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Dear Sirs,

Multiple System Atrophy of the parkinsonian subtype
(MSA-P) is a neurodegenerative disease which affects not
only the motor system but also autonomic, affective and cog-
nitive functions. The treatment so far is only symptomatic,
including probatory levodopa treatment, occupational train-
ing, and physical therapy. Motor symptoms mainly consist
of Parkinsonism, i.e., rigidity, bradykinesia, and tremor in
addition to cerebellar ataxia. In some cases, levodopa treat-
ment shows to be effective for these symptoms. Neverthe-
less, often times no significant treatment success can be
achieved with drug treatment, especially when looking at
the long-term outcomes. [1]

TPS is a non-invasive neuromodulation technique utiliz-
ing focused ultrasound waves to enhance brain function, with
real-time visualization of pulse application [2, 3]. Studies in
Alzheimer’s and Parkinson’s disease have demonstrated its
safety and efficacy. In this case report, we extended these
findings from case series into a new disease model, Multiple
System Atrophy.

The patient we present is a 73-year-old male with a 3-year
history of clinically confirmed MSA-P using the MDS-MSA
diagnostic criteria at the time-point TPS therapy started.
Retrospectively, first symptoms were evident 5 years before
TPS treatment, while drug therapy was introduced three
years before TPS treatment at the time-point of the MSA
diagnosis.
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The leading symptoms are rigidity and bradykinesia in
combination with a marked postural instability and extensive
hypotension, leading to recurrent falls. Due to the latter two,
the patient is wheelchair-bound. Activities of daily living are
only possible with full help of caregivers. Besides MSA, a
restless-legs-syndrome, a deep vein thrombosis as well as
chronic anemia due to iron deficiency are known. Following
the MSA diagnosis, the patient showed a slight but ben-
eficial response to levodopa. As a result, therapy involving
piribedil (200 mg per day), levodopa (600 mg per day), levo-
dopa extended-release 100 mg daily, as well as physical and
occupational therapy was initiated and well tolerated. This
pharmacological treatment was introduced one year before
TPS therapy began and was continued throughout the entire
TPS treatment period. Additionally, apixaban 5 mg twice a
day, clonazepam 0.5 mg, and tamsulosin 0.4 mg were taken
once a day. Disease-specific drugs like levodopa or dopa-
mine agonists showed a mild but for the patient noticeably
improvement of the motor symptoms. Since the disease is
progressive, a constant worsening of the patient’s status
could be observed over the disease course. To address this
worsening, other treatment options were discussed with the
patient.

After a detailed risk explanation, informed written con-
sent, and the exclusion of cerebrovascular abnormalities in
the MRI as a contraindication, TPS was administered. As
described in the study by Osou et al. for Parkinson patients,
we targeted the prefrontal cortex, primary motor cortex, and
supplementary motor area [4]. Over a period of 2 weeks, in
total, ten sessions took place. Each session delivered 4000
pulses at 0.25 mJ/mm? and 4 Hz evenly distributed over the
targeted areas, as inspected by the TPS visualization tool
(Fig. 1).

Consecutively, six sessions were administered over
1 year, resulting in a total of 16 sessions over the period
of 1 year. The sessions were performed by a trained and
in TPS-experienced neurologist using the NEUROLITH
TPS system (Storz Medical AG, Tagerwilen, Switzerland).
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Fig. 1 Example of stimulation visualization during a session. Individ-
ual neuro-navigation is calculated before each session for visualiza-
tion purposes. The color indicates the calculated energy applied in the
respective area. The darker the color, the more energy was delivered.
The location of the delivered impulses is shown in the upper right
quadrant

Medication and physical therapy remained unchanged dur-
ing the TPS therapy. Motor symptoms were assessed using
the Movement Disorder Society-Unified Parkinson's Disease
Rating Scale (MDS-UPDRS) part III and the Unified Mul-
tiple System Atrophy Rating Scale (UMSARS), part I and
II. Both scales were examined before the first block, after
ten sessions and after 1 year. Treatment side effects were
recorded at the same time points. Patient-reported outcomes
and caregiver feedback were also recorded after the initial
block and one year. This study been performed in accord-
ance with the ethical standards laid down in the 1964 Dec-
laration of Helsinki and its later amendments.

Post-treatment, there was a 22.2% improvement in the
total MDS-UPDRS score, with main reductions in rigid-
ity (improvement of 50%) and bradykinesia (improvement
of 26.9%). Axial symptoms remained largely unchanged
(improvement of 5%). Regarding the subscores differenti-
ating between the region of improvement, the extremities
exhibited the largest improvement with 36% over the ini-
tial block and 47% over the whole year, the improvement
between initial block and the follow-up was still 17%. Axial
symptoms improved 9% after the initial block and remained
unchanged during the following year. Gait did not improve
by TPS therapy. All relative and absolute changes are
reported in Table 1.

UMSARS motor scores during the initial block improved
by 34%. After 1 year, there was still an improvement of 13%
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compared to the initial status. During the 1-year period after
the initial block, the motor symptoms worsened by 32%,
but stayed below the initial level (Table 1). The autonomic
symptoms first improved by 15% during the initial block,
the total improvement over 1 year was only 6%. After the
initial block, the symptoms got worse by 11%. Patient and
caregivers reported enhanced upper limb function and daily
living activities after the initial block but no benefit over
the 1-year period. The patient experienced transient, mild
sensory discomfort during stimulation but no other adverse
effects.

In the reported case, we showed that an initial block of
TPS sessions could considerably improve the motor symp-
toms but had no effects on the autonomic dysfunctions.
After receiving TPS therapy, the MDS-UPDRS showed
marked improvement of the motor functions, especially of
the extremities with rigidity and bradykinesia, while phar-
macotherapy remained constant. The results could partially
be maintained over the period of 1 year. Transient and mild
adverse side effects were reported. Caregivers reported an
improvement also in the daily functioning, e.g., personal
hygiene and dressing. This combination could lead to a
promising approach to improve symptoms in a disease where
treatment options are limited. To the best of our knowledge,
there are no studies testing this treatment approach in MSA.

Previous studies using TPS to modulate brain functions
used functional magnetic resonance imaging (fMRI) or
sensory-evoked potentials (SEPs) proved the ability of TPS
to modulate neuronal activity [3, 5]. First, an increasing
number of pulses to the primary sensory cortex lead to an
increase in the SEP amplitude of median nerve stimulation
in a dose-dependent manner, demonstrating higher cortical
excitability following TPS administration. Second, TPS were
able to upregulate network activity and increased functional
connectivity of the stimulated areas in Alzheimer’s dementia
patient [5]. This is thought to work via mechanical effects on
mechanosensitive ion channels with a consecutive change in
neuro-transmitter distribution and network changes. Since
the pathomechanisms of PD and MSA-P are quite different,
i.e., PD as a pre-synaptic disease and MSA-P as a post-syn-
aptic one, the rationale to apply TPS in MSA was based on
stimulating the post-synaptic network affected by MSA [6].
This is supported by the finding of an increased functional
connectivity as TPS may increase the connectivity of corti-
cal-subcortical motor areas and therefore enable supporting
cortical motor networks to mitigate malfunctioning of basal
ganglia loops. As a potential long-term effect, this could lead
to an increased neuronal plasticity.

Clinical data in Parkinson’s disease (PD) showed an
improvement of motor functions using the same stimu-
lation protocol as in this report [4]. The target regions
in this study as well as in the PD study were chosen to
stimulate the motor system in general, to enhance neural
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Table 1 Changes in the MDS-UPDRS and the UMSARS

MDS-UPDRS, part III

Extremities Axial Gait
Pre 36 11
Post 23 10
FU 19 10
Pre—post -36% (13) -9% (1) 0%
Pre-FU —47% (26) —-9% (1) 0%
Post-FU —-17% (4) 0% 0%

Total Rigidity Bradykinesia Axial
Pre 63 12 26 19
Post 49 6 19 18
FU 44 3 17 18
Pre—post —22% (14) —50% (6) —27% (7) —-5% (1)
Pre-FU —30% (19) —75% (9) —35% (9) —-5% (1)
Post-FU 10% (5) 50% (3) 10% (2) 0%
UMSARS, part I and IT
Motor Autonomic

Pre 38 32
Post 25 27
FU 33 30
Pre—post —34% (13) —16% (5)
Pre-FU —13% (5) -6% (2)
Post-FU 32% (—8) 11% (-3)

This table shows the absolute values of the different sub-scores for the MDS-UPDRS III and the UMSAR part I (motor functioning) and II
(autonomic function). Additionally, the change in each sub score is given as the relative change and the absolute change (in brackets). Pre
baseline before initial stimulation block, post after initial stimulation block, FU (Follow up)=after 1 year, MDS-UPDRS Movement Disorder
Society-Unified Parkinson’s Disease Rating Scale, UMSARS Unified Multiple System Atrophy Rating Scale

networks involved in these areas. This might explain why
there were no clear changes in autonomic dysfunctions
or the postural instability of the patient. The effects for
some domains were permanent over 1 year, with some
even improving under the maintenance therapy in a dis-
ease with a usually progressive course. This progressive
nature of the disease could be one part of an explanation
why most effects diminished over the whole year. Another
aspect of a potential explanation could be the dose—effect
correlation observed for SEPs modulated with TPS, as the
sessions frequency during the year was lower than in the
initial block [2, 3]. Those two aspects should be investi-
gated together with the potential long-term effects of neu-
ronal plasticity and its changes caused by TPS. Potential
strategies to maintain these effects could be a higher fre-
quency of booster sessions or personalized treatment pro-
tocols using the neuro-navigation and symptom-focused
target regions.

Taken together, TPS was able to improve motor symp-
toms in a patient that showed only a noticeable but not suf-
ficient reaction to standard drug treatment.

Clearly, one has to keep in mind that this is an uncon-
trolled case report, so the potential placebo effect may play
an important role in the results. The study by Osou et al. lists
several reasons which make a placebo effect likely in this
TPS protocol; all of those reasons apply for this case report
as well [4]. In PD, it is known that the expected treatment
effect is causing a dopamine release which in turn improves
the dopamine-depending symptoms and can account for up
to 55% of the observed effect. Since MSA-P is caused by a
post-synaptic dysfunction, the effect size of placebo in the
reported patient should be smaller.

Nevertheless, this case suggests that TPS may offer thera-
peutic benefits for MSA-P, particularly in improving upper
limb motor function. Further research, including blinded
studies, is necessary to evaluate the safety, efficacy, and
potential placebo effects of TPS in MSA-P patients. This
can be extended by including different target regions, e.g.,
the cerebellum which plays an important role in MSA, to
treat atactic symptoms and adapt the therapy better to the
individual symptom burden. Furthermore, the underlying
mechanism of action should be investigated in basic research
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trials, e.g., electrophysiological changes in short intracor-
tical inhibition and intracortical facilitation. Finally, the
aspects regarding the long-term effects directly open new
research questions, which should be further examined. This
would also help to understand potential long-term effects of
this treatment option.
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