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Abstract

Introduction. MRI-guided focused ultrasound (MRgFUS) is approved for management of various movement disorders, primarily essential tremor and Parkinson’s
disease (PD), with favorable long-term outcomes in numerous patients worldwide. However, few case studies describe the use of this modality for symptomatic
treatment of dystonias that, as the third most common movement disorder, may be rather disabling.

Objective: To improve outcomes in patients with cervical dystonia (CD) using MRgFUS.

Materials and methods. We retrospectively analyzed 13 cases of various CD types managed with MRgFUS in single or multiple sessions. The mean age of the pa-
tients was 42 [39; 53] years. The Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) was used to assess patients'statuses and severity of CD symptoms
during therapy and the last available observation period. The targets included the pallidothalamic tract and the thalamic ventral oralis complex nucleus or their
combination.

Results. The mean follow-up period was 13.3 £ 3.4 months (July 2021 to April 2023). The mean CD severity sum score (TWSTRS score) was 22 [16; 25] before
MRgFUS and 6 [4; 9] in the last observation. Therefore, we report 70.6% [55.6; 76.5] improvement (paired samples t-test p = 0.0025).

Conclusion. Available data evidence that MRgFUS is efficient and sufficiently safe for symptomatic treatment in pharmacoresistant CD patients. A number of vital
aspects of MRgFUS have to be specified in larger CD cohorts in the long-term follow-up.
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AnnoTtanus

Bsedenue. Doxycuposannviii yavmpaseyk nod konmposem MPT (MP-®Y3) 0dobpen 045 feuenus pasauunbix paccmpoiicme 0sudicenuil, 6 nepeyio 04epeds cceH-
yuanbHoeo mpemopa u Gonesnu Ilapiurcora, npuuém maxue eMeuiamenscmeda, GbINOAHeHHbIe 8 MUpe Ha MHOUX COMHAX NAUUEHMO08, CONPo8oNcoatomes 6aaeo-
HpUAMHbIMU 00420cpoyHbIMY pesyabmamanmu. O0HaKo 6 docmynHoli Aumepamype OnUCAHb! AU eOUHUMHbIE CAYMAL UCHOAb308AHUS OAHHON MeXHoA0UU 045
KOppexyuu CUMRMOMo8 OUCIOHUL, Komopbie Mocym ObiMb 6ecMa UHEAAUOUUPYIOUUMIU U NO PACHPOCMPAHEHHOCMU 3AHUMAIOM Mpentbe Mecmo cpeou 6cex
KAUHUMeCKUX (opM paccmpoiicme 08uMCeHuU.

28 AHHaJIbl KITMHNYECKOW 1 akcrniepumeHTanbHol Hesponorum. 2023. T. 17, N2 4. DOI: https://doi.org/10.54101/ACEN.2023.4.3


https://crossmark.crossref.org/dialog/?doi=10.54101/ACEN.2023.4.3&domain=PDF&date_stamp=2023-12-25

ORIGINAL ARTICLES. Clinical neurology
Focused ultrasound in patients with cervical dystonia

Lleav uccaedosanus — yayuuierue pesyavmamos Ae4eHus nayuermos ¢ uepsuxanvkoi ducmonuei (L) npu nomouu mexwonoeuu MP-@Y3.

Mamepua.vt u memoovt. Pempocnexmugno npoananusuposarvi darkvie 13 nayuenmos ¢ pazauunoimu munamu LT, komopoim npooounoch euentie ¢ ROMOUibIO
MP-®Y3 nosmanto unu oowomomermuo. Cpednuii gospacm nauuernmos cocmasun 42 [39; 53] eoda. Cocmosrue nayuenmos u gvipaxcernocmy cumnmomos LT
OUeHu8any no wiKase cnacmuueckoii kpugouteu 3anadwoeo Toponmo (TWSTRS, ouenxa msxcecmu IIJI) 60 6pems nevenus u 6 nocreonuii docmyntbiii nepuood
Habnodenus. B kavecmee muwierell ucnoab3oean NAAUOOMAAAMUMECKUl MPaKm u 6eHMPoopaAbHOE AP0 MAAAMYCA UAY UX KOMOUHAUUIO.

Pesyasmamut. Cpeonuii nepuod Kaunuueckoeo HabatoOenus 3a nayuenmamu cocmasua 13,3 + 3,4 mec (c urons 2021 2. no anpens 2023 2.). Cpednss cymma 6a1108
no wikase TWSTRS (ouenxa msxcecmu L) cocmasuna 22 [16; 25] do MP-®Y3 u 6 [4; 9] — 6 nocaednuii docmynubiii nepuod wadarwodenus. Taxum obpazom,
docmuerymo yayuuenue na 70,6% [55,6; 76,5] (napuuiti kpumeputi Buakokcona p = 0,0025).

Sakarowenne. Unmerouuecs danrbie nosgonsiom 206opums, umo MP-DY3 sensemcs gpgexmusrbim u docmamouro 6e30nacHsim Memooom Koppexyuy CUMIMOMO8
LI, pesucmenmnoii k gpapmarxonoeuueckum memodam seqernus.. Mroeue saxcrvie acnexmol npumenenus MP-®Y3 y nauuenmos ¢ L1 ewé npedcmoum ymounums
Ha 60Aee 00UUPHBIX K020pMax 00AbHBIX 8 PAMKAX MHO20AeMHe20 KAMAMHeCHUecKk020 Ha0a0eHus.

Karouesvie crosa: hoxycuposantbiii yavmpazgyk noo KOHmMposem MAeHUMHO-Pe30HAHCHOU MOMOZPaADULL; UePBUKANbHAS OUCIOHUS, 8eHMPO-~
0panbHoe A0po Maamyca; NAatAUOOMalamuseckuii mpaKm,; 6eHMpanbHoe NPOMeNCYMOuHoe AP0 MAAAMYCa; NAIAUOOMANamuueckas mpax-
momomust

DTHyecKoe yrBepxaeHne. MccnenoBaHue mpoBoaIuIoCch Tpy 100pOBOIEHOM MH(POPMUPOBAHHOM COINIACUU MallMeHTOB. [IpoToko
uccienoBaHus 0no0peH JokaabHbIM aTyeckum komutetroM @IBHY HIITH (mpotokon Ne 1-8/23 ot 25.01.2023).

Hcrounuk (puHaHCHpOBaHUA. ABTODBI 3asBJISAIOT 00 OTCYTCTBUM BHELIHMX MCTOYHMKOB (DMHAHCUPOBAHMS TPU MPOBEACHUU
HCCIIEOBAHMSI.

KoHMKT uHTEpecoB. ABTOPHI IEKIAPUPYIOT OTCYTCTBUE SBHBIX M MOTEHIUATBHBIX KOH(IMKTOB MHTEPECOB, CBS3aHHBIX C
nyoIuKalMeil HACTOSILEH CTaThu.
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Introduction

Cervical dystonia (CD) is the most prevalent (< 50%)
clinical dystonia type. CD is a focal dystonia, with in-
voluntary tonic contractions or intermittent spasms of
neck muscles and resulting abnormal neck and head
position and/or head tremor [1—5]. The CD preva-
lence is 1.2—5.7 per 1,000,000 person-years [2], while
the CD incidence is 8—12 per 1,000,000 person-years
[3], with the manifestation peak falling at the age of
30—50 years [2—4]. The disorder is twice as common in
female patients [2]. CD etiology varies. There are con-
genital (idiopathic) and acquired dystonias [5—7]. Idio-
pathic CD is shown to be related with DYT2, DYTI3,
DYT23, DYT24, DYTZ25, and other loci mutations [8].
Acquired dystonias develop in patients with the brain-
stem and basal ganglia lesions of various origin, as a re-
sult of long-term use of dopamine receptor antagonists,
etc. [4, 8]. Patients with dystonia manifestations often
demonstrate functional (psychogenic) disease, which
requires special attention and diagnosis experience [9].

CD symptoms typically progress within the first sever-
al years up to plateau [4, 5]. Clinically, CD implies the
abnormal position of the head (torticollis, torticaput,
laterocollis, laterocaput, anterocollis, anterocaput, ret-
rocollis, retrocaput), the neck, and the shoulders with
dystonic head tremor aggravated in voluntary movement,

fatigue, and emotional strain. Many patients use senso-
ry tricks, such as touching the chin or cheek, to reduce
symptoms.. CD is often complicated with depression,
anxiety, and phobias and makes patients highly incapa-
ble, and limits their daily living and social life [3—5, 10].
While several scales are used to assess CD symptom se-
verity, the Toronto Western Spasmodic Torticollis Rating
Scale (TWSTRS) is the fittest and most widely used [11].

Recently, CD management has transformed drama-
tically, from exercise therapy, pharmaceutical treat-
ment, and local muscle surgeries through stereotactic
ablation and deep brain stimulation (DBS) to inno-
vative non-invasive approaches like MRgFUS [6, 7,
12—17]. Oral agents (clonazepam, anticholinergic
agents, myorelaxant agents, etc.) are as a rule ineffec-
tive and have significant side effects in therapeutical-
ly necessary higher doses [4, 16]. Currently, the gold
standard of CD therapy is the use of botulinum toxin
type A to treat abnormal movements and to relieve pain
[6, 7]. Its disadvantages include the need for repetitive
injections every 3—4 months, inadequate effectiveness
that depends on CD signs and symptoms, effectiveness
decrease, and resistance in some patients [16, 18].

CD surgical treatment dates back to 1641 when the
German surgeon named Isaac Minnius sectioned the
sternocleidomastoid muscle [10]. Such local interven-
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tions had been popular before mid-20th century when
the rise of functional stereotactic surgery revolutionized
CD neurosurgical treatment and laid the foundation of
today practice including DBS and MRgFUS. Soviet
and Russian neurosurgeons gained abundant experi-
ence in destructive surgery for dystonia [10, 19—21].

In the 1970s, based on W. Hess's experimental results,
R. Hassler and G. Dieckmann attempted to consider
CD clinical signs and symptoms and to select destruc-
tion targets in order to involve the pallidothalamic tract
(PTT) in H1 Forel's field (in torticollis) and the thala-
mic ventral oralis (Vo) complex nucleus (in laterocollis)
contralaterally to the head turn side [22, 23]. Following
up 112 CD patients post ventro-lateral thalamotomy,
E.I. Kandel concluded that the bilateral intervention
was more efficient, especially in patients with head hy-
perkynesias [19]. Follow-up results correspond to the
current understanding of CD pathogenesis [14, 24, 25].

Prior to DBS large-scale implementation, destructive
surgery was the leading approach in CD symptomatic
treatment with effectiveness of 50—70%. Such interven-
tions were performed mostly unilaterally because bilat-
eral destruction was typically (20—70%) complicated by
dysarthria, dysphagia, ataxia, and symptomatic parkin-
sonism [12, 14, 24].

In the late 20" century, DBS became the leading ap-
proach in CD neurosurgical treatment [15, 26, 27].
Right and left globus pallidus internus stimulation
(GPI-DBS) is the modality commonly used in patients
with CD who did not respond to pharmaceutical and
botulinum toxin therapies. Improvement after bilateral
GPI-DBS may vary from TWSTRS score 27.8% [15] to
TWSTRS score 51.4% [27] or 66.6% [28], depending
on stimulation parameters, patient cohorts, and obser-
vation periods. According to J. Volkman et al., 10% of
the patients did not respond to GPI-DBS despite mul-
tiply varied stimulation parameters [17].

The clinical implementation of MRgFUS to treat
movement disorders revitalized functional brain de-
struction. Recently, we have accumulated extensive evi-
dence of MRgFUS safety and efficiency in patients with
essential tremor and Parkinson’s disease (PD) [29—32].
However, by the moment, we have found only single
reports on MRgFUS to treat dystonia [13, 33, 34]. We
are presenting our own experience of MRgFUS use to
manage patients with CD.

Objective. To improve outcomes in patients with CD
using MRgFUS.

Materials and methods

We retrospectively analyzed 13 cases of various CD
types managed with MRgFUS in single or multiple

sessions. The mean age of the patients was 42 (39; 53)
years (Fig. 1). All of them had no family history of dys-
tonia. The disorder manifested as dystonic hand trem-
or at early age with subsequent cervical involvement
in 2 patients. In other cases, hyperkynesia manifested
as isolated CD and was not combined with any other
movement disorders.

All the CD patients were refractory to botulinum toxin
therapy after several courses. DBS was rejected due to
patients' disregard of head mechanical implants (pa-
tients' refusal) or lack of access to the medical centers
that could adjust stimulation parameters.

TWSTRS was used to assess patients' statuses and sever-
ity of CD symptoms during therapy and the last avail-
able observation period. The Hospital Anxiety and De-
pression Scale (HADS) and the Montgomery—Asberg
Depression Rating Scale (MADRS) were used to assess
anxiety and depression [11].

MRgFUS CD symptomatic treatment was conduct-
ed at V.S. Buzaev Memorial International Medical
Center. We used ExAblate Model 4000 (Insightec
v.7.0.404, Insightec), with 1024 ultrasound genera-
tors, and GE Optima MRI scanner (MR450W, 1.5 T).
The standard procedure of preparation for MRgFUS
was performed in all the patients.

Targets included PTT and/or Vo (see Table). As there
is no unified standard or rationale, targets are selec-
ted based on published experience in specific CD cases.
Reverse ultrasound exposures allow to model effects in
a particular brain area and to select the most efficient
target for the patient. The targets were sonicated at least
twice at temperature over 55°C. The median MRg-
FUS time was 117 (79; 139) min; the median sonica-
tion number was 12 (11; 14.5). The energy range was
20,096—35,731 J in a temperature range 54—62°C.

0.05
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Density
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Fig. 1. Age distribution of operated CD patients.
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Characteristics of included CD patients

TWSTRS score - Target
CD clinical signs MP-0Y3 ~ CDonset o, assessed CD severity
and symptoms MRgFUS age age post . . .
pretreatment eone right hemisphere left hemisphere

Right torticollis, right PTT
torticollis, head tremor 42 4 M 16 9 VO
Left torticollis, left PTT
laterocollis, head tremor 53 33 M 22 6 VO

[ icolli PTT
Right torticollis, head tremor 53 43 F 22 4 VO

i icolli PTT
Right torticollis, head tremor 36 31 F 23 6 VO
Right torticollis, head tremor 39 23 F 4 0 o
Left torticollis, right
laterocollis, orofacial 39 37 M 27 9 VO PTT
dystonia
Left torticollis, left PTT
laterocollis, head tremor 42 18 F 17 4 VO
Right torticollis, left
laterocollis, orofacial 57 26 M 29 15 VO PTT
dystonia
Left torticollis, retrocollis 46 33 F 26 10 PTT VO
Left torticollis, head tremor 30 15 M 9 4 PTT
Right torticollis, head tremor 57 27 F 13 2 PTTVO
Right laterocollis, head
e 32 17 F 17 5 VO PTT
Right laterocollis 47 27 F 25 14 PTT

Note. M, male; F, female.
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Fig. 2. Axial and coronal MR images in 30 days after right PTT MRgFUS
destruction.
The arrow indicates the destruction focus.

The MRgFUS procedure included control brain MRI
scan (T2-weighted; axial, sagittal, and coronal views;
2-mm thick slices). Intraoperative imaging showed no
signs of hemorrhage or non-target heat in any patient.
Follow-up brain MRI scans in 2 h and 24 h, and 30 days
revealed slight marginal edema (1—3 mm) and necrotic
foci at the sites of sonication (Fig. 2).

Results

The mean follow-up period was 13.3 = 3.4 months (July
2021 to April 2023). The mean CD severity assessment
(TWSTRS score) was 22 [16; 25] before MRgFUS and
6 [4; 9] in the last available observation. Therefore, we
found 70.6% [55.6; 76.5] improvement (paired samples
t-test p = 0.0025).

Six patients demonstrated mild side effects including
gait disorders and postural unsteadiness for 3 weeks.
Two patients had significant logorrhea totally reversed
on quetiapine (25 mg/day) within a month. Two fe-
male patients noted memory deterioration in 1 month
post MRgFUS followed by gradual recovery by the end
of the follow-up year 1. Two patients showed altered
handwriting with slight micrography and gradual post-
operative recovery.

One patient with significant head tremor showed re-
current hyperkynesia in 6 months post MRgFUS. This
patient received re-intervention in 9 months post initial
procedure, with no recurrent head tremor during next
4 months.

The patients reported evident positive changes in
their daily living and their social and professional lives
throughout the follow-up period. Three patients got
better-paid job positions; one patient changed night-
time IT position for academic lecturing; one female pa-
tient was proposed to get married; one patient stopped
having the status of disabled person; one patient re-
sumed working as an operating surgeon; two patients
resumed their occupations.

20

e Stagel

Fig. 3. TWSTRS scores pre (I) and immediately post (II) MRgFUS
intervention.

Discussion

Management of CD patients remains a challenge for
neurologists [4, 5, 16, 18]. DBS is the best option that
can significantly relieve CD symptoms [15, 26], but it is
not widely used due to its complexity and low accessi-
bility. MRgFUS can become an alternative, innovative,
and non-invasive method of functional neurosurgery in
this population though the experience of its use for CD
(unlike PD and essential tremor) is especially limited
and, according to the guidelines, MRgFUS is no meth-
od of choice [13, 33, 34].

In 2021, S. Horisawa et al. published an open-label
pilot study and showed that Vo MRgFUS significantly
relieved focal hand dystonia in 10 patients, with mild
dysarthria in 1 patient as the only adverse event in
12 months [13]. R. Jamora et al. demonstrated general
improvement in 3 patients with X-linked dystonia-par-
kinsonism (XDP) post MRgFUS Vo-thalamotomy
[34]. The XDP-MDSP scores improved by 36.2% in 6
months and by 30.1% in 12 months. However, central
pain syndrome manifested in 2 patients in 2—7 months
post treatment.

We have described our own, first experience in Russia
of the MRgFUS use for CD (in 13 patients with fol-
low-up period over 1 year and TWSTRS improvement
by 70.6%). Due to recurrent tremor, one patient re-
ceived re-intervention in 9 months after initial proce-
dure. Complications were relatively mild and resolved
by the end of follow-up year 1. We selected PTT and/
or Vo as targets, basing on published intervention
outcomes in relevant patient categories [13, 14, 33,
34]. So, PTT destruction relieves CD symptoms due
to disruption of cortico-basal and thalamo-cortical
pathways and modulation of thalamic efferent stimuli
while Vo interventions may be useful in patients with
laterocollis [25, 35].

32 AHHaJIbl KITMHNYECKOW 1 akcrniepumeHTanbHol Hesponorum. 2023. T. 17, N2 4. DOI: https://doi.org/10.54101/ACEN.2023.4.3



ORIGINAL ARTICLES. Clinical neurology

Available data allow us to consider MRgFUS as an ef-
ficient method to treat symptoms of pharmacoresistant
CD. A number of vital aspects of MRgFUS have to be
specified in larger CD cohorts in long-term follow-up.
This method may be considered as advanced in manage-
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