
16. Bragg DC, Sharma N, Ozelius LJ. X-linked dystonia-parkinsonism:
recent advances. Curr Opin Neurol 2019;32(4):604–609. https://doi.
org/10.1097/WCO.0000000000000708

17. Kearse MG, Green KM, Krans A, et al. CGG repeat-associated non-
AUG translation utilizes a cap-dependent scanning mechanism of
initiation to produce toxic proteins short article CGG repeat-
associated non-AUG translation utilizes a cap-dependent scanning
mechanism of initiation to produce toxi. Mol Cell 2016;62(2):
314–322. https://doi.org/10.1016/j.molcel.2016.02.034

18. Green KM, Glineburg MR, Kearse MG, et al. RAN translation at
C9orf72-associated repeat expansions is selectively enhanced by the
integrated stress response. Nat Commun 2017;8(1):2005. https://
doi.org/10.1038/s41467-017-02200-0

19. Aneichyk T, Hendriks WT, Yadav R, et al. Dissecting the causal
mechanism of X-linked dystonia-parkinsonism by integrating
genome and transcriptome assembly a Mendelian form of dystonia
arises from altered splicing and intron retention within a general
transcription factor. Dissecting the causal. Cell 2018;172:897–909.
https://doi.org/10.1016/j.cell.2018.02.011

20. Rakovic A, Domingo A, Grütz K, et al. Genome editing in induced plu-
ripotent stem cells rescues TAF1 levels in X-linked dystonia-parkinsonism.
Mov Disord 2018;33(7):1108–1118. https://doi.org/10.1002/mds.27441

21. Hancks DC, Kazazian HH. Roles for retrotransposon insertions in
human disease. Mob DNA 2016;7(1):9. https://doi.org/10.1186/
s13100-016-0065-9

22. Damert A, Raiz J, Horn AV, et al. 50-Transducing SVA ret-
rotransposon groups spread efficiently throughout the human
genome. Genome Res 2009;19(11):1992–2008. https://doi.org/10.
1101/gr.093435.109

23. Course MM, Gudsnuk K, Smukowski SN, et al. Evolution of a
human-specific tandem repeat associated with ALS. Am J Hum Genet
2020;107(3):445–460. https://doi.org/10.1016/j.ajhg.2020.07.004

24. Zhang YJ, Gendron TF, Ebbert MTW, et al. Poly(GR) impairs pro-
tein translation and stress granule dynamics in C9orf72-associated
frontotemporal dementia and amyotrophic lateral sclerosis. Nat Med
2018;24(8):1136–1142. https://doi.org/10.1038/s41591-018-0071-1

25. Moens TG, Niccoli T, Wilson KM, et al. C9orf72 arginine-rich dipep-
tide proteins interact with ribosomal proteins in vivo to induce a toxic
translational arrest that is rescued by eIF1A. Acta Neuropathol 2019;
137(3):487–500. https://doi.org/10.1007/s00401-018-1946-4
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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

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).1,2 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.3

To date, MRgFUS VIM thalamotomy has been mostly
focused on ET and proved to be safe and effective.4,5 Stud-
ies on the effects of MRgFUS VIM thalamotomy in PD
are, on the contrary, still scarce.3 To our knowledge, only
one randomized clinical trial has been published, showing
improvement of tremor lasting for 1 year.6 Overall, the
outcome of MRgFUS thalamotomy has been described in
less than 100 patients with tremor-dominant PD.7-14

Pharmacological treatment of tremor in PD may be
challenging because this symptom may be levodopa
resistant15 or show a “pseudoresistance” requiring
higher dosages of dopaminergic medications than other
cardinal symptoms.16 However, increasing dopaminer-
gic medications may lead to adverse effects (AEs), such
as increasing the risk for impulse control disorder
(ICD)17 or motor fluctuations and dyskinesias.18,19 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 PD20,21 and tremor-dominant clinical pheno-
type22 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.23 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

2290 Movement Disorders, Vol. 37, No. 11, 2022

A N D R E A S I E T A L

 15318257, 2022, 11, D
ow

nloaded from
 https://m

ovem
entdisorders.onlinelibrary.w

iley.com
/doi/10.1002/m

ds.29200 by U
niversity D

i R
om

a L
a Sapienza, W

iley O
nline L

ibrary on [25/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
L
E
1

B
as
eli
ne

de
m
og
ra
ph
ics

an
d
cli
ni
ca
lc
ha
ra
cte
ris
tic
s
an
d
6-
m
on
th
fo
llo
w
-u
p
(P
D
-F
U
S,

n
=

10
;
PD

-O
D
T
,
n
=

20
)

B
as
el
in
e

P
va
lu
ea

(d
if
fe
re
n
ce
s

at
b
as
el
in
e)

6
m
o
n
th
s

C
h
an

ge
fr
o
m

b
as
el
in
e
(%

)b

P
va
lu
ec

P
D
-F

U
S

P
D
-O

D
T

P
D
-F

U
S

P
D
-O

D
T

P
D
-F

U
S

P
D
-O

D
T

D
em

og
ra
ph

ic
ch
ar
ac
te
ri
st
ic
s

Se
x
(M

/F
)

8/
2

16
/4

A
ge

(y
)

62
.3

(6
0.
2;

72
.3
)

62
.8
7
(5
9.
5;

72
.1
)

0.
89
5

D
ise
as
e
du

ra
tio

n
(y
)

3.
8
(2
.4
;4

.5
)

3.
2
(2
.8
;4

0.
1)

0.
93
6

T
im

e
to

su
rg
er
y
(m

o)
2.
5
(1
.7
;4

.2
)

N
A

T
im

e
to

fo
llo
w
-u
p
vi
sit

(m
o)

6.
3
(5
.0
;6

.7
)

7.
4
(5
.5
;8

.6
)

M
ot
or

ou
tc
om

e
(o
n
m
ed
ic
at
io
n)

M
D
S-
U
PD

R
S-
II
I
to
ta
l

sc
or
ed

22
.5

(1
7.
0;

28
.0
)

27
.8

(2
0.
3;

32
.9
)

0.
10
2

15
.5

(1
0.
0;

20
.0
)

23
.9

(1
8.
5;

29
.9
)

�3
4.
4
(�

50
.0
;�

12
.0
)
�1

8.
0
(�

22
.9
;2

.0
)

0.
00
3

T
re
m
or

d
8.
0
(7
.0
;9

.8
)

8.
0
(6
.0
;1

1.
3)

0.
69
1

3.
0
(1
.5
;4

.8
)

7.
0
(5
.0
;1

0.
3)

63
.3

(5
5.
2;

82
.5
)

3.
8
(�

2.
7;

25
.0
)

<
0.
00
1

R
ig
id
ity

d
2.
0
(2
.0
;3

.0
)

4.
0
(3
.0
;6

.3
)

0.
01
2

0.
5
(0
.0
;2

.0
)

2.
5
(1
.0
;5

.0
)

90
.0

(1
7.
9;

10
0.
0)

25
.0

(0
.0
;6

6.
7)

0.
19
6

B
ra
dy
ki
ne
sia

d
6.
5
(4
.5
;8

.7
5)

8.
0
(7
.0
;1

2.
0)

0.
06
9

6.
0
(3
.0
;6

.8
)

8.
0
(5
.8
;1

1.
0)

0.
0
(0
.0
;2

2.
3)

15
.9

(0
.0
;2

8.
6)

0.
53
4

H
&
Y
26

2
(1
;2

)
2
(1
;2

)
1

2
(1
;2

)
2
(2
;2

)
0
(0
;0

)
0
(0
;0

)
0.
23
5

D
op

am
in
er
gi
c
m
ed
ic
at
io
ns

D
ur
at
io
n
(y
)

1.
9
(1
.3
;2

.6
)

2.
5
(2
.2
;3

.4
)

0.
14
8

T
ot
al
LE

D
D

(m
g/
d)

e
47
2.
5
(3
00
.0
;6

50
.0
)
40
0.
0
(2
85
.0
;5

25
.0
)

0.
89
7

49
7.
5
(3
00
.0
;6

00
.0
)
52
7.
5
(4
06
.3
;6

32
.5
)
0.
0
(�

20
.6
;1

6.
0)

24
.7

(9
.0
;6

5.
2)

0.
01
7

Le
vo
do

pa
+

M
A
O
B
-I
s

do
se

(m
g/
d)

e,
f

35
0.
0
(1
00
.0
;5

00
.0
)
27
5.
0
(1
00
.0
;5

00
.0
)

0.
75
6

32
5.
0
(2
00
.0
;4

62
.5
)
37
5.
0
(2
50
.0
;5

75
.0
)
0.
0
(�

12
.5
;3

3.
3)

17
.5

(0
.0
;5

0.
0)

0.
40
0

Pa
tie
nt
s
on

le
vo
do

pa
an
d/
or

M
A
O
B
-I
s,
n

(%
)

7
(7
0%

)
18

(9
0%

)
0.
30
0

8
(8
0%

)
19

(9
5%

)

D
A
do

se
(m

g/
d)

e
16
5.
0
(1
50
.0
;3

60
.0
)
12
0.
0
(7
5.
0;

30
0.
0)

0.
06
9

15
0.
0
(1
20
.0
;3

00
.0
)
12
0.
0
(8
0.
0;

24
0.
0)

�1
0.
00

(�
33
.3
;0

.0
)

0.
0
(0
.0
;0

.0
)

0.
05
1

Pa
tie
nt
s
on

D
A
,n

(%
)

10
(1
00
%
)

14
(7
0%

)
0.
07
4

10
(1
00
%
)

17
(8
5%

)

D
at
a
ar
e
ex
pr
es
se
d
as
m
ed
ia
n
(in

te
rq
ua
rt
ile

ra
ng
e)

un
le
ss
ot
he
rw

ise
sp
ec
ifi
ed
.

a D
iff
er
en
ce
s
at
ba
se
lin

e
w
er
e
an
al
yz
ed

w
ith

un
pa
ir
ed

tt
es
t
or

M
an
n–

W
hi
tn
ey

U
te
st
ac
co
rd
in
g
to

no
rm

al
ity

of
th
e
da
ta
.

b P
os
iti
ve

pe
rc
en
t
va
lu
es

re
pr
es
en
t
an

in
cr
ea
se

in
sc
or
e
or

do
sa
ge

fr
om

ba
se
lin

e.
c A
na
ly
sis

of
th
e
di
ffe
re
nc
es

in
th
e
ch
an
ge

fr
om

ba
se
lin

e
va
ri
ab
le
be
tw

ee
n
PD

-F
U
S
an
d
PD

-O
D
T
;d

at
a
w
er
e
an
al
yz
ed

w
ith

an
al
ys
is
of

va
ri
an
ce

co
rr
ec
te
d
fo
r
ba
se
lin

e
va
lu
e
or

M
an
n–

W
hi
tn
ey

U
te
st
ac
co
rd
in
g
to

no
rm

al
ity

of
th
e
da
ta
.S

ig
-

ni
fi
ca
nt

da
ta
(p

<
0.
05
)
ar
e
sh
ow

n
in

bo
ld
.

d M
ot
or

ou
tc
om

e
ex
pr
es
se
d
as
to
ta
lM

D
S-
U
PD

R
S-
II
I
tr
em

or
sc
or
e
(s
um

of
ite
m
s
3.
15
,3

.1
6,

3.
17
,a
nd

3.
18
),
ri
gi
di
ty

sc
or
e
(it
em

3.
3)
,a
nd

br
ad
yk
in
es
ia
sc
or
e
(s
um

of
ite
m
s
3.
4–
3.
8)
.2
5

e L
E
D
D

w
as
ca
lc
ul
at
ed

ac
co
rd
in
g
to

Sc
ha
de

et
al
20

an
d
C
ha
rle
s
et

al
.2
1

f In
cl
ud

in
g
bo

th
le
vo
do

pa
an
d
m
on

oa
m
in
e
ox

id
as
e
B
in
hi
bi
to
rs
.

PD
-F
U
S,

pa
tie
nt
s
w
ith

Pa
rk
in
so
n’
s
di
se
as
e
tr
ea
te
d
w
ith

m
ag
ne
tic

re
so
na
nc
e–
gu
id
ed

fo
cu
se
d
ul
tr
as
ou

nd
;
PD

-O
D
T
,p

at
ie
nt
s
w
ith

Pa
rk
in
so
n’
s
di
se
as
e
tr
ea
te
d
w
ith

or
al
do

pa
m
in
er
gi
c
th
er
ap
y;

M
,m

al
e;
F,

fe
m
al
e;
M
D
S-
U
P
D
R
S-
II
I,
M
ov
e-

m
en
t
D
iso

rd
er
’s
So

ci
et
y
U
ni
fi
ed

Pa
rk
in
so
n’
s
D
ise
as
e
R
at
in
g
Sc
al
e–
m
ot
or

Pa
rt
II
I;
H
&
Y
,H

oe
hn

an
d
Y
ah
r
st
ag
e;
LE

D
D
,l
ev
od

op
a
eq
ui
va
le
nt

da
ily

do
se
;M

A
O
-I
,m

on
oa
m
in
e
ox

id
as
e
in
hi
bi
to
r;
D
A
,d

op
am

in
e
ag
on

ist
.

Movement Disorders, Vol. 37, No. 11, 2022 2291

V I M M R g F U S A L L O W S T H E R A P Y S P A R I N G I N E A R L Y P D

 15318257, 2022, 11, D
ow

nloaded from
 https://m

ovem
entdisorders.onlinelibrary.w

iley.com
/doi/10.1002/m

ds.29200 by U
niversity D

i R
om

a L
a Sapienza, W

iley O
nline L

ibrary on [25/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



(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 (on medication).24,25

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).20,26 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-III 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.6

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.

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.21

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).

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 III (MDS-UPDRS-III; 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.6 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 al6 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 al13 suggested that MRgFUS VIM thalamotomy may
delay initiation of levodopa treatment, and
Yamamoto et al14 found a stabilization or increase

in dopaminergic therapy after 1-year follow-up. In
other studies, change in LEDD after MRgFUS VIM
thalamotomy was not reported.9,10,12,27 A previous study
on stereotactic thalamotomy found a dramatic and long-
lasting reduction in dopaminergic medication28; 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,6 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,23,29 as opposed to deep brain
stimulation of the subthalamic nucleus in patients with
PD with motor complications.30,31 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.32 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,29

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,17 and a higher cumulative levodopa expo-
sure has been linked to the development of motor fluctu-
ations and dyskinesias.19 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.17,33

In all studies, the MDS-UPDRS-III score decreased
significantly shortly after the procedure (eg, 1 month6,9)
with an improvement lasting for 3,6,10 6,9 and 12 or
more months.9,13,27 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,6,9,10,27 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 reported6 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.34

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 rprb = 0.66;
lateral sway: P = 0.007, rprb = 0.73). Sample size
estimation for lateral sway indicates a required cohort
size of n = 43 for detecting a 50% reduction of
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