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ABSTRACT

Magnetic resonance-guided focused ultrasound (MRgFUS) is an emerging and promising technology for treating movement dis-
orders, such as essential tremors and tremor-dominant Parkinson’s disease. MRgFUS utilizes advanced ultrasound transducer emit-
ters to condense sound waves at a precisely defined point. This technology can target various brain areas, such as the pallidothalam-
ic tract, thalamus, and pallidum, to ameliorate some of the symptoms of Parkinson’s disease and other movement disorders, such as
dystonic and action-induced tremors. We review the current status of preclinical and clinical trials on the clinical use, treatment
outcomes, and indications of MRgFUS.

Keywords Magnetic resonance-guided focused ultrasound; Essential tremor; Tremor dominant Parkinsons disease; Blood-

brain-barrier; High-intensity focused ultrasound ablation.

INTRODUCTION

Since its inception in the 1940, stereotactic surgery has sig-
nificantly altered the landscape of medical procedures. Before
the advent of stereotactic technology, surgical interventions for
the brain were often imprecise and relied on a general under-
standing of the anatomy of the brain. This lack of precision
means that the risk of damage to healthy tissue is high, leading
to uncertain outcomes. One of the key developments in this
field was the introduction of the stereotactic frame by Spiegel et
al.' This innovative device allows surgeons to map the brain in
three-dimensional space, providing them with a reliable refer-

ence for targeting specific deep-seated structures in several neu-
rological condition structures, paving the way for advancements
in neurosurgery. Practical applications of stereotactic surgery be-
gan to emerge in the 1960s and 1970s, particularly in the treat-
ment of Parkinson’s disease (PD) and other movement disorders.
Following the discovery and widespread use of levodopa (from
the mid-1970s to the 1990s, which revolutionized the therapeu-
tic outcome of this challenging disease), the need for stereotac-
tic surgery almost disappeared.”* Long-term medical treatment-
resistant sequelae, including fluctuations and dyskinesia, have
resulted in the reintroduction of stereotactic surgeries and other
surgical methods, such as deep brain stimulation (DBS).*¢ De-
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spite the inherent risks associated with DBS, it offers the advan-
tage of minimizing damage to normal brain tissue.”

The initial application of magnetic resonance-guided focused
ultrasound (MRgFUS) marked a significant advancement in le-
sional therapies. It was first utilized for the treatment of move-
ment disorders, particularly tremor, in 2013.5'° The goal is to
review all available research that has been conducted on this
subject, including clinical trials.

METHODOLOGY

We conducted a PubMed search that encompasses both ani-
mal model and human studies published between 1989 and
2025, focusing on the term “focused ultrasound (FUS)” in rela-
tion to essential tremor (ET), PD, and dystonic tremor (DT). A
comprehensive literature review was performed across major
medical journals and trial databases, including Medline, EM-
BASE, CINAHL, EBSCO, and ClinicalTrials.gov. We prioritized
studies that clearly described their cases, included a reasonable
number of patients, and presented robust methodologies.

TECHNICAL IMPLEMENTATION OF
MRgFUS

MRgFUS employs ultrasound emitters to concentrate sound
waves at a precisely defined point within stereotactically de-
termined target tissue, inducing various biological effects that
depend on the temperature achieved. At low intensities and
temperatures of up to 45°C, a reversible conduction block was
created, likely due to the inactivation of sodium channels. Ad-
ditionally, low-frequency ultrasound (220 kHz) can be used to
reversibly open the blood-brain barrier (BBB) and can be visu-
alized using contrast agents; this effect typically lasts for approxi-
mately 6 hours. Numerous studies are underway to explore the
use of growth factors for the treatment of neurodegenerative dis-
eases and other potential applications.'"”

The current primary application of MRgFUS involves creat-
ing FUS lesions in the diencephalic and midbrain regions us-
ing devices that operate at mid-frequency ultrasound (650
kHz) with varying intensities."” Lower intensity levels generate
moderate temperatures, inducing a reversible blockade that may
mimic sodium channel blockade. Conversely, higher intensities
resulted in protein denaturation and necrosis. The outcomes de-
pend not only on temperature but also on the duration of soni-
cation, which is quantified by a parameter known as the “thermal
dose” On magnetic resonance imaging (MRI), three concentric
types of lesions can be identified by a central necrotic core sur-
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rounded by a hyperintense zone along with peripheral edema
that leads to reversible functional blockage within weeks."* After
12 to 24 months, the final imaging outcome typically presents as
either a hypodense small dot or no significant change. A rabbit
model has been used to investigate the effects of FUS, revealing
a similar three-zone pattern identifiable on serial MRIs."*'¢

To date, anatomical changes resulting from therapeutic ultra-
sound lesions have been studied in two patients who died from
unrelated conditions and underwent autopsies. One of these
patients was treated with peak temperatures exceeding 60°C,
and the FUS lesion exhibited a typical MRI pattern'’ that corre-
sponded pathologically to a spherical lesion. The patient died 10
days posttreatment, the inner core displayed necrosis surround-
ed by a ring of homogeneous changes and apoptotic cells, and
the third concentric structure indicated edema. The second pa-
tient received treatment at lower sonication temperatures for a
longer duration and was autopsied after several months. Unlike
the first patient, this individual did not exhibit classical necrosis
but rather preserved cells with significant demyelination.'® No-
tably, both patients experienced clinically significant improve-
ments in their tremors. The effects of MRgFUS on tissue are not
uniform; for example, perfusion through relatively large vessels
may create heat sinks that result in a more complex pattern."”
Further studies are needed in this area, and available animal
models could enhance our understanding of the underlying mo-
lecular processes.”

MRgFUS is a noninvasive procedure that does not require in-
cisions, burr hole trephination, or electrode insertions. It is hy-
pothesized that lesioning through high-intensity FUS allows pre-
cise targeting while minimizing thermal damage to the
surrounding skull and scalp. The procedure follows a standard-
ized protocol for lesioning, which begins with administering es-
calating doses of low-power sonication to increase the target
temperature to approximately 45°C, below the threshold for co-
agulation necrosis. At this stage, both radiological assessments
of the thermal lesioning location and clinical evaluations for
safety are performed. Once the accuracy of the target is con-
firmed, several high-power sonications are applied under mag-
netic resonance (MR) thermometry guidance, gradually in-
creasing the acoustic power and energy until the temperature at
the target reaches between 55°C and 60°C.

MRgFUS: TARGETED SITES

MRgFUS thalamotomy

The procedure is performed with the patient lying in an MRI
scannet, following head shaving and the attachment of a stereo-
tactic head frame (Figure 1A). Although light sedation is an op-



tion, patients can remain awake, allowing them to provide feed-
back during the process. The procedure uses continuous MRI
and thermal mapping to locate the target area in the brain. Low-
power ultrasound was used to confirm the selected site, fol-
lowed by high-power ultrasound to irreversibly ablate the target
tissue. Chilled water is circulated around the scalp to protect it
from heat. The treatment lasts approximately 3 hours, with im-
mediate symptom relief. The advantages of this method include
a less invasive approach, quicker recovery, and the ability to as-
sess effects before full ablation. It is primarily used for unilateral
tremors, as it targets only one side of the brain.”'

MRgFUS-ventral intermediate nucleus

Another promising approach is ablation of the ventral inter-
mediate nucleus (VIM) thalamic nucleus. Several approaches
have been recommended; however, the standard method uses an
approximate, atlas-based stereotactic approach (Figure 1B).” A
study of 14 ET patients treated with MRgFUS using highly sensi-
tive white matter nulled the three-dimension magnetization-pre-
pared rapid gradient-echo sequence associated with improved
clinical outcomes.

MRgFUS-pallidothalamic tractotomy

The pallidothalamic tract connects the globus pallidus inter-
nus (GPi) and ventrolateral portion of the thalamus, and abla-
tion of the pallidothalamic tract (pallidothalamic tractotomy
[PTT]) using MRgFUS has been performed since 2011 and
has been shown to be a safe and effective intervention for PD.*

CLINICAL TRIALS OF MRgFUS

MRgFUS in ET

To date, several open-label, prospective, and retrospective stud-
ies have demonstrated that MRgFUS leads to clinically signifi-
cant and statistically robust improvements in patients with ET
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Figure 1. MRgFUS target of thalamotomy and VIM. A: MRgFUS target of thalamotomy. B: MRgFUS VIM. Arrows indicate the site of lesion

MRI-Guided Focused Ultrasound
Metta V, et al.

(Table 1).

Although studies date back to the early 19th century, founda-
tional research® highlighted that 20 patients receiving sham
treatment under a double-blind protocol for 3 months showed
a tremor score improvement of 41% in the treated group, with
a 47% improvement in contralateral hand tremor scores. Im-
portantly, disability, as measured by Part C of the Tremor Scale,
improved by 62%.

Following the initial pilot studies by Elias et al.* and Lipsman
et al.,” a comprehensive pivotal study involving 56 patients who
underwent MRgFUS (Elias et al."’) revealed clinically significant
and statistically robust improvements in tremor scores. Addi-
tional studies from the early 20th century”* indicated a 46%
improvement in disease-related quality of life scores for ETs
(using the Quality of Life in Essential Tremor Questionnaire
[QUEST]), although the following adverse events were fre-
quently reported at both 3 and 12 months: paresthesia (9%-
36%), gait disturbances (9%-36%), limb dysmetria (4%-12%),
weakness (2%-4%), dysarthria (up to 2%), and dysphagia (up
to 2%), with many of these events resolved by the 12 months. A
follow-up study by Chang et al.”® involving 67 patients treated
with MRgFUS over 2 years revealed sustained improvements,
with 55% reduction in contralateral hand tremor scores at 6
months, 53% at 1 year, and 56% at 2 years, indicating that the
treatment response remained remarkably stable. Initially, 91%
of the cohort exhibited a postural tremor with an amplitude ex-
ceeding 1 cm, and 97% had an action tremor greater than 1 cm.
By 2 years post-treatment, only 7% of the patients displayed a
postural tremor, whereas 14% presented with an action tremor
larger than 2 cm. Notably, no new complications were reported
between the 1- and 2-year follow-ups. Several uncontrolled
studies and clinical experience have shown consistent findings
with controlled data regarding tremor management interven-
tions. Five-year data indicated a minor yet not statistically sig-
nificant decline in tremor efficacy, similar to that observed
with VIM-DBS. The improvement in quality of life, measured

in each cases. MRgFUS, magnetic resonance-guided focused ultrasound; VIM, ventral intermediate nucleus; ROI, region of interest.
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by the QUEST, significantly increased by approximately 60% at
1 year, decreased to 50% at 3 years, and further declined to 30%
at 5 years. This decline was anticipated despite a smaller reduc-
tion in the unilateral motor response, and cognitive function re-
mained stable, with no significant changes observed.”* Numer-
ous open cohort studies have focused on larger patient groups,
with one study reporting a 60% improvement in tremor scores
at 6 months and another showing an 85% improvement. Addi-
tional research highlighted sustained quality-of-life improve-
ments for up to 2 years post-intervention. The adverse events
reported were comparable to those reported in a pivotal study.***'
Clinical trials of MRgFUS in PD

The first successful unilateral MRgFUS pallidotomy was con-
ducted in 2015 in a 55-year-old woman with PD (Table 2).** Fol-
lowing the procedure, the patient experienced significant reduc-
tions in both levodopa-induced dyskinesia and cardinal motor
symptoms. In the same year, a prospective study of MRgFUS
thalamotomy by Schlesinger et al.*® also showed promising re-
sults in a patient with PD suffering from severe refractory trem-
ors. The first randomized controlled trial (RCT) conducted by
Bond et al.* in 2017 demonstrated improvements in the Clini-
cal Rating Scale of Tremors A and B subscores, motor function,
and quality of life, with no reported cognitive impairments or
negative effects on mood. The most common adverse events
following treatment include mild or transient finger paresthesia,
ataxia, and orofacial paresthesia. The persistent adverse effects
noted included mild hemiparesis (two incidents, 8% early on),
orofacial paresthesia (four incidents, 20%), finger paresthesia
(one incident, 5%), and ataxia (one incident, 5%).** Based on
this study, the Food and Drug Administration (USA) granted
approval for the treatment of tremor-dominant Parkinson’s dis-
ease (TDPD) in December 2018. A few nonrandomized con-
trolled trials have also highlighted the benefits of VIM-MRg-
FUS for patients with ET or TDPD. Yamamoto et al.* reported
that the improvements were sustained over a 1-year follow-up
period. Furthermore, Sinai et al.*' observed only a few instances
of complete (1n=2) or partial (n=8) recurrence during follow-up
of 1-5 years in a cohort of 26 patients with TDPD who under-
went VIM-MRgFUS for tremor control.

The subthalamic nucleus (STN) has emerged as a key target
for the treatment of PD because of its hyperactivity and result-
ing excessive inhibition of thalamocortical projections. Previ-
ous animal and clinical studies have demonstrated that stereo-
tactic radiofrequency (RF) ablation can significantly alleviate
motor symptoms in PD patients.”*

An open-label pilot study conducted in 2018 by Martinez-
Fernandez et al.” assessed the efficacy of MRgFUS subthala-
motomy in patients with asymmetric PD. Reported adverse
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events included transient gait ataxia, pin-site pain, increased
blood pressure, facial asymmetry, and moderate impulsivity.
Another RCT by the same research group in 2020 showed a sig-
nificant reduction in the mean Movement Disorder Society-
Unified Parkinsons Disease Rating Scale (MDS-UPDRS) III
score in the treatment group. Notable adverse effects include
dyskinesias, weakness on the treated side, speech disorders, fa-
cial weakness, and gait disturbances.*** More recently, Armen-
gou Garcia et al.” reported improved motor and nonmotor out-
comes following unilateral MRgFUS subthalamotomy for the
treatment of asymmetric PD, with enhancements in visual
memory and a reduction in cognitive problems.

In 2023, Martinez-Fernédndez et al.* demonstrated a 23% im-
provement in total motor scores in the OFF-medication state.
Additionally, in 2024, Martinez-Fernédndez et al.”” reported a uni-
lateral STN-FUS study involving 10 patients with early-stage PD,
revealing effects and side effects similar to those observed in
more advanced cases, which may serve as a pilot trial for MRg-
FUS in early PD.

The GPi is the output nucleus of the basal ganglia that pro-
cesses motor information from the striatum, external pallidum,
and STN. Jung et al.*® conducted a prospective nonrandomized
controlled trial on unilateral MRgFUS pallidotomy for treating
Parkinsonian dyskinesia and reported significant improvements
in motor function and reductions in dyskinesias in eight out of
ten patients. Earlier, Eisenberg et al.*” conducted a 1-year multi-
center open-label trial of unilateral MRgFUS pallidotomy in pa-
tients with PD, demonstrating consistent benefits, particularly a
45% improvement in the lateralized motor score and 59% im-
provement in the total dyskinesia scale (the primary outcome).
Moderate side effects were noted in both the short and long term,
including visual field deficits (1 incident), cognitive disturbances
(1 incident), dysarthria (4 incidents, 2 persistent), fine motor def-
icits (2 incidents), and balance difficulties (1 incident), which is
consistent with findings in other studies, resulting in more fa-
vorable overall outcomes.

The PTT is an efferent motor pathway linking the GPi and
thalamus and is a target for surgical ablation in PD patients. The
most recent RCT on unilateral MRgFUS pallidotomy for PD by
Krishna et al.** in 2023 randomized 69 patients to undergo ul-
trasound ablation of the internal globus pallidus, with 25 pa-
tients receiving sham procedures. Compared with 32% in the
sham group, 69% of the responders in the treatment group died.
The overall incidence of adverse events, both short- and long-
term (7 days/12 months), included dysarthria (2/1), gait distur-
bances (2/0), loss of taste (2/0), visual disturbances (1/0), imbal-
ance (2/2), and nonmotor symptoms (4/2), all of which were
lower than those observed with STN-FUS.® In 2020, Gallay et
al.*! performed unilateral MRgFUS pallidotomy, and the same
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gions, including the anterior limb of the internal capsule, anteri-
or cingulate cortex, subgenual cingulate cortex, and ventral
striatum. Jung et al.® conducted a study in which they performed
bilateral capsulotomy via MRgFUS in patients with medically re-
fractory OCD. They reported a significant improvement of over
33% in the Yale-Brown Obsessive-Compulsive Scale score after 6
months of follow-up (Figure 2).5%

Neurocognitive disorders

Alzheimer’s disease (AD) is the most prevalent neurodegen-
erative disorder, and the amyloid cascade hypothesis suggests
that the deposition of amyloid-beta is a critical initial step in the
pathogenesis of AD. One significant challenge in treating this
disease is the BBB, which poses major obstacles to the effective
delivery of therapeutic compounds to the brain. The BBB im-
poses size and biochemical restrictions on the passage of mole-
cules. In a study by Lipsman et al,”” a FUS device featuring 1,024
individual transducers operating at a frequency of 220 kHz was
used, and a power ramp test was conducted following the initial
injection of microbubbles. A gadolinium-enhanced T1-weighted
sequence was subsequently performed to provide definitive evi-
dence of BBB opening. The success of the barrier opening and its
subsequent restoration were verified, aligning with findings from

animal models.®%

Neuro-oncology (brain tumors)

Although resection is the main treatment for brain tumors,
a clinical trial using MRgFUS to target brain tumors (NCT
01473485) has recently been completed, and the results will be
available soon.

MRI-Guided Focused Ultrasound
Metta V, et al.

Epilepsy syndromes

Epilepsy syndromes represent another promising area for the
application of MRgFUS surgery. A clinical trial (NCT02804230)
is currently underway to evaluate the feasibility and safety of
MRgFUS ablation for epilepsy associated with subcortical visi-
ble pathologies, such as hypothalamic hamartomas and tuber-
ous sclerosis. In addition to its ablation capabilities, MRgFUS
can also be employed to reduce cortical excitability and suppress
epileptogenic discharges. This is due to the mechanical effects of
acoustic waves, which can alter the properties of cellular mem-
branes. Furthermore, a trial is ongoing to investigate the neuro-
modulatory effects of low-frequency FUS (NCT02151175).

Neuro-vascular

Stroke is one of the leading causes of long-term morbidity and
mortality worldwide. The concept of sonothrombolysis utiliz-
ing MRgFUS has emerged as a viable alternative or neoadjuvant
therapy for patients with stroke who are unable to benefit from
conventional treatment options. This innovative therapy lever-
ages the piezoelectric effect to generate acoustic waves, which
induce inertial cavitation, ultimately leading to the disintegration
of blood clots.*”

Chronic pain syndromes

Chronic neuropathic pain that does not respond to standard
medical treatments, including sodium channel blockers, anti-
convulsants, and interventional nerve blocks, presents a signifi-
cant challenge for modern medicine. Some countries have offi-
cially approved MRgFUS ablation for chronic pain management.
In the United States, a phase I clinical trial (NCT03111277) is
currently recruiting participants with uncontrolled chronic pain

Indication

(

Targets

Essential tremor

Tremor dominant
Parkinson’s disease

Dystonic tremor

Ventral intermediate nucleus or
posterior subthalamic area

Pallidothalamic tract, subthalamic nucleus,
other targets GP, GP externa,
GP interna, internal capsule, left,
mammillothalamic tract, putamen

Ventral intermediate nucleus,
ventral lateral nucleus of thalamus

( Future directions )

Neuro-psychiatric disorders
Example: OCD, MDD

Neuro-cognitive disorders
Example: Alzheimer’s disease

Neuro-oncology disorders
Example: brain tumors

Neuro-vascular disorders
Example: stroke

Epilepsy syndromes
Example: refractory temporal lobe epilepsy

Chronic pain syndromes
Example: refractory neuropathic pain

Figure 2. A summary of indication, targets, and potential future directions for use of MRgFUS. OCD, obsessive-compulsive disorder; MDD,
major depressive disorder; GP, globus pallidus; MRgFUS, magnetic resonance-guided focused ultrasound.
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who are willing to undergo MRgFUS ablation. Comprehensive
clinical outcomes from large-scale studies on MRgFUS thalamot-
omy for pain relief will be available in the near future.

DBS VS. MRgFUS SURGERY FOR PD

The two primary targets for DBS in PD patients are the STN
and GPi. In addition, the thalamic VIM and pedunculopontine
nucleus can be specifically targeted for tremor management. Nu-
merous RCTs® have confirmed the therapeutic effects of DBS,
recommending its use to alleviate both motor and nonmotor
fluctuations, as well as dyskinesias and refractory tremors. The
clinical application of DBS predates the development of MRg-
FUS over several decades.” "

DBS and MRgFUS fundamentally differ in their neural mod-
ulation mechanisms. DBS employs electrical currents to either
inhibit or stimulate specific target nuclei and can also influence
adjacent white matter areas, alleviating symptoms such as trem-
ors; it utilizes adjustable electrodes, allowing for personalized
therapeutic effects, although optimizing the treatment can be
complex and time-consuming. In contrast, MRgFUS completely
ablates the targeted areas to eliminate neural activity.®>”>”

DBS requires frequent hospital visits for programming and
may result in long-term complications, such as device malfunc-
tion or infection, with a notable percentage of patients needing
revision surgery. In contrast, MRgFUS focuses on lesioning and
is most beneficial in the early stages of the disease, with its efhi-
cacy gradually decreasing as the disease progresses. MRgFUS
does not require an extensive programming period, which is
particularly advantageous for patients who have difficulty visit-
ing hospitals.”””® Other limitations of DBS include its unsuitability
for patients with dementia or severe systemic diseases, whereas
MRgFUS surgery may be a viable alternative for those contrain-
dicated for DBS.” However, factors such as skull density can in-
fluence the appropriateness of MRgFUS, particularly among
Asian patients, and certain implants may disqualify others from
undergoing the procedure.*”®" Unlike established protocols for
DBS, MRgFUS remains an emerging treatment that requires
further research, particularly regarding its application in PD.
Various studies have demonstrated improvements with both DBS
and MRgFUS, with DBS generally yielding more significant out-
comes based on established data, whereas MRgFUS has shown
promising but comparatively fewer improvements in small-
scale trials. The text highlights the need for comprehensive re-
views and larger studies to better understand and compare
these interventions for PD. Compared with DBS, MRgFUS is
less invasive, more cost-effective, and associated with fewer sur-
gical risks, as it does not require hardware implantation. How-
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ever, the decision for optimal outcomes should also involve pa-
tients and their caregivers.

DISCUSSION

MRgFUS is an innovative treatment that employs a promising
technique to create precise stereotactic lesions in the brain, a pro-
cess that could previously only be accomplished through open
stereotactic surgery or RF lesioning and incisionless radiosur-
gery, although less established. One main drawback of MRgFUS
is its lesional nature compared with that of DBS, although the
effects can be evaluated beforehand. Similar to DBS, MRgFUS
requires complete immobilization of a patient’s shaved head.
However, unlike DBS, it does not require skull opening, and the
treatment is conducted within an MRI environment without the
need for anesthesia. Thus, MRgFUS is particularly suitable for
elderly or frail patients despite the lesional nature of the treat-
ment, and many patients perceive it as significantly less invasive
than DBS, which warrants detailed discussion with patients,
especially given that lower limb tremor-dominant subtypes are
common among Emirati females, as indicated by the EmPark
study conducted by Metta et al.** Currently, MRgFUS is be-
ing evaluated for various movement disorders. Furthermore, a
promising but unapproved application of MRgFUS involves
reversible and localized opening of the BBB, which could facili-
tate targeted pharmacological or molecular treatments. For pa-
tients with ET who have not responded to standard pharmaco-
logical treatments or those with drug-resistant refractory ETs,
unilateral treatment has demonstrated effectiveness, providing
results comparable to the current standard of DBS. However,
long-term data for this treatment are available for only up to 5
years, in contrast to the 15-20 years of data available for VIM-
DBS. Although adverse events occur more frequently with this
treatment than with DBS, they are generally less severe and
mostly reversible. Common complications include ataxia and
balance issues, which are not always entirely resolved. Impor-
tantly, there have been no reported instances of bleeding or in-
fections associated with this treatment. The use of bilateral MRg-
FUS for ET is less established and unclear; however, few studies
by Scantlebury et al.** and Fukutome et al.** have demonstrated
that bilateral staged MRgFUS is efficacious for the treatment of
bilateral ETs with sufficient intervals (>1 year) between proce-
dures, and it remains uncertain whether axial tremor symptoms
are sufficiently addressed. Cognitive and emotional side effects
have been examined to a limited degree; however, thus far, there
is no evidence of long-term deterioration. For severely affected
elderly patients unable to undergo DBS, this treatment often rep-
resents the only viable option with adequate efficacy (Figure 3).



In PD, VIM-FUS effectively alleviates drug-resistant tremors
with short-term success comparable to that observed in patients
with ET. This treatment specifically improves tremors associat-
ed with PD; however, it does not significantly address akinesia,
rigidity, postural disturbances, or other symptoms sensitive to
dopamine levels. Further testing with larger cohorts and addi-
tional long-term data is necessary. Evidence suggests that long-
term deterioration may limit its efficacy. Nonetheless, drawing
from our experience with VIM-DBS, new targets that hold
promise for mitigating this issue are being tested. The adverse
event profile appeared to be similar to that of MRgFUS in pa-
tients with ET. While STN-FUS has demonstrated expected re-
sults across a broad range of motor symptoms and improve-
ments in quality of life, the outcomes for Gpi-FUS have been less
convincing thus far. The effects on dyskinesia were comparable;
however, quality of life assessments were not performed. Further
research is necessary to evaluate the efficacy of Gpi-MRgFUS.
Additionally, the potential of bilateral treatment has not been
published for either intervention, or long-term data will ultimate-
ly guide the future of these therapies. Despite numerous uncer-
tainties, this innovation represents a significant advancement in
the treatment of advanced PD while preserving dopaminergic
sensitivity.

MRI-Guided Focused Ultrasound
Metta V, et al.

DBS has a well-established role in the treatment of PD, sup-
ported by numerous RCTs that have demonstrated its effec-
tiveness in reducing motor fluctuations, dyskinesia, and tremors.
The STN and GPi are primary DBS targets, whereas the tha-
lamic VIM and pedunculopontine nucleus may also be consid-
ered for tremor and gait issues. DBS modulates brain activity
through adjustable electrical currents but can involve adjacent
brain matter and presents challenges in optimizing therapy and
managing side effects, requiring frequent hospital visits and po-
tential complications. Conversely, MRgFUS works by ablating
target areas to eliminate neural activity, providing benefits pri-
marily in early-stage PD with limited flexibility for postoperative
adjustments. MRgFUS does not require extensive programming
and is easier for patients who struggle with frequent hospital
visits. However, certain anatomical considerations and implant
limitations may disqualify patients with MRgFUS. DBS is typi-
cally bilateral, whereas MRgFUS treatment is usually unilateral.
Pallidotomy is a potential target for MRgFUS; however, it pres-
ents specific challenges, including the difficulty of focusing ul-
trasound rays on the target, identifying the precise area within
the pallidum to treat, and the close proximity of the optic nerve.
Currently; it is uncertain which target is optimal for alleviating
PD symptoms or if different targets are needed for different pa-

.

Essential tremor Dystonic tremor

[l 8% 8% 8% 8%

Tremor dominant
Parkinson’s disease

Bilateral staged MRgFUS thalamotomy is
efficacious. It may be considered for
bilateral essential tremors with sufficient
interval at least (>1 year)
between procedures

Figure 3. Proposed pathway for use of MRgFUS in unilateral or bilateral tremor. MRgFUS, magnetic resonance-guided focused ultrasound;

CRST, Clinical Rating Scale for Tremor.
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tients. Additionally, the feasibility of performing bilateral treat-
ments remains unclear, as the existing procedures are unilateral
to minimize serious adverse events. Recent reports from a multi-
center trial on FUS thalamotomy for ET highlighted adverse ef-
fects, such as gait disturbances and persistent numbness, sug-
gesting that this treatment should be conducted at specialized
centers with experience. MRgFUS has been approved for the
treatment of medication-resistant PD symptoms in regions such
as Israel, Europe, Korea, and Russia; however, further research is
required to refine patient selection and determine appropriate
treatment targets. The clinical landscape shows that while DBS
protocols are well defined, MRgFUS remains an emerging inter-
vention for PD. The aim of this study® was to compile data on
the efficacy and safety of both treatments rather than directly
comparing them, highlighting the need for further studies to
better understand the role of MRgFUS in PD management.

PTT, pallidotomy, and subthalamotomy are three promising
MRgFUS lesioning treatments that effectively address tremors in
addition to other cardinal symptoms of PD. In addition to MRg-
FUS thalamotomy, two additional lesioning procedures for
tremors include RF thalamotomy and gamma knife radiosurgi-
cal (GKRS) thalamotomy. Thalamotomy for ET and TDPD is
now well established. The use of MR thermometry for lesion pre-
diction and the provision of real-time clinical feedback regarding
intraprocedural tremor control are notable advantages. These
features render MRgFUS thalamotomy superior to both RF and
GKRS thalamotomy in most cases.*®

CONCLUSION

MRgFUS is a promising treatment for patients with PD who
experience medication-resistant symptoms, particularly tremors
and motor complications. Patients generally show significant
benefits with few transient side effects. Different treatment cen-
ters have targeted various brain areas, such as the pallidothalam-
ic tract, thalamus, and pallidum. However, the target that yields
the best results for specific symptoms remains unclear. The lack
of uniform outcome measures complicates comparisons be-
tween studies. Despite this, the findings indicated similar im-
provements in motor scores between the different treatment tar-
gets. Long-term efficacy poses challenges, as symptom recurrence
has been noted, particularly in patients with a history of ET; this
highlights that MRgFUS might not be ideal for certain PD pa-
tients with a background of ET. Collaboration between neurolo-
gists and neurosurgeons in patient selection and treatment plan-
ning is crucial for successful MRgFUS and clinical outcomes.
Further research on staged bilateral MRgFUS targeting areas out-
side the basal ganglia, as well as the potential for multiple simul-
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taneous lesions in patients with PD, could be valuable.
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