accordingly to the intraoperative tremor improvement.
More specifically, tremor was clinically evaluated at baseline
(before the first sonication) and after sonications with moder-
ate heating (temperature, 50�C–54�C), which produce tran-
sient clinical effects. Intraoperative clinical examination
included writing a simple sentence, drawing spirals and lines,
evaluation of rest, postural, and kinetic tremor.26 During the
procedure, the target was modified in case of adverse effects or
poor tremor control by gradually moving 0.5 to 1 mm in the
following directions: anterior > medial > superior > lateral >
posterior. This pre-defined plan was systematically used for all
patients, with the same approach in both ET and DT patients.
These directions were chosen based on previous reports indi-
cating that adverse effects incidence and type depend on lesion
location (ie, sensory and motor AE are associated with lesions
extending, respectively, too posteriorly or laterally, whereas
gait difficulties, dysmetria and speech, effect may occur when
lesion are located infero-laterally to the thalamus; speech
effects may also occur when lesion are located medially to the
Vim).27

Lesion Volume and Coordinates
The thalamic lesion of each patient was delineated in the axial
plane with MRIcro software (https://people.cas.sc.edu/rorden/
mricro/mricro.html), using post-contrast volumetric T1-weighted
sequences (isotropic voxel size, 0.9 mm) acquired 1 day after treat-
ment. The lesion outline was delineated considering the cytotoxic
edema as the margin, visible as an irregular perilesional
hyperintensity.28

Patient-specific coordinates of the lesion center were calcu-
lated on T1-weighed 3D-MRI scans performed at 1 month
follow-up on 3 T MRI scanner (Achieva TX, Philips Healthcare
BV, Best, The Netherlands). The lesion center was manually
detected and the stereotactic coordinates (X, Y, and Z) were
computed. X represents the distance between the lesion center
and midline; this value has been acquired as a positive number,
independently from the hemisphere of the lesion. Y indicates the
distance from posterior commissure (PC) in anteroposterior
axis. This coordinate was expressed as absolute length and as
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percentage of the (anterior commissure-posterior commissure)
ACPC distance. Z indicates the distance from an axial plane pass-
ing through ACPC; positive values indicate that the lesion center
was above that plane.

Ethics
All patients gave their written informed consent to participate in
this study. The study was conducted in accordance with the

TABLE 1 Demographic information, clinical variables, lesion volume, lesion coordinates, and AE in patients with DT and ET

DT (n = 10) ET (n = 35) p-value
(DT vs. ET)Baseline 12 months Baseline 12 months

Demographic information and clinical variables

Women, No. (%) 3 (30) – 7 (20) – 0.668

Right handed, No. (%) 9 (90) – 35 (100) – 0.222

Treated side left, No. (%) 9 (90) – 32 (91.4) – 0.999

Disease duration, years 35 [23, 41] – 26 [17, 55] – 0.801

Age at surgery, years 56 [44, 66] – 73.0 [67, 76] – <0.001

SDR 0.50 [0.47, 0.52] – 0.54 [0.48, 0.59] – 0.922

ADLa 27 [24, 29] 10 [6, 14]*** 29 [26, 31] 11 [8, 19]*** 0.089d

Performance (tot)a 22 [21, 27] 17 [13, 21]** 27 [22,33] 20 [16, 23]*** 0.142d

Performance (treated side)a,b 13 [12, 14] 5 [4, 7]*** 15 [12, 17] 7 [5, 9]*** 0.071d

Performance (axial score)c 1.5 [0, 4.5] 0 [0, 1] 2 [0, 3] 1 [0, 2]* 0.999d

Lesion volume and coordinates

Lesion volume (mm3) 204 [172, 243] 170 [101, 231] 0.181

ACPC, mm 26.8 [26.0, 27.0] 27.0 [25.8, 28.3] 0.410

X (latero-lateral), mme 13.3 [12.6, 14.0] 13.5 [13.0, 14.5] 0.189

Y (anteroposterior), mmf 9.0 [8.0, 9.5] 8.0 [7.0, 9.0] 0.025

Y (anteroposterior), % of ACPCf 33 [31, 35] 29 [27, 31] 0.007

Z (superoinferior), mmg 1.3 [1.0, 1.7] 1.5 [0.5, 2.5] 0.752

Adverse Events

Patients with 1 or more AE, No. (%)

1 month 1 (10) 12 (34.3) 0.238

6 months – 8 (22.9) 0.168

12 months – 5 (14.3) 0.571

Total no. of AE 2 21

Imbalance Transienth 1 6

Persistenti – –

Dysarthria Transient 1 4

Persistent – 1

Limb ataxia Transient – 2

Persistent – –

Oral paresthesias Transient – –

Persistent – 2

Hand paresthesias Transient – 2

Persistent – 1

(Continues)
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Declaration of Helsinki and approved by the local ethics com-
mittee (CE no. 59/2020).

Statistical Analysis
Comparison of baseline characteristics between ET and DT and
differences in the incidence of AEs were computed with the

Mann–Whitney U-test or Fischer’s exact test as appropriate.
Longitudinal modifications of clinical scales were evaluated with
repeated measures analysis of variance, with time and diagnosis as
factors. A stepwise binary logistic regression model based on
Akaike information criterion was used to verify the relationship
between the lesion coordinates and AEs. Statistical significance
was set at P < 0.05. Statistics were computed with R.29–33

TABLE 1 Continued

Inferior limb weakness Transient – 2

Persistent – –

Ataxia-hemiparesis Transient – –

Persistent – 1

Note: data are expressed as median [IQR] unless otherwise specified. Significant P-values are highlighted in bold, trends towards significance in italics.
Abbreviations: AE, adverse events; DT, dystonic tremor; ET, essential tremor; SDR, skull density ratio; ADL, activities of daily living; ACPC, anterior commissure-
posterior commissure; IQR, interquartile range; TETRAS, Tremor Research Group Essential Tremor Rating scale; rmANOVA, repeated measures analysis of variance.
*P < 0.05 compared to baseline values.
**P < 0.01 compared to baseline values.
***P < 0.001 compared to baseline values.
aEvaluated with the TETRAS scale.23
bSum of subitems of the Performance section 4a, 4b, 4c, 6, and 7 (if the treated side was the dominant side) and 8 relative only to the treated side.
cSum of subitems of the Performance section 1, 2, 3, and 9.
dP-value for the between-group difference (DT vs. ET) in the rmANOVA.
eDistance of the center of the lesion from midline.
fDistance of the center of the lesion from the posterior commissure in anteroposterior axis.
gDistance of the center of the lesion from the axial plane passing through ACPC line.
hAE that resolved between 1 and 12 months after thalamotomy.
iAE that were persistent 12 months after thalamotomy.

FIG. 1. Graphical representation of the center of thalamic lesions in dystonic tremor (DT) and essential tremor (ET) patients. The position
of the lesion is reported in two dimensions, with the coordinates X (latero-lateral coordinate, ie, distance of the center of the lesion from
midline) and Y (anteroposterior coordinate, expressed as a percentage of the length of anterior commissure-posterior commissure
[ACPC] from the posterior commissure). Filled symbols represent patients with one or more adverse events. Dotted and dashed lines
represent the mean antero-posterior position of the thalamic lesion in DT and ET, respectively. The mean anteroposterior position of the
thalamic lesion is more anterior in DT compared to ET. Partially created with BioRender.com.
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Results
A total of 58 patients (11 DT and 47 ET) underwent MRgFUS
thalamotomy during the 3 years study period. One patient with
DT and 12 patients with ET were excluded from analysis for
various reasons (see Data S1). Data from 10 patients with DT
and 35 with ET were analyzed.

Demographic, clinical features, lesion volume, and coordinates
of the two groups are reported in the Table 1. No significant dif-
ferences were found at baseline on TETRAS ADL or Perfor-
mance section scores. We found no differences in sonication
parameters between the two groups (Data S1). ADL, Perfor-
mance total scores, and Performance treated side score signifi-
cantly improved similarly in both groups. Axial score improved
significantly in ET patients and trended toward improvement in
DT (P = 0.033 and P = 0.075, respectively).

The analysis of the lesion coordinates revealed that in DT
patients the thalamotomy was significantly more anterior than in
ET patients (see Table 1).

In the DT group, only one patient had mild AE related to
thalamotomy (imbalance and dysarthria without any substantial
impairment in walking or speaking), which completely resolved
2 months after surgery. AEs were more common among ET,
and at 12 months five patients (14.3%) had persistent mild
AE. However, the frequency of AEs did not differ between the
two groups (P = 0.238) (Table 1).

One ET patient reported a major AE (ataxic hemiparesis per-
sistent at 12 months follow-up).

Considering the whole study population, a multivariable
logistic regression analysis with the dichotomic variable pres-
ence/absence of at least one AE as dependent variable and the
lesion coordinates (X, Y, and Z), lesion volume, and age at
surgery as independent variables revealed the association
between a more anterior lesion and a reduced odds ratio
(OR) for AE (OR = 0.751, 95% confidence interval [CI] =
[0.589–0.957], P = 0.021). The lesion volume trended toward
greater incidence of AE (OR = 1.010, 95% CI = [1.000–
1.020], P = 0.057).

X and Y coordinates of the lesion in patients with or without
AEs are shown in the Figure 1. The majority of patients with
AEs have a more posterior (and slightly more lateral) lesion.

Discussion
Vim nucleus is the established surgical target for drug-resistant
ET.12 Conversely, the surgical target for DT is still a matter of
debate.11 Although both lesional techniques and deep brain stim-
ulation (DBS) in the motor thalamus have been adopted for DT,
published literature is limited to small case series or case reports.17

The motor thalamus includes the ventral anterior (which receives
fibers from internal pallidum and substantia nigra pars reticulata
and encompasses the ventralis oralis anterior [Voa] and posterior
[Vop] nuclei)34 and the ventral lateral nucleus (that receives cere-
bellar afferences and corresponds to the Vim).16,34

Currently, MRgFUS thalamotomy may rely solely on indirect
targeting,1,25 because 1.5 T and 3 T MRI cannot precisely iden-
tify intrathalamic nuclei. MRgFUS thalamotomy allows target
refinement before permanent lesioning using moderate heating
(50�C–54�C).1 Intraoperative assessment for tremor reduction
and side effects guides the escalation of acoustic energy to
achieve tissue ablation.1,35 In our study, both the processes of ini-
tial targeting and the target adjustments to improve safety and
efficacy during sublesional sonications were identical between
DT and ET. However, the careful process of intraoperative
patient assessment determined, in DT patients, a refinement of
the target more anterior than initial surgical planning, with the
placement of the thalamic lesion significantly more anterior in
DT compared with ET, confirmed by the lesion coordinates
1 month after surgery (Table 1).

A similar finding has been reported in a recent connectivity
study, where the optimal stimulation region for tremor control
was more anterior in DT than in ET.11 This may be because of
the involvement of the pallidothalamic tract, which primarily
projects to the Vop and plays a fundamental role in the patho-
physiology of DT.11

ADL, Performance total score and Performance treated-side
score significantly improved in both DT and ET groups. In ET
patients, we also observed a significant improvement in axial-
score, confirming previous findings in a larger cohort of ET
patients.36 The improvement in axial-score clearly trended
toward significance in DT patients; studies in larger cohorts are
needed to confirm our preliminary findings. Such an effect
would be in line with the efficacy of bilateral DBS of ventrolat-
eral thalamus on dystonic head tremor.37 The relatively small
sample size and the unilateral thalamic lesion in the present study
may partly justify this discrepancy.

The AEs profile in our ET patients is comparable with previ-
ous reports.1,38 A retrospective study found that the AEs related
to stimulation (with dysarthria and gait imbalance being the most
common) were not different between ET and DT after Vim
DBS.39 Our study overall confirms this finding. However, it
should be noted that, despite the lack of statistically significant
differences in AEs frequency between ET and DT, only one
patient with DT had mild AEs, which completely resolved a few
weeks after surgery.

Fasano et al18 reported one DT patient who developed pares-
thesia after MRgFUS thalamotomy, which persisted at 6 months.
We did not register sensory deficits among DT patients and this
may be because of the more anterior lesion location respective to
classical Vim coordinates,1 with sparing of thalamic sensory
nuclei. Sensory complaints are, in fact, a common AE after
MRgFUS Vim thalamotomy in ET.1,23,35,40 Here, the volume
of the lesion trended toward greater incidence of AE despite not
reaching statistical significance, supporting previous evidence
suggesting that larger lesions increase the risk of AEs.41

Vim targeting in MRgFUS differs in current literature, partic-
ularly for the anteroposterior coordinate. In fact, although some
used the same targeting on every patient (eg, 7 mm anteriorly to
PC),35 others used a patient-specific approach (that is the one
adopted by our group).1
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Based on our results, we suggest that a more anteromedial ini-
tial targeting (one third of the ACPC length and 13–13.5 mm
lateral to midline) could be considered for DT patients.

There are limitations to acknowledge. First, the limited sam-
ple size of the DT group; accordingly, this should be considered
a pilot study, whose results need to be replicated in larger
cohorts. Second, we provided data on the location of the center
of the lesion in terms of stereotactic coordinates. We are cur-
rently analyzing the relationship between outcome, lesion vol-
ume, and the involvement of the dentato-rubro-thalamic tract.
Third, the TETRAS scale was used in both groups to ensure
uniformity in representing tremor severity. We acknowledge that
this scale has been specifically validated only in ET and may not
represent the best clinical tool for assessing DT. Last, our study
was not designed to specifically identify which target to prefer in
DT patients due to the lack of a control group of patients with
DT in whom the actual lesion was made at classical Vim coordi-
nates. Moreover, we did not systematically explore all the direc-
tions around the initial target, because we used the same pre-
defined scheme to modify the target during sublesional sonica-
tions for all patients.

Furthermore, it is worth emphasizing that this is the first study
suggesting that the initial coordinates to be considered in the sur-
gical planning for MRgFUS thalamotomy in DT may be more
anterior than standard Vim coordinates commonly used in
ET. We provided preliminary evidence that a differential
targeting is probably associated with good clinical outcomes in
terms of both efficacy and safety. The present data emphasize the
importance of a correct differential diagnosis between ET and
DT and its implications within the framework of “precision
medicine” in the setting of MRgFUS treatment.
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