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ABSTRACT: Background: Magnetic
resonance—-guided focused ultrasound (MRgFUS)
thalamotomy is a safe and effective procedure for
drug-resistant tremor in Parkinson’s disease (PD).
Objective: The aim of this study was to demonstrate
that MRgFUS ventralis intermedius thalamotomy in
early-stage tremor-dominant PD may prevent an
increase in dopaminergic medication 6 months after
treatment compared with matched PD control sub-
jects on standard medical therapy.

Methods: We prospectively enrolled patients with
early-stage PD who underwent MRgFUS ventralis
intermedius thalamotomy (PD-FUS) and patients
treated with oral dopaminergic therapy (PD-ODT) with
a 1:2 ratio. We collected demographic and clinical
data at baseline and 6 and 12 months after
thalamotomy.

Results: We included 10 patients in the PD-FUS
group and 20 patients in the PD-ODT group. We
found a significant increase in total levodopa equiva-
lent daily dose and levodopa plus monoamine oxidase
B inhibitors dose in the PD-ODT group 6 months after
thalamotomy.

Conclusions: In early-stage tremor-dominant PD,
MRgFUS thalamotomy may be useful to reduce
tremor and avoid the need to increase dopaminergic
medications. © 2022 The Authors. Movement Disor-
ders published by Wiley Periodicals LLC on behalf of
International Parkinson and Movement Disorder
Society

Key Words: Parkinson’s disease; tremor; thalamotomy;
VIM; MRgFUS

N /

The thalamic nucleus ventralis intermedius (VIM) is a
widely used target for the surgical treatment of
medication-resistant tremor in patients with essential
tremor (ET) and Parkinson’s disease (PD).'** Recently,
the ablative procedure gained renewed interest because
of the introduction in clinical practice of magnetic
resonance-guided focused ultrasound (MRgFUS),
which allows to ablate deep brain structures through
thermal coagulation without opening the skull.?

To date, MRgFUS VIM thalamotomy has been mostly
focused on ET and proved to be safe and effective.* Stud-
ies on the effects of MRgFUS VIM thalamotomy in PD
are, on the contrary, still scarce.’> To our knowledge, only
one randomized clinical trial has been published, showing
improvement of tremor lasting for 1 year.® Overall, the
outcome of MRgFUS thalamotomy has been described in
less than 100 patients with tremor-dominant PD.”*

Pharmacological treatment of tremor in PD may be
challenging because this symptom may be levodopa
resistant’® or show a “pseudoresistance” requiring
higher dosages of dopaminergic medications than other
cardinal symptoms.'® However, increasing dopaminer-
gic medications may lead to adverse effects (AEs), such
as increasing the risk for impulse control disorder
(ICD)'” or motor fluctuations and dyskinesias.'®'® To
our knowledge, no study specifically investigated
whether MRgFUS VIM thalamotomy may allow a
sustained reduction of dopaminergic therapy dosage
and thus be considered a modern “dopaminergic
therapy-sparing strategy” in tremor-dominant PD.

We hypothesized that MRgFUS thalamotomy may be
performed at the earliest stages of tremor-dominant PD
aiming to “spare” dopaminergic medications and thus
reduce the risk associated with the progressive increase
of oral medical therapy over time.

In this study, the primary objective was to demon-
strate that MRgFUS VIM thalamotomy performed in
patients with early-stage tremor-dominant PD is associ-
ated with a significantly lower dopaminergic therapy
daily dosage after 6 months compared with a matched
PD control population on standard medical therapy.

Subjects and Methods

We included patients diagnosed with early-stage idio-
pathic PD?>*! and tremor-dominant clinical pheno-
type*> who underwent MRgFUS VIM thalamotomy
(PD-FUS) between February 1, 2019, and March
31, 2021, and with at least one follow-up visit
>6 months after the procedure. Early-stage PD was
defined as follows: total duration of dopaminergic ther-
apy between 6 months and 4 years and no history of
motor fluctuations or dyskinesias.”> MRgFUS eligibility
criteria, which comprises the presence of medication-
refractory tremor, are detailed in Supporting Informa-
tion Material 1.

Data from PD-FUS were compared with those of a
control group of patients with tremor-dominant PD
treated with oral dopaminergic therapy (PD-ODT),
matched by sex, age, and disease duration in a 1:2
ratio. In the PD-ODT group, we included patients who
met inclusion criteria but did not undergo MRgFUS.

All patients were visited by neurologists expert in
movement disorders, who assessed motor performance
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(Movement Disorders Society Unified Parkinson’s Dis-
ease Rating Scale-motor Part III [MDS-UPDRS-III]) and
Hoehn and Yahr stage in the morning 90 minutes after
levodopa intake (o7 medication).?**°

We collected demographical and clinical data at base-
line, 6 months, and 12 months after surgery.

Dopaminergic drug therapy was calculated as levo-
dopa equivalent daily dose (LEDD).?**® Total LEDD
and LEDD associated separately with levodopa and
monoamine oxidase B inhibitors (MAOB-I) or dopa-
mine agonists (DAs) were computed.

Change between baseline and follow-up visits of
MDS-UPDRS-Il and LEDD were computed and
expressed as percentage of change from baseline.

AEs were extensively collected for both groups; for
PD-FUS, we also collected AEs associated with
thalamotomy and with MRI environment or ultraso-
nography procedure.®

MRgFUS VIM thalamotomy screening and procedure
were approved by the local Ethics Committee
(CE n.59/2020). All patients gave their written
informed consent to the use of their anonymized clinical
data for research purposes.
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Details about the statistical analyses are reported in
Supporting Information Material 1.

Results

A total of 145 patients with tremor-dominant PD
were initially evaluated and referred to a dedicated out-
patient clinic for the evaluation for MRgFUS
thalamotomy. Eighty-nine patients were accepted to
undergo the full screening evaluations for MRgFUS
VIM thalamotomy, of whom 37 underwent the proce-
dure. Of these 37, we included 10 patients with early-
stage PD who fulfilled our a priori defined criteria.!
Among the 108 patients who were treated only with
optimized drug therapy, 20 matched PD-ODT were
selected and included in the analysis. Details about the
causes of exclusion are reported in Fig. S1.

Baseline demographic and clinical features were simi-
lar between PD-FUS and PD-ODT (Table 1).

At 6-month follow-up, we observed a significant dif-
ference in total LEDD between the two groups, because
of increased LEDD in the PD-ODT group versus stable
dosage in PD-FUS (Table 1, Fig. 1A).

B *
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L
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S 00
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S 400
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(=]
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=
= 200
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0
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g 20
10
0
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FIG. 1. Change in dopaminergic medications and motor outcome between baseline and 6-month follow-up in patients with Parkinson’s disease
(PD) treated with magnetic resonance—guided focused ultrasound (PD-FUS; n = 10) and patients with PD treated with oral dopaminergic therapy (PD-
ODT, n = 20). Dopaminergic medications are reported as levodopa equivalent daily dose (LEDD) and divided as total LEDD (A), LEDD of levodopa plus
monoamine oxidase inhibitors (MAO-Is) (B) and LEDD of dopamine agonists (LEDD DAs) (C). The motor outcome (D) is expressed with the Movement
Disorders Society Unified Parkinson’s Disease Rating Scale-motor Part Il (MDS-UPDRS-IIl; ranging from 0 to 132, with greater scores indicating
greater severity). Paired Student t test or Wilcoxon test was applied depending on normality of the data. *P < 0.05; **P < 0.01.
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We found a significant increase in total LEDD and
LEDD of levodopa plus MAOB-I in the PD-ODT group
(P = 0.001 and P = 0.014) and a mild reduction in
LEDD of DA in the PD-FUS group (P = 0.042)
(Fig. 1A-C).

In both groups, we observed a reduction in
MDS-UPDRS-III motor score at the 6-month follow-up
(Fig. 1, Table 1). However, the change was significantly
higher in PD-FUS than PD-ODT, which was due to
improvement in tremor in the former group (Table 1).
Notably, the reduction in MDS-UPDRS-III between
baseline and 6-month follow-up was statistically signifi-
cant only for the PD-FUS group (P = 0.002), while in
the PD-ODT group there was only a trend to a statisti-
cally significant difference (P = 0.081) (Fig. 1D).

At 12-month follow-up, we found similar results
despite the much-limited sample size (PD-FUS, n = 4;
PD-ODT, n = 8). Details are reported in Table S1 and
Fig. S2. Indeed, total LEDD change was still signifi-
cantly different between the two groups (P = 0.01),
with a significant increase in total LEDD and LEDD of
levodopa plus MAOB-I in the PD-ODT group after
12 months compared with baseline (P = 0.005 and
P = 0.042, respectively) (Fig. S2A,B).

Safety

AEs are detailed in Table S2. No serious AEs (ie,
associated with new or prolonged hospitalization,
permanent disability, or death) were found in either
PD-FUS or PD-ODT; overall, no statistically significant
differences were found in the AEs profile between

PD-FUS and PD-ODT.

Discussion

MRgFUS thalamotomy is a safe and effective treat-
ment for tremor in patients with PD.® In the present
pilot study, our findings suggest that MRgFUS
thalamotomy performed in patients with early-stage
tremor-dominant PD allows to maintain low daily dos-
age of oral dopaminergic medications along with a
good control of tremor for at least 6 months.

Management of dopaminergic therapy has never been
specifically investigated by studies reporting data on
MRgFUS thalamotomy in PD. In a recent clinical trial,
Bond et al® found a tendency to decrease dopaminergic
medication in patients with PD treated with MRgFUS
thalamotomy compared with an increase in patients who
underwent the sham procedure; however, this trial was
not designed to investigate this phenomenon, and the
authors do not comment on this finding. Recently, Sinai
et al'® suggested that MRgFUS VIM thalamotomy may
delay  initiation of levodopa treatment, and
Yamamoto et al'* found a stabilization or increase

ALLOWS

THERAPY SPARING IN EARLY PD
in dopaminergic therapy after 1-year follow-up. In
other studies, change in LEDD after MRgFUS VIM
thalamotomy was not reported.”'>'>?” A previous study
on stereotactic thalamotomy found a dramatic and long-
lasting reduction in dopaminergic medication®®; more
than half of these patients were, however, on Hoehn and
Yahr stage III or IV, and direct comparison with our
early-stage PD population may be unreliable.

We found a stabilization of LEDD in PD-FUS after
VIM thalamotomy; differences in the study population,
such as higher mean disease duration, motor score, and
LEDD in the study of Bond et al,® may explain the dif-
ferent results. Moreover, in early-stage PD, it has been
already shown that even deep brain stimulation of the
subthalamic nucleus may not allow reduction of dopa-
minergic medications,”>** as opposed to deep brain
stimulation of the subthalamic nucleus in patients with
PD with motor complications.***! It is therefore con-
ceivable that unilateral VIM thalamotomy, which mainly
improves tremor and no other cardinal features, may
not allow dopaminergic therapy reduction in an early
stage of the disease. The slight reduction in LEDD-DA
dose in the PD-FUS group may not be clinically
significant; for example, it has been shown that manage-
ment for ICD required, on average, a reduction of more
than 50% of the dosage of DAs.>* In an available trial
on interventional therapy in patients with early-stage
PD, LEDD was increased during the study period in
patients treated with only dopaminergic medications,*
as we observed in our study. Effective control of tremor
in PD often requires higher doses of dopaminergic medi-
cation than rigidity and bradykinesia. Our data confirm
that patients with early tremor-dominant PD are likely
to be treated with an increasingly high levodopa dose in
an attempt to control their disabling tremor, with poor
benefit. Dopaminergic medication can have behavioral
side effects,’” and a higher cumulative levodopa expo-
sure has been linked to the development of motor fluctu-
ations and dyskinesias.'” We can speculate that
treatments that improve motor symptoms without the
need to increase dopaminergic therapy may delay or
reduce the incidence of these side effects.'”*?

In all studies, the MDS-UPDRS-III score decreased
significantly shortly after the procedure (eg, 1 month®”?)
with an improvement lasting for 3,°' 6,” and 12 or
more months.”'*?” In our study, the reduction in the
total motor score, despite being clinically and statisti-
cally significant, appears to be inferior to that previously
reported; in previous works, a nearly 50% reduction in
the total UPDRS motor score after the procedure was
noted,®”'*?” while we noted a median 34.4% improve-
ment in the MDS-UPDRS-III score. The use of a differ-
ent scale, in which more points are attributed to
different aspects of tremor, and the differences in the
study populations may explain this finding.
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AEs of MRgFUS VIM thalamotomy in our popula-
tion are similar to what was previously reported® and
confirm the overall safety of this procedure.

Our findings suggest that MRgFUS VIM thalamotomy
may result in better tremor control than optimized medical
therapy, with an acceptable safety profile in patients at
early disease stages presenting with unsatisfactory response
to therapeutic dose of pharmacological strategies.

We acknowledge that our pilot study is limited by the
small sample size and a short follow-up; moreover, given
the very limited number of patients who reached
12-month follow-up, the results on the long-term man-
agement of dopaminergic medication after MRgFUS
thalamotomy should be interpreted with caution.
Finally, it would have been interesting to evaluate both
groups in a defined off medication condition. Neverthe-
less, this cohort was at early-stage PD, and none of those
on levodopa had motor fluctuations at baseline probably
because of the long-duration response to levodopa.>*
Therefore, a true off state would have required longer
washout of all dopaminergic drugs than standard
12-hour overnight withdrawal (lasting for several days),
which was not performed for ethical reasons. However,
there are strengths worth mentioning. Our strict selec-
tion and matching criteria, as well as the clinical homo-
geneity of the study population, provided statistically
significant results despite the limited sample size. Further
studies in larger cohorts with longer follow-up are
needed to confirm whether early MRgFUS may be a
cost-effective therapeutic strategy in early-stage tremor-
dominant PD, potentially reducing the risk for AEs cau-
sed by the progressive increase of dopaminergic medica-
tions, such as motor complications and/or ICDs.

Conclusion

In patients with early-stage tremor-dominant PD,
MRgFUS thalamotomy may be useful to reduce tremor
and avoid, in the short term, the need to increase dopa-
minergic medications. These results may help to under-
stand the correct timing to address patients for
MRgFUS thalamotomy, a treatment that, at the time
being, should be reserved to patients with proven
medication-refractory tremor.

Prospective studies with larger cohorts are needed to
confirm these findings and to understand whether this
treatment may reduce the incidence of AEs and long-
term motor complications of dopaminergic therapy.
Longer follow-up may additionally provide helpful
information on the difference in time to dyskinesias
between the two groups. ®
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ABSTRACT: Measures of step variability and
body sway during gait have shown to correlate with
clinical ataxia severity in several cross-sectional stud-
ies. However, to serve as a valid progression bio-
marker, these gait measures have to prove their
sensitivity to robustly capture longitudinal change,
ideally within short time frames (eg, 1 year). We pre-
sent the first multicenter longitudinal gait analysis
study in spinocerebellar ataxias. We performed a
combined cross-sectional (n = 28) and longitudinal
(1-year interval, n = 17) analysis in Spinocerebellar
Ataxia type 3 subjects (including seven preataxic
mutation carriers). Longitudinal analysis showed sig-
nificant change in gait measures between baseline
and 1-year follow-up, with high effect sizes (stride
length variability: P = 0.01, effect size rpn, = 0.66;
lateral sway: P = 0.007, rop, = 0.73). Sample size
estimation for lateral sway indicates a required cohort

size of n = 43 for detecting a 50% reduction of

This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is prop-
erly cited, the use is non-commercial and no modifications or adapta-
tions are made.

*Correspondence to: Dr. Winfried llg, Section Computational
Sensomotorics, Hertie Institute for Clinical Brain Research, Otfried-
Muller-StraBe 25, 72076 Tubingen, Germany; E-mail: winfried.ilg@uni-
tuebingen.de

Received: 14 March 2022; Revised: 15 July 2022; Accepted: 10 August
2022

Published online 31 August 2022 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.29206

Movement Disorders, Vol. 37, No. 11, 2022 2295

85UB017 SUOLULLOD AI81D 3ot dde 8y} Aq peusnob 8.2 s9jolle YO 9SO S9IN1 10} Aleiq1 T 8UIIUO A8]IAN UO (SUOTIPUOD-PUE-SWLBILIOD"AB | 1M Aleq 1 pul|uo//:SdNy) SUONIPUOD pue swie | 841 88S *[£202/20/52] Uo ARiqTauljuo A|im ezueides e ewoy 1a AISeAIuN AQ 00262 SPW/Z00T OT/I0p/LI0d A8 | I Akeiq | pUI|UO'S BP.CS InUBWLSAOW//SdY WOy papeoiumod ‘TT ‘2202 '2S28TEST


https://doi.org/10.1002/mds.27372
https://doi.org/10.1093/brain/awu195
https://doi.org/10.1093/brain/awu195
https://doi.org/10.1002/mdc3.12921
https://doi.org/10.1002/mdc3.12921
https://doi.org/10.1016/j.parkreldis.2011.11.001
https://doi.org/10.1016/j.parkreldis.2011.11.001
https://doi.org/10.1001/jamaneurol.2013.6233
https://doi.org/10.1001/jamaneurol.2013.6233
https://doi.org/10.1016/j.parkreldis.2014.03.019
https://doi.org/10.1016/j.parkreldis.2014.03.019
https://doi.org/10.1002/mds.22340
https://doi.org/10.1002/mds.22340
https://doi.org/10.1212/wnl.17.5.427
https://doi.org/10.1212/wnl.17.5.427
https://doi.org/10.1002/mds.23429
https://doi.org/10.1155/2015/219149
https://doi.org/10.2176/nmc.39.350
https://doi.org/10.1212/wnl.0000000000005903
https://doi.org/10.1212/wnl.0000000000005903
https://doi.org/10.1056/nejmoa060281
https://doi.org/10.1056/nejmoa1205158
https://doi.org/10.1002/mds.21770
https://doi.org/10.1016/s0140-6736(14)60683-8
https://doi.org/10.1016/s0140-6736(14)60683-8
https://doi.org/10.1093/brain/awaa181
https://doi.org/10.1093/brain/awaa181
https://orcid.org/0000-0002-1537-1336
https://orcid.org/0000-0002-9773-2667
https://orcid.org/0000-0003-4412-1616
https://orcid.org/0000-0001-7774-5025
https://orcid.org/0000-0002-2280-7273
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:winfried.ilg@uni-tuebingen.de
mailto:winfried.ilg@uni-tuebingen.de
http://wileyonlinelibrary.com

	 Magnetic Resonance-Guided Focused Ultrasound Thalamotomy May Spare Dopaminergic Therapy in Early-Stage Tremor-Dominant Par...
	Subjects and Methods
	Results
	Safety

	Discussion
	Conclusion
	Acknowledgment
	Data Availability Statement

	References

	 Digital Gait Biomarkers Allow to Capture 1-Year Longitudinal Change in Spinocerebellar Ataxia Type 3

